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ABSTRACT

THE ROLE OF TECHNOLOGY IN THE PRODUCTIVITY
OF HIGHWAY CONSTRUCTION IN THE UNITED STATES

by

JANET ANN KOCH ROSSOW

Submitted to the Department of Civil Engineering on January 13,
1977 in partial fulfillment of the requirements for the degree of Doc-
tor of Philosophy.

The construction industry holds a prominent position in the U.S. e-
conomy, not only in terms of its direct contributions to the gross na-
tional product and to employment, but also through its provision of phy-
sical facilities satisfying a wide variety of social, economic, and tech-
nical needs. In light of this, the tendency of construction, over the
past fifteen years or so, to consistently exhibit higher price escalation
than is the case in industry in general, has generated widespread con-
cern among industry and government officials alike. Rising factor prices
without commensurate increases in factor productivities is a frequently
cited contributory condition. Productivity is a complex issue in con-
struction where even labor productivity, let alone capital, materials, or
Zotal factor productivity, is extremely difficult to measure, due to the
heterogeneity of the industry's products as well as of its inputs. Al-
though progress is being made, particularly in the development of measures
of labor and materials productivity in individual sectors of construction,
measures of capital and total factor productivity are still lacking, and
the process of determining the factors influencing this productivity still
remains a speculative one.

The role of technology in the construction industry and its influ-
ence on productivity and efficiency and product quality and cost is the
general focus of the current research. For the U.S. and other developed
countries, this is of importance in terms of indicating the direction in
which technology has advanced in the past and might do so or be encour-
aged to do so in the future; as for the developing countries, it is of
importance in terms of assessing the potential appropriateness of var-
ious technologies in light of their local conditions. In this analysis
of technology and its progression over time, efforts are concentrated on
the identification and quantification of the magnitude and nature of the
technology change that has occurred. The issue of particular interest
is whether the observed technology change has been characterized by in-
creasing efficiency or by factor substitution (equipment for labor) or,
more likely, a little of both, in which case the extent of their con-
tributions is of interest. The highway sector of the construction in-
dustry in the U.S. provides a good basis for this study.
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A micro-study approach is pursued in this investigation of tech-
nology and productivity in highway construction in the U.S. The basic
analytic procedure thus entails first observing and recording the in-
puts required forand influences impacting the various tasks of produc-
tion, for alternative means of producing a given output, and then using
this data to synthesize a production isoquant for the good which is sub-
jected to further economic analysis. Since it is obviously impossible
to actually observe the technologies of the past in the field today, his-
torical data used in a simulation framework must suffice, whereby the
various stages of highway construction and complete road projects can be
hypothetically built and operated, Dy means of alternative technical
packages and project designs. This is accomplished in two levels of
analysis: (1) the stage-level, wherein each stage is considered separ-
ately in the analysis of technology and its change; and (2) the project-
level, wherein the stages are brought together to form various projects
such that the interaction of design and technology in highway construc-
tion and operation might be taken into account.

The role of technology in the productivity of highway construction
over the years in the U.S. appears indeed to have been a significant one.
Highways can be constructed today using considerably less labor and even
Tess capital than was possible in the second and third decades of this
century. These advances in highway construction technology appear to
have played a major part in keeping project costs down over the years.

Efficiency seems to have played a major role in the observed tech-
nology change, although the magnitude and rate of the decrease in re-
source requirements attributable to efficiency has lessened over time.
Substitution brought about by factor price changes, on the other hand,
seems to have had effectively no part in the technology change, although
it seems likely that expectations of labor's cost rising relative to that
of capital, among other conditions, may have tended to induce technology
change in the direction of saving labor as was observed.

Increased mechanization and the introduction of new types of equip-
ment appear to constitute the primary means of accomplishment of such
technology change before the fifties, while since then it has been large-
ly just improving the equipment and the effectiveness with which it is
used. As for the future, although the same basic motivations may be ex-
pected to continue, perhaps in a somewhat dampened state, gains in produc-
tivity and efficiency achieved by a simple continuation of past means of
accomplishing change may be expected to be somewhat less than those pre-
viously, if past trends can be taken as indicative of those of the future.
As for the developing countries, it appears that the development of tech-
nical packages since the early part of this century has been focused on
the capital-intensive end of the production isoquant; the labor and an-
imal-intensive packages of the past seem to have been essentially for-
gotten, although they still appear to be efficient and, under some con-
ditions, economic and their use potentially worth considering.

Thesis Supervisor: Fred Moavenzadeh
Title: Professor of Civil Engineering
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CHAPTER 1

INTRODUCTION

1.1 Productivity in Construction in the United States

The construction industry's role in the overall functioning of the

U.S. economy is one of considerable importance. In recent years, the value

of new construction put in place has accounted for some 9 to 11 percent

of the gross national product, while the industry has provided some 4 to

6 percent of the nation's nonagricultural employment. Highway construc-

tion's share is some 7 to 11 percent of the output and 8 to 10 percent of

the employmentgenerated by the industry. At the same time, variations in

the rate and level of investment in the industry's various activities have

served as a stabilizing influence on the overall economy. Finally, through

the provision of physical facilities, the construction industry plays a

major role in satisfying society's needs for shelter, infrastructural ser-

vices, and institutional, commercial, and manufacturing services; in fact,

the overall ability of other industries to produce and distribute goods and

services for consumers is heavily dependent upon the construction industry.

In light of the industry's prominent position, its tendency, over the

past fifteen years or so, to consistently exhibit higher price escalation

than is the case in industry in general, has generated widespread concern

among industry and government officials alike. The price trends* exhibited

* The term price trend is used somewhat loosely here in the case of the

construction industry, in that the index is actually based on the costs
of the inputs rather than the price of the output and may, therefore,
have a certain upward bias (71).
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by industry in general and the construction and highway construction sectors

over the last sixty years are given in Figure 1.1. As for general trends

exhibited by the three categories of industry, up to about World War II

the peaks and valleys in the prices essentially balance out, yielding only

a slightly upward trend; at that time a distinctly upward trend begins,

which continues at a moderate rate to the mid-sixties, when the prices begin

a rapid ascent. In the particular case of highway construction's price,

it is of interest to note that it generally moves in line with all indus-

try's until the post-war period, at which time it fluctuates around a bit

until 1960, when it begins its rapid ascent, similar to that of construc-

tion and even exceeding it.

A condition commonly cited as contributing to such price escalation is

rising factor prices without commensurate increases in factor productivi-

ties. As labor generally constitutes a sizeable share of the costs and is

more readily measurable than is capital or materials, output per man-hour

is commonly used as a measure of productivity; Figure 1.2 gives the trends

in labor productivity exhibited by the three industry categories over the

past thirty years or so. For construction in general and highway construction

in particular, labor productivity on the average rises steeply until the late

fifties or early sixties, at which point it fluctuates for construction, with

the peaks and valleys essentially balancing out to no further growth, while

it continues a steady upward trend atasomewhat reduced pace for highway

construction; it should be noted that this is the same point at which

prices began to rapidly escalate in both sectors. As for all industry, its

labor productivity exhibits exactly opposite trends; it might be remembered

that its recent price escalation has not been quite as rapid as that of the

15



Figure 1,1:
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(Figure 1.1 continued)

Note: --- Highway construction industry index is the U.S. Federal Highway Administra-
tion's composite contract bid price index for 1922-75, the breaks in the curve
representing points in time when the quantities of common excavation, surfac-
ing, and structures used in the derivation of the composite index have been
changed; the U.S. Department of Commerce extrapolated the data back to 1915
by means of weighted averaging of various relevant indexes (19, 86, 104).

-- --Construction industry index is the U.S. Department of Commerce's composite
cost index, which is a combination of various indexes weighted by the relative
importance of the major classes of construction; as the index is ultimately
based on costs of inputs rather than the price of output, it is more properly
termed a cost, rather than price, index. The U.S. Department of Commerce
revised the index at the time the base was changed to 1967, but did so only
back to 1958 (19, 86).

-All industry index is the U.S. Bureau of Labor Statistics wholesale price
index for industrial commodities (91).



Figure 1.2: Trends in output per man-hour exhibited by industry in
general and the construction and highway constructoon
sectors over the past thirty years or so (source: ref.
86, 87, 39, 91, 101, 103).
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(Figure 1.2 continued)

Note: ----- Highway construction industry index is based on the
U.S. Federal Highway Administration's figures on
man-hours per thousand dollars of construction, ad-
justed to 1954 constant dollars, for 1950-73; prior
to 1950, it is based on their figures for man-hours
used per thousand dollars of construction, award
or job-started basis, in current dollars, inflated
to 1954 constant dollars using their composite bid
price index. This output per man-hour index thus
covers only on-site employees (86, 101, 103).

---- Construction industry index is the U.S. Bureau of
Labor Statistics' output per man-hour index for
all persons in the construction industry (89).

All industry index is the U.S. Bureau of Labor Sta-
tistics' output per man-hour index for all persons
in the nonfarm sector of the economy, based on
establishment data (87, 91).



construction sectors. Figure 1.2 also shows that prior to the sixties,

highway construction exhibits the highest average rate of productivity

growth, with general construction coming in second; after the early sixties

turning point, highway construction's rate of growth drops to below that of

all industry, while general construction's essentially goes to zero.

The implication of this is that productivity growth prior to the

sixties in construction in general and highway construction in particular

is reasonably successful at offsetting factor price increases, but since

then its reduced rate of growth in conjunction with the increased rate of

inflation in factor prices results in productivity's being less successful

at offsetting price changes. Figure 1.3 suggests that this is indeed the

case for highway construction, showing labor costs (i.e., the product of

average hourly wages and manhours required per 1,000 constant dollars of

construction) as reasonably constant from 1950 to 1964, at which time they

br lin to rise.

It might also be noted that although composite contract bid prices

follow labor costs reasonably closely in Figure 1.3, it is, not surprisingly,

not an exact match, especially in recent years. There are other factors

of production, namely materials and capital, the prices and productivities

of which have also changed over time, as well as other conditions, such

as the magnitude and nature of demand for the product, which influence

the final price. Table 1.1 shows the percentage distribution of construc-

tion costs among the various factors of production for different types of

construction, demonstrating the significance of these other input factors

in overall project costs.

Setting aside for the moment concerns over the incompleteness of labor

productivity and price as an indicator of productivity and price trends in

20



Figure 1.3: Cost and labor usage trends for highway construction since 1950
(source: ref.101).
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(Figure 1.3 continued)

Note: --- Composite contract bid price index, converted from award to expenditure basis,

-- Average hourly wage index.

---- Labor factors, man-hours used per thousand dollars worth of construction,
adjusted to 1954 constant dollars,

-,--Labor cost index, based on product of average hourly wages and labor factors.

Material price index, based on weighted average of unit prices for Portland
cement, asphalt, aggregates, steel, and lumber.



Table 1.1: Percentage distribution of construction costs, by type of
construction, in the U.S. (source: ref. 28, 93, 108).

Overhead

Type of Construction and Year On-Site Materials Equipment and aWages Profiti

Federally-aided highways

1973 24.6 44.5-b b30.9b
1970 25.6 45.0 -b 29.4b
1967 24.8 47.8 b 27.4
1964 26.0 50.3 11.1 12.6
1961 24.7 52.6 11.7 11.0
1958 23.9 50.6 12.0 13.5

Elementary & secondary schools

1964-65 25.8 54.2 1.0 19.0
1959 26.7 54.1 1.4 17.8

Hospitals

1965-66 29.6 50.4 1.3 18.7
1959-60 28.2 53.2 1.2 17.4

Public housing

1968 32.4 41.9 1.5 24.2
1959-60 35.5 45.0 2.5 17.0

Private single-family housingc

1969 20.4 43.4 0.9 35.3
1962 22.1 47.2 1.0 29.7

Sewer works
lines 1962-63 24.3 44.5 11.2 20.0
plants 1962-63 26.6 49.2 8.2 16.0

Civil works (Corps. of Eng.)

land operationsl959-60 26.0 35.0 19.3 19.7
dredging 1959-60 32.3 17.3 24.9 25.5

Federal office buildings

1959 29.0 51.4 1.9 17.7

College housing

1960-61 29-3 52.6 1.6 16.5

Multi-family housing

1971 27.9 44.2 3.0 24.8
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(Table 1.1 continued)

a Includes off-site wages, fringes, construction financing costs, inventory,
and other overhead and administrative expenses as well as profits.

bEquipment included in overhead and profit.

Construction costs include selling expenses in addition to construction
contract costs (selling expenses were 2.9 percent in 1969).
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construction, considerable disagreement still remains as to the appropriate

means by which to measure labor productivity in the construction industry.

The results of six different methods of estimating output per man-hour

indexes for contract construction, for example, are five different figures,

ranging from 1.6 to 3.0 percent, for the average annual rate of growth over

about a twenty-year period beginning around 1947 (16, 22, 30, 89).

The primary difficulty is the heterogeneous nature of the industry's out-

put, ranging from single-family homes to skyscrapers, industrial plants,

and highways, each of which is distinct in its own right in terms of its

function, size, quality, performance characteristics, and so forth, while

each also has rather different requirements in terms of the type and

quantity of labor, let alone the other factors of production; moreover,

the nature and mix of products in a single sector of construction is con-

tinuously changing, let alone that in the industry as a whole. Such features

make the derivation of a reliable output measure, such as the deflated price

of a reasonably constant product set, very diffi .c and also make the

meaning and usefulness of a measure of the industry's labor productivity

somewhat questionable. Another area of difficulty lies in the measurement

of the inputs, in that labor is not homogeneous either, although it is gen-

erally assumed to be thus.

As a result of these difficulties, certain agencies have begun working

with the individual sectors of construction; the U.S. Bureau of the Census,

for example, has begun developing price indexes for each sector, while the

U.S. Bureau of Labor Statistics since the late fifties has been studying

the labor and materials requirements of the various sectors. Figure 1.4

gives some of the results of these efforts, in the form of a chart of av-

erage annual percentage changes during the sixties in on-site man-hours
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Figure 1.4: Average annual percentage change in on-site labor
requirements, by type of construction, for selected
periods 1958-1973 (source: ref. 28, 88).

Type of Construction

bSewer worksb

Linesb

Plantsb

Period

1958-73

1958-64

1964-73

1963-71

Elementary & secondary schoolsc 1959-65

Hospi tal sC

Federal office buildings b

Public housingb

Private single-family housingb

1960-66

1959-73

1960-68

1962-69

Percentage Change
-3 -2 -1-4

2.5

-3.8

-1.8

-2.2
-2. 3
-2.2

-2.7

-1.0

-2.0

-2.2

-1.9

aCompound interest method.

bDeflated dollars output measure.

c Square feet output measure.
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required per unit of output for various types of construction. In line with

Figure 1.2, Figure 1.4 suggests that the growth of highway construction's

labor productivity has slowed significantly in recent years, although over

the full analysis period it still appears to be higher than that of the

other sectors of construction, excepting schools. The results for the

industry as a whole, however, look much more favorable in terms of the con-

struction industry's exhibiting productivity growth during the sixties,

than do those of Figure 1.2. The validity of these new measures will be

considerably strengthened by frequent follow-up studies, as have been done

for highways at three-year intervals, and by further work in the area of

deriving price indexes and other means to achieving reliable measures of

output.

Although these new measures of productivity appear promising, measures

of capital and total factor productivity are still lacking, and the process

of determining the factors influencing this productivity still remains

a speculative one. Of primary interest in the current research, for example,

is an investigation of the role of technology in the productivity of high-

way construction in the U.S. Figure 1.5, which shows the trend over time

of highway construction bid prices, both as it actually occurred and as it

would have occurred had technology not changed as it did, suggests that

technology did, indeed, have a significant influence on project costs and

presumably factor productivities. Knowing this and knowing that the in-

dustry's man-hours requirements dropped over time give little insight into

the nature of this technology change however. Labor productivity over time

might, for example, have appeared to improve as a result of substituting

the cheaper resource, capital, for the more expensive one, labor, as factor
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Figure 1.5: Bid price trend for highway construction, both as it actually occurred and as it
would have occurred had technology remained constant at that of 1923
(source: ref.100).
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prices changed, resulting in a lowering of capital productivity; or labor's

productive efficiency might actually have improved, perhaps as a result of

implementing technological innovations, such that requirements for both

labor and capital were reduced; or both events might have occurred. It is

issues of this sort that the current research tries to address. Such

knowledge and understanding of the nature of technology change of the past

is of utmost importance to industry and government alike if they are to take

an active part in guiding technology's course in the future..

1.2 The Situation in Developing Countries

The levels of open unemployment and underemployment and more par-

ticularly the growing gap between the rate of new entries to the labor force

and the capacity of the economy to absorb them, even in countries where the

growth of output is reasonably high, is a problem of increasing concern to

many planners in developing countries. Closely akin to this problem is that

of inequitable income distribution and poverty in the developing world.

At the same time, their supply of capital, by and large, is very limited,

forcing them to rely heavily on external loans and grants-in-aid for capital

formation. With conditions as they now stand in developing countries, the

labor surplus which currently exists, and is expected to grow, cannot be

fully utilized without an increase in the supply of capital. A perhaps more

feasible solution is to substitute the abundant labor for the scarce capital,

thereby generating more employment and output than would be possible other-

wise. The developed and developing countries and international agencies in

their search for sectors of the economy where substitution might be possible

have focused considerable attention on construction, particularly the public

works area and even more specifically highways.
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Public works facilities play an early and major role in economic de-

velopment, and represent a large and visible portion of government invest-

ment. This makes them a rather natural target for labor-capital substitution.

Moreover, being in the public domain, the work can more readily be monitored

by the government which can thus enforce the use of labor-intensive tech-

niques and perhaps adjust project timing, for example, to coincide with

seasonal surpluses. Finally, the potential for employment in this sector

appears promising, especially for the unskilled which is where the surplus

lies and the rural underemployed, in that such activities were executed by

labor using simple tools and animal power in the past.

Regardless of the labor abundance and capital scarcity in the develop-

ing world, the more mechanized techniques developed in the labor-scarce,

capital-abundant countries of the developed world have been transferred to

and adopted by the developing countries for use in public works and particu-

larly highway construction. Two possible explanations may account for this

apparent contradiction: (1) the set of efficient technical alternatives is

not, or at least appears not to be, fully defined over the range of possible

labor/capital mixes; and (2) inappropriate factor prices (i.e., market

prices rather than prices reflecting the relative scarcity and thus the

social cost of the various resources) are used in the selection of the labor/

capital mix. It is the first alternative which can conveniently be inves-

tigated to a limited extent in the course of the current research. If tech-

nology change over time in the U.S. is found to be primarily in the direc-

tion of increasing efficiency, for example, the more capital-intensive

packages of today may comprise the only set of efficient alternatives cur-

rently available, although new developments in the direction of utilizing
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labor may still be possible. Alternatively, it may be that some of the more

labor-intensive packages of the past are equally efficient (e.g., tech-

nology change may have been largely in the direction of simple substitution

of equipment for labor), but that they have been forgotten in the labor-

scarce developed countries, or that institutional biases and rigidities in

the developing countries themselves prevent their use. Such insights into

the progression of technology over time in the U.S. are thus potentially of

value to those concerned with the issue of labor-capital substitution, par-

ticularly in terms of ascertaining the feasibility of certain developing

countries' returning to the use of some of the more labor and animal-

intensive techniques of the past.

1.3 Purpose and Scope of Research

The general focus of the research is the role of technology in the

construction industry, and its influence on productivity and efficiency and

product quality and cost. For the U.S. and other developed countries, this

is of importance in terms of indicating the direction in which technology

has advanced in the past and might do so or be encouraged to do so in the

future; as for the developing countries, it is of importance in terms of

assessing the potential appropriateness of various technologies in light

of their local technical, economic, and social conditions.

In this analysis of technology and its progression over time, efforts

are concentrated on the identification and quantification of the magnitude

and nature of the technology change that has occurred. The issue of par-

ticular interest is whether the observed technology change has been char-

acterized by increasing efficiency or by factor substitution (equipment
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for labor) or, more likely, a little of both, in which case the extent

of their contributions is of interest. Finding technology change to

have been primarily in the direction of substitution, for example, indi-

cates, for the U.S. and other developed countries, the necessity of re-

directing efforts in the future toward developing new technical alterna-

tives more able to cope with the upcoming shortages in the materials and

energy areas and perhaps also to increase efficiency rather than just

substitute. The implication of change characterized by increased effi-

ciency, on the other hand, is that there really has been technological

advance, and there is no reason to try to alter its course in the future,

as long as the means by which it has been achieved remain viable. For

the developing countries, technology change in the direction of increased

efficiency suggests that technology may not be too reversible, and that

new alternatives in the software and/or hardware areas may need to be

developed. The implication of change characterized by substitution,

however, is that technology may potentially be reversible, and that it

may be worthwhile to begin to more seriously consider and evaluate some

of the older, more labor-intensive techniques for use in the developing

countries.

The highway sector of the construction industry in the U.S. provides

a good basis for this research. Narrowing the scope to a single sector

of the construction industry follows directly from the discussion above

of the heterogeneity of the industry's products; limiting it to a

single country seems only appropriate in view of the wide variation in

both inputs and outputs in this single sector from one country to

another, making comparisons, for example,of technical alternatives and as-

sociated productivities difficult. The highway sector is a Darticularly
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interesting sector of the construction industry to study in the U.S., in

that its technology has undergone considerable change over the past fifty

years or so. Furthermore, it has certain advantages over other sectors

of the construction industry in terms of such a study, including: (1) only

a few basic steps constitute the construction process, thereby lessening

the number of possible interactions and making more possible the study of

both the individual steps and the overall project; and (2) its output is

more readily measurable in quantity, quality, and use terms. Finally, data

also appear to be reasonably available for the hiqhway sector, stemming

largely from the U.S. Federal Highway Administration's production studies

of alternative highway construction methods carried out in the 1920's,

1950's, and 1970's. In summary then, the focus of the current research is

the investigation, in both qualitative and quantitative terms, of the role

of technology in the productivity of highway construction over the years in

the U.S.

Chapter Two begins with a brief review of the economic concepts and

tools pertinent to the analysis of technology and productivity and their

change over time; this is followed by a review of related research in the

highway field itself, including a series of case studies evaluating alter-

native technical packages for highway construction and some models for eval-

uation of alternative designs for highway projects. The literature cited in

these reviews, as well as all other references cited in the main body of

this study, are given in Appendix A. Drawing upon the literature reviewed

in the first two sections, the final section of Chapter Two outlines the

method of approach to be followed in the research; a two-step approach is devel-

oped: (1) stage-level analysis, wherein each stage is considered separately
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in the analysis of technology and its change; and (2) project-level an-

alysis, wherein the stages are brought together to form various projects

such that the interaction of design and technology in highway construc-

tion and operation might be taken into account.

Chapters Three and Four, then, respectively present and discuss the

results of the research, each being divided into two parts, the first

covering the stage-level and the second the project-level analysis. Be-

fore giving the results in each part, Chapter Three covers some largely

definitional points pertaining to the level of analysis and briefly de-

scribes the actual collection and preliminary work-up of the data. Fur-

ther details pertaining to the data collection and analysis procedures,

as well as presentation of the basic data and some results, can be found

in Appendices B and C. Included with the comprehensive discussion of the

results given in Chapter Four is the identification of the potential im-

plications of the study's findings for both the U.S. and developing coun-

tries. The presentation of the conclusions and recommendations for fur-

ther research in Chapter Five completes the study.
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CHAPTER 2

RESEARCH APPROACH

It is the purpose of this chapter to outline the method of approach

employed in this research. It is appropriate to begin with a brief re-

view of some of the literature in the area of technology, productivity,

and factor proportions, starting with some of the more general theoretical

and macro-study approaches used in a range of industries and ending with

some more specific, applied micro-studies in the highway field itself.

The final section of the chapter discusses the research approach pursued

in the study at hand, in particular the application of some of the meth-

odologies reviewed.

Almost as vast as the array of literature, pertaining to the topics

of technique and technology, technical and technological change, and pro-

duction function and isoquant, is the level of confusion regarding the

terminology (27). For the purposes of the research at hand, a certain

number of terms and interpretations are necessary. Technical package is

used to refer to any factor or resource mix (i.e., labor, equipment, and

materials) which can produce a given product (e.g., excavation and haul-

ing of soil twenty feet or gravel surfacing). Technology is defined as

the pool of knowledge pertaining to the production of a given product or,

alternatively, as the complete set of existing technical packages which

can produce this product; often, too, and particularly for the purposes

of the research at hand, technology also has a time dimension, such as the
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1920's technology of gravel surfacing. Production set is the full set

of technical packages representing a particular technology; all exist-

ing efficient and inefficient packages are included in this set. Pro-

duction function is taken as the set of efficient technical packages of

a particular production set; that is, those technical packages which

produce the most output for the least input. Production isoquant, then,

is a part of a production function in that it represents a given amount

of a given product. Best-practice technical nackage is that package

which is least-cost when factor prices of a particular period are appTied

to the resource requirements of the efficient set representing a parti-

cular technology.

Finally, technological change relates to the development, due to im-

proved knowledge, of a new set of technical packages which can produce

a given product (i.e., a new production function or isoquant) and again to

a new time period, such as the technology of the 1950's as opposed to that

of the 1920's. Technical change, on the other hand, relates to changes

amongst available technical packages or to factor substitution (i.e., a

movement along the production isoquant) due to altered factor prices.

The term technology change, then, refers to the complete process of chang-

ing from a particular technical package, the best-practice one, in one time

period to that of a new one, a process which may include both technological

and technical change; movements over time of best-practice technical

packages thus represent technology change.
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2.1 Brief Review of Studies of Productivity and Technology in Other
Industries

The identification and more particularly the measurement of tech-

nology change in a quantitative sense is an elusive concept which has

long plagued economists and engineers alike. Factor productivity, in one

form or another, is the oldest and probably still the most commonly used

indicator of technology change, and consequently is the first approach

generally mentioned by authors reviewing the subject (12, 47, 50, 52,

53, 58). Single factor indexes, defined as average product output per

unit of input such as labor or capital, are of limited usefulness in that

their dynamic behavior is difficult to interpret. Leaving aside for the

moment the problems inherent in measuring inputs and outputs, a change in

the index may indicate technological change but it may, alternatively or

at the same time, indicate a change in the use of the other factors of

production as well as the factor being measured (i.e., technical change).

Multifactor indexes, defined most often as average product output

per unit of combined labor and capital input, make up the second and per-

haps more useful form of productivity indexes. It was in the late fif-

ties and early sixties that the use of these multifactor productivity in-

dexes in a variety of forms was developed by people like Abramovitz, Solow,

Fabricant, and Kendrick. Nadiri (58), as well as others, cites Kendrick's

arithmetic measure and Solow's geometric index as the two most often

used in empirical research. Kendrick implicitly assumes a homogeneous

production function and the Euler condition to obtain the following

measure of total productivity change:

37



dA - x1/x0
V0 - (wL 1 + rKI)/(wL0 + rKo

where

Subscript

Subscript

x

L

K

1

0

w

r

= product output

= labor input

- capital input

= current period

= base period

= wage rate, changing over time

= rate of return on capital, changing over time

Solow, in turn, essentially assumes a Cobb-Douglas production function

with constant returns to scale and autonomous and neutral technological

change and derives the following relation:

dA =dX - dL + d- ,,B K o+

dX, dL, dK

a

a

= time derivatives of X, L, K respectively

= share of labor in output

= share of capital in output

It is Brown's (12) observation, however, that the use of moving

weights for combining labor and capital as in Kendrick's measure re-

sults in an underestimate of the productivity index because change in
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efficiency, an important aspect of technological change, has no effect

on the index. As for Solow's measure, Brown presents an even simpler

form:

dA -9 - dK
A X K

where X = X/L

K = K/L

He, among others, still has serious reservations about the measure, how-

ever, because of Solow's assuming away all technological change except

pure efficiency, although some of it is done with some justification.

Nadiri (58), Kennedy and Thirlwall (47), and others cite three possible

dA
sources of bias in the use of v as a measure of technological change:

(1) the particular form of the production function governing the rela-

tion; (2) errors in the measurement of labor and capital and changes in

their quality; and (3) relative importance of variables other than labor

and capital (e.g., entrepreneurial ability) not included in the measure.

The methodologies discussed thus far have been concerned solely with

measuring the change in factor productivity; that is, the change in out-

put not accounted for by changes in inputs, frequently termed the res-

idual and used as a measure of technological change. Salter (73) is

probably the first person to make a concerted effort to divide the res-

idual into its component parts. Before proceeding with Salter's analysis,
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however, it is appropriate to review the general economic characteriza-

tion of technology and its change as it is discussed by several authors

(12, 58, 73). Measures of efficiency, returns to scale, factor bias,

and elasticity of factor substitution are the four standardly cited char-

acteristics of a technology and can be conveniently expressed in terms

of a production function. The first two are classified as neutral prop-

erties in that they affect labor and capital equally, the last two are

termed non-neutral properties since they affect the inputs in a biased

manner in the sense, for example, of being labor-saving or labor-using.

According to Brown (12), "the efficiency of a technology determines

the output that results for given inputs and given the other character-

istics of an abstract technology.... [The] efficiency characteristic is

a scale transformation of inputs into output." Increased efficiency

brought about by technological advance, then, results in equal, in a rel-

ative sense, across-the-board, factor productivity increases or unit cost

decreases. It can be depicted by parallel shifts of the production iso-

quant toward the origin, such as a shift from T1 to T2 in Figure 2.la,

where the T's represent different technologies producing the same amount

of output.

Brown (12), in turn, defines technologically-determined returns to

scale as "the extent to which a proportionate change in inputs generates

a proportionate change in output due to technology and not the scale of

operations of the firm." A technology exhibits increasing returns to

scale, or economies of scale, for example, if, for a given proportional

40



Figure 2.la: Schematic representation of three forms of tech-
nological change.

NT

LABOR

Notje: Production isoquants TI through T4 represent different

technologies producing the same amount of output.

A shift from: T I to T 2 demonstrates increasing efficiency.

T 1 to T 3 demonstrates capital-using bias.

T 1 to T 4 demonstrates decreasing elasticity
of factor substitution.
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Schematic representation of increasing returns to scale.

C

3x

Si

LABOR

Note: The production isoquants represent the same technology but
increasing levels of output, beginning witk-X units near the
origin out to 3X units.
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incraase in all inputs, output is increased by a larger proportion;

Figure 2.1b, where the isoquants represent the same technology but in-

creasing levels of output as they move away from the origin, thus demon-

strates economies of scale. Technological change, then, may alter the

returns to scale characteristic of a set of technical packages, changing

it perhaps from decreasing to constant returns to scale.

Factor bias* is most readily defined in a comparative context; that

is, given constant elasticity of substitution and relative factor prices,

the technology with the higher capital-labor ratio is the more capital-

intensive and exhibits a capital-using bias. Bias in technological change

denotes greater savings in one input than in the other for all technical

packages. A change in the position of the isoquant, more toward one

axis than the other, thus represents such bias; that is, a move from T

to T3 in Figure 2.la results in a proportionately greater increase in the

productivity of labor than of capital for all technical packages.

The fourth and final technological characteristic is elasticity of

factor substitution; it measures "the ease of exchanging factors of

production in the course of the production process" (58) and "thus the

extent to which changing factor prices influence techniques" (73). Elas-

ticity of factor substitution is represented by the degree of curvature

of the production isoquant; that is, a movement of the isoquant from T

*There is considerable controversy over the definition of factor bias,
the two primary schools of thought being Hicks and Harrod, the above
definition being basically Hicks; for further discussion see refer-
ences 47, 58, 72, 73.
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to T4 depicts a decrease in the ease of substitution. Two limiting cases

are evident: (1) a right-angle isoquant which has an elasticity of zero

and on which factor prices have no influence; and (2) an isoquant ap-

proaching a straight line which has an elasticity approaching infinity

and on which factor prices have a substantial impact.

There is much discussion throughout the literature (14, 47, 58, 73)

of the case of non-neutral change in technology, and the fact that, in

most developed countries at least, increases in labor productivity over

time have generally been greater than those in capital productivity. Two

explanations are commonly presented: (1) technological advance is inher-

ently biased toward labor-saving; and (2) technoloaical advance is largely

unbiased but substitution is induced by technological progress in the manu-

facture of capital goods. Arguments for both views abound, but relatively

little progress has been made toward a definitive settlement of the issue.

The nature of the technology itself, as depicted by the technolog-

ical characteristics discussed above, and relative factor prices are com-

monly recognized as the primary determinants of factor productivity. In

combination, these factors determine the best-practice technique for any

particular period. Movements over time of the best-practice technique,

then, represent technology change, and it is this which Salter (73) tries

to decompose. He begins by assuming constant returns to scale over the

range of capacity outputs being considered and then defines quantitative

measures for the remaining technological characteristics.

His first parameter is technical advance which measures the rate of

44



movement of the production isoquant toward the origin, basically look-

ing at the effects of efficiency, as defined above, on unit costs. For-

mally defined, "the extent of the technical advance from one period to

another is defined and measured by the relative change in total unit costs

when the techniques in each period are those which would minimize unit

costs when factor prices are constant" (73); that is:

L n+l wn + K n+l gn
E L w + K gn n n n

wdL + gdK
r Lw +Kg

Subscript

dL, d

Subscript

for the discrete case, and

for the continuous case

n = initial period

w = wage rate

g = price of capital services

K = time derivatives of L, K

r = proportionage rate of change,
e.g., Tr = dT T

Note: Either period's prices can be used in the discrete case,
each giving a slightly different result, due to the in-
evitable index-number ambiguity Droblem.

Salter's second parameter is that of factor bias as defined above.

Formally, "the labor or capital-saving biases of technical advance are
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measured by the relative change in capital per labour unit when relative

factor prices are constant" (73); that is:

Kn+ 1 /Ln+l
9 - K /LKn /Ln

d(K/L)
Dr K/L

for the discrete case, and

for the continuous case

D<

S=

0 >

*1,

1,

1,

0 r < 0, capital-saving bias

Dr = 0, neutral or no bias

Dr > 0, labor-saving bias

His third parameter is elasticity of factor substitution, which

is important in determining the effectiveness of changes in relative

factor prices in increasing or decreasing the rates of productivity

increase established by technological change alone. Elasticity of sub-

stitution "measures the proportional change in capital per head in res-

ponse to a small proportionate change in the relative marginal products

(or factor prices) of labour and capital" (73); that is:

y = d(K/L)
K/L measured at a point on each

production isoquant appro-
priate to the measures of
E and D.
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Salter finally combines these three parameters to yield a quanti-

tative description of the growth of best-practice productivity in terms

of the nature of technological change and changing factor prices. The

rate of change of unit labor and capital requirements are thus:

technical
advance bias substitution
effect effect effect

Lr = Er - rDr + r(g/w)r

K r Er + (l-Tr) D r -+ c(l-.Tr) (w/g)rKr = r + (-)r 9r

where r = share of capital costs in total costs

Salter criticizes his own work from the standpoint that the mea-

sures represent a drastic and only approximate summary, resulting in

such difficulties as the index-number problem inherent in such work and

the failure to consider returns to scale, although he does propose a

means to alleviate this latter simplification. Brown (12) sees Salter's

work as producing well thought out measures, but questions their applic-

ability due to the difficulty of holding each constant while measuring

the others. Little empirical testing of these measures has been done,

although in the second part of his book Salter does perform an analysis

of a range of British and American industries; in this he concludes that

neutral technological advances and potential and realized economies of
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scale are primarily, and factor substitution less so, responsible for

the differing rates of labor productivity increase in the industries

studied.

The production function, a tool repeatedly mentioned abive particu-

larly in conjunction with factor productivity indexes, constitutes yet

another approach to the analysis of technology and its change, as re-

viewed by various authors (12, 47, 50, 58). Dating back nearly fifty years,

the Cobb-Douglas production function is probably the most famous, noted

for its simplicity in terms of both understanding and applying it and for

its possession of certain desirable neoclassical properties (e.g., it does

not specify a priori the returns to scale). It was not until about twenty

years ago, however, that the Cobb-Douglas function was used in the measure-

ment of technological change. The two-factor Cobb-Douglas production func-

tion in its unrestricted form is:

X = ALa K8

where A, a, B = constants to be determined empirically

The technological characteristics, as defined above, can be expressed by

various combinations of the empirically determined parameters of the

function. A change in the parameter, A, thus indicates a change in ef-

ficiency. The sum of the partial elasticities of production, a and B,

is an indicator of the returns to scale characteristic (i.e., a + a C 1

indicates decreasing returns to scale; =1, constant; and > 1, increasing).
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The ratio of these same two parameters indicates the factor bias of the

technology represented by the Cobb-Douglas function; an increase in

S relative to a, for example, demonstrates a capital-using technological

change. The fourth and final characteristic, elasticity of factor sub-

stitution is fixed at unity in any Cobb-Douglas relation, a feature which

severely restricts the applicability of this production function.

Some fifteen years ago a more general form of a production func-

tion was developed, the Constant Elasticity of Substitution (CES) func-

tion, in which the elasticity of substitution is held constant for any

particular technology but can change as technology changes. The CES

relation has the basic properties of a neoclassical production function

and includes the Cobb-Douglas function as a special case. The two-factor

CES production function is:

X = y [6K7Q + (1-&)L~4]^I /

where Y, , 6, o = constants to be determined empirically

As in the case of the Cobb-Douglas relation, the characteristics of any

technology can be expressed in terms of these empirically determined

parameters. An increase in y represents an upward shift in efficiency;

the value of u indicates the degree of returns to scale, and a change

in v may be attributable to some change in technology. As for the non-

neutral technological characteristics, the factor bias parameter is 6,
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which is defined over the interval 0 to I and measures the extent to which

the technology is capital-using; the elasticity of factor substitution,

cy, is represented by 1/(1+o) in the CES relation, a change in a indicat-

ing a change in technology.

Attempts to use aggregate production function theory in the es-

timation of total factor productivity or the parameters representing the

characteristics of technology and its change have encountered various

difficulties and criticisms, which have often been countered with poten-

tial solutions. The data base for such studies is generally an industry

as a whole or even the entire economy of a country, which leads to many

problems in the measurement of factor inputs and product outputs. The

factors of production and the products themselves are heterogeneous ele-

ments with divergent characteristics, and yet they are standardly aggre-

gated into labor and capital inputs and a single output. In an effort to

avoid measuring capital, which has to be done in value terms, Johansen and

others, cited by various writers (1, 47, 50, 63), have derived indirect

production relations requiring at most a measure of the elasticity of

output with respect to capital. An aspect of labor and capital conven-

tionally ignored is that of quality, resulting in changes in factor quality

potentially being responsible for a large share of the change in total

factor productivity. Attempts to deal with this issue have gone in three

directions: (1) models of capital-embodied technological change have

been developed (12, 47, 52, 58); (2) the idea of quality adjustment of

labor has been pursued by Denison, Griliches, and Kendrick, among others
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(47, 58, 107); and (3) the growth accountancy approach has received at-

tention from Denison, Jorgenson, and Griliches, among others (12, 47,

50, 58, 107). One final area of controversy pertaining to the data base

is the type of data series used, time-series or cross-sectional, each hav-

ing its own particular problems (9, 12, 47, 58, 63).

The other major area of difficulties and criticisms, encountered

in efforts to use aggregate production function theory in the study of

technology and its change, has centered around the limited flexibility

of the functional form and difficulties in fitting it to available data.

The use of simplifying, often unrealistic assumptions, such as perfect

competition in factors and goods markets, constant returns to scale, and

entrepreneurs' instantaneous adjustment to exogenous price changes, are

a major point of contention (9, 47, 58, 63, 114). Moreover, the form of

some of the more common production functions is such that the sources

of factor productivity cannot be adequately separated and identified

(8, 12, 58, 63). The outcome of this has been the development of more

generalized production functions, such as the Variable Elasticity of

Substitution (VES) relation, to handle cases where the elasticity of

substitution is sensitive to changes in factor proportions, and the Con-

stant Difference Elasticities of Substitution (CDS) relation, to handle

cases with more than two factors of production (8, 58, 63). Simultaneity

and nonlinearities between the production function and marginal produc-

tivity conditions have led to problems in estimation, resulting in the

development of new, often less restrictive, estimating techniques (9, 58).
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It thus seems that considerable progress has been made in the theory

and estimation of aggregate production functions, but empirical evidence

on the performance of these new functions and estimating techniques is

scanty. Little can be said except that production function based esti-

mates of total factor productivity and parameters of technological change

are very sensitive to slight changes in the data, the specification of

the production function, and the method of estimation (9, 47, 52, 58, 63).

Feelings about the usefulness of the aggregate production function in the

analysis of technology and its change range from Brown (12) who strongly

supports it, to Nadiri (58) who feels little further progress can be made

until the available data is improved, to Acharya et al (1), Baer (6),

Bhalla (9), and O'Herlihy (63) who believe a micro-study approach is the

route to follow rather than the macro-study approach of the aggregate

production function.

As is evident from the above discussion, the economic literature

tends to be largely theoretical in nature, and even when the theory is

put to a test, it is generally at the aggregate level of an industry or

country. In recent years, however, micro-studies at the firm or even pro-

cess level have begun to come into their own as a means of studying tech-

nology. Chenery (17, 18), as long ago as the late forties, introduced

the idea of the engineering production function. This is a mathematical

statement connecting the physical variables and the output of a process;

it can be translated into an economic production function, which relates

inputs and outputs in economic rather than physical terms, potentially
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yielding the isoquants, expansion paths, and cost curves generated by more

conventional economic analysis. Its advantages include its being a more

explicit representation and analysis of technology and its change, and

its not being restricted to observable input combinations. Its disad-

vantages are that it requires a thorough understanding of the physical

tecnnology and is restricted to relatively simple processes, and the range

of alternatives is somewhat limited (e.g., fluid transport through pipe-

lines rather than via any mode of transport) (17, 18, 20, 48, 50, 65).

The difficulties inherent in the macro-studies discussed above have

thus resulted in a rekindling of interest in this more micro-study or

case study approach. It is Sen's observation, in the Foreword to Bhalla's

book (9), that this has particularly been the case in the study of choice

of technology in developing countries, where the informational dichotomy

between the planning and operations level has necessitated it. This is,

the planners tend to stress the macro-economic effects of alternative

technical packages, greatly simplifying the technology itself, whereas

the operations personnel do the opposite; for many years, the emphasis

has been on the planning side, but it now seems appropriate to switch

the emphasis to operations. Such micro-studies basically entail observ-

ing and recording the inputs required for and influences impacting the

various stages of production, for alternative means of producing a given

output; this data may then be used to synthesize a production isoquant

for the good. The advantages include close interaction with engineering

data and freedom from the confines of mathematically tractable production
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functions; the disadvantages include its being expensive and its yield-

ing results which cannot readily be generalized and with no convenient

summary measures (1, 6, 9). This shifting in emphasis on the nature of

research in the analysis of technology has led to works like Cowing's

(20) and Pearl's and Enos' (65) recent applications of the engineering

production function, the case studies presented in Bhalla (9) and reviewed

in Baer (6) and the array of literature pertaining to highways presented

in Section 2.2.

2.2 Brief Review of Related Research in the Highway Field

There are two classes of studies pertaining to highways and their

analysis that are directly relevent to the research at hand. Those of

the first group, which are reviewed in some detail in Section 2.21, in-

vestigate the technical and economic feasibility of alternative technical

packages for construction, primarily in conjunction with one design and

looking only at construction costs, but being very concerned with de-

riving accurate and detailed resource productivity and cost data. Those

of the second class, which are reviewed only briefly in Section 2.22,

investigate the trade-offs among construction, maintenance, and user costs

of alternative designs, with the construction technology generally being

implicit in the rather aggregate cost and/or productivity data used in

the analysis. In the analysis of technology and its change in highway

construction, what is ultimately needed, and is used in the study at hand,

is a combination of the two efforts, due to the complex interaction of

design and technology in highway construction and use.
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2.21 Some Case Studies Evaluating Alternative Technical Packages
for Highway Construction

With the importance of analytic work based on economic and engineer-

ing analyses of individual industries, projects, and processes recognized

and research of this type becoming increasingly common, as noted toward

the end of Section 2.1, it is this micro-study or case study approach

that is reviewed here, as it has been used by numerous authors to study

the issue of choice of technology in highway construction, primarily in

the context of developing countries. The area of labor-capital substitu-

tion in public works construction was a relatively dormant one from the

early 1960's to the early 1970's, when interest was again aroused due to

its potential for the creation of employment in the developing countries.

The studies reviewed here represent the major efforts in the highway field

in the seventies, as well as a couple dealing with earthmoving activities

from the early sixties that provide some of the groundwork for the more

recent studies (see Table 2.1).

The overall objective of this group of studies is to establish the

technical feasibility of alternative technical packages for road con-

struction, and, in turn, to relate these technically feasible alternatives

to relative factor scarcities such that their economic feasibility can be

determined under various institutional and environmental conditions. The

majority of the studies, in pursuit of this objective, apply the factor

productivity and price data they have collected to one or more real or

hypothetical road (dam and canal in the case of Dreiblatt [24]) construc-

tion projects and parts thereof in order to determine the economic
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Table 2.1: A list of the case studies which are reviewed.

Code Name
(Reference Number)

UN (83)

(84)

(85)
Dreiblatt (24)

MUller (57)

IBRD-I (42)

IBRD-lI (41)

IBRD-III (38)

(39)

(40)

IBRD-Indonesia (37)

ILO-Thailand (45)

Title of Study
Capital Intensity in Heavy Engineering
Construction

Capital Intensity and Costs in Earth-
Moving Operations

Eartnmoving by Manual Labour and Machines

The Economics of Heavy Earthmoving

Labour-Intensive Methods in Low-Cost
Road Construction: A Case Study

Study of the Substitution of Labor for
Equipment in Road Construction,
Phase 1: Final Report

Study of the Substitution of Labor and
Equipment in Civil Construction,
Phase II: Final Report

Scope for the Substitution of Labor and
Equipment in Civil Construction:
A Progress Report

Study of the Substitution of Labor and
Equipment in Civil Construction,
Phase III: Technical Report No. 1

World Bank Study of the Substitution of
Labor and Equipment in Civil Construction -
Technical Memorandum No.1-25

Iron Deficiency Anemia and the Productivity
of Adult Males in Indonesia

Thai Workers in Heavy Road Construction
Activities - An Ergonomic Pilot Study

Countries

United States

United States, Europe,
Asia and the Far East

Asia and the Far East
India, West Pakistan8

A country in Subtropical
Africa

Various countries

India, Indonesia

Indi a,
Kenya ,

Indonesia,
Honduras

India, Indonesia

India, Indonesia8

indonesia

Thailand 1974

Year
Published

1958

1960

1961
1972

1970

1971

1974

1976

1974

1975-76

1974



(Table 2,1 continued)
Code Name

(Reference Number)

ILO-Iran (44)

ILO-Philippines (43)

ILO-Nepal (69)

Vaidya (111)

Title of Study

Roads and Redistribution, A Social Cost-
Benefit Study of Labor-Intensive Road
Construction Methods in Iran

Men or Machines, A Philippines Case Study
of Labour-Capital Substitution in Road
Construction

Comparative Evaluation of Road Construction
Techniques in Nepal

The Choice of Technology in Highway Con-
struction Industry - A Case Study of Nepal

Countries

Irana

Philippines

Nepal

Nepal

aData used in at least some of the analysis came from various countries,

Year
Published

U)

1973

1974

1973

1974



feasibility of the various technically feasible alternatives observed.

[BRD-I (42) and IBRD-II (41) represent a major portion of the work in the

productivities area, although several other studies including Dreiblatt

(24), MUller (57), and Vaidya (111) also focus more on resource produc-

tivities than prices. ILO-Iran (44), ILO-Philippines (43), and ILO-

Nepal (69), on the other hand, are largely concerned with deriving vari-

ous sets of factor orices, which may more truly reflect relative factor

scarcities in a developing country than do the prevailing market prices;

these studies are thus able to additionally investigate how the economic

competitiveness of alternative technical packages varies with factor

price.

IBRD-III (38, 39, 40), one of the exceptions to the basic procedure,

is largely concerned with devising means to improve labor productivity;

it thus tends to focus on factor productivities and prices at the disag-

gregate activity/task level, although it does consider some project-level

implementation in its demonstration projects and studies of broader is-

sues like management and organization. The UN studies (83, 84, 85) can

also be singled out due to their concentration on resource productivity

and unit cost at the task-level without ever aggregating it to the project

level. The last two studies, IBRD-Indonesia (37) and ILO-Thailand (45);

concentrate exclusively on factor productivities, in that they are studies

of the relationship between health, nutrition, and general physical con-

dition of the workers and their productivity.

The case study approach to the analysis of labor-capital substitution
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in highway construction may entail three basic activities: (l) collect-

ing the data; (2) applying it to one or more real or hypothetical road

construction projects or parts thereof; and (3) analyzing the results.

The data required for these studies consists of alternative technical

packages for road construction activities, tasks, or stages, and the re-

source productivities and costs of these packages under various institu-

tional and environmental conditions. The general paucity, lack of de-

tail, and questionable reliability of the data in the engineering and

economic literature and the important impact of institutional and environ-

mental conditions on productivity and cost, as revealed by IBRD-I (42)

and UN (83, 84, 85) among others, led to the use of field studies and

project records in one or two countries in most cases. This is particu-

larly true for the more labor-intensive packages, and efforts were thus

largely concentrated on these. As for the equipment-intensive packages,

it- is felt that better records are generally kept, and thus more reliance

is placed on the data already available, in some published form or in the

form of contractor's and project records. Both the IBRD (IBRD-I [42],

IBRD-1I [41], and IBRD-III [38, 39, 40]) and UN (83, 84, 85) studies

consider a large number of alternative technical packages for various

construction activities or tasks, while the other cases are somewhat more

limited in scope.

The case studies exhibit a broad range in emphasis on collecting and

analyzing productivity data. Dreiblatt (24), for example, after men-

tioning the importance of institutional and environmental considerations,
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ignores them completely in this comparative analyses; [LO-Nepal (69)

and Vaidya (ll) consider them in a rather qualitative, descriptive man-

ner, although ILO-Nepal does at least use a frequency distribution, rather

than a single value, to express the quantity of each factor required

for a given output in the hilly regions. Some of the other studies, such

as ILO-Iran (44), ILO-Philippines (43), and, to a lesser extent, IBRD-I

(42) and UN (83, 84, 85), specify at least some of the institutional and

environmental parameters in association with productivity figures for

various activities and tasks and consider them in the analysis of alter-

native technical packages. ILO-Iran (44), for example, develops a produc-

tion model for each task and technical package, in which a normal produc-

tivity is specified with percentage adjustments for changes in work and

team factors such as earth type and labor quality.

Finally, the most sophisticated, and only statistically-based, ap-

proach is that of IBRD-II (41) which is extended somewhat in IBRD-III

(38, 39, 40). A large share of the IBRD's efforts are concentrated on

quantifying the relationships among resource inputs, product outputs, and

various institutional and environmental parameters for various construc-

tion activities and tasks. A generalized Cobb-Douglas type specification

fit by regression is used to model these relations, the data base being

field observations of on-going civil construction activities and tasks.

The data requirements for this are substantial, however, and so far it

has been done for only a few parameters, some of the more important ac-

tivities and tasks, and the more labor-intensive technical packages;
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moreover, the particular functional form is being investigated in IBRD-

1II (38, 39, 40). In the specific area of quantifying the relationships

between the general physical well-being of the workers or animals and their

productivity, IBRD-Indonesia (37), ILO-Thailand (43), and a few of the

technical memorandums in IBRD-III (40 - Numbers 4, 11, 21) make certain

contributions.

In addition to factor productivities, factor prices are necessary

in order to convert the physical productivities to unit costs to be used

in an evaluation of the economic feasibility of alternative technical

packages. In all of the cases dealing with one or two countries, and

even in the case of IBRD-I (42) which gathers productivity data from a

variety of countries, a prevailing, or market, hourly cost is determined

for each of the various resources. In the case of labor, this is quite

straightforward, the local wage rates for different types of labor, al-

though there is some discussion concerning such costs as provision of

amenities and transport for labor and mobilization of labor and whether

they should be incorporated here or in the project overhead, with the

frequent result that they are ignored. Hourly equipment costs are more

complicated to derive, being made up of ownership costs such as interest,

depreciation, and maintenance and repair labor and materials and operating

costs such as equipment consumables, tires, and operating labor. Assump-

tions as to equipment life and utilization and maintenance and repair

facilities, which are often very different in developing countries than

in the developed ones, have an important influence on the hourly cost;
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there is even some disagreement over what should be included in the

capital cost of a piece of equipment, let alone its hourly cost.

A perhaps more interesting area of difference of opinion pertaining

to factor prices is the use of alternative pricing schemes.* The UN

studies (83, 84, 85) just gloss over the factor prices issue, looking at

productivities and unit costs for the alternative technical packages,

while Dreiblatt (24) and M'Uller (57) apply a single set of factor prices,

those estimated to be prevailing, to their productivity data; all three,

however, recognize the possibility of using shadow prices. The IBRD

studies (IBRD-I [42], IBRD-II [41], and IBRD-III [38, 39, 40]) and Vaidya

(111)also use a single set of prevailing labor and equipment prices, but

they then perform a sensitivity analysis on the price of one or both

resources. Sensitivity analysis in conjunction with a cost minimizing

production routine, like that used in IBRD-rl (41) or proposed in Vaidya

(111), can be used to derive the production isoquant for a particular

output. In IBRD-I (42), a breakeven wage rate,** defined for a given set of

*Prevailing or market costs of resources are those costs actually in-
curred in any business transaction. In many developing, and even de-
veloped, countries, however, these costs may diverge from their true
social costs, in which case such resources may be shadow priced to more
truly reflect their relative scarcity as well as perhaps certain de-
velopmental objectives.

**Breakeven wage rate: W= (E1-E2)/(L2-L)' where E = equipment cost,
L = unskilled labor hours, and subscript 1 denotes equipment-intensive
technical package and 2 labor-intensive; W also represents the mar-
ginal rate of substitution of equipment for labor under these assum--
tions.
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equipment prices as that unskilled wage rate at which the cost of execut-

ing an activity by labor is identical to that by equipment, is often used

to look at the trade-off between equipment and labor in various construc-

tion activities, tasks, and stages.

It is the three ILO studies (ILO-Iran [44], ILO-Philippines [43],

and ILO-Nepal [69]) that really focus on the relative factor prices issue,

much as the IBRD's work focuses largely on factor productivities. Be-

cause market prices prevailing in developing countries do not always prop-

erly reflect relative factor scarcities, various sets of input prices,

which reflect different approaches to the question of optimal allocation

of resources available to an economy, might be feasible and should be

investigated. Using established methods for deriving shadow prices

(basically those of UNIDO [23], OECD [51], and a mix of Sen [74] and

UNIDO [23]) and varying certain assumptions which ultimately influence

the relative input prices, the ILO studies (43, 44, 69) try various sets

of labor and equipment prices in conjunction with their productivity data

in order to investigate variations in the economic competitiveness of

alternative technical packages with factor prices.

Given that thedata has been collected, the final two steps to any

case study entail applying the data to one or more real or hypothetical

road projects or parts thereof and analyzing the results, and are best

discussed concurrently. The UN studies (83, 84, 85) are rather limited

in this regard in that only a couple of earthmoving tasks are considered,

and the economic analysis is simply a tabular/graphical comparison of their
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unit costs when various technical packages are used under a few varying

environmental conditions. The primary difficulty with these studies is

that the data is from a wide range of countries and projects, resulting

in a wide variety of unmeasured institutional and environmental factors.

Some of the other studies, such as ILO-Philippines (43), IBRD-II (43),

and IBRD-III (38, 39, 40), do a similar type of analysis at the ac-

tivity/task level, but their data is limited to one country, and thus

the variability of unmeasured influences should be less.

In the cases of Dreiblatt (24), MUller (57), and ILO-Philippines

(43), a wider range of activities/tasks is studied as well as the product,

road, dam, or canal, they produce. The basic steps involved are as

follows: (1) activities/tasks in the project are identified, and their

quantities estimated; (2) for each, a capital and labor-intensive, and in

ILO-Philippines (43) sometimes a modified labor-intensive, technical

package is defined, and its resource requirements determined; (3) each

package is then priced (with market and shadow prices in ILO-Philippines

[43]), and comparisons can be made at the activity/task level; and

(4) the activity/task costs are then summed for each category of technical

packages)except in the case of MUller (57) who also sums over a combina-

tion of the capital and labor-intensive packages, and comparisons can be

made at the project level. Although this method gives the costs of the

various technical packages alone and in combination, it says nothing

about their relative efficiencies. Still, it is straightforward to use

and reasonably useful as long as the number of activities/tasks and
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categories of technical packages is limited, or there is limited in-

terest in mixing the packages of the various technical categories.

ILO-Nepal (69) and Vaidya (111) pursue the same basic approach, with

some exceptions and extensions. These two studies are somewhat different

from the other cases reviewed here, in that they are based on five dif-

ferent projects in Nepal, each constructed by a different country with

its own particular set of technical packages, ranging from the highly

labor-intensive practices of the Chinese to the highly capital-intensive

ones of the Russians. Resource inputs for a given unit of output have

been gathered at the stage level for each project, and a single set of

quantities is used to aggregate the stages, representing one set of tech-

nical packages or a mix, to a standard kilometer of road. The validity

of such comparisons is necessarily constrained by differences among the

projects, some of which could be alleviated, but others of which could

only be qualitatively described; for example, road design and quality

which will later affect maintenance and user costs differ among projects,

the environmental and institutional conditions differ, the actual activ-

ities/tasks and materials used in the different stages differ, and so

forth. As an extension to the above discussed methodology, ILO-Nepal

(69) plotted production isoquants in order to determine the relative ef-

ficiencies of the alternative sets of technical packages at each stage

and in the aggregate (see Figure 2.2 for a sample graph); it also em-

ployed a number of matrices (e.g., a technical package, resource price

[containing project, standard, and shadow prices], and total cost matrix)
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Figure 2.2:
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as an effective means of organizing the data.

Productivities and technical packages are best observed at the dis-

aggregate level of activities or perhaps tasks, while the object of in-

terest is the road itself and the mix of packages to be used in its con-

struction. This aggregation from the activity to task to stage to project

level can be accomplished in the additive manner described above; if,

however, it is desirable to consider mixing the technical packages at the

disaggregate level and to consider only the relatively efficient combina-

tions as is usually the situation, then a production function approach,

as employed in IBRD-I (42), and ILO-Iran (44), is more appropriate. The

derivation of an aggregate production isoquant is illustrated in notional

form in Figure 2.3. ILO-Iran (44) and IBRD-I (42) both use this approach

quite successfully for a limited number of technical packages and con-

ditions. ILO-Iran (44), for example, uses it to aggregate eight activities/

tasks (those where substitution is possible) to the project level, con-

sidering two packages for each activity/task, for five different projects

representing various road classes and terrains; it then calculates the

average rate of technical substitution for each project as a whole, and

finding them all to be about the same, it proceeds to look at the direct

employment generated in each case as the labor-intensive activities are

substituted for the capital-intensive ones.

There are several difficulties inherent in such aggregation of con-

struction activities. First, it assumes the activities are independent,

requiring that activities which are not for certain technical packages
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Figure 2.3: Notional representation of the derivation of an aggregate
production isoquant (source: ref.44)
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(Figure 2.3 continued)
Note: The basic procedure for deriving the aggregate production isoquant

is as follows: (1) suppose the construction consists of four opera-
tions, A through D, and for all except B there are two technical
packages; (2) calculate the average rate of technical substitution
of labor for equipment

L2-La
ARTS = E2-E

for the pairs of technical packages using it to rank the packages;
(3) beginning with the most capital-intensive package for each
operation, sum the resources across the operations and plot this on
the production isoquant graph; (4) next, for the pair of packages
with the lowest ARTS (A in this case) use the resources of the
more labor-intensive package, combining these with the resources
of the capital-intensive packages for the other operations (B
through D), and plot the sum; and (5) so forth, until all of the
labor-intensive technical packages have been substituted for the
capital-intensive ones. The result is a production isoquant rep-
resenting the efficient mixes of packages (efficient relative to
those available). In the interests of minimizing cost, it is
economically feasible to substitute labor for equipment up to the
point where the average rate of technical substitution equals the
ratio of the average price of equipment to that of labor; for
example,if

PE

PL

then one can economically use the labor-intensive packages for
operations A and D and capital-intensive ones for B and C. Alterna-
tively, one might price the points on the isoquant to determine the
least cost solution.

In IBRD-I (42), the breakeven wage rate is used instead of ARTS;
this is the inverse of ARTS with equipment measured in dollars rather
than ton-hours. The major disadvantage of this approach is that
the price of equipment cannot be varied as readily, although it
eliminates the problem of finding an average price for equipment
(a nonhomogeneous set) and the question of what to do with equip-
ment that cannot be measured in ton-hours.
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(e.g., labor's productivity in loading depends on the haul vehicle due

to the impact of load height) be treated as a single item. Perhaps more

importantly, there are certain interdependencies among activities and

impacts of substitution that are more subtle and harder to handle (e.g.,

the effect on equipment's utilization rate of substituting it by labor

for a particular activity), and thus it is not clear that optimization

on an activity basis is compatible with that on a project basis. Further,

each aggregation is restricted to a particular set of institutional, en-

vironmental, and design conditions, and the number of possible alterna-

tives is tremendous. Moreover, rather than looking at alternative mixes

of technical packages for building one specific road, it is desirable to

consider building various roads of equal quality and service, in that a

particular technique might be more suited to one design than to another.

If one begins to try to incorporate project scale, time, and other con-

straints such as minimizing foreign exchange cost or taking account of

the availability and mobilization costs of labor and equipment, the prob-

lem becomes very complex indeed. Even ignoring this, this approach gets

rather tedious and difficult to do if there are more than two technical

packages for each activity or if the aggregation is done in a stepwise

manner.

These types of difficulties and complexities encountered in the ag-

gregation process led to the development of a computerized linear pro-

gramming model in IBRD-II (41). The objective of this model is to select

a set of methods to be used in constructing a given civil works project
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(or set of projects) to minimize total cost, subject to the country's

available resources and technology. Using the same type of activity/

task level data required above, this approach can quickly select the op-

timum mix of technical packages for a project from a large set of alter-

natives. Through successive applications of the model, alternative in-

stitutional and environmental conditions, project designs, pricing schemes,

and so forth can be investigated, all rather quickly; testing the sen-

sitivity of the results to alternative values of various parameters is a

prime feature of linear programing models. An aggregate production iso-

quant can readily be derived by using a continuum of labor prices and

solving for the minimum cost solution.

Furthermore, a number of features already incorporated or that could

be incorporated in the model help to alleviate some of the difficulties

in aggregation discussed above. Resources, for example, may be subject

to minimum or maximum constraints (e.g., a minimum might be set on the

amount of labor to be employed); new resources incur a set-up cost,

while resources already on the site are available for only a limited num-

ber of hours during any period; and certain resources can be used only

in integer or discrete quantities, an option which might be used to in-

corporate some features of economies of scale. Time has been introduced

into the model through the use of time periods and a discount rate, and a

certain limited amount of scheduling of tasks and resources is possible

through constraints. The model is, however, still restricted to compar-

ing alternative mixes of technical packages for building a specific road
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(i.e., a given set of design standards), rather than building different

roads of equal quality and service; the suggestion has been made, how-

ever, to use it in conjunction with models, such as those discussed in

Section 2.22, which can analyze design standards. This model thus seems

a potentially useful tool in the study of alternative technical packages,

alone and in various combinations, for civil works construction and war-

rants further consideration and application, particularly in the field;

in IBRD-II (41), for example, it is used only in a single road project

and in a set of projects entailing four categories of roads.

In completing the review of this set of a dozen case studies, it

seems only appropriate to briefly state their general findings, conclu-

sions, and directions for further research. It is generally agreed that

there exists a broad range of possible technical packages for use in high-

way construction, and that it is technically feasible to substitute labor

for equipment in a wide variety of activities. The issue of economic ef-

ficiency of alternative technical packages, however, is much less clear-

cut: (1) several of the studies, including Dreiblatt (24), MUller (57),

IBRD-II (41), and ILO-Iran (44), find that although certain labor-intensive

techniques may be efficient relative to the others observed, they are gen-

erally not economically competitive at the market prices judged to be

prevailing in the study country; and (2) certain other studies, including

IBRD-III (38, 39, 40), ILO-Philippines (43), ILO-Nepal (69), and Vaidya

(111), on the other hand, find certain of the relatively labor-intensive

packages to be economically feasible at market prices. Finally, it is
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generally agreed that the application of shadow prices, as demonstrated

by the three ILO studies (43, 44, 69), makes the labor-intensive techniques

more competitive, often to the point of being socially profitable. Rec-

ognizing the necessarily restricted nature of these studies and questions

remaining as to appropriateness of market versus shadow prices, the gen-

eral consensus, with but one exception (Dreiblatt [24]), seems to be that

efforts should be expended in the direction of increasing labor's role

in highway construction in labor-abundant, capital-scarce countries. It

is thus proposed that future efforts be directed toward devising means to

improve labor productivity and to effectively implement more labor-inten-

sive practices.

2.22 Some Models Evaluating Alternative Designs for Highway Projects

A shortcoming of the case studies reviewed above is their focusing on

alternative means of construction of a single project design, rather than

extending the project beyond the construction phase to that of operation,

such that various project designs might be investigated in conjunction with

alternative technical packages. Considerable progress has been made to-

ward developing a model to evaluate alternative design, construction, and

maintenance strategies for low volume roads, in terms of construction,

maintenance, and user costs since the mid-sixties, when Soberman (76)

made his preliminary, largely theoretical contributions to the field. Lago

(49) followed shortly with the development of a model for estimating total

road transport costs. Building upon this earlier work, Vance (112) in

the late sixties, using the concept of production function based cost
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functions, produced a new version of a road transport cost estimating

model, one that was suitable for hand calculation and could handle, for

example, staging of construction and alternative laborfcapital mixes for

use in road construction and maintenance. Concurrently, personnel at

M.I.T. were developing the first version (36) of the Highway Cost Model

(HCM), a computer-based, cost-estimating, simulation model which met the

objectives outlined above and brought together in a decision-making frame-

work the work to date in the field. Since then, the model has been sub-

ject to extensive revisions and expansion of its capabilities, particu-

larly in the areas of estimation of road surface deterioration and the

impact of design standards and surface conditions on road user costs, as

new information has become available (e.g., 80, 81), culminating in the

most recent version (56) of the model which is now being tested and used

in Ethiopia. Somewhat parallel and complementary to M.I.T.'s efforts have

been those of the Transport and Road Research Laboratory (TRRL) which,

largely on the basis of field work carried out in Kenya in the seventies,

produced their own road transport investment model for developing coun-

tries (82).

It is the HCM which is used in the study at hand because it inte-

grates many of the existing methodologies of evaluating alternative de-

signs in terms of the three costs; it is also operational, computerized,

and readily available with personnel at M.I.T. knowledgable about and

willing to assist in its use. As the HCM is representative of this class

of models, it seems appropriate to make a few comments about its basic
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framework and more pertinent features.

Project-level engineering decisions, such as choice of alignment,

geometric standards, surface type, maintenance policy, and construction

and maintenance methods, and their implications for total transport costs

are the focus of the model. The basic function of the HCM, estimating

construction, maintenance, and user costs for a road, is done by simulat-

ing the life of the road, beginning with its initial construction and

proceeding through periodic upgrading as well as the yearly cycle of use,

deterioration, and maintenance. On a year-by-year basis throughout the

analysis period then, construction and maintenance activities to be per-

formed are determined, and road conditions, traffic volumes, and all as-

sociated costs are estimated; Figure 2.4 gives the basic structure of

the model. The output of the simulation includes a yearly accounting of

construction, maintenance, and user costs as well as a detailed history

of the status and deterioration of the road. Construction and maintenance

costs can be broken down into their components of labor, equipment, mat-

erials, and overhead and profit, while user costs can be disaggregated

to the vehicle operating costs for each type of vehicle using the road.

It might additionally be noted that all estimates in the course of the

simulation are made in terms of physical quantities, from which total

costs are obtained by applying the appropriate unit rates, allowing the

use of any monetary system. Moreover, construction and maintenance tech-

nology are inherently expressed in the unit costs input to the model,

while transport technology is inherent in the vehicle characteristics
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Figure 2.4: Basic structure of the HCM (source: ref. 56).
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and costs input, and thus all can be varied.

2.3 Method of Approach Used in Research

The analysis of technology and its change in highway construction

in the U.S. in the research at hand follows a micro-study approach pat-

terned after the case studies reviewed in Section 2.21. In an effort

to also consider the interaction of design and technology in highway con-

struction and use, the current study goes somewhat beyond these earlier

ones in implementing one of the models of Section 2.22 for evaluating total

project costs. Moreover, certain of the economic concepts and tools dis-

cussed in Section 2.1 are used in the analysis of the results.

The basic analytic procedure thus entails first observing and record-

ing the inputs required for and influences impacting the various tasks of

production, for alternative means of producing a given output; this data

is then used to synthesize a production isoquant for the good which is

subjected to further economic analysis. Since it is obviously impossible

to actually observe the technologies of the past in the field today,

historical data used in a simulation framework must suffice; thus, the

various stages of highway construction and complete road projects can be

hypothetically built and operated, by means of alternative technical pack-

ages and project designs. This is accomplished in two levels of analysis:

(1) the stage-level, where each of the various stages of construction con-

stitutes an output, with the labor, capital, and materials of the vari-

ous technical packages for each stage being the inputs; and (2) the
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project-level, where a road project capable of handling a particular

volume of traffic constitutes the output, with the construction, mainte-

nance, and user costs of the alternative projects designed for the partic-

ular traffic being the inputs, although these are also considered in a more

disaggregate sense as, for example, the labor, capital, and materials

requirements of the construction phase. Each level of analysis is dis-

cussed in turn below.

2.31 Stage-Level Analysis

The basic data required for the stage-level analysis consists of the

alternative technical packages, available at various points in time in

the U.S., for the various stages of road construction, and the resource

productivities and costs of these packages under typical environmental and

institutional conditions. The productivities of the various resources

included in each technical package are generally available at the activity

or task level and are thus aggregated to the stage level. At this point,

the unit prices of the resources can be applied, for example, to arrive

at the unit costs of the various technical packages of each stage of con-

struction. For each technical package for each stage of construction, where

output is measured in physical units of a given rate of production (e.g.,

100 bank cubic meters per hour) or units produced (e.g., 100 bank cubic

meters), the following set of results is generated for further analysis:

(1) skilled and unskilled labor input, separately or in combination, ex-

pressed in physical units of men or man-hours or in cost terms; (2) equip-

ment input measured in value terms of investment, straight-line depreciation
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(thus introducing life), or total ownership and operating cost (or its var-

ious components of capital recovery, maintenance and miscellaneous, and

fuel and lubrication costs); (3) animal (horse) input expressed in value

terms along the lines of those of equipment; (4) materials input measured

in cost terms; and (5) total unit cost, including all resources involved.

This is done for each of three technology periods under various pricing

conditions. Section 3.1 and Appendix B provide further details on the

collection and preliminary analysis of data for the stage-level analysis.

Given these results then, the analysis of technology change in high-

way construction over time in the U.S. is basically a three step process:

(1) a qualitative investigation of how the technical packages, in terms

of the resources constituting them, have changed; (2) an efficiency ana-

lysis, whereby graphical and numerical techniques are used in narrowing

the production set to those technical packages, which are efficient, for

each stage of construction, for each technology period and over all per-

iods; and (3) an analysis narrowing the efficient set of technical pack-

ages for each technology period and over all periods to those which are

best-practice at prices representative of each of the three technology

periods, such that technology change and its characteristics can be i-

dentified and quantified.

The qualitative analysis concerning changes in the nature of the

technical packages requires, for each stage of construction for each tech-

nology period, a listing of the technical packages and the resources con-

stituting them, as well as a graphical representation of the resource
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requirements of each package. The graphs used in the graphical effi-

ciency analysis, discussed next, can fulfill any need for analytic tools

at this step.

Narrowing the full set of technical packages to those which pro-

duce the most output for the least input can be accomplished by means of

graphical or numerical analytic techniques; both are used in the case

at hand. The graphical approach basically entails plotting the labor and

capital requirements of the various technical packages for each period

for a given rate or level of production, potentially yielding production

isoquants. Certain difficulties are encountered in this approach, in-

cluding the omission of other resources required for production, such as

materials, although they could be included as additional dimensions, and

selection of the units of measurement of the resources, some possible

measures of capital, for example, being investment, hourly depreciation,

or hourly ownership and operating costs at various possible base periods.

Discussion and testing of alternative solutions to these difficulties for

the case at hand is covered in Section 4.11. The outcome is that omission

of resources other than labor and capital is justified; labor is reason-

ably measured in terms of unskilled men, where the skilled input is

weighted by the skilled/unskilled wage ratio at the time of the technology,

before being added to the unskilled input, while capital is most suitably

measured in 1974 (i.e., current) investment dollars.

A numerical efficiency analysis is used as a back-up to the graphical

approach, whereby the engineering variables are held constant while the
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economic ones are allowed to vary over a wide range; efficient technical

packages are defined as those which are least-cost under at least one

set of reasonable economic conditions. The following equation is used

throughout the study to estimate the total unit costs of the technical

packages:

labor costs

UNITCOST = (skcost SKREQ + unskcost - UNSKREQ) +

equipment costs

(l + i)Nk j AI
index (1 + i)Nk MAINTk (Nk+)PI+H+ .055 ZN+

k kt INDEX t L _ Hk Nk Hk 2Nk Hk

1.35 (ccost-CREQk + gcost-GREQk + dcost-DREQk) } EQREQk +

horse costs material costs

(hcost-HREQ) + S(mcost.-MREQ-)
3 i j

where small letters indicate economic variables

capital letters indicate engineering variables

subscript k = item or equipment

subscript t = year of equipment investment cost

subscript j = material
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cost

REQ

pkt

index

INDEXt

i

Nk

H k

MAINT k

= hourly or per unit quantity cost of the resource,

with sk = skilled labor, unsk = unskilled labor,

c - coal, g = gasoline, d = diesel fuel, h = horse,

m = material*

= hours or quantity of the resource required per unit

of output (exceptions: CREQk, GREQkP, DREQ = quantity

of fuel consumed per hour by equipment k), with

prefixes as for cost adding EQ = equipment

= investment cost of equipment k in year to

= index used to inflate or deflate equipment

ment cost in line with particular economic

tions being considered

invest-

ccndi-

= equipment investment cost index in year t

= interest rate

= life in years of equipment k

= annual hours of utilization of equipment k

= maintenance over life as a percentage of invest-

ment cost of equipment k

*Generally only site preparation materials are included, as those for
surfacing are the same across all technical packages for one surface
type.

82



The economic variables are divided into four groups, labor (skilled

and unskilled), interest rate, equipment (index, equipment consumables,

and materials assisting in construction), and horse, and various sets of

economic conditions (e.g., the U.S. in 1974) are defined. The economic

conditions of the four resource groups are allowed to vary independently

of one another, and the unit costs of the full set of technical packages

are calculated for each combination of economic conditions; thus the

technical packages which arise as least-cost under at least one reason-

able combination of economic conditions can be identified. The result,

for each stage, for each technology period and over all periods, is the

set of efficient technical packages, which can be compared to the respec-

tive result of the graphical analysis. The primary shortcoming of this

analytic technique is that the range of combinations of economic con-

ditions encountered in the analysis may not be fully representative of those

in existence, and the results may, therefore, not be all-inclusive. Given

the two analytic techniques, however, it seems a reasonably reliable pic-

ture of the set of efficient technical packages should be obtainable.

In beginning to address the issue of efficiency and substitution and

their role in technology change, it was decided to pursue an approach

either (1) along the lines of Salter (73), who tries to divide the change

in factor productivity into its component parts; or (2) along the lines

of the theoretical production functions, such as the Cobb-Douglas and CES,

whereby the characteristics of a technology can be expressed by various

combinations of the empirically determined parameters of the function.
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Both approaches are discussed in Section 2.1 along with their various

shortcomings. The results of the efficiency analysis, however, pretty

much preclude the use of theoretical production functions. Production

functions were found to exist for the various stages of construction for

only the first of three technology periods identified in the course of the

analysis and for the overall case. Furthermore, in the two cases where

production functions do exist, the measurement of capital is a problem;

investment cost is the standardly accepted measure in the economic litera-

ture, but it does not seem so appropriate here due to thewide variation in

the lifetime, maintenance as a percentage of investment, and fuel con-

sumption exhibited by the items of equipment included in the efficient

set. An approach along the lines of Salter's seems somewhat more viable

and is thus the one pursued in the study at hand.

Salter views technology change as represented by movements over time

of the best-practice techniques. The first step, therefore, consists of

narrowing the set of technical packages for each technology period to

those which are least-cost, and thus best-practice, at prices represen-

tative of each of the three technology periods. The full set of technical

packages for each stage of construction is costed by means of the unit

cost equation given above, and the least-cost packages are identified as

well as any others that are within 10 percent in cost; these, then, make

up the least-cost set.

Having thus reduced the set of technical packages to the best-practice

ones, it is useful to return to a graphical approach to observe the
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magnitude of the technology change that has occurred over the years in

terms of overall costs and factor inputs. For example, it is of interest

to see the progression of the unit costs of each stage of construction

over time, both as they actually occurred and as they would have occurred

had technology not changed as it did. Coincidently, as suggested by Car-

ter (15), and in line with Salter's analysis, it is useful to observe the

change over time in the quantities of various resources required to pro-

duce a certain rate or level of outDut. After testing alternative mea-

sures in Section 4.12, it is decided to use unskilled men and 1974 invest-

ment costs, as in the graphical efficiency analysis; this is perhaps more

appropriate here, as the equipment of the earlier best-practice packages

is somewhat more in line with that of later packages than is generally the

case. For each stage of construction, then, the labor and capital re-

quirements of the best-practice packages of each technology period are

looked at as a percentage of those of previous technology periods.

Given this quantitative measure of technology change then, by means

of Salter's approach, it is possible to begin to divide it into its com-

ponent parts. Figure 2.5 is useful as a first step in that it depicts

the disaggregation of the movement of best-practice packages over time

into its component parts. It should be noted that in this study, as in

Salter's analysis, returns to scale are assumed constant, leaving ef-

ficiency, factor bias, and factor substitution as the characteristics

of technology change. As indicated by Figure 2.5, factor substitution

occurs with changes in relative factor prices. In the course of deriving
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Figure 2.5:

0

Schematic representation of dividing technology change,
represented by movements over time of best-practice
techniques. into its component parts.
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Note: Constant returns to scale are assumed.

A = best-practice technical package at the prices of period n,
given Tn as the production isoquant.

B = theoretical technical package defined to separate the
effects of efficiency and bias; its capital/labor ratio
is the same as that of A, while its cost is the same as
that of C.

C = best-practice technical package at the prices of period n,
given Tn+I as the production isoquant, or both Tn and
T n.1

D = best-practice technical package at the prices of period
n + 1, given Tn+1 as the production isoquant, or both
Tn and Tn+.
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the set of best-practice packages for each technology period and over

all periods at prices representative of each of the three technology per-

iods, however, it was discovered that, with but a few minor exceptions,

the best-practice packages for each stage of construction in each tech-

nology period are the same for all three price periods (i.e., points C

and D are the same in Figure 2.5); moreover, the best-practice packages

of each technology period exhibit lower costs than those of previous

periods for all three price periods (i.e., point C is lower in cost than

is point A in Figure 2.5). The first finding suggests that substitution,

brought about by changes in factor prices over the period covered by the

technologies being studied, has not played a significant role in the tech-

nology change observed over that period; the second suggests that ef-

ficiency has had some part. This approach is similar to one used by

Buechner (14) in determining whether observed occupational changes were

the result of technological or technical change.

What remains in the study at hand, then, is the separation of the

roles of efficiency and factor bias; such is depicted in Figure 2.5.

Based on Salter's work and after some testing of alternative pricing

schemes as discussed in Section 4.12, the following generic formof the

equation for estimating the fractional change in unit resource require-

ments accounted for by efficiency was selected:

LB - LA KB - KA - wnLC + gn KC
LA ' KA WnLA+ gnK
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where subscripts A, B, C refer to points on Figure 2.5

subscript n = initial period

L = labor in men required for a given rate of production

K = capital in investment dollars required for a given
rate of production; any price period may be used
on the left side of the equation, but period n
must be used on the right side

wn = hourly wage rate in period n

gn = hourly capital recovery factor in period n

This measure of efficiency can readily be derived by simultaneously solving

two equations defining point B in Figure 2.5, one stating the equality of

the capital/labor ratios at points A and B and the other stating the cost

equality of points B and C. In the case at hand, a uniform wage rate and

capital recovery factor do not exist, and thus each item of labor (i.e.,

skilled and unskilled) and equipment (i.e., varying in terms of lifetime)

is priced at its own wage rate or capital recovery factor before summing

on the right-hand side of the above equation; L and K on the left-hand side

are respectively measured in unskilled men and 1974 investment costs.

Salter also develops an equation for estimating the fractional change

in unit resource requirements accounted for by bias as follows:

L C- LB KC/LC

LA n KA/LA

Kr-Ko KCjLC
KA Kn ) KA/LA

where In = share of capital costs in total costs in period n; in the
case at hand, it is interpreted as the average for the pack-
ages (i.e., points A and C) being compared
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Salter's measure of bias, however, is but an indication of the direction

and potential magnitude of bias' influence on resource quantities and not

really a true measure. In this study, the specific resource requirements

of points A and C are known, and thus bias' part in the fractional change in

unit resource requirements is simply as follows:

total
fractional efficiency's

change share

L C- LB - LC-LA LB - LA

LA LA LA

K C- KB _ KC-KA KB - KA

KA KA ~ KA

With these analytic tools, then, the relative roles of efficiency, bias,

and substitution in technology change over time, as well as the magnitude

of technology change itself, can be identified and quantified for the var-

ious stages of road construction in the U.S.

2.32 Project-Level Analysis

Variations in project designs and/or construction procedures can po-

tentially lead to trade-offs among the various stages of construction

and/or between the construction and operation phases of a highway project,

and can thus be investigated only at the level of the complete project.

Such interaction of design and technology in highway construction and use

makes it important to extend the stage-level analysis to the project-level.

In an effort to begin to investigate some of these issues, this research

looks at alternative surfacing materials, various subgrade strength/surface

design combinations, and alternative scenarios for obtaining fill materials,

for a couple of design standards and traffic volumes.
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The data required for the project-level analysis consists of the

construction quantities and the efficient technical packages (and thus

resource requirements and unit costs from the stage-level analysis) for

each technology period and over all periods, for the various stages of

construction of a representative set of alternative projects; also

needed are the maintenance and user costs associated with these projects

at various price periods. Although it seemed desirable at the outset

to use designs commensurate with each technology period, this proved to

be somewhat infeasible due to a paucity of early design information;

it was decided instead to design projects at the low and high end of the

spectrum for today's two-lane, low volume, rural roads for two different

traffic volumes. The production function based aggregation procedure,

as performed in the IBRD-I (42) and ELO-Iran (44) studies discussed in

Section 2.21, seemed to present a suitable means by which to aggregate

the various stages of construction, with their respective quantities and

sets of efficient technical packages, for each technology period and

over all periods, to the alternative projects. The findings of the stage-

level analysis given above, however, indicate that, over the range of

prices representative of the three technology periods, there is effec-

tively no choice of technology, and thus no need for such an aggregation

procedure. It was therefore decided to do the project-level analysis at

prices representative of the U.S. over this period, simply using the best-

practice technical packages identified in the stage-level analysis. Since

production functions do exist in two cases, however, it was decided to

also use a more extreme set of pricing conditions (e.g., those of a
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developing country), such that some of the alternative technical packages

in these cases might appear in the least-cost set and be used in the

project-level analysis as well.

For each project, under various technology and price conditions,

where output is measured in terms of the volume of traffic the project

is designed to carry over its life, the following results are generated

for further analysis: (1) total, and per unit traffic, construction

costs and its various components of labor, capital, materials, and over-

head and profit, among other subtotals; (2) total, and per unit traffic,

maintenance costs over the life of the project, both expressed in net

present value terms and the former in equivalent annual cost terms as

well; (3) total, and per unit traffic, user costs over the life of the

project, similarly expressed; and (4) total and per unit traffic, project

costs over the life of the project, expressed in net present value terms.

Section 3.2 and Appendix C provide further details on the collection and

preliminary analysis of data for the project-level analysis.

The first step in the project-level analysis is a graphical effi-

ciency analysis, patterned after one proposed by Soberman (76) investigat-

ing the trade-offs between current and future expenditures in highway

construction and use resulting from the design and technology mix. For

each project and each technology period and over all periods, the main-

tenance and user costs incurred over the life of the project, expressed

in terms of equivalent annual costs, are plotted against the construc-

tion costs. As these are value rather than quantity-based measures, it

is appropriate to do this for a couple of price conditions representative
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of the U.S. over the period of the technologies observed. In order to

broaden the analysis and test the sensitivity of the results to economic

conditions, and as there is some choice of technology in the case of one

technology period and the overall case, a more extreme set of prices,

like those of a developing country today, are also used.

Given the various sets of efficient projects for each project group,

under various price and technology conditions, it is next useful to nar-

row these to those projects which are least-cost in terms of total pro-

ject costs, expressed as equivalent annual or net present values. Little

distinction is found, however, among project alternatives and even among

alternative technologies in the various project groups at the level of

total project costs. A similar analysis with these costs disaggregated

into partial construction (predominantly labor and capital), total con-

struction, maintenance, and user cost components is thus necessary, in

order to see the dominance of various cost factors and to see where dif-

ferences among the projects and technologies lie. A graphical presenta-

tion of these cost components (and, in turn, their components) for a

couple of projects, for each technology period, at prices representative

of the U.S. over this period, serves as a useful tool. It provides some

insight into the relative magnitudes of these various cost components as

well as their change over time in the U.S., and, most importantly, it

indicates the magnitude of the cost-reducing influence of technology

change in highway construction at the project level. At the same time, it

should be noted that materials usage, maintenance policies and procedures,

and transport technology are assumed constant at about the level of today.
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CHAPTER 3

DATA COLLECTION AND ANALYSIS

The primary aim of this chapter is the presentation of the results

of the two-level analysis of data, one section being devoted to the stage

and one to the project-level analysis. Each of the sections begins with

some largely definitional comments pertaining to the level of analysis,

followed by a brief description of the actual collection and analysis

of the basic data such as the nature and scope of the data base and

some of the problems encountered and solutions arrived at in its use.

The presentation of the results, the detailed discussion of which is

left to Chapter 4, finally completes each section. More detailed dis-

cussion of the data collection and preliminary analysis procedures, as

well as presentation of the basic data and its sources and of some of

the results, can be found in Appendices B and C.

3.1 ConstructionTechnologies and Costs

The construction procedure for highways may be divided into vari-

ous stages: site preparation, earthwork, subbase, base, and surfacing,

minor structures, and major structures. Each stage, in turn, is made

up of several activities; earthwork, for example, consists of exca-

vate, load, haul, unload, return, spread, and compact and finish. Sim-

ilarly, tasks can be defined as groups of possibly interdependent ac-

tivities such as the earthwork activities, excavate through return. The

resources used include various types of labor, equipment, and materials.
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Some of the environmental conditions which might be of importance on

a project are climate, vegetation, terrain, soil/rock type, lift height,

and haul distance and condition; similarly, some ofthe institutional

conditions are management and organization, physical condition and skill

of the workers, method of payment, social welfare of the workers, and

availability and quality ofthe maintenance and repair facilities. The

data required for the study at hand thus consists of the alternative

technical packages, available at various points in time in the U.S.,

for the various stages of road construction, and the resource produc-

tivities and costs of these packages under typical environmental and

institutional conditions.

3.11 Identification of Technical Packages

For the purposes of this study, the stages of construction are some-

what rearranged, on the basis of their activities, into site preparation,

excavation/hauling (with subgroups for haul distance), spreading/compac-

tion (with subgroups for degree of compaction), and surfacing (with

subgroups for the material, assuming a constant degree of compaction).

It was decided at the outset to eliminate major structures from the ana-

lysis, as they are rather distinct and separate from the other stages

of construction, and merit a study of their own. Minor structures are

also not included, due to the scarcity of data in this area and to their

relatively small contribution to highway construction costs. It should

be noted, however, that these two stages are often relatively labor-

intensive, have considerable potential for labor-capital substitution,

and might even be used in place of certain parts of other stages
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(e.g., using a bridge instead of a large fill, or a retaining wall to

lessen the amount of cut necessary).

In identifying the technical packages for the various stages of

road construction, three time periods evolve quite naturally: (1) the

1920's, primarily representing those methods in use around 1915 to 1937;

(2) the 1950's, representing those around 1945 to 1962; and (3) the

1970's, representing those around 1965 to 1975. These time periods

coincide, by and large, with those during which the U.S. Federal Highway

Administration (FHWA) carried out their production studies of alterna-

tive highway construction methods, these being about 1920-37, 1945-66,

and 1971-present; the results of these studies are compiled in various

unpublished forms (e.g., 97, 98), as summary articles in Public Roads

(e.g., 2, 32, 33), and, for the current studies, as reports available

through the National Technical Information Service (e.g., 105). The

sources used in identifying alternative technical packages are the same

as those used in estimating resource productivities for these packages,

including the FHWA studies mentioned above as well as various methods

and costs, cost estimating, and engineering books and handbooks (e.g.,

29, 46, 67, 77) among other publications of the period.

The set of technical packages identified for each period for each

stage of construction is given in Table 3.1, where the various resources

constituting each package are specified, the equipment being organized

by the major activities or tasks the stage involves. As a convenient

means of referring to the various packages, a numbering scheme has been

devised. The digits represent the major activicies or tasks of the
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Table 3.la: Technical packages for site preparation in the 1920's, 1950's, and 1970's.

Period and No.
of Technical
Package

1920: 11

21

1950: 11

21

31

Equipment

Labor

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Brush and Tree Removal

Handtools (201)
Horse

80 hp tractor (630)
Bulldozer blade (602)

Chain saw (235)
Handtool s (207,208)

90 dbhp tractor 642)
Bulldozer blade(608)

Skilled 90 dbhp tractor
Unskilled Bulldozer blade

Cable (610)

642)
608)

Burning Debris

Handtools (201)

Handtools (201)

Handtools (206)

Handtools (206)

Handtools (206)

Materials

Dynamite (820)
Fuse (821)
Caps (822)

Dynamite (820)
Fuse (821)
Caps (822)

Chain saw (236)
Brush saw (241)
Backhoe (237)
Handtools (209)

70 dbhp tractor (644)
Bulldozer blade (614)
Chain saw (236)
Pickup truck (336)
Handtools (209)

180 fwhp tructor (645)
Bulldozer blade (615)

Handtools (209)

Handtools (209)

Handtools (209)

Kerosene (823)

Kerosene (823)

Kerosene (823)

In

1970: 11

21

31

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled



Table 3. It): Technical packages for excavation/hauling in the 1920's, 1950's, and 1970's,

Period and No,
of Technical
Packaqe

Equipment

Labor Excavation

1920: 1-1

1-2

2-1

Wheelbarrow (301)

Handcart (302)

Wheelbarrow (301)

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Handtools (202)

Handtools (202)

Plow (203)
Horse
Handtools (202)

Plow (203)
Horse
Handtools (202)

Plow (203)
20 hp tractor (631)
Handtools (202)

Plow (203)
20 hp tractor (631)
Handtools (202)

Dragscraper (604)
Plow (203)
Horse

Fresno (603)
Plow (203)
Horse

Hauling

Handcart (302)2-2

3-1

3-2

4-3

5-4

Wheelbarrow (301)

Handcart (302)

Dragscraper (604)
Horse

Fresno (603)
Horse



Table 3.lb: Technical packages for excavation/hauling in the 1920's, 1950's, and 1970's (continued),

Period and No.
of Technical
Package

1920: 6-5

7-6

8-7

9-7

10-7

10-8

10-9

1950: 1-1

1-2

Equpuipment

Labor

Skilled
Unskilled

Skilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skil led
Unskilled

Ski 1 ed
Unskilled

Skilled

Skilled

Excavation

Wheelscraper (605)
Plow (203
Horse

60 hp tractor (633)
Bulldozer blade (606)

Elevating grader (205)
Horse
Handtools (202)

Elevating grader (205)
30 hp tractor (634)
Handtools (202)

Power shovel (230)
3/4 cy shovel dipper (204)
Handtools (202)

Power shovel (230)
3/4 cy shovel dipper (204)
Handtools (202)

Power shovel (230)
3/4 cy shovel dipper (204)
Handtools (202)

1.5 cy power shovel (231)

1.5 cy power shovel (231)

Hauling

Wheelscraper (605)
Horse

60 hp tractor (633)
Bulldozer blade (606)

1.5 cy wagon (303)
Horse

1.5 cy
Horse

1.5 cy
Horse

wagon (303)

wagon (303)

5 cy wagon (304)
20 hp tractor (631)

3.5 ton truck (330)

10 ton truck (332)

20 ton truck (333)



Table 3.1b: Technical packages for excavation/hauling in the 1920's, 1950's, and 1970's (continued).

Period and No.
of Technical
Package Labor Excavation

1950: 1-3

1-4

2-1

2-2

2-3

2-4

3-1

3-2

3-3

3-4

4-2

4-4

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

1.5 cy power shovel (231)

1.5 cy power shovel (231)

2.0

2.0

2.0

cy

cy

cy

power

power

power

shovel

shovel

shovel

(232)

(232)

(232)

2.0 cy power shovel (232)

2.5

2.5

2.5

cy

cy

cy

power shovel

power shovel

power shovel

8.5 cy wagon (305)
125 fwhp tractor (638)

15 cy wagon (306)
185 fwhp tractor (639)

10 ton truck (332)

20 ton truck (333)

8.5 cy wagon (305)
125 fwhp tractor (638)

15 cy wagon (306)
185 fwhp tractor (639)

10 ton truck (332)

20 ton truck (333)

8.5 cy wagon (305)
125 fwhp tractor (638)

15 cy wagon (306)
185 fwhp tractor (639)

20 ton truck (333)

15 cy wagon (306)
185 fwhp tractor (639)

(233)

(233)

(233)

2.5 cy power shovel (233)

Elevating grader (234)
90 dbhp tractor (642)

Elevating grader (234)
90 dbhp tractor (642)

Equipment
Hauling

ifl
'.0



Table 3.1b: Technical packages for excavation/hauling in the 1920's, 1950's, and 1970's (continued).

Period and No,
of Technical
Package

1950: 5-5

6-6

7-7

8-8

9-9

10-10

11-0

1970: 1-1

1-2

2-3

Equipment

Labor

Skilled

Skilled

Skilled

Ski lled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Excavation

6 cy scraper (611)
125 fwhp wheel tractor (638)
70 hp crawler tractor (641
8 ft bulldozer blade (607

9 cy scraper (612)
185 fwhp wheel tractor (639)
90 hp crawler tractor (642)
10 ft bulldozer blade (608)

15 cy scraper (613)
250 fwhp wheel tractor (640)
130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

70 hp crawler tractor (641
8 ft bulldozer blade (607

90 hp crawler tractor (642)
10 ft bulldozer blade (608)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

Blade grader (423)

1.5 cy power shovel (238)

1,5 cy power shovel (238)

2.5 cy power shovel (239)

Hauling

6 cy scraper (611)
125 fwhp wheel tractor (638)

9 cy scraper (612)
185 fwhp wheel tractor (639)

15 cy scraper (613)
250 fwhp wheel tractor (640)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

90 hp crawler tractor (642)
10 ft bulldozer blade (608)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

10 ton truck (337)

15 ton truck (338)

20 ton truck (339)

0
0



Table 3.1b: Technical packages for excavation/hauling in the 1920's, 1950's, and 1970's (continued),

Period and No,
of Technical
Package

1970: 2-5

3-4

3-6

4-1

4-2

4-7

5-3

5-5

5-8

6-4

6-6

6-9

7-10

8-11

9-12

Labor

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Eguipment

Excavation Hau

2.5

3.5

3.5

1.75

1.75

1.75

3.0

3.0

3.0

5.0

5.0

5.0

( cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

power s

power s

power

front

y front

y front

front

front 4

front

front

front

front

shovel (239)

shovel (240)

shovel (240)

end

end

end

end

end

end

end

end

end

i loader

I loader

I loader

loader

loader

loader

loader

loader

loaderI

(646)

(646)

(646)

(647)

(647)

(647)

(648)

(648)

(648)

11.5 cy elevating scraper (649)

21.5 cy elevating scraper (650)

20 cy scraper (651)
270 hp crawler tractor (653)
12 ft bulldozer blade (616)

15 cy wagon and tractor (341)

35 ton truck (340)

27 cy wagon and tractor (342)

10 ton truck (337)

15 ton truck (338)

1.75 cy front end loader (646)

20 ton truck (339)

15 cy wagon and tractor (341)

3.0 cy front end loader (647)

35 ton truck (340)

27 cy wagon and tractor (342)

5.0 cy front end loader (648)

11.5 cy elevating scraper (649)

21.5 cy elevating scraper (650)

20 cy scraper (651)

0-6
0



Table 3.lb: Technical packages for excavation/hauling in the 1920's, 1950's, and 1970's (continued).

Period and No.
of Technical
Package

1970: 10-13

11-14

12-15

13-16

14-0

Equipment

Labor

Skilled

Skilled

Skilled

Skilled

Skilled

Note: Technical package
alongside a road;

Excavation Hauling

30 cy scraper (652)
385 hp crawler tractor (654)
14 ft bulldozer blade (617)

70 hp crawler tractor (644)
8 ft bulldozer blade (614)

180 hp crawler tractor (645)
12 ft bulldozer blade (616)

385 hp crawler tractor (654)
14 ft bulldozer blade (617)

30 cy scraper (652)

70 hp crawler tractor (644)
8 ft bulldozer blade (614)

180 hp crawler tractor (645)
12 ft bulldozer blade (616)

385 hp crawler tractor (654)
14 ft bulldozer blade (617)

Motor grader (424)

11-0 in 1950 and 14-0 in 1970 are for simply excavating a small ditch
in the 1920's this would be done with any package up to and including 6-5.

C
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Table 3.lc: Technical packages for spreading/compaction in the 1920's, 1950's, and 1970's,

Period and No.
of Technical
Package

1920: 11

21

12

22

32

1950; 11

12

13

14

C4

Labor

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled

Skilled

Skilled

Skilled

Skilled

Equipment

Spreading

Handtools (401)

7 ft blade grader (402)
Horse

Handtools (401)

7 ft blade grader (402)
Horse

12 ft blade grader (403)
76 hp tractor (632)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

Compac ti on

2,5 ton roller (501)
Horse

2.5 ton roller (501)
Horse

6 ton roller (530)

6 ton roller (530)

6 ton roller (530)

Sheepsfoot roller (502)
70 hp crawler tractor (641)

Sheepsfoot roller (502)
90 hp crawler tractor (642)

3 wheel roller (532)

Pneumatic roller (533)



Table 3.1c: Technical packages for spreading/compaction in the 1920's, 1950's, and 1970's (continued).

Period and No.
of Technical
Packaie

1950: 21

22

23

24

31

32

33

34

41

42

43

44

Equipment

Labor

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Spreading

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

10 ft blade grader (420)

10 ft blade grader (420)

10

10

13

ft

ft

ft

blade

blade

blade

grader

grader

grader

(420)

(420)

(421)

13 ft blade grader (421)

13

13

ft

ft

blade

blade

grader

grader

(421)

(421)

Compaction

Sheepsfoot roller (502)
70 hp crawler tractor (641)

Sheepsfoot roller (502)
90 hp crawler tractor (642)

3 wheel roller (532)

Pneumatic roller '533)

Sheepsfoot roller (502)
70 hp crawler tractor (641)

Sheepsfoot roller (502)
90 hp crawler tractor (642)

3 wheel roller (532)

Pneumatic roller (533)

Sheepsfoot roller (502)
70 hp crawler tractor (641)

Sheepsfoot roller (502)
90 hp crawler tractor (642)

3 wheel roller (532)

Pneumatic roller (533)

0_



Table 3.1c: Technical packages for spreading/compaction in the 1920's, 1950's, and 1970's (continued).

Period and No.
of Technical
Package

1970: 11

12

13

14

21

22

23

24

31

32

33

34

Equipment

Labor

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Spreading

180 hp crawler tractor
12 ft bulldozer blade

180 hp crawler tractor1
12 ft bulldozer blade1

180 hp crawler tractor
12 ft bulldozer blade

180 hp crawler tractor
12 ft bulldozer blade

385 hp crawler tractor
14 ft bulldozer blade

385 hp crawler tractor
14 ft bulldozer blade

385 hp crawler tractor
14 ft bulldozer blade

385 hp crawler tractor
14 ft bulldozer blade

12 ft

12 ft

12 ft

12 ft

645)
(616)

(645)
(616)

(645)
616)

(645)
(616)

(654)
(617)

(654)
(617)

(654)
(617)

(654)
(617)

motor grader (425)

motor grader (425)

motor grader (425)

motor grader (425)

Compacion

Sheepsfoot roller (536)

Sheepsfoot roller (503)
270 hp crawler tractor (653)

Pneumatic roller (537)

Vibratory roller (538)

Sheepsfoot roller (536)

Sheepsfoot roller (503)
270 hp crawler tractor (653)

Pneumatic roller (537)

Vibratory roller (538)

Sheepsfoot roller (536)

Sheepsfoot roller (503)
270 hp crawler tractor (653)

Pneumatic roller (537)

Vibratory roller (538)

0n



Table 3.lc: Technical packages for spreading/compaction in the 1920's, 1950's, and 1970's (continued).

Period and No.
of Technical
Package

1970: 41

42

43

44

Equipment

Labor

Skilled

Skilled

Skilled

Skilled

Spreading

14 ft motor grader (426)

14 ft motor grader (426)

14 ft motor grader (426)

14 ft motor grader (426)

Compaction

Sheepsfoot roller (536)

Sheepsfoot roller (503)
270 hp crawler tractor (653)

Pneumatic roller (537)

Vibratory roller (538)

Note: Technical packages 11, 21, 31 and 41 in 1950 use two 4 ft wide rollers pulled by a
tractor, while technical packages 12, 22, 32, and 42 in 1950 use four such rollers
and a larger tractor.

0
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Table 3.1d: Technical packages for gravel surfacing in the 1920's, 1950's, and 1970's.

Period and No.
of Technical
Package

1920: 11

21

12

22

1950: 11

12

21

22

31

32

41

Equipment

Labor

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unski 1lled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Ski 11 ed

Spreading Gravel

Handtools (401)

5 ft blade grader (404)
Horse
Handtools (401)

Handtools (401)

5 ft blade grader (404)
Horse
Handtools (401)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

70 hp crawler tractor (641)
8 ft bulldozer blade (607)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

130 hp crawler tractor (643)
11.5 ft bulldozer blade (609)

10 ft blade grader (420)

10 ft blade grader (420)

13 ft blade grader (421)

Compacting Gravel

2.5 ton roller (501)
Horse

2.5 ton roller (501)
Horse

6 ton roller (530)

6 ton roller (530)

3 wheel roller (534)

Pneumatic roller (533)

3 wheel roller (534)

Pneumatic roller (533)

3 wheel roller (534)

Pneumatic roller (533)

3 wheel roller (534)

0
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Table 3.ld: Technical packages for gravel surfacing in the 1920's, 1950's and 1970's (continued).

Period and No.
of Technical
Package

Equipment

Labor Spreading Gravel Compacting Gravel

1950: 42

51

52

Skilled

Skilled
Unskilled

Skilled
Unskilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled

13 ft blade grader (421)

Gas spreader (422)
20 ton truck (333
Handtools (408)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

180 hp crawler tractor (645
12 ft bulldozer blade (616)

180 hp crawler tractor (645)
12 ft bulldozer blade (616

180 hp crawler tractor (645)
12 ft bulldozer blade (616)

385 hp crawler tractor (654)
14 ft bulldozer blade (617)

385 hp crawler tractor (654)
14 ft bulldozer blade (617)

385 hp crawler tractor (654)
14 ft bulldozer blade (617)

12 ft motor grader (425)

cO 1970: 11

Pneumatic roller (533)

3 wheel roller (534)

Pneumatic roller (533)

3 wheel roller (539)

Pneumatic roller (537)

Vibratory roller (538)

3 wheel roller (539)

Pneumatic roller (537)

Vibratory roller (538)

3 wheel roller (539)

12

13

21

22

23

31



Table 3.ld: Technical packages for gravel surfacing in the 1920's, 1950's and 1970's (continued).

Period and No.
of Technical
Package

1970: 32

33

41

42

43

51

52

53

-- _Equipment

Labor

Skilled

Skilled

Skilled

Skilled

Skilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Spreading Gravel

12 ft motor grader

12 ft motor grader

14 ft motor grader

14 ft motor grader

14 ft motor grader

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

(425)

(425)

(426)

(426)

(426)

Compacting Gravel

Pneumatic roller (537)

Vibratory roller (538)

3 wheel roller (539)

Pneumatic roller (537)

Vibratory roller (538)

3 wheel roller (539)

Pneumatic roller (537)

Vibratory roller (538)

Note: All technical packages also include gravel (830).

P"0
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Table 3.le: Technical packages for waterbound macadam surfacing in the 1920's, 1950's, and 1970's.

Period and No. Equipment
of Technical
Package Labor Spreading Crushed Stone Spreading Screenings Sprinkling and Compacting

1920: 111 Skilled Handtools (401) Handtools (401) 3 wheel roller (531)

Skilled 5 ft blade grader (404)
Unskilled Horse

Handtools (401)

Skilled 70 hp crawler tractor
Unskilled (641)

8 ft bulldozer blade
(607)

Skilled 70 hp crawler tractor
Unskilled (641)

8 ft bulldozer blade
(607)

Skilled 130 hp crawler tractor
Unskilled (643)

11.5 ft bulldozer blade
(609)

Skilled 130 hp crawler tractor
Unskilled (643)

11.5 ft bulldozer blade
(609)

Skilled 10 ft blade grader
Unskilled (420)

Handtools (401)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Unskilled Sprinkler wagon (405)
Horse

3 wheel roller (531)
Sprinkler wagon (405)
Horse

3 wheel roller (534)
Water tank (407)
3.5 ton truck (334)

Pneumatic roller (533)
Water tank (407)
3.5 ton truck (334)

3 wheel roller (534)
Water tank (407)
3.5 ton truck (334)

Pneumatic roller (533)
Water tank (407)
3.5 ton truck (334)

3 wheel roller (534)
Water tank (407)
3.5 ton truck (334)

211

1950: 111

C

112

211

212

311



Table 3.le: Technical packages for waterbound macadam surfacing in the 1920's, 1950's, and 1970's
(continued).

Period and No.
of Technical

1950: 312

411

412

-I

511

512

1970: 111

112

Equipment

Labor Spreading Crushed Stone

Skilled 10 ft blade grader
Unskilled (420)

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

13 ft blade grader
(421)

13 ft blade grader
(421)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

180 hp crawler tractor
(645)

12 ft bulldozer blade
(616)

Skilled 180 hp crawler tractor
Unskilled (645)

12 ft bulldozer blade
(616)

Spreading Screenings

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Sprinkling and Compacting

Pneumatic roller (533)
Water tank (407)
3.5 ton truck (334)

3 wheel roller (534)
Water tank (407)
3.5 ton truck (334)

Pneumatic roller (533)
Water tank (407)
3.5 ton truck (334)

3 wheel roller (534)
Water tank (407)
3.5 ton truck (334)

Pneumatic roller (533)
Water tank (407)
3.5 ton truck (334)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)



Technical packages for waterbound macadam surfacing in the 1920's, 1950's, and 1970's
(continued).

Equipment

Table 3.le:

Period and No
of Technical
Package

1970: 113 Skilled
Unskilled

Spreading Crushed Stone

180 hp crawler tractor
(645)

12 ft bulldozer blade
(616)

Skilled 180 hp crawler tractor
Unskilled (645)

12 ft bulldozer blade
(616)

Skilled 180 hp crawler tractor
Unskilled (645)

12 ft bulldozer blade
(616)

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

180 hp crawler tractor
(645)

12 ft bulldozer blade
(616)

385 hp crawler tractor
(654)

14 ft bulldozer blade
(617)

385 hp crawler tractor
(654)

14 ft bulldozer blade
(617)

Labor Spreading Screenings

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

121

122
N

123

211

212

Sprinkling and Compacting

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)



Table 3.le : Technical packages for waterbound macadam surfacing in the 1920's, 1950's, and 1970's
(continued),

Period and No.
of Technical
Package

1970: 213

221

222

223

311

312

313

Equipment

Labor

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Spreading Crushed Stone

385 hp crawler tractor
(654)

14 ft bulldozer blade
(617)

385 hp crawler tractor
(654)

14 ft bulldozer blade
(617)

385 hp crawler tractor
(654)

14 ft bulldozer blade
(617)

385 hp crawler tractor
(654)

14 ft bulldozer blade
(617)

12 ft motor grader
(425)

12 ft motor grader
(425)

12 ft motor grader
(425)

Spreading Screenings

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

SprinklingandCompacting

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

-- 4



Table 3.le : Technical packages for waterbound macadam surfacing in the 1920's, 1950's, and 1970's
(continued).

Period and No.
of Technical
Package

1970: 321

322

323

411

412

413

421

422

Equipment

Labor

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Spreading Crushed Stone

12 ft motor grader
(425)

12 ft motor grader
(425)

12 ft motor grader
(425)

14 ft motor grader
(426)

14 ft motor grader
(426)

Skilled 14 ft motor grader
Unskilled (426)

Skilled
Unskilled

14 ft motor grader
(426)

Skilled 14 ft motor grader
Unskilled (426)

Spreading Screenings

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Sprinkling and Compacting

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)



Table 3.le: Technical packages for waterbound macadam surfacing in the 1920's, 1950's, and 1970's
(continued),

Period and No.
of Technical
Package

1970: 423

511

512

513

521

522

523

Equipment

Labor

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Skilled
Unskilled

Ski led
Unskilled

Spreading Crushed Stone

14 ft motor grader
(426)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427
20 ton truck (339)
Handtools (410)

Skilled Gas spreader (427)
Unskilled 20 ton truck (339)

Handtools (410)

SpreadiPg Screenigs

Spreader box (411)
10 ton truck (337)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411
10 ton truck (337)
Handtools (410)

Sprnkling and Compacting

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343)

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

3 wheel roller (539)
Water tank (412)
4 ton truck (343)

Pneumatic roller (537)
Water tank (412)
4 ton truck (343

Vibratory roller (538)
Water tank (412)
4 ton truck (343)

Note: All technical packages also include crushed stone (831), screenings (832), and water (833).

W-6
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Table 3.lf: Technical packages for double bituminous surface treatment in the 1920's, 1950's, and
1970's.

Period and No.
of Technical
Package

Equipment

Labor

1920: 1111 Skilled
Unskilled

1121 Skilled
Unskilled

1950: 1111

Sweeping the Base

Handtools (401)

Handtools (401)

Skilled Drag broom (440)
Unskilled Pickup truck (335)

1112 Skilled Drag broom (440)
Pickup truck (335)

1121 Skilled
Unskilled

1122 Skilled
Unskilled

2111 Skilled
Unskilled

2112 Skilled
Unskilled

Drag broom (440)
Pickup truck (335)

Drag broom (440)
Pickup truck (335)

Power broom (451)

Power broom (451)

Distributing
Bitumen

600 gal pressure
distributor (450)

600 gal pressure
distributor (450)

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (452)

Spreading
Crushed Stone

Handtools (401)

Spreader box (406)
5 ton truck (331)
Handtool s (401)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

Gas spreader (422)
20 ton truck (333)
Handtools (408)

Compacting

6 ton roller (530)

6 ton roller (530)

Tandem roller (535)

Pneumatic roller (533)

Tandem roller (535)

Pneumatic roller (533)

Tandem roller (535)

Pneumatic roller (533)
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Table 3.lf: Technical packages for double bituminous surface treatment in the 1920's, 1950's, and
1970's (continued).

Period and No.
of Technical
Package

1950: 2121

Labor

Skilled
Unskilled

2122 Skilled
Unskil led

1970: 1111

Sweeping the Base

Power broom (451)

Power broom (451)

Skilled Rotary broom (441)
Unskilled 60 fwhp tractor

(655)

1112 Skilled
Unskilled

1121

1122

Skilled
Unskilled

Rotary broom (441)
60 fwhp tractor

(655)

Rotary broom (441)
60 fwhp tractor

(655)

Skilled Rotary broom (441)
Unskilled 60 fwh tractor

(655

1211 Skilled
Unskilled

1212 Skilled
Unskilled

Rotary broom (441)
60 fwhp tractor

(655)

Rotary broom (441)
60 fwhp tractor

(655)

Equipment
Distributing
Bitumen

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (452)

1000 gal bitumen
distributor (454)

1000 gal bitumen
distributor (454)

1000 gal bitumen
distributor (454)

1000 gal bitumen
distributor (454)

1500 gal bitumen
distributor (453)

1500 gal bitumen
distributor (453)

Spreading
Crushed Stone

Spreader box (409)
10 ton truck (332)
Handtools (408)

Spreader box (409)
10 ton truck (332)
Handtools (408)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Gas spreader (427)
20 ton truck (339)
Handtools (410)

Compacting

Tandem roller (535)

Pneumatic roller (533)

Tandem roller (540)

Pneumatic roller (541)

Tandem roller (540)

Pneumatic roller (541)

Tandem roller (540)

Pneumatic roller (541)

M-A
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Table 3.lf: Technical packages for double bituminous surface treatment in the 1920's, 1950's, and
1970's (continued).

Period and No.
of Technical
Package Labor

1970: 1221 Skilled
Unskilled

1222 Skilled
Unskilled

Sweeping the Base

Rotary broom (441)
60 fwhp tractor

(655)

Rotary broom (441)
60 fwhp tractor

(655)

Distributing
Bitumen

Equipment

1500 gal bitumen
distributor (453)

1500 gal bitumen
distributor (453)

Spreading
Crushed Stone

Spreader box (411)
10 ton truck (337)
Handtools (410)

Spreader box (411)
10 ton truck (337)
Handtools (410)

Compacting

Tandem roller (540)

Pneumatic roller (541)

Note: All technical packages also include crushed stone (834) and bitumen (835).
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stage in the order given in Table 3.1, and a change in a digit reflects

a change in the resource mix for that particular activity or task; the

numbering scheme starts over with each period and with each stage.

Site preparation, for example, consists of two major activities, brush

and tree removal and burning of the debris; in 1920, there are two

technical packages, which differ only in the resource mix for the first

of these activities. The numbers in parentheses following each piece

of equipment and each material in Table 3.1 are their resource numbers;

Section 3.12 and Appendix B give further descriptive and quantitative

details on all of the resources. Finally, it should be noted that

there is a separate list of technical packages for each surfacing mater-

ial since each requires somewhat different activities and thus different

resources, while there is only one list for excavation/hauling and

spreading/compaction since the same resources can often be used for

various haul distances and degrees of compaction, resulting only in

a change in the productivities of the resources.

3.12 Evaluation of Resource Productivities and Costs

Labor, equipment, and materials constitute the resources used in

highway construction; a list of their various categories is included

as Table 3.2 which also indicates the organization of their resource

numbers. Labor is divided into two categories: (1) skilled which in-

cludes all heavy equipment operators, drivers of trucks over five cubic

yards in capacity, and personnel acting in a supervisory capacity on

operations done predominantly by unskilled labor; and (2) unskilled
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Table 3.2:

1 -- Labor

01
02

The categories of labor, equipment, and materials used in
hi ghway construction.

skilled
unskilled

2 -- Excavate, Load Equipment

01-29 unpowered
30-99 powered

3 -- Transport Equipment

01-29 unpowered
30-99 powered

4 -- Spread, Mix, Heat Equipment

01-19
20-39
40-49
50-69
70-79
80-99

earthwork and soil/aggregates
earthwork and soil/aggregates
bituminous surface treatments
bituminous surface treatments
concrete surface treatments -
concrete surface treatments -

surface treatments - unpowered
surface treatments - powered

- unpowered
- powered
unpowered
powered

5 -- Compact, Finish Equipment

01-29 unpowered
30-99 powered

6 -- Multi-Purpose Equipment

01-29 unpowered
30-99 powered

7 -- Miscellaneous Equipment

8 -- Materials

01-19
20-29
30-99

equipment consumables
materials aiding in construction
construction materials

Note: The horse is included as item
ately in the analysis.

601, although it is handled separ-
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which also includes semiskilled and thus involves common heavy construc-

tion laborers, operators of small power tools, drivers of trucks five

cubic yards and under in capacity, and drivers of horses, although

there are a few exceptions in the 1920's. Equipment is divided into

several categories on the basis of the activities in which it is in-

volved. Materials consist of three categories: (1) equipment con-

sumables such as fuel; (2) materials used as aids in construction such

as explosives; and (3) construction materials such as aggregate. Lists

of all equipment and materials are given in Tables B.2 and B.4, respec-

tively. It should be noted that for each of the three technology

periods a separate set of equipment is specified, although this is not

the case for labor and materials. This seems only logical in situations

where new types of equipment appear; it is also thus in situations

where a piece of equipment is apparently carried forward from one period

to the next, in that it has likely undergone certain changes which have

influenced its quality, productivity, and so forth, and it is thus a

different piece of equipment than it was. In the case of labor and

materials, this process of change over time is largely ignored, and the

assumption made that the change in these resources has been of much less

significance than that in equipment.

Resource productivities of the various technical packages available

over time in the U.S. might most ideally be obtained from field observa-

tions of all packages at one point in time and space. This is obviously

impossible, however, and even where some of the older methods might still

be in use, as in certain developing countries, it is generally in con-
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junction with today's designs which raises a compatibility question,and

the institutional and environmental conditions, which play an important

role in resource productivity, are undoubtedly rather different. Since

cross-sectional data is thus not available, historical has to suffice,

although inherent in it are such problems as changes in resource quality,

indexing difficulties, lack of detail, and questionable reliability.

In the course of searching for this data, various agencies such as

the FHWA and U.S. Bureau of Labor Statistics, associations such as the

Associated General Contractors of America, American Road Builders As-

sociation, and Construction Industry Manufacturers Association, and

equipment manufacturers such as Caterpillar Tractor Company and John

Deere were contacted. A thorough search of the literature was also

undertaken, including the publications of various groups such as the

FHWA, Transportation Research Board, National Cooperative Highway Re-

search Program, American Association of State Highway and Transportation

Officials, and American Society of Civil Engineers, the publications of

the Engineering Experimental Stations of various universities such as

Purdue and Iowa State, various books and handbooks pertaining to high-

ways and their construction including those focusing on methods and

costs, cost estimating, engineering, and equipment, and various journals

such as Public Roads, Construction Methods and Equipment, and Highway

and Heavy Construction. The single most useful source for the producti-

vity data is probably the FHWA production studies noted above, although

the various books and handbooks are also very valuable.

The productivities of the labor, equipment, and materials included



in each technical package are usually derived from a variety of sources,

generally at the activities level, under typical institutional and en-

vironmental conditions, for each stage of construction for the 1920's,

1950's, and 1970's. Section B.12 contains sample calculations of

these productivity figures, demonstrating the estimation procedure and

also giving an indication of the range in quality and detail found in

the original data; Table B.1, then, in Section B.13 lists the full set

of estimated resource requirements of each technical package for all

stages and all three periods, as well as identifying the sources for

each technical package. In order to remain consistent and logical

throughout the course of deriving the various resource productivities,

certain assumptions were made at the outset and as necessary throughout

this phase of the work; some of the more important ones are touched

upon here in the following brief discussion of each stage of construc-

tion, while a more complete discussion of them and the sources sub-

stantiating them can be found in SectionB.ll and in the sample calcu-

lations of Section B.12. It should be noted that all assumptions and

productivity estimations are made with the project-level analysis in

mind.

Site preparation consists of brush, tree, and stump removal and

burning of the debris and is measured in hectares or acres, generally

including the road and borrow areas. The environmental condition of

primary concern here is the amount of vegetation which is taken as

medium. As in the spreading/compaction and surfacing stages, the width

of the road may be a factor in resource productivity; in such cases,
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productivity data for the two road widths designed in Section 3.2 are

calculated and averaged to get a figure relatively independent of road

wi dth.

Loosen and load constitute the first part of excavation/hauling,

while load, haul, unload, and return constitute the second. The units

of measure are bank cubic meters or bank cubic yards, and soil and haul

distance and condition are the primary environmental factors. Ordinary/

common soil is assumed, which was later made more specifically silty

clay, as this is one of only a few materials for which a relationship

could be found in the literature between the amount of compaction and

subgrade strength; these materials may be from cuts for the road itself

or from borrow areas and may be going to the embankment or to spoil. As

for the haul, the conditions are assumed to be average to good, and the

distance is allowed to vary; in determining the haul distances for the

two basic designs under various borrow situations given in Section

3.2, three groups of haul distances arose which in the stage-level

analysis are represented by 6, 100, and 800 meter (20, 330, and 2625

foot) hauls.

Spreading/compaction is made up of the activities spread, compact,

and finish, is also measured in bank cubic meters or bank cubic yards,

and pertains to subgrade materials coming from cuts for the road or

from borrow areas and going to fills for the embankment. In this stage,

as in surfacing, the quality of the product may be dependent upon the

the technology which produces it. Data on compaction for the 1920's is

particularly sparse, but with the help of a British publication (70)
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relating material density to number of passes for a few materials

and rollers, two levels of compaction could be derived for the

1920's horse-drawn roller: (1) 98 percent compaction which falls within

the range 95-100 percent of the standard AASHO compaction, the custom-

ary level of compaction of subgrades and embankments today, and which

represents a compacted to loose ratio of 65 percent, assuming a bank to

loose ratio of 80 percent for this soil; and (2) 93 percent compaction

which falls below that generally acceptable today and which represents a

compacted to loose ratio of 69 percent. The productivity of the powered

roller in the 1920's, as well as that of all 1950's and 1970's rollers,

is estimated only at 98 percent compaction, or as falling within the

95-100 percent range, as this can reasonably be achieved by such equip-

ment.

The activities involved in surfacing vary with the material, as

do naturally the quality of the product and the set of technical pack-

ages used in its construction- Spreading, compacting, and finishing

the gravel constitute gravel surfacing, which is measured in compacted

cubic meters or compacted cubic yards. Although the degree of compac-

tion might again be allowed to vary, compaction in the range of 100-105

percent standard AASHO, as is customary for gravel subbases, bases,

and surfaces, can reasonably be achieved by all rollers in the study,

and this variable is thus assumed constant. The construction of water-

bound macadam consists of spreading very coarse crushed rock, com-

pacting, spreading screenings, and sprinkling, compacting, and finish-

ing;it is measured in compacted cubic meters or compacted cubic yards.
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According to the sources discussing waterbound macadam in the 1920's

(11, 29), which is when it was most commonly used, nearly a hundred

passes are necessary in the final compaction activity in order to

properly float the mixture of screenings and water between the crushed

rock as a binder; unfortunately, there is no indication of the surface

behavior if less compaction is used, so this parameter could not be

varied. Double bituminous surface treatment involves sweeping the base,

spreading the primer bitumen, binder bitumen, and quite finely crushed

stone, compacting (very lightly), spreading binder bitumen and even

finer crushed stone, and compacting (very lightly) and finishing; since

this is, as its name suggests, simply a surface treatment, it is

measured in square meters or square yards, having a finished thickness

of only some 2.2 centimeters (7/8 inch). The activities involved in

materials production and their transport to the site are included in

the cost of the materials rather than as a surfacing activity, although

these activities also warrant investigation as to how their technology

has changed.

These particular surfaces were selected because they are reasonably

flexible in terms of the variety of technical packages that can be used

in their construction, they represent a reasonable range of surface

materials although they tend toward the low standard end for the 1950's

and 1970's, and they were in use in all three periods although water-

bound macadam is no longer much used except perhaps as a base. The

materials productivity is thus based on designs which pretty much span

all three periods. It should also be noted that it is assumed that the
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same resource productivities apply whether the material is used as a

surface, base, or subbase.

In addition to the stage-specific assumptions, some more generally

applicable ones are also necessary. At least in part in order to

avoid grossly different environmental and particularly institutional

conditions, the study is limited to the U.S.; it thus seems appropriate,

within reason, to assume that the health and nutritional conditions,

work attitudes, and basic quality of the workforce are relatively uni-

form, the work is generally performed on a contract basis and payment

of labor is by the hour, the equipment is reasonably fully utilized,

and the climate is temperate. It is also assumed that the necessary

amenities for labor and maintenance and repair facilities for equipment

are available, and that the costs of these and of mobilization of labor

and equipment essentially balance out for the two resources and are

thus not explicitly included. Management is assumed to be average to

good, working efficiency to be 80 percent (i.e., a 48-minute hour) when

it is not specified for the particular operation, and supervision to

be one supervisory person per a crew of ten or so unskilled men in

situations where the workforce is predominantly unskilled laborers,

mostly arising in the 1920's technical packages. Finally, the parameters

of time to complete the job and project scale are not considered, as

data are lacking and they are beyond the scope of this analysis.

At this point the resource productivities, in hours of labor or

equipment per unit of output or quantity of material per unit of output,

have been derived; what is still required for the determination of
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the unit costs of the various technical packages (i.e., dollars per unit

of output) are the resource costs, in dollars per hour for labor and

equipment or dollars per quantity of material. These costs are needed

for a few points in time; more specifically, since the influence of

resource prices and thus factor substitution on technology change is

of interest in this study, sets of resource costs representative of

each technology period are necessary. The prices of 1930, 1956, and

1974 are thus used throughout the analysis. The economic situation at

the time of the 1920's technology makes selection of a year rather

difficult; however, since equipment purchase costs are mostly available

for 1930 and only an extrapolated form of the equipment index exists

prior to 1929, 1930 seems an appropriate year, a time when prices were

on the decline but had not yet reached the bottom. The year 1974 is

selected as the most current year for which a full set of cost data

would be available. Finally, 1956 is selected as being in a relatively

similar position, some two-thirds of the way through the time span

covered by the technology period. The difficulty, of course, is

arriving at a full set of labor, equipment, and materials prices for

these particular years, necessitating a further search of the literature

and pursuit of various contacts in the field.

Equipment is the most difficult resource to price, its hourly price

involving ownership costs of depreciation and interest, maintenance, and

miscellaneous items such as insurance, tax, and storage and operating

costs of fuel and lubrication. Hourly rates for equipment may be found

throughout the literature in various forms (e.g., hourly ownership cost
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and fuel consumption), but because of the various assumptions hidden in

such figures and the difficulty of adjusting them to various time periods,

it was decided to estimate hourly equipment rates from scratch. This

necessitated the collection of certain basic data about each piece of

equipment, including investment cost, life in years, hours used per

year, maintenance as a percentage of investment cost, and rate of fuel

consumption, and certain assumptions such as the use of a capital re-

covery factor to arrive at interest and depreciation, selection of 5.5

percent of average annual investment as the charge for miscellaneous

items, and estimation of lubrication as 35 percent of fuel cost. The

basic data for each piece of equipment, with the possible exception of

the rate of fuel consumption, by and large came from a single source

for each technology period. The Associated General Contractors of

America were responsible for the 1920's source (5), while Peurifoy

authored both the 1950's and 1970's sources (66, 67); the data pre-

sented in each are similar enough in form to suggest that there may

be a certain amount of coordination. Adjusting the hourly rate to var-

ious price periods simply involves adjusting the investment cost, in-

terest rate, and fuel cost. Since each piece of equipment is taken as

somewhat unique to its time period, its purchase price at the time of

its use is inflated or deflated by means of an index. For the period

1929-1965, the U.S. Office of Business Economics index for private pur-

chases of construction machinery (110) is directly used; the U.S. Bureau

of Labor Statistics wholesale price index (91) for construction machinery

and equipment is used to extrapolate this index forward from 1965, and
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the same index for industrial commodities to extrapolate it backward from

1929 resulting in an index covering the entire period 1913-1974. In-

terest rates for the three years are taken from the Federal Reserve

Bulletin's statistical tables (26), while fuel is costed as a material.

For further details on any aspect, see Section B.21.

The draft animal, a horse in this study, is part of many of the

1920's technical packages; although it is in essence a piece of equip-

ment, it is treated separately here as its cost is derived somewhat

differently. An investment cost and hourly rate including upkeep are

obtained for the 1920's and are inflated as necessary using the U.S.

Bureau of Labor Statistics wholesale price indexes (91).

Labor and materials are handled very similarly. Prices are ob-

tained for each of the three periods with only occasional use of in-

dexes (the wholesale price indexes of the U.S. Bureau of Labor Statistics

[91, 96]), and the same basic source is used to price a particular

item over as many periods as possible (e.g., materials quotations in

the Engineering News-Record [25] are used to price all but a couple

of the construction materials for all three periods). The primary

sources include Engineering News-Record (25), U.S. Bureau of Labor

Statistics (91, 96), Survey of Current Business (78) and one of its sup-

plements (109), and certain of the sources for resource productivities

especially for the 1930's prices (e.g., 29). The hourly rate for skilled

and unskilled labor is that which the contractor pays out for union

labor for 1956 and 1974; the same source was not available for 1930,

however, and it seems likely that the wage rate which is used is a mix

of union and nonunion rates. As for materials, wholesale prices are
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used, and the price for construction materials includes delivery as well

as production. For further discussion of pricing the horse, labor, and

materials see Sections B.22, B.23, and B.24, respectively.

As discussed in the methodology of the data analysis in Section 2.3,

a wide range of economic conditions is needed in order to ascertain

the set of efficient technical packages for each stage of construction,

for each period and over all periods. The set of economic conditions

developed for this purpose is given in Table 3.3. The figures for the

U.S. for 1930, 1956, and 1974 and for a developing country today come

directly from the tables and discussion in Section B.2. It should be

noted that these conditions reflect a rather extreme case of a develop-

ing country. The wage rates reflect an abundance of unskilled labor

and a relative shortage of skilled labor, while the interest rate sug-

gests a lack of capital; the prices of heavy equipment (i.e., powered

equipment or unpowered equipment attached, in some way, to powered

equipment), equipment consumables, and materials assisting in con-

struction suggest they are imported, while the price of light equipment

(i.e., unpowered equipment or that which may be animal-powered) suggests

it is locally produced, and that of the horse that it is relatively a-

vailable. The set of miscellaneous conditions exists for the purpose

of developing alternative combinations and conditions within the four

groups of factors; the interest rate and labor wages represent an even

more extreme case of a developing country. It might also be noted that

construction materials are missing from the list in Table 3.3; these

materials are not needed for the stage-level analysis, as materials pro-

ductivity is assumed to be constant over all relevant technical packages,
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Table 3.3: The set of economic conditions used in the efficiency analysis at the stage level
(Source: Section B.2).

Economic Conditions

United States Developing Miscellan-

Resource Units 1930 1956 1974t Country eous

1. Labor - skilled $/hr 0.88 3.17 9.86 0.20 0.75

- unskilled $/hr 0.46 2.36 7.88 0.05 0.01
2. Interest Rate % 5.0 4.5 11.5 20.0 30.0

3. Equipment - light index 30.1 89.1 176.3 15.0 -

- heavy index 30.1 89.7 176.3 350.0 -
Coal $/ton 4.00 8.91 32.97 40.00 -

Gasoline $/gal 0.194 0.25 0.426 2.00 -
Diesel Fuel $/gal 0.091 0.15 0.355 1.50 -
Dynamite $/lb 0.206 0.248 0.321 0.500

Fuse $/100 ft 0.71 1.22 3.44 4.00 -
Caps $/100 count 1.08 1.85 5.22 6.00 -
Kerosene $/gal 0.057 0.103 0.232 0.700 -

4. Horse $/hr 0.12 0.22 0.44 0.05 -

Note: Light equipment is unpowered equipment or that which may be towed by horses, while heavy
equipment is powered or unpowered equipment which is somehow attached to powered equipment.
The ratio of the index given in this table to that at the time a particular piece of equip-
ment was in use is used to inflate or deflate the investment cost of that particular piece
of equipment at the time of its use.



and comparisons among various types of surfaces are relatively meaning-

less at the stage level since their quality varies.

3.13 Alternative Technical Packages and Their Costs

As a first step in the analysis of the alternative technical pack-

ages and their costs, Figure 3.1 presents a graphical representation of

some of the results. For each stage of construction and each technology

period, the amount of investment in 1974 dollars and the amount of labor

required to achieve a certain rate of production is plotted for each

technical package. The labor component is measured in terms of un-

skilled men which is derived by summing over the number of skilled men,

weighted by the ratio of skilled to unskilled wages for the period of

the technology, and the number of unskilled men; the rate of production is

expressed in basically arbitrary hourly units, being, for example, 100

bank cubic meters per hour for excavation/hauling and spreading/compac-

tion. Here, as throughout the remainder of the analysis, various haul

distances, levels of compaction, and surfacing materials are handled

separately, as these parameters affect the resource productivities and

thus costs. Such a pictorial representation of the alternative technical

packages is useful in terms of developing a general impression of how tech-

nology has changed. Moreover, if it can reasonably be assumed that invest-

ment is an appropriate measure of capital, as is often done in the econ-

omic literature and as is discussed further for the case at hand in Sec-

tion 4.11, then these graphs are production isoquants, depicting the

set of efficient technical packages for each stage of construction for
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Figure 3.la: Labor and capital requirements of each technical package for site preparation at the
rate of I hectare per hour, for each technology period (source: Table B.6).
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Figure 3.1ba: Labor and capital requirements of each technical package for excavation/hauling at

6 meters at the rate of 100 bank cubic meters per hour, for each technology
period (source: Table B.6).
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Figure 3.lbb:
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Labor and capital requirements of each technical package for excavation/hauling at
100 meters at the rate of 100 bank cubic meters per hour, for each technology
period (source: Table B.6).
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Figure 3.lbc: Labor and capital requirements of each technical package for excavation/hauling at
800 meters at the rate of 100 bank cubic meters per hour, for each technology
period (source: Table B.6).
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Figure 3.1c:

10

Labor and capital requirements of each technical package for spreading/compaction
at the rate of 100 bank cubic meters per hour, for each technology period
(source: Table B.6).
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Figure 3.ld: Labor and capital requirements of each technical
the rate of 100 compacted cubic meters per hour,
(source: Table B.6).

package for gravel surfacing at
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Al

-
IM0L0

?C GOb2
*10 zo
a917

U',

aLZ
.43
.33

All

A 31
0,21

Iz
all

420 t +1

31

0 0,25 0,50 0,75 1,00 1,25 1,50 .75 2,
LABO (0uSKILLLD MEaU)

2,25 2.5 IS 30 A4 45

(r

0

0-

C

10

01

obaO2

I -L - I



Figure 3.le: Labor and capital requirements of each technical package for waterbound macadam sur-
facing at the rate of 100 compacted cubic meters per hour, for each technology period
(source: Table B.6).
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Figure 3.lf; Labor and capital requirements of each technical package for double bituminous sur-
face treatment over gravel at the rate of 100 square meters per hour, for each
technology period (source: Table B.6).

3OF

010

oi1zi

TCc iaxoLDGY
PERIOID5
01920

m 1770
0111l

A H'l

AA&11I41

Nr60

405q
V9

2

%-

CL

"IZ

420 o.5 Q30 0.35 0.40 .+5 Q5 V 10 15
L50R&( J5KIL LED MO)

__j

1211
a 111



each technology period and over all periods; Table 3.4 summarizes these

graphs by presenting the efficient set so determined in list form.

In situations where the lifetime, maintenance as a percentage oF

investment cost, and fuel consumption vary considerably among the dif-

ferent pieces of equipment, as is particularly the case for the 1920's

(see Table B.2), a perhaps more reliable measure of capital is its

hourly ownership and operating cost; a numerical, as opposed to graph-

ical, efficiency analysis of the sort outlined in Section 2.31 thus be-

comes necessary. The results of this are included here as Table 3.5,

where the set of efficient technical packages is given for each stage,

for each technology period and over all periods. It should be noted,

however, that this efficient set is restricted to those technical pack-

ages which arise as least cost under some reasonable mix of the conomic

conditions given in Table 3.3, and it may not thus be all-inclusive.

Four hundred possible combinations of economic conditions arise

from the four groups of resources, each with four or five economic con-

ditions. Certain combinations are, of course, not plausible, includ-

ing for example:* (1) 1974 labor and 1930 equipment; (2) 1956 labor,

miscellaneous interest rate, and 1930 equipment; and (3) miscellaneous

labor and 1930 equipment; only three of the technical packages, which

show up as being least cost under some of the four hundred combinations,

appear only under such implausible combinations and are thus eliminated

from the efficient set. Each of the technical packages in Table 3.5 thus

*Resource groups not included in the combination listed may take any value.
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Table 3.4: Graphical efficiency analysis results -- the set of efficient technical packages for each stage of con-
struction, from among those available in each technology period alone and in all periods conbined
(source: Figure 3.1 and Table B,6).

St age
Site Preparat

Excavation/Ha

Ion

uling
-6M

-l00M

-800M

Spreading/ Copacti on
-93%

-98%

Gravel Surfacing

Waterbound Macadam
Surfacing

Double Bituminous
Surface Treatment

over Gravel

Technology Period _
1- 1All Periods

1920 1950 1970
1920 1 9S0 1q70I I -t 1'~~

11 ,21

1-1 ,4-3,5-4,7-6

1-1 ,5-4,7-6,8-7

1-1 ,8-7,lO-8

11 ,21

12,22,32

11,21,22

111,211

1111,1121

11 ,31

9-9,10-10
7-7
4-4

-

34,44

32,42

312,412

2112,2122

21,31

12-15,13-16

8-11

4-1 a ,8-11,10-13

31a,41

32,42

311,312,411,412

1112,1122,1212,1222

11 21,31

9-9

1-1,5-4

1-1

12-15,13-16

8-11

4-1 a ,8-11 ,10- 13

- - 31a,41

- 32 32,42

- 312,412 311,312,411,412

- - 1112,1122,1212,
1222

aThese technical packages are barely efficient in that the investment costs of 800M exc/haul tp 8-11 and of 98%
spr/comp tp 41 are only very slightly higher than those of tp 4-1 and tp 31, respectively, although their labor
requirements are significantly less,

._
1920

F
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Table 3.5; Numerical efficiency analysis results -- the set of efficient technical packages for each stage of con-
struction, from among those available in each technology period alone and in all periods contined.

Stage

Site Preparation

Excavation/Haul ing

-6M

-looM

-800M

Spreading/Compracti on

-93%

-98%

Gravel Surfacing

Waterbound Macadam
Surfacing

Double Bituminous
Surface Treatment

over Gravel

Technology Period

All Periods

1920 1950
, , 970

1 1,21

1-1 ,4-3,5-4,7-6

1-1,1-2,5-4,1-6,8-7,9-7

1-1 ,1-2,2-1 ,2-2,6-5,8-1,7
9-7,10-8

11 ,21

11,21,12,22,32

11,21,12,22

111 ,211

1111 ,1121

9-9,10-10

7-7

4-4

33,34,43,44

32,42

312 ,412

2112,2122

12-15,13-16

8-11

8-11

41

31 ,41

311 ,411

1112 ,1121 ,1122

3111

5-4 9-9 13-16

1-1,1-2,5-4,8-7

1-l,1-2,2-1,2-2,8-7

21

21

- 8-11

-8-11

- 41

- 31 ,41

- 311,411

- 1112,1121 ,1122

0-0

19501970 1920 1970



arises under one or more sets of conditions constituting a reasonable

scenario such as: (1) the U.S. in 1974, 1956, or 1930 or some slight

variation (e.g., 1974 conditions except developing interest rate, 1956

conditions except 1930 interest rate and/or labor, or 1930 conditions

except 1956 interest rate and/or developing horse and/or labor); (2) a

reasonably typical developing country or some slight variation (e.g.,

1930 or miscellaneous labor, miscellaneous interest rate, and/or 1974

equipment); (3) the U.S. in the future as labor continues to increase

in cost relative to other resources (e.g., 1956 conditions except 1974

labor or 1930 conditions except 1956 labor); (4) a reasonably advanced

developing country (e.g., 1930 labor, 1974 interest rate, 1956 equipment,

and 1930, 1956, or developing horse); and (5) a capital-rich developing

country with somewhat of a labor shortage (e.g., 1930 or 1956 labor and

interest rate and 1974 or developing equipment) or with an abundance of

unskilled and shortage of skilled labor (e.g., developing or miscel-

laneous labor, 1930, or 1956 interest rate, and 1974 or developing equip-

ment). It is interesting to note that, except in a few cases, the most

labor-intensive technical packages of the 1920's given in Table 3.5 arise

only under the conditions given in (2) above with a 1956 or 1974 horse,

suggesting the importance of the draft animal in raising crew productivity.

In order to begin to address the issue of efficiency and substitu-

tion and their role in technology change, it is necessary to apply, to

the resource requirements of each of the technical packages in each tech-

nology period, the factor prices at each of the price periods; the set

of unit costs, which constitute the results of this, are given in Table B.5.
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Table 3.6, then, presents a subset of these results: the set of least-

cost, and thus best-practice, technical packages for each stage of

construction, at the prices of 1930, 1956, and 1974, in each of the

1920's, 1950's, and 1970's technology periods. Technical packages with

unit costs within ten percent of that of the least-cost technical pack-

age are also included in Table 3.6 in order to allow for reasonable

error, accounting for those cases where more than one technical package

is listed for a particular technology and price period. Generally, a

second technical package is the most that is necessary to include, with

the exception of the waterbound macadam surfacing and double bituminous

surface treatment stages; these two stages involve a greater number of

major activities or tasks for which different resource packages can be

specified, and thus each activity or task potentially has a lesser part

in the whole, and correspondingly, a change in its resource package

potentially has a lesser impact on total unit cost. All further analyses

involving the best-practice packages include those which appear as least-

cost at the prices of the period coincident with that of the technology;

in cases where more than one package is involved, the data for the var-

ious packages is averaged as necessary for the analysis.

Figure 3.2 is presented to give some indication of the magnitude of

technology change in unit cost terms. Figure 3.2a consists of plots,

for each stage of construction, of the unit costs of the best-practice

technical packages of each technology period at the prices of 1930, 1956,

and 1974, indicating the transition in costs that actually occurred as

well as that which would have occurred had technology not changed as it
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Table 3,6: The set of least-cost technical packages for each stage of construction, at the prices of 1930, 156,
and 1974,from anong those available in each technology period (source; Table B,5),

Technology Period

Stage 1920 1950
Site Preparation

Excavation/Hauling

-6M

-I OOM

-800M

Spreading/Compacti on

-93%

-98%

Gravel Surfacing

Wate rbound Macadam
Surfacing

Double Bituminous
Surface Treatment

over Gravel

21

7-6

7-6,9-7/17-6/7-6

10-8

21

32

22

211

1121

31

9-9,10-10/10-10,9-9/10-10,9-9

7-7,4-4

4-4

44/44 ,34/44 ,34

42,32

412 ,312 ,212 ,112 ,512

2122,1122,2121 ,1121 ,2112,1112/
2122,1122,2112,1112,2121 ,1121,1
2111 ,1111/2112 ,2122 ,1112 ,1122 ,
2111 ,2121 ,1111 ,1121

1970

31

13-16,12-15/l3-16/13-16

8-11

8-11

41 ,31

31,41

311 ,411 ,111 ,211

1122,1222,1112,1121 ,1212,
1221,j III,1211/1112,11212,o
lI11,1211 ,1122,1222,1121/
1112,1212,1111 ,1211

Note: The slashes separate the packages which appear as least-cost at 1930/1956/1974
no slashes, then the same packages appear as least-cost at each price period,
packages of the 1970's are least-cost among all technical packages at all three
includes those packages within 10 percent of the least-cost package, the order
lowest to highest in cost,

price periods; if there are
The least-cost technical
price periods, Least-cost
of the listing being from the



Figure 3.2a: Unit costs of the best-practice technical packages of each technology period for each
stage of construction, at the prices of 1930, 1956, and 1974 (source: Table B.5).
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(Figure 3.2a continued)

Note: Technology periods: o*1920, A1950, a 1970,

-- Transition in costs that actually occurred.

- -Transition in costs that would have occurred had technology not changed.

Best-practice packages are those which appear as least-costor within 10 percent of it,
at the prices of the period coincident with that of the technology; where more than one
package is involved, the data for the various packages is averaged.
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Figure 3.2b: Labor and capital components of the unit costs of the best-practice technical pack-
ages of each technology period for eachi stage of construction, at the orices of 1974
(source: Table B.5).
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(Figure 3.2b continued)

Note: Unit costs: ] labor, Li capital, total.

Best-practice packages are those which appear as least-cost, or within 10 percent of it,
at the prices of the period coincident with that of the technology; where more than one
package is involved, the data for the various packages is averaged,

aIncludes $19.09 of materials.
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did. In order to investigate labor and capital shares of the unit

costs, Figure 3.2b presents bar charts, again for each stage, of the

labor and capital components, in terms of 1974 unit costs, of the best-

practice packages in each period. In an effort to avoid the biases

introduced by the use of a particular set of factor prices and to

'ocus more directly on changes in quantities of resources, Figure 3.3

uses labor measured in units of unskilled men and capital in 1974 in-

vestment dollars required for a particular rate of production; Figure

3.3a presents the labor and capital requirements of the best-practice

packages of each of the three technology periods as a percentage of

those of the 1920's, while Figure 3.3b does the same using the 1950's

as the base.

Returning to the questions of efficiency and substitution and their

role in technology change brings up Tables 3.6 and 3.7. Table 3.6 gives

an indication of the extent of substitution, brought about by changes

in factor prices, in technology change, as it gives the best-practice

packages for each technology period at the prices of 1930, 1956, and

1974. In order to investigate the role of efficiency in technology

change, a method based on that of Salter (73), as discussed in Section

2.31, is used to separate the impact of efficiency from that of bias,

technology change being represented by movements among the best-practice

packages over time. Table 3.7 presents the results of this analysis;

the figures represent the percentage change (decrease [-] or increase

[+]) in the quantity of labor and of capital, required for the various

stages of construction, which can be attributed to efficiency and to
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Figure 3.3a:
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nical packages of each technology period as a percentage
of those of the 1920's, for each stage of construction
(source: Table B.6).
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(Figure 3.3a continued)

Note: Percent of 1920's labor, where labor is measured in un-
skilled men required for the given rate of production.

Percent of 1920's capital, where capital is measured in
investment, in 1974 dollars, required for the given rate
of production.

Indicates the level to which the quantities of labor and
capital of the 1950's, relative to those of 1920's, fell
due to efficiency; the further drop, generally of labor,
below this line and rise, generally of capital, above it
represents the changes due to bias (from Table 3.7).

Best-practice packages are those which appear as least-cost, or
within 10 percent of it, at the prices of the period coincident
with that of the technology; where more than one package is in-
volved, the data for the various packages is averaged.
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Figure 3.3b: Labor and capital requirements of the best-practice tech-
nical packages of each technology period as a percentage
of those of the 1950's, for each stage of construction
(source: Table B.6).
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(Figure 3.3b continued)

Note: Percent of 1950's labor, where labor is measured in un-
skilled men required for the given rate of production.

Percent of 1950's capital, where capital is measured in
investment, in 1974 dollars, required for the given rate
of production.

Indicates the level to which the quantities of labor and
capital of the 1970's relative to those of the 1950's fell
due to efficiency; the further drop, generally of labor,
below this line and rise, generally of capital, above it
represents the changes due to bias (from Table 3.7).

Best-practice packages are those which appear as least-cost, or
within 10 percent of it, at the prices of the period coincident
with that of the technology; where more than one package is in-
volved, the data for the various packages is averaged.
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Table 3.7: Distribution of the percentage change in the quantity of labor and capital required by
the best-practice packages, for each stage of construction, in the 1920's to the 1950's
and the 1950's to 1970's transitions (source: Tables B.5 and B.6 and Figure 3.3).

Distribution of the Percentage Chane
00' -(Resourcep-Resource2p/esourcezo100'(Resource7p-Resource5)/R soprqn

-Stage and Resource Totala Efficiencyb Biasb Biasb Totala Efficiencyb ias Biasb

Site Preparation
Labor -37.8 -36.2 -1.6 +7.23 -13.2 -14.9 +1.7 +3.01

Capital -55.0 -36.2 -18.8 -20.4 -32.6 -14.9 +17.7 -19.4
Excavation/Hauling

-6M Labor -67.1 -54.3 -12.8 -19.3 1-70.4 -38.2 -32.2 -144.
Capital -53.4 -54.3 +0.9 +25.2 +12.0 -38.2 +50.2 +128.

-100M Labor -88.2 -69.9 -18.3 -169. -48.6 -41.8 -6.8 -22.6
Capital -30.4 -69.9 +39.5 +197. -28.5 -41.8 +13.3 +17.1

-800M Labor -93.8 -85.1 -8.7 -166. -40.8 -32.3 -8.5 -23.5
Capital -71.6 -85.1 +13.5 +189. -16.4 -32.3 +15.9 +17.9

Spreading/Compaction
-98% Labor -83.6 -75.7 -7.9 -0.607 -64.9 -55.3 -9.6 -42.8

Capital -83.4 -75.7 -7.7 +1.30 -21.3 -55.3 +34.0 +81.5
Gravel Surfacing

Labor -94.9 -89.9 -5.0 -87.5 -20.0 -19.7 -0.3 -13.3
Capital -72.5 -89.9 +17.4 +355. +21.0 -19.7 +40.7 +37.2

Waterbound Macadam
Surfacing

Labor -88.5 -78.9 -9.6 -41.3 -27.0 -29.2 +2.2 -11.1
Capital -66.5 -78.9 +12.4 +149. +5.0 -29.2 +34.2 +33.4

Double Bituminous
Surface Treatment

over Gravel
Labor -92.9 -88.7 -4.2 -46.3 -48.8 -41.5 -7.3 -9.55

Capital -79.6 -88.7 +9.1 +143. -31,5 -41.5 +10.0 +23.2



(Table 3.7 continued)

aFrom Figure 3.3,

bEquations for calculating these values are given and discussed in Section 2.31. Calculation of
columns 2 and 6, efficiency, and columns 4 and 8, Salter's bias, are based on Salter's work,
while columns 3 and 7 are the difference between the total percentage change from Figure 3.3
and that due to efficiency.
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bias, in the transition from the 1920's to 1950's and in that from the

1950's to 1970's. It should be noted that Salter's measure of bias

is an indication of what would happen, in terms, for example, of re-

ducing labor and augmenting capital, if it could be done, and not of

what actually happened; columns 3 and 7 of Table 3.7, then, combine

the efficiency results with the data in Figure 3.3 to derive the actual

percentage change in inputs due to bias.

This thus completes the presentation of the results of the stage-

level analysis. Further discussion of these results and their implica-

tions, as well as some limited sensitivity testing of them, is left

to Chapter 4.

3.2 Project Designs and Costs

Highway construction and use are not independent, making it im-

portant to extend the stage-level analysis to the project-level and to

look at some alternative project designs as well as construction tech-

nologies. Differences among designs lie primarily in the quality of the

final product and in the quantities of the various stages in the overall

project. In the course of the stage-level analysis, meaningful com-

parisons could not be made among the various surfaces because the na-

ture of the surface itself, both in terms of the material and in its

level of compaction and general quality of construction (although the

latter parameter is assumed constant), affects the quality of the final

product. Somewhat similarly, the degree of compaction in the spreading/com-

paction stage potentially interacts with the other stages of construction in
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terms of project quantities and/or affects the quality of the final pro-

duct. Site preparation and excavation/hauling, on the other hand, have

no impact on the quality of the final product, as a cubic meter of ex-

cavation/hauling is the same regardless of how it is done. Noteworthy

in the case of excavation/hauling are the variety of possible haul dis-

tances, a condition which varies widely among projects, and the range of

possible construction scenarios, in terms of line hauling and borrowing,

which affects the quantity of site preparation as well as the set of haul

distances. Maintenance and user costs over the life of the project for

a particular traffic profile serve as a very convenient, and measurable,

indicator of the quality of the final product. The data required for

the project-level analysis thus consists of the construction quantities

and least-cost technical packages (and thus unit costs from the stage-

level analysis) at various technology and price periods, for the various

stages of construction of a representative set of alternative projects;

also needed are the maintenance and user costs associated with these

projects.

3.21 Selection of Projects

In investigating the interaction of design and technology in high-

way construction and use, three groups of projects are of interest, as

indicated in Table 3.8. Before proceeding, the numbering scheme of the

projects might be mentioned. The L and H indicate the level of design

standards, which will be discussed shortly; the first digit represents

the surfacing materials, the second the subgrade strength and surface
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Table 3,8: A list of the projects considered in the analysis and their basic characteristics,

Project
Number

L 114

L 214

L 314

H 215

H 315

H 415

L 314

L 324

L 334

H 315

H 325

H 335

L 311

L 314
L 314
L 315

H 312

H 313

H 315

L 316

L 317

H 317

Design Standards/
Initial

Traffic (ADT)

low/80

low/80

low/80

high/400

high/400

hi gh/400

low/80

low/80

low/80

high/400

high/400

high/400

low/80

low/80

low/80

high/400

high/400

high/400

low/80

low/80

high/400

Subbase/Base/
Surface

Materials

-/-/gravel

-/gravel/wbm

-/gravel/dbst

-/gravel/wbm

-/gravel/dbst

gravel /wbm/dbs t

/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/graye]I/dbst

-/gravel/dbst

-/gravel /dbst

-/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/gravel/dbst

-/ rave l/dbst

Sub rade Strength
(%CBR)/%CBR for which

Surface Designed

7,0/7,0

7,0/170

7,0/17,0

1.0/1.0

7,0/7,0

7,0/17,0

7,0/17,0

3,5/3,5

3,5/7,0

7,0/17,0

3,5/3,5

3,5/7,0

1,0/1,0 -

7,0/7,0

7,0/17,0

7,0/7,0

7,0/17,0
7,01,0

7,0/7.0
7,0/7,0

7,0/17,0
/.3/7,0

C)

Line ilaulinq/
Si deborrowi ng/
Pit Borrowing

short/-/near

short/-/near

short/-/near

long/-/near

long/-/near

long/- /near

short/-/near

short/- /near

short/-/near

long/-/near
long/-/near

long/-/near

short/ 1 side/-

short/-/near

long/-/near
short/2 sides/near

long/2 sides/near

long/-/near

short/-/far

long/-/far

long/-/far



(Table 3.8 continued)

Note: Design standards and traffic profile details:

Design Speed
Maximum Grade
Minimum Radius of Curvature
Minimum Length of Vertical Curves
Initial Traffic
Truck Percentage
Annual Growth Rate Over 15 Years

Low Standard

25 mph
9 %

230 feet
400 feet
80 ADT
20 %
10 %

High Standard

60 mph
4 (some 6) %
1,300 feet
600 feet
400 ADT
30 %
10 %

Low Standard Cross Section:

go 4

High Standard Cross Section:

ti.v1 LE ICA Le tv~L

UQo. 6 ebV,.,

N



design combination, and the third the excavation/hauling scenario. One

numerical parameter is varied in each set of projects while the others

are held constant, for the low and high standard design alternatives.

In the first group of projects, the surfacing material is allowed

to vary, the surfaces being well-graded gravel (p L114), waterbound

macadam with the gravel as a base (p L214, H215), double bituminous sur-

face treatment with the gravel as a base (p L314, H315, and double bi-

tuminous surface treatment with the waterbound macadam as a base and the

gravel as a subbase (p H415). As indicated in Section 3.12, these par-

ticular surfaces were selected because of their use in all three tech-

nology periods, being reasonably common as surfaces in the 1920's while

more recently being used on relatively low volume, rural roads, and

because of their flexibility in terms of being able to be constructed

using alternative technical packages. Construction, maintenance, and

user costs may be expected to vary among these projects.

In the second project group, the degree of compaction of the sub-

grade is allowed to vary and with it the design of the surface. Three

combinations occur: (1) a 7 percent California Bearing Ratio* (CBR)

*CBR is a measure of the strength of the subgrade and can be expressed
as a function of the soil type, its density, and its moisture content,
but as noted in Section 3.12 such data seems to be available for only
a few materials, one being silty clay. A soaked CBR of 7 percent cor-
responds to compaction in the range of 95 to 100 percent of the stan-
dard AASHO compaction of silty clay within 2 percent of the optimum
moisture content (i.e., the 98 percent compaction case), while a soaked
CBR of 3.5 percent corresponds to 91 to 96 percent compaction of the
same (i.e., the 93 percent compaction case) (116). It might further
be noted that these are relatively low CBR values, resulting in the
need for rather thick surfacing layers.
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with a suitable surface thickness (p L314, H315); (2) a 3.5 percent

CBR with a suitable surface thickness (p L324, H325); and (3) a 3.5

percent CBR with a surface thickness suitable for a 7 percent CBR

(p L334, H335). A comparison of the first two cases yields insight in-

to the trade-off in construction costs between the compacting and af-

fected activities and the surfacing activities, while the maintenance

and user costs may be expected to be the same. Comparison of the last

case with each of the first two yields insight into the trade-off be-

tween construction costs now, in terms of the compacting and affected

activities or the surfacing activities, and maintenance and user costs

later.

In the third group of projects, the scenario for the excavation and

hauling tasks is allowed to vary. It is assumed that all fill material

for the embankment comes from cuts for the road (termed line haul) and

from borrow areas. Assuming borrowing from alongside the road is pos-

sible, various scenarios arise: (1) short line haul with sideborrow

on one side (p L311); (2) short line haul with sideborrow on both

sides and near pit borrow as necessary (p H312); (3) long line haul

with sideborrow on two sides and near pit borrow as necessary (p H313);

(4) short line haul with near pit borrow (p L314); and (5) long line

haul with near pit borrow (p L315, H315). Assuming borrowing can only

be done at some distance from the road (e.g., 305 meters or 1000 feet)

as is more common today, a couple scenarios arise: (1) short line haul

with far pit borrow (p L316); and (2) long line haul with far pit
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borrow (p L317, H317). Maintenance and user costs may be expected to be

constant over these projects, with the trade-offs showing up in the

construction costs.

Also varying in each of these project groups are the design stand-

ards and traffic. While it seemed desirable at the outset to use de-

sign standards commensurate with each technology period, this proved to

be unfeasible due to a paucity of design data for the 1920's (about all

that could be found were cross sections indicating road width and sur-

face thickness); instead, it was decided to use today's designs for

two-lane, low volume, rural roads. As it is desirable to actually build

rather different roads for different design standards, rolling terrain

with reasonably steep grades is selected, with the road crossing it in

going from point A to point B. Two sets of design standards at reason-

ably opposite ends of the spectrum, as given in the note to Table 3.8,

are defined with the help of such sources as the American Association of

State Highway Officials (4), Oglesby and Altenhofen (59), and Vance (112).

The low standard design has a 4.88 meter (16 foot) surface and two 0.61

meter (2 foot) shoulders, grades up to 9 percent, and a design speed of

some 40 kilometers per hour (25 miles per hour); thus it essentially

follows the contour of the land, with cuts and fills primarily result-

ing from the ditches and the 0.30 meter (1 foot) embankment, respectively.

The high standard design, on the other hand, had a 6.71 meter (22 foot)

surface and two 1.52 meter (5 foot) shoulders, grades up to 4 percent

(a few up to 6 percent to avoid excessive cuts), and a design speed of
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some 97 kilometers per hour (60 miles per hour); it cuts through the

terrain with very large cuts and fills, resulting in some thirty-five

times the cut and five times the fill quantities of the low standard

design. In overall length, the two roads are about the same, being

17.0 kilometers (10.6 miles) and 16.6 kilometers (10.3 miles), res-

pectively. In line with these two design standards and their var-

ious surfaces, two sets of traffic are specified; an initial average

daily traffic (ADT) of 80 with 20 percent trucks is used for the

low standard design, and one of 400 with 30 percent trucks for the

high standard, each with a 10 percent annual growth rate over the 15

year life of the road (reaching 334 ADT and 1671 ADT, respectively).

3.22 Estimation of Project Quantities and Costs

It was observed in the introduction to Section 3.2 that one of

the primary differences among projects is in the quantities of each

stage in the overall project. For each project in Table 3.8, then,

Table 3.9 presents the full set of quantities for each stage of con-

struction, including the various haul distances, compaction percentages,

and surfacing materials encountered in the analysis; sizeable dif-

ferences are evident. The derivation of these quantities is briefly

touched upon here, leaving the more complete discussion to Section C.l.

In the inital stages of development of the project-level analysis,

an effort was made to find a simple, two-lane, rural road, crossing

rolling terrain with a minimum of artificial influences affecting its

alignment, which has been constructed and for which the plans, quan-

tity estimates, and so forth were still available. This alone proved
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Table 3,9: QOudntit s of each stde of construct on for each proje (,

LAcavation/laulng" (100 BCM)

Di tch 6M

94,8 5392
94,8 5392
94,8 S392
92.5 -
92,5 -
92,5 -

9M 60M IOOM 165M 5_OOM 80DM

L
LI

S
S
S

94,8 S392
94,8 S 39D
94,8 S 390
92, 5 -
92,5 - S
92,5 - S

47,4 S 489 B
94,8 S 392
94,8 S 352

37,5
37,5

L 3 J,
3800 -
3800 -
3800 -

Project
Number

L 114
L 214

L 314
1 215
H 315
H 415

L 314
L 324
L 334
H 315
H 325
H 335

L 311
L 314
L 315

H 312

H 313

Site
Prepa rat Iun

(HA)
28,7
28,7
28,7
35,9
35,9
35,9

28,7
28,5
28,5
35,9
34,9
34,9

34. 7
28.7
28.5

56.7

44,3

35.9
28.7
28,5
35,9

L
L
L

37,5
37,5
37,5

L 37.5
L 37,5

L 330

P 577
- - P 577 -
- - P 577 -
- P931 L 2460 -
- P931 L 2460 -
- P931 L 2460 -

- - P 577 -
- - P 536 -
- - P 536
- P931 L 2460 -
- P728 L 2460 -
- P728 L 2460 -

- - P 577 -
- - L 75.7 -
- P539
- P2220 - -

- P375

- - P
1 37, 5 -

931

L 2460

L 2460

L 75, 7
L 2460
P 931

P 577
P 539

Spreading/
Compac t ion
(_100 8CM)

9& 931

710 -
710 -
710 -

3490 -
3490 -
3490 -

710 -
- 668
- 668

3490 -
- 3280
- 3280

710 -
710 -
710 -

3490 -

3490

3490
710
710

3490

Surfic n

Water- Bituminous
bound Surface

Gravel Macadad Treatoent
!1!00CC1. PP CC L (100SM)

333
207
339
282
452
282

339
526
339
452
634
452

339
339
339

452

452

452
339
339
452

Il2 -
- 829

170 -
- 1110

170 1110

- 829
- 829
- 829
- 1110
- 1110
- 1110

- 829
- 829
- 829

- 1110

- 1110

- 1110
- 829
- 829
- 1110

For oxcavation/hauling - S a spoil
L l Iine haul
P =pit borrow
B =sideborrow

3800
3780
3780

625

- - 0 937
S 6240

17,6 - B 631
53930

92,5 - S 3800
94.8 S392 -
94,8 S 352 -
92,5 - S 3800

H
L

H

315
316
317
317

-

-



to be nearly impossible. With the additional condition that it be a

project where different design standards and alignments had been con-

sidered and worked up or where such was even possible, it quickly be-

came unfeasible, and it was decided to start from scratch.

On a U.S. Geological Survey topographic map of some rolling ter-

rain, two points about 16 kilometers (10 miles) apart are selected,

and a few possible alignments for each of the two design standards

are planned, assuming no intermediate controls such as townships and

quarries. Upon reviewing the wide variety of methods available for

estimating earthwork quantities, which range from very rough to very

detailed, it is decided to use one of the intermediate methodologies,

a modified version of the one point model, in view of the geological

data available (the topographic map with 6.1 meter [20 foot] contours)

and the data pertaining to the alignment required by the Highway Cost

Model (HCM) for estimating maintenance and user costs and surface con-

ditions. The one point model simply computes the area of the cross

section at each station (spaced every 60 meters [200 feet] along the

route) and uses the average end area technique to compute the volumes,

requiring only the centerline height difference between the terrain

and road profile; due to the rolling terrain condition, side slope is

also taken into account in calculating cross-sectional areas and fin-

ally volumes of earthworks. For the purposes of the study at hand, the

intermediate alignment, in terms of road length and earthwork quantities,

for both the low and high standard designs is selected; the details

of these alignments, as required by the HCM, are given in Section C.1,
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along with further details pertaining to laying out the route and es-

timating the earthwork quantities.

Given the basic earthwork quantities in terms of cut and fill

volumes* for the two design standards, the distribution of cut between

fill and spoil and of fill between cut and borrow remains to be de-

termined along with the haul distances. This requires knowledge of

the excavation/hauling scenarios of interest. Rather than going to

a method as sophisticated as mass-haul diagrams, it is decided to sim-

ply review the cut and fill volumes given at 60 meter (200 foot) in-

tervals along each road with two line haul distances (60 meters [200

feet] and 500 meters [1640 feet]) in mind, estimating the percentages

of cut which can go to fill. The remainder of the fill, then, must

come from borrow, the actual haul distances varying with the assump-

tion as to the type of borrow, side or near or far pit, and the quan-

tity and distribution of the material involved. In the low standard

case, for example, the remaining fill is reasonably distributed along

the road and thus can all be sideborrowed. In the high standard case,

however, the remaining fill is large in quantity and unevenly dis-

tributed, and thus it is assumed sideborrow would be done to a limited

distance from the road and then near pit borrow would begin as needed.

In the near pit borrow scenario, the low standard design is penalized

by a long haul distance, because a certain minimum size pit is assumed,

*Cut for the low standard road is 17,100 bank cubic meters, while fill
is 57,700 compacted cubic meters; for the high standard road, cut is
589,000 bank cubic meters, and fill is 283,000 compacted cubic meters.
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as is required by some equipment and by common sense, making the haul

along the road quite long. As for the quantity of spoil and its haul

distance, the remaining cut and the top six inches on the roadbed in-

cluding the ditches and on all borrow areas go to spoil, with the

haul distance being a weighted average. In order to limit the full

set of haul distances thus derived to a reasonable number and to leave

an allowance for underestimating, some limited grouping and general

rounding up is done, resulting in the set of distances given in Ta-

ble 3.9. Section C.12 contains a fuller discussion of the derivation

of these excavation/hauling estimates.

The volume of spreading/compaction is simply taken as the quantity

of fill material, under the assumption that compaction is done only

in fill areas. The factor for converting compacted to bank measure

varies with the level of compaction, being 1.23 for 98 percent compac-

tion and 1.16 for 93 percent compaction.

As in the case of topsoil removal which goes to spoil, the road-

bed including the ditches and all borrow areas must be cleared of brush

and trees. The quantity of site preparation thus consists of these

areas plus an additional 1.5 meters (5 feet) on either side of the road

and an additional 10 percent on the pits, as an allowance for brush

encroachment and working space.

Gravel and waterbound macadam surfacing are measured in volumetric

units as a function of the surface design in terms of layer thickness,

the road cross section, and the length of the route; double bitum-

inous surface treatment is measured in units of area as a function of
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the road cross section and length. Gravel shoulders are assumed in

all cases, with a thickness equivalent to that of the surfacing mater-

ials for the low standard road since the shoulders are so narrow, and

a fixed thickness of 15.2 centimeters (6 inches) for the high standard

route. Section C.12 contains the final set of equations used in these

calculations.

The surface design requires knowledge of the traffic expected over

the design life of the road, the strength of the subgrade (i.e., its

CBR), and the layer coefficients of the materials being used, which

serve as indicators of the structural support value of the materials

in the overall surface. It was decided at the outset to use the Trans-

port and Road Research Laboratory's (TRRL's) design procedure (79),

rather than that of the American Association of State Highway and Trans-

portation Officials (AASHTO) (3), as TRRL's surface deterioration mod-

els (80) are used in the HCKM. This results in somewhat lower standard

surfaces (i.e., thinner layers) than might be expected from an AASHTO-

based design, which is probably not unreasonable for low volume, rural

roads.

Actually only the thickness of the gravel layer has to be designed,

as the waterbound macadam is assumed to be 15.2 centimeters (6 inches),

since this represents standard design practice at the time of its use

and even today, and the double bituminous surface treatment has a thick-

ness determined primarily by the size of the crushed stone used instead

of the amount, with 2.2 centimeters (7/8 inch) being a common thickness.
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Given the traffic in terms of the cumulative number of standard axles

(8200 kilogram [18 kip] loads) over the project life and the subgrade

CBR, the gravel thicknesses are designed with the help of a chart pro-

vided by TRRL (79). For the two cases of the properly designed sur-

face over a 3.5 percent CBR (p L324, H325), however, the modified

structural number* is used to design the gravel layer, such that the

properly designed roads with the 7 percent (p L314, H315) and 3.5 per-

cent (p L324, H325) CBR's have the same modified structural number;

this is done under the assumption that two such roads should behave

the same, which is also the basis of TRRL's use of the modified struc-

tural number to determine paved road deterioration. As for layer co-

efficients for the various materials, figures are derived with the help

*The structural number (SN) of a pavement is defined by an empirical
relationship between the thicknesses and material coefficients of its
various layers as follows:

n
SN = E a t.

where n = number of layers
a- = material coefficient of layer i
t = thickness of layer i (inches)

The modified structural number (SN') incorporates the subgrade strength
in terms of CBR into the measure as follows:

SN' = SN + 3.51(log10CBR) - 0.85(log 10CBR) 2 - 1.43

SN', then, is used as an index of the strength of the surface (3, 80).
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of AASHTO (30) TRRL (80), and Yoder and Witczak (117), among others;

these and the layer thicknesses are given in Section C.11, along with

further details about the surface designs. Waterbound macadam presents

some problems in that no deterioration model can be found for it;

this is resolved by using a modified version of TRRL's model for double

bituminous surface treated roads, as this seems reasonable in light of

descriptions in the literature of the surface and of its behavior and

maintenance.

Given the quantities of each stage in each project, what is still

required for the derivation of the construction costs of the projects

are the technical packages to be used, and thus their unit costs, from

the stage-level analysis. It is assumed that each of the projects is

only a small part of a much larger project, and thus no constraints

are placed on the selection of technical packages in terms of their

having to be used long enough to warrant their being brought to the

site without incurring some penalty charge. The selection of technical

packages is, therefore, largely stage and economic conditions specific

and not really project specific. Table 3.10, then, gives the least-

cost technical packages for each of the 1920's, 1950's, and 1970's

technology periods as well as those over all technology periods at the

prices of 1930, 1974, and developing countries. As in the stage-level

analysis, packages within 10 percent of the least-cost one are also

included, with the data being averaged as necessary for the analysis.

Also, in the case of the 1930 and 1974 pricing periods, these are the
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Least-cost technical packages for each stage of construction, for each technology period alonan er
all periods, at the prices of 1930, 1974, and developing countries (source Tables 3.6 and .5).
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(Table 3.10 continued)

Note: Unit costs for these packages are found in Table B.5; where more than one package falls in
the least-cost set (including the least-cost package and those within 10 percent), the average
cost of the packages is used,

aThese are the least-cost technical packages at the prices of the period coincident with that of the
technology, as were used in the stage-level analysis of best-practice packages. The 1970's least-
cost set is also least-cost over all technology periods at these prices.

bFor excavation/hauling - S = spoil
B = sideborrow
L = line haul
P = pit borrow

cThe package within the square brackets is the least-cost package for the haul distance, but as it
cannot be used in such a line hauling activity, the next least-cost, technically feasible package
is used.

dThe design standard affects package selection - low standard 7-6 [10-8]

high standard 60% 10-8, 40% 7-6

eOnly two 1920's technical packages were developed for the 93% compaction case, tp 11 and tp 21,
neither of which cost less at 1930 or 1974 prices than the least-cost 98% compaction package, tp 32.
A new technical package, tp 31, was thus created, using the spreading technique of tp 32 ( 12 ft
blade grader [403] and 76 hp tractor [632]) and the compacting technique of tp 21 (2,5 ton roller
[501] and horse), at a cost of $4.52/10OBCM at the prices of 1930; it could not compete with
tp 32 at the prices of 1974, however, so there is no 93% compaction considered for that price period.



least-cost technical packages at the prices of the period coincident

with that of the technology, as were used in stage-level analyses of

the best-practice packages.

Only a couple of situations arise in which the project can be

said to influence the choice of technical packages. One involves the

elevating grader (1920 tp 8-7; 1950 tp 4-4) which cannot be used for

line haul or hauls under 60 meters (200 feet) or so; the second involves

the use of a power shovel (1920 tp 10-8) in line haul, which is impos-

sible in the low standard case due to the generally shallow depth of

the cuts, but which is possible for an estimated 60 percent of the line

haul work in the high standard case. In each of these cases, the next

least-cost, technically feasible technical package is used, and that

which could not be used is indicated in square brackets.

In order to complete the construction costs and bring them more

in line with the maintenance and user costs, overhead and profit is

included at 20 percent of total direct costs (i.e., labor, capital,

and materials) (7, 28, 92). Minor structures are still left out, how-

ever, as they represent such a small share of total costs, and it is

assumed that no major structures are necessary.

As for the quality of the final product, maintenance and user

costs over the life of the project are used. As discussed in Section

2.22, the HCM is one of the models which investigates trade-offs among

construction, maintenance, and user costs of alternative designs, with

the construction technology being implicit in the rather aggregate

cost data used in the analysis. Since it integrates many of the
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existing methodologies of evaluating alternative designs in terms of

the three costs, it seems an appropriate tool to use in deriving main-

tenance and user costs, although its data requirements are quite sub-

stantial. The majority of its requirements in terms of road char-

acteristics, such as alignment, cross section, and surface design, and

traffic profile are indicated throughout the discussion above; what

remains consists of maintenance policies and unit costs and vehicle

characteristics, costs, and utilization. Before proceeding, it should

be noted that today's maintenance policies and technologies and vehicle

transport technologies are assumed, although significant changes have

occurred over time; maintenance itself is still often a relatively labor-

intensive activity and has considerable potential for labor-capital sub-

stitution, presenting yet another interesting area for research. Further-

more, it is important to bear in mind thatthe final maintenance and user

costs are simply intended as reasonable indicators, not absolute measures,

of the quality of the final product; the degree of accuracy and detail

desired in this phase is, therefore, much less stringent than that in the

construction phase, the primary focus of the research.

With regard to maintenance policies, the personnel associated with

the HCM served as a primary source of information based on their experi-

ence in applying the model; Harger (31) also proved to be useful in the

particular case of waterbound macadam surfacing. Maintenance policies

had to be developed and tested, using the HCM, for each subgrade/surface

combination, the objective being to minimize maintenance and user costs
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and to end up with all of the roads in reasonably poor condition at the

end of 15 years, the assumed design life, such that their salvage values

would be low and reasonably comparable so as to justify their being ig-

nored. It was quickly learned that the two sets of properly designed

roads on different subgrade CBR's (p L314 and L324; p H315 and H325)

exhibited the same behavior, and thus have the same maintenance and user

costs, so the two on the poor subgrade (p L324, H325) were eliminated

from further testing. The high standard design generally requires more

maintenance than the low due to its traffic volume, while the improperly

designed roads on the 3.5 percent CBR's (p L334, H335), not surprisingly,

require more still. The final set of maintenance policies is given and

discussed in Section C.21.

Unit costs of each maintenance activity in the various policies is

also needed. With the help of such sources as maintenance studies (34,

35), studies of alternative design standards (36, 59), and engineering

texts (31), one or more sets of productivity data, generally in a crew

format with materials requirements specified as well, are found for each

maintenance activity. These are then priced at 1974, using equipment

rental rates (54, 113), along with the labor and materials costs used

in the construction phase of the study. Using the FHWA highway mainte-

nance and operation cost index (68, 102), these prices can be indexed back

to 1930. An indexing factor is also derived for developing conditions,

on the basis of the relative trends exhibited in the stage-level con-

struction costs and a comparison of Ethiopian (55) and U.S. maintenance
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costs. Table C.2 contains the full set of maintenance unit costs.

Vehicle characteristics, costs, and utilization constitute the final

set of data needed for the project-level analysis. As in the case of

maintenance policies, one set of vehicle characteristics and utilization

data is used, although costs are required for all price periods. Four

vehicle types, a car, a single-unit truck, and two semi-trailer combina-

tions, are selected on the basis of their representativeness of the range

of vehicles and the availability of data. The basic data required con-

sists, for example, of fuel type, brake horsepower, maximum load, annual

utilization in hours, and normal life in years; cost data is needed for

such items as tires, insurance, registration, maintenance labor, and

drivers. The primary sources for this data include Winfrey (115), Anderson,

et al (61), Claffey (60), U.S. Federal Highway Administration (99), U.S.

Bureau of Labor Statistics (94), and U.S. Interstate Commerce Commission

(106). By and large, the 1974 cost data is readily available from these

sources, although the U.S. Bureau of Labor Statistics labor wage and whole-

sale price indexes (91) are occasionally needed to update items. Since

the HCM does not consider congestion or accidents, these items are ignored,

as are overhead costs and value of time savings due to a lack of data.

Unit costs at 1930 are generally 1974 prices indexed back with various

sections of the U.S. Bureau of Labor Statistics wholesale and consumer

price indexes (90, 91), except for labor costs which are handled more

directly by means of a U.S. Bureau of Labor Statistics bulletin (95).

As for developing countries' prices, vehicle cost figures are developed
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in line with the set of economic conditions used in the construction cost

phase, keeping in mind the vehicle information that is available in a few

developing country case studies (10, 55, 62, 64). Fur further details

on the vehicle characteristics, utilization, and cost data used in the

analysis, see Section C.22.

3.23 Alternative Projects and Their Costs

Combining the project quantities with the unit costs of the least-

cost technical packages for various technology and price periods and

the various maintenance and user cost data via the HCM for the appro-

priate price periods yields the project-level results, as given in Table

C.5, for each project under various technology and price conditions. As

an initial step in the analysis of the interaction of design and tech-

nology in highway construction and use, Figure 3.4 presents a graphical

representation of some of these results. For each project and each tech-

nology period, the maintenance and user costs incurred over the life of

the project, expressed in terms of equivalent annual costs, are plotted

against the construction costs. As these are value rather than quantity-

based measures, various economic conditions need to be considered; 1974

and 1930 costs are used to represent U.S. conditions over the period of

interest, while developing conditions are used to broaden the analysis

and to indicate the sensitivity of the results to economic conditions.

In developing equivalent annual maintenance and user costs, a discount

rate is required; with the help of the Federal Reserve Bulletin (26),

one which is roughly representative of the rate at which long-term bonds

are floated is estimated for the three price conditions.
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Figure 3.4a: Construction costs and lifetime maintenance and user costs, expressed in equivalent
annual cost terms, of each project/technology combination at each design standard/
traffic volume, for all project groups and all technology periods, at the prices
of 1974 (source: Table C.5).
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(Figure 3.4a continued)

Note: Technology periods: e 1920, 1950, * 1970.

Indicates an efficient project alternative, for a particular project group (
surface materials; * excavation/hauling scenarios), design standard, and tech-
nology period.
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Figure 3,4b:
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annual cost terms, of each project/technology combination at each design standard/
traffic volume, for all project groups and all technology periods, at the prices
of 1930 (source: Table C.5).
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(Figure 3.4b continued)

Note: Technology periods: e 1920, A 1950, a 1970.

Indicates an efficient project alternative, for a particular project group ( I
surface materials; $ subgrade strength/surface design), design standard, and
technology period.

i-i Indicates the range of construction costs of the alternative excavation/hauling
scenarios, for a particular design standard and technology period.
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Figure 3,4c: Construction costs and lifetime maintenance and user costs, expressed in equivalent
annual cost terms, of each project/technology combination at each design standard/
traffic volume, for all project groups and all technology periods, at developing
countries prices (source: Table C.5).
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(Figure 3.4c continued)

Note: Technology periods: . 1920, A 1950, * 1970, * 1920-70 mix.

/ Indicates an efficient project alternative, for a particular project group ( /
surface materials; k subgrade strength/surface design), design standard, and
technology period.

-sIndicates the range of construction costs of the alternative excavation/hauling
scenarios, for a particular design standard and technology period.
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In the developing conditions case (Figure 3.4c), four technologies

are indicated, where the fourth is a combination of the least-cost tech-

nical packages of all three technology periods (only the 1920's and 1970's

actually contribute to the set [see Table 3.10]), and is thus the overall

least-cost set of packages for developing conditions. In the 1974 and

1930 cases (Figures 3.4a and 3.4b, respectively), the 1970's technical

packages are least-cost over those of all technology periods. It might

also be observed that the alternative subgrade strength/surface design

projects (p L314, L324, L334, H315, H325, H335) appear only at 1930 and

developing prices, since at 1974 prices the least-cost 1920's technical

package which compacts to 98 percent (tp 32) is actually less costly than

is the package which compacts to only 93 percent (tp 31*); the difference

between the 1930 and 1974 cases likely arises as a result of the relative

capital intensities of the two packages. Finally, maintenance and user

costs do not vary over the various excavation/hauling scenarios at a

single design standard (p L311, L314, L315, L316, L317 and p H312, H313,

H315, 1H317), and thus in the 1930 and developing cases, only the range

of construction costs of these projects is given at the appropriate main-

tenance and user cost level. Such a pictorial representation as these

graphs is useful in terms of developing a general feeling of how the

technologies and designs interact in the various project groups. Moreover,

these graphs are in essence production isoquants, depicting the trade-off

*See footnote to Table 3.10.
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between current and future expenditures in highway construction and use

resulting from the design and technology mix; check marks by the project

numbers indicate those combinations which are efficient in each group of

projects at each design standard, for each technology period and over all

periods.

Somewhat in line with the stage-level analysis, the next step con-

sists of narrowing the sets of efficient projects to the least-cost sets

under various price conditions. In order to further investigate the

trade-offs among the various components of total project costs, the least-

cost projects are thus identified for each of several cost items as ap-

propriate; these include: (1) partial construction costs, which include

only the cost of labor and capital used in construction, although site

preparation materials (amounting to, at most, 4 percent of this cost item)

are also included in the few cases where the site preparation packages

use them; (2) total construction costs, including the cost of labor,

capital, materials, and overhead and profit for all stages of construc-

tion except minor and major structures; (3) maintenance costs incurred

over the life of the project, expressed in net present value terms using

the same discount rate as above; (4) user costs incurred over the life

of the project, similarly expressed; and (5) total project costs, the sum

of the last three items. The results of this analysis for each project

group and design standard are presented in Table 3.11 for the various

price and technology periods; as previously, least-cost is defined as in-

cluding all projects within 10 percent of the least-cost one.
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Table 3.lla: Least-cost projects at each design standard from among the surface materials alterna-
tives, under various technology and price conditions, for the various cost components
(source: Table C.5),
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(Table 3.lla continued)

Note: Least-cost includes those projects within 10 percent of the least-cost project, the order
of the listing being from the lowest to highest in cost,

aInclude cost of labor and capital used in construction, although site preparation materials
(,(4% of this cost item) are also included in the few cases where they are used.

bExpressed in net present value terms, the discount rate varying with the price period.

cLooking across all technology periods, for a particular price period and cost component, this

is the least-cost set of project/technology combinations.



Table 3.11b: Least-cost projects at each design standard from among the subgrade strength/surface
design alternatives, under various technology and price conditions, for the various
cost components (source: Table C.5).

Design Standard/
Price Period/

Technoloqy Period

Construction Costs

,--I-t -. -1 C, -s.ts%

I I--- Pweration Costsb

Low Standard Design
1930 Prices

1920
Developing Prices

1920
1920-70 mix

overallc

High Standard Design
1930 Prices

1920
Developing Prices

1920
1920-70 mix

overallc

[334,L314,L324

L334,L324,L314
L334,L324,L314
L334,L 324,L 314

@ mix

H335,H325,H315

H335 ,H325,315
H335 ,H325 ,H31 5
H335 @mix,1920

H325,H315
@ mix

L334,L314

[334,[314
L334,L314
L334,L314
@mix,1920

H335,H315

H335,H315
H335,H315
H335,H315
@ mi x,1920

L314 ,L324

L314,L324
L314 ,L324

H315,325

H315,H325
H315,H325

L314 ,L324,1334

L314 ,L324 ,L334
[314,L324,L334

H315,H325,H335

H315,H325,H335
H315,H325,H335

Total Project
C 0sts0

L314,L334

L314,L324
L314,L324
L314,[ 324
@ mix, 1920

H31 5 ,H325 ,H335

H315,H325,H335
H31 5H325 ,H335
H315,H325,H335
@ mix, 1920

Note: See note and footnotes in Table 3.lla. The 93% compaction case (i.e., CBR of 3.5%) is onlyconsidered for the horse-drawn roller in the 1920's, as the powered rollers are able toachieve 98% compaction (i.e., CBR of 7.0%)with relative ease; at the prices of 1974 the
horse-drawn rollereven at 93% compaction, cannot compete in unit cost ternis with the
powered roller at 98% compaction.
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N)
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Figure 3.5 is presented to give some indication of the relative mag-

nitudes of these various cost items for a couple of projects under various

price and technology conditions over time in the U.S. For a low standard,

gravel surfaced road (p Lll4) and a high standard, double bituminous sur-

face treated road (p H315), then, the partial construction, total con-

struction, and total project costs are plotted with their various compo-

nent parts indicated. The construction cost items vary with the tech-

nology and price period, while all other costs vary only with the price

period. It might also be noted that, much as in Figure 3.2 in the

stage-level analysis, this figure indicates the transition in costs that

actually occurred, as well as that which would have occurred had con-

struction technology not changed as it did, although in this case main-

tenance and transport technology are still assumed constant at the level

of today. It should also be remembered that partial construction costs

represent only best-practice technical packages, accounting in part for

their rather small share of total construction costs.

This completes the presentation of the project-level results; fur-

ther discussion of these results and their implications, as well as the

limitations of the analysis, is taken up in Chapter 4.

195



Various components of project costs for a low standard, gravel
various technology and price conditions (source: Table C.5).
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(Figure 3.5a continued)

Partial construction costs:

Total construction costs:

Total project costs:

The lower portion of the bar chart represents the cost
of labor and the upper portion that of capital, although
site preparation materials (5 4% of partial construction
costs) are also included here in the few cases (1970's
technology) where they are used.

The lower portion of the bar chart represents the cost
of labor and capital, the middle portion that of materials,
and the upper portion that of overhead and profit.

The lower portion of the bar chart represents the total
cost of construction, while the middle and upper portions
respectively represent the maintenance and user costs
incurred over the life of the project; these two latter
costs are expressed in net present value terms, the
discount rate varying with the price period.

Note:



Figure 3.5b:
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CHAPTER 4

DISCUSSION OF THE RESULTS

In much the same way that Chapter 3 presents the results, this chap-

ter discusses them, devoting one section to the stage and one to the

project-level analysis. Section 4.1 focuses on the change in highway

construction technology over time and its implications for the future;

in the course of the discussion, changes in the nature of the technical

packages, the various sets of efficient technical packages, and the role

of efficiency and substitution in technology change are considered and

evaluated. Section 4.2 then focuses on the interaction of design and

technology in highway construction and use; projects involving various

surfacing materials, subgrade strengths, and methods of borrowing earth-

work materials are considered and compared within their respective groups,

accompanied by a discussion of the limitations of the analysis and im-

plications of the results.

4.1 Change in Highway Construction Technology Over Time

In the analysis of technology change in highway construction, the

first logical step is a qualitative investigation of how the technical

packages, in terms of the resources constituting them, have changed

(see Table 3.1 and Figure 3.1; Tables B.1 and B.2 might also be helpful).

In the 1920's, small capacity, unpowered equipment operated largely by

unskilled laborers with horses or mules as a source of power and a few

skilled men acting in a supervisory role is most common, while in the
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1950's the use of much larger capacity, powered equipment operated

largely by skilled laborers with occasional unskilled assistants is the

rule. The transition to the 1970's is not so great, primarily in-

volving the introduction of still more powerful, larger capacity equip-

ment as well as a few new types.

Both relatively labor-intensive (tp 11) and capital-intensive

(tp 21, 31) technical packages exist for site preparation in all periods.

Information on site preparation for highways is sparse, however, neces-

sitating some limited use of data pertaining to building construction

and road maintenance, particularly for the labor-intensive packages in

the 1950's and 1970's; this perhaps, in part at least, explains

their poor performance relative to that of the 1920's. As for the capital-

intensive packages, that of the 1920's is replaced by larger bulldozers

and/or additional items of equipment in the 1950's and 1970's, with sig-

nificant decreases in investment and relatively small, if any, decreases

in labor.

The progression of technology is well demonstrated by the technical

packages for excavation/hauling, the stage of construction which seems

to have received the most attention in the literature. The technical

packages of the 1920's represent a broad range of capital/labor ratios,

from the highly labor-intensive handtools (tp 1-1, 1-2, 2-1, 2-2, 3-1,

3-2) through the horse-drawn scrapers (tp 4-3, 5-4, 6-5) and the horse

or tractor-drawn elevating graders (tp 8-7, 9-7) to the highly capital-

intensive bulldozers (tp 7-6) and power shovels (tp 10-7, 10-8, 10-9).

In the 1950's and 1970's the span of capital/labor ratios is practically
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reduced to a single value, with the 1970's generally being somewhat

more capital-intensive than the 1950's. The 0.2 to 0.5 cubic yard,

horse-drawn scrapers (tp 4-3, 5-4, 6-5) of the 1920's are replaced by

6 to 15 cubic yard, power-driven scrapers (tp 5-5, 6-6, 7-7) in the

1950's, with a significant decrease in labor and some to no increase in

investment (with increasing haul distance); 20 to 30 cubic yard

scrapers (tp 9-12, 10-13) and 11.5 to 21.5 cubic yard elevating scrapers

(tp 7-10, 8-11) take over in the 1970's, with decreases in both labor

and investment. With a significant decrease in labor and a slight

increase to a decrease in investment (with increasing haul distance),

the larger 1950's elevating graders (tp 4-2, 4-4) replace those (tp 8-7,

9-7) of the 1920's; in the 1970's 1.75 to 5 cubic yard front end load-

ers (tp 4-1, 4-2, 4-7, 5-3, 5-5, 5-8, 6-4, 6-6, 6-9) come into being.

Finally, the 60 horsepower bulldozer (tp 7-6) and 0.75 cubic yard power

shovel (tp 10-7, 10-8, 10-9) of the 1920's are replaced by successively

largerpieces in the 1950's (tp 8-8, 9-9, 10-10, 1-1, 1-2, 1-3, 1-4,

2-1, 2-2, 2-3, 2-4, 3-1, 3-2, 3-3, 3-4) and 1970's (tp 11-14, 12-15,

13-16, 1-1, 1-2, 2-3, 2-5, 3-4, 3-6), with decreases generally in both

labor and investment. It might also be noted that, with the exception

of the more capital-intensive technical packages, the labor force

of the 1920's is largely unskilled with skilled men acting in a super-

visory capacity, while that of the 1950's and 1970's is fully skilled.

In the above discussion, the piece of excavation equipment has been

used as an identifier of the excavation/hauling technical package, and

for those packages where the haul equipment is a separate item, it, too,
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has changed in much the same way; thus, the hand-powered equipment,

1.5 cubic yard, horse-drawn wagons, 5.0 cubic yard, tractor-drawn

wagons, and 3.5 ton trucks of the 1920's are replaced by 8.5 to 15 bank

cubic yard, tractor-drawn wagons and 10 to 20 ton trucks in the 1950's

and 15 to 27 bank cubic yard wagons and 10 to 35 ton trucks in the 1970's.

The impact of the haul vehicle on the performance of the overall package

is naturally much greater at the longer haul distances; only in the case

of front end loaders, however, does the haul mode seem to have a gen-

erally significant effect, in that they perform well doing their own

haul for short distances but absolutely require a separate haul vehicle

for long distances.

With the exception of the material being used, spreading/compaction

and gravel surfacing are very similar stages in that they involve

the same basic activities and technical packages, and they can thus be

discussed together. The set of technical packages available is not so

diversified as is that for excavation/hauling, and the two major activ-

ities, spread and compact, are pretty much independent, with the re-

sult that the equipment in neither really dominates the performance of

the technical packages (as does the excavation equipment in excavation/

hauling). As in the case of excavation/hauling, the 1920's technical

packages span a broad range of capital/labor ratios, while those of

the 1950's and 1970's fall within a very narrow range, the 1970's being

noticeably more capital-intensive than the 1950's.

The handtools (spr/comp tp 11, 12; gravel tp 11, 12), horse-drawn

blade graders (spr/comp tp 21, 22; gravel tp 21, 22), and tractor-drawn
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blade graders (spr/comp tp 32) of the 1920's are replaced by self-powered

blade graders (spr/comp tp 31, 32, 33, 34, 41, 42, 43, 44; gravel tp 31,

32, 41, 42), bulldozers (spr/comp tp 11, 12, 13, 14, 21, 22, 23, 24;

gravel tp 11, 12, 21, 22), and spreaders (gravel tp 51, 52) in the 1950's

and again in the 1970's by somewhat larger and more powerful pieces, each

time with some drop in labor but only a small, if any, drop in invest-

ment across similar types of spreaders. As for the compacting equipment,

heavier versions of existing rollers and new types of rollers are intro-

duced in each period. The 2.5 ton, horse-drawn rollers (spr/comp tp 11,

21; gravel tp 11, 21) and 6 ton, 3 wheel rollers (spr/comp tp 12, 22,

32; gravel tp 12, 22) of the 1920's are replaced by 8 to 12 ton, 3 wheel

rollers (spr/comp tp 13, 23, 33, 43; gravel tp 11, 21, 31, 41, 51),

tractor-drawn sheepsfoot rollers (spr/comp tp 11, 12, 21, 22, 31, 32,

41, 42), and 10 ton, pneumatic rollers (spr/comp tp 14, 24, 34, 44;

gravel tp 12, 22, 32, 42, 52) in the 1950's, while in the 1970's the

same or slightly larger 3 wheel (gravel tp 11, 21, 31, 41, 51), sheeps-

foot (spr/comp tp 12, 22, 32, 42), and pneumatic rollers (spr/comp tp 13,

23, 33, 43; gravel tp 12, 22, 32, 42, 52) are used, and self-powered

sheepsfoot (spr/comp tp 11, 21, 31, 41) and vibratory rollers (spr/comp

tp 14, 24, 34, 44; gravel tp 13, 23, 33, 43, 53) are introduced; the

effect of these changes on labor is always a decrease across similar

rollers, but that on investment varies from some increase to some de-

crease, depending upon the particular roller being considered, the over-

all impression being that investment decreases only slightly if at all.

As for the labor, the 1920's tends to be mixed although slightly heavier
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on the unskilled, while the 1950's and 1970's is skilled except for an

occasional unskilled helper. In these two stages, as in the other sur-

facing stages, the width of the road, as designed in Section 3.2, may be

having an effect on the relative performance of technical packages of

the 1950's and 1970's which differ only in terms of the size of the

spreading equipment; this is not felt to be serious enough, however,

to affect the relative performance of various types of spreading and

compacting equipment, which is of more interest in any case.

The range of capital/labor ratios for waterbound macadam surfacing

is very limited for all three periods. In the 1920's, data for only

two technical packages could be found, but these are both considerably

more labor-intensive than are those of the 1950's and 1970's; the tech-

nical packages for the 1950's fall into two distinct groups depending

upon the method of compaction, one being considerably less capital-

intensive than the 1970's and the other about the same level of capital

intensity. It should be noted that the equipment used in spreading the

crushed stone and compacting the surface is the same as that for gravel,

except for the 1920's where a heavier roller is used. Waterbound maca-

dam surfacing is that stage of construction which requires a tremendous

amount of compaction; it is thus not surprising that the compaction

method has a primary influence on the overall behavior of the technical

package, resulting in the packages falling into groups around this in

the 1950's and around this and the method ofspreading screenings in the1970's.

The technical packages of the 1920's involve hand or horse-powered e-

quipment and unskilled men with skilled men as supervisors, with the
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exception of the 10 ton, 3 wheel roller. The transition to the 1950's

involves, in addition to the equipment noted for gravel surfacing, the

introduction of a truck-mounted spreader box (in all technical packages)

instead of handtools for distributing screenings and the use of mostly

skilled labor with unskilled men as assistants; this occurs with sig-

nificant decreases in both labor and investment. As for the 1970's,

the primary change, in addition to those for gravel surfacing, is the

introduction of a gas spreader (tp 111, 112, 113, 211, 212, 213, 311,

312, 313, 411, 412, 413, 511, 512, 513) for distributing screenings;

corresponding change in labor and investment varies widely with the par-

ticular roller and screenings spreader being considered.

As is the case in waterbound macadam surfacing, the range of capital/

labor ratios in the double bituminous surface treatment stage is rather

narrow for all three periods, the 1920's being considerably more labor-

intensive than the 1950's and 1970's, which exhibit about the same level

of capital intensity. Although alternative methods are used for the

major activities in each period, the set of technical packages in each

period is very close in performance, with the primary influence on their

behavior coming from the spreading crushed stone and compacting the sur-

face activities. The transition from the 1920's to the 1950's involves

going from handtools to a truck-drawn (tp 1111, 1112, 1121, 1122) or

self-powered broom (tp 2111, 2112, 2121, 2122), from a 600 gallon to a

1000 gallon bitumen distributor, from handtools (tp 1111) or a spreader

box mounted on a 5 ton truck (tp 1121) to a spreader box mounted on a

10 ton truck (tp 1121, 1122, 2121, 2122) or a gas spreader (tp 1111,
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1112, 2111, 2112), and from a 6 ton, 3 wheel roller to a 5-8 ton, tandem

roller (tp 1111, 1121, 2111, 2121) or 10 ton, pneumatic roller (tp 1112,

1122, 2112, 2122); as for labor, it is quite mixed in both periods,

with the 1920's tending toward more unskilled with a few supervisory

types and the 1950's tending toward more skilled with some unskilled

assistants. Particularly significant in this transition, however, is

the sizeable drop in both labor and investment. As for the 1970's, the

equipment is basically the same as or slightly larger and more powerful

than that of the 1950's, but there is still a noticeable drop in both

labor and investment over this period.

4.11 The Efficient Technical Packages

Given this broad overview of the full set of technical packages, it

is now useful to narrow this to those which are efficient, those which

produce the most output for the least input, for each stage of construc-

tion, for each technology period and over all periods. Two basic ap-

proaches to such an efficiency analysis, a graphical and a numerical

one, are presented in Section 2.31, and their results are presented as

Figure 3.1 and Table 3.4 and Table 3.5, respectively, in Section 3.13.

Before discussing these results, it is important to look briefly at

these two analytic approaches and consider their limitations and sen-

sitivities in the case at hand.

The graphical approach involves plotting the labor and capital com-

ponents of the various technical packages for each period which are re-

quired to produce a given rate or level of output. The first simplifica-

tion is the omission of materials, since they are the same across all
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technical packages, with the exception of those for site preparation

where their share is small enough to warrant their omission as a third

dimension in the graphical analysis. The next difficulty is the units

of measurement of the resources. Labor can be measured in physical

units of unskilled men or unskilled man-hours, where before the skilled

is added to the unskilled component, it is weighted by the skilled to

unskilled wage ratio at the time of the technical package; the justif-

ication for this is the assumption that the wages reflect, in some

sense, the relative quality or productive potential of skilled and un-

skilled laborers, thus necessitating the use of the wage ratio at the

time the technical package itself was in use. The 1920's technical

packages are the ones potentially most affected by this assumption,

in that the 1930 wage ratio is 1.91 compared with 1.34 and 1.25 for

1956 and 1974, respectively. A comparison of the investment plots in

Figure 4.la, where the wage ratio corresponding to the period of the

technology is used, and Figure 4.lb, where the 1974 wage ratio is used

for both the 1920's and 1970's technical packages, suggests, moreover,

that the 1920's technical packages at the 1974 wage ratio have natur-

ally shifted closer to the 1970's technical packages, but their relative

positions remain essentially unchanged, and the set of efficient pack-

ages is the same. The impact of the wage ratio on the overall results

thus seems relatively minor, and thatof the period of the technology

is used.

Capital's measurement presents even more of a problem because its

heterogeneous nature necessitates the use of value measures rather than
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Figure 4.1c:
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by each technical package for 100 bank cubic meters of excavation/hauling at 100
meters, for the 1920's and 1970's technologies (source: Tables B,6 and B,7).
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Figure 4.ld:
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time of the technology, and capital, in ownership and operating costs at 1974,
required by each technical package for 100 bank cubic meters of excavation/hauling
at 100 meters, for the 1920's and 1970's technologies (source; Tables 13.5 and B.6).
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Figure 4.le:
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Figure 4.lf:
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Labor, in unskilled men where the skilled are weighted by the wage ratio at
the time of the technology, and capital, in investment costs under developing
conditions, required by each technical package for excavation/hauling at 100
meters at the rate of 100 bank cubic meters per hour, for the 1920's and 1970's
technologies (source: Tables B,6 and B.7),
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physical units. A rather natural measure of capital is its investment

cost in that a primary concern in technology change and technology

choice is expenditure now, as for capital, versus payments over time,

as for labor and materials. This is particularly appropriate in cases

where the equipment is quite uniform in terms of lifetime, maintenance

as a percentage of investment cost, and fuel consumption, as is some-

what true for the 1950's and 1970's but is decidedly not the case for

the 1920's. In order to ascertain the sensitivity of the results to

the measurement of capital, a couple of different measures are tried

for the1920's and 1970's technical packages for excavation/hauling at

100 meters. Labor in all cases is measured in units of unskilled men

per 100 bank cubic meters per hour or unskilled man-hours per 100 bank

cubic meters. Figure 4.la presents the standard investment plot of in-

vestment in 1974 dollars required to produce 100 bank cubic meters per

hour; Figure 4.lc introduces the lifetime of the capital resource in-

to its measure by using hourly depreciation costs in 1974 dollars (in-

vestment divided by lifetime in hours); finally Figure 4.ld brings in

all of the parameters varying with the item of capital by using hourly

ownership and operating costs in 1974 dollars.

The only really significant change in the 1920's technology in

Figure 4.lc relative to 4.la is the upward shift in the fully labor-

intensive technical packages (tp 1-1, 1-2, 2-1, 2-2, 3-1, 3-2), reflect-

ing the fact that the short lifetime of the handtools involved makes

their low investment costs rather expensive in hourly depreciation terms.

As forthel970's some of the packages move slightly relative to one
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another, and some of the power shovels (tp 2-3, 2-5, 3-4, 3-6), in par-

ticular, shift downward due to their relatively long life, but there is

no change in the set of efficient technical packages (tp 8-11), and the

overall effect is not too significant. As for hourly ownership and

operating costs as a measure, the major change in the 1920's technical

packages is the upward shift of the horse-powered technical packages

(tp 4-3, 5-4, 6-5, 8-7), suggesting that the upkeep of a horse is ex-

pensive although its investment cost is low and lifetime long relative

to those of equipment; the handtools (tp 1-1, 1-2, 2-1, 2-2, 3-1, 3-2)

have also shifted back to their old position, suggesting that the im-

pact of their relatively short lifetime is neutralized by their rela-

tively low maintenance and operating costs. Changes in the 1970's pack-

ages are limited to slight movements of the packages relative to one

another, although it should be noted that the 1970's packages are gen-

erally lower relative to those of the 1920's, with the 1970 elevating

scraper (tp 8-11) being lower in cost than all of the 1920's packages.

In summary, it seems that investment is probably the most appropriate

measure of capital, at least for a graphical representation, in that

it focuses on the issue of present versus future costs and does not

seem to somewhat arbitrarily eliminate technical packages from the ef-

ficient set, as do the hourly depreciation and ownership and operating

cost measures.

Accepting this, the next question is the appropriate base period,

the selection of which may also influence the results. Figures 4.la,

4.e, and 4.lf respectively present investment plots at the prices of
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1974, 1930, and a typical developing country, the latter being included

to see what occurs under more extreme conditions than the first two.

Equipment investmentchanges by a factor of 5.86 between 1930 and 1974

while investment in a horse changes by a factor of 3.93; under develop-

ing conditions heavy equipment investment goes up by a factor of nearly

two relative to 1974, while investment in light equipment and a horse

are reduced by nearly a factor of two relative to 1930. The effect is

as expected: (1) the 1970's are completely unaffected in terms of their

relative positions, since practically all of the capital is heavy equip-

ment; (2) the same is pretty much true for the 1920's packages at 1930

costs; and (3) the 1920's at developing country conditions are signif-

icantly affected, in that there is a large space between the largely

heavy equipment packages involving the bulldozer (tp 7-6) and power

shovel (tp 10-7, 10-8, 10-9) and the remaining largely light equipment

packages. The set of efficient packages for each period, however, re-

mains the same with but a few exceptions. The tractor-powered elevat-

ing grader (tp 9-7) is added to the 1920's efficient set at developing

prices, due to its being partly light equipment; the fresno (1920

tp 5-4) is dropped from the overall efficient set at 1930 prices, due

to the smaller change in the cost of the horse relative to that of

equipment, while the horse-powered elevating grader (1920 tp 8-7) is

added at developing prices, due to its being light equipment. In sum-

mary, the base period does not seem to have too significant an impact

on the overall results, and 1974 seems as reasonable as any other year

for use in pricing the investment plot.
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The graphical ana'ysis thus provides one means of identifying the

efficient technical packages, but because of the measurement difficul-

ties discussed above, particularly thesensitivity of the results to

the method of measuring capital, a second means is seen as necessary,

this being the numerical analysis. Holding the engineering variables

(i.e., resource productivities and basic equipment characteristics)

constant while varying the economic variables (see Table 3.3) over a

wide range, the efficient technical packages are those which appear as

least cost under at least one reasonable set of economic conditions.

The first problem, of course, is developing a comprehensive set of

economic conditions, such that the various combinations which can arise

represent the majority of possible real world situations. Recognizing

the difficulty of doing this with a reasonably sized set of conditions,

it must be realized that the set of efficient technical packages is

thus restricted by the particular conditions used in the numerical

analysis; other packages might enter the efficient set if additional

economic conditions were included or some enter and some leave the ef-

ficient set if the conditions were modified somewhat. This latter situ-

ation is particularly likely among those technical packages which are

relatively close in cost, such as the handtools (tp 1-1, 1-2, 2-1, 2-2,

3-1, 3-2) in the 1920's and certain of the waterbound macadam surfacing

and double bituminous surface treatment packages in the 1950's (wbm

tp 112, 212, 312, 412, 512; most dbst tp's) and 1970's (wbm tp 111,

211, 311, 411; most dbst tp's). This brings up another difficulty with

the numerical analysis. It is set up so as to identify only one
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technical package for each combination of economic conditions, even if

the costs of others are in very close proximity; modification of this

to include all packages within 10 percent, for example, might help

alleviate some of the potential sensitivities of the results.

Between the graphical and numerical analyses, nevertheless, it

seems quite possible to develop a reasonably reliable picture of the set

of efficient technical packages for each stage of construction, for each

period and over all periods. Most of the differences in the results

of these two analyses, as given in Tables 3.4 and 3.5, arise as a re-

sult of the measure of capital selected in the graphical analysis. Sev-

eral of the 1920's packages which arise only in the numerical analysis

would arise in the graphical if it were done at developing rather than

1974 conditions; the remainder arise under economic conditions which

depict reasonable scenarios, such as a typical developing country ex-

cept for expensive light as well as heavy equipment and/or expensive

beasts of burden, among others, as discussed in Section 3.13, but which

are not represented by any of the capital measures considered above.

The differences in the results of the 1950's and 1970's stem largely

from the use of investment rather than hourly depreciation or ownership

and operating cost as the measure of capital. For example, the invest-

ment required for a particular technical package may be relatively low,

but its lifetime may also be relatively low and/or its fuel consumption

high, resulting in high hourly costs; the outcome is that it looks

efficient in the graphical analysis but does not appear as least cost in

the numerical analysis. Another situation which occurs just a couple of
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times in the 1970's (exc/haul tp 4-1; spr/comp tp 31) is that a tech-

nical package shows up as efficient in the graphical analysis when, in

fact, it is barely efficient, since its investment is essentially the

same as that of another package which has significantly less labor;

finally, the two extra site preparation packages for the 1950's and

1970's arise in the graphical but not in the numerical analysis be-

cause investment for the two packages is less than for package 31 each

year, but labor is significantly more, and theeconomic conditions in

the numerical analysis are never apparently such as to override the low

productivity of the package relative to that of 31. As for the re-

sults of the analyses over all periods, the packages which appear nat-

urally follow directly from those which appear in the individual per-

iods, and similarly, the same basic explanations account for any dif-

ferences in the results of the two analyses.

The set of efficient technical packages in the 1920's, then, is

observed to span a broad range of capital/labor ratios and unit costs.

The efficient sets in the 1950's and 1970's, on the other hand, are

represented by only a few packages generally, with capital/labor ratios

and/or unit costs in close proximity, sometimes so close that the pack-

ages are essentially indistinguishable; this closeness comes to a peak

with the waterbound macadam surfacing and double bituminous surface

treatment stages, where several technical packages (1950 wbm tp 112,

212, 312, 412, 512; 1970 wbm tp 111, 211, 311, 411; most 1950 dbst

tp's; most 1970 dbst tp's) are within 10 percent in unit cost, making

the efficiency analysis rather meaningless as the entire least-cost

set is really efficient.
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The efficient set for each stage of construction in the 1920's

technology includes the full production set except for the excavation/

hauling stage where certain representative technical packages are in-

cluded; at 6 meters, handtools (tp 1-1), scrapers (tp 4-3, 5-4), and

bulldozers (tp 7-6) are represented, at 100 meters, handtools (tp 1-1,

1-2), scrapers (tp 5-4), elevating graders (tp 8-7, 9-7), and bull-

dozers (tp 7-6), and at 800 meters, handtools (tp 1-1, 1-2, 2-1, 2-2),

scrapers (tp 6-5), elevating graders (tp 8-7, 9-7), and power shovels

(tp 10-8). This is not the case for the 1950's and 1970's where the

efficient set consists of only a couple of technical packages and thus

a couple of types or sizes of equipment, except for the double bitum-

inous surface treatment stage where all packages are essentially in-

cluded. Site preparation thus goes from handtools (tp 11) or a bull-

dozer (tp 21) in the 1920's to larger bulldozers in the 1950's (to 31)

and 1970's (tp 21, 31), although a handtools package (tp 11) also ap-

pears as graphically efficient in the 1950's. In excavation/hauling at

6 meters, successively larger bulldozers are used in the 1950's and

1970's, while at 100 meters scrapers take over, and at 800 meters an

elevating grader takes over in the 1950's while the larger scrapers stay

on in the 1970's. Finally in the spreading/compaction, gravel sur-

facing, and waterbound macadam surfacing stages, the handtools and early

blade graders of the 1920's are replaced by larger, self-powered blade

graders for spreading soil and aggregate (although, as noted above, any

spreading tool can be used in waterbound macadam) and spreader boxes or

gas spreaders for spreading screenings in the 1950's and 1970's; the
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horse-drawn and small, 3-wheel rollers of the 1920's, in turn, are re-

placed by larger, 3-wheel and pneumatic rollers in the 1950's and self-

powered, sheepsfoot rollers in the 1970's for compacting soil and

pneumatic rollers in the 1950's and larger, 3-wheel and pneumatic rol-

lers in the 1970's for compacting aggregate.

More interesting, perhaps, than looking at the transition over

time in the efficient sets of technical packages for each stage of con-

struction is looking at the efficient set which arises when the tech-

nical packages of all periods are considered at once. The full set of

efficient, 1970's technical packages are, not surprisingly, included in

this set, but also included are certain of the more labor-intensive and

animal-powered packages of the 1920's (at least through gravel surfac-

ing), while only a couple of the 1950's packages are included. A

reasonable explanation for the exclusion of the 1950's technical pack-

ages is that they are, by and large, very similar to those of the 1970's;

their capital/labor ratios are about the same or only slightly less than

those of the 1970's, especially compared with the 1920's-1970's gap, and

the equipment involved is often just a little smaller or a slightly

different type and somewhat less productive but still powered and re-

quiring skilled labor. The technical packages of the 1920's which show

up, on the other hand, are very different from those of the 1970's,

being fully labor-intensive or at most labor assisted by horse-powered

equipment. It is under developing conditions, then, that the 1920's

packages arise as least cost. It might be noted, however, that (1)

some of the most labor-intensive packages (exc/haul 6M tp 1-1;
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spr/comp tp 11; gravel tp 11) which in the 1920's set arise under

developing conditions with an expensive horse, (2) two of the horse-

powered technical packages (exc/haul 6M tp 4-3; 800M tp 6-5) which

in the 1920's set arise under developing conditions where light and

heavy equipment are equally costly, and (3) all packages which in-

volve any powered equipment (all remaining excluded technical packages)

still cannot compete because of their very low productivity relative to

that of the 1950's and 1970's packages. Although the 1920's technical

packages for waterbound macadam surfacing and double bituminous sur-

face treatment are labor-intensive relative to those of the 1970's,

the gap is not so large as in the other stages and powered equipment

is involved in all cases, resulting in their exclusion from the over-

all efficient set.

In summary, the results of the efficiency analysis demonstrate the

existence of a production set that can be described as a production

function for most stages of highway construction in the 1920's, the ex-

ceptions being site preparation, waterbound macadam surfacing, and

double bituminous surface treatment. Only two packages are identified

for each of these latter stages, as that was the limit of the available

data, although it seems likely that other packages may have been in use.

It might be noted at this point that much of the technology of sur-

facing is in the material being used, and that there is often not the

variety of ways to produce a particular surface, especially the higher

standard surfaces, as there is to do earthworks, for example. For the

1950's and 1970's, on the otherhand, there really are no production
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functions except maybe for site preparation, where three packages are

identified, with two being efficient according to the graphical analysis.

It is felt that this lack of production functions, however, does not

stem from a lack of data, in that a reasonably large number of tech-

nical packages are identified for each stage, with a couple of dif-

ferent types as well as sizes of equipment, with the possible excep-

tion of double bituminous surface treatment for which at most two items

of equipment are identified for each major activity. The implication,

then, is that this lack depicts a real shortage of efficient alterna-

tives and the focusing of the development of new technical packages on

a particular capital/labor ratio.

As for the overall analysis, if one accepts the results of the num-

erical analysis or a combination of the two, then, once again produc-

tion functions exist, with the exception of double bituminous surface

treatment, but these are production functions with a large gap in the

middle, going from the fully labor-intensive and animal-powered tech-

nical packages of the 1920's to the fully capital-intensive packages of

the 1970's, with a couple having a 1950's package, much closer to the

1970's, in between. It is also expected that these 1920's packages will

arise as least cost only under the rather extreme types of developing

conditions outlined in this research. Nevertheless, there does at

least seem to be some possibility of a few rather labor-intensive pack-

ages being efficient relative to today's technology.

4.12 The Best-Practice Technical Packages

In order to more directly investigate the issue of efficiency and
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substitution and their role in technology change, it is necessary to

narrow the set of efficient technical packages in the 1920's, 1950's,

and 1970's to the set of best-practice packages for each stage of con-

struction at the prices of 1930, 1956, and 1974 as given in Table 3.6.

This is done by applying the factor prices of each of these periods to

the resource requirements of each technical package, the best-practice

packages being those which are minimum cost, or at least within 10

percent of it, in terms of the production function and the relative

factor prices. Movements over time of the best-practice package for

a particular stage of construction, then, represent technology change.

Before proceeding to investigate technology change in some detail,

it is useful to consider the magnitude of the change that has occurred

over the years in terms of overall costs and factor inputs, the re-

sults being presented in Figures 3.2 and 3.3. Figure 3.2a shows the

progression of the unit costs of each stage of construction over time,

both as it actually occurred and as it would have occurred had tech-

nology not changed as it did. From the 1920's best-practice packages

at 1930 prices to the 1950's packages at 1956 prices, the general trend

in unit costs is steady to some decline, suggesting that the some four-

fold increase in labor, nearly three-fold increase in equipment in-

vestment, and practically no to a two-fold increase in other items (e.g.,

fuel and interest) costs have been fully, or even more than fully, off-

set by the change in technology. Between the 1950's and 1970's, on the

other hand, unit costs have roughly doubled, indicating that technology

change has succeeded only in part in offsetting the better than
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three-fold increase in labor, two-fold increase in equipment investment,

and two to three-fold increase in other items costs. In line with

this is the broad divergence in unit costs of the 1920's and 1950's

best-practice packages at the three price periods and the nuch narrower

difference in those of the 1950's and 1970's packages. At the same

time, it should be noted that the best-practice packages in the 1920's

are the most capital-intensive ones of the efficient set.

The impact of technology change seems to be somewhat less in the

cases of site preparation and excavation/hauling at 6 meters, as is

further indicated by the somewhat narrower span in unit costs between

the 1930's technology at the prices of 1956 and 1974 and the technol-

ogies which were actually used in those periods, than is the case for

the other stages (see Figure 3.2a). This is not too surprising in that

the technical packages for both of these stages are quite similar over

all three periods, differing not in the type of equipment (largely

bulldozers), but only in its size and productivity.

The excavation/hauling at 800 meters, gravel surfacing, and double

bituminous surface treatment stages, on the other hand, exhibit a

strong influence on the part of technology change between the 1920's

and later period technologies, as is evident from Figure 3.2a. In the

case of excavation/hauling, this is not surprising as both the excava-

tion (power shovel versus elevating grader versus elevating scraper)

and transport (5 cubic yard wagon towed by 20 horsepower tractor versus

15 cubic yard wagon towed by 185 horsepower tractor versus 21.5 cubic

yard elevating scraper) equipment are vastly different in type, capacity,
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and speed over the three periods. This is a stage of highway con-

struction in which truly significant advances havebeen made in tech-

nology.

As for gravel surfacing, the difference lies primarily in the

spreading equipment, going from a 5 foot, horsedrawn blade grader and

handtools in the 1920's to 10 to 14 foot, self-powered blade graders

in the 1950's and 1970's. Similar behavior might be expected in water-

bound macadam surfacing, where the spreading equipment varies over a

wide range (from 5 foot, horse-drawn blade graders in the 1920's to

10 to 14 foot, self-powered blade graders, 8 to 14 foot bulldozers,

or gas spreaders in the 1950's and 1970's for the crushed stone; from

handtools in the 1920's to spreader boxes in the 1950's to gas spreaders

in the 1970's for screenings), but the domination of the compaction

activity, where the equipment is more similar (10 ton, 3 wheel versus

10 ton, pneumatic versus 12 ton, 3 wheel rollers), overshadows this

difference somewhat. As noted earlier, data on surfacing in the 1920's

is somewhat sparse, and it is suspected that somewhat more advanced

equipment may have existed for spreading aggregate as it did for

spreading soil (e.g., the 12 foot blade grader towed by a 76 horse-

power tractor-tp 32). In the case of double bituminous surface treat-

ment, the technical packages over the three periods do not seem so far

apart, going from hand to power-operated brooms, from 600 to 1000 or

1500 gallon bitumen distributors, from spreader boxes with 5 ton trucks

to gas spreaders with 20 ton trucks or spreader boxes with 10 ton trucks,

and from 3 wheel to pneumatic or tandem rollers; the effect of tech-

nology change, nevertheless, seems to be cumulative, although it should
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be noted that the really major differences in productivity are again

in the spreading aggregate activity, where it is suspected that the

productivity may be somewhat low for the 1920's due to a paucity of

reliable data.

It is important to note, at this point, that much of the analysis

of technology change in this section is done using the set of best-

practice technical packages for each technology period. Quite justi-

fiably, there is some concern that the magnitude of technology change

and its effects might be somewhat overstated, in part because the best-

practice rather than average-practice packages are being used, and

also because one can feel somewhat more confident that the best-

practice packages have truly been identified for the 1950's and 1970's

than that the same has been done for the 1920's. At the same time,

it should be noted, by looking at Figure 3.2a, that reasonably sig-

nificant advances in technology are still evident in the pattern of

unit costs over time for most stages of construction, even under the

assumption that the productivity data for the 1920's are unfairly low

relative to those of the 1950's and 1970's, and that they should thus

be doubled, halving the unit costs of the 1920's best-practice pack-

ages. Site preparation and excavation/hauling at 6 meters are, to

some extent, exceptions, but then doubling their 1920's productivities

is also less justified, in that the packages of the 1920's in these

two stages are so similar to those ofthe 1950's and 1970's that they

are quite likely the truly best-practice ones.

In looking at what lies behind the trends in unit costs observed

227



in Figure 3.2a, it is useful to look at the labor and capital shares

of production. Figure 3.2b does this directly by presenting graphs

of labor and capital shares of unit costs in 1974 dollars for the best-

practice packages in each technology period. The use of a particular

price period with all three technologies has certain difficulties,

however, as demonstrated by Figure 4.2, part A, where 1974 unit costs

are used, and part B, where 1930 prices are applied; a comparison of

these two figures suggests that 1974 prices tend to overstate labor's

share relative to that of capital while 1930 prices tend to understate

it.

Figure 3.3 presents an alternative approach to looking at labor

and capital shares in terms of the relative quantities of these re-

sources required over time. Figure 3.3a, thus, presents the labor

measured in unskilled men and capital measured in 1974 investment dol-

lars required by the best-practice packages of each technology period

as a percentage of those of the 1920's; Figure 3.3b does the same,

using the 1950's as the base. Before deciding upon men and invest-

ment as the labor and capital measures, a wide variety of such measures

were tried, as demonstrated in Figure 4.3. Comparison of the re-

sults produced by the various measures suggests that men and invest-

ment are the most reasonable pair to use, as they tend to understate

the changes in capital, although at the same time, they slightly over-

state the changes in labor. The only other measures of labor are

1930 and 1974 unit costs, and while one of these might be better in

terms of changes in labor, they both seem to rather seriously over-

state the changes in capital. Moreover, men and investment are the
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Figure 4.2: Labor and capital components of the unit costs of the best-practice technical pack-
ages of each technology period for excavation/hauling at 100 meters, at the prices
of 1974 and 1930 (source: Table B.5).
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Figure 4.3: Labor and capital requirements of the best-practice technical packages of each tech-
nology period as a percentane of those of the 1920's, for excavation/hauling at
100 meters, using various measures of labor and capital (source: Tables B.5, B.6,
and B.7).
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(Figure 4.3 continued)

[] percent of 1920's labor; E0 percent of 1920's capital.

Units of measure:

Labor Input

unskilled men

unskilled man-hours
unskilled man-hours

unskilled men

labor costs at 1974

labor cost at 1930

Capital Input

investment costs at 1974

depreciation costs at 1974
ownership and operating costs

at 1974
investment costs at 1930
ownership and operating costs

at 1974

ownership and operating costs
at 1930

Product Output

100 BCM/hr

100 BCM

100 BCM

100 BCM/hr

100 BCM

100 BCM

Best-practice packages are those which appear as least-cost, or within 10 percent of
it, at the prices of the period coincident with that of the technology; where more than
one package is involved, the data for the various packages is averaged.
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standardly accepted measures in the economic literature, and in the

case of the best-practice technical packages, the use of investment

as a capital measure is less serious, in that the equipment in the

1920's packages falls somewhat more in line with that ofthe 1950's

and 1970's in terms of lifetime, maintenance as a percentage of in-

vestment, and fuel consumption.

In the overview of the production sets of the 1920's, 1950's,

and 1970's at the beginning of Section 4.1, a general trend was ob-

served of labor decreasing significantly in the transition among

technologies, especially between the 1920's and 1950's, while invest-

ment behaved in a more varied manner, ranging from some increase to

no change to some decrease, for the various stages of construction,

with the exception of site preparation where capital and labor switched

roles. In the case of the best-practice packages, as given in Figures

3.2b and 3.3, the general trend observed is one of both labor and cap-

ital decreasing with changing technology, although a few exceptions in

the case of capital show up between the 1950's and 1970's in Figure 3.3.

It is also observed thatthedecrease between the 1920's and 1950's

is generally more than that between the 1950's and 1970's, and that the

decrease in labor is generally greater than that in capital.

In investigating the capital intensity of various stages of con-

struction and its change over time, one comes to the same basic con-

clusions whether one looks at the share of unit costs attributed to

capital and to labor in Figure 3.2b or one looks at the capital/labor

ratios in Figure 3.3. The trend in capital/labor ratios is a steady

232



increase with changing technology, the most marked increases generally

occurring between the 1920's and 1950's; site preparation is an ex-

ception in that the ratios fall over time. The distinct differences

between the stages show up in the magnitude of the ratio; for excava-

tion/hauling it is some 70,000 to 90,000 investment dollars per man in

the 1970's, while for surfacing it is only 14,000 to 16,000 dollars

per man, with spreading/compaction falling in between at 24,000 and

site preparation on the bottom at 5,500. The implications of this are

that the earthworks activities, particularly excavation/hauling, have

a strong tendency toward capital intensity, to the point of prac-

tically totally replacing labor with capital, while the surfacing ac-

tivities, at least under current conditions, simply cannot be executed

with such a high level of capital intensity, although what is used in

the 1970's is certainly much greater than that in the 1920's. As for

site preparation, it has a strong tendency toward capital intensity in

the brush and tree removal activity, but the burning of the debris

activity has remained a highly labor-intensive operation, requiring

30.0 out of the 34.3 unskilled men required to clear 1 hectare per

hour in the 1970's. It might also be noted at this point that the

technology change which has occurred in highway construction between

the 1920's and 1970's obviously has components of both neutral and

non-neutral change.

Returning to the list of best-practice packages presented in

Table 3.6, it is observed that, with but a few minor exceptions, the

best-practice package(s) for each stage of construction in each tech-

nology period is (are) the same for all three price periods. The
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exceptions consist of the deletion or addition of a technical package

and/or modification of the order of the packages in the best-practice

set. It is noteworthy that the few changes with price that do occur

generally do so in the direction of increasing capital intensity over

time; among the double bituminous surface treatment packages, for

example, there is some tendency for those with higher capital/labor

ratios to start at the end of the list, or not even on it, at 1930

prices and to move up, such that at 1974 prices they are at the top

of the list. This meager suggestion of substitution of capital for

labor over time is the only introduction of any substitution among

alternative packages in each technology period for this price range.

This is not surprising for the 1950's and 1970's, as it was al-

ready observed in Section 4.11 thatproduction functions do not really

exist for these technology periods, or, in other words, that they

have an elasticity of substitution of zero. As for the 1920's, where

the technical packages form production functions for most of the stages

of construction, these, too, are effectively right-angle production func-

tions with zero elasticity of substitution over this price range. Fin-

ally, the 1970's best-practice packages are also the overall least-

cost packages for all three price periods, yielding another effectively

right-angle production function. It appears that substitution, brought

about by changes in factor prices between 1930 and 1974, has not played

a significant role in the technology change that is observed over that

period.

Efficiency is the next aspect of technology change that is of
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interest, ignoring for the moment any potential economies of scale. It

must be noted, however, that efficiency cannot be the whole story since,

as observed above in conjunction with Figures 3.2b and 3.3, non-neutral

as well as neutral technology change has occurred; with the possibility

of substitution brought about by factor price changes eliminated, factor

bias is left. A method, based on that of Salter (73) of separating

the impact of efficiency and bias on proportionate changes in factor

inputs is presented in Section 2.31, and the results of this analysis

are given in Table 3.7. A few observations about the analysis need to

be made before discussing the results.

In line with Salter's approach and Figure 3.3, the quantity of

labor is measured in unskilled men and that of capital in 1974 invest-

ment dollars; the figures in the table thus represent the change (de-

crease [-1 or increase [+]) in the number ofmen or amount of invest-

ment required by the best-practice packages from one technology period

to the next as a percentage of the quantity required in the earlier

period, and the distribution of this percentage change between effi-

ciency and bias. Two measures of bias appear in the table, one de-

rived using Salter's approach, and the other derived as the difference

between the total percentage change in resource quantities that is ac-

tually observed between the 1920's and 1950's and the 1950's and 1970's

as given in Figure 3.3 and the percentage change attributable to ef-

ficiency as given in Table 3.7. Salter's measure is but an indication

of the direction and potential magnitude of bias' influence on the re-

source quantities, and is generally larger than that actually observed,

particularly in the 1920's to 1950's transition where capital/labor
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ratios are widely different.

Since Salter's measure of bias serves only as an indicator, the

slight variations that might arise, from the use of quantity measures

other than unskilled men and 1974 investment dollars, price periods

other than that of the earlier of the two technology periods being

considered, and so forth, are of relatively little concern. As for

the measures of bias derived from Figure 3.3, the use of men and in-

vestment as labor and capital measures is discussed above in conjunc-

tion with the figure. The measure of efficiency involves a comparison

of the costs of using the best-practice packages of the two technology

periods being considered, and thus the pricing of the inputs. Table 4.1

gives the results of various pricing methods; no real trend in terms

of the pricing method used appears in the results, which are reason-

ably close together (with the exception of the 1950's to 1970's case

of pricing skilled and unskilled labor hours separately and capital

hours with hourly ownership and operating costs). For a variety of

reasons, the first pricing alternative is used in the analysis. It is

Salter's recommendation, as in much of the economic literature, that

labor be priced with wages and capital with the capital recovery factor

at the prices of one of the two technology periods. This brings out

the fixed costs of capital, those costs which are incurred whether or

not the equipment is in use. Moreover, since capital recovery factors

specific to each particular item of capital are used in this study, the

lifetime of the equipment is thus included, and as noted in conjunc-

tion with Figure 3.3, the equipment in the best-practice packages of the
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Testing the sensitivity of the percentage change due to efficiency to various means
of pricing the labor and capital inputs in the case ofexcavation/hauling at 100 meters
(source: Tables B.5 and B.6).

Percentage Change

Resource50-Resource
20100- 50_Resource20

Due to Efficiency

Resource 70-Resource50

10 Resource50
- - - I - -I --

Labor: priced by skilled and unskilled
wages at 1930 or 1956

Capital: priced by capital recovery
factor at 1930 or 1956

Labor: priced by skilled and unskilled
wages at 1930 or 1956

Capital: priced by ownership and oper-
ating costs at 1930 or 1956

Labor: measured in unskilled men,
priced by unskilled wages
at 1930 or 1956

Capital: priced by capital recovery
factor at 1930 or 1956

Labor: priced by skilled and unskilled
wages at 1956 or 1974

Capital: priced by capital recovery
factor at 1956 or 1974

-69.9

-70.0

-73.3

-75.4

-41.8

-34.6

-43.4

-41.3

Note: Equations for calculating these values are given and discussed in Section 2.31.

Table 4.1:

Pricing Alternative

(A



1920's is somewhat more in line with that of the 1950's and 1970's

than is the full set of 1920's equipment. As for the pricing period,

that of the earlier technology in the pair is used, as this is more

compatible with the next step of determining the percentage change in

resource quantities attributable to substitution brought about by fac-

tor price changes (if there were any to observe). Finally, the re-

sults obtained with this pricing alternative tend toward under rather

than overstating the percentage change attributable to efficiency.

In order to begin to look at the relative roles of efficiency

and bias in changing resource requirements over time, it is helpful to

see it graphically as well as numerically. In Figure 3.3, using the

results from Table 3.7, a dashed line is drawn indicating the level

to which the quantities of labor and capital, of the 1950's and 1970's

relative to those of the 1920's and 1950's, respectively, fell due to

efficiency; the further drop, generally of labor, below this line and

rise, generally of capital, above it represent the changes due to bias.

It is evident from Figure 3.3 and Table 3.7 that twice in the 1920's

to 1950's transition the measure of efficiency appears to be too small,

and once in the 1950's to 1970's it appears to be too large. As in-

dicated by the above discussion pertaining to alternative labor and

capital measures and prices, this is undoubtedly a function of the par-

ticular measures and prices used; moreover, averaging over the best-

practice technical packages, when there is more than one in a tech-

nology period, probably does not help the coordination of the various

measures of change in Table 3.7 and Figure 3.3. The implication of this
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is simply that these measures of efficiency and bias should not be

interpreted as absolute values, but rather as "ballpark" figures serv-

ing as a reliable indication of the relative roles of efficiency and

bias in technology change.

The percentage decrease in resources required which is attributed

to efficiency ranges from 36 percent for site preparation to 54 to 85

percent for earthworks to a peak of 79 to 90 percent for surfacing in

the 1920's to 1950's transition (see Table 3.7 and Figure 3.3). These

same figures for the 1950's to 1970's are significantly less, ranging

from only 15 to 55 percent, and the positions of earthworks and surfac-

ing are switched. Looking at the figures for total percentage change

in resource quantities, as taken directly from Figure 3.3, the same

basic trends are observed and were noted above in the discussion of

Figure 3.3. Combining these two sets of data for labor (capital in

the case of site preparation) yields the change in the quantity of

labor (capital) attributed to efficiency as a share of the total change.

In the 1920's to 1950's transition, this is some 66 percent for site

preparation, 79 to 91 percent for earthworks, and 89 to 96 percent for

surfacing; site preparation and excavation/hauling at 6 meters are

notably less, being 46 to 54 percent, respectively, for the 1950's to

1970's transition, but the other stages exhibit about the same, or only

a slightly smaller, percentage of total change in labor attributed to

efficiency over this period. The role of bias toward labor-saving in

the change in the quantity of labor required over the transition periods

is thus relatively small, representing only 4 to 21 percent of the
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change and being about the same or slightly more in the 1950's to

1970's than in the 1920's to 1950's. As for site preparation, the tech-

nologically constant burning activity creates an appearance of bias

toward capital-saving or labor-using; bias' share in the total change

in capital required over time in this case is quite large, represent-

ing some 34 and 54 percent in the 1920's to 1950's and 1950's to 1970's

transitions, respectively.

The analysis of the relative impacts of efficiency and bias on

changes in the quantity of capital (labor in the case of site prepara-

tion) is less straightforward due to their having opposing influences.

The percentage increase in capital attributable to bias toward labor-

saving in the 1920's to 1950's is some 1 to 39 percent in earthworks

and 9 to 17 percent in surfacing; it is noticeably larger in the 1950's

to 1970's, being some 13 to 50 percent in earthworks and 10 to 41 per-

cent in surfacing. It was noted above that the trend in efficiency

shares is just the opposite. Combining these two sets of data for

capital gives the share of the decrease in capital due to efficiency

which is lost due to bias' influence. This ranges from 2 to 56 percent

in earthworks and 10 to 19 percent in surfacing for the 1920's to 1950's;

forthel950's to 1970's, the figures are notably larger, being, respec-

tively, 32 to 131 percent and 24 to 207 percent. Along similar lines,

when one compares the ratio of the percentage change in capital due to

bias to that in labor, the figures for the two periods are about the

same, ranging from less than 1 to 3.5 or so; the introduction of the

appropriate capital/labor ratios, however, in order to ascertain the
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cost, in terms of 1974 investment dollars, of bias' decreasing the num-

ber of men, shows significant differences. In the case of excavation/

hauling at 100 meters, for example, it cost some 23,000 investment dol-

lars in capital to decrease labor by one man in the 1920's to 1950's,

while it cost some 100,000 investment dollars in the 1950's to 1970's.

In summary, although the change in labor attributed to bias as a share

of the total change in labor is about the same over the two periods,

the cost, in terms of capital, of a unit of this bias, in terms of

labor, in the 1950's to 1970's is significantly greater than that in

the 1920's to 1950's, due to the higher capital/labor ratios; it is

expected that the same trends might be observed in the case of site

preparation, but with labor and capital switching roles, due to the

lowering of capital/labor ratios over time.

Returning to the concern mentioned earlier, in conjunction with

Figure 3.2, of overstating the magnitude of technology change and

its effects, particularly with regard to the 1920's technology, it is

useful to briefly consider the consequences of doubling the 1920's

productivities and thus halving its quantities of men and investment.

In Figure 3.3a, this is accomplished by simply a scale transformation,

doubling it, and also bringing the 1920's packages down to the level

of the new 100 percent; the effect on the percentage change in re-

source quantities due to efficiency is that it falls, while that due

to bias doubles. The percentage change in labor attributed to ef-

ficiency as a share of the total change is still greater than that at-

tributed to bias, with the same exceptions, site preparation and
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excavation/hauling at 6 meters, as noted in the previous discussion of

doubling the 1920's productivities. Furthermore, the cost, in terms

of capital, of a unit of labor-saving bias remains the same since the

capital/labor ratios do not change, although the share of the decrease

in capital due to efficiency which is lost due to bias' influence in-

creases. Nevertheless, with but a few exceptions, bias' role in chang-

ing resource quantities is still overshadowed by that of efficiency.

In summary, the impact of technology change on highway construc-

tion in the U.S. from the 1920's to the 1970's appears indeed to have

been significant. Between the 1920's and 1950's, it offset, or even

more than offset, inflation with prices of the factors involved, while

between the1950's and 1970's it kept cost increases down to a factor

of two. Efficiency seems to have played a major role in this tech-

nology change, resulting in sizeable decreases in the amount of labor

and capital required for highway construction, although the magnitude

of these decreases has lessened over time. Substitution brought about

by changes in factor prices, on the other hand, seems to have played

effectively no role in the technology change observed. Bias appears as

the non-neutral component of technology change, bias toward labor-

saving, except in the case of site preparation where it is bias toward

labor-using. Efficiency apparently accounts for some 80 to 95 percent

of the drop in labor both from the 1920's to 1950's and 1950's to 1970's,

while bias is responsible for only 5 to 20 percent. The cost of this

labor-saving bias in terms of capital seems to have increased over time,

however, due to increasing capital/labor ratios; in the 1950's to
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1970's transition the impact of bias on capital is such as to completely

overshadow that of efficiency in a few cases, while this is far from

occurring in the 1920's to 1950's transition. As for the various

stages of construction, it is noteworthy that the earthworks activities,

especially excavation/hauling, appear to have a greater propensity to-

ward capital intensity than do the surfacing activities, as exhibited

by their larger capital/labor ratios.

4.13 Summary and Implications of the Results

Highways can be constructed in the U.S. today using significantly

less labor and capital than was possible in the second and third

decades of this century. These technology advances appear to have

played a major part in keeping construction costs down, such that be-

tween the 1920's and 1950's the cost of the labor and capital in con-

struction remained steady or even declined slightly, while between the

1950's and 1970's it about doubled.

This was accomplished between the 1920's and 1950's by means of

increased mechanization and introduction of new types of equipment;

that is, the hand and animal-powered, small capacity equipment of the

1920's, operated largely by unskilled labor with skilled labor acting

in a supervisory role, was replaced by powered, larger capacity equip-

ment, operated generally by skilled labor with occasional unskilled

assistants, in the 1950's. Between the 1950's and 1970's, the means

of accomplishment consisted of improving the equipment and the ef-

fectiveness with which it was used; that is, the equipment of the

1970's is largely similar to thatof the1950's except that it is

243



generally a little more powerful,, larger in capacity, and more pro-

ductive, although a few new types of equipment have been introduced

as well.

In economic terms, efficiency appears to have played a major role

in the technology change observed between the 1920's and 1970's, al-

though the percentage decrease in resource quantities attributable to

efficiency between the 1950's and 1970's is only about half that be-

tween the 1920's and 1950's. Efficiency appears to account for some

80 to 95 percent of the drop in labor required for most stages of high-

way construction, while bias toward labor-saving accounts for the re-

mainder. Over time, however, such labor-saving bias has become in-

creasingly costly in terms of capital, with increasing capital/labor

ratios, and between the 1950's and 1970's, efficiency's reducing ef-

fect on the quantity of capital required has been overshadowed by

bias' opposite impact in a few stages of construction. It might,

at the same time, be noted that part of what is interpreted as bias

toward labor-saving or capital-using may actually be due to the fact

that production functions are not really continuous functions, but

rather are made up of discrete technical packages; a certain amount of

shift in the capital/labor ratio may thus be necessary to meet a leg-

itimate technical package. Interestingly enough, substitution brought

about by factor price changes seems to have effectively played no part

in the technology change observed. Returns to scale are assumed to

have been constant, although the observed changes in equipment capacity

and coincident changes in project scale over time suggest this may not
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truly be the case; it is thus suspected that some of the technology

change attributed to efficiency may, in fact, actually be due to econ-

omies of scale, their separation posing an area for future investigation.

As for future expectations regarding technology change in U.S.

highway construction, it is first useful to ascertain the motivations

behind that ofthe past. The stability of demand in highway construc-

tion has likely been a primary factor, especially since the enactment

of the highway trust fund in the fifties, although the market has always

been rather steady as such construction is government-funded; this

stability is a feature not shared by many sectors of the construction

industry. Fairly stiff competition among equipment manufacturers and

changes in highway design (e.g., standards and materials) and project

scale have also undoubtedly motivated technology change. Although the

increased cost of labor relative to capital cannot be cited as a direct

motivation since no substitution was observed, it might be fair to say

that expectations of such tended to induce technology change in the

direction of increasing capital intensity. Moreover, it should be noted

that it is primarily the equipment manufacturers who do the research,

and it is to their obvious advantage to produce technical packages which

utilize capital to the maximum extent possible.

As for the future, these same basic motivations are expected to

continue, although some may be dampened a bit by an expected declining

emphasis on highways, particularly on new construction, and increased

emphasis on other modes of transport. Increased concern over energy

and materials conservations is also expected to enter the picture. As
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for means of accomplishing technology change in the future, a continua-

tion of past trends of improving the equipment is expected, but perhaps

even more important is improving the effectiveness with which it is used

through better management, organization, and supervision, both on and

off the project. It is important to note, however, that efficiency's

impact on resource quantities was considerably less between the 1950's

and 1970's than between the 1920's and 1950's, particularly in the case

of surfacing, suggesting that future gains may be expected to be still

less; moreover, labor-saving bias may be expected to become increasingly

costly in terms of capital and to increasingly overshadow the effects of

efficiency on capital. Advances in project design, particularly in the

standardization of specifications and road designs and in the modifica-

tion and use of existing or development and use of new materials, may

be seen as potentially opening the door to further advances in equipment

as well as moving toward conservation of materials. Important, too, is

modifying existing or developing new equipment in order to reduce fuel re-

quirements or enable it to use more available fuels; this is likely not

compatible with the use of bigger, more powerful equipment in the future,

re-emphasizing the importance of the effectiveness with which equipment

is used. Future analyses of technology and its change in U.S. highway

construction can no longer be limited to labor and capital as the primary

factors of production, but rather materials and energy must also be

included.

The characterization of technology change primarily in terms of

efficiency and perhaps some economies of scale, but only a rather small
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amount of bias and no substitution, appears to be a rather negative result

in terms of developing countries' returning to the use of some of the

older, more labor and animal-intensive technologies of the past. At the

same time, however, it was observed that the 1920's technical packages

formed a rather nice production function over a wide range of capital/

labor ratios for most stages of highway construction, while those of the

1950's and 1970's largely fell along a single capital/labor ratio, re-

suiting in right-angle production functions. Most importantly, an ef-

ficiency analysis over the production sets of all three periods also

yielded a production function, although admittedly one with a large gap

between the 1970's fully capital-intensive packages and the 1920's labor-

intensive and animal-powered packages, with the latter likely arising as

least cost only under rather extreme developing conditions such as those

outlined in the research. It thus appears that the development of new

technical packages since the 1920's has been focused on the capital-

intensive end of the production function, where increased efficiency has

indeed been achieved, and that the 1920's labor-intensive packages have

essentially been forgotten, although they still appear as efficient.

In the case of some developing countries, it thus appears to be

worthwhile for them to consider potentially using some of the more fully

labor and animal-intensive packages of the 1920's, especially if they

could improve the productivity; three frequently cited means include:

(1) management, organization, and supervision; (2) tools and simple

mechanical aids and the skills necessary to use them; and (3) general

physical and social well-being of the workers. Moreover, the chances
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of the 1920's packages in the overall efficient set appearing as least

cost may be strengthened by consideration of mobilization and various

other fixed costs associated with the large 1950's and 1970's equipment,

particularly in light of the small scale projects common in developing

countries.

In conjunction with these comments, some limited sensitivity testing

is appropriate, the results of which are presented in Table 4.2. In terms

of productivity, doubling the productivity of the light equipment (in order

to test the magnitude of the effect) and using one-tenth as many super-

visory personnel (resulting in about one per hundred unskilled men, as is

perhaps more realistic in developing situations) have been tried; in

terms of heavy equipment use, halving the annual utilization and doubling

the maintenance as a percentage of investment cost have been tried (as

these are perhaps more realistic figures when heavy equipment is used in

developing countries). In the cases of doubling the productivity and

halving the equipment utilization, a fully labor and animal-intensive

package, the horse-drawn elevating grader and wagon (tp 8-7), show up

in the 1920's least cost set at the prices of 1930, while the usual

bulldozer (tp 7-6) shows up at the prices of 1974; in all cases, however,

the 1970's elevating scraper (tp 8-11) is least cost overall. Substitu-

tion brought about by factor price changes has thus entered the picture

of technology change over the period 1930 to 1974, suggesting that such

circumstances could indeed have a significant impact on the economic

feasibility of using certain of the 1920's labor and animal-intensive

packages in developing countries today.
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Least-cost technical packages and their unit costs (dollars per 100 BCM) for excavation/
hauling at 100 meters, for two technology and price periods, under various modifica-
tions of the productivity data and heavy equipment characteristics,

1920's Technology ,- _ _u_

1930 Prices 1974 Prices

7-6 $10,3
9-7 $11.3

8-7 $6.75

7-6 $10.3
9-7 $11.2

9-7 $12.2
8-7 $13.5

7-6 $11.6
9-7 $11.7

1970's Technology

1930 Prices
, 4 ,1

1. Data as it stands

2. Productivity modifications

a. Double productivity of all
light equipment, including
associated men and horses

b. Use 1/10 as many supervisory
personnel

3. Heavy equipment modifications

a. Halve hours used per year,
leaving life in years the
same, for all heavy equipment

b. Double maintenance as a per-
centage of investment cost
for all heavy equipment

7-6 $63.1

7-6 $63.1

7-6 $63.1

7-6 $87.3

7-6 $70.7

8-11 $2.16

8-11 $2.16

8-11 $2.16

8-11 $3.48

8-11 $2.68

1974 Prices

8-11 $14.8

8-11 $14.8

8-11 $14.8

8-11 $23.4

8-11 $17.9

Table 4.2:

to
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4.2 Interaction of Design and Technology in Highway Construction and
Use

An investigation of the interaction of design and technology in

highway construction and use involves the aggregation of the various

stages, with their respective quantities, to the alternative projects

and the evaluation of the quality of the final products. As noted in

Section 2.32, the lack of production functions for the 1950's and

1970's and the existence of effectively right-angle production functions

over the price range of 1930 to 1974 for each technology period alone

and over all technology periods combined make the use of a production

function-based aggregation procedure, as performed in the IBRD-I (42)

and ILO-Iran (44) studies discussed in Section 2.21, unnecessary, as there

is no choice of technical packages over this price range. As indicated

in Table 3.10, then, the best-practice technical packages of the 1920's,

the 1950's, and 1970's, as identified in the stage-level analysis, are

used in the project-level analysis at the prices of 1930 and 1974. As

there is, however, some choice of technical packages, at least among those

of the 1920's and overall sets, if one is willing to go to more extreme

pricing conditions, the project-level analysis is also carried out at

the prices of a developing country today. As indicated in Table 3.10,

the least-cost technical packages of the 1950's and 1970's at developing

conditions are, not surprisingly, basically the same as those at 1930

and 1974 prices, while those of the 1920's and overall are vastly dif-

ferent. For the 1920's technology, the labor-intensive, animal-assisted

technical packages are least-cost at developing conditions, while the
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overall least-cost set is a mix of the 1920's and 1970's packages, the

1970's only taking over in the waterbound macadam and double bituminous

surface treatment stages where fully labor and animal-intensive tech-

niques were not even used in the 1920's.

4.21 Comparison of Alternative Projects

Given the project quantities (Table 3.9) and the least-cost tech-

nical packages with their unit costs (Tables 3.10 and B.5), the con-

struction costs of the various projects (Table 3.8 and C.5) can be

derived under various technology and price conditions. With con-

struction costs as a measure of fixed inputs, or inputs now, to the

project, maintenance and user costs, derived via the HCM and expressed

in terms of equivalent annual costs, serve as a measure of largely var-

iable inputs, or inputs over time, to the project. As the purpose of

the road is to get someone from point A to point B and its life is taken

as 15 years with its maintenance being such as to leave all projects in

roughly the same condition at the end of that time, the only measure of

output required is the volume of traffic the road is to carry over its

life, most easily expressed in terms of cumulative standard axles; there

are thus two levels of output, one tied to each set of design standards.

Using this data then, production isoquants are developed as given in

Figure 3.4, where each of the three groups of projects at each of the

two design standards/traffic volumes must be analyzed separately.

Looking at the production isoquants for the two traffic volumes,

certain economies of scale are evident in all cases;- while the cumula-

tive number of standard axles goes up by a factor of over 7.5, construction
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costs rise by a factor of about 2 and equivalent annual maintenance and

user costs by a factor on the order of 5 or 6. Moreover, a comparison

of construction costs and maintenance and user costs on a cost per

standard axle over project life basis, as given in Table C.5, for the

two traffic volumes shows the unit costs to be significantly less for

the high volume road in all cases. Similarly, plotting these unit costs,

as in Figure 4.4, instead of the total costs, as in Figure 3.4, gives a

single production isoquant for each project group in which the low volume

projects appear to be inefficient. The implications of this are just

what has been observed in the U.S., a trend toward building higher stan-

dard roads, although the traffic volume must be at least sufficient to

offset the increased construction and likely maintenance costs.

As for the various project groups, the results are the same across

all technology and price periods with the exception of the materials al-

ternatives in the high standard/traffic volume case. Differences be-

tween the 1920's and the 1950's and 1970's technologies at 1974 prices

can be explained by the overall low productivity of the 1920's technology

in constructing a waterbound macadam surface (p H215). As for differences

in the 1950's and 1970's technologies at 1930 and 1974 prices, these

arise as a result of relative changes in materials prices over the per-

iod; that of bitumen rose by a factor of 5.0, while that of aggregate

went up by one of 1.7. Under developing countries conditions, the double

bituminous surface treatment over gravel road (p H315) falls out of the

efficient set while the waterbound macadam road (p H215) enters it, again
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Figure 4.4:
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Construction costs and maintenance and user costs, expressed in net present value
terms, per standard axle over project life of each project/technology combination at
each design standard/traffic volume, for all project groups and all technology
periods, at the prices of 1974 (source: Table C,5).
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(Figure 4.4 continued)

Note: Technology periods: o 1920, A 1950, * 1970.

'- Indicates the range of construction costs of the alternative excavation/hauling
scenarios, for a particular design standard and technology period.
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largely as a result of relative changes in bitumen and aggregate prices.

Waterbound macadam appears to fair rather poorly in terms of being an

efficient alternative surface. It is felt that its construction costs

may be overstated because of the compaction requirements placed upon it

on the basis of 1920's descriptions of such road construction; at the

same time, however, it is felt that its maintenance and user costs may

be understated due to the use of a modified, surface treated road deter-

ioration model. In the subgrade strength/surface design alternatives,

the properly designed alternative on the weak subgrade (p L324, H325)

is inefficient by definition, while the other two alternatives appear

as efficient. As for the excavation/hauling scenarios, that with the

shortest possible hauls (p L311, H312) comes out with the least construc-

tion costs and is thus most efficient.

The trends exhibited by the individual technical packages in terms

of unit costs (see Tables 3.10 and B.5) are duplicated in the trends

exhibited by the technologies in Figure 3.4 in terms of total construc-

tion costs. At the prices of 1930 and 1974, the 1970's technology has

the lowest construction costs and is thus most efficient; also notable

is the closeness of the 1950's costs to those of the 1970's relative to

that of the 1920's and 1950's. Under developing conditions, the mix

of 1920's and 1970's technologies is least in construction costs and

thus most efficient, followed closely by the 1920's alone and more dis-

tantly by the 1970's and eventually 1950's. Underlying all of this, of

course, is the assumption that each product is equal in quality regardless
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of how it is constructed; if this is not the case, the tendency is gen-

erally to argue in support of greater capital intensity yielding better

quality, at least in highway construction, thus strengthening the case

for the 1970's technology.

Before trying to draw any further implications from this efficiency

analysis, it is useful to look at the set of best-practice projects in

each project group/design standard under various price and technology

conditions, as presented in Table 3.11, in order to develop a feeling for

the nature and magnitudes of the differences being observed. In line with

the efficiency analysis, the best-practice projects are those which are

least-cost, or within 10 percent of it, in terms of total project costs

expressed as equivalent annual or net present values. Looking over the

results in Table 3.11 reveals that, with the exception of the low stand-

ard materials and subgrade strength/surface design alternatives where

at least two out of three projects end up in the least-cost set, all

project alternatives in any project group fall into the best-practice set

within any particular technology and price period. Moreover, looking

across technologies in these groups leads to the observation that at

1930 and 1974 prices the 1950's technology alwaysand the 1920's better

than half of the time, fall into the least-cost set along with the 1970's

technology; at developing conditions, the 1920's technology always, and

1970's and 1950's technologies, often fall into the least-cost set along

with the 1920-70 mix technology. A disaggregation of these costs into

the partial construction, total construction, maintenance, and user cost
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components, as given in Table 3.11, is necessary in order to see the

dominance of various cost factors and to determine where differences

among the projects and technologies lie.

Differences among projects are most evident at the level of main-

tenance costs and least at the level of user costs, while partial and

total construction costs fall in between. On a total cost basis, the

low standard/traffic volume design is significantly less than is the high

standard/traffic volume design for all cost components except maybe

maintenance, while on a cost per standard axle basis, the reverse is true

for all cost items with some exceptions in partial construction costs;

this is basically in accord with previous observations.

In the project group involving different surfacing materials, gen-

erally one or two projects are identified as least-cost at the level of

partial construction costs; these are most frequently gravel (p L114)

for the low standard, and double bituminous surface treatment over gravel

(p H315) and waterbound macadam (p H215) for the high standard. The

addition of surfacing materials in arriving at total construction costs

generally has some impact, most commonly through the addition of projects

to the least-cost set, thus expanding it, and less commonly through the

replacement or deletion of projects in the least-cost set, thus chang-

ing it. As for maintenance and user costs, projects at the opposite end

of the spectrum fall into the least-cost set; in the case of maintenance,

for example, double bituminous surface treatment over gravel (p L314) and

the same over waterbound macadam (p H415) are least-cost for the low
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and high standard designs, respectively. It is the user costs which

dominate total project costs, however. Only in the case of the 1920's

technology at 1930 prices and in all cases at developing prices for the

low standard design does the influence of low construction costs appear

in the least-cost set under total project costs (i.e., p L114).

The situation is somewhat different in the group of subgrade strength/

surface design alternatives. No distinction among projects is possible at

the partial construction cost level, while the addition of surfacing mat-

erials to obtain total construction costs results in the deletion of the

properly designed surface on the weak subgrade (p L324, H325). As for

maintenance costs, the two sets of properly designed surfaces (p L314,

L324; p H315, H325) exhibit the same costs and are least-cost, but at

the level of user costs any distinction among projects is again impossible.

As previously, user costs tend to dominate the total project costs, al-

though in the case of the low standard project there is evidence of the

influence of high construction costs in one case (at 1930 prices, L324

is not included in the final least-cost set) and of high maintenance costs

in another (at developing prices, L334 is not included in the final least-

cost set).

Finally, in the case of the various excavation/hauling scenarios,

the situation is more like that in the first group of projects, although

maintenance and user costs are constant across all projects at a single

design standard. At the level of partial construction costs, generally

only one project, that with the shortest set of haul distances (p L311,

258



H312), shows up as least-cost. The addition of surfacing materials,

which are the same across all projects at one design standard, generally

obscures any differences among projects, however. Maintenance and user

costs complete the process for the few remaining cases where distinction

is still possible.

Looking across the technologies in these three project groups for

the various cost components shows basically that which is expected. At

the prices of 1930 and 1974, the least-cost projects in terms of partial

construction costs are those using the 1970's technology; in the case

of total construction costs, the 1950's technology frequently enters

the least-cost set along with the 1970's. Similarly, at the prices of

a developing country, in the partial construction cost case the 1920-70

technology mix generally stands alone as least-cost, while in the total

construction cost case the 1920's technology generally joins it. This

progression continues until, as noted above, in the total project cost

case it is not uncommon for all technologies to end up in the least-cost

set.

In order to gain some feeling for the relative magnitudes of these

various cost components as well as their change over time in the U.S. and

for the rather overshadowing influence of materials and user costs, var-

ious cost data are plotted for a road at each design standard in Figure

3.5. Much as observed in the stage-level analysis, technology change

in highway construction between the 1920's and 1970's seems to have

nearly offset the coincident inflation in labor and capital prices, as
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indicated by the graph of partial construction costs. At the total

construction cost level, assuming no change in materials usage, tech-

nology change appears to have been instrumental in keeping cost increases

between 1930 and 1974 down to a factor of about 1.7; this is somewhat

less than the cost increase observed for materials over that period,

and about half of what construction cost increases would have been had

technology not changed. The cost-reducing influence of technology change

in highway construction appears to be rather diminished at the total

project cost level due to the magnitude of user costs, the technology

of which along with that of maintenance is assumed constant at today's.

Project cost increases on the order of 3.5 are exhibited between the 1920's

and 1970's, notably less than those in maintenance and user costs but

only slightly less than those expected had technology not changed. Had

the 1950's and 1970's technologies similarly been compared at 1956 and

1974, it is expected that the diminishing role of technology change would

be more evident at the total construction cost level, due to the relative

magnitudes of materials and partial construction costs.

At this point it is appropriate to look at some of the components

comprising these various cost items. As expected, labor's share of par-

tial construction costs decreases while capital's increases with the pro-

gression in technology; moreover, labor's share in the high standard

project is somewhat less than in the low standard one, primarily as a re-

sult of the large amount of earthwork required in the high standard de-

sign, activities which are highly capital-intensive. Nevertheless, labor's
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share looks somewhat low relative to capital's, with the exception of

the 1920's technology at 1974 prices. A possible explanation is that

expenses for labor beyond the basic wage and fringe benefits (e.g.,

social security [FICA], workmen's compensation insurance, and unemploy-

ment, amounting to about 15 percent in 1974 [54]) are included in over-

head and profit, although mobilization costs for equipment are also in-

cluded there, rather than directly with the labor and capital costs,

respectively.

Proceeding to examine total construction costs, the cost of labor

and capital relative to that of materials appears to be too small, with

the exception of the 1920's technology at 1974 prices. A number of fac-

tors account for labor and capital's share being too low; these include:

(1) the figures represent the best-practice technical packages for each

period, selected under the assumption that the project at hand is part

of a larger project, and there is thus no constraint as to minimum per-

iod of use of any package on the project or need for coordination of pack-

ages among activities (using an average-practice technical package in

the case of excavation/hauling in the 1970's, for example, might increase

the unit cost of the package by a factor of less than 2 to over 3 de-

pending upon the haul distance); (2) as indicated above, additional ex-

penses associated with labor, as well as mobilization and any other

fixed costs associated with capital, are included in overhead and profit,

which is expressed as a percentage of all direct costs, although it might

be more appropriate, at least for overhead associated directly with labor
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and capital, to express it as a percentage of the labor and capital costs

and to include it with them (especially in light of the fact that a charge

for transport costs to the site is included in the cost of materials);

and (3) in the case of the low standard road at least, there is very lit-

tle earthwork, which is where the sizable labor and capital requirements

appear, and thus the project is largely surfacing, which is oriented more

toward materials than toward labor and capital.

The share of materials in total construction costs may appear to be

high for a few additional reasons, as follows: (1) the quantity of sur-

facing materials required is rather sizable, especially that of gravel

due to the rather low subgrade strength (e.g., p L114 requires 29.2 cen-

timeters [11.5 inches] of gravel and p H315 requires 33.0 centimeters

[13.0 inches]); and (2) the surfacing materials, particularly the ag-

gregate, may be higher quality than is necessary for road construction and

may thus be overpriced, as data on materials is largely for building,

not heavy, construction (e.g., aggregate is often given in conjunction

with concrete, suggesting it is probably cleaner and more accurately

sized than is necessary for many highway projects). Finally, minor

structures are not included in the construction costs, and these could

be expected to augment both labor and capital costs and materials costs.

Looking at the bar graphs of total project costs, the magnitude of

user costs relative to other project costs is evident, and as expected,

is somewhat greater in the high standard design with the higher traffic

volume. Maintenance costs are, as expected, significantly less than
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construction costs, and both represent a smaller share of the costs in

the high standard/traffic volume project. Finally, several of the com-

ments made above would serve to augment construction's part in overall

project costs.

4.22 Summary and Implications of the Results

The efficiency analysis yields the following results: (1) the ap-

parent existence of economies of scale among projects for various traf-

fic volumes; (2) an indication of the efficient surfacing materials

alternatives (generally all except waterbound macadam [p L214, H215]

which appears in the high standard case when bitumen is expensive), ef-

ficient subgrade strength/surface design alternatives (all but the one

which is properly designed on a weak subgrade [p L324, H325]), and effi-

cient excavation/hauling scenarios (that with the shortest set of hauls

[p L311, H312]); and (3) an indication of the overall efficient tech-

nologies under various price conditions (1970's at 1930 and 1974 and

1920-70 mix at developing). The significance of these results becomes

questionable, however, when the results of the least-cost analysis show

all projects, or at least two o1A of three, to be within 10 percent of

each other in total project costs. Similarly, for a particular project

group/design standard, all technologies or at least two of them are found

in the overall least-cost set.

Upon disaggregating the total project costs to their various compo-

nents, distinctions among projects again become evident, most clearly

at the level of maintenance costs and least so at the level of user costs;
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this latter cost item generally dominates the outcome at the total pro-

ject cost level with only an occasional influence from the construction

or maintenance cost level. Moreover, the technologies also regain their

distinction, with one techglogy (1970's at 1930 and 1974; 1920-70 mix

at developing) showing up in the overall least-cost set at partial con-

struction costs, and two (1970's and 1950's at 1930 and 1974; 1920-70

mix and 1920's at developing) at total construction costs. Such dis-

aggregation, however, does little to help in the analysis of project

alternatives where materials, maintenance, and user costs vary, as in

the case of two of the project groups under study. An incremental ana-

lysis, such as that given as an example in Table 4.3, where the overall

least-cost project/technology combination at 1974 prices (i.e., L314

at 1970 and H415 at 1970) is used as a base to be subtracted from the

other projects in the group, sheds little further insight into the prob-

lem. Although sizable cost differences and greater distinctions seem

to appear among the various projects and technologies, their significance

is questionable; that is, many of the incremental costs, at the more

aggregate and user cost levels in particular, represent only a small share

of their respective total costs, an observation in accord with that of

insensitivity in the full cost analysis in Table 3.11.

It is apparent, nevertheless, that the cost-reducing influence of

technology change in highway construction on project costs is indeed

significant. At the disaggregate level of partial construction costs,

for example, technology change between the 1920's and 1970's appears to
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Table 4.3: Incremental costs (in $1000), over the base case at each
design standard, of each project/technology combination,
for all surface materials alternatives and all technology
periods, at the prices of 1974, for the various cost
components (source: Table C.5).

Design Standard/
Technology Period/

Project

Low Standard Design
Base Case
1970-L314

Incremental Values
1920-LI14

-L214
-L314

1950-Ll14
-L214
-L314

1970-LI 14
-L214

High Standard Design
Base Case
1970-H415

Incremental Values
1920-H215

-H315
-H415

1950-H215
-H315
-H415

1970-H215
-H315

Construction
Costs

Operatign
Cos ts

__ __ __I -I

Partial a

32.9

+206
+305
+251
+8.2

+27.2
+12.7

-2.7
+10.8

138

+1024
+950

+1083
+94
+75

+100
-4

-18

Total

501

+195
+327
+302

-43
-7

+16
-56
-26

/89

+1179
+1133
+1300
+63
+82

+121
-55
-29

Maintenance User- - - P -I

199

+58
+114
0

+58
+114
0

+58
+114

187

+250
+125
0

+250
+125
0

+250
+125

2416

+443
+139
0

+443
+139
0

+443
+139

15171

+1260
+604
0

+1260
+604
0

+1260
+604

Total
Project
Costsb

311

+696
+580
+302
+458
+246

+16
+445
+227

16147

+2689
+1862
+1300
+1573

+811
+121
+1455

+700

Note: The base case is the overall least-cost project/technology combin-
ation at 1974 prices and is subtracted from the other combinations
to give the incremental values.

ainclude cost of labor and capital used in construction, although site
preparation materials (54% of this cost item) are also included in the
few cases where they are used.

bExpressed in net present value terms, the discount rate being 8%.
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essentially offset inflation in factor prices. Upon aggregation in the

direction of total project costs, however, other factors come into view,

materials and user costs in particular. In order to study the overall

impact of technology change on highway construction and use in the U.S.,

be the technology change via the technical packages of construction,

materials usage, maintenance policies and procedures, or transport tech-

nology, studies similar to the one at hand are first needed in these other

areas as well; the results of the construction-based study are reason-

ably encouraging, at least in terms of past trends. Knowledge of the

trends of the past as well as the expectations for the future in all of

these areas in the U.S. is of importance. As noted in the stage-level

analysis, the modification and use of existing or development and use of

new materials, for example, is seen as necessary for future advances in

the area of equipment as well as in that of materials conservation. The

role of user costs in total project costs is such as to warrant major

studies in the area of transport technology and its development; im-

portant, too, is the development of more sensitive models for measuring

user costs. Finally, future studies should involve a broader set of

projects and eliminate some of the shortcomings and limitations of the

current study such as explicit consideration of mobilization costs and

project size.

On a somewhat different note, a few comments remain to be made about

the implications of this analysis for developing countries. The results,

in terms of alternative construction methods, certainly do look promising.
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That is, under developing conditions, admittedly rather extreme ones,

the 1920's fully labor-intensive, animal-powered packages do appear as

least-cost for all stages except waterbound macadam surfacing and double

bituminous surface treatment. Further testing is certainly needed,

however, with regard to the range of economic conditions under which

this occurs. As noted in the stage-level analysis, the case is poten-

tially strengthened by consideration of possible productivity improve-

ments and inclusion of mobilization and other fixed costs associated with

heavy equipment. It should further be noted, however, that as in the

U.S. situation, research is also needed in the areas of materials usage,

maintenance policies and technology, and, probably most importantly,

transport technology, if project costs are to be minimized.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

5.1 Conclusions

The role of technology in the productivity of highway construction

over the years in the U.S. appears indeed to have been a significant one.

Highways can be constructed today using considerably less labor and even

less capital than was possible in the second and third decades of this

century. These advances in highway construction technology appear to

have played a major part in keeping project costs down, essentially off-

setting, or more than offsetting, inflation in the prices of labor and

capital between the 1920's and 1950's, and keeping labor and capital cost

increases down to a factor of two between the 1950's and 1970's; it

should, at the same time, however, be noted that at the level of total

project costs, the cost-reducing influence of such technology change

tends to be overshadowed by other cost components, user costs being most

dominant.

Efficiency seems to have played a major role in the observed tech-

nology change, although the magnitude and rate of the decrease in re-

source requirements attributable to efficiency has lessened over time.

For most stages of highway construction, efficiency appears to be re-

sponsible for some 80 to 95 percent of the drop in labor required, with

bias toward labor-savinq accounting for the remainder. This labor-

saving bias, however, has become increasingly costly in terms of capital,

to the point of overshadowing efficiency's reducing effect on the
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capital requirements in a few stages of construction. Part of what is

interpreted as bias may, in fact, be due to the discrete, as opposed to

continuous, nature of production functions. As for substitution brought

about by factor price changes, it seems to have had effectively no part

in the technology change observed. Constant returns to scale are as-

sumed, but it is suspected that some of the technology change attributed

to efficiency may, in fact, be due to economies of scale, in light of

the coincident changes in equipment capacity and project scale over time.

Increased mechanization and introduction of new types of equipment

appear to constitute the primary means of accomplishment of such tech-

nology change between the 1920's and 1950's in the U.S., while between

the 1950's and 1970's it is largely just improving the equipment and the

effectiveness with which it is used. A primary motivation in all of this

has likely been the stability ofthe market in highway construction, a

government-funded operation. Reasonably stiff competition among equip-

ment manufacturers, along with changes in highway design and project

scale and some standardization of design features, in part a result of

the interstate program, has also undoubtedly motivated technology change.

As for its being in the direction of increasing capital intensity, it

should be remembered that it is primarily the equipment manufacturers

who do the research; it also seems likely that expectations of labor's

cost rising relative to that of capital have tended to induce technology

change in the direction of saving labor although no substitution was

observed.

As for the future, these same basic motivations are expected to
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continue, although some switching of emphasis toward the repair and up-

grading of highways, as opposed to new construction, and toward other

modes of transportation may dampen some of them a bit. Energy and mat-

erials conservation is also expected to be of increasing interest. As

for means of accomplishing technology change in the future, a continua-

tion of past trends of improving the equipment and, more importantly,

improving the effectiveness with which it is used is expected. Research

in materials and standardization of specifications and road designs a-

mong other advances in project design may assist in the advancement of

equipment as well as in the conservation of materials. Research in the

area of fuel conservation and use of alternative fuels in relation to e-

quipment use is also of importance; the likely incompatibility of using

bigger, more powerful equipment and conserving fuel in the future re-

emphasizes the importance of the effectiveress with which equipment is

used.

It has thus been observed in the course of this research that gains

in both labor and capital productivity and efficiency in highway con-

struction over the years in the U.S. have been substantial, resulting

in certain offsetting of factor price increases. Nevertheless, if trends

of the past are indicative of the future and a continuation of past means

of accomplishing technology change is to continue as the primary means

in the future, then gains in efficiency can be expected to be less than

those previously, and labor-saving bias to become increasingly costly

and to increasingly overshadow efficiency's effects on capital. This

means that labor productivity will increase at a slowed rate, while the
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productivity of capital will increasingly tend to decline. In line with

this, productivity's effectiveness in offsetting factor price increases

may be expected to continue to ._11. At the same time, the somewhat

inexplicable substitution of labor by capital may be expected to con-

tinue. This suggests that new means of accomplishing technology change

in highway construction need to be investigated; moreover, the motiva-

tion and meaning of labor-saving bias in the industry ought to be looked

into, in order to ascertain its desirability from the viewpoint of all

involved.

As for the developing countries, the results of the study, at first

glance, appear to be rather negative in terms of the wisdom of their

returning to the use of some of the more labor-intensive, animal-powered

technologies of the past, in that technology change in highway con-

struction in the U.S. appears to be primarily characterized by efficiency

and perhaps some economies of scale, but only a relatively small amount

of bias and no substitution. At the same time, however, it was ob-

served that an efficiency analysis over the technical packages of all

three periods results in production functions for most stages of con-

struction, ones largely made up of the 1970's fully capital-intensive

packages and the 1920's fully labor and animal-intensive packages, with

just a couple from the1950's. Moreover, under the developing conditions

outlined in the study, admittedly rather extreme ones, the 1920's pack-

ages arise as least cost for all stages except the two higher standard

surfaces. The development of technical packages since the 1920's thus

seems to have been focused on the capital-intensive end of the production
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function, where increased efficiency has indeed been achieved; the

1920's labor-intensive packages seem to have been essentially forgotten,

although they still appear to be efficient and, under some conditions,

economic. rt does, therefore, appcar to be worthwhile for at least some

developing countries to consider potentially using some ofthe more fully

labor and animal-intensive packages of the 1920's, particularly in light

of, for example, possible productivity improvements, inclusion of mobil-

ization and other fixed costs associated with heavy equipment, and ap-

plication of more realistic utilization rates for developing conditions.

5.2 Recommendations for Further Research

The first recommendation for further research is a more in-depth

analysis of the means and motivations behind technology change in high-

way construction in the U.S., past, present, and future. The current

research provides greater understanding of the nature and magnitude of

technology change over the past fifty years o- so; a component, which

is still lacking, however, and which is so necessary in guiding the

future direction of technology change, is greater insight into why this

change occurred - what were the underlying motivations. Moreover, as

observed above, the means of accomplishing technology change in the

past do not look very promising for the future, and therefore, new ap-

proaches to improving resource utilization need to be investigated. Fi-

nally too, certain characteristics of the technology change that has been

observed, such as the labor-saving bias, are puzzlinj and need further

analysis in terms, for example, of what has motivated them, who benefits,
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and should such trends be encouraged or discouraged in the future.

A second recommendation is testing and, as appropriate, reducing

some ofthe restrictions in the current research in future studies. Re-

strictions limiting the general applicability of the results lie, for

example, in the assumption of "typical" institutional and environmental

conditions and in the limited number of alternative surfaces, designs,

and projects investigated. Omission of certain activities, such as

minor and major structures and materials production and transport, con-

stitutes another area. A third area of restrictions, and perhaps the

most important, is that of simplifying assumptions, such as full utiliza-

tion of equipment, balancing of additional labor and capital costs above

the basic hourly rate and their inclusion in general overhead and profit,

constant returns to scale, generally uniform Product quality and time

to produce a given output across technical packages (excepting, of course,

specification of 93 versus 98 percent earthwork compaction and various

surfacing materials), and each project's being a part of a larger project

thereby being able to use only best-practice technical packages and hav-

ing no need for coordination of packages. Several of these assumptions

relate in one way or another to project scale, an aspect of highway con-

struction definitely warranting further consideration; economies of

scale, for example, are felt to be in part, at least, responsible for

some of the technology change attributed to efficiency. The feasibility

of further analysis of many of these restrictions rests on the avail-

ability of data, which is a problem in that historical data often fails

to be sufficiently detailed.
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A third recommendation is that studies of materials usage, main-

tenance policies and procedures, and transport technology and their

change over time in highway construction and operation in the U.S. be

made; the impact of this overall technology change might then be bet-

ter understood, with the results of this study of the technical pack-

ages of construction being reasonably encouraging, at least in terms

of past trends. Knowledge of past trends and future expectations is

of importance in all of these areas. The modification and use of ex-

isting or development and use of new surfacing materials, for example,

is perceived to be necessary for further advances in equipment as well

as in materials conservation. User costs constitute such a major

share of total project costs that studies in the area of transport

technology and its development are clearly warranted; also important

is the expansion of the data base pertaining to the estimation of road

surfac i deterioration and the impact of design standards and surface

conditions on road user costs, making more feasible the development

of more sensitive models for measuring user costs.

Investigation of the role of technology in other sectors of the

construction industry in the U.S. and elsewhere and its influence on

productivity and efficiency and product quality and cost constitutes

the fourth recommendation for further research. This is of importance

in terms of indicating the direction of technology advance in the past

and its potential in the future in these sectors in the U.S. and other

developed countries; in the case of developing countries, it is of use

in terms of assessing the potential appropriateness of various technical
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packages. Other areas of heavy construction provide some interesting

possibilities for research; in the case of tunneling, for example, the

main thrust of technology change has occurred more recently, with re-

search in the area potentially guiding its future path. Building con-

struction is also of interest, particularly in light of the criticism

it receives for being slow to adopt advances in technology. The study

of technology and productivity in this sector of construction, even

narrowing the scope to a single type of building like federal office

buildings, is more complex, however, due to the large number of steps

in the construction process and difficulties in the measurement of out-

put in quantity, quality, and use terms.

The fifth and final recommendation pertains to developing countries

and the additional testing and evaluation of the implications of the

research at hand for the developing situation. First and foremost is

further testing with regard to the range of economic conditions under

which the more labor-intensive technical packages of the 1920's appear

to be economic. At the same time it is appropriate to try to alleviate

some of the more relevant and restrictive limitations, omissions, and

simplifying assumptions discussed under the second recommendation. In

view of the small scale projects common in developing countries, for

example, explicit inclusion of mobilization and other fixed costs as-

sociated with heavy equipment as well as more realistic utilization

rates for such equipmcnt seems appropriate; such adjustments would,

of course, tend to strengthen the case supporting the use of the 1920's

technical packages. Also of importance is investigation of alternative

275



means of improving productivity, perhaps via management, organization,

and supervision, tools and simple mechanical aids and the skills neces-

sary to use them, and general physical and social well-being of the

workers; in a couple of the case studies reviewed in Section 2.21

(e.g., IBRD-III [38,39,40] and ILO-Philippines [43]), field studies

and demonstration projects are successfully used in the development,

testing, and implementation of such measures to improve labor produc-

tivity. In line with recomrendation three above, further study is also

needed in the areas of materials usage, maintenance policies and tech-

nology, and, probably most importantly, transport technology in the

developing countries, if project costs are to be minimized. Of inter-

est, too, as noted at various points throughout the study, is the po-

tential for labor-capital substitution in maintenance, materials pro-

duction, and major and minor structures construction.
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APPENDIX B

CONSTRUCTION TECHNOLOGIES AND 4OSTS

B.1 Resource Productivities

The productivities of the labor, equipment, and materials included

in each technical package are usually derived from a variety of sources,

generally at the activities level, under typical institutional and environ-

mental conditions, for each stage of construction for the 1920's, 1950's,

and 1970's. In order to remain consistent and logical throughout the course

of deriving the various resource productivities, certain assumptions were

ma-ci at the outset and as necessary throughout this phase of the work.

The more generally applicable assumptions are discussed in Section 5.11,

while discussion of the stage-specific assumptions is left to Section B.12,

where sample calculations of the productivity figures for the various

stages of construction are given. These sample calculations serve to

demonstrate the estimation procedure and also to give an indication of

the range in quality and detail found in the original data; a sample is

given for each stage of construction, except in the case of excavation/haul-

ing, where three are given, one for each technology period, since the range

of technical packages reviewed is so broad, and in the case of surfacing,

where a sample is given for each of the three materials. Table B.1I in

Section B.13, then, lists the full set of estimated resource requirements

of each technical package for all stages and all three technology periods,

as well as identifying the sources for each package. A complete list of

sources for this appendix is given in Section B.3. All assumptions and
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productivity estimations are made with the project-level analysis in

mind.

B.li General Assumptions

As the study is limited to the U.S., it seems appropriate, within

reason, to assume that the health and nutritional conditions, work atti-

tudes, and basic quality of the workforce are relatively uniform, the

equipment is reasonably fully utilized, the necessary amenities for labor

and maintenance and repair facilities for equipment are available, and

the work is generally performed on a contract basis and payment of labor

is by the hour. The climate is taken as temperate.

Throughout the analysis, normal productivity figures are used as opposed

to peak or actual; management is thus assumed to be average to good, and

an allowance for the human factor, in the form of minor delays which are

generally unavoidable on any job, is included, while major delays, which

tend to be highly variable among jobs and are often weather or management-

related, are excluded. A default working efficiency factor of 80 percent

(i.e., a 48-minute hour) is used when one is not specified for a particular

operation; in cases where data is in the form of actual productivities, a

default factor of 125 percent is applied to bring the figures up to the level

of normal productivities (21, 37, 44, 45). Where the workforce is predomi-

nantly unskilled laborers, mostly arising in the 1920's technical packages,

one supervisory person (treated as a skilled laborer) per a crew of ten or

so men is assumed (26). Finally, parameters of time to complete the job and

project scale are not considered, as they are beyond the scope of this analy-

sis, and the necessary data appears to be largely unavailable.
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B.12 Sample Calculations of Resource Productivities

Site Preparation: Site preparation consists of brush, tree, and stump

removal and burning of the debris; it is measured in hectares or acres,

generally including the road and borrow areas. Vegetation is assumed to

be medium, with 100 trees/acre averaging 10 in. in diameter (22, 86). For

certain site preparation technical packages (e.g., 1950 tp 31), as in the

spreading/compaction and surfacing stages, the width of the road may be a

factor in resource productivity; in such cases the productivity data for

the two road widths designed in Section 3.2 are calculated and averaged to

get a figure relatively independent of road width. In the case of site

preparation, average cleared widths of 60 ft and 75 ft are assumed for the

two design standards, averages being based on the widths obtained under

various excavation/hauling scenarios.

Example-1970 Site Preparation Technical Package 21: Dodge (22) cites

the following productivities for a 90 fwhp crawler bulldozer, 4 chain saws,

1 pickup truck, handtools, I skilled laborer, and 6 unskilled laborers:

Clearing trees less than 6 in.
in diameter - 3 acres/8 hr day

Grubbing and disposing of (burn-
ing) stumps less than 6 in.
in diameter - 6 acres/8 hr day

Clearing, grubbing, and dispos-
ing of trees greater than or
equal to 6 in. in diameter - 1.5 acres/8 hr day

Peurifoy (57) gives productivity for a 93 fwhp crawler bulldozer with un-

specified crew as follows:
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Felling trees 2.18 hrs/acre (49%)
Stacking trees 0.53 hrsfacre (12%)
Burning 1.75 hrs/acre (39%)

Total 4.46 hrs/acre

33.3 gal of fuel per acre used in burning

Assuming the site has 100 trees per acre and their diameters are

normally distributed with mean 10 in. and standard deviation 5, there

are 33 trees less thai 6 in. in diameter and 67 trees with diameters

greater than or equal to 6 in. From Dodge:

Clearing trees less than 6 in.
-2.67 hrs/acre x 33% = 0.88 hrsfacre

Grubbing and burning above trees
-1.33 hrs/acre x 33% = 0.44 hrs/acre

Clear, grub, and dispose of trees
greater than or equal to 6 in.
-5.33 hrs/acre x 67% = 3.57 hrs/acre

Total time to clear and grub 100 trees 4.89 hrs/acre

The average of this figure with that from Peurifoy is 4.67 hrs/acre.

In order to get individual productivities for equipment and labor,

the process is divided into activities using the percentages given in

Peurifoy and the crew given in Dodge. It should first be noted that in

site preparation, as in excavation/hauling and in the spreading activity

of the spreading/compacticn and surfacing stages, handtool packages appro-

priate to the task at hand are assembled and an average initial cost and

life for each set estimated; handtool hours, then, are allocated on the

basis of man-hours of using the handtools, with each unskilled laborer

using no other equipment in a particular task being given such a package.

Brushing and tree removal:
49% of 4.67 hrs/acre = 2.29 hrs/acre
Equipment: 1 70 dbhp crawler

tractor (644) 2.29 hrs/acre
1 8 ft dozer blade (614) 2.29 hrs/acre
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Equipment: 4 chain saws (236) 9.16 hrs/acre
Crew: I skilled laborer 2.29 hrs/acre

4 unskilled laborers 9.16 hrs/acre

Stacking: 12% of 4.67 hrs/acre = 0.56 hrs/acre
Equipment: 1 70 dbhp crawler

tractor (644) 0.56 hrs/acre
1 8 ft dozer blade (614) 0.56 hrs/acre
1 pickup truck (336) 0.56 hrs/acre
6 handtools (209) 3.36 hrs/acre

Crew: 1 skilled laborer 0.56 hrs/acre
7 unskilled laborers 3.92 hrs/acre

For burning, Peurifoy cites a different productivity with each of three

examples. The average of these three figures is used, rather than the

result of applying a percentage (39%) to 4.67 hrs/acre as is done for the

other activities; this is to keep the burning productivity the same across

all three 1970's technical packages since it is always done the same way.

Burning: 1.75 hrs/acre
Equipment: 6 handtools (209) 10.5 hrs/acre
Crew: 6 unskilled laborers 10.5 hrs/acre

3/4 foreman 1.31 hrs/acre
Material: kerosene (823) 33.3 gal/acre

Excavation/Haulinc: Loosen and load constitute the first part of

excavation/hauling, while load, haul, unload, and return constitute the

second ; the units of measure are bank cubic meters or bank cubic yards,

where the materials may be from cuts for the road itself or from borrow areas

and may be going to the embankment or to spoil. Ordinary/common soil and

no rock is assumed, with the soil requiring only a limited amount of

loosening; an expansion factor of 25 percent is assumed for this material,

which means that output in bank measure is 80 percent of that in loose

measure (21, 26, 68). The soil is later made more specifically silty

clay as this is one of only a few materials for which a relationship could

be found in the literature between the amount of compaction and subgrade

strength.
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The condition of the haul route is assumed to be average to good,

while the distance is allowed to vary. A total of 7 haul distances*

ranging from 6M (2Oft) to 800 M (2625 ft) are derived for the two basic

road designs under various borrow situations in Section 3.2; these fall

into three groups of haul distances represented by 6, 100, and 800 M

(20, 330, and 2625 ft) in the stage-level analysis. The origir -1plan had

been to use a simple equation for the hauling activity, with both a con-

stant and distance-dependent component, but this proved infeasible for

much of the 1950's and 1970's equipment where data is sufficiently de-

tailed as to show variations in haul speed with the distance traveled;

productivities are thus calculated for each individual haul distance.

The productivity of elevating graders (1920 tp 8-7, 9-7; 1950 tp 4-2,

4-4), in particular, is dependent upon the length of the cut in which

they are working, 450 ft being assumed as it appears to be a comon size;

such equipment is generally used in borrow pits, as its turning radius

is also quite large (31, 33, 56, 77). It thus follows naturally that

a minimum haul distance associated with such excavating equipment would

be 200 ft or so.

Exam le 1-1920 Excavation/Haulin Technical Package 1-1: The most

labor-intensive excavation/hauling method employs men with handtools (picks

and shovels) for loosening and loading and men with wheelbarrows for trans-

*The project-level analysis requires an additional, essentially no haul
(2 M or 7 ft) situation in the form of ditch excavation; for the 1950's
and 1970's a special technical package (1950 tp 11-0; 1970 tp 14-0) is
defined for this, while for the 1920's any package up to and including
6-5 can be used.
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porting the earth. Data for loosening is as follows:

Material Productivity Source

common loam 4 bcy/hr Arthur (12)
light sand 6 bcy/hr Arthur (12)
medium soil 2-4 bcy/hr Pulver (58)

average 35-40 bcy/10 hr day Gillette and Black (26)

Converting these numbers to units of hr/bcy and averaging gives 0.255 hrfbcy

for men loosening soil with handtools.

The data for loading is given in both bank and loose measure:

Material Productivity Source

common earth 1-1.25 bcy/hr Arthur (12)
loose earth 2 lcy/hr Arthur (12)

sand 0.40-0.80 hr/lcy* Pulver (58)
loam 0.40-1.00 hr/lcy* Pulver (58)

medium soil 0.50-1.00 hr/lcy* Pulver (58)

Converting loose to bank measure by multiplying by 0.80 and inverting

where necessary, the data becomes:

0.889 hr/bcy
0.625
0.750
0.875
0.938

average - 0.813 hr/bcy

This is the productivity for men, handtools, and wheelbarrows during

loading.

Finally, for the hauling, Pulver (58) gives the capacity of a wheel-

barrow as 0.07-0.12 bcy and the speed as 75-125 fpm loaded and 100-175 fpm

empty. Averaging, the wheelbarrow will hold 0.095 bcy and has a speed of

*These figures are for a lift height of 4 ft or less, which is appropriate

for both the wheelbarrow and handcart modes of transport.
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119 fpm. In addition, the same source gives the dump time as 0.20-0.30

min, for an average of 0.25 min. The productivity of the wheelbarrow for

the haul, dump, and return cycle is thus 6oim0.25 min/lobcy/Tad
1.0 -l4hr/load-ft traveled -3lo

or 0.0439 hr/bcy plus 1.40 x 10 hr/load-ft traveled or 2.96 x 10-3 hr/bcy0.095 bcy/load

per ft of haul distance.

Final productivities are as follows:

Handtools (202) 0.255 hr/bcy - loosening
0.813 hr/bcy - loading

1.068 hr/bcy - total

Wheelbarrow (301) 0.813 + 0.0439 + 2.96 x 10-3 x (Haul distance)

6 M/20 ft 0.916 hr/bcy
100 M/330 ft 1.83 hr/bcy
800 M/2625 ft 8.62 hr/bcy

Unskilled labor - productivity of handtools plus that of
wheelbarrow less the t.me for loading
(0.813 hr/bcy)*

6 M/20 ft 1.17 hrfbcy
100 M/330 ft 3.09 hrfbcy
800 M/2625 ft 8.87 hr/bcy

Skilled labor - 1 supervisory person per 10 unskilled men
except during actual transport or 0.111
hr/bcy

Example 2 - 1950 Excavation/Hauling Technical Package 2-2: The cycle

for the power shovel is load bucket, swing to haul vehicle, dump load into

vehicle, and return to excavation site. The U. S. Bureau of Public Roads

*In labor-intensive operations where the transport equipment is separate
from the excavating equipment (as in 1920 tp 1-1, 1-2, 2-1, 2-2, 3-1, 3-2),
it is reasonable to assume that during loading the man operating the trans-
port vehicle either assists in the loading operation or leaves the vehicle
to be loaded by others while he moves an already loaded vehicle.
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production studies (77) include the following data for five 2 cy power

shovels loading earth:

Average dipper load 1.4 bcy

Average productivity (production/net
available working time - i.e., normal
productivity) 121.3 bcy/hr

One may then calculate dipper loads per hour and productivity in hours

per cubic yard:

1.4 bc/dier load = 86.6 dipper loads/hr

1/121.3 bcy/hr = 0.00824 hr/bcy

Peurifoy (56) states that a 2cy power shovel, with 90* swing, under

excellent management and job conditions, at its optimum face height (10.2 ft),

operating in good common earth, has a productivity of 300 bcy/hr. This

should be reduced by 20% for operation at 40% of optimum heightt , and by

25% for average to good management and job conditions:

0.80 x 075 x 300 = 180 bcy/hr or 0.00556 hr/bcy

At an average dipper load of 0.80 x 2.0 cy = 1.6 bcy, this is equivalent

to:

1. bcy/d= 112.5 dipper loads/hr
1.6 bcy/dipper load

To arrive at a final productivity for the power shovel (232) and its

skilled operator, the two figures derived above are averaged: 0.00691 hr/bcy.

*A power shovel can only be effectively used in deep cuts along the road or
in borrow pits; cuts along the road could vary in depth, but those in borrow
pits are assumed to be some 9 feet, restricted to such depth since it as-
sumed that just common/ordinary soil is being borrowed from pits reasonably
near the road and that this is about as deep as such soil might be expected
to go.
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Also involved in the excavation and loading process is the haul vehicle,

which in this case is a 20 ton, 15cy rear dump truck. Its productivity

during loading is the same as that of the power shovel, since its loading

time is constrained by the speed of the excavator. The rest of the cycle

for the truck is haul, dump, turn, and return. Depending on the operat-

ing conditions, Kellogg (46) cites 1.50 and 2.00 min for dumping and turn-

ing, while Stubbs (63) gives 1.00 and 1.30 min for the same activities. The

average of these four figures is 1.45 min and adding 25 percent for delays

results in a time constant of 1.81 min. This is equivalent to:

1.81 min/load = 0.00201 hr/bcy
60 min/hr x 15 bcy/load

Kellogg, Peurifoy, and Stubbs each give several figures for truck maxi-

mum travel speed. For this study, round numbers in the center of the range

were chosen. Hence, 30 mph and 18 mph were used for maximum travel speeds

empty and loaded, respectively. Reduction factors from Stubbs were ap-

plied to account for the extent to which acceleration and deceleration

times affect the average speed for each haul distance. The final speeds

used are:
Average Speed (mph)

Haul Distance Loaded Empty

6 M/20 ft 3.6 6.0
100 M/330 ft 3.6 6.0
800 M/2625 ft 10.7 17.9

Final productivities consist of the loading time (0.00691 hr/bcy) and

the time constant (0.00201 hr/bcy) plus a distance dependent component.

For the 20 ft and 330 ft hauls, the average speed is 4.8 mph or 422 fpm.

This becomes 2.63 x 10-6 hr/bcy per ft traveled or 5.26 x 10-6 hr/bcy per

ft of haul distance. Similarly, for the 2625 ft haul, the speed is 14.3

mph which is equivalent to 1.77 x 10-6 hr/bcy per ft of haul distance.
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The final productivities for the various distances for both trucks (333)

and their skilled drivers are:

Haul Distance Productivity (hr/bcy)

6 M/20 ft .00691 + .00201 + 20 (5.26 x 10-6) 0.00903

100 M/330 ft .00691 + .00201 + 330 (5.26 x 10-6) - 0.0107

800 M/2625 ft .00691 + .00201 + 2625 (1.77 x 10-6) 0.0136

Example 3 - 1970 Excavation/Hauling Technical Package 9-12: This exca-

vation method employs a wheel scraper, which has a capacity of 14 lcy

struck or 20 lcy heaped and a 300 fwhp, two wheel tractor as its prime

mover. In addition, a 270 fwhp bulldozer is used as a pusher during

loading. Havers and Stubbs (34) cite the following data for this size

scraper:

Average payload 16.0 bcy

Average time to load 0.68 min
Fixed time at dump (turn
and dump) 0.70

Turn time at excavation 0.25

Total 1.63 min

Adding 25% for delays to the total, the time constant becomes 2.04 min,

which is equivalent to a productivity of:

2.04 min/load 0.00213 hr/bcy
60 min/hr x 16.0 bcy/load

To this must be added the distance dependent portion of the cycle time.

Day (18) uses 0.4 min and 0.7 min as acceleration, deceleration, and

braking times for shifting between first and second and between first and

third gears, respectively. For a 14/20 cy scraper operating on a 4 percent

effective grade (equivalent to flat terrain and 80 lb/ton rolling resis-

tance), Caterpillar (21) gives maximum speeds of 21.0 mph (1848 fpm) loaded

and 29.5 mph (2596 fpm) empty, and an average of 4.3 mph (378 fpm) in low

gear.
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For the 20 ft haul, done in low gear, and therefore necessitating

no gear changes, the effective speed is 4.3 mph or 378 fpm. Thus:

2.64 x 10-3 min/load-ft traveled 2.75 x 106 hr/bcy per ft

60 min/hr x 16.0 bcy/load of distance traveled or,

2.75 x 10-6 x 2 = 5.51 x 10-6 hr/bcy per ft of haul distance

For a distance of 330 ft, hauling is done in second gear. The ef-

fective speed is obtained by dividing the distance traveled by the total

time, which includes travel time and acceleration, deceleration, and

braking time:

330 ft = 570 fpm = 6.5 mph
330 ft + 0.4 min

1848 fpm

The return trip may or may not be made in third gear. If it were, the

effective speed would be:

330 ft = 399 fpm = 4.5 mph
330 ft + 0.7 min

2596 fpm

Since this is slower than the haul speed, the return trip is also made

in second gear, at 6.5 mph. A calculation similar to the one shown

above for the 20 ft haul results in a productivity of 3.65 x 10-6 hr/bcy

per ft of haul distance.

Finally, for the 2625 ft haul, there are different speeds for haul

and return. For haul, the speed is:

2625 ft = 1442 fpm
2625 ft + 0.4 min
1848 fmp

and for the return the speed is:

299

I '



2625 ft = 1534 fpm
2625 ft + 0.7 min
2596 fpm 0

The average of these two numbers is 1488 fpm or 16.9 mph, which is

1.40 x 10-6 hr/bcy per ft of haul distance.

The final productivities for the scraper/two wheel tractor combin-

ation (651) and a skilled operator for each haul distance are:

Haul Distance Productivity (hrs/bcy)

6 M/20 ft 0.00213 + 20(5.51 x 106) = 0.00224
100 M/330 ft 0.00213 + 330(3.65 x 10~6) = 0.00334
800 M/2625 ft 0.00213 + 2625(1.40 x 10-6) = 0.00581

The amount of time the pusher is used depends on the total cycle

time which, in turn, depends on the haul distance. The cycle time for

the pusher is load time plus exchange time, which is the time for it

to go from one scraper to the next. For example, it takes

2625 ft x 2 + 2.04 min or 5.57 min
1488 fpm

for a 14/20 cy scraper to load, haul, dump, and return 2625 ft. At this

distance, the pusher cycle is 0.68 min to load plus 1.00 mmin to exchange.

One pusher bulldozer can thus service - 3.3 scrapers. Rounding

this ratio to one pusher for three scrapers, the productivity of the

pusher and its operator in hrs/bcy is one-third that of the scraper.

For the other haul distances, one pusher can service only two scrapers,

making its productivity half that of the scraper. Final productivities

for the pusher bulldozer (616,653) and its skilled operator are:

Haul Distance Productivity (hrs/bcy)
6 M/20 ft (1/2) x .00224 = .00112

100 M/330 ft (1/2) x .00334 = .00167
800 M/2625 ft (1/3) x .00581 = .00194
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Spreading/Compaction: Spreading/compaction is made up of the acti-

tivities spread, compact, and finish; it is measured in bank cubic meters

or bank cubic yards and pertains to subgrade materials coming from cuts

for the road or from borrow areas and going to fills for the embankment.

Some 95 to 100 percent of standard AASHO compaction, achieved at some 2

percent of the optimum moisture content, appears to be an acceptable level of

compaction for embankments in recent years (35, 87, 91, 93); that is, the

ratio of the actual dry density of the compacted soil to the maximum dry

density obtainable in standard lab tests, achieved at - 2 percent of the

optimum moisture content, is .95 - 1.00 with .98 being used in the cur-

rent study. Taking the mass and cross-sectional area as constants, density

becomes proportional to the inverse of the thickness of the layer, or

actual dry density _ 1/(actual thickness) = 98
optimal dry density l/(optimal thickness) -

A shrinkage factor of 20 percent appears to be the best obtainable for

common/ordinary soil, resulting in a compacted to bank ratio of 0.80 and

a compacted to loose ratio of 0.64 (21). The optimal thickness is thus

64 percent of the loose thickness while the actual thickness is the com-

pacted thickness; thus:

l/(compacted thickness) = .98, or
1/(.64 loose thickness)

compacted thickness = .65 (loose thickness)

Loose layers of 9 in. appear to be commonly used and are thus assumed,

resulting in 5.9 in. compacted layers (35, 87, 91, 93).

Such compaction is standardly achieved by the rollers of the 1950's

and 1970's, and data is generally available on the number of passes re-

quired to do so at or near the optimum moisture content. Data on compac-
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tion for the 1920's is particularly sparse, however; by means of a British

publication (61), among others (15, 35), which relates material dry density

to number of passes for a few materials at or near optimum moisture con-

tent and a couple of rollers, it is determined that the powered roller of

the 1920's might reasonably achieve 98 percent compaction, while the horse-

drawn roller requires an inordinate number of passes (29) to do so. ResourcE

requirements for the horse-drawn roller are thus determined for two levels

of compaction, 98 and 93 percent, the second being achieved with 6 passes,

the same number as is required by the 1920's powered roller to achieve 98

percent compaction; 93 percent compaction represents a compacted to loose

ratio of 69 percent, or a 9 in. loose layer compacted to 6.2 in. At the

project-level, then,the trade-offs among subgrade strength, surface design,

and product quality (as measured by maintenance and user costs) can be

investigated to some extent.

Example - 1950 Spreading/Compaction Technical Package 31: This pack-

age makes use of a 10 ft blade grader for spreading and leveling and a

sheepsfoot roller drawn by a 70 dbhp crawler tractor for compacting. Stubbs

(63) gives the following basic equation for time (in hrs) required to grade

a givem length of road:

_ N x D
S x E

where N = Number S = Effective speed (mph)

D = Distance (mi) E = Efficiency factor

The number of passes required depends on the effective width of the grader,

the width of the road, and the number of passes over any given spot neces-

sary to satisfactorily spread and level the earth. The roads considered
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here are 28 ft and 40 ft wide at the bottom of the fill layer and 24 ft

and 36 ft wide at the top. Peurifoy (56) suggests using 75 percent of

the blade length as the effective width of the grader to account for the

tilt of the blade. Allis-Chalmers (8) cites 3 passes per layer as suffi-

cient for a blade grader spreading earth. Therefore, the total number

of passes required is either:

Passes to Cover Passes/Layer

28 ft x 3 = 4 x 3 = 12 passes, or
.75 x 10 f t

40 ft x 3 = 6 x 3 = 18 passes
0.75 x 10 ft

In order to make the results somewhat road independent, the average of

12 and 18 or 15 passes is used. Kellogg (46) suggests spreading is done

in first or second gear at speeds of 1.83 mph or 3.80 mph. Averaging

these numbers results in a speed of 2.81 mph. Stubbs gives dn efficiency

factor of 0.60, and Kellogg uses 0.75. The average of these, 0.68, is

used and is assumed to account for turns as well as delays. Therefore,

no further reduction of travel speed is necessary. The time required to

spread and level earth for one mile of road is:

T = 15 passes x 1 mi/pass = 7.85 hrs
2.&l mph x 0.68

The thickness of the spread layer is 7.2 in. bank measure, making

the volume of the earth spread in 7.85 hrs:

7.2 in. 26 ft + 38 ft x 1760 yd = 3755 bcy
36 in./yd 2 x 3 ft/yd

This is equivalent to a final productivity of 0.00209 hr/bcy for the

grader (420) and its skilled operator.
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The sheepsfoot roller is commonly used as two 4 ft drums mounted

side-by-side and pulled by a tractor. The basic equation for roller

productivity, given by the U.S. Department of the Army (94), is:

Productivity (hrs/bcy) = NL x W x S x E
where N = Number of passes per layer

L = Lift thickness (yd, bank measure)
W = Effective width of roller (yd)
S = Effective speed (yd/hr)
E = Efficiency factor

Data from Allis-Chalmers (8), Peurifoy (56), and Walker (88) suggest

that the number of passes should be 10. As in spreading, the lift thick-

ness is 7.2 in. or 0.20 yd (bank measure). The effective width of the

two rolls is 8 ft minus 1.5 ft for overlap of passes, which is 6.5 ft

or 2.17 yd. Alvis-Chalmers and Walker cite travel speed as 2.5 mph.

For a 1500 ft pass length, with a 0.5 min turn time as given by Kellogg

(46), the effective speed is:

1500 ft = 206 fpm = 4118 yd/hr
1500 ft + 0.5 min

2.5 mph x 88 fpm/mph

The efficiency factor is 0.80, or 25 percent delays. The final produc-

tivity of the roller (502), tractor (641), and skilled operator is:

10 passes 0070h/c
0.20 yd x 2.17 yd x 4118 yd/hr x 0.80 = 0.00700 hr/bcy

Surfacing: The activities involved in surfacing vary with the mat-

erial, as does the quality of the final product: the activities involved

in materials production and transport to the site are includedin the cost

of the materi al rather than as a surfaci ng acti vi ty. The resource producti v

ities associated with the various materials are assumed to be the same regard

less of whether the material is used as a subbase, or surface; an exception to tt
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is double bituminous surface treatment, where the quantity of primer

used on a waterbound macadam base is estimated to be half that used

on a gravel one. In deriving materials productivities, an extra 5 percent

is included to account for losses in haulage and construction (41). Labor

and equipment productivities are based on materials in place, and thus

on materials productivity before inclusion of the loss factor. An

effort is made to base the derivation of materials productivity on

designs generally spanning all three technology periods.

Gravel Surfacing: Spreading, compacting, and finishing the gravel

constitute gravel surfacing, given the assumption that the gravel is

purchased and arrives on the site properly mixed and with a moisture con-

tent such that it can be spread and rolled without any sprinkling. Com-

pacted cubic meters or compacted cubic yards are the units of measure.

Some 100 to 105 percent of standard AASHO compaction, achieved at some

2 percent of the optimum moisture content, appears to be an acceptable

level of compaction for well-graded gravel subbases, bases, and surfaces

in recent years (35, 70, 87); as in the spreading/compaction stage above

then,

1/(actual thickness) = 1.02
1/(optimal thickness)

An expansion factor, from bank to loose measure, of some 14 percent

appears to be common, while a shrinkage factor, from bank to compacted

measure, of some 14 percent appears to be the best obtainable for well-

graded gravel (21); the result is a compacted to bank ratio of 0.86 and

a bank to loose of 0.88, or an optimal compacted to loose ratio of 0.76.
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Thus: l/(compacted thickness) = 1.02, or
1/(.76 loose thickness)

Compacted thickness = .75 (loose thickness)

Loose lifts of 6 to 8 in. appear to be common (50, 54, 87, 93) except

that the British publication (61), used in estimating the number of passes

for the 1920's compaction equipment, uses 9 in. lifts. Since the pro-

ductivities based on 9 4n. loose lifts seem rather high, the number of

passes indicated by the British publication are used for the 1920's,

but 7.5 in. loose lifts are assumed as a compromise. Compacted lifts

are thus 5.6 in., which is reasonably compatible with the gravel thick-

nesses designed in the project-level analysis.

Although the degree of compaction might again be allowed to vary,

as in the spreading/compaction stage, compaction in the range of 100 to

105 percent -tandard AASHO can reasonably be achieved by all rollers in

the study (e.g., the horsz-drawn roller of the 1920's takes 16 passes

tiile Lhc. powered one of that priod takes 9 [15, 35, 61]). This variable

is thus assumed constant for surfacing.

As for materials productivity, this follows directly from the com-

pacted toloose ratio of 0.75, which inverted becomes 1.33. Adding 5 per-

cent for loss results in a materials productivity of 1.40 loose cubic

yards of gravel (830) per compacted cubic yard of gravel.

Example - 1970 Gravel Surfacing Technical Package 22: The methods

used for gravel surfacing are similar to those used for spreading and

compacting earth. This particular method employs a 385 fwhp crawler tracto

with a 14 ft bulldozer blade for spreading and a 25 ton self-propelled,

pneumatic roller for compacting. The equations for determining the pro-

306



ductivity of the bulldozer are the same as those used for the blade gradE

in the previous example. Thus the time to spread (in hours) is:

T N x D
* S x E

where N = Total number of passes
D = Distance (mi)
S = Effective speed (mph)
E = Efficiency factor

The blade grader takes 3 passes per layer to achieve satisfactory spread-

ing (8). Assuming the bulldozer is less suited to the task of spreading

than is the grader, it must make more passes per layer; 4 passes per layE

are thus used. The two roads with gravel surfaces are 24 ft and 36 ft

wide at the bottom of the gravel layer. The 14 ft bulldozer blade must

make two passes on the narrow road and three passes on the wide one for

complete coverage, resulting in total numbers of passes of 8 and 12. As

with earthworks, the average number of passes, in this case 10, is used

to make the results somewhat road independent. In determining the trave"

speed, it is assumed that gravel is easier to spread than is soil; there-

fore, second gear, rather than first, is used. Caterpillar (18) gives

this speed as 4.0 mph. Havers and Stubbs (34) state that the time for

one gear shift (forward to reverse) is 0.05 min for a power shift vehicle

Using a pass length of 100 ft, based on the way in which a bulldozer

spreads materials, the effective spreading speed is:

100 ft = 299 fpm = 3.4 mph
100 ft +00 i

4 mph x 88 fpm/mph + 0.05 mi

Efficiency is taken as 80 percent, and the total time to spread gravel

over 100 ft is thus: 100 ft/pass
T = 10 passes x 5280 ft/mi = 0.070 hrs

3.4 mph x 0.80
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The lift thickness is 7.5 in. loose or 5.6 in. compacted. The volum

gravel spread in 0.070 hrs is:

5.6 in. 24 ft + 36 ft 100 ft = 51. 0cy
36 in/yd X 2 x 3 ft/yd x 3 ft/yd

The final productivity for the tractor (654), blade (617), and skilled op-

erator is thus 0.00134 hr/ccy.

The productivity of the pneumatic roller is computed in the same way

as that of the sheepsfoot roller discussed above:

N
Productivity (hr/ccy) = L x W x S x E

where N = Number of passes per layer
L = Lift thickness (yd, compacted measu
W = Effective width of roller (yd)
S = Effective speed (yd/hr)
E = Efficiency factor

Due to the spacing of tires on the roller, two passes over the same area

are required to make one complete coverage. Moavenzadeh (50) indicates

that 3 complete coverages or 6 passes are necessary to achieve a satisfac-

tory level of compaction. Havers and Stubbs list specifications for seve

pneumatic rollers. The average width is 86 in. from which 18 in. is sub-

tracted to account for overlap, resulting in an effective width of 68 in.

The same source also cites and average travel speed for this size pneuma-

tic roller as 5.0 mph. Assuming a 1500 ft pass length and using Day's (2

figure of a 20 ft turning distance, the effective speed is:

15005ft +t20 ft -= 434 fpm = 8680 yd/hr = 4.93 mph

5 mph x 88 fpm/mph

The efficiency factor is 80 percent. The final productivity for the

roller (537) and its skilled operator is thus calculated as follows:

.6 6 passes = 0.00294 hr/ccy

35.6 in. yd" 368 in. yx 8680 yd/hr x 0.80
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Waterbound Macadam Surfacing: The construction of waterbound maca-

dam consists of spreading very coarse crushed rock (1/2-2 1/2 in.), com-

pacting, spreading screenings (No. 100-3/8 in.), and sprinkling, compact-

ing, and finishing; it is measured in compacted cubic meters or compacted

cubic yards. According to the sources discussing waterbound macadam in

the 1920's (15, 26), which is when it was most commonly used, nearly

a hundred passes are necessary in the final compaction activity in order

to properly float the mixture of screenings and water between the crushed

rock as a binder; unfortunately, there is no indication of the surface

behavior if less compaction is used, so this parameter could not be varie

For the 1950's and 1970's, there is a paucity of data on the compaction

of waterbound macadam. On the basis of 1920's data (15), it is thus

assumed that 8.5 times as many passes are required on the screenings laye

as on the coarse crushed rock layer, where the number of passes on the

latter is taken as equal to that required for compacting gravel (thick-

nesses are about the same - gravel: 7.5 in. loose, coarse crushed rock:

7.8 in loose).

As for the specific materials productivities, these come from Gillet

and Black (26) but they correspond closely to those discussed by more

recent highway engineering sources (54, 60, 91). A compacted thickness

of 6 in. is typical for waterbound macadam. For the coarse crushed rock,

in. of loose material is placed, yielding a loose to compacted ratio of

1.30, which grows to 1.37 with the inclusion of the 5 percent loss factor

1.8 in. of screenings are placed, yeilding a loose to compacted ratio of

0.30, or 0.32 with the loss factor included. Final materials productivit
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are thus: Productivity (qty/ccy of wbm)

Material w/o loss factor w/ loss factor

coarse crushed rock (831) 1.30 Icy 1.37 icy
screenings (832) 0.30 Icy 0.32 icy

water (833) 60 gal 63 gal

Example - 1920 Waterbound Macadam Surfacing Technical Package 111:

This method involved spreading stone and screenings with shovels and rakes,

rolling with a 10 ton, 3-wheel roller, and sprinkling with a horse-drawn

water wagon. Gillette and Black (26) give the following data for spread-

ing loose stone by hand:

25 icy in 10 hrs
28 Icy in 10 hrs
25 Icy in 10 yrs
22 icy in 10 hrs

The average of these numbers is 25 icy in 10 hrs or 0.40 hr/icy. Given that

there are 1.30 icy of coarse crushed rock in every cubic yard of finished

macadam, this becomes 1.30 x 0.40 = 0.52 hr/ccy of wbm. This is the final

productivity for unskilled labor using handtools (401) spreading the stone.

For spreading screenings by hand, Gillette and Black indicate that

10 icy may be spread in 10 hrs by one man. This is equivalent to 1.0 hr/icy.

There are 0.30 icy of screenings in every cubic yard of finished macadam,

so the final productivity for unskilled labor with handtools (401) spread-

ing screenings is 0.30 x 1.0 = 0.30 hr/ccy of wbm.

The compaction is accomplished with a 10 ton, 3-wheel roller and

skilled operator. Gillette and Black give 7 and 8 ccy/hr as productivities.

Using the average, 7.5 ccy/hr, and inverting results in 0.133 hr/ccy. After

this figure had been calculated and used in the analysis, more information

on waterbound macadam surfacing was discovered. Blanchard and Drowne (15)
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give the following data for compaction of waterbound macadam on a stone

base:

2.5 in. of 2.5 in. stone 8 - 10 passes
1.5 in. of 1.5 in. stone 10 - 12 passes
0.5 -1.0 in of screenings 80 - 90 passes

The above were compacted to a final thickness of 4 in. Using the averages

cf 10 passes on the coarse material and 85 passes on the screenings, one

may compute roller productivity. The formula used in the two previous

examples requires, in addition to the number of passes, the width and

speed of the roller and the lift thickness. Using an 8 ton, 3-wheel roller

with 70 in. rolls, as described in Soil Mechanics for Road Engineers (61),

and subtracting 18 in. for overlap of passes, results in an effective

width of 52 in. or 1.44 yd. Baker (14) suggests 2-2.5 mph as a speed

and Blanchard and Drowne suggest 2-3 mph. Using the average, 2.4 mph, as

a travel speed and adjusting for turns, assuming 1500 ft pass length and

0.1 min/turn, the effective speed is:

1500 ft = 208 fpm or 4160 yd/hr
1500 ft + 0.1 min

2.4 mph x 88 fpm/mph

The lift thickness is 6 in. compacted measure or 1/6 yd. The productivity

for the roller and operator is, therefore:

95 passes - 0.119 hr/ccy

1/6 yd x 1.44 yd x 4160 yd/hr x 0.80

This is some 90% of 0.133 hr/ccy which was calculated initially. Because

of the closeness of the two numbers and because that calculated first

came from the same source as the rest of the 1920's wbm data and should

therefore be compatible, the original calculation was left unchanged. The

final productivity for the roller (531) and its skilled operator is thus

0.133 hr/ccy of wbm.
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Sprinkiing is done with a 450 gal steel tank mounted on a wagon

which is pulled by 2 horses. Assuming a haul distance of less than one

mile, the roller constrains the productivity of the water wagon ac-

cording to Gillette and Black, making its production rate the same as

that of the roller, 0.133 hr/ccy of wbm.* The final productivities for

the wagon (405) and unskilled driver are thus 0.133 hr/ccy of wbm and

for the horse 0.267 hr/ccy.

The workforce involved in these activities is largely unskilled,

and thus supervisory personnel are needed. Looking at the various

productivity figures, it appears that for each roller, a crew of 7

unskilled men is needed (4 spreading coarse stone, 2 spreading screen-

ings, and 1 sprinkling). One supervisory person is thus assigned for

every two rollers or every 14 unskilled men. The final productivity

of the skilled supervisory personnel is thus:

0.520 + 0.300 + 0.133 - 0.0680 hrs/ccy of wbm
14

Double Bituminous Surface Treatment: Double bituminous surface

treatment involves sweeping the base, spreading the primer bitumen

(light grade), binder bitumen (heavy grade), and quite finely crushed

stone (3/8 to 3/4 in.), compacting very lightly, spreading binder

bitumen (heavy grade) and even finer crushed stone (No. 8 to 3/8 in.),

*In the 1950's and 1970's, it is similarly assumed that the rolling
activity constrains the sprinking activity, but then it is assumed
that one water truck can handle five rollers.
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and compacting very lightly and finishing. Since this is, as its

name suggests, simply a surface treatment, it is measured in square

meters or square yards, having a finished thickness of only some 2.2 cm

(7/8 in.).

A ratio of 1 to 100 for gallons of binder to pounds of aggregate

for each layer appears to be a standard mix for dbst roads; medium cur-

ing, cutback liquid asphalt appears to be a commonly used bitumen.

It is decided to basically follow the Transport and Road Research Lab-

oratory's design for dbst roads given in Road Note 31 (65), since their

surface deterioration models (66) are used in the project-level ana-

lysis, and their overall design is reasonably similar to those given

by both old and new, U.S.-based, highway engineering sources (16,52,

53,91,93). Primer on a gravel base is applied at the rate of 0.40 gal/sy

(including the 5% loss factor, 0.42 gal/sy); on a wbm base it is ap-

plied at the rateof 0.20 gal/sy (0.21 gal/sy).* The first course con-

sists of 0.27 gal/sy (6.28 gal/sy) of binder and 27 lbs/sy (28.4 lbs/sy)

of aggregate (around 5/8 in.); the second course is somewhat lighter,

consisting of 0.22 gal/sy (0.23 gal/sy) of binder and 22 lbs/sy (23.1

lbs/sy) of aggregate (around 3/8 in.).When pricing these materials, it

was found that both grades of bitumen and both sizes of aggregate are

*Only in the 1970's is the productivity data such that different labor

and equipment requirements can be determined for these two different
rates of application of primer; in the productivity data for the 1920s and
1950's technical packages for dbston gravel and dbst on wbm, therefore, the
labor and equipment figures are constant, only the materials figures
change.
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about the same price, so they are lumped together, with the aggregate

being converted to loose cubic yards by applying a factor of 1.35 tons/lcy

(22). Final materials productivities are thus:

Productivity (qty/sy of dbst)
Material w/o loss factor w/ loss factor

dbst on gravel:

bitumen (835) 0.89 gal 0.93 gal
crushed stone (834) 0.0181 icy 0.0191 Icy

dbst on wbm:

bitumen (835) 0.69 gal 0.72 gal
crushed stone (834) 0.0181 icy 0.0191 lcy

Example - 1950 Double Bituminous Surface Treatment Technical

Package 1121: This particular method of constructing a dbst road em-

ploys a drag broom pulled by a 1/2 ton pickup truck, a 1,000 gal

bitumen distributor with its own truck, a 12 ft spreader box attached

to a 10 ton dump truck, and a 5-8 ton tandem roller. Data on the drag

broom comes from the U.S. Bureau of Public Roads production studies (77);

its production is 6,300 sy/hr, including turns but no delays based on

7 passes to cover a 21 ft road. The dbst roads considered here are 16 ft

and 22 ft wide, which should require 6 to 7 passes for complete coverage.

Using the same productivity and applying an efficiency factor of 0.80

results in a production rate of 5040 sy/hr or 0.00020 hr/sy for the

drag broom (440) pickup truck (335) and unskilled truck driver.

The same source gives the following productivities for a 1000 gal

bitumen distributor:
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2.66 mi x 16 ft 3.5 hrs 7146 sy/hr

8.79 mi x 16 ft 12.75 hrs 6473 sy/hr

2.28 mi x 18 ft 188 min 7648 sy/hr

6.00 mi x 18 ft 438 min 8679 sy/hr

0.96 mi x 18 ft 120 min 5069 sy/hr

2.15 mi x 18 ft 172 min 7920 sy/hr

1.90 mi x 18 ft 315 min 3822 sy/hr

3.85 mi x 18 ft 480 min 5082 sy/hr

5.64 mi x 18 ft 585 min 6109 sy/hr

The weighted average of these numbersis 6379 sy/hr, or an affective speed

of 1087 yd/hr or 0.618 mph. This includes all delays, turns, etc.

The distributor is standardly 16 ft wide with extensions available

to make it 18 ft. For the 22 ft road, 2 passes will be necessary to

make one coverage. The time required to do one mile of road will be:

Time 2 passes x 1mi/pass 3.24 hrs
0.618 mph

In one mile there are 1760 yd x 22 ft = 12,97 sy, for a productivity
3 ft/yd

of 3988 sy/hr or 0.00025 hr/sy. For the 16 ft road, one pass will be

sufficient. Productivity may be calculated as above:

Time 1 pass x 1 mi/pass = 1.62 hrs
0.618 mph

and

315



Area = 1760 yd x 16 ftyd=9387 sy,

for a productivity of 5801 sy/hr or 0.00017 hr/sy. The average of these

two is taken, 0.00021 hr/sy, and is then multiplied by 3, since this

activity is done three times in the course of construction. Final

productivity for the distributor (452), unskilled driver, and skilled

operator is thus 0.00061 hr/sy.

Spreading is done with a 12 ft spreader box pulled by a 10 ton,

7 cy truck.* There is one skilled laborer driving the truck, and one

unskilled laborer with handtools riding on the back. The U.S. Bureau

of Public Roads production studies gives the spread speed as 136 fpm,

and the cycle fixed times as:

3.64 min/load - hook up spreader

2.67 min/load - unhook spreader

1.77 min/load - move and maneuver trucks

1.24 min/load - exchange trucks

9.32 min/load - total

For a dbst surface, 0.0181 lcy of aggregate are distributed per square

yard in two applications, for an average of 0.00905 lcy/sy per application.

*In the 1950's and 1970's (the situation does not arise in the 1920's),

in the excavation/hauling stage where the truck is used in hauling

soil, its given volumetric capacity is taken as being bank measure; in
the surfacing stages where it is used in hauling aggregate which is
denser than soil, its given capacity is taken as being loose measure
due to weight limitations.
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The 7 Icy truck, therefore, can do 7 icy or 773 sy/load.
0.00905 icy/sy

For the 16 ft road, done in 2 passes, 773 sy is equivalent to 290 linear

yards. This can be done in 2904d x 3 ft/d 6.40 min. The total

time is therefore:

6.40 min/load - spread time

9.32 min/load - fixed time

15.72 min/load - subtotal

3.93 min/load - 25 percent for delays

19.65 mi.i/load - total

This is the same as 60 mn/hrd = 3.05 loads/hr. Productivity19.65 mmn/load

for this road is, therefore, 3.05 loads/hr x 773 sy/load = 2358 sy/hr

or 0.00042 hr/sy. The 22 ft road is also done in two passes, and 773

sy/load is equivalent to 211 linear yd/load. At 136 fpm, it will take

4.65 min to spread one truck load of aggregate. Total cycle time is

4.65 + 9.32 + 25 percent = 17.46 min/load, which is 3.44 loads/hr.

Productivity for the 22 ft road is 3.44 loads/hr x 773 sy/load = 2659

sy/hr or 0.00038 hr/sy. The average of the productivity for the 16 ft

and 22 ft roads is 0.00040 hr/sy, which must then be multiplied by two

to give0.00080hr/sy, since this activity is done twice; this then is

the productivity of the spreader box (409), truck (332), and skilled

driver and of the unskilled helper with his hand tools (408).

Rollin is done with a 5-8 ton tandem roller as suggested by

Woods (91). For the size and speed of roller, the average of 6 rollers

from a Highway Research Board bulletin (35) is used. The average

width is 50 in., for an effective width of 50 - 18 = 32 in. Average in-

termediate rolling speed is 3.33 mph. Using a pass length of 500 ft

317



and a turning time of 0.10 min (15ft/[l.75 mph x 88 fpm/mph] = 0.10

min), the effective speed is:

500 ft500 ft = 276 fpm or 5520 yd/hr or 3.14 mph

3.33 mph x 88 fmp/mph + 0.10 mi

Stubbs (63) suggests one pass is sufficient for surface rolling dbst.

Using the same basic equation as used above for compacting earth and

gravel, but omitting the lift height factor, gives:

32 in. 1 pass = 0.00025 hr/sy

36in./yd x 5520 yd/hr x 0.80

This activity is done twice, resulting in a productivity of 0.00050

hr/sy for the roller (535) and skilled operator.

B.13 Tables of All Resource Productivities

Table B.1 presents the full set of resource requirements of the

technical packages for all stages of construction in each technology

period; Table B.lA covers the 1920's, B.lB the 1950's, and B.lC the

1970's. Materials productivities for the surfacing stage are given in

the note at the end of each of the three parts, as they are constant

over all technical packages. Data pertaining to the equipment and

materials referred to by number in the table are given in Sections

B.21 and B.22 and Section B.24, respectively. All sources are listed

in Section B.3.
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TABLE B.lA: LABOREQUIPMENT, AND MATERIALS REQUIREMENTS OF THE TECHNICAL PACKAGES FOR ALL
STAGES IN THE 1920'S.

STAGE/TECHNICAL
PACKAGE NUMBER
SITE PREP (ACRE)

LABOR (HRS/UNIT) EQUIPMENT MATERIALS SOURCES
SKILLED UNSKILLED(NO.,HRS/UNIT) (NO.DQTY/UNIT)

11 0.447E 02 0.349E 03 201 0.338E 03 820 O.578E 02 26
601 0.207E 02 821 0.199E 01

822 0.1O3E 01
21 O.884E 01 0.878E 01 201 0.878E 01

602 0.774E 01
630 0.774E 01

26

(A)

WLO



(TABLE B.IA CONTINUED)
TASK/TECHNICAL LABOR (HIRS/UNIT)
PACKAGE NUMBER
EXC/HAUL (BCY)

2M 1-1
1-2
2-1

SKILLED

0.111E 00
0.112E 00
0.907E-01

EQUIPMENT
UNSKILLED(NO.,HRS/UNIT)

0.113E;
0.114E
0.928E

2-2 0.912E-01 0.930E

3-1 0.897E-01 0.918E

3-2 0.902E-01 0.920E

4-3 0.131E-01 0.138E

5-4 0.122E-01

6-5 0.288E-01

1-1
1-2
2-1

0.111E 00
0.112E 00
0.907E-01

0.114E

0.377E

0.1 17E
0. 1 17E
0.966E

2-2 0.912E-01 0.964E

3-1 0.897E-01

3-2 0.902E-01

4-3 0.131E-01

0.956E

0.954E

0. 151E

5-4 0.122E-01 0.120E

6-5 0.288E-01 0.38HE

01 202
01 202
00 202

601
00 202

601
00 202

631
00 202

631
00 203

604
00 203

60.3
00 203

605
01 202
01 202
00 202

601
00 202

601
00 202

631
00 202

631
00 203

604
00 203

603
00 203

605

(NO.,HRS/UNIT)

301
302
203
301
203
302
203
301
20.3
302
601

0.878E 00
0.880E 00
0.250E-01
0.878E 00
0.250E-01
0.880E 00
0.200E-01
0.878E 00
0.200E-01
0.880E 00
0.226 00

O.107E 01
0.107E 01
O.813E 00
0.500E-01
0.813E 00
0.500E-01
0.813E 00
0. 200E-01
0.813E 00
0.200E-01
0.250E-01
0.880E-01
0.250E-01
0.635E-01
0.250E-01
0.127E 00
0.107E 01
0.107E 01
0.813E 00
0.500E-01
0.813E 00
0.500E-01
0.813E 00
0. 200E-0 1
0.813E 00
0.200E-01
0.250E-01
0.101E 00
0.250E-01
0.701E-01
0.250E-01
0.131E 00

601 0.454E 00

301
302
203
301
203
302
203
301
203
302
601

0.916E 00
0.914E 00
0. 250E-01
0.916E 00
0.250E-01
0.914E 00
0.200E-01
0.916E 00
0.200E-01
0.914E 00
0.252E 00

11,12,29,30,58

12, 26, 58
12,26,58
12,58

12,58

12,58

12,58

12,58

601 0.260E 00 11,12,28,30,58

601 0.462E 00 11,12,29,30,58

6M(A)

N
0

SOURCES

12,26,58
12,26,58
12,58

12,58

12,58

12,58

12,58

601 0.241E 00 11,12,28,30,58



(TABLE B.lA CONTINDED)
TASK/TECHNICAL LABOR (HRS/UNIT)
PACKAGE NUMBER

7-6
10-7

SKILLED
0.378E-02
0.205E-01

EQUIPMENT SOURCES
UNSKILLED (NO.HRS/UNIT) (NO. ,HRS/UNIT)
0.000E 00
O.577E-01

10-8 0.204E-01 0.582E-01

10-9 0.544E-01 0.330E-01

1-1
1-2
2-1

0.I11E 00
0.112E 00
0.907E-01

0.120E
0.1 19E
0.996E

01
01
00

2-2 0.912E-01 0.990E 00

3-1 0.897E-01 0.986E 00

3-2 0.902E-01 0.980E 00

4-3 0.131E-01 0.161E 00

5-4 0.122E-01 0.125E 00

6-5 0.288E-01 0.384E 00

7-6
10-7

0.442E-02
0. 205E-0 1

0.000E 00
0.589E-01

10-8 0.204E-01 0.586E-01

10-9 0.547E-01 0.330E-01

606
202
230
601
230
202
631
202
230
202
202
202
601
202
601
202
631
202
631
203
604
203
603
203
605
6 Ob
202
230
601
230
202
631
202

0.378E-02
0.330E-01
0. 165E-0 1
0. 493E-01
0.165E-01
0. 330E-0 1
0.252E-01
0.330E-01
0.165E-01
0.107E 01
0.107E 01
0.813E 00
0.500E-01
0.813E 00
0.500E-01
0.813E 00
0.200E-01
0.813E 00
0.200E-01
0.250E-01
0.111E 00
0.250E-01
0.752E-01
0.250E-01
0.134E 00
0.442E-02
0.330E-01
0. 165E-0 1
0.518E-01
0. 165F-O1
0.330E-01
0. 256 E-0 1
0. 330E-01

633 0.378E-02
204 0.165E-01
303 0.247E-01

204 0.165E-01
304 0.252E-01

204 0.165E-01
330 0.379E-01
301 0.946E 00
302 0.940E 00
203 0.250E-01
301 0.946E 00
203 0.250E-01
302 0.940E 00
203 0.2007-01
301 0.946E 00
203 0.200E-01
302 0.940E 00
601 0.273E 00

601 0.275E 00

9
5,6,7,48

5,7,48

5,7,48

12,26,58
12,26,58
12,58

12,58

12,58

12,58

12,58

11,12,28,30,58

601 0.468E 00 11,12,29,30,58

633
204
303

204
304

0.442E-02
0. 165E-01
0.259 E-01

0. 165E-01
0.256E-01

204 0.165E-01

9
5,6,7,48

5,7,48

5,7,48

9M

_



(TABLE B.1A CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT)
PACKAGE NUMBER SKILLED UNSKILLED

0.111E 00
0.112E 00
0.907E-01

2-2 0.912E-01

3-1 0.897E-01

3-2 0.902E-01

4-3 0.131E-01

5-4 0.122E-01

6-5 0.288E-01

0. 153E-01
0.820E-02

0. 170E
0.164E
0.150E

01
01
01

0.143E 01

0.149E 01

0.142E 01

0.334E 00

0.211E 00

0.434E 00

0.O00E 00
0.888E-01

9-7 0.156E-01 0.545E-01

10-7 0.205E-01 0.798E-01

10-8 0.204E-01 0.654E-01

10-9 0.598E-01 0.330E-01

1-1 0.111E 00
1-2 0.112E 00

0.209E 01
0.197E 01

EQUIPMENT
(NO. ,HRS/UNIT) (NO.,HRS/UNIT)

60M 1-1
1-2
2-1

230
202
202
202
601
202
601
202
631
202
631
203
604
203
603
203
605
606
202
303
202
205
634
202
230
601
230
202
631
202
230
202
202

0.165E-01
0.107E 01
0.107E 01
0.813E 00
0.500E-01
0.813E 00
0. 500E-0 1
0.813E 00
0.200E-01
0.813E 00
0. 200E-0 1
0.250E-01
0.284E 00
0.250E-0 1
0.161E 00
0.250E-01
0.184E 00
0.153E-01
0.1 17E-01
0.420E-01
0. 121E-01
0. 121E-01
0. 121E-01
0.330E-01
0.165E-01
0.936E-01
0. 165E-01
0.330E-01
0.324E-01
0.330E-01
0.165E-01
0.107E 01
0.107E 01

330
301
302
203
301
203
302
203
301
203
302
601

601 0.533E 00 11,12,28,30,58

601 0.568E 00 11,12,29,30,58

633
205
601
303
601

204
303

204
304

204
330
301
302

0. 153E-01
0. 117E-01
0.271E 00
0.424E-01
0. 848E-01

0. 165E-01
0.468E-01

0. 165E-01
0.324E-01

0.165E-01
0.433E-01
0.183E 01
0.172E 01

9
6, 31,33

6,31,33

5,6,7,48

5,7,48

5,7,48

12,26,58
12,2b,58

0. 382E-01
0.1459 01
0.138E 01
0. 250E-01
0.145E 01
0.250E-01
0.138E 01
0. 200E-01
0.145E 01
0. 200E-01
0.138E 01
0.618E 00

SOURCES

12,26,58
12,26,58
12,58

12,58

12,58

12,58

12,58

7-6
8-7

loOM



(TABLE B.1A CONTINUED)
TASK/TECHNICAL LABOR (HR
PACKAGE NUMBER

2-1
SKILLED
0.9 07E-01

2-2 0.912E-01

3-1 0.897E-01

3-2 0.902E-01

4-3 0.131E-01

5-4 0.122E-01

6-5 0.288E-01

7-6
8-7

0.236E-01
0.820E-02

S/UNIT) EQUIPMENT

UNSKILLED(NO. ,HRS/UNIT) (NO.,IRS/JUNIT)
0.188E

0. 177E

0. 187E

0. 176E

0.466E

0.277E

0.473E

0.000E
0.105E

9-7 0.156E-01 0.705E-

10-7 0.205E-01 0.95SE-

10-8 0.204E-01 0.706E-

10-9 0.637E-01 0.330E-

1-1
1-2
2-1

0.111E 00
0.112E 00
0.907E-01

0. 27 1E
0.252E
0.250E

2-2 0.912E-01 0.231E

01 202
601

01 202
601

01 202
631

01 202
631

00 203
604

00 203
603

00 203
605

00 606
00 202

303
-01 202

205
634

-01 202
230
601

-01 230
202
631

01 202
230

01 202
01 202
01 202

601
01 202

0.813E 00
0.500E-01
0.813E 00
0.500E-01
0.813E 00
0.200E-01
0.8 13E 00
0.200E-01
0.250E-01
0.416E 00
0. 250E-01
0.227E 00
0. 250 E-0 1
0.223E 00
0.236E-01
0. 117E-01
0. 5SOE-01
0. 121E-01
0. 121E-01
0.121E-01
0.330E-01
0. 165E-01
0.126E 00
0.165E-01
0.330E-01
0.376E-01
0.330E-01
0. 165E-01
0.107E 01
0.107E 01
0.113E 00
0.500E-01
0.813E 00

203
301
203
302
203
301
203
302
601

0. 250E-01
0.183E 01
0.250E-01
0.172E 01
0.200E-01
0.183E 01
0. 200E-01
0.172E 01
0.882E 00

601 0.730E 00 11,12,28,30,58

601 0.645E 00 11,12,29,30,58

633
205
601
303
601

204
303

204
304

204
330
301
302
203
301
203

0.236E-01
0. 117E-01
0.303E 00
0.584E-01
0.117E 00

0. 165E-01
0.628E-01

0. 165E-01
0.376E-01

0. 165E-01
0.472E-01
0.245E 01
0.226E 01
0.250E-01
0.245E 01
0.250E-01

9
6,31,33

6,31,33

5,6,7,48

5,7,48

5,7,48

12o26,58
12,26,58
12,58

12,58

CA)
N
CL)

165M

SOURCES

12,58

12,58

12,58

12,58

12,58



(TABLE B.1A CONTINUED)
TASK/TECHNICAL LABOR (liRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLED(NO.,HRS/UNIT) (NO.HRS/UNIT)

601 0.500E-01 302 0.226E 01
3-1 0.897E-01 0.249E 01 202 0.813E 00 203 0.200E-01

631 0.200E-01 301 0.245E 01
3-2 0.902E-01 0.230E 01

4-3 0.131E-01 0.679E 00

5-4 0.122E-01 0.383E 00

6-5 0.288E-01 0.535E 00

0. 371E-01
0.820E-02

0.000E 00
0.131E 00

9-7 0.156E-01 0.963E-01

10-7 0.205E-01 0.122E 00

10-8 0.204E-01 0.790E-01

10-9 0.700E-01

0.111E 00
0.112E 00
0.907E-01

0.330E-01

0.596E 01
0.537E 01
0.576E 01

2-2 0.912E-01 0.516E 01

3-1 0.897E-01 0.575E 01

202 0.813E 00
631 0.200E-01
203 0.250E-01
604 0.629E 00
203 0.250E-01
603
203
605
606
202
303
202
205
634
202
230
601
230
202
631
202
230
202
202
202
601
202
601
202
631

0.333E 00
0.250E-01
0.285E 00
0.371E-01
0. 117 E- 01
0. 838E-01
0. 121E-01
0. 121E-01
0. 121E-01
0.330E-01
0. 165E-01

203 0.200E-01
302 0.226E 01
601 0.131E 01

601 0.O105E 01

SOURCES

12,58

12,58

12,58

11,12,28,30,58

601 0.770E 00 11,12,29,30,58

633 0.371E-01
205 0.117E-01
601 0.355E 00
303 0.842E-01
601 0.168E 00

204
303

0.177E 00
0.165E-01 204
0.330E-01 304
0.460E-01
0.330E-01 204
0.165E-01 330
0.107E 01 301
0.107E 01 302
0.813E 00 203
0.500E-01 301
0.813E 00 203
0.500E-01 302
0.813E 00 203
0.200E-01 301

0. 165E-01
0.886E-01

0. 165E-01
0.460E-01

0. 165E-01
0.535E-01
0.571E 01
0.51 1E01
0.250E-01
0.571E 01
0.250E-01
0.511E 01
0.200E-01
0.571E 01

9
6,31,33

6,31,33

5,6,7,48

5,7,48

5,7,48

12,26,58
12,26,58
12,58

12,58

12,58

7-6
8-7

L46)
N
.r a

500M 1-1
1-2
2-1



(TABLE B.1A CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLED(NO.,HRS/UNITJ (NO.,HRS/UNIT)

3-2 0.902E-01 0.515E 01 202 0.813E 00 203 0.200E-01
631 O.200E-01 302 0.511E 01

4-3 0.131E-01 O.180E 01 203 0.250E-01 601 0.354E 01

5-4 0.122E-01 0.938E

6-5 0.288E-01 0.860E

7-6 0.107E 00 0.OOOE
8-7 0.820E-02 0.266E

9-7 0.156E-01 0.232E

10-7 0.205t-01

10-8 0.204E-01

10-9 0.103E 00 0.330E-

0.111E 00
0.112E 00
0.907E-01

2-2 0.912E-01 0.771E

3-1 0.897E-01 0.866E

3-2 0.902E-01 0.770E

4-3 0.131E-01 0.280E

604
00 203

603
00 203

605
00 606
00 202

303
00 202

205
634

00 202
230
601

00 230
202
631

-01 202
230

01 202
01 202
01 202

601
01 202

601
01 202

631
01 202

631
01 203

0.175E 01
0.250E-01
0.888E 00
0.250E-01
0.610E 00
0.107E 00
0. 117E-01
0.219E 00
0. 121E-01
0. 121E-01
0. 121E-01
0.330E-01
0. 165E-0 1
0.448E 00
0.165E-01
0. 330E-0 1
0.900E-01
0.330E-01
0.165E-01
0.107E 01
0.107E 01
0.813E 00
0.500E-01
0.813E 00
0.500E-01
0.813E 00
0.200E-01
0.813E 00
0. 200E-01
0.250F-01

601 0.271E 01

601 0.142E 01

633
205
601
303
601

204
303

204
304

204
330
301
302
203
301
203
302
203
301
203
302
601

O.107E 00
0. 117E-01
0.625E 00
0.220E 00
0.439E 00

0. 165E-01
0.224E 00

0.165E-01
0.900E-01

0.165E-01
0.865E-01
0.862E 01
0.766E 01
0.250E-01
0.862E 01
0.250E-01
0.766E 01
0.200E-01
0.862E 01
0.200E-01
0.766E 01
0.555E 01

SOURCES

12,58

12,58

11,12,28,30,58

11, 12,29,30,58

9

6,31,33

6,31,33

5,6,7,48

5,7,48

5,7,48

12,26,58
12,26,58
12,58

12,58

12,58

12,58

12,58

LA)

NO
L,

0.257E

0.123E

800M 1-1
1-2
2-1

0.887E
0.792E
0.867E



(TABLE B.1A CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPMENT SOaURCES
PACKAGE NUMBER SKILLED UNSKILLED(NO.,HRS/UNIT) (NO.,HRS/UNIT)

604 0.275E 01
5-4 0.122E-01 0.144E 01 203 0.250E-01 601 0.421E 01 11,12,28,30,58

603 0.139E 01
6-5 0.288E-01 0.115E 01 203 0.250E-01 601 0.200E 01 11,12,29,30,58

605 0.901E 00
7-6 0.170E 00 0.OOOE 00 606 0.170E 00 633 0.170E 00 9
8-7 0.820E-02 0.387E 00 202 0.117E-01 205 0.117E-01 6,31,33

303 0.340E 00 601 0.868E 00
9-7 0.156E-01 0.353E 00 202 0.121E-01

10-7 0.205E-01

10-8 0.204E-01

10-9 0.132E 00

SPR/COMP (BCY)
93% 11 0.371E-01

21 0.232E-01

11 0.452.E-01

21 0.232E-01

12 0.392E-01
22 0.295E-01

32 0.193E-01

205
634

0.378E 00 202
230
601

0.162E 00 230
202
631

0.330E-01 202
230

0.371E 00 401
601

0.327E-01 402
601

0.121E-01
0.121E-01
0.330E-01
0.165E-01
0.690E 00
0.165E-01
0. 330E-01
0.129E 00
0.330E-01
0.165E-01

0.361E 00
0. 380E-01
0.232E-01
O.131E 00

303 0.341E 00
601 0.681E 00

204 0.165E-01
303 0.345E 00

204 0.165E-01
304 0.129E 00

204 0.165E-01
330 0.116E 00

6,31,33

5,6,7,48

5,7,48

5,7,48

501 0.950E-02 12,15,26,29,58,61

501 0.950E-02 12,14,15,26,29,61

0.407E 00 401 0.361E 00 501 0.453E-01 12,15,26,29,58,61
601 0.181E 00

0.685E-01 402 0.232E-01 501 0.453E-01 12,14,15,26,29,61
601 0.274E 00

0.361E 00 401 0.361E 00 530 0.630E-02 12,26,35,58,61
0.232E-01 402 0.232E-01 530 0.630E-02 14,26,35,61

601 0.928E-01
0.000E 00 403 0.650E-02 530 0.630E-02 26,35,61

632 0.650E-02

LO
N

98%



(TABLE B.1A CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLED(NO.,HRS/UNIT) (NO.SHRS/UNIT)
SURFACING
GRVL (CCY) 11 0.329E-01 0.361E 00 401 0.329E 00 501 0.324E-01

601 0.130E 00
21 0.106E-01 0.127E 00 401 0.546E-01 404 0.200E-01

501
0.489E-01 0.329E 00 401
0.229E-01 0.946E-01 401

530
WBM (CCY) 111 0.201E 00 0.953E 00 401

531
211 0.169E 00 0.572E 00 401

405
601

DBST/G (SY) 1111 0.102E-01 0.849E-01 401
530

1121 0.766E-02 0.383E-01 331
406
530

DBST/W (SY) 1111 0.102E-01 0.849E-01 401
530

1121 0.766E-02 0.383E-01 331
406
530

0.324E-01 601 0.170E 00
0.329E 00 530 0.124E-01
0.546E-01 404 0.200E-01
0.124-01 601 0.400E-01
0.820E 00 405 0.133E 00
0.133E 00 601 0.267E 00
0.387E 00 404 0.260E-01
0.133E 00 531 0.133E 00
0.319E 00
0.849E-01 450 0.208E-02
0.547E-03
0.361E-02 401 0.383E-01
0.361E-02 450 0.208E-02
0.547E-03
0.849E-01 450 0.208E-02
0.,547E-03
0.361E-02 401 0.383E-01
0.3618-02 450 0.208E-02
0.547E-03

SOURCES

12, 15,26,29,61

12,15,26,29,61

15,26,35,61
15,26,35,61

26

26

15, 26,35

15,26,35

15,26,35

15,26,35

12
22

w'



(TABLE B.1A CONTINUED)

NOTE: ALL TECHNICAL PACKAGES FOR SURFACING ALSO INCLUDE MATERIALS:
GRAVEL:
WATERBOTJND MACADAM:

830-1.40 LCY/CCY
831-1.37 LCY/CCY
832-0.32 LCY/CCY
833-63 GAL/CCY

DOUBLE BITUMINOUS SURFACE
TREATMENT ON GRAVEL: 835-0.93 GAL/SY

834-0.0191 LCY /SY
DOUBLE BITUMINOUS SURFACE

TREATMENT ON WATERBCUND
MACADAM: 835-0.72 GAL/SY

834-0.0191 LCY/SY

N)



TABLE B.lB: LABCREQUIPMENT, AND PATERIALS REQUIREMENTS OF THE TECHNICAL PACKAGES FCR ALL
STAGES IN JHF 1950'S.

STAGE/TECHNICAL
PACKAGE NUMBER
SITE PREP (ACRE)

11

LABCR (HRS/UNIT) EQLIPMENT PATERIALS SCURCES
SKILLED UNSKILLEC(NC.,hRS/UNIT) (NO.,QTY/UNIT)

C.621E 02 0.497E

21 0.788E 01 0.878E

31 C.538E 01 0.878E

03 206 0.372E
207 0.142E
208 0.310E
235 C.749E

01 206 0.878E
608 C.678E
642 0.678E

01 608 0.178E
610 C.292E
62 0.428E
206 0.878E

02
03
03
01
01
c 1
01
01
01
01
01

820 0.136E 03
821 0.200E 01
822 0.100E 01

26,36,46,63,88

26, A6,63

26,i6

w/
N)



(TABLE B.1B CCNTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT)
PACKAGE NUMBER
EXC/HAUL (BCY)

SKILLED

C . 324E-02
C. 178E-01
C. 154E-01
C. 151E-01

EQUIPMENT SOURCES
UNSKILLED(NC.,HRS/UNIT)(NO., RS/UNIT)

0.000E 00
0.000E 00
0.000E 00
0.000E 00

1-4 C.143E-01 0.000E 00

Os 184E-01
C.159E-01
C. 156E-01

0.000E 00
0.000E 00
0.0001 00

2-4 0.148E-01 0.000E 00

0 . 149E-01
0.124E-01
0.121E-01

0.0001 00
0.000E 00
0.000E 00

3-4 0.113E-01 O.OOOE CO

5-5 0.123E-01 0.000E 00

6-6 0.115E-01 0.0001 00

7-7 0.537E-02 0.OOOE 00

0.358E-02
0.195E-02
0.159E-02
0.179E-01
C.154E-01
C.151E-01

0.000E 00
0.OOOE 00
0.OOOE 00
0.000E 00
0.0001 00
0.000E 00

2M
6P 332 0.112E-01

333 0.876E-02
305 0.842E-02

639 0.765E-02

332 0.115E-01
333 0.903E-02
305 0.869E-02

46,56,63,77
46,56,63,77
46,56,63,77

46,56,63,77

46,56,63,77
46,56,63,77
46,56,63,77

11-0
1-1
1-2
1-3

423 C.324E-02
231 0.664E-02
231 0.664E-02
231 0.664E-02
638 0.842E-02
306 0.765E-02
231 C.664E-02
232 0.691E-02
232 0.691E-02
232 0.691E-02
638 0.869E-02
232 0.691E-02
639 0.792E-02
233 0.516E-02
233 0.516E-02
233 0.516E-02
638 0.694E-02
233 0.516E-02
639 0.617E-02
611 0.819E-02
641 0.409E-02
639 0.765E-02
642 0.383E-02
613 0.353E-02

46,56,63,77
46,56,63,77
46,56,63,77

306 0.617E-02 46,56,63,77

638 0.819E-02
607 0.409E-02
612 0.765E-02

77

77
608 0.383E-02
640 0.358E-02 77

643 0.186E-02 609 0.186E-02
607 0.358E-02 641 0.358E-02 56,63
608 0.195E-02 642 0.195E-02 56,63
609 0.159E-02 643 0.159E-02 56,63
231 0.664E-02 332 0.113E-01 46,56,63,77
231 0.664E-02 333 0.881E-02 46,56,t63,77
231 0.664E-02 305 0.851E-02 46,56,63,77
638 0.851E-02

306 0.792E-02 46,56,63,77

332 0.970E-02
333 0.728E-02
305 0.694E-02

2-1
2-2
2-3

W.
wa
0

3-1
3-2
3-3

9M

8-8
9-9
10-10
1-1
1-2
1-3



(TABLE B.11 CCNTINUEC)
TASK/TECHNICAL LABCR (HRS/UNIT) EQUIPMENT SOURCES
PACKAGE NUMBER SKILLED UNSKILLED(NO.,HRS/UNIT)(NC.,HRS/UNIT)

1-4 C.143E-01 C.OOOE 00 306 0.770E-02 639 C.770F-02 46,56,63,77
231 0.664E-02

2-1 C.185E-01 0.000E 00 232 0.691E-02 332 0.116E-01 46,56,63,77
2-2 C.160E-01 0.O000E 00 232 0.691E-02 333 0.908E-02 46,56,63,77
2-3 C.157E-01 0.OOOE 00 232 0.691E-02 305 0.878E-02 46,56,63,77

638 0.878E-02
2-4 C.149E-01 3.000E 00 232 0.691E-02 306 0.797E-02 46,56,63,77

639 0.797E-02
C. 150E-01
0.125E-01
C. 122E-01

3-4 C.l14E-01

5-5 0.124E-01

6-6 0.116E-01

0.OOOE 00 233 C.516E-02
O.OOOE 30 233 0.516E-02
0.OOOE 00 233 0.516E-02

638 0.703E-02
0.OOOE 00 233 0.516E-02

639 C.622E-02
0.OOOE 00 611 0.828E-02

641 0.414E-02
0.OOOE 00 639 0.772E-02

7-7 0.542E-02 0.OOOE

0.471E-02
C.256E-02
C .205E-02
0.198E-01
0. 163E-01
C. 167E-01

0.000E
0.000E
0.OOOE
0.000E
0.000E
0.000E

1-4 C.152E-01 0.000E

C.204E-01
0 v 169E-01
C. 173E-01

0.000E
0.0000E
0.000E

332 0.981E-02 46,56,63,77
333 0.733E-02 46,56,63,77
305 0.703E-02 46,56,63,77

306 0.622E-02 46,56,63,77

638 0.828E-02 77
607 0.414E-02
612 0.772E-02 77

642 0.386E-02 608 0.386E-02
00 613 0.361E-02 640 0.361E-02 77

643 0.181E-02 609 0.181E-02
00 607 0.471E-02 641 0.471E-02 56,63
00 608 0.256E-02 642 0.256E-02 56.63
00 609 0.205E-02 643 0.205E-02 56,63
00 231 0.664E-02 332 0.132E-01 46,56,63,77
00 231 0.664E-02 333 0.970E-02 46,56,63,77
00 231 0.664E-02 305 C.101E-01 46,56,63,77

638 0.IOIE-01
00 306 0.859E-02 639 0.859E-02 46,56,63,77

231 0.664E-02
00 232 0.691E-02 332 0.135E-01 46,56,63,77
09 232 0.691E-02 333 0.997E-02 46,56,63,77
00 232 0.691E-02 305 0.104E-01 46,56,63,77

638 0.104E-01

3-1
3-2
3-3

(-.3
Cs)

60M

8-8
9-9

10-10
1-1
1-2
1-3

2-1
2-2
2-3



(TABLE B.lB CCNTIULC)
TASK/TECHNICAL LABOR (HRS/UNIT)
PACKAGE NUMBER

2-4

3-1
3-2
3-3

SK ILLED
0.158F-01

0.169E-01
C. 134E-01
0. 138E-01

3-4 C.123E-01

4-2 C.688E-02

4-4 C.577E-02

5-5 C.148E-01

6-6 0.133E-01

7-7 0.630E-02

8-8
9-9

10-10
1-1
1-2
1-3

0.239E-01
0. 130E-01
0.996E-02
C.213E-01
C.170E-01
0.179E-01

1-4 C.159E-01

EQUIPMENT
UNSKILLED(NO.,HRS/UNIT)(NO.,HRS/IJNIT)

231 0.664E-02
2-1 C.219E-01 O.OOOE 00 232 0.691E-02 332 O.149E-01
2-2 0.176E-01 3.OOOE 00 232 0.691E-02 333 0.107E-01
2-3 0.185E-01 0.OOOE 00 232 0.691E-02 305 0.116E-01

638 0.116E-01
2-4 C.165E-01 0.OOOE 00 232 C.691E-02 306 0.955E-02

639 O.955E-02

LA)

N

loOM

.ooooE 00 232 O.691E-02 306 0.886E-02
639 C.886E-02

O.OOOE 00 233 0.516E-02 332 0.117F-01
0.000E 00 233 C.516E-02 333 C.822E-02
J.OOOE 30 233 0.516E-02 305 0.861E-02

618 .61E-02
O.OOOE 00 233 0.516E-02 306 O.711E-02

639 0.711E-02
O.OOOE 00 234 0.191E-02 642 0.191E-02

333 0.497E-02
0.000E 00 234 O.191E-02 642 0.191E-02

306 0.386E-02 639 0.386E-02
0.OOOE 00 611 0.985E-02 638 0.985E-02

641 C.493E-02 607 0.493E-02
0.OOOE 00 639 0.883E-02 612 0.883E-02

642 0.442E-02 608 O.442E-02
3.OOOE 00 613 0.420E-02 640 0.420E-02

643 0.210E-02 609 0.210E-02
0.000E 30 607 0.239E-01 641 0.239E-01
0.000E 00 608 0.130E-01 642 0.130E-01
0.000E 00 609 0.996E-02 643 0.996E-02
0.OOOE 00 231 O.664E-02 332 0.147E-01
0.OOOE 00 231 0.664E-02 333 0.104E-01
O.OOOE 00 231 0.664E-02 305 0.113E-01

638 0.113E-01
0.000E 00 306 0.928E-02 639 0.928F-02

SOURCES

46,56,63,77

46,56,63,77
46,56,63,77
46,56,63,77

46,56,63,77

46,56,63,77

46,56,63,77

77

77

77

56,63
56,63
56,63
46,56,63,77
46,56,63,77
46,56,63,77

46,56,63,77

46,56,63,77
46,56,63,77
46,56,63,77

46,56,63,77



(TABLE B.113 CCNTINUED)
TASK/TECHNICAL L BOR IHRS/UNIT)
PACKAGE NUMBER

3-1
3-2
3-3

SKILLED _
C. 184E-01
C. 141E-01
C. 150E-01

3-4 0.130E-01

4-2 0.757E-02

4-4 C.646E-02

5,-5 C.166E-01

6-6 C.145E-01

7-7 0.620E-02

8-8
9-9

10-1C
1-1
1-2
1-3

C.386E-01
C.210E-01
C. 160E-01
0.237E-01
0.181E-01
C. 199E-01

1-4 0.170E-01

2-1 0.242E-01
2-2 0.187E-01
2-3 0.204E-01

2-4 0.176E-01

3-1 0.207E-01
3-2 C.152E-01

EQUIPMENT SOURCES
UNSKILLED(NO.,HRS/UNIT)(NO.,HRS/UNIT)
0.000E 00 233 0.516E-02 332 0.132E-01 46,56,63,77
0.000E 00 233 0.516E-02 333 0.891E-02 46,56,63,77
0.000E 00 233 C.516E-02 305 0.981E-02 46,56,63,7

638 C.981E-02
0.000E 00 233 0.516E-02 306 0.780E-02 46,56,63,77

639 0.780E-02
0.000E 00 23. 0.191E-02 642 0.191E-02 46,56,63,77

333 0.566E-02
0.000E 00 234 0.191E-02 642 0.191E-02 46,56,63,77

306 0.455E-02 639 0.455E-02
0.000E 00 611 0.111E-01 638 0.111E-01 77

641 0.553E-02 607 0.553E-02
0.000E 00 639 C.969E-02 612 0.969E-02 77

642 0.485E-02 608 0.485E-02
0.000E 00 613 0.465E-02 640 0.465E-02 77

643 0.155E-02 609 0.155E-02
0.000E 00 607 0.386E-01 641 0.386E-01 56,63
0.000E 00 608 0.2101E-01 642 0.2101E-01 56,63
0.000E 00 609 0.160E-01 643 0.160E-01 56,63
0.000E 00 231 0.664E-02 332 0.170E-01 46,56,63,77
0.000E 00 231 0.664E-02 333 0.115E-01 46,56,63,77
0.000E 00 231 0.664E-02 305 09132E-01 46,56,63,77

638 0.132E-01
0.000E 30 306 0.104E-01 639 0.104E-01 46,56,63,77

231 0.664E-02
0.000E 30 232 0.691E-02 332 0.1731E-01 46,56,63,77
0.000E 00 232 0.691E-02 333 0.118E-01 46,56,63,77
0.000E 00 232 0.691E-02 305 0.135E-01 46,56,63,77

638 0.135E-01
0.000E 00 232 0.691E-02 306 0.107E-01 46,56,63,77

639 0.107E-01
0.000E 00 233 0.516E-02 332 0.156E-01 46,56,63,77
0.000E 00 233 0.516E-02 333 0.100E-01 46,56,63,77

('a

165P



(TABLE B.15 CONTINUED)
TASK/TECHNICAL LABORLA S/UNIT) EQUIP62NT
PACKAGE NUMBE SKILLED UNSKILLED(NOiiRS/UNIT) (NO.,HrSuJNIT)

3-3 0.169E-1 0.000E 00 233 0.516E-02 305 0.118E-01

3-4 0.141E-01 0.eOOOi OC

4-2 0.867E-02 0.00CE 00

4-4 0.756E-02 0.000E 00

5-5 0.195E-U1 0.000E 00

6-6 0.148E-01 O.OOOE 00

7-7 O.716E-02 0.OQOE 00

0.623E-01
0.340'-01
0.257E-01
0.244E-01
0. 184E-01
0.204E-01

00
00
00
00
00
00

1-4 0.173E-l 0.000E 00

0.249E-01
0.190E-01
0.210E-1

00
00
00

2-4 0.179E-01 O.OOQE 00

0.214E-01
0.155E-01
0. 175E-01

00
00
00

638
233
639
234
333
234
306
611
641
639
642
613
643
607
608
609
231
231
231
638
306
231
232
232
232
638
232
639
233
233
233
638

0.1 18E-01
0. 516E-02
0.890E-02
0. 191-02
0.676E-02
0.19 1E-02
0.565E-02
0. 130E-01
0.65 1 E- 02
0.11 1E-01
0.36 9E-02
0. 537E-02
0. 179E-02
0.623 -01
0. 340L-01
0.257E-01
0.66E-02
0.664E-02
0.664E-02
0. 138E-01
0.107E-01
0.664E-02
0.691E-02
0.691E-02
0.69 1E-02
0.141 h-01
0.69 1E-02
0.11CE-01
0. 516E-02
0. 516E-02
0.51 6E-02
0. 123E-01

0URCLS

46,56,63,77

306 0.890E-02 46,56,63,77

642 O.191E-02

642
639
638
607
612
608
640
609
641
642
643
332
333
305

0. 191E-02
0.565E-02
0.130E-0 1
0.6 51E -02
0. 11 1LI-01
0.369E-02
O.537E-02
U.179E-02
0.623E-01
0.340E-01
0.2 57E-0 1
0.177E-01
0. 1 18E-01
0.138E-01

46,56,63,77

46,56,63,77

77

77

77

56,63
56,63
56,63
46,56,b3,77
46,56,63,77
46,56,63,77

639 0.107E-01 46,56,63,77

332
333
305

0.1 80E-01
0.1 21E-0 1
0. 141E-0 1

306 0.11OE-01

332
333
305

0.162E-01
0.103E-01
0.123E4-01

46,56,63,77
46, 56,6 3,77
46,56,63,77

46,56,63,77

46,56,63,77
46,56,63,77
46,56,63,77

500M

8-8
9-9

10-10
1-1
1-2
1-3

0.000CE
0.000E
0.OOOE
.OOOE

0.000EB
0.0000h

2-1
2-2
2-3

0.OOOE
0. OOOE
0.OOCE

3-1
3-2
3-3

0.000h:
0.000h;
0.0E00E



(TABLE B.15 CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT)
PACKAGE NUMBER

3-4
SKILLED
0. 144E-01

EQUIPMNT
UNSKILLED(NO.,HRS/UNIT) (NO.,HRS/UNIT)
0.00OE 930

4-2 O.899E-02 0.COCE 00

4-4 O.788E-G2 0.OOOE 00

5-5 0.290E-01 0.000E 00

6-6 0.244E-01 0.OOCE 00

7-7 u.122E-01 O.OOOE 00

8-8
9-9

10-10
1-1
1-2
1-3

0. 186E 00
0. 102E 00
0.766E-01
0.275E-01
0.199E-(1)
0.230E-01

0.000E
0.000E
0.000E
0.00CE

0.0000E
0.000CE

00
00
00
J0
00
00

1-4 0.188E-01 0.OOCE 00

2-1
2-2
2-3

0.281E-01
0.205E-01
0.236E-01

2-4 0.194E-01

3-1
3-2
3-3

0.246E-01
0.170E-01
0.201F-01

3-4 0.159E-01

0.000E
0.000 E
0.000E

00
00
00

0.000S 00

0.000E
0.000CE
0.000E

00
00
00

0.000E 00

233 0.516L-02
639 0.922E-02
234 0.191E-02
333 0.708E-02
234 0.191E-02
306 O.597E-02
611 0.232t-01
641 0.5BCE-02
639 0.183E-01
642 O.610E-02
613 0.916E-02
643 O.305E-02
607 0.186E 00
608 0.102E 00
609 0.766E-01
231 0.664E-02
231 0.664zU-02
231 0.664E-02
638 0.164E-01
306 0.122E-01
231 0.664E-02
232 0.691E-02
232 0.69U-02
232 0.691E-02
638 0.167Lh-01
232 0.691E-02
639 0.124E-01
233 0.516E-02
233 0.516E-02
233 0.516E-02
638 0.149E-01
233 0.516L-02
639 0.107E-01

306 J.922L-)2 46,56,63,77

b42 0.191 -02 46,56,63,77

642
639
638
607
612
608
640
609
641
642
643
332
333
305

0.1 91Z-02
0.597E-02
0.232E-01
0.5 80E-02
u. 1 83L-01
u.6 1Ok.-02
0.9 16E-02
0.305E-02
0.186E 00
0.102E 00
0.7662-01
0.209E-01
0. 1 33T-O 1
0. 164E-01I

639 0.122E-01

332
333
305

0.212B-01
O.136E-0 1
0.167E-01

306 0.12413-01

332
333
305

O .194E-01
0.118'a-01
0.149E-01

46,56,63,77

77

77

77

56,63
56,63
56,63
46,56,63,77
46,56,u3,77
46,56,63,77

46,56,63,77

46,56,63,77
46,56,63,77
46,56,63,77

46,56,63,77

46,56,63,77
46,56,63,77
46,56,63,77

306 0.107E-01 46,56,63,77

BOOM

(/A
Lk)
(a,



(TABLE B.1B CONTINUED)
TASK/TECHNICAL LABOR (HRS/UN1T) EQUIPIENT
PACKAGE NUMBER SKILLED UNSKILLED(NO.,XRS/UNIT) (NO.,HRS/UNIT)

4-2 0.105E-01 0.0i0 00 234 0.191E-02 642 0.191N-02
333 0.857E-02

4-4 0.936t-02 0.0006t 00 234 0.191E-02 642 3.1913-U2
306 0.745E-02 639

5-5 0.388E-01 0.000E 00 611 0.323E-01 o38

b-6 0.310E-01

7-7 0.157E-01

8-8
9-9

10-10
SPR/COMP (BCY)

98% 11

0.297E 00
0.162E 00
0.122E 00

0.121E-01

12 0.858E-02

13 0.887E-02

14 0.779E-02

21 0.104E-01

22 0.685E-02

23 0.714E-02

24 0.606E-02

31 0.909E-02

32 0.559E-02

641 0.647E-02
0.000E 00 639 J.248E-01

642 0.619E-02
0.0u00 00 613 0.125E-01

643 0.314E-02
0.000E 00 607 0.297E 00
0.000E 00 608 0.162E 00
0.000E 00 609 0.122E 00

0.000E 00 502 0.700E-02
641 0.121E-01

0.000E 00 502 0.7002-02
641 0.508E-02

0.OOOE 00 532 0.379E-02
641 0.508E-02

0.000E 00 607 0.508L-02
533 0.271E-02

0.000E 00 643 0.335E-02
641 0.700E-02

0.000E 00 502 0.700E-02
642 0.350L-02

0.000E 00 532 0.379L-02
609 0.335E-02

0.000E 00 609 0.335E-02
533 0.271E-02

0.000E 00 420 0.209E-02
641 0.700E-02

0.000E 00 420 0.209E-02

607
612
6u8
640
b09
641
642
643

0.745E-02
0. 323E-0 1
0.647!-02
u.2432-01
0.6 19E-02
0. 125E-01
0.314c;-02
0.297E 00
0.162E 00
0.122E 00

SOURCA,

46,56,o3,77

46,56,63,77

77

77

77

56,63
56,63
56,63

607 0.508E-02 8,46,56,63,88

607
642
607

0.508E-02
0.3 50E-02
0.508E-02

8,46,56,63,88

20,35,56,63

641 0.508E-02 20,38,56,63

609
502
609
643
643

0.335E-02
0.700E-02
0.335E-02
0.335E-02
0.335E-02

643 0.335E-02

502 0.700E-02

502 0.7002-02

8,46,56,63,88

8,46,56,63,88

20,35,56,63

20,38,56,63

8,46,56,63,88

8,46,56,63,88

w~4



(TABLE B.lB CONTINUED)
T A SK/T ECHNICAL LABOR (iRS/UNIT)
PACKAGE NUMBER

33
34
41

_UIEQUIPM 1NT SOU RCES
SKILLbD UNSKILL ED (N0. HRS/uNlT HO., UIS/UN IT)

0. 588E-02
0.480E-02
0.853E-02

42 0.503E-02

43
44

SURFACING
GRVL (CCY)

0.532Z-02

0.424E-02

O.QOCE 00
0.000E 00
O.OOCE 00

0.000E 00

0.000E 00
0.000E 00

11 0.105E-01 0.000E 00

12 0.772L-02 0.OOE 00

21 0.972E-02 0.000E 0)0

22 0.695i-02 0.00Lh 00

31
32
41
42
51

0.821E-02
0.544E-02
0.779E-02
0.502E-02
0.117E-01

0.000 00
0.000E 00
0.000E 00
0.00CE 00
0.29 1E-0 2

52 0.892E-02 0.2912-02

WBM (CCY) 111 0.831E-01 0.222E-01

642 0.350E-02
420 0.209E-02
420 0.209E-02
421 0.153E-02
502 0.7OCE-02
421 0.153E-02
642 0.350E-02
421 0.J15l-02
421 0.153E-02

607 0.424E-02
641 0.424E-02
607 0.424E-02
533 0.348E-02
609 0.347E-02
534 0.625E-02
609 0.347E-02
533 0.348E-02
420 0.196E-02
420 0.196E-02
421 0.154E-02
421 0.154E-02
422 0.291E-02
408 O.291E-02
422 0.291E-02
408 0.291E-02
607 0.498E-02
332 0.820E-02
409 0.820E-02
314 0.140E-01

332
533
641

0.379-02
u.2712-02
0.700F-02

20,35,46,56,63
20,33,46,56,63
B,46,5o,63,88

302 0.700E-02 ,46,56,63,88

532
533

0.379-02
0.27 12-02

534 0.625E-02

641 0.424E-02

643 0.347E-02

643 0.347E-u2

534
533
534
533
33j
534
333
533
641
408
534
407

3. .625r-0 2
0.348E-02
0.625E-02
0.348E-02
0.2 53E-02
0.625E-02
0.253 114-02
0.348E-02
0.498E-02
0.820E-02
0.699E-01
0.140E-01

23, 35,46,56,63
20,38,46,56,63

35,56,bl,63

20,38,39,56,63

35,56,61,63

20,38,39,56,63

8, 35,46, 56,61,63
8,20,38,39,46,63
8,35,46,56,61,63
8,20,38,39,46,63
35,56,61,63,77

20,38,39,63,77

15,35,40,56,63,77

LA



(TABLE B.1B CONTINUED)
TASK/TECHNICAL LABOi I(iHS/UNIT)
PACKAGE NUMBER

112
SKILLED
0.643E-C1

EQUIPMiNT
UNSKILLED (NO.. HRS/UNIT) (NO., HS/1JNIT)
0.184E-01

211 0.814E-C1 0.222E-01

212 0.627E-01 0.184E-01

311 0.8024-01 0.2224-01

312 0.614E-01 0.184E-01

411 0.796E-01 0.222E-01

412 0.608E-01 0.184E-01

607 0.498,E-02
332 0.820E-02
409 0.820E-02
334 O.102E-01
643 O.334E-02
332 0.R20E-02
409 0. 820E-02
334 0.140E-01
643 0.334E-02
332 0.820E-02
409 O.820E-02
334 0.102E-01
420 0.206E-02
408 0.820E-02
534 O.699E-01
407 0.140E-01
420 O.206E-32
408 0.82CE-02
533 0.511E-01
407 0.102E-31
421 0.150E-02
408 0.820E-02
534 0.699E-01
407 0.140E-01
421 0.1O5E-02
408 0.820E-02
533 0.511E-01
407 0.102E-01

641
40
533
407
609
408
534
407
609
408
533
407
334
409
334

332
409
334

332
409
334

332
409
334

0.498E-02
0.8 20E-02
0.51 1E-G 1
0.102E-01
0.334E-02
0.820E-02
0.699E-01
0. 140E-01
u.334E-02
0.820E-02
0.511E-0 1
0.102E-01
0.820L-02
0.820E-02
0.140E-01

0.820E-02
J.820E-02
0.102E-01

0.820E-02
0.820E-02
0.140E-01

0.820E-02
0.820E-02
0.102E-01

w4
'4
OD

SO U4CES

15,35,40,56,63,77

15,35,40,56 ,63,77

15, 35,40,56,63,77

8, 15,35,40,46,56 ,63 ,77

8,15,35,40,46,56,63,77

8,15,35,40,46,56,63,77

8,15,35,40,46,56,63,77



(TABLE 13.1B CONTINUED)
TASK/TECHNICAL LABO (HBS/UNIT)
PACKAGE NUMBER _

EQUIPMENT
SKILLD UNSKILLED(NO.,HRS/UNIT) (NO.,HRS/UNIT)

SOURCES

DBST/G (SY)

LA
LA)

UD

511 0.837E-01 0.251E-01

512 0.649E-01 0.213E-01

1111 0.188E-02 0.120E-02

1112 C.166E-02 0.120e-02

1121 0.1911-02 0.161E-02

1122 0.170E-02 0.161E-02

2111 0.188E-02 0.112E-02

2112 0.166LS-02 0.112L-02

333
422
409
334
333
422
409
334
335
452
,333
5,35
335
452
333
533
335
452
409
535
335
452
409
533
451
422
408
451
422
40 b

0.266E-02
0. 291t-02
0.820E-02
0. 140E-01
0.266E-02
0.291E-02
0.820E-02
0.102E-01
0. 197E-03
0.6126-03
0. 405E-03
0.503E-03
0.197E-03
0.6 12E-03
0.405E-03
0.284E-03
0.197E-03
0.612E-03
0.798E-03
0.50 3E-03
0.197E-03
0.6 14E-03
0.790E-03
0.2 84E-03
0.120E-03
0.405E-03
0.405E-03
0. 120E-03
o .405L-03
0.4051-03

408
332
534
407
408
332
533
407
440
422
40

440
422
408

440
332
408

440
332
408

452
333
535
452
333
533

0.111E-01
0.820E-02
0.699E-01
O.140E-01
0.111E-01
0.82012-02
u.511 E-01
0. 102E-01
0.197E-03
0.405E-03
0.4 35E-03

U. 197E-03
0.405E-03
0.405E-0 3

Q.197F-03
0.798E-03
0.798E-03

0.197E-0 3
0.798E-03
0.7982-03

0.612-03
0.405E-03
U. 5 03E-03
0.6121-03
0.4 051h-03
0. -8412-0 3

15,35,40,56,63,77

15,35,40,56,63,77

35,63,77,91

20, 39, 63,77

35,63,77,91

20, 38,63,77

35,b,77,91

2C, 38,63,77



(TABLE B.15 CONTINULD)
TASK/TECHNICAL LABOR (1itS/UNIT)
PACKAGE NUMBER

2121

DBST/W (SY)

SKILLED
0. 191L-02

EQUIPMENT
UNSKILLED (ND.,UFHRS/UNIT) (NO.,saS/UNIT)
0. 153L-02

2122 0.170E-02 0.153E-02

1111 0.188E-02 0.12CE-02

1112 0.166h-02 0.120E-02

1121 C.191E-02 0.161E-02

1122 0.170E-02 0.161-02

2111 0.188E-02 0.112E-02

2112 0.166E-02 0.112E-02

2121 0.191-02 0.153E-02

2122 0.170E-02 0.153E-02

451
332
408
451
332
408
335
452
333
535
335
452
333
533
335
452
409
535
335
452
409
533
451
422
408
451
422
408
451
332
408
451
332
408

0. 120E-03
0.798E-03
0.796i-03
0. 120E-03
0.798E-03
0.798E-03
0.1 97E-03
0.6 12E-03
3.405E-03
0.503E-03
0. 197E-03
0.612E-03
0. 405E-03
0. 284E-03
0.197E-03
0.6 12E-03
0.798E-03
0.5036-03
0. 197E-03
0.6 12-03
0.798E-03
0.284E-03
0. 120E-03
0.405E-03
0.405E-03
0. 120E-03
0.405E-03
0.405E-03
0. 1 20E-03
0.798E-03
0.798E-03
0. 120L-03
0.798E-03
0.798E-03

452
409
535
452
409
533
440
422
408

440
422
408

440
332
408

44 C
332
408

452
333
535
452
333
533
452
409
535
452
409
533

0.6 12E-03
0.793E-03
0.503t-03
0.6 12E-03
0.798E-03
0.2 84lt-03
).197E-03
0.405E-03
O.405E-U 3

0.1 97L-0J
0. 405E-03
0.'4 05,E-03

0.1 97E-93
0.798E-03
0.798E-03

0. 197E-03
0.798E-03
0.798E-03

0.6 12E-03
0.405E-03
0.503E-J3
0.6 12E-03
0.405E-03
0.2 84E-03
0.6 12E-03
0.798E-03
o .503E-03
0.612E-03
O.798E-03
0.284E-03

06)
A
0

SOURLSs

35,63,77,91

20,38,63,77

35,63,77,91

20,38,63,77

35,63,77191

20,38,63,77

35,63,77,91

20,38,63,77

35,63,77,91

20,38,63,77



(TABLE B.1E CONTINUED)

NOTE: ALL TECHNICAL PACKAGES eCR SU FACING ALSO ICLUDIE MATERIALS:
GRAVEL: 830-1.40 LCY/CCY
WATERBOUND NACADAM: 831-1.37 LCY/CCX

832-0.32 LCY/CCY
833-63 GAL/CCY

DOUBLE BITUMINOUS SURFACE
TREATMENT ON GRAVEL: 835-0.93 GAL/SY

834-0.0191 LCY /SY
DOUBLE BITUMINOUS SURFACE

TREATMENT ON WATERHBCUND
MACADAM: 835-0.72 GAL/SY

834-0.0191 LCY/SY

LJA



TABLE B.1C: LABCR,EQUIPPENT, ANC PATERIALS REQUIREMENTS OF THE TECHNICAL PACKAGES FCR ALL

STAGES IN THE 1970'S.

STAGE/TECHNICAL
PACKAGF NUMBER
SITE PREP (ACRE)

LAPCR (HRS/UNIT) EQLIPMENT MATERIALS SCLRCES
SKI LLED UNSK!ILLECI(rC. ,hRS/UNIT) (NC.,CTY/UNIT)

11 C.245E 02 O.142E 03 209 0.445E 02 823 0.333E 02 49
236 0.640E 02
237 0.667E 01
241 C.340E 02

21 0.416E 01 0.236E 02 209 0.139E 02 823 0.333E 02 22
236 C.916E 01
336 C.560E 00
614 0.285E 01
644 0.285E 01

31 C.271E 01 0.105E 02 209 0.105E 02 823 C.333E 02 57
615 0.140E 01
645 0.140E 01

'57

,57

w.
p
N



(TABLE BiC CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLEO(NC.,FRS/UNIT)(NO.,tRS/UNIT)
EXC/HAUL (BCY)

2M
6M

14-0
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13 0.246E-02 0.000E 00

O.283E-02
C. 109E-02
0.563E-03
0. 137E-01
C.133E-01
0.107E-01
C.996E-02
0.752E-02
C.674E-02
0.135E-01

0.000E
0.000E
0.000E
0.000E
0.0000E
0.000E
0.000E
0.000E
0.000 F
0.000E

00
00
00
00
00
00
00
00
00
00

0.145E-02

C. 137E-01
C.133E-01
C. 107E-01
C.992E-02
C. 751E-02
0.672E-02
C. 135E-01
0.130E-01
C. 872E-02
o.989E-02
C. 9 10E-02
C.464E-02
C.683E-02
0.604E-02
C.307E-02
C.476E-02
C.246E-02
C.336E-02

0.000E OC
O.OOE 00
O.OOOE 00
0.000E 00
0.OOOE 00
C.OOOE 00
0.OOOE 00
0.000E 00
0.OOOE 00
0.OOOE 00
0.OOOE 00
O.OOOE 00
0.000E 00
0.OOOE 00
0.000E 00
0.COE 00
0.OOOF 00
0.COOE 00
0.OOOE 00

SOURCES

424 C.145E-02
238 0.6IOE-02
238 0.610E-02
239 C.444E-02
239 0.444E-02
240 0.307E-02
240 0.307E-02
337 C.749E-02
338 0.704E-02
646 C.P72E-02
339 0.586E-02
341 C.507E-02
647 0.464E-02
340 C.41CE-02
342 0.331E-02
648 0.307E-02
649 0.476E-02
650 0.246E-02
651 0.224E-02
616 0.112E-02
652 O.164E-02
617 0.819E-03
614 0.283E-02
616 0.109E-02
617 0.563E-03
238 0.610E-02
238 0.610E-02
239 0.444E-02
239 0.444E-02
240 0.307E-02
240 0.307E-02
337 0.753E-02

337 0.761E-02
338 0.716E-02
339 C.627E-02
341 0.548E-02
340 C.444E-02
342 0.365E-02
646 0.598E-02
646 0.598E-02

647 0.403E-02
647 0.403E-02

648 C.273E-02
648 0.273E-02

653 0.112E-02

654 0.819E-03

644 0.283E-02
645 0.109E-02
654 0.563E-03
337 0.765E-02
338 0.718E-02
339 0.629E-02
341 0.552E-02
340 0.445E-02
342 0.367E-02
646 0.598E-02

W'
4:b
w'

18,57
21,22,34,57
21,22,34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
19,21, 22, 34, 56,83
18,21, 22, 34,56,83
18,22,34,83
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,21,34
18,21,34
18,21,34

18,21,34

18,21,34
18,21,34
18,21,34
21,22,34,57
21,22,34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
18 ,21,22,34 ,56 ,83

9m

11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4- 1



(TABLE B.lC CCNTIrUFo)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLED(NY.,HRS/UNIT)(NO.,HRS/UNIT)

4-2 0.130E-i)1 0.000E 30 339 0.706E-02 646 0.598E-02
4-7 C.101E-01 O.OOOE 00 646 0.IOIE-01
5-3 C.991E-02 0.OOOE 00 339 0.588E-02 647 0.403E-02
5-5 0.914E-02 0.OOOE 00 341 0.511E-02 647 0.403E-02
5-8 C.494E-02 0.000E 00 647 0.494E-02
6-4 0.684E-02 0.0OOE 00 340 0.411E-02 648 0.273E-02
6-6 C.606E-02 0.000E 00 342 O.333E-02 648 O.273E-02
6-9 C.324E-02 0.OOOE 30 648 0.324E-02
7-10 0.497E-02 0.OOOE 00 649 C.497E-02
8-11 0.253E-02 0.00E 00 650 0.253E-02
9-12 C.344E-02 0.OOOE 00 651 C.229E-02 653 C.115E-02

616 0.115E-02
10-13 C.250E-02 0.000E 00 652 0.167E-02 654 0.833E-03

617 C.833E-03
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5"- 3
5-5
5-8
6-4
6-6
6-9
7-10

0.371E-02 0.000E 00 614 0.371E-02 644 0.371E-02
0.143E-02 0.000E 00 616 0.143E-02 645 0.143E-02
C.782E-03 0.000E 00 617 0.782E-03 654 0.782E-03
0.144E-01 0.000E 00 238 0.610E-02 337 0.832E-02
C.137E-01 0.000E 00 238 C.610E-02 338 0.765E-02
0.111E-01 0.000E 00 239 0.444E-02 339 0.669E-02
C.106E-01 0.000E 00 239 C.444E-02 341 0.612E-02
0.782E-02 0.OOOE 00 240 0.307E-02 340 0.475E-02
0.707E-02 0.000E 00 240 0.307E-02 342 0.400E-02
0.142E-01 0.OOOE 00 337 0.820E-02 646 0.598E-02
0.135E-01 0.000E 00 338 C.753E-02 646 0.598E-02
0.334E-01 0.OOOE 00 646 0.334E-01
0.103E-01 0.OOOE 00 339 0.628E-02 647 0.403E-02
0.974E-02 0.OOOE 00 341 0.571E-02 647 0.403E-02
C.101E-01 0.OOOE 00 647 0.101E-01
0.714E-02 0.000E 00 340 0.441E-02 648 0.273E-02
C.639E-02 0.000E 00 342 0.366E-02.648 0.273E-02
C.613E-02 0.OOOE 00 648 0.613E-02
0.639E-02 0.000E 00 649 0.639T-02

SOURCES

18,21,22,34,56 ,83
19,22,34,83
18,22,-34,49,57,83
18.22,34,49,57,83
18,22,34,49,83
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,21,34
18,21,34
18,21,34

18,21,34

18,21,34
18,21,34
18,21,34
21,22,34,57
21,22,34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
18, 2 1,22,34 ,56 ,83
18,21,22,34,56,83
18,22,34,83
18,22, 34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,21,(34

$ 6OM



(TABLE B.LC CCNTINUE)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLFD(NC.,HRS/UNTT)(NC.,HRS/UNIT)

8-11 0.334E-02 0.OOOE 00 650
9-12 C.478E-02 0.OOE 00

10-13 C.323E-02 0.000E 00

651
616
652
617
614
616
617
238
238
239
239
240
240
337
338
646
339
341
647
340
342
648
649
650
651
616

C. 168E-01
o.644E-02
C.403E-02
C. 149E-01
C. 141E-01
C 114E-01
C. 110E-01
C.805E-02
0.733E-02
C. 147E-01
C. 139E-01
C. 512E-01
C.106E-01
C.102E-01
0.140E-01
C.737E-02
o.665E-02
C.867E-02
0.677E-02
C. 349E-02
0.501E-02

0.000E 00
0.000E 00
0.OOOE 00
0.000E 00
0.000E 00
0.000 00
0.000E 00
0.000 00
0.OOOE 00
0.000E 00
0.000E 00
0.000E 00
0.000E 00
0.OOOE 00
0.000E 00
0.000E 00
0.000E 00
0.000E 00
0.000E 00
0.000 00
0.000E5 0

loop

165M

11-14
12-15
13-16
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

SOURCES

0.334E-02
C.319E-02 653 0.159E-02
0.159E-02
C.215E-02 654 C.108E-02
0. 108E-02
0.168E-01 644 0.168E-01
0.644E-02 645 0.644E-02
0.403E-02 654 0.403E-02
0.610E-02 337 0.884E-02
0.610E-02 338 0.801E-02
0.444E-02 339 0.699E-02
0.444E-02 341 0.658E-02
0.307E-02 340 0.498E-02
0.307E-02 342 0.426E-02
0.872[-02 646 0.598E-02
0.789E-02 646 0.598E-02
0.5 12E-01
0.658E-02 647 0.403E-02
0.617E-02 647 0.403E-02
0.140E-01
0.464E-02 648 0.273E-02
0.392E-02 648 0.273E-02
0. 867E-02
0.677E-02
C.349E-02
0.334E-02 653 0.1671E-02
0. 167E-02
0.239E-02 654 0.120E-02
0. 120E-02
0.241E-01 644 0.241E-01
0.927E-02 645 0.927E-02
0.587E-02 654 0.587E-02
C.610E-02 337 0.937E-02

18,21,34
18,21,34

18,21,34

18,21,34
18, 21,34
18,21,34
21,22,34,57
21,22,34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
18,21,22,34,56,83
18,21,22,34,56,83
18,22,34,93
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,22, 34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,21,34
18,21,34
18,21,34

18,21,34

18,21,34
18,21,34
18,21,34
21,22,34,57

10-13 0.360E-02 0.000E 00 652
617

11-14 C.241E-01 0.000E 00 614
12-15 C.927E-02 0.000E 00 616
13-16 0.587E-02 0.000E 00 617
1-1 0.155E-01 0.000E 00 238



(TABLE 6.1C CONTINUED)
TASK/TECHNICAL LABCR (HRS/UNIT)
PACKAGE NUMBER

1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5- 5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

SKILLED
C. a145E-01
C. 117E-01
C.115E-01
C . 828E-02
0.758E-02
C. 152E-01
0. 142E-01
0.699E-01
0. 109E-01
C.106E-01
0.183E-01
o.760E-02
0.690E-02
0. 109E-01
C.738E-02
0.373E-02
C.542E-02

EQUIPMENT
UNSKILLED(NC. HRS/UNIT) (NO.)HRS/UNIT
0.OOOE
0.000E
O.OOOE
0.OOOE
0.000E
0.OOOE
0.OOOE
0.QOOE
0 .00E
0.000E
0.OOOE
0.000E
Q.OOOE
0.COE
0.000E
0.OOOE
Q.000E

00
00
00
00
00
00
00
00
30
00
00
00
so
00
00
00
00

10-13 0.384E-02 0.000E 00

11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3

0.364E-01
C. 140E-01
0.892E-02
0.180E-01
C.163E-01
0.132E-01
C. 136E-01
C.939E-02
0.878E-02
0.178E-01
C. 160E-01
C.172E 00
C. 124E-01

0.000E 00
0.OOOE 00
0.000E 30
0.000E 00
0.0000E 00
0.000E 00
0.OOOE 00
0.000E 00
0.000E 00
0.000E 00
0.000E 00
0.000E 00
0.OOOE 00

238 0.610E-02
239 0.444E-02
239 0.444F-02
240 0.307E-02
240 0.307E-02
337
338
646
339
341
647
340
342
648
649
650
651
616
652
617
614
616
617
238
238
239
239
240
240
337
338
646
339

C. 925E-02
0.827E-02
C.699E-01
0.689E-02
C.662E-02
0.183E-01
0.487E-02
0.417E-02
0.109E-01
0.738E-02
0.373E-02
0.363E-02
0.179E-02
0.256E-02
0.128E-02
0.364E-01
0. 140E-01
0.892E-02
0.6 10E-02
0.6IOE-02
0.444E-02
0.444E-02
0.307E-02
0.307E-02
0.118E-01
0.lO1E-01
0.172E 00
0.837E-02

500M

. . I - - - . I I I - . - , . - , I IF

338 C.839E-02
339 C.730E-02
341 0.703E-02
340 0.521E-02
342 0.451E-02
646 0.598E-02
646 0.598E-02

647 0.403E-02
647 0.403E-02

648 0.273E-02
648 0.273E-02

653 0.179E-02

654 0.128E-02

644 0.364E-01
645 C.140E-01
654 0.892E-02
337 0.119E-01
338 0.102E-01
339 0.878E-02
341 0.920E-02
340 0.632E-02
342 0.571E-02
646 0.598E-02
646 0.598E-02

647 0.403E-02

SOURCES

21,22,34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
18,21,22,34,56,83
18,21,22, 34,56,83
18,22,34,R3
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,22,34,49,57,83
18,22,34,49,57,83
18,22,34,49,83
18,21,34
18,21,34
18,21,34

18,21,34

18,21,34
18,21,34
18,21,34
21,22,34,57
21,22, 34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
18 ,21,22,34,56,83
18, 21,22,34,56,83
18,22,34,83
18,22,34,49,57,83



(TABLE 9oIC CONT INUED)
TASK/TECHNICAL LA8OR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER

5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

80M

L416

SKILLED
C. 128E-01
0. 374E-01
C. 871E-02
C. BlOE-02
0.219E-01
C. 103E-01
C.499E-02
0.723E-02

UNSKILLEC(NC.,2 RS/UNIT)(NO.ShRS/UNIT)
O.OOOE
0.OOOE
3.OOOE
0.000E
0.OOOE
0.000E
0.OOOE
0.OOOE

10-13 C.510E-02 0.000E

11-14 0.102E 00 0.O00E
12-15 C.191E-01 0.000E
13-16 C.252E-01 0.OO0E
1-1 0.194E-01 0.000E
1-2 C.173E-01 O.000E
2-3 0.140E-01 0.OOOE
2-5 C.149E-01 0.000E
3-4 0.998E-02 0.000E
3-6 C.941E-02 0.OOOE
4-1 0.192E-01 0.000E
4-2 0.170E-01 0.O00E
4-7 0.225E 00 0.OOOE
5-3 0.132E-01 0.OOOE
5-5 0.140E-01 0.OOOE
5-8 0.481E-01 0.O00E
6-4 0.930E-02 0.OOOE
6-6 C.873E-02 0.000E
6-9 C.279E-01 0.OOOE
7-10 0.126E-01 0.000E
8-11 C.593E-02 9.000E
9-12 0.775E-02 0.000E

00 341
00 647
00 340
00 342
00 648
00 649
00 650
00 651

616
00 652

617
00 614
00 616
00 617
00 238
00 238
00 239
00 239
00 240
00 240
00 337
00 338
00 646
00 339
00 341
00 647
00 340
00 342
00 648
00 649
00 650
00 651

616

0.403E-02

0.27E-02

O.273E-02

C. 241 E-02

18,22,34,49,57,83
18,22, 34,49,83
18,22,34,49,57,83
19, 22,34,9'i9,57,83
18,22,34,49,83
18,21,34
18,21,34
18,21,34

C.P79E-02 647
0.374E-01
0.598E-02 648
O.537E-02 648
0.219E-01
C.103E-01
0.499E-02
C.482E-02 653
0.24 1E-02
0.340E-02 654
0.170E-02
0.102E 00 644
0.391E-01 645
0.252E-01 654
0.610E-02 337
C.610E-02 338
0.444E-02 339
C.444E-02 341
0.307E-02 340
0.307E-02 342
0.132E-01 646
0.111E-01 646
0.225E 00
C.917E-02 647
0.lOOE-01 647
0.481E-01
0.657E-02 648
0.600E-02 648
0.279E-01
0. 126E-01
0.593E-02
0.581E-02 653
0. 194E-02

18,21,34
18,21,34
18,21,34
21,22,34,57
21,22,34,57
21,22,34,57
21,22,34,57
22,34,47,57
22,34,47,57
18,21,22,34,56,83
18,21,22,34,56,83
18,22,34,83
18,22,34,49,57,83
18,22, 34,49,57,83
18,22,34,49,83
13,22, 34,49,57,83
18,22, 34,0 9 ,57,83
18,22,34,49,83
18,21,34
18,21,34
18,21,34

SOLRCES

0.170E-02 18,21,34

0.102E 00
0.391E-01
0.252E-01
0.133E-01
0.112E-01
0.958E-02
0.104E-01
0.691E-02
0.634E-02
0.598E-02
0.598E-02

0.403E-02
0.403E-02

0.273E-02
06273E-02

0. 194E-02



(TABLE B.1 CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPPENT
PACKAGE NUMBER SKILLED UNSKILLED(NC.,HRS/UNIT)(NO.,HRS/UNIT)

10-13 C.539E-02 0.OOE 00 652 O.404E-02 654 0.135E-02
617 0.135E-02

11-14 C.160E CO 0.OOOE 00 614 0.160E 00 644 0.160E 00
12-15 O.616E-01 0.OOOE 00 616 0.616E-01 645 0.616E-01
13-16 C.4COE-01 0.OOOE 00 617 0.400E-01 654 0.400E-01

SPR/COMP (BCY)
11 0.336E-02 0.000E

12 C.434E-02 0.OOOE

0.OOOE13 C.414E-02

14 0.608E-02 0.000E

21 0.217E-02 O.OOOE

22 C.315E-02 0.OOOE

23 C.295E-02 0.OOOE

24 0.489E-02 0.OOOE

31 0.182E- 02
32 C.280E-02

0.260E-02
C.454E-02
0. 158E-02
C.256E-02

0.000E
0.OOOE

0.OOOE
0*000E
0.000E
0.OOOE

43 0.236E-02 0.OOOE 00

00 536 0.329E-03
645 0.253E-02

00 503 0.363E-02
645 0.253E-02

00 537 0.161E-02
645 0.253E-02

90 538 0.355E-02
645 0.253E-02

00 536 0.829E-03
654 C.134E-02

00 503 0.363E-02
653 0.181E-02

00 537 0.161E-02
654 0.134E-02

00 538 0.355E-02
654 0.134E-02

00 425 0.990E-03
00 425 0.990E-03

653 C.1L8E-02
00 425 0.990E-03
00 425 0.990E-03
00 426 0.753E-03
00 426 0.753E-03

616 0.253E-02

616
653
616

0.253E-02
C. 181E-02
0.253E-02

616 O.253E-02

617 0.134E-02

617
654
617

0. 134E-02
0.134E-02
0. 134E-02

617 0.134E-02

536
503

537
538
536
503

653 0.181E-02
426 0.753E-03 537

44 C.430E-02 0.OOOE 00 426 0.753E-03 538

0.829E-03
0.363E-02

0. 161E-02
0.355E-02
0.829E-03
C.363E-02

0.161E-02
0.355E-02

SOLRCES

18,21,.34

18,21,34
18,21,34
18, 21,3s

18,21,34,57

18,21,34,57

18,21,34

18,21,34,39

18,21,34,57

18,21, 34,57

18,21,34

18,21,34,39

18,21,34,57
18,21,34,57

18,21,34,57
18,21,34,39,57
18,21,34,57
18,21,34,57

18,21,34,57
18,21 ,34,39,57

SURFACING

98%

33
34
41
42



( TABLE B.1C CCNTINUFD)
TASK/TECHNICAL LABOR (HRSfUNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLED(NO. ,HRSIUNIT) (NO.,HRS/UNIT)
GRVL (CCY) 11 0.546E-02 0.OOOE 00

12 0.481E-02 0.000E 90

13 C.796E-02 0.QOOE 00

21 C.493E-02 0.OOOE 00

22 C.428E-02

23 C.743E-02

WOM (CCY)

0.454E-02
C.389E-02
C.704E-02
0.445E-02
C.380E-02
C.695E-02
0.807E-02

0.OOOE 00

0.OOOE 00

0.OOOE 00
O.OOOE 00
0.000E 00
0.000E 00
0.OOOE 00
0.OOOE 00
0.242E-02

52 C.742E-02 0.242E-02

53 C.106E-01 0.242E-02

111 C.523E-01 0.108E-01

112 C.508E-01 0.105 E-01

539 0.359E-02 616 0.187E-02
645 C.187E-02
537 0.294E-02 616 0.187E-02
645 0.87E-02
538 0.609E-02 616 0.187E-02
645 0.187E-02
539 0.359E-02 617 0.134E-02
654 0.134E-02
537 0.294E-02 617 0.134E-02
654 0.134E-02
538 0.609E-02 617 0.134E-02
654 0.134E-02
425 0.954E-03 539 0.359E-02
425 0.954E-03 537 0.294E-02
425 0.954E-03 538 0.609E-02
426 Q.858E-03 539 0.359E-02
426 0.858E-03 537 0.294E-02
426 0.858E-03 538 0.609E-02
339 0.206E-02 410 0.242E-02
427 0.242E-02 539 0.359E-02
339 0.206E-02 410 0.242E-02
427 0.242E-02
339 O.206E-02
427 0.242E-02
539 0.480E-01
343 0.959E-02
410 0.118E-02
645 0.200E-02
537 0.466E-01
343 0.931E-02
410 0.118E-02
645 0.200E-02

537 0.294E-02
410 0.242E-02
538 0.609E-02
412 0.959E-02
427 0.118E-02
339 0.1LOE-02
616 0.2001-02
412 0.931E-02
427 0.118E-02
339 0.O E-02
616 0.200E-02

SOURCES

18,21,34,57

18,21,34,50

18,21,34, 39,50

18,21,34,57

18,21,34,50

18,21,34, 39,50

18,21,34,57
18,21, 34,50,57
18,21,34,39,50,57
18,21,34,57
18,21,34,50,57
18,21,34,39,50,57
21,34,54,57,77

21,34,50,54,57,77

21,34,39,50,54,57,77

15,18,21,34,40,54,57,77

15,18,21,34,40,50,54,77

538 0.633E-01 412 0.127E-01 15,18,21,34,39,40,50,54,77

wA

31
32
33
41
42
43
51

113 C.676E-01 Oe.139E-01



(TABLE Ra.c CONT INUED)
TASK/TECHNICAL LABOR (HRS/UNIT) FQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLFD(NC.,HRS/UNIT)(NO.,HRS/UNIT)

121 C.578E-01 0.173E-01

122 C.564E-01 U.171E-01

123 0.731E-01 0.205E-01

211 C.517E-01 0.IORE-01
w'
(3n
0

212 0.503E-01 0.105E-01

213 0.670E-01 0.139E-01

221 0.572E-01 0.173E-01

222 C.558E-01 0.171E-01

343 C.127E-01 427 0.118E-02
410 O.118E-02 339 0.lLQE-02
645 0.2OOF-02 616 0.200E-02
539 0.480E-01 412 3.959E-02
343 C.959E-02 337 0.775E-02
411 0.775E-02 410 3.775E-02
645 0.200E-02 616 0.200E-02
537 O.466E-01 412 O.931E-02
343 0.931E-02 337 0.775E-02
411 0.775E-02 410 0.775E-02
645 0.200E-02 616 O.200E-02
538 0.633E-01 412 0.127E-01
343 0.127E-01 337 0.775E-02

11 0.775E-02 410 C.775E-02
645 0.200E-02 616 0.200E-02
539 O.480E-01 412 0.959E-02
343 0.959E-02 427 0.118E-02
410 0.118E-02 339 0.110E-02
654 0.143E-02 617 0.143E-02
537 O.466E-01 412 0.931E-02
343 C.931E-02 427 0.118E-02
410 0.118E-02 339 0.110E-02
654 0.143E-02 617 0.143E-02
538 0.633E-01 412 0.127E-01
343 0.127E-01 427 0.118E-02
410 0.L8E-02 339 0.110E-02
654 0.143E-02 617 0.143E-02
539 0.480E-01 412 0.959E-02
343 0.959E-02 337 0.775E-02
411 0.775E-02 410 0.775E-02
654 0.143E-02 617 0.143E-02
537 0.466E-01 412 0.931E-02
343 0.931E-02 337 0.775E-02

15, 18,21,34,40,54,57,77

15,18,21,34,43,50,54,77

15,18,21,34, 39,40,5C,54,77

15,18,21,34,40,54,57,77

15,18,21,34,40,50,54,77

15,18,21,34,39,40,50,54,77

15,18,21,34,40,54,57,77

15, 18,21,34,40,50,54,77

SOLRCES



(TABLE BolC CONTINUED)
TASK/TECHNICAL LABOR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLED(NC.,HRS/UNIT)(NO.,hRS/UNIT)'

223 C.725E-01 0.205E-01

311 C.512E-01 0.108E-01

312 C.499E-01 3.105E-01

313 0.666E-01 3.139E-01

LA)
Cr
-~j

321 0.567E-01 0.173E-01

322 C.553E-01 0.1711E-01

323 0.720E-01 0.205E-01

411 0.511E-01 0.108E-01

411 C.775E-02 410
654 0.143E-02 617
538 0.633E-01 412
343 0.127E-01 337
411 0.775E-02 410
654 0.143E-02 617
539 O.480E-01 412
343 C.959E-02 427
410 0.118E-02 339
425 0.925E-03
537 0.466E-01 412
343 0.931E-02 427
410 0.118E-02 339
425 C.925E-03
538 0.633E-01 412
343 0.127E-01 427
410
425
539
343
411
425
537
343
411
425
538
343
411
425
539
343
410

0.118E-02 339
C.925E-03
0.480E-01 412
0.959E-02 337
0.775E-02 410
0.925E-03
0.466E-01 412
0.931E-02 337
0.775E-02 410
0.925E-03
0.633E-01 412
0.127E-01 337
0.775E-02 410

SOURCES

0.775E-02
C.143E-02
0.127E-01 15,18,21,34,39,40,5C,54,77
0. 775E-02
0.775E-02
0.143E-02
0.959E-02 15,18,21,34,40,54,57,77
0.118E-02
03. 1IOE-02

0.931E-02 15,18,21,34,40,50,54,57,77
0. 118E-02
0.110E-02

0.127E-01 15,18,21,34,39,40,50,54,57,
0.118E-02 77
0.110E-02

0.959E-02 15,18,21,34,40,54,57,77
0.775E-02
0.775E-02

0.931E-02 15,18,21,34,40,50,54,57,77
0.775E-02
0.775E-02

0.127E-01 15,18,21,34,39,40,50,54,57,
0.775E-02 7T
0.775 E-02

C.925E-03
0.480E-01 412 0.959E-02 15,18,21,34,;0,54,57,77
0.959E-02 427 0.a118E-02
0.118E-02 339 0.110E-02

_



(TABLE BiC CCNTINUED)
TASK/TECHNICAL LAPCR (HRS/UNIT) EQUIPMENT
PACKAGF NUMBER SKILLED UNSKILLED(UC.,HRS/UNIT)(NO.,jHRS/UNIT)

412 0.497E-01

413 0.664E-01

421 C.566E-01

0. 105E-01

0.139E-01

0. 173E-01

422 C.552E-01 0.171E-01

423 0.719E-01 0.205E-01

511 C.548E-01 0.132E-01

512 0.534E-01 0.130E-01

513 0.701E-01 0.163E-01

521 0.603E-01 0.198E-01

426 C.831E-03
537 0.466E-01 412
343 0.931E-02 427
410 0.118E-02 339
426 C.831F-03
538 0.633E-01 412
343 0.127E-01 427
410 0.118E-02 339
426 0.831E-03
539 0.480E-01 412
343 C.959E-02 337
411 0.775E-02 410
426 0.831E-03
537 0.466E-01 412
343 0.931E-02 337
411 0.775E-02 410
426 0.e31E-03
538 0.633E-01 412
343 0.127E-01 337
411 0.775E-02 410
426 0.831E-03
539 0.480E-01 412
343 0.959E-02 427
410 0.364E-02 339
537 0.466E-01 412
343 0.931E-02 427
410 0.364E-02 339
538 0.633E-01 412
343 0.127E-01 427
410 0.364E-02 339
539 0.480E-01 412
343 0.959E-02 337

11 0.775E-02 410

0.931E-02
0.118E-02
0.110E-02

0. 127E-01
0.118E-02
0.1lOE-02

0.959E-02
0.775E-02
0.775E-02

0. 931 E-02
0.775E-02
0.775E-02

0.127E-01
0.775E-02
0.775E-02

0.959E-02
0.364E-02
0.320E-02
0.931E-02
0.364E-02
0.320E-02
0.127E-01
0.364E-02
0.320E-02
0.959E-02
0.775E-02
0.102 E-01

SOURCES

15,18,21,34,40,50,54,57,77

15, 18,21,34,39,4C5C054,57,
77

15,18,21,34,40,54,57,77

15 ,18,21,34,40,50,54,57,77

15, 18,21,34,39,40,5CD,54,57,
77

15,21,34,40,54,57,77

15,21,34,40,50,54,57,77

15,21,34,39,40,50,54,57,77

15,21,34,40,54,57,77

CwA



(TABLE B.IC CONTINUED)
TASK/TECHNICAL LABCR (HRS/UNIT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLFD(1C.,HRS/UNIT)(NO.,HRS/UNIT)

427 C.246E-02 339 0.210E-02
522 0.589E-01 0.195E-31 537 0.466E-01 412 0.931E-02

343 0.931E-02 337 0.775E-02
411 0.775E-02 410 0.102E-01
427 0.246E-02 339 0.210E-02

523 C.756E-01 0.229E-01 538 0.633E-01 412 0.127E-01
343 0.127E-01 337 0.775E-02
411 C.775E-02 410 0.102E-01
427 0.246E-02 339 0.210E-02

0851/C (SY)

Wa
C-)

1111 C.119E-02 0.528E-03 540 0.411E-03
427 0.334E-03
454 0.116E-03
655 0.787E-04

1112 0.O105E-02 0.528E-03 541 0.270E-03
427 Q.334E-03
454 0.116E-03
655 C.787E-04

1121 0.131E-02 0.977E-03 540 0.411E-03
411 0.182E-03
454 0.116E-03
655 0.787E-04

1122 C.117E-02 0.977E-03 541 0.270E-03
411 0.782E-03
454 0.116E-03
655 09787E-04

1211 0.119E-02 0.526E-03 540 0.411E-03
427 0.334E-03
453 0.114E-03
655 O.787E-04

1212 C.105E-02 0.526E-03 541 0.270E-03
427 0.334E-03

339 0.334E-03
410 0.334E-03
441 0.787E-04

339 0.334E-03
410 0.334E-03
441 0.787E-04

337 0.782E-03
410 0.782E-03
441 0.787E-04

337 0.782E-03
410 0.782E-03
441 0.787E-04

339 0.334E-03
410 0.334E-03
441 0.787E-04

339 0.334E-03
410 0.334E-03

453 0.114E-03 441 0.787 E-04
655 0.787E-04

S9URCES

15,21,34, 40,50 ,54, 57,77

15,21, 34, 39,40,50,54,57,77

21,34,54, 57,77,89

21, 34,54,57,77,89

21, 34,54, 77,89

21, 34,54,77,89

21,34,54,57,77,89

21,34,54,57,77,89



(TABLE B.lC CCNTIUEC)
TASK/TFCHNICAL LABOR (HRS/UNIT) EQUIPMENT--_-
PACKAGE NUMBER SKILLED UNSKILLED(NC.,HRS/UNIT)(NC.PHRS/UNIT)

1221 C.131E-02 l.974E-03 540 0.411E-03 337 0.782E-03
411 0.7F2E-03 410 0.782E-03
453 0.I14E-03 441 0.787E-04
655 C.787E-04

1222 0.117E-02 0.974E-03 541 0.270E-03 337 0.782E-03
411 0.782E-03 410 0.782E-03
453 0.114E-03 441 O.787E-04
655 0.787E-04

DBST/W (SY) 1111 C.117E-02 0.510E-01 540 0.411E-03 339 0.334E-03
427 0.334E-03 410 0.334E-03
454 0.941E-04 441 3.787E-04
655 0.787E-04

1112 C.103E-02 J.510E-03 541 0.270E-03 339 0.334E-03
427 0.334E-03 410 0.334E-03
454 0.943E-04 441 0.787E-04
655 C.787E-04

1121 O.129E-02 O.955E-03 540 0.411E-03 337 0.782E-03
411 0.782E-03 410 0.782E-03
454 0.941E-04 441 0.787E-04
655 0.787E-04

1122 C.115E-02 0.955E-03 541 0.270E-03 337 0.782E-03
411 0.782E-03 410 0.782E-03
454 0.941E-04 441 0.787E-04
655 0.787E-04

1211 0.117E-02 0.505E-03 540 0.411E-03 339 0.334E-03
427 0.334E-03 410 0.334E-03
453 0.919E-04 441 0.787E-04
655 0.787E-04

1212 0.103E-02 0.505E-03 541 0.270E-03 339 0.334E-03
427 0.334E-03 410 0.334E-03
453 0.919E-04 441 0.787E-04
655 C.787E-04

1221 0.129E-02 0.953E-03 540 0.411E-03 337 0.782E-03

wA
L,
Pb

SOURCES

21,34,54,77,89

21, 34,54,77,89

21,34,54,57, 77,89

21,34,54,57,77,89

21, 34,54, 77,89

21,34,54,77,89

21,34,54,57,77,89

21,34,54,57,77,89

21,34,54,77,89



(TABLE 8.10 CONTINUED)
TASK/TECHNICAL LfBOR (HRS/UNIiT) EQUIPMENT
PACKAGE NUMBER SKILLED UNSKILLEC(NO.,HPS/UNIT)(NO.,HRS/UNIT)

411 0.782E-03 410 0.782E-03
453 O.919E-04 441 0.787E-04
655 C.787E-04

1222 0.115E-02 0.953E-03 541 0.270F-03 337 0.782E-03
11 0.782E-03 410 0.782E-03

493 0.919E-04 441 O.787E-04
655 0.787E-04

SOURCES

21,34,54,77,89

NOTE: ALL TECHNICAL PACKAGES FOR SURFACING ALSO INCLUDE MATERIALS:
GRAVEL: 830-1.40 LCY/CCY
WATERBOLNC PACADAM: 831-1.37 LCY/CCY

832-0.32 LCY/CCY
833-63 GAL/CCY

DOUBLE BITUPINCUS SURFACE
TREATMENT ON GRAVFL: 835-0.93 GAL/SY

834-0.0191LCY/SY
DOUBLE EITUPINCUS SURFACF

TREATMENT ON WATERBOCUNC
MACADAP: 835-0.72 GAL/SY

834-0.C191 LCY/SY

w/
Ul
U,



B.2 Resource Costs

Labor, equipment, and materials constitute the resources used in

highway construction; the draft animal,, a horse in this study, is in

essence a piece of equipment, but it is treated separately here since

its cost is derived somewhat differently. In Sections B.21 through

B.24, the procedures for deriving the various resource costs, at dif-

ferent points in time (U.S. in 1930, 1956, and 1974) and under dif-

ferent conditions (a developing country today), are discussed, and

the basic data and final prices of the various resources are given;

Section B.21 covers equipment, B.22 the horse, B.23 labor, and B.24

materials. All references cited are given in Section B.3.

B.21 Equipment

The cost of equipment is estimated on an hourly basis, its hourly

price involving ownership costs of depreciation and interest, main-

tenance, and miscellaneous items such as insurance, tax, and storage

and operating costs of fuel and lubrication. A lack ofdata precludes

explicit inclusion of mobilization and other fixed costs associated witi

equipment use; labor, too, experiences certain costs over and above the

basic hourly wage and fringe benefits. Such costs for both resources

are taken as included in overhead in the project-level analysis.

It was decided at the outset to estimate hourly equipment rates

from scratch rather than to use those reported in the literature because

of the various assumptions hidden in such figures and because of the

difficulty of adjusting them to various time periods and economic

conditions. The first step thus consists of developing the basic e-

quation for calculating these hourly rates; the final form, derived
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with the help of various authors (21,25,26,59), is as follows:

(l+ i)N

HOURLY PRICE F (I+i)N- __NMAINT N
OF EQUIPMENT = Pt INDE X H + NH + 0.0552N +

(in dollars/hour) t]KN

1.35 (ccost * CREQ + gcost * GREQ + dcost * DREQ)

where small letters indicate economic variables

capital letters indicate engineering variables

subscript t = year of investment cost

P t = investment cost in year t (in dollars)

index = index used to inflate or deflate investment cost in
line with particular economic conditions under
consideration

INDEXt = investment cost index in year t

i = interest rate (in decimal form)

N = life (in years)

H = annual hours of utilization

MAINT = maintenance as a percentage of investment cost
(in decimal form)

cost = per unit quantity cost of fuel, with c = coal (in
tons), g = gasoline (in gallons), d = diesel fuel
(in gallons)

REQ = quantity of fuel consumed per hour, with prefixes
and units as for _cost

The first half of the equation is ownership costs and the second operating

costs.
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Before investigating the component parts of the equation, a couple

of observations need to be made: (1) many items of equipment appear in

only one or two of the three technology periods; and (2) as for those

that appear in all three periods, they have likely undergone certain

changes over time which have influenced their quality, productivity,

and so forth, and are thus different pieces of equipment than they

were originally. In light of this, a separate set of equipment is

specified in each technology period, with a full complement of engin-

eering variables defined for each item of equipment at the time of its

use. In the first tern of the equation then, Pt Ane is the
_NEXt_

investment or purchase price (Pt) of each item of equipment at the time

of its use is inflated or deflated by means of an index (index) to

bring it in line with any given set of economic conditions. Although

the use of an index over such a long time span (some 50 years) is to be

discouraged, this appears as the most viable and consistent means of

developing investment, and ultimately hourly, costs for equipment under

various economic conditions; another point in favor of this is that the

two construction equipment indexes (U.S. Office of Business Economics

and U.S. Bureau of Labor Statistics) which are used in the research are

felt to be reasonably reliable ones (e.g., they are price rather than

cost-based).

Proceeding with the decomposition of the equation, the next term,

LN / H , is the capital recovery fractor expressed in hourly
01 + i) -_1
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termswhich when multiplied by the investment cost represents the in-

terest and depreciation costs associated with an item of equipment on

an hourly basis. The final two terms in the ownership costs part of

MAINT N+Flthe equation, N and 0.055 2NH , multiplied by the investment cost,NH N

respectively yield hourly charges for maintenance and repair of the

equipment and for miscellaneous items like tax (1 - 5 % of average

annual investment [AAI]), insurance (1 - 3 % of AAI), and storage

(s 1% of AAI). Tires are frequently included as a separate cost

item; here they are assumed to be covered by the cost of maintenance

and repair which includes both a labor and materials component. The

operating costs part of the equation is simply the cost of the fuel

the equipment uses in an hour, with an additional 35 percent included

to cover the cost of grease and oil.

The full set of engineering variables required by the equation for

each item of equipment is given in Table B.2, along with a brief des-

cription of the piece of equipment; Table B2a covers the 1920's set of

equipment, B.2b the 1950's, and B.2c the 1970's. The basic data for

each piece of equipment, with the possible exception of the rate of

fuel consumption (and, of course, the index which is discussed below),

by and large come from a single source for each technology period. The

Associated General Contractors of America are responsible for the 1920's

source (13), while Peurifoy authors both the 1950's and 1970's sources

(56,57); the data presented in each are similar enough in form to sug-

gest that there may be a certain amount of coordination. Whenever

possible, additional sources substantiating these figures are also cited.
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Table B,2a: Brief description, basic data, and sources for each piece of equipment appearing in the 1920's technical packages,

fpqrrint inn

Handtools for site prepcd
Handtools for excavation
Moldboard plow
0, 75cy power shovel dipper
Elevating grader
0.75cy power shovel
Steel wheelbarrow (0,095 bcy)
Handcart (0,11 bcy)
. cy bottom-dump wood wagon

Scy bottom-dump steel wagon
3.5 ton rear-dump truck
5 ton rear-dump truck e
Handtools for spreading
7 ft blade grader
12 ft blade grader
5 ft blade grader
450 gal sprinkler wagon
7.5ft spreader box
600 gal bitumen distributor
2,5 ton horse-drawn roller
6-8 ton 3-wheel roller
10 ton 3-wheel roller
Bulldozer blade-80hp tractor
4 ft fresno (0,33 bcy)
0.175 bcy dragscraper
No. 2 wheel scraper (0, 40bcy)
Bulldozer blade-60hp tractor
80hp crawler tractor
<20hp wheel tractor
76hp crawler tractor
60hp crawler tractor
30hp crawler tractor

Purchase
price (Pt)
($@ear)

Index
for year

of
pu rcha sea
(INDE~t

Li fe

(NI-yrs )lkH-hrs/r

Mainten-
ance over

life
(MAINT-
% of

investment
cost

Fuel
consumption
(CREQ,GREQ,
DREQ-

uni ts/hour~

b

t t t t I t T

0. 85*@l 913
0 75*@l 913

40 @1930
2120 @1930
2600 @1930

10600 @1930
7 @1913

10* @1913
240 @1930
700 @1938

4800 @1930
6000 @1930
0.60*@1913

520 @1930
1800 @1938
300* @1930

600 @1930
400 @1930

6000 @1930
300 @1913

2900 @1930
3000 @1930
1600 @1938

26 @1930
11 @1930
68 @1930

1350@1930
4650@1938

700@1930
6480@1938
4300@1930
2500@1930

20.8
20,8
30.1
30.1
30.1
30.1
20.8
20.8
30.1
33.7
30,1
30.1
20.8
30.1
33.7
30.1
30,1
30.1
30.1
20.8
30.1
30,1
33.7
30,1
30,1
30.1
30.1
33,7
30,1
33,7
30.1
30,1

0, 5*
0.5*
3
4
5
7
1*
1*
4
5
5,5
5.5
0,5*
3
5
3*
5
5
4
6*
7
9
4
3
2
5
5
5
2
5
5
4

2000*
2000*
1890
2430
1890
2430
2000*
2000*
1620
1920
2360
2160
2000*
2160
1920
2160*
1620
1620
1620
2000*
1890
1890
1920
1890
1890
1890
1350
1920
2430
1920
2160
2160

40*
40*
45
40

100
105

40*
40*
56
75
88
88
40*
45

100
45*
50
75
68
60*
84
90
60
60
30
75
60
75
30
75*
75
75

3, Og
3, 6q

3,0O*g

2 -
0, 035c

5, 9
18*g
3,95d
4,89
2 4q

I Source

15
15

13,15,26
5,13

13,15,32
5,13,48

15,26,58
15,26,58

13,15
13

13,26
13,26
12,15

13,14,15,48
13,26

13,26,48
13,26
13,26
13,26
15

13,26,35,80
13,15,26,27

13,26
13,15,26,30,48

13,15,58
13,30
9,13

13,26
13

13,26
13,26
13,26

Ni nih r

Li
a)
0

201
202
203
204
205
230
301
302
303
304
330
331
401
402
403
404
405
406
450
501
530
531
602
603
604
605
606
630
631
632
633
634

III I-L-llullluc:1- Ll u a W- I I li 6 1 %j I I I



(Table B.2a continued)

Note: Asterisk (*) indicates that figure is an estimate.

aSource: 74,85.

bType of fuel is indicated by letter after fuel consumption figure:

c - coal - tons/hour
g - gasoline - gallons/hour
d - diesel fuel - gallons/hour

cInclude axes, crosscut saws, machetes, brushhooks, shovels, rakes, hoes, picks, mattocks.

dInclude picks and shovels.

eInclude shovels, rakes, hoes, potato hooks, and brooms.



Table B,2b: Brief description, basic data, and sources for each piece of equipment appearing in the 1950's technical
packages,

Description

206
207
208
231
232
233
234
235
305
306
332
333
334
335
407
408
409
420
421
422
423
440
451
452
502
532
533
534
535
607
608
609
610
611
612
613
638
639
640
641
642
643

Purchase
price (Pt
($ @ year

Index
for year
of

purchase8

(INDEXt)
LifeI

TF-Yrs) iH-hrs/v)I - - I --. mI_-_________11___-- __ _I _ - ' I - _T -'I- - 9 - I L-L-+ - - I +

Handtools for brushing d
Handtools for tree removale
Handtools for stump removaltm

1,5cy power shovel
2,Ocy power shovel
2,5cy power shovel
Elevating grader
36 in, chain saw
8,5cy bottom-dump wagon
i5cy bottom-dump wagon
10 ton rear-dump truck
20 ton rear-dump truck
3,5 ton stake truck
0,5 ton stake truck
1500 gal water tank f
Handtools for spreading
12 ft spreader box
10 ft blade grader
13 ft blade grader
12 ft wheel spreader
8 ft blade grader
Drag broom
Rotary broom
1000 gal bitumen distributor
Sheepsfoot roller
8 ton 3-wheel roller
10 ton pneumatic roller
12 ton 3-wheel roller
5-8 ton tandem roller
8 ft bulldozer blade
10 ft bulldozer blade
11,5 ft bulldozer blade
1,5 in. diameter steel cable(lOOft)
6 cy 4-wheel scraper
9 cy 4-wheel scraper
15 cy 4-wheel scraper
125 fwhp wheel tractor
185 fwhp wheel tractor
250 fwhp wheel tractor
70 dbhp crawler tractor
90 dbhp crawler tractor
130 dbhp crawler tractor

2,74* @ 1954
5,21* @ 1954
2,89* @ 1954
42000 @ 1951
56000 @ 1951
85000 @ 1958
36000 @ 1951

415 @ 1956
5000*@ 1951
8500 @ 1951

12700 @ 1951
28500 @ l951
6000 @ 1951
1600 @ 1951
1000 @ 1954

2,03* @ 1954
1180 @ 1951
7500 @ 1951

12800 @ 1951
5900 @ 1951
4150 @ 1951

75*@ 1951
1800 @ 1951
8100 @ 1951
1800 @ 1951
7900 @ 1951
9100 @ 1974
9500 @ 1951
5300 0 1951
1350 0 1951
1600 @ 1951
2000 @ 1951

57 @ 1938
6000 0 1951
8000 @ 1951

13000 @ 1951
13000 @ 1951
17000 @ 1951
20000 @ 1951
8300 @1951

11000 @ 1951
15000 @ 1951

81,6
81,6
81,6
77,8
77,8

100,0
77,8
89,7
77,8
77,8
77,8
77,8
77,8
77,8
81,6
81,6
77,8
77,8
77,8
77,8
77,8
77,8
77,8
77,8
77,8
77,8

176,3
77,8
77,8
77,8
77,8
77,8
33,7
77,8
77,8
77,8
77,8
77,8
77,8
77,8
77,8
77,8

Number

Ma in ten-
ance over

life
(MAINT-
% of

investment
cost)

Fuel
consump-
tionb

(GREQ,
DREQ-

gals/h4)

LA.)
0)
N)3

0,5*
0,5*
0,5*
5
6
6
5
3
5
5
5
5'
4
3
6

0,5*
5'
4'
5
4
4
1*
5
5
4
7
3
7
7
5
5
5
3
5
5
5
5
5
5
5
5
5

2000*
2000*
2000*
2000
1600
2000
2000
1200
2000
2000
1800
1600
2000
2000
2500
2000*
1600
2000
2000
1600
2000
2000*
1600
1600
2000
2000
1400
2000
2000
2000
2000
2000
1440
2000
2000
2000
2000
2000
2000
2000
2000
2000

40*
40*
40*
65
80
80
65
45
50
50
65
60
48
45
80
40*
75
60
75
68
75
80*
75
85
75

100
90

100
100
65
65
65
45
65
65
65
65
65
65
65
65
65

I Source

4, Od
5.Od
6, Od
3,5d
0,5*g

3,2d
7,5d
3,8g
0, Sg

3, 093
4,5d

5,0g

0, 7q
7.lg

lOd
2,2d
1,7d
1,9g

-Od
5.01
7,Od
2 4d
3,d
5, Od

62
62
62

46,56
46,65

46,56,63
46,56
56,62
56,63
56,63
56,88
56,88
56,88
46,56
46,77

62
56

46,56
56,63

56
18,46,56

56
56
56
56
57
56
56
56
56
56

56
56
56

56o63
56,63
56,63
56,63
56,63
56,63



(Table B.2b continued)

Note: Asterisk (*) indicates that figure is an estimate,

aSource: 74,85.

bType of fuel is indicated by letter after fuel consumption figure:

9 - gasoline
d - diesel fuel

CInclude axes, scythes, pruning saws, pole saws, shovels, and mattock hoes.

dInclude crosscut saws, pole saws and extensions, and axes.

eInclude post hole diggers and shovels.

fInclude shovels, hoes, and rakes.
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Table B,2c: Brief description, basic data, and sources for each piece of equipment appearing in the 1970's technical packages,

Description

Purchase
price (Pt
($ @ year). N - - - ,

Index
for year

of
purchasea Life

Number r

Mainten-
ance over

life
(MAINT-
% of

investment
cost)

209
236
237
238
239
240
241
336
337
338
339
340
341
342
343
410
411
412
424
425
426
427
441
453
454
503
536
537
538
539
540
541
614
615
616
617
644
645
646
647
648
649
650
651
652
653
654
655

Fuel
consumg

tion
(GREQ,
DREQ-
gals/hr)i Source

Handtools for site prepc
36 in, chain saw
1 cy backhoe
1,5 cy power shovel
2,5 cy power shovel
3,5 cy power shovel
6 in, brush saw
0,5 ton pickup truck
10 ton rear-dump truck
15 ton rear-dump truck
20 ton rear-dump truck
35 ton rear-dump truck
20 ton bottom-dump wagon w/ tractor
40 ton bottom-dump wagon w/ tractor
4 ton stake truck d
Handtools for spreading
12 ft spreader box
1000 gal water tank
12 ft 80 hp motor grader
12 ft 115 hp motor grader
14 ft 150 hp motor grader
5-12 ft crawler spreader
Rotary broom
1500 gal bitumen distributor
1000 gal bitumen distributor
Sheepsfoot roller
220 hp sheepsfoot roller
25 ton pneumatic roller
7 ton vibratory roller
10-12 ton 3-wheel roller
8-10 ton tandem roller
12 ton pneumatic roller
8 ft bulldozer blade
10 ft bulldozer blade
12 ft bulldozer blade
14 ft bulldozer blade
70 dbhp crawler tractor
180 fwhp crawler tractor
1,75cy frontend crawler loader
3 cy front end wheel loader
5 cy front end wheel loader
11, 5cy elevating scraper w/ tractor
21.5cy elevating scraperw/ tractor
14/2Ocy scraper w/tractor
21/30cy scraper w/tractor
270 fwhp crawler tractor
385 fwhp crawler tractor
60fwhp agricultural tractor

F ,
4,84*@ 1974

490 0 1974
54900*@ 1974
88500 @ 1974

165000 @ 1974
146180 0 1970

65 @ 1974
3150 0 1974

24800 0 1974
38200 @ 1974
55600 0 1974
84950 0 1974
60500 0 1974
88400 0 1974
12450 0 1974
4,36*@01974
2000 0 1974
600 0 1974

24150 @ 1974
27750 0 1974
36550 0 1974
12850 0 1974
2000 0 1974

16950 @ 1974
15225 0 1974

5975 0 1974
28100 @1974
17450 0 1974
20250 @ 1974
15720 @ 1974
16220 0 1974
9720 0 1974
4050 0 1974
4800 @ 1974
5975 0 1974

10150 0 1974
19500 0 1974
50000 0 1974
27000 0 1971
36000 0 1971
65000 0 1971
51400*' 1974
89340*0 1974
74450 @ 1974

109900 0 1974
68500 0 1974

106000 0 1974
1150040 1974

(INDEXt) (N-yrs)(H-hrs/yr

176,3 0,5* 2000*
176,3 3 1200
176,3 6 2000
176,3 5 2000
176,3 10 2000
135,9 8 2500
176,3 3 1400
176,3 3 2000
176,3 5 1800
176,3 5 1800
176,3 5 1600
176,3 5 1600
176,3 5 2000
176,3 5 2000
176,3 4 2000
176,3 0,5* 2000*
176,3 16 2000
176,3 8 2000
176,3 4 2000
176,3 4 2000
176,3 4 2000
176,3 4 1600
176,3 4 2000
176,3 5 1600
176,3 5 1600
176,3 6 2000
176,3 4 2000
176,3 3 1400
176,3 4 1600
176,3 7 2000
176,3 7 2000
176,3 3 1400
176,3 5 2000
176,3 5 2000
176,3 5 2000
176,3 5 2000
176,3 4 2000
176,3 5 2000
142,2 5 2000
142,2 5 2000
142,2 5 2000
176,3 6 2000
176,3 6 2000
176,3 5 2000
176,3 S 2000
176,3 5 2000
176,3 5 2000
176,3 5 2000

40*
45
60
75

125
155
45
45
75
60
60
60
75
75
48
40*
85*
80*
60
60
60
60
801,
85
85
90
60
90
60

100
100
90
75
75
75
75
60
75
90
84
96
90*
90*
75
75
75
75
75

62
0 3g 57
5Od 18,21,49,57,89
4,8d 18,57
9,0d 18,21,47,89
13,Od 18,47

57
1, 5*9 57
3, 7d 57
6,Od 57
9,8d 57

10, 5d 18,57
5,1d 1 34 ,57
7,7d 34,57
4, g 57

62
89
89

2,Id 57
3,6d 18,57
4, 7d 1 18,57
2,6q 57

- 89
7,8g 57
6, 4g 57

57
5,9d 57
3,6d 57
2,9d 57
2,Od 57
2,ld 57
2, 5d 57

57
57

- 1 57
-57

3,ld 18,57
6,0d 18,57
4, 8d 34
4,8d 34
7,4d 34
4,5d 21,57,89
7,8d 21,57,89
8,Id 57

10,8d 57
9,2d 18,57

12,9d 18,57
l.Og 21,57,89



(Table B.2c continued)

Note: Asterisk (*) indicates that figure is an estimate.

aSource: 74,85.

bType of fuel is indicated by letter after fuel consumption figure:

g - gasoline
d - diesel fuel

c Include rakes and shovels.

dInclude shovels, rakes, and hoes.



It is the economic variables, index, i, and ccost, gcost, and

dcost, that change with economic conditions and allow equipment to be

priced under varying conditions. Going in reverse order, fuel costs

(ccost, gcost, dcost) are treated in Section B.24 with the rest of the

materials used in highway construction. Interest rates (i) for 1930,

1956, and 1974 are, respectively, 5.0%, 4.5%, and 11.5%, coming from

the statistical tables on rates for business loans in various issues of

the Federal Reserve Bulletin (24). Rates of 20% and 30% are assumed for

developing conditions; the former is used as the usual figure, repre-

senting a distinctly capital-scarce, developing nation, while the

latter is used to represent an even more extreme situation.

As for the index, values for both index and INDEXt come directly

from the U.S. Office of Business Economics (OBE) index for private

purchases of construction machinery (85) in the period 1929-1965; the

U.S. Bureau of Labor Statistics (BLS) wholesale price index (74) for

construction machinery and equipment is used to extrapolate the index

forward from 1965, and the same index for industrial commodities to

extrapolate it backward from 1929. In Figure B.1, the ratio of the BLS

index for construction machinery and equipment to the OBE index for

construction machinery is plotted for their overlapping years. The

relationship between these two indexes is reasonably linear from the late

forties to 1965, and this line is thus extrapolated forward to 1974.

The BLS index for construction machinery and equipment divided by the

appropriate figure from the graph yields the extrapolated version of

the OBE index from 1966-1974. Prior to 1929, the OBE index is similarly
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Figure B.1: Data used in the extrapolation of the OBE index for construction machinery,
and the final index, spanning 1913-1974, used for inflating/deflating con-
struction equipment investment costs (Source: ref. 74,85).
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(Figure B.1 continued)

Note: As described in the text, the graph provides the factors for ex-
trapolating the OBE index forward from 1965 and backward from
1929. The final index used in the analysis (extrapolated years in
parentheses), as well as the OBE and two BLS indexes used in its
derivation are listed below:

BLS-
Final index OBE- construction BLS-

used in construction equipment industrial
Year analysis machinery and machinery commodities

1913 (20.8) - - 37.2
1914 (19.9) - - 35.2
1915 (20.7) - - 36.1
1916 (27.1) - - 46.8
1917 (35.7) - - 61.0
1918 (38.9) - - 65.9
1919 (41.0) - - 68.6
1920 (51.8) - - 85.7
1921 (34.0) - - 55.7
1922 (33.6) - - 54.4
1923 (34.7)- - - 55.6
1924 (33.5) - - 53.1
1925 (34.9) - - 54.6
1926 (34.4) - - 53.2
1927 (32.7) - - 50.0
1928 (32.7) - - 49.3
1929 30.2 30.2 - 48.6
1930 30.1 30.1 - 45.2
1931 28.8 28.8 - 39.9
1932 26.0 26.0 - 37.3
1933 27.6 27.6 - 37.8
1934 29.6 29.6 - 41.6
1935 29.8 29.8 - 41.4
1936 29.9 29.9 - 42.2
1937 32.6 32.6 - 45.2
1938 33.7 33.7 - 43.4
1939 33.5 33.5 32.1 43.3
1940 35.0 35.0 32.5 44.0
1941 38.1 38.1 34.3 47.3
1942 40.8 40.8 35.4 50.7
1943 42.0 42.0 35.4 51.5
1944 43.0 43.0 35.5 52.3
1945 44.5 44.5 35.7 53.0
1946 49.1 49.1 38.8 58.0

368



(Figure B.1 continued)

Final index
used in
analysis

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

OBE-
construction
machinery_

56.7
64.1
67.9
69.8
77.8
78.5
80.2
81.6
84.2
89.7
95.5

100.0
103.1
105.5
106.0
106.4
107.7
109.8
112.4

(115.4)
(119.0)
(125.4)
(130.5)
(135.9)
(142.2)
(146.7)
(152.0)
(176.3)

BLS-
construction
equipment

and machinery

56.7
64.1
67.9
69.8
77.8
78.5
80.2
81.6
84.2
89.7
95.5

100.0
103.1
105.5
106.0
106.4
107.7
109.8
112.4

BLS-
industrial
cormodi ties

44.0
49.8
53.0
54.5
60.5
61.4
63.2
64.4
67.0
72.6
78.2
81.2
84.1
85.9
87.3
87.5
89.0
91.2
93.6
96.5

100.0
105.7
110.4
115.5
121.4
125.7
130.7
152.3
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Year

70.8
76.9
75.3
78.0
86.1
84.1
84.8
85.0
86.9
90.8
93.3
93.6
95.3
95.3
94.8
94.8
94.7
95.2
96.4
98.5

100.0
102.5
106.0
110.0
114.0
117.9
125.9
153.8
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extrapolated using the BLS index for industrial commodities; in this

case, the linearity of the relationship is not so strong, but this is

not too serious in that only fora half dozen or so pieces of the 1920's

equipment are purchase prices prior to 1929 the only ones available.

The final index (1913-19741 used throughout the research for adjusting

the purchase price or investment cost of equipment, is given in the note

to Figure B.l, along with the OBE index and two BLS indexes used in

its development. The economic variable, index, thus takes the res-

pective values of 30.1, 89.7, and 176.3 for 1930, 1956, and 1974 price

conditions.

In the case of developing conditions, an index of 350, roughly

twice that experienced in the U.S. in 1974, is used for heavy equipment

(i.e., powered equipment or unpowered equipment attached to powered

equipment), under the assumption that the equipment has to be imported

and foreign exchange is costly. An index of 15, about half that

experienced in the U.S. in 1930, is used for light equipment (i.e.,

unpowered equipment or that which may be animal-powered) under the

assumption that it is locally produced by cheap labor.

In order to arrive at the full set of hourly equipment costs as

presented in Table B.3, these engineering and economic variables are

combined, by means of the equation given at the beginning of this section,

under each set of price conditions, for each item of equipment in the

three technology periods. In addition to the total hourly rate, its

various components, hourly interest and depreciation, maintenance and

miscellaneous items, and operating (fuel) costs, as well as the

370



TABLE B.3AA: HOURLY COSTS OF THE 1920'S EQUIPMENT AT

PBrICES CF 1930.

EQUIPMENT
N E t 91 20

INVESTMENT CCST
(s

:NT/DEF MArIT/MISC
(S/flFI (S/H IMUML MIa0 v(rt& LaI %" -- or

21
2 2
2 3
2 4
2 5
230
3 1
3 2
3 3
3 4
330
331
4 1
4 2
4 3
4 4
4 5
4 6
450
5 1
530
531
6 2
6 3
6 4
6 5
6 6
630
631
632
633
634

1-.230
1.085

40.000
2120.000
2599. 999

10599.996
10. 130
14.471

240.000
625.223

4799. 996
5999.996

0.868
520.000

1607.71 9
300.000
600.000
400.000

5999.996
434.135

2899.999
2999.999
1429.080

26.000
116000
68. 000

1350.000
4153.262

700.000
5787.773
4299.996
2499.999

FUEL TOTAL
($/HP) (/E 0 )
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0.00128
0.00113
0.00777
0.24603
0. 31774
0.75386
0.00532
0. 00760
0.04178
0. 07521
0.4 3209
0.59012
0.00090
0.08840
0.19341
0.05100
0.08555
0.05703
1.04448
0.04277
0.26517
0. 22332
0.20990
0.00505
0.00313
0.00831
0. 23097
0.49963
0. 15492
0. 69626
0.45981
0. 32640

0.00054
0.000't8
0.00395
0.11723
0.32053
0.79142
0.00230
0.00329
0.02583
0.05959
0. 39153
0.53472
0.00038
0.04494
0.19510
0.02593
0.04926
0.045 19
0. 75694
0.02867
0.23235
0.20723
0.13723
0.00326
0.00111
0.00658
0. 15300
0.39586
0. 05509
0. 55165
0.36431
0.25680

0.0
0.0
0. 0
0.0
0. 0
0. 2700
0.0
0. 0
0.0
0. 0
0.7857
0.9428
0. 0
0. 0
0. 0
0.0
0.0
0. 0
0. 7857
0.0
0.5238
0. 1890
0. 0
0. 0
0. 0
0.0
0. 0
1.5452
0.4714
0. 4300
1.2571
0. 6286

-4.0 01 R2
0.00160
0.01 172
0.36327
0.63827
1.81528
0.00762
0.01089
0.06761
0.13481
1.60931
2.06768
0.00128
0.13334
0.38851
0.07693
0.13481
0. 10222
2.58713
0.07144
1.02132
0.61955
O.347 14
0.00831
0.00424
0.01489
0.38397
2.44070
0.68144
1.67789
2.08 123
1.21 176



TABLE V3.3AB: HOURLY COSTS OF THE 1920'S EQUIPMENT AT
PRICES OF 1956.

EQU[PMENTIINVESTMENT COST
NUMRFR I ($)

INT/DEP MA
(S/HR)"

INT/MISC FUEL TOTAL
($/HR) (S/HR) (SIHR)

2 1
2 2
2 3
2 4
2 5
230
3 1
3 2
3 3
3 4
330
331
4 1
4 2
4 3
4 4
4 5
4 6
450
5 1
530
531
6 2
6 3
6 4
6 5
6 6
630
631
632
633
634

3.666
3.234

119.203
6317.734
7748.168

31588.695
30. 187
43.125

715.216
1863.205

L4304.312
17880.391

2.587
1549.634
4791.094
894.020
1788.039
1192.026

17880.391
1293.750
8642.187
8940.195
4258.750

77.482
32.781

202.644
4023*087
12377-.00
2086.046
17247.949
12814.277
7450.160
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0.00379
0.00334
0.02294
0.72470
0.93384
2.20602
0.01577
0.02253
0.12306
0.22105
1.2685L
1.73246
0.00267
0.26098
o.56842
0.15056
0.25142
0.16761
3.07656
0.12541
0.77597
0.65076
0.61828
0.91491
0.00926
0.02442
0.67883
1.46842
0.45841
2.04632
1.35138
0.96143

0.00162
0.00143
0.01177
0.34936
0.95520
2.35847
0.00687
0.00981
0.07698
0.17759
L * 16677
1.59351
0.00114
0.13392
0.58 142
0.07726
0*.4680
0.13465
2.25574
0.08544
0.69242
0.61756
0.40896
0.00970
0.00332
0.01962
0.45595
*1.7968

0.16418
1.64394
1.08565
0.76528

0.0
0.0
0.0
0.0
0.0
0.6014
0.0
0.0
0.0
0.0
1.0125
1. 2150
0.0
0.0
0.0
0.0
0.0
0.0
1.0 125
0.0
0.6750
0.4210
0.0
0.0
0.0
0.0
0.0
1.9912
0.6075
0.7087
1.6200
0.8100

0.00541
0.00477
0.03472
1.07406
1.88904
5.16592
0.02264
0.03234
0.20005
0.39864
3.44778
4.54096
0.00382
0.39490
[.14984
0.22783
0.39821
0.30227
6.34481
0.21086
2.14339
1.68932
1.02724
0.02462
0.01258
0.04404
1.13478
4.63935
1.23009
4.3990L
4.05703
2.53671
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TABLE B.3AD: HOURLY COSTS OF THE 1920'S EQUIPMENT AT
PRICES CF A TYPICAL DEVELOPING COUNTRY.

EQUIPMENT.
NUMBER I

2 1
2 2
2 3
2 4
2 5
230
3 1
3 2
3 3
3 4
330
331
4 1
4 2
4 3
4 4
4 5
4 6
450
5 1
530
531
6 2
6 3
6 4
6 5
6 6
630
631
632
633
63 4

INVESTMENT COST
(s)
0.613
0.541
19.934

24651-.156
1295.742

123255.750
5.048
7.212

119.607
7270. 027

55813.941
69767.375

0.433
259.148

18694.363
149.509
299.017

4651.160
69767.375

216.361
33720.922
34883.711
16617.211

12. 957
5.482

33.889
15697.668
48293.770
8139.531
67299.687
49999.988
29069.758

INT/DEP MAINT/MISC
(S/HP) ($/HR)

FUEL TOTAL
(S/aR) (S/HP)
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0.00070
O.00062
0.00501
3. 91871
0. 22924
14.07163
0.00303
0.00433
0.02852
1.26612
7.47072
10.20306
0.00050
0.05696
3.25573
0.03286
0.06172
0.96003

16.63602
0.03253
4.94972
4.57880
3.34325
0.00325
0.00190
0. 00600
3.88813
8.41065
2. 19246
11.72064
7.74026
5. 19876

0.00027
0.00024
0.00197
1.36317
0.15974
9.20251
0.00115
0.00164
0.01287
0.69292
4-. 55 26 2
6.21769
0.00019
0.02240
2.26864
0.01292
0. 02455
0.52541
8.80167
0.01429
2.70175
2.40966
1.59573
0.00162
0.00055
0.00328
1.77907
4.60300
0.64061
6.41450
4.23611
2.98604

0. 0
0. 0
0. 0

0.0
0. 0
2. 7000
0. 0
0. 0
0. 0
0.0
8. 1000
9. 7200
0. 0
0. 0
0. 0
0. 0
0. 0
0. 0
8. 1000
0. 0
5. 4000
1. 8900
0. 0
0. 0

0. 0
0. 0

8.0 10

15. 9300
4.8600
7. 0875
12.9600

6.4800

0.00097
0.00086
0.00698
5. 28 187
0.38898
25.97412
0.00418
0.00597
0.04139
1.95904

20.12332
26.14073
0.00069
0.07935
5.52437
0.04578
0.08627
1.48544

33.53767
0.04682

13.05147
8.87846
4.93898
0.00488
0.00245
0.00928
5.66720

28.94363
7.69307
25.22263
24.93636
14.66480

I



TABLE B.3BA: HOURLY CCSTS CF THE 195C'S EQUIPMENT PT

PpICES oF 1930.

EQJIP MENT
NUMBER

2 6
2 7
2 B
231
232
233
234
235
3 5
3 6
332
333
334
335
4 7
4 8
4 9
420
421
422
423
440
451
U52
5 2
532
933
534
535
6 7
6 8
6 9
610
611
612
613
638
639
640
641
642
643

INVESTMENT CCST
( 3)

1.011
1.*922
1.066

16249.355
21665.C9
25585.0CC
1 3928.02C

139. 2
1934.447
3288.5EC
49 13.*e496

11026. 3 46
2321.33 E
619.023
368.873

0.7!49
456.53C

2901.671
4952.184
2282.644
1605.591

29.017
96.4C1

3133.RCN
696.4C1

3056.427
1553.658
3675.45C
2050.5114

522.301
6 19.C2q
773.779
50.911

2321.336
3095.115
5029.562
5029.5E2
6577.121
7737.769
3211.182
4255.781
58G3.3 UC

INT/CEF MIINT/MISC
(S/lW) ($/EiR)

FUEL TOTAL
($/HF) ($/HR)

Ift Pk Aph a-- A*Fik AM

375

THE

0.00105
c0.00199C
0.00111
1.87659
2.6663
2.52034
1.60651
0.04261
0. 2234C
C.37979
0.6305C
1.59175
0. 32732
0.11366
C.029C7
C.0007E
0 .0659C
C.40915
0.57191
0.40233
0.2264C
0.01523
0.1cc53
0.45239
0.0982C
C. 2641C
0.40751
0.31759
0.1771E
0. 06032
C.07149
0.0893E
0.01296E
0.26BCE

. 357145
0.58085
0.580E6E
0.75957
0.89362
0.37085
0.49149
G.67021

C .00045
C.00085
C.00047
1.32432
2.23993
2.11609
1.13513
C.02166
0.12864
C.21869
C.44494
1.05439
C. 17918
C.05778
C.02441
C. 00033
O.05222
C.26750
C.45312
C . 29 157
C. 17812
C.01240
C .07965
C.39760
0.07726
C .26635
C.37362
C.32029
C. 17869
C. 04257
C .0 5045
C.06306
C .00660
C.18919
C. 25225
C.40991
C.4C991
C.53603
C.63C63
C.26 171
C.34685
C.47297

0.0
0.0
0.4914
0.6142
0.7371
0. 430C
0.1309
0.0
0.0
0.3931
0.9214
C. 9952
0. 1309
0.0
0.0
0.0
0.7857
0.552E
0.419C
1.3095
0.0
0.1833
1.8595
0.0

. 26 1 S
0. 27C3
C.2088
0.4976
0.0
0.0
c.
0.0
0.0
c.0
0.0
0.6142
0.6142
0.8599
0.294E
0.4300
0.6142

0.00149
0.00284
0.00158
3.69231
5.52201
5.37353
3. 17362
0. 19523
0.35204
0.59848
1.46856
3.56752
1.50172
0.30238
0.05348
0.00111
0.11812
1.46235
1.57786
1. 11294
1.71402
0.02764
0. 36351
2.70948
0. 17545
0.79235
1.05140
0.84673
C.85348
0.10289
0.12194
0.15242
0.01958
0.45727
0.60970
0.99076
1.60501
1.90986
2.38419
0.92740
1.26831
1.75743

I



TABLV B.3BB: HOURLY CCSTS OF THE 195C'S EQUIPMENT AT
PRICES CF 1956.

EQ 11mnM P.NTz
PNrMRF!

2 6
2 7
2 8
231
232
233
234
235
3 5
3 6
332
333
33 4
335
4 7

49
420
421
422
423
44 C'
451
452
5 2
532
533
534
535
6 7
6 8
6 9
610
611
612
613
638
639
640
641
642
643

INVESTMENT CCST
(sl

TNT/DEE MAINT/MISC
(S/ R) IS/ H J)

FUEI TOTAL
-$i/flEf) ($/HR)

da.Lk --- -

3.177
484244.14E
64565.535
76244.937
41506.41 C

415.0 CC
5764.777
98c0.125

14642.531
32859.238

6917.734
1844.729
1099.264

2.232
1360.488
8647.1EE

14757.824
68C2.437
4784.766

86.472
2C75.32C
9338.941
2075.320
9108.352
4630.0C4

19953.082
6110.6E4
1556.49C
1844.729
9305.o912
151.718

6917.734
9223.64E

14988.418
14988.41E
19600.242
23059.1C9

9569.535
12682.516
17294.32E

376
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0.0031 1
C.C00592
0.0C32E
5.5 1529
7.82364
7. 3911C0
4.72739
0. 1258c
0. 6565E
1 .11619
1. 85302
4.67815
0.96413
0. 33553
0.08525
0.00231
0. 19369
1 .20517
1.68085
1.18508
0.66686
0.04518
0.29546
1.32952
0.28924
0.77285
1.203C0
0.92937
0.518149
0. 17728
0.21C11
0. 26263
0.03833
0.7E79C
1. 05053
1.707 11
1 .7C7 11
2. 23228
2.62633
1. 08993
1.4444E
1.96975

0.00133
C.00253
C .00140
3.94657
6.67513
6.30609
3.38277
C.06456
C.38336
C .65 171
1.32596
3.14216
C. 53 396
C. 17217
C.07273
C.00C98
C. 15561
C .79716
1.35034
0.86890
C.53081
0.03697
0.23736
1.*18488
C. 23Q23
C.79373
1.11340
C.95448
C. 53250
C. 12685
C.15035
C. 18793
C.0 1967
C.56379
C.75173
1.22155
1.22155
1.59742
1.87932

C .77992
1.03362
1.40949

0.0
0.0

0. 810C
1.0125
1.215 C
0.7087
0.16E67
0.0
0.0
0.648C
1.5187
1.2825
0. 1687
0.0
0.0
0.0
1.0125
0.9112
0.5400
1.68757
0.0
0 2362
2.3962
0.0
0.3375
I.4455
0. 3442
0 .6412
0.0
0.0
0.0
0.0
0.0
0.C
0.0
1.0125
1.0125
1.4175
0 .486C
0.7087
1 0 125

0.00444
0.00845
0.00469

10.27186
15.51127
14.91218
8.81891
0.35911
1.03994
1.76790
3.82698
9.33906
2.78060
C.67646
0. 15798
0.00329
0.34930
3.01483
3.94244
2.59398
2.88517
0.08215
0.76908
4.91070
0.51947
1.90407
2.76196
2.22810
1.69224
0.30413
0.36045
0.45056
0.05799
1.35169
1.80226
2.92867
3.94117
4.84230
5.92314
2.35584
3.18685
4.39173



TABLE B.3C: HOURLY CCSTS CF THE 195C'S EQUIPMENT AT THE
PRCES OF 1974.

FQU[TPMENT
NUM BE!P

INVSTMFNT CCST

($)I

INT/DEP MAINT/MISC
($/RH) ($/RB)

2 6
2 7
2 8
231
232
233

235
3 5
3 6
332
333
334
335
4 7
~4 8

S9
20

421
422
423
440
L&5 1
452
5 2
532
533
934
535
6 7
6 8
6 9
610
611
612
613
638
639
640
641
642
643

FUEL TOTAL
(S/HB) (S/HR)

5.92C
11.256
6.244

95174.75C
126899.6E7
149855.000
81578.375

815.65E
11330.332
19261.566
28779.047
64582.9C2
13596.39E

3625.7C7
2160.539

4.386
2673.959

16995.5CC
29005.652
13369.793
94C4.176

169.955
4078.92C

18355.141
4078.92C

17901.926
9099.996

21527.633
12010.152

3059.190
3625.77C
4532.133

298.193
13596.39E
18128.531
29458.867
29458.867
38523.133
45321.332
18808.352
249e6.730
33991.0CC

Aft AllL Ak dab ARL Alsk

377

0.0064-2
0.01222
0.00678

13.03806
19. 0c1837
17.96693
11. 1754E

0.28C57
1.55215
2.63866
4. 38051

11.05907
2. 21467
0.7483C
0.20723
0.0047E
0.4578E
2.76834
3.97351
2.72220C
1.53182
0.09475
C.69847
3.1431C
0.66440
1 .93032
2.68304
2.32127
1.295C2
0.419CE
0.4966 S
0.620E6
0.0854E
1.86258
2.483 44
4.03559
4.03559
5. 27731
6.2086C
2. 5765
3.41472
4.65645

0.00 261
C.00497
C. 00 276
7.75674

13.11957
12.391426
6.6u863
C.12688
0.75247
1.28089
2.60610
6.17574
1.04947
C.33840
C . 14296
C.00194
C.30583
1.56677
2.65402
1.70778
1.04327
C .07266
C.46653
2.3288 1
0.45251
1.56002
2.18233
1.87598
1 . 04660
C.24932
C.29549
C.36937
0.03865
1.10811
1.47747
2.40090
2.40C90
3.13963
3.69369
1.53288

. 3153
2.77 C27

0. 0
0.0
0.C
1 .917C
2.3962
2.8755
1.6774
0.2875
0.0
0.0
1.533E6
3.5944
2 . 1854
0.2875
0.0
0.0 1
0.0
1.7253
2. 156E6
0.9202
2.8755
0.0
0.*4026
i. 0832

0.0
0. 5751
1.0543
0.81147
1 .0927
0.0

0.0
0.0
0.0
0.C
0.0
2.3962
2.3962
3.3547
1.15C2
1 .6774
2. 3962

C.00904
0.01719
0.00953

22.71179
34.53418
33.23666
19.50148
0.69500
2.30562
3.91955
8.52022

20.82916
5.44952
1.37425
0.35019
0.00670
0.76372
6.06041
8.78415
5.35014
5.45059
0. 16741
1.56756
9.55512
1.11691
4.06544
5.92572
5.01197
3.43431
0.66840
0.79218
0.99023
0.12413
2.97069
3.96092
6.43649
8.83274

10.81319
13.25704
5.25965
7. 12363
9.82296



TABLE B.3BD: HOURLY COSTS OF THE 1950'S EQUIPMENT AT
PRICES OF A TYPICAL DEVELOPING COUNTRY.

EQULPMENT INVESTMET COST IN2/DEP MAINT/MISC
NUMBER I ($) (A/RR) ($/HR

26
2 7
2 9
231
232
233
2314
235
3 5
3 6
332
333
334
335
4 7
4 3
4 9
420
421
422
423
440
451
452
5 2
532
533
534
535
67
6 8
6 9
610
611
612
613
638
639
640
641
642
643

0.504
0.9958
0.531

188946.000
2519213.000
297500.000
161953.687

1619.286
22493.570
38239. 070
57133.672
128213.312
26992.285
7197.941
4289.215

0.373
5308.480

337140..355
57583.543
26542.41 4
18669.664

337.404
8097.684

36439.586
8097.684

35539.844
18065.793
42737.785
23843.184
6073.262
7197.941
8997.426
591.988

26992.285
35989.715
58483.285
58483.285
76478.125
89974.250
37339.32R-
49485.855
67480.687

0.00059
0.00110
0.00061

31.58981
47.34756
44.72993
27.07698
0. 64060
3.76069
6. 39318

10.61351
26.79494

5.21341
1.70852
0. 51592
0.00043
1. 1 09140
6. 51676
9.62737
6. 40815
3.60594
0.20244
1. 69231
7.61541
1.56402
L&. 92980
6.12591
5.92824
3. 30733
1.01539
1. 20342
1. 50428
0. 19516
4. 91283
6.01711
9.77780
9.77780
12.78636
15. 04277
6.24275
8.27353

11. 28208

FUEL
($/HR)

0.00022
0.00042
0.00023

15.3991 0
26.04565
24.60571
13.19922
0.25189
1.'49582
2.54290
5. 17377
12.26039
2.08347
0.67181
0. 28380
0.00016
0.60716
3. 11044
5.26889
3.39038
2.07117
0.14424
0.92617
4.62327
0.89834
3.09704
4.34439
3,.72429
2.07776
0.49497
0.58663
0.73329
0.07674
2.19987
2.93316
44.76639
4.76639
6.23296
7.33290
3. 04315
4.03310
5.49967

0.0
0.0
0.0
8.1000
10. 1250
12. 1500
7.0875
1.3500
0.0
0. 0
6. 4800

15.1875
10.2600
1.3500
0. 0
0. 0
0.0
8. 1000
9. 1125
4.3200

13. 5000
0.0
1.8900

19. 1700
0.0
2.7000
4. 4550
3.4425
5. 1300
0.0
0. 0
0. 0
0.0
0. 0
0. 0
0.0

10. 1250
10. 1250
14.1750
4.8600
7.0875

10. 1250

378

THE

TOTAL
(S/ fR)
0.00080
0.00152
0.00084

55.08890
83.51820
81.48564
47.36369

2.24248
5.25651
8.93607

22.26727
54.24280
17.55685
3.73033
0.79972
0.00059
1.71656

17.72719
24.00876
14.11852
19.17709
0.34668
4.50848

31.40865
2.46236

10.72684
14.92530
13.09503
10.51509
1.51036
1.79005
2.23757
0.27190
6.71270
8.95027

14.54419
24.66917
29.14430
36.55066
14.14590
19.39410
26.90672
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TABL B.3CC: 'GJRLY COSTS 0F IH: 197C'S EUt-PMENT AT TE X
PRICES oF 197(4.

cAU IPFIEN 
NUmb! R -

LNVi'STMLIT COST
(U)

a

INI/ ? MALNT/NISC
(s / H P I ($/If[)

FuiL- TXL
(b/HR) ($/LI)

381

2 9
236
237
238
239
240
241

336
137
338
339
340
341
342
343
410
411
412
424
425
426
427
441
453
454
5 3
536
537
538
539
540
541
614
615
616
617
644
645
64 b
647
648
649
650
65 1
652
653
654
655

4.340
49 0. 0 

54899.996
68499.937

164999.875
189635.875

65.000
3150.0CC

24799.996
38199.996
55599.996
34949.937
60499.996
88399.937
12449.996

4 .361u
2003.00CC

60C.9CC
24149.996
27749.996
36549.9Sb
12849.996
2000.000

16949.990
15224.996

5974.99b
28099.996
17449.990
20249.99E
15719.996
10o519.96
9719.996
4050.D300
4799.996
5974.996

10149.996
19499.996
49999.996
33474.684
446 32.913,
80587. 1o7
51399.996
39339.937
74449.937

109899.937
o8499.927

105999.937
11499.996

0.60525
0. 15255
.558226

12. 12367
14. 30359
15. C039C

*.&1916
.o5C12

3.77485
5.81449
9.52G386

14. 54670
o.28794

12. 10997
.u 794

U. 00473
&.24979
C.05934
3.93371
4.52010
5.9535C
2. 6 1637
0.34577
2.90249
2. 60710
0.71637
4.57711
5. 14495
4. 12307
1.69505
1.79209
2.86584
0. 55481
0.65756
C.81852
1.39046
3.17629
6.84953-
4.5b572
6.11429

11.03970
6.16262

10.71145
10. 19895
15. 055 E
9.38386

14.52101
1 .5753S

C.00214
O .07622
3.62569
E.09774

12.60611
17.04352
0.00867
C.294r,,
2.52133
3.24703
5.316753
6.12334
5.53575
E.08259
u.C96096
C.00192
C.17375
0.0392v
C.22633
2.55 P 20
3.36945
1.48C76
0.23437
2.15053
1.93167
0.54397
2.59047
4. 19631
2.33349
1.36998
1.44531
/.33743
C. 37C57
0.43920
C. 54c71
0.92872
1.79765
44.57500

3.56505
4 .4B85b1
9.06606
4 . 67954
E.13366
6.31217

1 C .05584
6.26774
9.69 e99
1.05225

0.0
0. 1725
2.3-J62
2. 3 C4
4.3132
6.2 3C2
0.0
1.8626
1.773-
2.a755
4.6966
5.0321
2.4442
3 . 6 902
2. 3004
0.0
0.0
0.3
1.0064
1.7253
2.2525

1.4953
0.0
4.4858
3.666
0.0
2.E276
1.7253
1.3898
0.95851 . lo 06C- 5
l.-)064

1.1931
0.0
0.0
3.0

1.4857
2.8755
2. 3004
2.3004
3. 546 Q
2. 1566
3.7381
3.6819
5.1759
4. 409 1
6. 1o23
0. 5751

0.00739
0. 41730

12. U0 4 19
22.5t179
31.42494
38.27765
0.027d3
1. 867 7
d.J6941

11. 93699
19.53424
27.70215
16.26785
23.38878
5.26932
0.0066-
2.41354
0.39862
7. 16646
S.80360

11.57543
3.59238
0.56015
9.53880
6.21941
1. 26035
9. 99515

11.J6656
7.34639
4. 02343
4. 246 c3
b. 40139
0.92539
1.09675
1.36523
2.31916
6.45962

14.30003
10.45117
12.90030
23. 6521 j
12.99879
22.58324
20. 89302
33. 287C&
20. 06070
30. 40231
3.20274

-Z "' -- I I - ArI
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investment cost Pt t of the item of equipment under the

stated economic conditions are given. Table B.3A thus covers the 1920's

equipment at 1930 (B.3AA), 1956 (B.3AB), 1974 (B.3AC), and developing

countries (B.3AD) prices; similarly B.3B covers the 1950's equipment

and B.3C the 1970's.

B.22 The Horse

The draft animal, a horse in this case, is part of many of the

1920's technical packages; it is in essence a piece of equipment and

has an equipment number of 601. Based on several of the 1920's sources

(14,15,26,48), an hourly rate, including upkeep, of some $0.10 seems

reasonable for sometime around 1913. This price is inflated over time

by means of an index, this time the BLS wholesale price index (74)

for farm products; thus, prices of $0.12/hr, $0.22/hr, and $0.44/hr

are used for 1930, 1956, and 1974, respectively.

As for an investment cost, a figure of $70.69 is given by the

U.S. Department of Agriculture (81) as the purchase price for a work

horse in 1930; using the BLS wholesale price index (74) for livestock,

this inflates to $128.66 in 1956 and $277.81 in 1974. A work horse's

life is estimated at 12 years with 2700 hours of use per year (9 hours/

day x 6 days/week x 50 weeks/year).

Assuming that a draft animal of some sort (not necessarily a horse)

is reasonably available in developing countries as they are often

largely agriculturally based, an hourly rate of $0.05 and an investment

cost of $40.00 are used for the horse. The investment cost is taken as

383



somewhat more than half of the 1930's and the hourly rate somewhat less,

in that purchasing a draft animal in a developing country is a relatively

expensive venture for a peasant, while keeping one is less of a problem.

B.23 Labor

Labor is divided into two categories: (1) skilled which includes

all heavy equipment operators, drivers of trucks over five cubic yards

in capacity, and personnel acting in a supervisory capacity on operations

done predominantly by unskilled labor; and (2) unskilled which also

includes semiskilled and thus involves common heavy construction

laborers, operators of small power tools, drivers of trucks five cubic

yards and under in capacity,* and drivers of horses. Labor is assumed

paid on an hourly basis, with its hourly cost estimate including the

basic wage and fringe benefits, but none of the additional items such

as social security (FICA), workmen's compensation insurance, and

unemployment (amounting to some 15 percent in 1974 [49]) which are

more standardly included in project overhead. It is assumed that labor's

quality has remained relatively uniform over time, and labor is priced

at individual points in time rather than by means of an index as for

equipment.

Labor prices for 1930 are derived from a number of articles in Gil-

lette and Black (26). The figure for skilled labor is the average of

wages reported by the U.S. Bureau of Public Roads (BPR) as paid to skilled

*This is treated as a skilled operation in the 1920's, as at that time
it was skilled relative to driving a horse.
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workers in works program highway and grade-crossing elimination projects

in the 48 states, the District of Columbia, and Hawaii as of January

1937; this is indexed back to 1930 by means of a BPR average hourly

earnings index for common labor in road building. The final result is

a skilled wage of $0.88 per hour. The wage rate for unskilled labor is

arrived at by averaging figures from three sources and indexing as

necessary using the BPR index above; the three sources include that

cited above for skilled labor but which also gives wages for unskilled

and intermediate grade labor, another set of figures for all of the

U.S. for average hourly earnings for common labor in road building from

1913 to 1936 also reported by the BPR, and finally a set of figures

for all of the U.S. for average hourly entrance rates for common labor

in general contracting from 1931 to 1934 reported by the U.S. Bureau of

Labor Statistics. The final rate determined for unskilled labor in

1930 is $0.46 per hour. It is suspected that these wage rates include

both union and nonunion employees,* while figures for 1956 and 1974

are all union.

The 1956 and 1974 prices for labor are from the same source,

Engineering News-Record (23c,e), at the two different points in time.

These are union rates averaged over ten cities (Baltimore, Boston,

Cincinnati, Detroit, Los Angeles, Minneapolis, Philadelphia, Pittsburgh,

St. Louis, and Seattle) and over various occupations. The skilled wage

*An average over ten cities of the minimum wage rates for nonunion

labor in construction other than building, reported by Engineering
News-Record (23a) in May 1930, is $0.447/hour, which is close to,
but lower than, the $0.46/hour derived above.
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rates, $3.17 per hour in 1956 and $9.86 per hour in 1974, include hoist

operators, tractor operators, tractor-scraper operators, power crane

operators, and motor grader operators. The unskilled wage rates are

$2.36 per hour for 1956 and $7.88 per hour for 1974 and include com-

mon heavy construction labor, air compressor operators, air tool opera-

tors, and truck drivers.

In the case of developing country conditions, two sets of wage

rates are developed. The first, which is the standardly used one, gives

unskilled labor at $0.05 per hour and skilled at $0.20 per hour; such

rates definitely reflect a labor-abundant country ($0.50 per day is not

an uncommon wage for unskilled labor in road construction in India for

example), but it is also one which has a certain amount of skilled lab-

or available as well. The second set of wage rates, $0.01 per hour for

unskilled and $0.75 per hour for skilled labor, reflects a more extreme

situation of unskilled labor abundance and skilled labor shortage; these

latter rates might be interpreted as shadow prices in a sense.

B.24 Materials

Materials consist of three categories: (1) equipment consumables

(e.g., fuel); (2) materials used as aids in construction (e.g., ex-

plosives); and (3) construction materials (e.g., aggregate). Prices

for materials are generally those quoted as wholesale, or at least as

being representative of quantity-purchases; for materials requiring

delivery to the site, such as coal and all construction materials, and

materials encountering a special tax, such as gasoline and diesel fuel,
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the price includes these additional items.* As in the case of labor,

the quality of the material is assumed to be reasonably constant over

time. Prices are obtained for each period with only occasional use

of indexes, and the same basic source is used to price a particular

item over as many periods as possible, with additional sources sub-

stantiating the information cited as well whenever possible. Prices

for materials in 1930, 1956, and 1974, along with their units of

measure and sources, are given in Table B.4.

Prices for materials under developing conditions are, by and large,

estimates based on logic and a certain amount of fact. Oil-based mater-

ials, including gasoline, diesel fuel, kerosene, and bitumen, are priced

in line with European conditions today, while the rest of the equipment

consumables and materials assisting in construction are priced as a

rounded-up version of U.S. prices in 1974; such prices suggest these

materials are generally imported using costly foreign exchange. Prices

for aggregate are estimated with the help of two IBRD studies inves-

tigating alternative means of aggregate production in India and Indo-

nesia (42,43),with all except the finer crushed stone being produced

by hand techniques; the price of water is estimated in line with

these prices relative to those of 1930. The prices of materials so

*For example, screenings in 1974 cost some $2.00/lcy at the pit (22), but

their total cost delivered is some $3.50/1cy due to an estimated $1.50/
lcy delivery charge for a 10 mile haul (49). As for gasoline, an av-
erage retail price without taxes in 1974 is $0.404/gal (51,64,82); its
wholesale price is some 78% of this or $0.316/gal (90), but taxes add
an average of $0.11/gal (51,82,90), yielding a final price of $0.426/gal)
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Table B.4: Unit prices ($/unit) and
construction under 1930,

thei r
1956,

sources for the various materials used in highway
1974, and developing country economic conditions.

Description

Coal
Gasoline
Diesel Fuel
Dynamite, 40%
Fuse, double tape
Cap, nonelectric
Kerosene
Gravel,0.75 in. max
Crushed rock,1.Sin.max
Screenings, fine
Water

Crushed rock 0.75in.max
0.50in.max

Bitumen

Units

ton
gal
gal
lb
lOOft
1OOct
gal
10 yb
1cyb
1cy
100gal

I cyb

gal

Economic Conditions
Devel-
oping

1930 1956 1974 Countrx
Price Source Pri ce Source Price Source

9 9 I* I

4.00
0.194
0.091*
0.206
0.71
1 .08
0.057
2.93
3.05
2.00*
0.12

3.07

0.06

26
26
26
23b
26,74
26,74
84
23b
23b
2,49

26

23b

23b

8.91
0.25
0.15
0.248
1 . 22*
1.85
0.103
3.68
3.68
2.43*
0.15

3.74

0.10

64,74,76
56
56,63,88
23d
26,74
76
76
23d

22,49
77
23d

23d

32.97
0.426
0.355
0.321
3.44
5.22*
0.232
5.59
5.29
3.50
0.20

5.37

0.30

26,6_4,71,74,84
51,64,82,90
51,76,82 ,90
23d,55,76
26,74,75_
26,74,76
76
19,23d,49,76
19,22,23d,49,76
22,49
22,67

23d,49

23d,49

Price"

40.00
2.00
1.50
0.500
4.00
6.00
0.700
1.50
2.00
1.25
0.08

3.25

0.90

Note: Asterisk (*) indicates that figure is
dicates those from which the data was
sources.

an estimate. The underlini
actually taken, the others

ng (_)
being

of the sources in-
substantiating

aSee text for description of derivation of prices,
bUnits converted from tons if necessary by factor of 1.35 tons/lcy (22).

No.

LA)
00

801
802
803
820
821
822
823
830
831
832
833

834

835



derived as representative of developing conditions are also given in

Table B.4.
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B.3 Sources for Construction Technologies and Costs

1. Agg, Thomas R., The Construction of Roads and Pavements, McGraw-Hill
Book Company, New York, 1929.

2. Aitken, Thomas, Road Making and Maintenance; A Practical Treatise for
Engineers, Surveyors, and Others, Charles Griffin and Co., Ltd.,
London, 1900.

3. Allen, T. Warren and Andrew P. Anderson, "Power-Shovel Operation in
Highway Grading - Part I: The Operating Cycle and Factors
Affecting Rate of Production," Public Roads, Vol. 15, No. 6,
August 1934, pp. 147-161.

4. , "Power-Shovel Operation in Highway Grading - Part II: The
Hauling," Public Roads, Vol. 15, No. 7, September 1934, pp. 165-177.

5. , "Power Shovel Operation in Highway Grading - Part I: An
Outline of More Important Facts Developed in Studies and Discussion
of Factors Affecting the Operating Cycle of the Shovel," Public
Roads, Vol. 8, No. 12, February 1928, p. 251+.

6. , "Power Shovel Operation in Highway Grading - Part II:
Hauling with Teams and Wagons," Public Roads, Vol. 9, No. 1,
March 1928, pp. 9-23.

7. , "Power Shovel Operation in Highway Grading - Part III:
Hauling with Trucks and Large Tractor-Drawn Wagons," Public Roads,
Vol. 9, No. 2, April 1928, pp. 37-47.

8. Allis-Chalmers Manufacturing Company, Earthmoving and Construction
Data, Construction Machinery Division, Milwaukee, Wisconsin,
October 1959.

9. Anderson, Andrew P., "Observations on Bulldozers and Large Scrapers in
Grading Work," Public Roads, Vol. 15, No. 3, May 1934, pp. 78-81.

10. , "Some Studies of Drilling and Blasting in Highway Grading,"
Public Roads, Vol. 12, No. 12, February 1932, p. 293+.

11. , "The Value of the Foreman on Fresno and Wheel Scraper Work,"
Public Roads, Vol. 7, No. 3, May 1926, pp. 65-66.

12. Arthur, William, New Building Estimators' Handbook, United Publishers
Corporation, New York, 1922.

13. Associated General Contractors of America, Contractors' Equipment Ow-
nership Expense, Washington, D.C., various years (1930 edition is
titled Equipment Ownership Expense, and 1974 edition is titled
Contractors' Equipment Manual).
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14. Baker, Ira Osborn, A Treatise on Roads and Pavements, John Wiley and
Sons, New York, 1918.

15. Blanchard, Arthur H. and Henry B. Drowne, Text-Book on Highway Engi-
neering, John Wiley and Sons, New York, 1913.

16. Bruce, Arthur G., Highway Design and Construction, International
Textbook Company, Scranton, Pennsylvania, 1934.

17. Byrne, Austin T., A Treatise on Highway Construction, Designed as a
text book and work of reference for all who may be engaged in the
location, construction or maintenance of roads, streets, and pave-
ments, John Wiley and Sons, New York, 1908.

18. Caterpillar Tractor Company, Caterpillar Performance Handbook, Peoria,
Illinois, January 1974.

19. "Construction Materials Price Index Specifications," Construction
Review, Vol. 21, No. 6, July 1975, pp. 4-19.

20. Country Roads Board, Proper and Economical Use of Plant in the Field,
Prepared by H.S. Gibbs, Chief Engineer, CBR, Victoria, Australia,
November 1968.

21. Day, David A., Construction Equipment Guide, John Wiley and Sons,
New York, 1973.

22. Dodge Building Cost Services, Guide for Estimating Public Works Con-
struction Costs, McGraw-Hill Information Systems Co., New York,
various years (Editions before 1974 are titled Estimating Guide
for Public Works Construction).

23. Engineering News-Record:

a. "Current Building and Construction Trades Wage Rates per Hour,"
Vol. 104, No. 18, May 1, 1930, p. 746.

b. "Current Prices of Construction Materials," Vol. 104, No. 18,
May 1, 1930, pp. 748-750.

c. "Hourly Wage Rates," Vol. 156, No. 18, May 3, 1956, p. 96.

d. "Materials Prices," Vol. 156, No. 19, May 10, 1956, p. 89,
Vol. 192, Nos. 19 & 22, May 9 & 23, 1974, pp. 40-41 & 30-31.

e. "Wage Rates for Key Building Construction Trades," Vol. 192,
No. 23, May 30, 1974, pp. 26-27.

24. Federal Reserve Bulletin, Statistical tables on interest rates and
bond yields for various years.
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25. Gates, Marvin, Lecture Notes for a Short Course on Principles of
Construction Cost Estimating, Presented by Marvin Gates, P.E.,
Vice-President, Gates-Scarpa and Assoc., Inc., West Hartford,
Connecticut, 1974.

26. Gillette, Halbert P. and John C. Black, Road and Street Construc-
tion Methods and Costs, Gillette Publishing Co., Chicago, 1940.

27. Harger, Wilson G. and Edmund A. Bonney, Handbook for Highway
Engineers, Containing information ordinarily used in the
design and construction of rural highways, McGraw-Hill Book Co.,
New York, 1919.

28. Harrison, J.L., "The Cost of Grading with Fresnoes," Public Roads,
Vol. 5, No. 8, October 1924, p. 10+.

29. , "The Economical Use of Wheel Scrapers," Public Roads,
Vol. 5, No. 10, December 1924, pp. 16-23.

30. , "The Effect of Haul on the Cost of Earthwork," Public
Roads, Vol. 5, No. 7, September 1924, pp. 14-17.

31. , "The Wagon and the Elevating Grader - Part I," Public
Roads, Vol. 6, No. 2, April 1925, p. 25+.

32. , "The Wagon and the Elevating Grader - Part II: The In-
fluence of Design on Elevating Grader Costs," Public Roads,
Vol. 6, No. 3, May 1925, pp. 59-67.

33. , "The Wagon and the Elevating Grader - Part III: Esti-
mating the Cost of Elevating Grader Work," Public Roads, Vol. 6,
No. 4, June 1926, pp. 75-80.

34. Havers, John A. and Frank W. Stubbs, Jr., editors, Handbook ofieay
Construction, McGraw-Hill Book Co., New York, 1971.

35. Highway Research Board, Compaction of Embankments, Subgrades and
Bases, Bulletin No. 58, Washington, D.C., 1952.

36. , Connecticut Highway Maintenance Production Study,
Special Report 8, National Academy of Sciences - National
Research Council Publication 235, Washington, D.C., 1952.

37. , Construction and Maintenance Equipment - A Compilation of
Data on Time Utilization, Performance, and Costs, Special Report
68, National Academy of Sciences - National Research Council
Publication 959, Washington, D.C., 1962 (Issued originally as
Road Research Releases 1949-1960).

38. , Factors that Influence Field Compaction of Soils, Bulletin
No. 272, By A.W. Johnson and J.R. Sallberg, Washington, D.C., 1960.
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39. , Soil Compaction - Full Scale Compaction Studies at the
British Road Research Lab, Bulletin No. 254, By W.A. Lewis,
Washington, D.C., 1960.

40. _ , Steel-Tired Rollers, Bulletin No. 246, By Charles F.
Parker, Washington, D.C., 1960.

41. Huang, Eugene Y., Manual of Current Practice for the Design, Construc-
tion, and Maintenance of Soil-Aggregate Roads, The Engineering
Experiment Station, University of Illinois, Urbana, June 1959.

42. International Bank for Reconstruction and Development, Study of the
Substitution of Labour and Equipment in Civil Construction: Phase
III Technical Report No. 1, Vols. I & II, Prepared by Scott Wilson
Kirkpatrick and Partners, London, for the IBRD Transportation and
Urban Projects Dept., Research Division, Washington, D.C., August
1974.

43. , World Bank Study of the Substitution of Labor and Equip-
ment in Civil Construction - Aggregate Production, Technical
Memorandum No. 25, Prepared by Scott Wilson Kirkpatrick and Partners,
London, for the IBRD Transportation Department, Transport Research
Division, Washington, D.C., June 1976.

44. and International Labour Office, World Bank Study of the
Substitution of Labor and Equipment in Civil Construction and ILO
Technology and Employment Project Study on Labor-Intensive Road
Construction - A Field Manual for the Collection of Productivity
Data from Civil Construction Projects, Technical Memorandum No. 8,
Prepared by Codecon Ltd. and Scott Wilson Kirkpatrick and Partners,
London, for the IBRD Transportation and Urban Projects Dept., Trans-
port Research Division, Washington, D.C., and ILO Technology and
Employment Project, World Employment Program, Geneva, July 1975.

45. International Labour Office, Manual on the Planning of Labour-Intensive
Road Construction: Productivity and Performance, A Collection of
Data on Labour-Intensive Methods in Road Construction, Research
and Action Project relating to Technology and Employment, World
Employment Programme, ILO, Geneva, October 1974.

46. Kellogg, F.H., Construction Methods and Machinery, Prentice-Hall,
New York, 1954.

47. Lee, Olin A.,"Some Recent Developments in Equipment Applied to Public
Works Projects," Highway Research Record, No. 316 (Construction and
and Construction Equipment), 1970, pp. 33-40.

48. McDaniel, Allen Boyer, Excavation Machinery, Methods and Costs,
Including a revision of Excavating Machinery, McGraw-Hill Book Co.,
New York, 1919.
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49. Means Company, Inc., Robert Snow, Building Construction Cost Data,
Duxbury, Massachusetts, various years.

50. Moavenzadeh, Fred, Compaction, Notes prepared for a course given in
the Department of Civil Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 1971.

51. National Cooperative Highway Research Program, User Benefit Analysis
for Highway and Bus Transit Improvements, By Dudley G. Andersen,
David A. Curry, and Randall J. Pozdena, Transportation Research
Board, Washington, D.C., October 1975.

52. National Crushed Stone Association, Design Guide for Low Volume Rural
Roads, Washington, D.C., February 1973.

53. Oglesby, Clarkson H., Highway Engineering, John Wiley and Sons, New
York, 1975.

54. and Laurence F. Hewes, Highway Engineering, John Wiley
and Sons, New York, 1963.

55. Perini Yuba Associates, Cost Study Regarding Driving of 26 Foot Diam--
eter Colgate Tunnel, 1967.

56. Peurifoy, R.L., Construction Planning, Equipment and Methods, McGraw-
Hill Book Co., New York, 1956.

57. , Estimating Construction Costs, McGraw-Hill Book Co.,
New York, 1975.

58. Pulver, H.E., Construction Estimates and Costs, McGraw-Hill Book Co.,
New York, 1947.

59. Rieger, Hans C. and Binayak Bhadra, Comparative Evaluation of Road
Construction Technologies in Nepal, Parts 1-4, Preliminary Report
prepared for International Labour Office in Geneva, by Centre for
Economic Development and Administration, Kathmandu, Nepal,
December 1973.

60. Ritter, Leo J. and Radnor J. Paquette, Highway Engineering, The
Ronald Press Co., New York, 1967.

61. Road Research Laboratory, Soil Mechanics for Road Engineers, Depart-
ment of Scientific and Industrial Research, Her Majesty's Stationery
Office, London, 1952.

62. Sears, Roebuck and Co., Catalogue, various years.

63. Stubbs, Frank W., Jr., editor, Handbook of Heavy Construction, McGraw-
Hill Book Co., New York, 1959.

394



64. Survey of Current Business, Vol. 55, No. 9, September 1975.

65. Transport and Road Research Laboratory (Overseas Unit), A Guide -
to-the Structural Desigp of Bitumen-Surfaced Roads in Tropical and
Sub-Tropical Countries, Proposed Revision to TRRL Road Note 31,
United Kingdom, 1966.

66. The Kenya Road Transport Cost Study: Research on Road
Deterioration, TRRL Laboratory Report 673, Prepared by J.W. Hodges,
J. Rolt, and T.E. Jones, Crowthorne, Berkshire, 1975.

67. Troxell, George E., Harmer E. Davis, and Joe W. Kelly, Composition
and Properties of Concrete, McGraw-Hill Book Co. , New York, 1968.

68. U.N. Economic Commission for Asia and the Far East, Earthmoving by
Manual Labour and Machines, Flood Control Series No. 17, Report
and discussion papers of the Working Party on Earthmoving Opera-
tions, Bangkok, 1961.

69. U.S. Army Engineer School, Student Reference - Section I - Soils
Engineering, Fort Belvoir, Virginia, Vol. I, March 1967, and
Vol. II, July 1969.

70. , Student Reference - Section II - Flexible Pavements,
Fort Belvoir, Virginia, April 1967.

71. U.S. Bureau of the Census, Historical Statistics of the United States,
Colonial Times to 1957 and Historical Statistics of the United
States, Continuation to 1962 and Revisions, Government Printing
Oiffice, Washington, D.C., 1960 and 1965.

72. U.S. Bureau of Labor Statistics, BLS Handbook of Methods, Bulletin
1711, Government Printing Office, Washington, D.C., 1971.

73. , Compensation in the Construction Industry: Employment
Patterns, Union Scales and Earnings, Bulletin 1656, Government
Printing Office, Washington, D.C., 1970.

74. , Handbook of Labor Statistics 1975 - Reference Edition,
Bulletin 1865, Government Printing Office, Washington, D.C.,
1975.

75. , Union Wages and Hours: Building Trades, July 1, 1970,

Bulletin 1709, Government Printing Office, Washington, D.C.,
1971.

76. 3, Wholesale Prices and Price Indexes and Wholesale Prices

and Price Indexes Supplement, Government Printing Office, Washing-
ton., D.C., various years.
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77. U.S. Bureau of Public Roads, Production Study Reports - Construction
Equipment Series, Production Study Reports - Cost Series, and
Results of Production Cost Studies 1947-1966, Unpublished field
studies, Office of Research and Development, Washington, D.C.,
1945-1966.

78. , Report of Studies Conducted on Cement Concrete Paving
Project FAP 168B and Summary Report of Studies Conducted on Cement
Concrete Paving Projects FAP 124, FAP 185, and FAP 168B, Submitted
to T. Warren Allen, Chief, Division of Management, Bureau of
Public Roads, Washington, D.C., by H.K. Church, Junior Highway
Engineer, Ortonville, Michigan, July 31, 1929.

79. , Report of Studies Conducted on Sheet Asphalt Paving
Project, Submitted to T. Warren Allen, Chief, Division of
Management, Bureau of Public Roads, Washington, D.C., by Walter
E. Labelle and Neil E. MacDougall, Engineer Students, and
H.K. Church, Junior Highway Engineer, Liberty, Indiana, September
29, 1929.

80. , Report on Texas State Project 807B, Refugio County -
Part I: Final Report on Time, Production and Cost Studies on
Portland Cement Concrete Pavement, Part II: Final Report on
Placing Sections of Rolled Concrete, Part III: Special Studies on
Aqqregate Gradation, Void Content of Aqqregates, Surface Area,
Excess Paste, Workability of Mortar and Resulting Strengths,
Submitted to T. Warren Allen, Chief, Division of Management, Bureau
of Public Roads, Washington, D.C., by O.K. Normann, F.B. Farrell,
and D.W. Loutzenheiser, Junior Highway Engineers, Omaha, Nebraska,
March 23, 1933.

81. U.S. Department of Agriculture, Yearbook of Agriculture, 1931,
Government Printing Office, Washington, D.C., 1931.

82. U.S. Federal Highway Administration, Cost of Operating an Automobile,
Suburban Based Operation, Office of Highway Planning, Highway
Statistics Division, Washington, D.C., April 1974.

83. , Production Efficiency Study on Large-Capacity, Rubber-
Tired, Front-End Loaders - Final Report, Report No. FHWA-RDDP-
PC-520, Prepared by D.A. Bernard, T.R. Ferragut, and D.L. Neumann,
FHWA Region 15, Arlington, Virginia, May 1973.

84. U.S. Office of Business Economics, Business Statistics, A Supplement to
the Survey of Current Business, Government Printing Office, Washing-
ton, D.C., various years (1932 edition is titled 1932 Annual Supple-
ment, published by U.S. Bureau of Foreign and Domestictommerce).

85. , The National Income and Product Accounts of the United
States, 1929-1965, Statistical Tables, A Supplement to the Survey
of Current Business, Government Printing Office, Washington, D.C.,
1966.
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86. Vance, Jr., Lawrence Lee, Cost Functions for Comparison of Low-Cos
Transportation Technologies, D.Eng. Thesis, Graduate Division,
University of California, Berkeley, 1970 (Reprinted by Xerox
University Microfilms, Ann Arbor, Michigan, No. 71-20,753).

87. Wahls, H. E., et.al., The Compaction of Soil and Rock Materials
for Highway Purposes, NTIS PB-227931, Deparmtent of Civil En-
gineering, North Carolina State University, Raleigh, August
1966.

88. Walker, Frank R., The Building Estimator's Reference Book, Frank R
Walker Company, Chicago, 1957.

89. Warren Brothers Company (Division of Ashland Oil, Inc.), Telephone
conversations with Don Woods and Benjamin Richter, Cambridge,
Massachusetts, 1976.

90. Winfrey, Robley, Economic Analysis for Highways, International Tex
book Company, Scranton, Pennsylvania, 1969.

91. Woods, Kenneth B., Donald S. Berry, and William H. Goetz, editors,
Highway Engineering _Handbook, McGraw-Hill Book Co., New York,
1960.

92. Yoder, E. J., Principles of Pavement Design, John Wiley and Sons,
New York, 1959.

93. -, and M.W. Witczak, Principles of Pavement Design,
John Wiley and Sons, New York, 1975.

94. U. S. Department of the Army, Utilization of Engineer Construction
Equipment - Volume A: Earthmoving, Compaction, Grading and
Ditching Equipment, Department of the Army Technical Manual
TM5-331A, Government Printing Office, Washington, D. C.,
August 1967.
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B.4 Tables of Results

Applying factor prices at each of the price periods to the re-

source requirements of each of the technical packages in each technology

period yields the full set of unit costs for all stages of construction

as given in Table B.5. Table B.5A covers the 1920's technical packages

at the prices of 1930 (B.5AA), 1956 (B.5AB), 1974 (B.5AC), and a develop-

ing country (B.5AD); similarly B.5B covers the 1950's technical pack-

ages and B.5C the 1970's.

Table B.6 presents the full set of labor and capital requirements

of each technical package used throughout the analysis of the results;

that is, for each technology period, it gives the amount of capital,

measured in terms of investment cost at 1974, and the amount of labor,

measured in terms of unskilled men, required to achieve a certain rate

of production for each technical package in each stage of construction.

The capital component is simply:

hours
investment required investment

cost by the required to
of the piece of produce so

all piece of X equipment = many units
equipment equipment to of output

in in 1974 produce per hour
technical dollars a unit of
package output

($) x (hours/output) = ($/output per hour)
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The labor component is simply:

skilled unskilled unskilled
labor Vskilledl labor requred

hours wage hours rqie

required X unskilled' + required = produce
to wage J to so many

produce produce units of
a unit of at period of a unit of output
output technology output per hour

skilled man- $/skilled man-hour)( unskilled man-)=( unskilled men/
hours/output $/unskilled man-hour hours/output output per hour

Table B.6A covers the 1920's technoloqy, B.6B the 1950's, and

B.6C the 1970's. It might be noted that in the case of Figure 4.lb,

where the skilled labor component for both the 1920's and 1970's is

weighted by the wage ratio of 1974, the labor component for the 1920's

technology is calculated by multiplying the figure for skilled labor

in Table B.6A by 0.654 (i.e., 1.1 =0.654 which is the wage ratio for

the 1970's over that for the 1920's) and adding this to the figure for

unskilled labor in the table.

Table B.7 is a collection of data used in plotting Figures 4.lc,

e, and f, where the sensitivity of the results to the measurement of

capital requirements is being tested; the figures for the labor com-

ponent in these plots come in all cases from Table B.6. Table B.7a

gives the 1920's technical packages for excavation/hauling at 100
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meters with capital measured in terms of depreciation cost at 1974,*

investment cost at 1930, and investment cost under developing condi-

tions; Table B.7b similarly covers the 1970's technical packages.

*Investment cost ($) in the equation above is replaced by hourly de-

preciation cost at 1974 ($/hour - investment cost at 1974 divided by
lifetime in hours); the result becomes depreciation cost per unit of
output ($/output). Labor's units of measure get switched around
slightly to read unskilled man-hours per unit of output (unskilled
man-hours/output).
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TABLE I.5AA: UNII COSTS OF THE 1920'S TECHNICAL PACKAGES FOR ALL STAGES AT THE PICES O 1939.

STAGE/TECHNICAL
PACKAGE NUMDER
SIT! PRlP ($/HA)

11
21

EEC/RAUL (6/100CM)
2"

1-1
1-2
2- 1
2-2
3-1
3-2
4-3
5-4
6-5

66

'p.
0
-I

608

1- 1
1-2
2-1
2-2
3-1
3-2
4-1
5-4
6-5
7-6

10-7
10-8
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6

10-7
10-A
10-9

1-1
1-2

LA SOP
SKILLED TJSKILLED TOTAL

Qh1IPMENT
INT/DEP MAINT/IISC FuEL T074 L

EQUIPENT
HORSE AID HOPSE MATEFIALS TOTAT

97.241 396.36q5 493.607 1.0668 0.4539 0.0 1.5206 6.138 7.659 35.tB 36.lu3
19.222 9.9799 29.202 13.5980 10.2074 29.5529 51.3593 0.0 53.358 0.0 82.561

12.82)
12.880
10.440
10.497
10.325
10. 382
1.508
1.404
3.315

12. 823
12. RAO
10.440
10.497
10.325
10.392

1.508
1.404
3.3 15
0.435
2.360
2. 353
6.2o2

12.823
12.880
10.440
10.497
10.325
10. 392
1.508
1.404
3.315
0.509 1
2.360
2.353
6.296

68.1462
69.3087
55.8118
55. 9743
55.2101
55.3726
8.3032
6.8315
22.6891

70.4567
70.3364
59.1223
58.0019
57.5206
57.4003

9.0974
7.2262
22.9190
0.0
3.4693
3.5018
1.9855

72.2377
71.9007
59.9032
59.5663
59.1016
58.9646
9.7111
7.5330

23.0985
0.0
3.5433
3.5258
1.9855

80.969
81.189
66.252
66.472
65.535
65.755
9.F11
9.236
26.004

83.279
83.217
69.562
68.499
67.845
67.743
10.605
4.630

26 * 233
0.135
5.829
5.855
8.247

85.060
84.781
70.343
70.064
69.626
69.347
11.219
0.937

26.413
0.509
5.903
5.879
8.282

12.823 102.4781 115.301
12.880 98.3987 111.279

0.7677
1.0321
0.7556
1.0199
1.1559
1.4201
0.0614
0.0674
0.1636

0.79u5
1.0655
0.7823
1.053 4
1. 1825
1.4536
0.066R
0.0717
0.1677
0.3415
2.29'76
2.9214
4.3048

0.8151
1.0913
0.8029
1.0791
1.2031
1.4793
0.0710
0.0751
0. 1710
0.3994
2.3043
2.9334
4.3218

0.3314
0.4460
0.32 4
0.4429
0.469
S.5845
0.0257
0.0400
0. 1224

0.3U30
0.460S
0.34,10
0.4574
0.4815
0.5990
0.0277
0.042P
0.1256
0.2r)58
2.0464
2.3411
3.9040

0.3519
0.4716
0.3189
0.4686
0.4904
0.6101
0.0291
0.0449
0.1281
0.2991
2 .0506
2.1471
3.9194

0.0
0.0
0.0
0.0
1.2332
1.2332
0.0
0.0
0.0

0.0
0.0
0.0
0.0
1.2312
1.2332
0.0
0.0
0.0
0 * 6215
0.5827
2.1366
4.4777

0.0
0.0
0.0
0.0
1.2332
1.2332
0.0
0.0
0.0
0.7268
0.5827
2.1611
4.5085

1.1647. 0.5034 0.0
1.5290 0.6611 0.0

1.0992
1.4789
1.03100
1.4629
2. 8590
3. 2373
0.08,77
0. 1074
0.2359

1.1375
1.5260
1.1223
1.5lne,

3.2954
0 * 0945
%.114 5
0.2933
1.219q
4,.4267
7.1991

12. 6865

1.1670
1.629
1.15191
195477
".9269
3. 127
0.1002
0.1200
0.2992
1.'1252
4.9376
7.4418

12.7497

0.0
0.0
0.755
0.785
0.0
0.0
3.547
3.776
7.128

0.0
0.0
0.785
0.785
3.0
0.0
3.q62
4.086
7.248
0.0
0,774
0.0
0.0

0.0
0.0
0.785
0.785
0.0
0.0
4.2 P2
4.324
7,141'
0.0
0.013
0.0
0.0

1.6691 0.0
2.1904 0.0

4. TJ1 .474
1. 69
2.249
2.59
3.234
3.614
3.934
7.411

1. 137
1.,526
1.$2 ' 7
1 * 9 72. 296

3.28u1
4.056
14. 200
7. 542
1.-110
5.701
7.199

12.97

1.167
1.563
1.917
2.311
2. 927
3.323
4.342
4. 444
7.,40
1.425
5.751
7.44?

12.750

G.0
0.0
0.u
0.0
0.0
0.0
0.0
0.)
0.0

0.0
0.0
0.0)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0,.0
0.0
0.0
0.0
0.0
0.0
0.0
0.
0.0
0.0

92.9(1

42.'?7

e69.71q
19 20 if4

12.121

3 4 1I

44.143

70.795
70.'13
71. 3
14.66
12. 31
11.075
1.f5'

11. ?5
2n .034

21.96. ?27
916. 3LL

72. 2M3
'72. 106
72.;S1

2. 79
15.631
13.1'?

1.91w
1 1.tC4t
13.120
21.031

1669 0.0 113469
'2.19O 0.0 113.469



(TABL3 LB5AA CONTINUID)
STAGE/TECHNICAL
tACKAGE NUMBER SKILLED

2-1 10.440
2-1 10.497
3-1 10.325
3-2 10.392
4-3 1.50R
5-4 1.404
6-5 3.315
7-6 1.761
8-7 0.944
9-7 11.796

10-7 2.360
10-8 2.353
10-9 6.883

1001
1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

.10-7
10-8
10-9

1655
1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9

soon

12.823
12.880
10.440
109497
10.325
10.382
1.508
1.404
3.3 15
2.716
0.944
1.196
2.360
2.353
7.332

12.823
'12.880
10.440
10.497
10.325
10.382

.1.508
1.40%
3.115
4.270
0.944
1.796
2,360
2.353
6.057

LABOP
UNSKTLLED TOTAL
90.1437 100.58
86.0643 96.56
89.5420 99.86
85.4626 95.84
20.1021 21.61!
12.6954 14.10
26.1249 29.44
0.0 1.16
5.3429 6.28
3.2792 5.07
4.8014 7.16
3.9350 6.28
1.9855 8.86

125.6067
118.6633
113.2722
106.3289
112.6706
105.7272
28.0503
16.6425
28.4354
0.0
6.3056
4.2418
5.7641
4.2479
1.9855

162.9590
151.3947
150.6245
139.0603
150.0229
138.4586
40.0841
23.0263
32.1718
0.0
7.8579
5.7942
7.3164
4.7533
1.9855

_OUIPhENT _
INT/DEP MAIT/IISC PURL TOT;L

14
2
7
5
0
0
0
1
17

1
8
9

138.429
131.543
123.712
116.826
122.995
116. 110
29.558
18.047
31.750
2.716
7.249
6.037
8.124
6.601
9.318

175.782
164.275
161.064
149.558
160.348
148.841
42.392
24.431
35.487
4.270
8.802
7.590
9.676
7.106
10.043

1.1525
1. 5169
1.5527
1.9171
0.1417
0.1319
0.2256
1.3924
0.7175
1.2539
2.4186
3. 1381
4. 6100

1. 4321
1. 8637
1.4199
1. 8516
1.8201
2. 2510
0. 1958
0. 1751
0.2674
2.1324
0.8049
1.3404
2.5060
3. 2947
4.8304

1.8639
2.4043
1.8518
2.3922
2.2520
2.7924
0.2831
0.2452
0.3349
3.3522
0.9459
1.4814
2.6470
3.5475
5.1865

0.5004
0*6503
0.6419
0.7998
0.051#3
0.0815
0. 1716
1.0353
0.6312
1.0578
2.1212
2.4491
4.1806

0.6193
0.8064
0.6163
0.8033
0.7578
0.9448
0. 07) 5
0.1094
0.2046
1.5969
0.6872
1. 1118.,
2.1753
2.5271
4. 3903

0.8064
1.0406
0.8034
1. 0376
0.944)
1.179)
0.1046
0.1546
0.2581
2.5103
0.7744
1.1990
2.2625
2.651
4.7029

0.0
0.0
1.*2332
1.2332
0.0
0.0
0.0
2.5158
0.0
0.9948
0.5827
2.5806
5.0326

0.0
0.0
0.0
0.0
1.2332
1.2332
0.0
0.0
0.0
3.8806
0.0
0.9948
0.5827
2.9012
5.4334

0.0
0.0
0.0
0.0
1.2332
1.2332
0.0
0.0
0.0
6.1C04
0.0
0.9948
0.5827
3.4192
6.0809

1.6529
2.1752
3.4279
3.9501
0.1960
3.2131
0.3972
4.9335
1.3507
3.1055
5. 1225
8. 1678

12.9232

2.0514
2.6701
2.03b 2
2.6549
3.8111
4.4298
0.2693
0.2846
0.4720
7.6098
1.4922
1.4470
5.2640
8.7230

14.6441

2 * 6703
3.4449
2.6551
1.4297
4.4301
5.2047
0.3077
0.3998
0.5930

11.9629
1.7201
3.6752
5.4922
9.6198

15.9703

EQIIP1RNT
HORSE AND II0P5E
tTo7 2.438
0.785 2.960
0.0 3.428
0.0 3.950
9.703 9.699
9.166 8.579
8.920 9.317
0.0 4.933
4.257 5.607
1.331 4.637
1.469 6.592
0.0 8.168
0.0 13.823

0.0
0.0
0.785
0.785
0.0
0.0

13.949
11.455
10.127
0.0
4.159
1.833
1.971
0.0
0.0

0.0
0.0
0.785
0.785
0.0
0.0

20.546
16.451
12.078
0.0
5.569
2.643
2.781
0.0
0.0

2.051
2.670
2.21
3.440
3.811
4.4 39
14.118
11.739
10.599-
7.610
6.251
5.280
7.215
8.723

14.644

2.670
3.445
3.440
4.215
4.430
5.205

20.934
16.851
12.671
11.963
7.289
6.310
8.274
9.620

15.970

5.9130 0.0 5.913 0.0 377.379

0*

MATE!IALS
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.00
0.0
0.0

0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TnT AT.
10 3.021
99.522

103.295
99.79;
31.509
22.479
18.757
6.6G5

11.894
9.711
13.753
14.456
22.6Q2

140.481
134.213
126.933
120. 766
126. 0807
120.539
43.676
29.7e6
42.149
10.326
13.501
11.318
15.359
15.324
2M.962

178.452
167.720
164.504
153 772
164.778
154.046
63.326

I. 281
48.150
16.233
16.091
13908
17.950
16.726
26.013

1-1 MO.D23358.6431 4.1262 1.0968 o.eo



(TABLE N.5AA CONTIUED)
STAGE/TECHNICAL '
PACKAGE NUMBER SK

1-2 1
2-1 1
2-? 1
3-1 1
3-2 1
4-3 ,
5-I'
6-5
7-6 1
8-7
9-7

10-7
10-9
10-9 1

NOn

SPR/COMP
93%

1-1
1-2
2-1
2-2,
3-1
3-2
4-3
5-4
6-i
7-6
A-7
9-7

10-7
10-8
10-9
(5/100CR)

1
1
1
1
I
1

1

1

11
21

11
21
12
22
32

SURFACING
GRAVEL (S/IOOCCI)

11
21
12
22

NIR IS/QOCCRl

ILLED
2.880
0.440
0.497
0.325
0. 392
1.508
1.404
3.315
2.374
0.944
1.796
2.360
2. 353
1.856

2.823
2.880
0.440
0.497
0.325
0. 382
1.508
1.404
3.315.
9.625
0.944

.796
2.360
2. 353
5.251

VQl!IPl4?
INT/DZP RAINT/FTSC
5.2363
4.1141
5.? 242
4.51413
5.6244
O.7'07
0.6123
0.6886
9.7131
1.6853
2. 220$
3.3864
4.8720
7.0515

-M

2.2679
1.7937
2.26% 8
1.9253
2.4063
0.2671
0.3912
0.5383
7.2738
1.2316
1.562
2.7197
S 3 132
6. 1929

LABOR
NSKILLED

322.A672
346.3086
310.5327
345.7070
309.9312
108.1219

56.4496
51.7505
0.0

15.9907
13.9349
15.4572

7.4007
1.98955

533.8643
476.4 159
521.5298
464.0813
520.9282
461.4797
165.3259

86.3771
69.2834
0.0

23.2910
21.2272
22.7495

9.7653
1.9855

4.270 22.3163 26.587 0.0957 0.0517 0.0
2.670 1.9675 4.638 0.3214 0.1720 0.0

5.20 3
2.670
4.512
3. 396
2.222

3.787
1.220
5.629
2.636

24.4703
4.1215

21.7447
1.3959
0.00

21.7327
7.6413

19.7832
5.6919

29.673
6.792

26.257
4.791
2.222

25.520
8.861

25.412
8.328.

0.2960
0.5217
0.2611
0.4868
0.9749

0.2200
0.3211
0.4688
0.5699

0.1880
0. 3061
0. 2096
0.3278
0.8264

0.1380
0. 1921
0.3933
0.4474

0.0
0.0
0.4316
0.4316
0.7972

0.0
0.0
0.8496
0.8496

TOTAL
7.9042
3.8974
7.4990
7.67 28
9.2649
1.0079
1.0034
1.2269

34.6633
q 916)

4.871
6.6988
14.3174
22.9167

TOTAL
135.747
356.749
321.030
356.032
320.313
109.630
57.854
55.065
12.374
16.943
15.731
17.817

9.753
13.841

546.687
489.296
531.970
474.579
531.253
473.862
169.834
87.701
72.598
19.625
24.235
23.023
25.109
12.110
17.237

IaSE AND 'T)%S4
0.0 7.504

!OEL
0.0
.0.0
0.0
1.2332
1.2332
0.0
0.0
0.0

17.6763
0.0
0.99480
0.5827
6.1323
9.4723

0.0
0.0
0.0
0.0
1.2332
1.2332
0.0
0.0
0.0

29.0355
0.0
0.9949
0.5827
8.5596
12.9040

0.705
0.785
3.0
0.0
55.629
42. 639
22.291
0,0

6. 91
7.029
0.0
0.0

0.0
0.0
O. 7 uS
0.785
0.0
0.0
7.919

66.011
31.439
0.0
13.621
10.05 0
13.933
0.0
0.0

I.1499 0.596 0.746
0.4C14 2.053 2.S46

0*4840
0.8279
0.9023
1.2462
2.5995

0.3580
0. 5132
1.7117
1.8669

?.*944
4.101

1.57
0.0

M. 34
2.6b2
0.0
0.628

I. 2d
5.1214
0. 902
2.701
2.598

2. 192
3.175
1.012
2.495

6.693
A.274
7.673
9.264

56.631
f43.612
23.518
)4.663
12,.7 ?I
11 .7t2t
11.7171
14. 317
22.017

b.817
11.39
9. 53o
11. 109
10.576
12399
3'1. 02
67. 75
13.234
54.97d
17.610
16.630
18. 5'14
14.511
29.126

0.0
0.0
0.0
0.0
0.0

516.54
536.54
5?6.54
536.54

MATEPIALS
0.0
0.0
0*0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

6.1520
7.7724
6. 1399
7.7602
6.51401
8. 1604
1.1503
0.9409
1.0053

15.4059
2.3476
2.8931
4.0487
6.0550
8.7188

8.8166
11.111
9.4014

11.1239
Il.5764
120H9P9

1.5611
1.54 39
1.7946

54.9776
1.9889
5.9411
7.7606
ts5133

29.1264

2.66u6
3.3669
2.6616
1.3617
2.8031
1.5051
0.4129
0.6010
0.78Q1

11.5366
1.6411
2.0657
3.1292
1.027
7.9036

343.251
363.431
123.104
f 1.705
129.577
166.2(1
10 1.4t)b
78.5e..
47.037
29.676
2 1

*7.pl411.0514
24.071
16.59

555.503
50t).35
541.956
4R6.Uoi

:ou d2~
4P5.761
259.436
155.3597
115.432
74.60
410.45
19 .662
41.701
30.131
47.J61

2'. 111
7. 194

11.001
11.921
27.159
7.444
4.12 '

5S4.453
543.S79
963.165
947. 161



(TABLE B.SAA CONTINUC)
STAGI/TECH NICAL
PACKAGE NUMBER

211 1
DBST/G (Sf100511)

1111
1121

DUST/N (S/1008)
1111
1121

LA DO
ILLFD UhSKItLEr TOTAL,
9.464 ' 34.4161 53.880

?_QIIPM e N
INT/DRP MATNT/MISCt FIL Ty
5.6042 4.5796 3.2951 13."792

1.)-' 90
540(

1.070 4.6690 5.740 0.2861 0.2072 0.2295 0.722i 3.0
0.806 2.1059 2.912 0.5604 0.4554 0.b365 1.6522 0.0

1.070 4.6690 5.740 0.2861 0.2072 0.2295 0.7228 0.0
0.806 2.1059 2.912 0.560 0.4554 0.6365 1.6522 0.0

CQUTPI KOT
! AND l"flS' WATFFTALS TATAL
01 19.&AO 640.15 712.50q

0.723 1.70 20.193
1.652 13.70 19.265

0.773 12.19 1$.657
1.652 12.19 16.759

0



TARLE B.5AB: UNIT COSTS OF THE 1920'S TECHNICAL PACKAGES FOR ALL STAGES AT THE PRICES OF 1956.

STAGE/TECrt1CAL
PACKAGEiNU19E.
SITE PREP IS/HAP

EKC/HAUL
2M

4:b

9M

60"

11
21

IS/1000Cm) ,

1-1
1-2
2-1
2-2
3-1
1-2
4-3
5-4
6-5

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6

10-7
D -6
13-9

1-1
1-2
2-1
2-2
I-1
3-
4-3
5-4
6-5
7-6

10-7
10-8
10-9

. _ LABOR
SKILLED UNSKILLED TOTAL

350.295 2031.5222 2383.817
69.244o 51.2011 120.445

46.190
46.399
37.607
31.315
37.193
37.400
5.432
5.059
11.942

46.190
46.398
37.607
37.815
37.193
37.400
5.432
5.059

11,942
1.567
8.500
9.475

22.556

46.190
46*.98
37.601T
317.815
37.191
37.400
5.432
5.059
11.942
1.833
8.500
8.475

22.681

349.6196
150.4531
286.386
287.1721
283.2520
284.1954
42.5989
35.0484
116.4062

361.4731
360.8557
298.1921
297.5147
295.1055
294.4880
46.6736
37.0734
117.5792

0.0
17.1989
17.9656
10.l1867

170.6104
368.9816
307.3293
105.6006
104.2427
30295139
49.8222
38.6477
118.5053
0.0
18.1786
18.0891
10.1867

395.810
396.851
323.946
324.987
320.445
321.46
48.031
40.10?
128.348

407.664
407.254
335.800
335.390
332.298
331.888
52. 105
42.132
129.521

1.567
26.299
26.441
32.743

416.801
415.28)
344.937
343.416
341.436
339.9 14
55.254
43.1706
130.44T

1.833
26.679
26.564
32.867

EQUIPMENT.
INT/DEP MAINT/MISC FUEL TOTAL,

3.1678 1.3523 0.0 4.5202
39.9915 30.4189 3R.0837 108.4939

2.2776
3.0615
2.24 11
3.0250
1.4253
4.2092
0.1816
0.1990
0.4911

2.3568
3.1608
2.320)
3.1244
3.5945
4.386
0.1976
0.2118
0.4932
1.0038
6.7365
8*5791
12.6219

2.4179
3.2172
2.3914
3.2007
3.5656
4.3849
0.2 100
0.2217
0.5028
1.1737
6.7562
8.6147
12.6777

0.9877
1.3290
0.9786
1.3199
1.400.
1.7417
0.0767
0.1191
0.3647

1.0222
1.172)
1.0131
1.3632
1.4349
1.7850
0.0824
0.1275
0.3744
0.7622
6.0985
6.9767
11.6343

1.0488
1 * 4055
1.0397
1.3964
1.4615
1.8192
0.0864
0.1339
0.3821
0.8913
6.1109
6.9946

11.6800

0.0

0.0
0.0
1.5892
1.5892
0.0
2.0
0.0

2.0

0.0
3.0
1 .5892
1.5892
0.0
0.0
0.0
0.08010
I*2980
3.3004
6.3171

n0.0
0.0
0.0
3.0
1.5892
1.5892
0.0
0.0
0.0
3.9366
1.2980
3.3322
6.3570

46.190 525.7568 571.948 3.4548 1.5003 0.0
' t a f a Q P1 i70 ILIl2A-Al 144 1!97I A

3.2653
4.3905
3.2197
4.3450
6.4149
7.5402
0.2583
0.3181
0.8459

3.3790
4.5331
3.3334
4.4875
6.5286
7.6827
0.2800
0.3392
0.8676
2.5671
14.1330
18.8562
30.51794

3.4667
4.6427
3.4211
4.5971
6.6163
7.7921
0.2969
0.1556
0.8849
3.0016
14. 1651
18.9415
30.1147

EQUIPMENT
HORSE AND HORSE MATERIALS TOTAL

11.253 15.773 46.15 2445.735
0.0 108.494 0.0 228.939

0.0
0.0
1.439
1.439
0.0
0.0
6.503
6.924
13.067

0.0
0.0
1.439
1.439
0.0
0.0
1.263
1.490
13.289
0.0
1.419
0.0
0.0

0.0
0.0
1.439
1.439
0.0
0.0
7.850
1.928

13.459
0.0
1.491
0.0
0.0

3.265
4.191
4.659
5.784
6.415
7.540
6.762
7.242
13.913

3.579
4.533
4.772
5.926
6.529
7*693
1.543
7.810
14.156
2.567

15.552
18.856
30.579

3.461
4.643
4.460
6.016
6,616
7.792
8.147
8.283
14.343
3.002
15.656
18.941
30.715

0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
0.0
0.0
3.0
0.0
0.0

3799075
401.241
12 8.603
330.771
326.963
329.026
54.792
47.349
142.261

411.041
411.787
340.572
341.316
1M.927
339.57L
59.645
49.962
143.677
4.134
41.851
45.297
63.322

42).263
419.922
349.791
349.451
348.052
347.16
63.401
51.99)

144.793
4.834

42.114
45.506
63.512

4.9551 0.0 4.955 0.0 576.902
fAL A n p I AN -1( A A @ 7 7l2



(TABLE B.SAB CONTINUED)
STAGE/TC1NICAL
PACKAGE NU98ERSKI

2-1"

3-1 1
1-2 3
4-1
5-4 I

6-5 1
7-6
8-7
9-7

10-7 4

13-9 24
100,

a'

165"

500"

1-1
1-2
2-1
2-2
3-1
1-2
4-1

5-4
6-5

8-7
9-7

13-7
10-8
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

13-7
10-l
10-9

LAW)R
ILLED UNSKILLED TOTAL
7.697 462.4758 500.093
7.815 441.5469 479.36?
7.193 459.1892 496.582
7.410 438.4602 475.860
5.412 103.1326 108.564
5.059 65.1331 70.192
1.42 114.0323 145.974
6.344 0.3 6.344
3.400 27.4115 30.811
6.460 16.8235 23.292
0.500 24.631 33.13)
8.475 20.1882 28.663
4.795 10.1867 34.982

46.190
46.398
37.6')7
37.815
37.1193
37.400
5.432
5.059
11.942
9,785
3.400
6,468
8.500
8.475

26.412

46.190
46939R
37.607
37.815
37.193
37.40
5.432
5.059
11.942
15.383
3.400
6.468
l.soo
8.475

29.024

644.4165
608.7939
i81.155
545.5129
578.0488
542.4261
141.9101
85.3831
145.9959
0.0
32.3505
21.7625
29.5723
21.7934
10.1867

836.0500
776.7202
77297690
713.4392
769.6824
710.3525
209.7534
118.1349
165.0554
0.0
40.3146
29.7266
37.5364
24.3863
10.1867

690.607
655.192
618.741
583328
615.241
579.826
149.342
90.442

157.827
9.785
35.750
28.231
18.072
30.269
36.599

682.240
823.118
810.376
751.254
806.875
747.753
215.185
123.193
176.997
15.383
43.715
'36.195
46.036
32.861
39.211

I NT/DEP
3.4183
4.4990
4.6025
5.6132
0.4192
0.1891
0.6635
4.0629
2.1103
3.60.4
7,0928
9.2190
13.5239

4.2478
5.5281
4.2114
5.4916
5.3956
6.6758
0.5792
0.5170
0.7561
6.2670
2.3678
3.9449
7. 3504
9.68 12
14.1710

5.5286
7.1314
5.4921
7.0949
6.6761
8.2791
0.8176
0.7240
0.9845
9.8520
2.7831
4.3602
7.7657
10.4277
15.2163

EQUIPMENT
MAINT/MISCQ

1.4912
1.9617
1.9130
2.1835
0.1618
0.2428
0.5112
3.0851
1.869
3.1522
6.3215
7.2986

12.4584

1.8456
2.4030
1.8165
2.3934
2.2583
2.8157
0.2191
0.3261
0.6098
4.7587
2*0480
3.3131
6.4826
7.5310
13.0536

2.4032
3. 1011
2.1941
3.0920
2.8159
3.5139
0.3116
0 .4607
0.7692
7.4809
2.3078
3.5731
6.7424
7.9065

14.0150

FUEL TOTAL
0.0 4.9093
0 694606
1.5892 8.1047
1.5892 9,6559
0.0 0.5813
3.0 0.6319
1.0' 1.1747
3.2420 10.3901
3.0 3.9977?
1.2820 8.1215
1.2980 14.7121
3.8725 20.3901
7.0324 33.0147

0.0
3.0
f.0
0.0
1.5892
1.5892
3.0
3.0
3.0
5.0007
00
1.2820
1.2980
4.2857
7.5489

00
0.0
00
0.0
1.5892
1.5892
0.0
3.0
0.0
7.8613
0.0
1.2820
1.2980
4.9532
8.3833

6.0934
7.9311
6.0478
7.8855
9.2431

11.807
0.7983
0.8431
1.3959
16.0265
4.4159
8.5402
15.1109
21.4979
34.7735

7.9318
10.2325
7.8861
10.1'69
11.0815
13.821

1.1493
1.1847
1.7537
25.1942
5.0909
9.2151
15.8060
23.2874
37.6146

EQUIPMENT
HORSE AND HORSE
1.419 6.48
1.439 7.fB99
0.0 8.105
0.0 9,656
17.799 ,18,370
15.338 15.969
16.353 17.528
0.0 10.390
7.804 11.401
2.440 10,562
2.693 17.406
0.0 20.590
0.0 13.015

0.0
0.0
1.419
1.439
0.0 -
0.0
25.389
2 1.001
18.566
0.0
8.725
3.361
3.614
0.0
0.0

0.0
0.0
1.419
1,439
0.0
0.0
37.668
30.160
22.141
0.0
10.210
4.646
5.099
0.0
0.0

6.093
71091
7.487
9.324
9.243
11.081
26.187
21.844
19.962
16.026
13.141
11.901
18.745
21.498
34.773

7.932
10.233
9.125

11.626
11.081
13.382
38. 817
31.345
23.897
25.194
15.301
14.061
20.905
23.287
37.615

46.190 1839.9958 1886.187 12.2384 5.3247 0.0

m MATERIALS
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
3.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
3.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

536.432
487.261
514.687
485.516
126.935
46.161
161.532
16.734
42.611
11.A54
,) .539
49.051
67.99r

646.703
663.123
626.229
542.652
624.484
570.907
175.524
112.205
177.790
25.812
49.891
40.132
56.813
51.766
71.172

890.172
811.15)
819.731
762.890
817.956
761.135
254.002
154.538
203.594
4C.577
i9.Ols
50.256
66.942
56.149
76.826

1-1 I7.631 0.0 17.563 0.0 1903.7S3



(IABLE 6.5AB CONTIUE
STAGE/TECdNICAL
PACKAGE NUMnER

1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
13-q
10-9

BooM
46.190
46. 198
17.637
37.115
37.113
37.400
5.432
5.059
11.942
70.695
3.400
6.468
8.500
8.475

54.939

2738.9563
2444.2212
2675.6751
2 190.9402
2672.586
2377.0535
363.5852
443.1521
155.4541

0.0
119.4931
108.9051
116.7149
50.1000
10.1867

2785.147
2490.617
2713.281
2418.753
2709.781
2415.252
869.017
448o.211
367.396
70.695
122.893
115.373'
125.215
58.575
65.126

jKILLFD UNSKILLED TOTAL
46.39 1656.4502 1702.848
37.607 1776.7148 1814.321
37.815 1593.1692 1630.984
37.193 1773.6282 1810.821
37.400 1590.3825 1627.483
5.4? 554.7122 560.144
5.0%9 299.6108 294.669
11.942 265.5024 277.444
44.57) 0.0 44.571
3.400 82.1801 85.40
6.469 71.4921 77.960
8.5)0 79.3019 87.802
6.475 17.9686 46.444

42.107 10.1867 52.894

EQUIPMrNT
INT/DEP
15.5J09
12.2020
15.4944
13.3962
16.6786
2.1914
1.8076
2.0241

28.5468
4.9610
6.581
9.9435
14.3382
20.6917

18.2466
23.0523
18.2101
23.0159
19.3943
24.2001
3.4016
2.7778
2.9550

45.2765
6.9119
8.4990
11.8944
17.8309
25.5863

15.353 114.4923 129.875 0.2323 0.1601 0.0
9.620 10.0941 19.714 0.9478 0.5126 0.0

10. 742
9.620

16.254
12.232
8.002

13.642
4.395

20.276
9.495

125.5434
21.1451
111.5598

7.1616
0.0

111.4981
39.2034
101.4966
29.2019

144.285
30.765
127.814
19.393
8.002

125.140
43.598
121 .772
38.697

0.8695
1.5151
0.7659
1.4314
2.8625

0.6465
0.9445
1.3736
1.6715

0.5602
0.9126
0.6246
0.9770
2.4626

0.4112
0.5724
1.1722
1.3333

0.0
0.0
0.5562
0.5562
1.1588

0.0
0.0
1.0948
1.0948

Dl
EQUIPMFNT

HORSE AND HORSE
0.0 22.239

LABOR
MAINT/MISC

6.758)
5.1156
6.7492
5.7374
7.1710
0.7965
1.1657
1.6041

21.6765
1.6702
4.9355
8.1048
9.8735
19.0513

7.9407
10.0332
7.9316

10.0241
8.3534

10. 459
1.2306
1.7969
2.3521
34.3799
4.8907
6.1559
9. 3252
11.6303
23.5534

0.4424 1.093 1.536 0.0 11.411
1.4604 3.764 5.224 0.0 24.938

1.4298
2.4477
1.9466
2.9646
6.4839

1.0577
1.5168
3.6405
4.0997

5.214
7.885
0.0
2.670
0.0

3.729
4.880
0.0
1.151

6.644
10.132
1.947
5.635
6,484

4.787
6.97
3.641
5.251

0.0
0.0
0.0
0.0
0.0

673.88
673.88
673.88
671.88

150.929
41.097
129.76)
25.028
14.486

803.808
723.877
799.294
717.829

83.466 294.2720 377.738 16.0169 13.4495 7.3404 36.8068 7.672 44.478 773.51 1195.728

FUEL
1.00
.0

0.0
1.5892
1.5892
0.0
3.0
0.0
22.7781

1 .2820
1.2980
.4495

12.7516

0.0
3.0
0.0
0.0
1.5892
1 .5892
0.0
3.0
3.0
36.1282
3.0
1 .2820
1.2980

11.5723
16.6604

TOTAL

17.5176
22.2436
20.7128
25.4388
'2.9979
2 *973'1
3.628)
73.0021)
8.6312
12.7556
19.3463
32.6611
52.4966

26.1873
33.0855
26.1417
33.0399
29.3369
36.2352
4.6342
4.5747
5.3071

115.7847
11.9026
15.9269
22.5176
41.0335
65.8002

1.439
1.439
0.0
0.0

101.979
78.115
40.868
0.0

17.997
12.633
12.986
0.0
0.0

0.0
0.0
1.419
1 * 439
0.0
0.0

159.572
121.058
57.638
0.0
24.972
19.608
19.861
0.0
0.0

1-1
1-2 .
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7
1I-7
10-8
13-9
1$1/1006CM)

0

SPR/COMP
90I

961

11
21

11
21
12
22
32

SURFACING
GRAVEL (6/10OCCM)

11
21

22
WOI IS/100CCMI

111

18.956
23.682
20.713
25.439
104.967
81.099
44.496
73.002
26.628
25.388
32.232
32.661
52.497

26.187
33.086
27.581
34. 479
29.317
16.235
164.206
125.632
62.945
115.785
36.774
35.515
42.379
41.033
65.800

MATERIALS
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.03
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

I TAL
1725.137
185.279
1654.666
1811.534
1652.921
665.111
375.75i
321.943
117.575
112.LM
1)3.349
120.034
79.105
135.391

2811.334
2523.702
2740.61
2451.231
2739.118
2451.406
1013.272
573.841
410.341
156.4P0
159.667
15.90i
167.594
99.609
110.926



(fABLE L.AB CONTINUED)
STAGE/TECHNICAL
PACKAGE NUMBER ,1K

211
DOST/G (1/1005M

1111
1121

DUST/ 6/100SMI
1111
1121

L

LABOR
FLLtO . UNSKILLEiD TOTAL
0.115 176.5694 246.684

EQUILPMENT
INT/OEP MAINT/MISC__ FUEL TOTAL
16.3774 13.6475 7.3404 37.3653

HORSE
9.16

39856 23.9542 27.810 0.8425 0.6175 0.2959 1.1551 0.0
2.902 10.9041 13.107 1.6477 1.3570 0.8202 3.8250 0.0

1.856 23.9542 27.810 0.8425 0.6175 0.2958 1.7551 090
2.902 10.8041 139707 1.6477 1.3570 0.8202 3.8250 0.0

EQUIPMENT
AND HORSE MATERIALS TOTAL

S 46.513 111.51 1066.129

1.756 19.6$ 49.253
3.325 19.68 37.216

1.756 17.1? 46.739
3.25 17.1? 34.704

0



TABLE B.SAC: 0UI COSTS OF THE 1920'S TECHNICAL PACKAGES FOR ALL STACES AT THE PRICES Of 1974.

STAGESTECH4ICAL
PACKAGE NUMBlER
SITE PREPO(S/IA)

111
21

EEC/HAUL (5/1005CR)
28

6N

0to

90

604

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5

1-
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
10-7
10-8
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6

10-7
10-8
10-9

1-1
1-2

LABOR
SKILLED UNSKILLED TOTAL

1089.560 6789.8945 7979.457
215.370 170.9595 306.338

143.671
144.316
116.975
117.620
115.685
116.330
16.895
15.734
37.143

143.671
144.316
116.975
117.620
115. 685
116.330
16.895
15.734
37.143

4.875
26.439
26.361
70.159

143.671
144.316
116.975
117.620
115.685
116.330
16.895
15.734
37.143
5.700
26.439
26.361
10.546

1167.3748
1170.1577
956.0806
958.8635
945.7137
948.5566
142.2371
117.0261
388.6782

1206.9539
1204.8926
995.6597
993.5984
985.3528
983.2915
155.8424
12).7875
392.5950

0.0
59.4304
59.9870
34.0132

1237.4626
1231.6907
1026.1685
1020.3965
'1015.8616
1010.0896
166.3556
129.0441
395.6870

0.0
60.6981
60.3992
34.0132

1311.046
1314.474
1073. 055
1076.483
1061.459
1064.886
159.132
132.160
425.821

1350.625
1349.208
1112.634
1111.218
1101.038
1099.621
172.737
139.522
429.738

4.875
85.869
86.340

104.172

1381.134
1376. 007
1143.143
1138.016
1131.546
1126.419
183.250
144.778
432.830

5.700
87.137
06.760

104.559

EOTIPMHNT
IJNT/DEP MAINT/nISC FI1P.L TOTAI.

6.5384 2.6579
93.7231 59.7862

4.7609
6.4048
4.6981
6.3420
7.2591
8.9030
0.3980
0.4437
1. 1272

4.9270
6.6131
4.8642
6.5503
7.4252
9.1113
0.4326
0.4723
1.1559
2. 3729

16.4250
20.5055
30.5901

5.0551
6. 7732
4.9923
6.7104
7.5533
9.2714
0.4591
9.4q45
1. 1785
2.7747
16.4712
20.5847
30.7094

1.9413
2.6121
1.9234
2.5942
2.7524
3.4232
0.1507
0.23"2
0.7160

2.0091
2.6971
1.9912
2.6792
2.8202
3.5082
0.1620
0.2505
0.7359
1.4981

11.986.3
13.7123
22.8664

2.0613
2.7625
2.*0414
2.7446
2.8724
3.57-36
0.1707
0.2632
0.7511
1.7517

12.0106
13.7475
22.9564

2QUIPNENT
HORSE AND IIORS1.

0.0 9.1964 22.506 31.702
64.0946 219.4039 0.0 218.404

0.0
0.0
0.0
0.0
2.7080
2.70P00
0.0
0.0
0.0

0.0
0.0
0.0
0.0
2. 70 80
7.7080
0.0
0.0
0.0
1. 3648
4. 8030
8.2151

13. 1559

0.0
0.0
0.0
0.0
2. 7080
2.7 080
0.0
0.0

,0.0
1. 5959
4.8030
8.2693

13. 4236

143.671 1755.4946 1899.166 7.2296 2.9487 0.0
144.316 1685.6128 1829.929 9.4958 3.8735 0.0

6 .7022
9.0170
6.6214
8.9362

12.7195
15.0343
0.5487
0.6779
1.8440

6.9361
9.3103
6.8554
9.2295

12.9514,
15.3276
0. S94 5
0.7228
1.8918
5.2358

33.2151
42.4329
66.8124

7. 1164
9.5357
1.0 57
9.4549

13. 1330
15.5530
0.6300
0.1577
1.9296
6. 1223

33.2849
42.6015
67.0894

0.0
0.0
2.878
2.878
0.0
0.0
13.007
13.047
26.134

0.0
0.0
2.878
2.078
0.0
0.0

14.526
14 * 9 d 1
26.577
0.0
2.937
0.0
0,0

0.0
0.0
2.878
2.878
0.0
0.0

15.700
15.856
26.917
0.0
2.981
0.0
0.0

6.702
9.017
9.499

11 * . 14
12.720
15.034
13.555
14.525
27.978

6.936
9.310
9.733

12.107
12.953
15.328
15. 121
15.104
28.469
5.236

36.052
42.433
66.812

7.116
9.536
9.913

12.333
13. 134
15.553
16.330
16.613
28.847
6.122

36.266
42.601
67. 089

MATERIALS T3TAL

7t.07 7Q87. 2J 0
0.0 604.742

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1 117. *748

1323.491
1082.554
1089. .q7
1074.178
10719.921
172.687
147.285
U53.800

1357.561
1359.919
1122.367
1123.325
1113.991
1114.i49

187.A58
155.225
458.207

10.111
121.921
128.781
170.985

1188.?2ri
1385.542
1153.057
1150.349
1144.680
1141.972

lqQ.581
161.392
46 1. 677
11.823
123.401
129.362
171.648

10.1783 0.0 10.178 0.0 1909.344
13.3693 0.0 13.369 0.0 1843.298



(TABLE B.56C C(
STAGE/TECHN ICAJ
PACKA98 NUfPAR

2-1
2-1
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9

1008

-4

0

165M

5008

1-1 ,
1-2
2-1
2-2
3- 1
3-2
4-3
5-4
6-5
7-6
04e 7
9-7

1(1-7
10-8
10-9

1-1
1-2
2- 1
2-2
3- 1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-6
10-9

)RTINO !C)
L

SKI,.ED
116.I975
117.620
115.685
116.330
16.895
15.734
37.143
19.732
10.575
20.119
26.439
26.361
77.123

113.671
14,.316
114.975
117.620
115685
116.30
16.895
15.734
37.143
30.437
10.575
20.119
26.439
26.361
82.153

V). 671
144.316
116.975
117.620
115.685
116.330
16.895
15.734
37.143
47.847
10.575
20.119
26.439
26.361
90.278

LAOn0P
UNSKILLEP TOTAL
1544.2004
1474.3186
1533.8936
1464.0117
344.1582
217.4705
447.5315

0.0
91.5265
56.1733
82.2502
67.4080
34.0132

2111.6970
2032.7539
1940.4028
1021.4597
1930.0959
1 11.1521
480.5139
205.0925
487.1106

0.0
108.0178
72.6646
98.7414
72.7677
34.0132

2791*5581
2593.4570
2580.2639
2382.1628
2569.9570
2371.8560
700.3633
394.4502
551.1172

0.0
134.6099
99.2568
125.3336
81.4256
34.0132

1461.175
1591.938
1649.578
1560.341
161.253
233.2 13
484.675
19.732
102.102
76.292
108.689
93.769
111.137

2245.368
2177. 070
2057.377
1939.079
2045.781
1927.482
497.409
300.827
524.254
30.437

110.593
92.784
125.180
99.129
116.166

2935.22'b
2737.773
2697.239
2499.782
2685.642
2489.186
717.258
410.184
599.260
47.847
145.185
119.376
151.772
107.787
124.291'

90TPMENT
MA INT/MTSC1 0-16 " V -I nNip 11O9 AND HOISP

.474 12.975

143.671 6143.7109 6287.383 25.6498 10.4654 0.0

INT/DEP
7.16boB
9.4330
9.7278
11.9940
0.9119
0.8677
1.5584
9.6047
4.9419
8.5678
17.2444
21.M9316
32.7391

9.927
11.5775
8.8299

11.5147
11.3909
14.0757
1.2582
1. 1511
1.8484

14.8151
5.53 35
9. 1594
17.8360
22.9616
34.2895

11.5786
14.9398
li. 5153
14.8770
14.0768
17.4380
1.8172
1.6147
2.3174

23.2899
6.4074
10.1134
18.7899
24.6255
36.7955

7.9304
3.8556
3.7599
4. 6844
0. 3179
0.4772
1*0048
6.0636
3.7096
6.1994
12.4245
14.3449
24.4862

3.6274
4.7224
1.6095
4.7051
4.4345
4."141
0.4306
0.6409
1. 1995
9.3530
4.0253
6.5121
12.7411
14.8019
.25.6560

4.7234
6.0950
4.7055
f.0771
5.5345
6.9061
0.6125
0.9055
1.5117

14.7033
4.5359
7.0227
13.2517
15.5398
27.5457

0.0
0.0
2.7080
1. 7080
0.0
0.0
0.0
5.5244
0.0
2.1845
4.8030
9.1900
14.5745

0.0
0.0
0.0
0.0
2.7080
2.7080
0.0
0.0
0.0
8.5213
0.0
2.11145
4.80-30
t.Aq41

15.4546

0.0
0.0
0.0
0.0
2.7080
2.7000
0.0
0.0
0.0
13.3957
0.0
2.1845
4.9030

11.0315,
16.8763

F'IEL TOTAL

11.29Q6
16.1956
19.366
1.2299
1. 3450
2.5632

21. 1927
4.6505

16.9477
34.4719
45.4666
71.7969

1?. 52;)o1
16.3004
12.4393
16.21 q7
1') .5374
22 '1174

1. hARK
1.7340
1.0469

32.6'1994
9.5588

17. 8560
33. 301
47.6575
79.4901

I. 30?)
21.034.9
16. 2213
20.541
22.3194
27.0521
2.4297
2.5202
3.9291

51. 3888
11.0231
19.3205
36.8447
51.1969
81.2176

2.878
0.0
0.0
35. 57n
33.675
32. 707
0.0

15.600
4.40 RJ
5.3871
0.0 .
0.0

0.0
0.0
2.871

0.0 '
0.0
50.770
42.00 1
37.113
0.0
17.*450
6.722

0.0
0.0

0.0
0.0
2.1)711
2.973
0.0
0.0
15.335
60. 120
44.286
0.0
20.4196
9.692

10.,198
0.0
0.0

16.166
16. 19o
19.3Ji7l
364*809
32.020
35.270
21. 191
24o.5.69

39.59
45*467
71.19%)

12.,20
16. 300
15. 317
1 9. 097
18.537
22. 119
52.407
43.795
40.17)

27.009
24.578
42.609
47.654
75.400

16.102
21.0.15
19.099
23.812
22. 319
27.52
77.765
62.40
40.115
51. 389
11.443
29.012
47.043
51.197
81.218

5AT EIALS
00

0.0
0.0
0.0
0.0

0.0 i

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
9.)
0.0
0.0
0.0
.0

0.0
0.0
0.0
0.0
0.0
3.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

)674. 1'.j17, 104

1665.774
1C)729

765.211
519.944

126.d361
99.121

149.47
11. 236
182.935

2 107.080
2191.1110

195q.177
2064.11J

b)4.170
5'.9.975
144.621
5hu.:.39

1145.r0O
117. hl
1I7.7'
14'6. Th6
191.56r

24*1.531

2714.13"
2523.614
27fl7.96 1
2515. 3"
795.021
'73.025
f3p.375

2Orig 2vR'6

175.21
149.381

25?3.614

158. 904
205.509

1- I 36.1152 0.0 36.11S G.o 6 12 3.es4h



(IARLE R.5PC CON'INUED)
STAGI/TECHNICAL
PACKAGE NUMBER SK

1-2 114
2-1 11
2-2 11
3-1 11
3-2 11
4-1 I
5-4 1
6-5 3
7-6 13
8-7 1
9-7 2

10-7 2
10-8 2
10-9 13

soon

-:

SPO/CONlP
93%

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9
( /1OOCN)

14
14
11
11
11
11
1
1
3

21
1
2
2
2

17

11
21

LAB P
ILLED IIWSKTLLED TOTAL
4.316
6.975
7.620
5.695
6. 330
6.895
5.734
7.143
8.641
0.575
0.119
6.439
6.36 1
2.838

3.67 1
4.316
6.975
7.620
5.685
6. 330
6.95
5.734
7. 143
9.892
0.575
0.119
6.4 39
6.361
0.8 4

5530.9555
5932.4180
5319.5625
5922.1094
5309.2519
1852.1748
967.0063
886.5083

0.0
274.06 a
238.7110
264.7876
126.7766
34.0132

9145.3281
8161.2109
8934.0352
7949.9 180
8923.7266
7939.6094
2883.4956
14,79*6782
1186.8555

0.0
398.9854
363.6321
389.7090
167.2832
34.0132

5675.168
6049.395
5437.180
6037.797
5425.582
1169.070
082.740
923.651
134.641
284.639
258.830
291.226
153.138
166.851

9289.000
8305.527
9051.012
8067.539
9039.414
8055.941
2900.390
1495.412
1223.999
219.892
409.561
383.751
416.147
193.644
204.897

VYIME"l_ ___

JNTL/DEP_ NLISl__CAT&L
32.5544 13.2930 0.0 45.8174
25.5869 10.4475 0.0 16.0145
32.4915 11.2651 0.0 4 .756 n
28.1480 11.2766 2.7080 42.1326
35.0526 14.0941 2.7080 51.e51947
4.7462 1.5654 0.0 6.3116
4.0313 2.2911 0.0 6.1223
4.7749 3.1531 0.0 7.9279

67.4841 42.603 38.8151 149.90 10
11.4901 7.2136 0.0 1t.701I
15.1161 9.70014 2.1845 27.0010
23.7926 15.9295 4.8030 44.5251
33.3408 19.4057 16.9891 69.7357
49.9225 37.4441 24.3234 111.6900

38. 2495
48.3276
38. 1966
48.2648
40.7077
50.8258
7. 3687
6. 1951
6.9754

107*0330
15.9715
19.5974
28.2739
41.1252
61.6572

15.6070
19.7196
15.5891
1Q.7017
16.4181
20.5307
2.4187
3.5317
4.6230

67.5717
9.6123
17.0991
14.3282
22.5li6
46.2927

0.0
0.0
0.0
0.0
2.7080
2.7080
0.0
0.0
0.0

61.5625
0.0
2.1845
4.8030
22.3104
30.806

47.847 382.2878 430.135 0.6398 0.3147 0.0
29.921 33.7040 63.625 2.1451 1.0074 0.0

53.65615
69*0473
51.7758
67. 9665
59.9739
74.0646

9.7374
9.7268

11 .5984
236.1671
25.5839
31.0810
51.4652
86.2944

139. 13Ob

?QIPe ENT
1S E AND 9KflShl

00.0 45.837
2.878 3t.912
2.978 49.614
0.0 42.133
0.0 51.155

203.95R 210.270
156.231 162.553

0.0 143. i03
35aq93 54.(97
25.265 52.266
25.772 70.297

0.0 69.736
0.') 111.630

0.0 51.d57
0.0 69.047
2.978 S.l5l
2.979 7.944
0.0 59.'174
0.0 74.0;5

119.1 43 321.930
242.115 251.R42
115.277 124.75

0.0 236.167
41.944 75.527
19.216 73.0Q7
39.722 91.168
0.0 6.294
0.0 liti31

nAT9F ALS
0.0
0.0
0.0
0.0
0.0

0.s)0.0
0.0
0.0

0.0
0.0
0.0
0.0

On q

0.0
0.3

0.0
0.0
0.0
0.)
0.0
0.0
0.00.0
.0

0.0

0.0
00

0.0

" AL
5721.lOS
694R. ios
5495.416
6)79. 42e
5's37.417
2)71.3")
11 45.2Q1
1013.114
2 '7. 4.
139.136
.11 *.ak
36 1. 3
22 2.1079
27t.54 1

9 1- 2. 952
4173.574
9 177.,660
91.1 3)0I
90Q9.2k1
a1 0.00 u
329.314
1747.255
1151 . 9 4

S86.359J
295. 0 3
456.,14-1
507.275
79.139
1u3.927

0.9545 2.187 3.141 c.0 1.77
1.1524 7.528 10.690 0.0 a.11C

11
21
12
22
32

SURFACING
GRAVEL (I/100CCN)

11
21
12
22

Won (S/100CCN)
111

58.294
29*921
50.556
38.046
24.891

42.431
13.671
63.066
29.534

419.1873
70.6032

372.4963
23.9123

0.0

372.2900
130.8993
338.9953
97.5046

477.481
100.524
423.052
61.958
24.891

1414.721
144.570
401.961
127.038

2.0674
3.5726
1. 8580
3.3633
6.8523

1.5294
2.2099
3.3809
4.0613

1.1011
1.7937
1.2275
1.92 02
4.8401

0.8082
1.1249
2.3038
2.6206

0.0
0.0
0.9478
0.9478
2.3739

0.0
0.0
1.8655
1.8655

1.1615
5.3664
4.0134
6.2313
14.0663

2.3376
3.3148
7.5502
8.5474

10.429
15.?69

0.0
.14 1

0.0

7.459
9.761
0.0
2.302

13.597
21.136

4.033
11.572
14.06

13 * 096
7.950

10.849

0.0
3.0
0.0
3.0
0.0

1022.t,4
1023.64
1023.614
1321.6*.

u91.97$
121.0&)
427.085
73.510
18.057

1414$157
1101.306
1433.152
Iri1. S29

259.614 982.5701 1242.184 40.8017 26.4342 27.1618 94.3977 15.343 109.741 110.e92 2462.343



(TABLE B.5AC CCNTINUEI
STAGE/TECHlNICAL
PACKAGE NUMDER

211
rDST/G (/100Sl)

1111
1121

DBST/H ($/100)
1111
1121

)F

K'
1'

LABOR
ILLED UNSKILLED TOTAL
8.086 589.5625 807.649

EQI.P3ENT
INT/DEP NATNT/nISC FUEL TnTAL_,
41.6)08 26.0214 27.1618 95.6160

9185!
18.33

11.994 79.9826 91.977 1.9391 1.2136 0.5040 3.6567 3.0
9.028 36.0746 45.102 3.8722 2.6672 1.3976 7oQ370 0.0

11.994 79.9826 91.977 1.9391 1.2136 0.5040 3.6567 0.0
9.028 36.0746 45.102 3.8722 2.6672 1.3976 7.9370 0.0.

EQUTPIENT
AND HORSE MATWFIALS I'OTAL

16 113.952 1110.92 2032.524

1.657 45.66 141.205
7.937 45.66 90.701

3.657 3R.1 133.761
7.37 30.13 91.1W7

-J*



TABLL B.5AD: UNI COSTS OF THE 1920'S TECI'CAL PACKAGES FOR ALL STAGES A- THE PRICES o A YPICAL D&VLOPING COuNTRY.

STAGK/TECHNICAL
tACKAQ9? 3UMBCR
SITS PRNP (5/h1A)

.11
21

1KC/HAUL (S/1008C)
28

'1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5

61

4-
ma)

60

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6

10-7
10-6
10-9

1- 1
1-2
2- 1
2-2
3-1
3-2
4-3
5-I'
6-5
7-6

10-7
10-8
10-9

1-1
1-2

LAB0 P
JLLID _USKTLLED TOTAL

EQUIPfENT
INT/DE? MAINT/fMTSC FUEL TITAL

22.101 43.031 65.184 0.58"1 0.2262 0.0
4.369 1.0848 5.453 224.8147 118.55q9 304.6694

2.914
2.927
2.373
2.386
2.347
2.360
0.343
0. 319
0.753

2.914
2.927
2.373
2. 386
2.347,
2.360
0.343
0.319
0.753
0.099
0.516
0.535
1.423

2.914
2.927
2.473
2.386
2.347
2.360
0.343.
0.319
0.753
0.116
0.536
0.535
1.431

7.4072
7.42149
6.0665
6.0842
6.0011
6.0188
0.9025
0.7426
2.4662

7.6583
7.61153
6.3176
6.304b
6.2522
6.2392i
0. 9889
0*7855
2.4911
0.0
0.1771
0.3806
0.2158

7.8519
7.015)
6.5112
6.4746
6.4458
6.4092
1.0556
0.8188
2.5107
0.0
0.3851
0.3832
0.2158

10.321
10. 352
a.439
6.470
9.348
8.378
1.245
1.062
3.220

10. 573
10.573
9.690
8.690
@9.599
8.599
1.332
1.105
3.244
0.099
0.913
0.915
1.639

10.766
10.743
8.884
8.660
8.792
8.769
1.398
1.138
3.264
0.116
0.921
0.918
1.647

0.4344
0.5850
0.4301
0.5806
6.1623
6.3128
0.0392
0.0434
0.1160

0.4496
0.6040
0.4453
0. 5997
6. 1775
6.3319
0.0415
0.046?
0.1190
5.7494

38. 9214
50.2294
75.9641

0.4614
0.6187
0.4570
0.6144
6.1897,
6.3466
0.0440
0.0484
0. 1214
6.7248
38.9260
50.4104
76.1573

0.1652
0.2223
0.1637
0.2207
1.8382-
1.8953
0.0128
0.0199
0.0610

0. 1709
0.2295
0.1694
0.2280
1.8440
I.9025
0.0138
0.0213
0*0626
2.9740
22.8454
27.1994
45.3726

0.175"
0.2351
0.1739
0.2315
1.84R4
1.9081
0.0145
0.02?4
0.0619
3.4776
27.8474
27.2692
45.5513

0.0
0.0
0.0
0.0

12.7137
12.7 137
0.0
0.0
0.0

0.0)
0.0
0.0
0.0
12.7137
12.1137
0.0
0.0
0.0
6.4077
5.271

21.8464
45. 8 14

0.0
0.0
0.0
0.0
12.7137
12.7137
0.0
0.0
0.0
7.4926
5.m271

22.1007
46.2992

7 2.914 11.1389 14.053 0.6605 0.2509 0.0
2.927 10.6955 13.623 0.8680 0.3296 0.0

0.8144
644.04317

0.5996
0.8072
0.5918
0.9010u
20.7142
20.9219
0.0510
9.0633
0.1770

o 06206
0.8315
0.6147
0.8277
20.7152
20.1492

0. 0553
0.0675
0.1816
15.1311
67.5914
99.275 )

167. 2181

0.4168
9.95"3
0.6309
0.8479

20.7514
29.9684
0.0586
0.0709
0.1853
17.6410
61.6005
9.7903

169. 0018

QUIPIE1T
30P9E AND 10157 MAT P1ALS 0T L

2.557 3.372 10o.39 174.44
0.3 648.044 0.0 653.s97

0.0
0.0
0. 327
0.127
0.0
0.0
1.478
1.574
2.70

0.9
0.0
0. 327
0. 327
0.0
0.0
1.651
1.702
3.0 20
0. (
0.322
0.0
0.0

0.0
0.9
0. 327
0.327
0.0
0,0
1.784
1.602
3.059
0.0
0.139
0.0
0.0

0.9114 0.0
1. 1976 0.0

0.609
0.A07
0.921
1.128

20.714
20.922
1.529
1.637
3. 147

0.u21
0.9314
0.,42
1. 155

20.735
20.94h
1.706
1.770
3.20 2

15. 131
67.916
9.275
167. 21P

0.637
0.954
0.958
1.17hi

20.751
20. 9t6
1.943
1.673
3.244
17.693
67.919
99.780
168.000

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

10. 921
11.157
9.10
9.594

2t.062
29.100

2.699
6.36o

11. 193
11.'104
9.32
9.945

29.334
29.547

3.139

15. 230
A '4.837

100. 191
16. 1357

11.01
11.596
9.8S2

10.0 35

29.711
3.241
3.011
6.503

17.909
6(.8961

100.6 9
169.655

0.911 0.0 14.65
1.198 0.0 14.420



(TABLE B.5AD CONTINUED)
STAGE/TKCHNICAL
PACKAGE NOIBER SK

2-1

1006

F-J

1650

500n

2-1
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-s
7-6
8-7
9-7

10-7
10-8
10-9

LADOP
I[LED UNSKILLRD
2.371 9.7992
2.386
2.347
2.360
0.343
0.319
0.753
0.4 00
0.215
0.408
0.536
0.535
1.564

2.914
2.927
2.373
2.106
2.347
2.360
0.343
0. 319
0.753
0.617
0.215
0.408
0.536
0.535
1.666

2.914
2.927
2.373
2.306
2.347
2.360
0.343
0. 319
0.753
0.971
0.215
0.408
0.536
0.535
1.631

9.3548
9.7328
9.2894
2.1850
1.3799
2.8397
9.0
0.5808
0.3564
0.5219
0.4277
0.2158

13.6529
12. 8982
12.3122
11.5575
12.2468
11.4921

3.04 89
1.8090
3. 0908
0.0
0.6854
0.4611
0.6265
0.4617
0.2158

17.7129
16.4559
16.3722
15.1152
16.3068
15.0498
4.4439
2.5029
3.4969
0.0
0.8541
0.6298
0.7953
0.5167
0.2158

TOTAL
12. 171
11.741
12.079
11.649
2.528
1.699
1.593
0.4 00
0.795
0.765
1.058
0.962
1.780

16.567
15.825
14.605
13.943
14.593
13.852
3.392
2.128
3.844
0.6 17
0.900
0.869
1.163
0.996
1.882

20.627
19.383
19.745
17. 501
18.653
17.409
4.787
2.822
4.250
0.971
1.069
1.038
1.332
1.051
2.047

.QUIPMENT
IN'/DSP fAINT/fISC PIIEL TOTAL_
0.6562
0.86,37
6.3884
6.5959
0.0869
0.0819
0. 1600

23.2712
0.5085
8.7493
39.0040
53.4866
61. 1408

0. 8128
1.0507
0.0065
1.0541
6.5407
6.7865
0.1197
0.1129
0.1909

35.0954
0.5681
8.0096

39.0637
55.8390
84.9518

1.3666
1.0544
1. 3622
6.7866
7.0944
0.1727
0.1580
0.2396

56.4288
0.6644
0.9059

39.1599
59.6390
91.1080

0.2494
0.3281
1.9239
2.0026
0.0271
0.0406
0.0855
12.0378
0.3156
5.0505

22.8826
28.4551
4R.5892

0.1096
0.4019
0.3071
0.4001
1.9817
2.0749
0.0366
0.0545
0.1020
18.5681
0.3425
5.0775

22.9096
29.3623
50.9106

0.4019
0.5186
0.4004
0.5171
2.0749
2.1916
0.0521
0. 0770
0.1286

29.1897
0.3859
5.1209

22.9530
30.8275
54.6622

0.0
0.0
12.7137
12.7137
0.0
0.0
0.0

25.9361
0.0
10.2558
5.8271
2694234
51.7026

0.0
0.0
0.0
0.0

12.7137
12.7137
0.0
0.0
0.0
40.0059
0.0

10.2558
5.8271
29.7290
55.8345

0.0
0.0
0.0
0.0
12.7137
12.7137
0.0
0.0
0.0

62.8907
0.0

10.2558
5.8271

35.0687
62.5093

0.9055
1.1914

?1. 0260
21.3123
0. 11U00
0. 1255
0.2463

61.2450
0.8240

24.0562
67 * 7136
10s.3652
181.4116

1.1214
1.4605
1.1156
1.4547

21.2141
21.5752

0. 1564
0.1674
0.2929

94.4695
0.9106

24.1429
67.8004
114.9302
191. 69f(

1.4607
1.8052
1.4548
1.8793

21.5753
21.9998
0.2248
0.2351
0.3603

14#.5092
1.0503

24.2825
67.9401
125.5352
208.2793

EQUIPIENT
HORSE AND HORSE fATRFPIALS 7IAL
0.327 1.233 U.0 13.401
0.327 1.519 '0.0 13.259
0.0 21.026 0.0 33.105
0.0 21.112 0.0 3?.961
4.043 4.157 0.0 6.685
3.486 3.u11 0.0 5.110
3.717 3.9o3 0.0 7.556
0.0 61.245 0.0 61.645
1.774 2.598 0.0 3.393
0.555 24.611 0.0 25.375
0.612 68.326 0.0 69.384
0.0 108.165 0.0 109.329
0.0 101.432 0.0 193.212

0.A1
0.0
0.327
0.327
0.0
0.0
5.770
4.773
4.220
0.0
1.983
0.764
0.521
0.0
0.0

0.0
0.0
0.127
0.327
0.0
0.0
8.561
6.055
5.033
0.0
2.320
1.101
1.159
0.0
0.0

1.121
1.461
1. U43
1.7d2

21*2.16
21.575
5.927
4.940
4.513

94.469
2.894

24.907
68.622

114. 930
191.697

1.461
1.805
1.782
2.206

21.575
22.000
8.786
7.090
5.401

148.509
3.371

25.384
69.099
125.535
208.279

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

17.689
17.286
16. 127
15.725
35.029
35.427
9.31.
7.06
80.357

95.087
3.793

25.776
69.785

115.927
193.579

22.088
21.269
20.527

19.707
40.229
39.409
13.572
9.912
9.651

149.180
4.439

26.422
70.431

126.587
210.326

2.914 38.9830 41.897 2.3473 0.8905 0.01-1 3.2378 0.0 3.238 0.0 45.135



(TABLE B.5AD COMIIUED)
STAGS/TECHNICAL
PACKAGE NUMBER SI

I-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9

800B

0-i

U,

'SPB/COmP
93%

98%

1-1
1-2
2-1
2-2
3-1
3@92
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9
($/100BCR)

11
21

11
21
12
22
32

SURFACTNG
GRATEL (S/100CCR)

11
21
12
22

HNll (S/100CC)
111

ILLE1)
2.927
2. 373
2.16
2.147
2.360
0.343
0.319
0.753
2.812
0.215
0.408
0.536
0.535
2.694

2.914
2.927
2.373
2.386
2.347
2. 360
0.14)
0.319
0.753
4.460
0.215
0.409
0.536
0.515
3.466

IIT/DEP RATT.1ISC tWIEL ')TAL
2.9796 1.130? 0.0 4.1098
2.3430 0.8890 0.0 1.2319
2.9753 1.1297 0.0 4.1040
8.0752 2.5615 12.7137 21.3524
8.7075 2.8013 12.7137 24.2'45
0.4502 0.1332 0.0 0.5)4
0.3945 9.194 g, 0.0 0.5194
0.4948 0.2681 0.0 0.7631

163.5067 84.5794 142.2304 430.3162
1.1691 0.61I9 0.0 1.7929
1.4106 5.1489 10.558 25.0191
39.6646 23.1809 5.9271 69.6727
79.5438 38.5022 61.0390 181.0950
123.3546 74.3131 q7.4721 295.1394

LADOP
UPSKILLED
35.0943
37.6423
33.7536
37.5769
33.6882
11.7524
6.1358
5.6251
0.0
1.7390
1.5147
1.6801
0.8044
0.2158

59.0287
51.7844
56.6880
50.44,37
56.6227
50.3783
18.290
9. 3888
7.5308
0.0
2.5316
2.3073
2.4728
1.0614
0.2158

TOTAL
3q.022
40.015
36.139
39.923
36. 048
12.095
6.455
6. 378
2.812
,1.953
1.921
2.216
1.339
2.910

60.943
54.712
59.061
52.829
58.969
52.718
18.639
9.708
9.284
4.460
2.746
2.715
3.009
1.596
3.682

0.971 2.4257 3.396 0.0639 0.0268 0.0
0.607 0.2139 0.821 0.2133 0.0857 0.0

1.192
0.607
1.025
0.772
0.505

0.861
0.277
1.279
0.599

2.6598
0.4400
2.3636
0.1517
0.0

2.3622
0.8306
2.1504
0.6187

3.842
1.055
3.389
0.923
0.505

3.223
1.108
3.430
1.218

0.2162
0.3656
4.1022
4.2516
16.8117

0. 1592
0.2274
8.0494
8.1176

0.09 17
0. 1526
2.2354
2.2941
9.60,97

0.0649
0.0957
4.3902
4.4172

0.0
0.0
4.4498
4 a 4491
10.4756

0.0
0.0
8.7584
0.7584

4.82q1
b. 1019
4.* 232
f.0961
24.9437
26.2166 '
0.9045
0.9067
1.1167

682.501'
2.4391

25.671 3
69.3239

210,7011
372.7074

EQUIP3 NT
40ORSK AND 110NSE

0.0 4.110
0.127 1.559
0.127 4.411
0.0 23.152
0.0 24.224
23.177 23.760
17.753 18.343
9.?H 10.051
0.0 430.316
4.090 6.573
2.q71 27.06
2.129 71.oOl
0.' 181.085
0.0 295.139

0.0
0.0
0. '27
0.1217
9.0
0.0
36.266
27.513
13.100
0.0
5.675
4.4 56
4.514
0.0
0.0

4.929
6. 102
5. 150
6.423
24.944
26.217
37. 171
28,420
14.216

682.502
8.115
30.12$
7M.843
230.101
372.787

0.0907 0.249 0.339 0.0
0.2990 0.955 1.154 0.0

0.3099
0.5182

1). 7874
10.9957
36.8960

0.2200
0.3231

21. 1990
21.2931

19185
1.'92
0.0
0.607
0.0

0.H4A
1.109
0.0
0.262

1.495
2. 10
10.747
11.603
36o396

1.076
1.432

21.199
21.555

0.0
0.0
0.0
0.0
0.0

274.68
274.68
274.od
274.6i

RATER!ALS
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
C. 0
0.0
0.0
0.0
0.0
0.0

00

5.266 6.2346 11.501 80.9636 42.4625 32.9533 156.3793 Is.441 158.023 417.3O Sdb.Q27

712. 1
41.574
43.5819
61.776
63.272
15.9R51
7L1 .79fl
16.411

433.12
7.27

2 4.40cl

1?.l24
20d.V0

65.772
60.914
64.211
5.25)

7 qS q5
55.410
31.6120
22.501

o96.462
10o.i461
32.Q41
76.952

212.!97
376.4t1

3.115
1.173

5. 317
3.ltS
1 .176
12.526
37.u01

279.74
277.221
299.107
297.452

3.5011
4.4240
3.4968
4.4197
9.2290

10.1519
0.6997
0.606 2
0.7234

259.329
1.6212
9.86?7
40.1168
97.3224

152. 1811

1.3290
1.6779
1.3264
1.6764
3.00 10
3.1504
0.2059
0.3005
0. 39134

134.1469
0.8179
5.5529
21.3850
49.3572
91.8799

0.0
0.0
0.0
0.0
12.7137
12.7137
0.0
0.0
0.0

289.0256
0.0
10.2559
5.0271
t8.0215

128.7267



(TABLE .SAD CCNTINOlD)
STAGE/TEChNICAL
PACKAGZ NUMBER I

211
VEST/G (5/100S5)

1111
1121

DDST/M ($/100SI)
1111
1121

S.
LAD0a

IkLED UNSKILLED TOTAL
4.424 3.7409 8.165

-WO r6PUN'
NT/DE?_A.TINT/frSC FUE, 1, OTA 1

81.0472 42.4956 32.9533 156.496 1

HORS
2.01

0.243 0.5075 0.151 4.4631 2.3660 2.3662 9.1953 0.0
0.183 0.2289 0.412 9.278o 5.2755 6.5617 21.1160 0.0

0.243 0.5075 0.751 4.4631 2.3660 2.3662 9.1953 O.0
0.183 0.2289 0.412 9.2788 5.2755 6.5617 21.1160 0.0

'. 'ID HMrISP MATE TALS 1 AL
84 158.593 617.30 544.0418

9.115 107.55 117a4"4
21.115 107.55 12Q.376

9.195 94.5 4.
21.116 '4.95 10A.474

-J
0)



TABLE 0.5BA: 90IT COS S OF IE 1950'S 1ICNICAL PACKAGES 101 ALL STAGES AT Til PRICES OF 1930.

STAGE/TECHNICAL
PACKAGE NUMRER
SITE PAIP ($/HA)

11
21
31

EIC/HAUL
21

6"

4 b
-J

60M

($/10 CDCN)

SLANK
SMIT1E UNSKILLLD ICIAL

135. b3
17.130
11.694

564.8074
9.9799
9.9799

0.313 0.011-0

1-1
1-2
1-3

'1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
5-s
6-6
7-7
O-Il
9-9
10-10

1-1
1-2
1-3
1-4 ,
2-1
2-2
2-3
2-4
3-1
3-2 
3-3
3-4
5-5
6-6
7-7
8-8
9-9

10-10

2.051
1.773
1.133
1.645
2.113
1.015
1.796
1.707
1.71 C

.1.432
1.393
1.304
1.413
1.321
0.618
0.412
C.224
0.183

2.064
1.77k
1.744
1.651
2.126
1.841
1.806
1.713
1.723
1.43t
19403
1.31C
1.430
1.333
0.624
0.542
0.295
0.236

0.0
0.0
c. c
0.0
0.0
0.0,
0.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0'
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

699.870
27.1 10
21.674

EQUIPIENT
INi/DIEE RAINT/lISC FUEL TOTAL.

2. 4323
9.4515
5.6257

1.1000
6.6636
3.9453

2.4221
7.2012
4.5451

5.9543
23. 3162
14.1161

E00IPMENT
HCRSE AND HOISE

0.0 5.954
0.0 23.316
0.0 14.116

0.313 0.0955 0.0755 0.5550 0.1264 0.0

d.051
1.773
1.733
1.645
2.113
1.035
1.796
1.707
1.710
1.432
1.393
1.304
1.413
1.321
0.618
C .412
0.224
0.183

2.064
1.778
1.744
1.651
2.126
1.841
1.P06
1.713
1.723
1.438
1.403
1.310
1.430
1.3
C.624
C.542
0.295
C.236

2.551
3.4537
2.5156
2.7695
3.3555
4 .2913
3.3254
3.591t
2.5010
3.2167
2.4311
2.62C5
1.1401
1.3991
0.8752
0.2019
0.1436
0.1500

2. 5605
3.4641
2.5251
2.7774
3.3646
4.30 17
3.3349
3.599 c
2.5101
3.2272
2.4406
2.628C
1.1527
1.4117
0.8766
0.2656
0.1885
0.2037

1.8008
2.3563
1.7433
1.9054
2.6909
3.2699
2.6367
2.8064
1.9927
2.4322
1.9171
2.0373
0.8046
0.9876
0.6177
0.1425
0.1013
0.1115

1.8073
2.3652
1.7497
1.9103
2.6973
3.2768
2.6430
2.8113
1.9991
2.4391
1.9234
2.0422
0.8135
0.9963
0.6186
0.1875
0.1330
0.1437

1.00711
1.4825
1.1033
1.0414
1.1439
1.6434
1.2534
1.1915
0.9963
1.3748
1.055 1
0.9932
0.8157
0.8300
0.5521
0.1301
0.1097
0. 1277

1.0073
1.4605
1.1105
1.0454
1.1496
1.6495
1.2606
1.1955
1.0019
1.3809
1.0623
0.9972
0.8247
0.8371
0.5518
0.1816
0.1440
0.1647

5.3544
7.2945
5.3622
5.7167
7.1903
9.2046
7.2154
7.5094
5.4900
7.023e
5.4033
5.6511
2.7604
3.2176
2.0450
0.4824
0.3546
0.3972

5.755
7. 3178
5.3852
5.7331
7.2115
9.2280
7.2385
7.6058
5.5111
7. 0472
5.4263
5.6675
2.7909
3.2451
2.0471
0.6347
0.4655
0.5121

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

NATERIALS

75.40
0.0
0.0

0*726 0.0

5. 354
7.295
5.362
5.717
7.190
9.205
7.215
7.589
5*490
7.024
5.403
5.651
2.760
3.218
2.045
0.482
0.355
0.397

5.375
7.318
5.385
5.733
7.211
9.228
7.238
7.606
5.*511
7.047
5.426
5.667
2.791
3.245
2.047
0.635
0.466
0.512

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0. 0
0.0
0.C
0. 0
0.0
0.0
0.0
0.0
0. 0
0.0
0.C

0.0
0.0
0.0
0. 0
0.0
0.0
0. 0
0.0
0. 0
0.0
0.0
0.0
0.0
0.0
0.C
0.0
0.0
0.C

TOTAL

781.229
50.426
35.790

1.099

7.4C6
9.067
7.C56
7.362
9*304

11.039
9.011
9.256
7.200
8.456
6.796
6.955
4.174
4.539
2.663
0.85
0.579
0.580

7.439
9.C96
7.129
7.384
9.337

11.068
9.044
9.319
7.234
8.465
6.829
6.977
4.220
4.578
2.671
1.177
0.760
0.748



(TAFLE 8.5A CCNTINUED)
STAGE/T!CHIIICAI
PACKAGE NUMBER 5K

1-2
1-1
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4

,5-5
6-6
7-7
8-9
9-9
10-10

100i

1655

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-8
-9

10-10

1-1
1-2
1-03

1-4
2-1

ILLEL
2.284

1.926
1.753
2. 34t
1.943
1.98E
1.815
1,943
1.540
1.585
1.412
0.792
0.664
1.701
1.525
0.725
2.753
1.499
1. 146

2.453
1.96C
2.064
1.832
2.515
2.022,
2.126
1.8951
2.112
1.62 C
1.723
1*492
0.871
0.744
1.,11
1.674
0.71*
4.445
2.419
1.837

2.726
2.07
2.288
1.959
2.788

LA 208
N

UNSKILLED
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0O.
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

Oos

0.0
0.0
0.0
0.0

0. 00.0

0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.00.0
0.0
0.0

0.0
0.0

EQUIPF
INT/EF AINT/MISC

2.284
1.881
1.926
1.753
2.146
1.943
1.988
1.815
1.943
1.540
1.585
1.412
C.792
0.664
1.701
1.525
C.725
2.753
1.499
1.146

2.453
1.960
2.064
1.8 32
2.515
2.022
2.126
1.895
2.112
1.620
1.723
1.492
C.871
C.744
1.911
1.674
0.714
4.445
2.419
1.837

2.726
2.017
2.288
1.9 59
2.780

2.1184
3.6494
2.6912
2.9100
3.521W
4.4810
3.5011
3.7316
2.6676
3.4125
2.6066
2.7606
1.5594
1.0995
1.371E
1.615(
1. 0185
1.345C
0.958E
0.9895

2.8397
3.7931
2.8175
3.012
3.6433
4.6307
3.6273
3.8345
2.7886
3.5561
2.7330
2.8635
1.7031
1.20297
1.5444
1.7725
1.050E
2.L1781
1.5475
1.5857

3.0351
4.0221
3.0226
3.1765
3.8386

ENT
FUEL

1.1055
1.5958
1.2375
1. 1169
1.2478
1.7567
1..3875
1.2670
1.1001
1.4881
1.1892
1.0687
0.8138
0.5250
0.9815
0.95 aO
0.6410
0.9225
0.7323
0.8002

1.9184
2.4880
1.8610
1.9982
2.8084
3.3995
2.7543
2.8991
2.1103
2.5619
2.0347
2.1301
1.0557
0.7513
0.9681
1.1401
0.187
0.9520
0.6766
0.6983

2.0040
2.5831
1.9455
2.0663
2.8940
3.4947
2.8388
2.9673
2.1958
2.6570
2.1192
2.1982
1.1508
0.8194
1.0899
1.2512
0.7416
1.5371
1.0923
1.1190

2.L1419
2.7348
2.0828
2.1750
3.0319

EQUIPMENT
HORSE AND HORSE
0.0 5.742
0.0 7.733
0.0 5.790
0.0 6.025
0.0 7.578
0.0 9.643
0.0 7.643
0.0 7.898
0.0 5.878
0.0 7.462
0.0 5.831
0.0 5.959
0.0 3.429
0.0 2.376
0.0 3.321
0.0 3.714
0.0 2.378
0.0 3.223
0.0 2.368
0.0 2.488

TOTAL
5. 7424
7.7331
5.7897
6. 0251
7.5784
9.6433
7.6429
7.8978
5.8780
7.4625
5. 8308
5.9595
3.4289
2.3761
3.3214
3.7137
2.3782
3.2235
2.3676
2.4881

6.0247
8.0551
6.0969
6.2515
7.8607
9.9652
7.9501
8.1242
6.1604
7.7844
6.1379
6.1858
3.7509
2.6025
3.I39
4.0754
2.4399
5.2045
3.8224
3.9870

6.4800
8.5684
6.5960
6.6127
8.3160

6.025
8.055
6.097
6.251
7.861
9.965
7.950
8.124
6.160
7.784
6.138
6.186
3.751
2.603
3.739
4.075
2.440
5.204
3.822
3.987

6*480
8.568
6.596
6.613
8.316

4 b
=.I
OD

NATERIALS
0.C0
0.0
0.0
0.c
0.0
0.0
0.0
0.0
0.c
0.C
0.0
0.0
0.0
0.c
0.C
0.0
0.C
0.0
0.0
0.0

0.0
0.0
0.0
0.c
0.c
0.0
0.0
0.0
0.0
0.c
0.0
0.C0
0.0
0.0
0.c
0.0
0.0
0.0
0.0
0.0

0.0
0.C
0.0
0.C
0.C

TOTAL
8.026
9.614
7.715
7.778
9.924

11.586
9.631
9.713
7.821
9.003
7.416
7.372
4.221
3.040
5.023
5.239
3.103
5.977
3.866
3.635

8.478
10.015
8.161
8.084

10.376
11.988
10.076
10.019
8.273
9.404
7.861
7.678
4.622
3.346
5.450
5.749
3.154
9.650
6.242
5.824

9.2C6
10.655
8.884
8.572

11.104

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

1.1811
1.6789
1.3339
1.1124
1.3234
1.8399
1.4839
1.3225
1.1757
1.57 13
1.2857
1. 1242
0.8970
0.5804
1.1049
1.0513
0.6476
1.4894
1.1822
1.2823

1.3031,
1.8115
1.4905
1.2608
1.4453



(TARLE ISBA CCNTINUED)
STAGE/7ECIH$ICAL
PACKAGE NrNDEE SKILLEE

2-2 2.149
2-3 2.35C
2-4 2.C21
3-1 2.385
3-2 1.746
3-3 1.946
3-4 1.618
4-2 0.5SF
4-4 C0.87C
5-5 2.245
6-6 1.699
7-7 0.824
8-8 7.173
9-9 3.916
10-10 2.954

500s

4a

soon

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-1
3-41
4-2
4-4
5-5
6-6
7-7
8-8
9-9

10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2

2.004
2.124
2.354
1.996
2.866
2.196
2.416
2.05 E
2.463
1.703
2.013
1.655
1.035
0.907
3.33
2.811
1.405

21.446
11708
8.612

3.16F.
2*295
2.653
2.166
3.23C
2.357
2.715
2.22)
2.827
1.954

TNT/DY F
4 .8557
3.8325
3.5986
2.943
3.7851
2.S382
3. 0275
1.9321
1. 366E
1.81I
1.8891
1. 2135
3.5147
2 .505 1
2.5494

LABOR
UNSFILLLD

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0.
0.0

0.0
0.0
0.0

0.0

0.0
C. 0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.6
0.0
0.0
0.0
0.0
0.0
0.0

O.no

0.0

EQUIPRENT
HAINT/MISC FUEL
3.6464
2.9762
3.0760
2.3338
2.8081
2.2566
2.3069
1.3025
0.9281
1.2786
1.3332
0. 8564
2.4803
1.7679
1.7991

ICIAL
2.149
2.350
2.021
2.315
1.746
1.948
1.618
C.998
C.870
2.245
1.699
C.824
7.173
3.916
2.954

2.80 4
2.124
2.354
1 * 996
2.866
219186
2.416
2.058
21463
1.783
2.013
1.655
1.035
C. 907
3.330
2.011
1.405

21.446
11.708
8.812

3.168
2.295
2.653
2.166
3.230
2.357
2.715
2.228
2.827
1.954

1.9724
1.6406
1.4109
1.2976
1.7039
1.4423
1.2126
1.0295
0.6689
1.2963
1.0969
0.7478
2.4034
1.9133
2.0616

1.3379
1.8501
1.5363
1.2865
1.4802
2.0110
1.6864
1.4365
1.3326
1.7424
1.4881
1.2383
1.0681
0.6945
2.0877
1.8150
1.2754
7.1854
5.7200
6. 1511

1.5004
2.*0296
1.7452
1*4054
1.6427
2.1906
1.8953
1.5555
1.4950
1.9220

EQUIPNENT
HORSE AND HORSE
0.0 10.479
0.0 8.449
0.0 8.485
0.0 6.616
0.0 8.298
0.0 6.637
0.0 6.547
0.0 4.264
0.0 2.964
0.0 4.387
0.0 4.319
0.0 2.818
0.0 8.398
0.0 6.186
0.0 6.410

TOTAL
10.4785
8.4493
8.4854
6.6156
8.2977
6.6371
6.5471
4.2641
2.9638
4.3867
4. 3192
2.8177
8.3983
6.1863
6.4101

6.6106
8.7177
6.7419
6.7174
8.4466
10.62783
8.5952
8.5901
6.7462
8.4470
6.7830
6.6517
4.4135
3.0684
7.0397
7. 1467
4.8055

25. 1008
18.4972
19.1254

.2176
9.4130
7.4075
7.2010
9.0536
11.3231
9.2607
9.0757
7.3532
9.1423

RATERIALS
0.0
0.C
0.C
0.0
0.0
0.0
0.0
D.C
0.0
0.C
D.C
0.0
0.C
0.0
0.0

0.0
0.C
D.C
0.0
0.c
0. c

0.0
D.C
0.0
0.0
D.C
0.0
D.C
D.C
0.0
D.C
0.0
0.0

0.0
0.C0
D.C
0.0
D.C
0.0
0.0
0.C
0.0
0.0

TOTAL
12. 628
C.8C0

10.5C7
9.001
10. 044
8.585
8.166
5.262
3.834
6.631
6.018
3.642

15.572
10.102
9.364

9.415
10.841
9. C96
8.713
11.313
12.814
11.011
10.648
9.209
C.230
8.796
8.307
5.448
3.975

10.378
9.558
6.211

46.555
30.206
27.938

10.365
11.7C8
10.061
9.369

12.283
13.660
11.976
11.3CC
1o.ild
11.097

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

3 .0912
4.0887
3.0 26
3.2244
3.8949
4.9263
3. 8924
4.0461
3.0403
3. 8516
2. 9691
3.0751
1.9987
1.4143
2.9032
3.1255
2*065(
10.5079
7.4904
7.6064

3.351f
4.3985
3.3561
3.445C
4.1555
5.2365
4. 1659
4.2667
3.3009
4.1620

2.1815
2.7790
2.1230
2.2065
3.0715
3.6905
3.0163
3.1074
2.3734
2.8529
2.2968
2.3384
1.3467
0.9596
2.0488
2.2059
1.4605
7.4155
5.2860
5.3679

2.3654
2.9845
2.3061
2.3526
3.2554
3.8960
3.1995
3.2535
2.5573
3,0584

6.611
8.718
6.742
6.717
8.447

10.628
8.595
8.590
6.746
8.447
6.783
6.652
4.413
3.068
7.040
7.147
4o.806

25,109
18.497
19.125

7.218
9.413
7.407
7.203
9.054

11.323
9.261
9.076
7.353
9.142



(TAELP 8.SHA CONTINUED)
STAGE/TECHNICA I
PACKAG2 NEMBER SK

3-3
3-4
4-2
4-4
5-51
6-6
7-7
b-8 3
9-9
10-101

SPH/CONP (I/10CDC)
98%

11
12
13
14
21
22
23
24
31
32
33
34
41
42
43
44

SOOIING
GRAVEL (O/100CCi

11
12
21
22
31
32
41
42
51
52

RBR ($/lOOCCI
111
112
211
212
311
312
411

ILLED
2.312
1.82f
1.206
1.977
4.466
3.571
1.600
4.223
8.684
4.061

1.39C
0.988
1.021
0.097
1.191
fo.78E
0.022
0.698
1.046
0.643
0.677
0.552
0.982
C. 579
0.612

:0.488

I)
1.207
0.889
1.119
0.800
0.945
0.626
0.897
0.578
1.346
1.027

I)
9.563
7.400
9.374
7.211
9.227
7.064
9.162

LA20D
(INSKTLIID

0.au
0.0
0.0
0.0
PO
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1751
0.1751

1.3345
1.1083
1.3345
1.1083
1.3345
1. 1083
1.3345

CIAL
EQUIPMENT

IN71DEF HAINT/BISC FUEL
2.312
1.826
1.206
1.077
4.466
3.571
1.808

34.223
18.684
14.061

1.390
0.988
1.021
C.897
1.191
C.788
C.b22
C.698
1.046
0.643
C.677
V.552
C .982
C.579
0.612
C.408

1.207
0.089
1.119
c.0
0.945
C.626
0.897
0.578
1.521
1.202

10.87
.508

1C.709
6.320
10.561
8.172

10.497

3.2716
3.2956
2.3089
1 .6345
3.9559
4.082'd
2.73C4

16.7675
11. 952E
12. 1369

0.716C
0.6C14
0.4 17 q
0.43CS
0.762a-
0.6477
0. 463e
0.L73
0.5413
0. 426E
0.2428
0. 2563
0. 5435
o.4294
0.2454
0.2589

0.4988
0.4246
0.6044
0.53C2
0.3645
0.2904
0.374E
0.3007
0.*9396
0.8657

4.584C
4.2293
4.635C
4.2801
4.4134
4.0587
4.4154

4'

0

2.4799
2.4845
1.5522
1.1057
2.7917
2. 8808
1.9269
11.8332
8.4352
8.5650

0.5125
0.4317
0.3342
0.3346
0.5452
0.4644
0.3669
0.3673
0.3835
0.3026
0.2052
0.2056
0. 4010
0.3202
0.2227
0.2231

0.4306
0.3388
0.5051
0.4134
0.3304
0.2386
0.3531
0.2613
0.7219
0.63C1

4.0324
3.5016
4.0684
3.5376
3.9063
3.3755
3.9231

1.6970
1.3572
1.2477
0.0134
2.8478
2. 3423
1.6620

11.4662
9. 1290
9.8148

0.4659
0.3928
0.3257
0.2917
0.5391
0.4660
0.3990
0.3650
0.4847
0.4116
0,3446
0.3106
C.806
0.3075
042405
0.2064

0.3342
0.2865
0.4495
0.40 8
0.3722
0.3245
0.2821
0.2344
0.6351
0.5874

4.3430
3. 7509
4.4193
3.8272
4.3626
3'. 7705
4. 2594

TOTAL
7.4486

7.1373
5.1087
3.5540
9.5955
9.3052
6.,3201
40.0673
29.5170
30.5167

1.6944
1.4259
1.0774
1.0573
1.8466
1.5781
1.2297
1.2095
1.4095
1.1410
0.7926
0.7725
1.3255
1.0570
0.7086
0.6885

1.2636
1.0500
1.5590
1.3454
1.0671
0.8535
1.0100
0.7964
2.2968
2.0832

12.9595
11.4818
13.1227
11.6451
12.6824
11.2048
12.5979

Cc
0.0
0.0
0.0
0.0
0.C
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPIENT
AND HORSE1

7.449
7.137
5.109
3.554
9.596
9.305
6.320

40.067
29.517
30.517

1.694
1.426
1.077
1.057
1.*847
1.578
1.230
1.210
1.410
1.141
0.793
0.772
1.326
1.057
0.109
0.688

1*264
1.050
1.559
1.345
1.067
0.853
1.010
0.796
2.297
2.083

12.959
11.482
13.123
11.645
12.682
11.205
12.598

MATERIALS
0.C
0.0
0.C
0.c
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.c
0.0
0.c
0. c
0.0
0.0
0.0
0.0
0.0
0.0
0.c
0.C
0.0
0.c

536.54
536.54
536.54
536.54
536,54
536.54
536.54
S36.54
536.54
536.54,

640.15
640.15
640.15
640.15
640.15
640.15
640.15

MAlL_
9.761
8.93
6.315
4.631

14.062
12.876
8.128

74.290
48.2C1
44.578

3.085
2.413
2.098
1.954
3.038
2.367
2.051
1.907
2.456
1.784
1.469
1.325
2.307
1.636
1.321
1.176

539.012
538.480
539.219
538.687
530.553
538.021
538.448
537.916
540.359
539.826

664.005
660.138
663.979
660.113
663.392
659.525
663.243



(TAELE B.SRA CCNIHUED)
STAGE/TECHNICAL
PACKAGE NIBR SK

412 ~1
5111
512

DBST/Q (S/100SE)
1111
1112
1121
1122
2111
2112
2121
2122

DDST/W ( /100SP)
1111
1112
1121
1122
2111
2112
2121
2122

LI4 130cFt
ILLEI UNSKULLED ICAL
6.999 1.1083 6.108
9.631 1.5096 11.140
7.468 1.2834 6.751

0, 190
0.175
0.20 1
0. 178
0.19E
0. 175
0.201
0.17E

0.19E
0.175
0.201
0.17
0. 198
0.175
0.201
0.178

0.06621
0*0662
0.08 4
0.0684
0.0614
0.0614
0.0842
0.0842

0.0662
0.0662
0.0884
0.0884
0.0614
0.0614
0,0842
0,0842

0.264
C.241
C.290
0.267
0.259
C.236
0.286
C.263

0.264
C.241
0*290
C .267
0.259
0.236
C.286
C.263

INT/DEF
4.060)
5.0104
4.6557

0. 1434
0. 1466
0. 1134
0. 116 E
0.141E
0.145C
0.1118
0o.115C

0.1434
0.146f
0.1134
0.1166
0. 141E
0.145C
0.1116
0.115C

EQUIPMEN?,
-MAINT/fSCF UEL

3.3923 3.6673
4.3122 4.6310
3.7814 4.0389

0.1067
0. 1086
0.0890
0*0910
0. 1062
0.1081
0.0885
0.0905

0. 1067
0.1086
0.0890
0.0910
0,1062
0. 1081
0.0885
0.0905

0.2341
0.2133
0.2068
0. 1860
0.2337
0.2129
0.2063
0.1856

0.2341
0.2133
0.2068
0.1860
0.2337
0.2129
0.2063
0.1856

TOTAL
11. 1203
13.9536
12.4760

0.4842
0.4686
0.4092
0.3936
0.4816
0.4660
0. 4067
0.3911

0.4842
0.4686
0.4092
0.3936
0.4816
0.4660
0.4067
0.3911

HORSE
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMIEN T
AND HORSE MATERIALS

11.120 640.15
13.954 640,.15
12.476 640.15

0.484
0.469
0.409
0.394
0.482
0.466
0.407
0.391

0.484
0.469
0.409
0.394
0.482
0.466
0.407
0.391

13.69
13.69
13.69
13.69
13.69
13.69
13.69
13.69

12.18
12. 18
12.18
12. 18
12. 18
12.18
12. 18
12.18

4 *
N)

TMIAL
659.376
665.242
661.375

14.437
14.399
14.388
14.350
14.430
14.391
14.381
14.*343

12.93C
12.892
12.881
12.843
12.9;3
12.884
12.874
12.836



TAbLE 0.5DB: DETT COSISO F IhE 1950'S ICICAL PACKAGES FOB ALL STAGES AT THE PRICES OF 1956.

STAGE/TECHNICAX
PACKAGE NU'IIIFR
SITE PHEP (S/B?

11
?1
31

EXC/HADI
2B

6N

90

608

LADOH
SKILIEC UNSKILLED CIAL

486.532
61.707
42.125

2897.7073
51.2011
51.2011

1.3U3 0.0

qS/1CCCi)

11-0

1-.1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
31-1
3-"?
3-1i
3-4
5-5
6-6
7-7
8-8
9-9

10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
5-5
6-6
7-7
8-8
9-9

10-10

0.0
0.0
0.0
0.0
0.0
0.0
0.0
C.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0. C
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

3384.239
112.908

93.327

kQUIPMENT
INI/DEE FAINT/MISC FUEL TOTAL

7.2087
27.7785
16.5355

3.2781
19.8579
11.7571

3.1212
11. 8701
7.4920

13.6080
59.5064
35.7850

EQUIPMENT
HCSSE AND HOESE ATERIALS TOTAL

0.0 13.608
0.0 59.506
0.0 35.785

1.343 0.2826 0.2250 0.7151 1.2227 0.0

7.389
6.385
f.244
5.925
7.613
6.609
6.468
6.149
6.161
5.158
5.017
4.698
5.092
4.760
2.227
1.484
0.809
0.659

7.1134
6.406
6.282
5.946
7 * 658
6.631:
6.506
(.17C
6.207
5.179
5.054
4.719
5.150
4.81 1
2.247
1.953
1,061
0.650

7.459f,
10. 1504
7.3933
8. 1407
9.846q

12.5967
9.7579

10.5401
7. 3395
9.4431
7.1341
7.6905
3.3507
4.113E
2.5723
0.5934
0.422C
0.4643

7.5265
10.1"09
7.4211
8. 1626
9.8731

12.6273
9.7857

1C.562(
7.3662A
994737
7.1615
7.712 e
3.377
4.14S1
2.5764
0.7807
00554C
0.5986

5.366b
7.0280
5.1952
5.6782
8.0190
9.7444
7.8574
8.3631
5.9385
7.2482
5.7130
6.0713
2.3977
2.9437
1.8407
0.4246
0.3020
0. 3322

5.3857
7.0485
5.2141
5.6929
8.0381
9.7650
7.8763
8.3778
5.9576
7.2687
5.7319
6.0860
2.4241
2.9690
1.8436
0.5586
0.3964
0.4283

1.6511
2.4437
1.8186
1.7166
1.8656
2.7090
2.*0660
1.9640
1.6422
2.2662
1.7391
1.6372
1.3446
1.3682
0.9101
0.2276
0.1Q08
0.2106

1.6604
2.4536
1.8305
1*7232
1.8949
2.7189
2.0779
169706
1.6515
2.2762
1.7511
1.6438
1.3595
1.3798
0.9096
0.2994
0.2373
0.2715

14.5176
19.6220
14.4071
15.5355
19.7510
25.0501
19.6813
20.8672
14.9202
18.9575
14.5862
15.3993
7.0930
8.4257
5.3231
1.2456
0.9048
1.0071

14.5726
19.68 31
14.4657
15.5787
19.8061
25.1112
19.7399
20.9105
14.9752
19.0186
14.6449
15.4425
7.1713
8.4979
5.3296
1.6387
1.1878
1.2984

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

93.94
0.C
0.0

1.223 0.0

14.518
19.622
14.407
15.536
19.751
25. 050
19.681
20.867
14.920
18.958
14.586
15.399
7.093
8.426
5*323
1.246
0.905
16007

14.573
19.683
14.466
15.579
19.806
25. 111
19.740
20.910
14.975
19.019
14.645
15.443
7.171
8.498
5.330
1.639
1.188
1.298

0.0
0.0
0.C
0.0
0.0
0.0
0.0
0.0
0.0
0.C
0 c
0.0
0.0
0.0
0.0
0.1
0.0
0. c

0.0
0. 0
0.0
0.
0.0
0.0
0.c
0.0
0.0
0.0
0.C
0.0
0. c
0.0
0.0
0.0
0.0
0.0

3491.789
172.415
129.112

2.566

21.9c6
26*007
20.651
21.461
27.364
31.659
26.150
27.C16
21.082
24.116
19.603
20.097
12.15
13.166
7.550
2.730
1.713
1.666

22.007
26.089
20.747
21.525
27.464
31.741
26.246
27.0P0
21.182
24.157
19.699
20.161
12.321
13.299
7.577
3.592
2.249
2.146

7.385
6.385
6.244
5.925
7.613
6.605
6 e E

6.149
6.161
5.158
5.017
4.696
5.092
4.76C
2.227
1.484
0.809
0.659

7.434
6.406
6.282
5.946
7.65e
6.630
6.506
6.17C
6.207
5.175
5.054
4.719

15.150
4.601
2.247
1.*953
1.061
0.850



(TAELE 8,.51 CCHTIHUD)
STAGE/TNCiNICA _
PACKAG inMur1Isx

1- 1
1-2
1-3
1-4
2-1

2-3

3-1
J-2
3-3
1-4
4-2
4-4
5-51
6-6
7-7
8-8
9-9

10-10
lom

lE5n

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
.3-3
3-4
4-2
4-4
5-5
6-6
7-7
0-8
9-9

10-10

1- 1
1-2
1-3
1-4
2-1

LA iCH
TU t UT- KI LIE 1CI
8.21) 0.6
6.77 4

. 917
6. 315
8.45C
6.99S
7.161
b. 539
6. 999
5. 54F
5.71 C
5. 088
2.853
2. 392
6.12e
5.494
2.612
9.918
5.399
4. 130

8. 836
7.061
7.434
6.601
9 060
7.285
7.658
6.825
7.609
5.834
6.207
5. 374
3.139
2.675
6.83
6.029
2.571

16.013
8.716
6.61EF

s.81s
7.517
8.243
7.058

10.042

0.0
C.
0.0
0 . 6
c. 0
01 C
0.0
0. 
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

9.17t.937
6.315
f.450
C.999
7.161
(.539
(.999
5.548
5.710
5.088
2.853
2.392
6.12 F
5.494
4.612
9.918
5.399
4.130

8.816
7.061
7.434
6.60 1
9.060
7.285
1.658
6.825
7.609
5.834
6.297
5.374
3.139
2.679
6.883
6.0 29
2.571

16.0 13
6.716
6.618

5.819
7.517
8.243
7.058

10 .042

ylul Mii___L

IQfl/EEFlAIIT ISC FUEvL TOTAYI
7.9P4 4 5.7170 1.8223 15.5287

iC s 725 t
7.9096
8.5525

10.336C
13.1715
10.27420
10.9516
7.8251

10.0183
7.6504
8. 1026
4.5831
3.2126
4.031 "
4 .7482
2.9932
3.9647J
2.817E
2. 9083

8.3457"
11. 1478
8.2806
8.8547

10.6922
13.5941
10. 6452
11. 2540
8.1854

10.4405
8.0214
8*404t
5.0053
3.534E
4.5391
5.2106
3.0883
6.401o
4.5491
4.6602

8.9202
11. 82CE
8. 8835
9.3365

11.2667

7.4141
5. 54 5b
.5. 954 7
8. 3694

10.1308
8.2080

6.2888
7.6345
6.0636
6.3478
3. 1460
2.2389
2.8849
3.3977
2.1419
2.8370
2.0163
2.0811

5.9719
7.6979
5.7977
6.1577
8.6243

10.4144
8.4599
8.8426
6.5438
7.9181
6.3155
6.5508
3.4296
2.4419
3.280
3.7285
2.2099
4.5805
3.2552
3.3347

6.3830
8.1500
6.2070
6.4816
9.0353

2.6304
2.0398
1.H411
2.0568
2.8957
2.2071
2.0885
1.134
2.4530
1.9603
1.7616
1.3414
0.o653
1.6179
1.5792
1.0566
1.5206
1.2070
1.3190

1.9469
2.7675
2. 1987
1.9325
2.1814
3.0328
2.4461
2. 1799
1.9380
2.5900
2.1192
1.8530
1.4785
0.9567
1.8216
1.7329
1.0674
2.4550
1.9486
2.1137

2.1478
2.9860
2.4569
2.0783
2.3I23

20.7702
15.4951
16.3482
20.7622
26. 1983
20.7693
21.6800
15.9313
20.1058
15.6743
16.2120

9.0705
6.3368
8.5345
9.7250
6.1918
8.3224
6.0411
6.3084

16.2646
21.6131
16.2770
16.9448
21.4980
27.0412
21.5512
22.2766
16.6671
20.9486
16.4561
16.8086
9.9133
6.9334
9.4087

10.6720
6.3656

13.4368
9.7530

10.1086

17.4509
22.9568
17.5474
17.896
22.684

HCRSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

EQUIP?1E
AND 1lOSSE

15.529
20.770
15.495
16.348
20.762
26.198
20.769
21.680
15.931
20.106
15.674
16.212
9*070
6.337
8.534
9.725
6.192
8.322
6.041
6.308

16.2b 5
21.613
16.277
16.945
21.498
27.041
21.551
22.277
16.667
20.949
16.456
16.809
9.913
6.933
9.609

10.672
6.366

13.437
9.753

10.109

17.451
22.957
17.547
17.897
22.684

NII A.~RI AL.
0.0
0.0
0.0c
0.0
0. C
0.0
0.0
0.L2
0.0
0.0
0.0
0.0
0.0
0.c
0.0
0.C0
0.0
0.0
0.C0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.c4
0.0
0.0
0.0 '
0.0
0.C0
0.0
0.C0
0.0
0.0
0.c
0.0

0.0
0.0
0.0
0.0
0.0

T07AL
23.755
27.545
22.432
22.663
29.212
33.157
27.9 30
28.219
22.930
25.654
21.364
21.300
11.923

8.729
14.663
15.219
8,804

18.240
11.440
10.438

25.1C0
28.674
23.711
23.546
30.558
34.326
29.209
29.1C1
24.276
26.783
22.663
22.162
13.052

9.612
16.412
16.701
8.936

29.MOO
18.469
16.726

27.269
30.474
25.790
24. 954
32.727



(TAELE 8.585 CONTrNULD)
ST A E/TECUI L
PACKAGL NLU&2R SKILLEL

2-2 7.741
2-3 8.467
2-4 7.281
3-1 .591
3-2 6.290
3-3 7.016
3-4 5.e3C
4-2 3.595
4-4 3.135
5-5 8.085
6-6 6.120
7-7 2.69
9-8 25.84C
9-9 14.106
10-10 10.640

50O

N

Boom

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
1-1
1-2
3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-8
9-9
10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2

10.101
7.650

% (1.479
7.19C
10.324
7.874
8.703
7.414
8.873
6.423
7.252
5.962
3.728
3.267
12.024
10.125
' 5.063
77.2551
42.177
31.745

11.411
8.268
9.557
7.803

11.635
8.492
9.781
b.027

10.183
7.041

LA OR
UNSKTLID

0.0
0.00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

6.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMENT
INT/'iff MAINT/mISC ?U4L7CTAL

7.74 1
F.467
7.281
8.591
f.290
7.016
5.830
3.595
3.135
E.085
6.120
2.969

25.840
14.106
JC.640

1c.101
7*650
8 .479
7.190
1C.324
7.074
f.703
7.414
E.873
6.423
7.252
5.962
3.728
3.267
12.024
10.125
5.063

77.255
42.177
31.745

11.411
8.268
9.557
7.803
11.635
6.492
9.781
8.027

1C .183
7.041

14.2672
11.2481
11.7363
8.759E

11. 1136
8.6242
8.8e7C
5.67E4
4.017 C
5.324E
5.5521
3 .5665

10. 3295
7.L3626
7.4926

9.0850
12.0167
9.0596
9.4766
11.4315
14.463C
11.4244
11. 8760
8.9246
11.3094
8.8005
9.0267
5.8742
4.156 1
8.5326
9.1869
6.0826
30.8826
22.0142
22.3551

9*8509
12.9284
9.8636
10.124e
12.1974
15.3747
12.22E2
12.5242
9.6905
12.2211

10.8665
8.8692
9.1665
6.9548
8.3702
6.7248
6.8747
3.8817
2.7658
3.8103
3.9729
2.5520
7.3915
5. 2684
5.3615

6.5009
8. 2815
6.3267
6.5754
9.1533
10.9980
8.9889
9.2604
7.0728
8.5017
6.8445
6.9685
4.0132
2.8596
6.1057
6.5738
4.3525
22.0986
15.7527
15.9966

7.0490
8.8939
6.8725
7. 0108
9.7013
11.6104
9.5347
9.6958
7. 6208
9.1141

3.2513
2.70 43
2.3257
2. 1309
2.085
2.3775
1.9988
1.6970
1.1025
2.1368
1.8081
1. 23 27
3. 96 lb
3.1538
3.3903

2. 2054
3.0496
2.5324
2.1205
2.4399
3.3148
2.7798
2.3679
2.1965
2.8721
2*4530
2.0411
1.7606
1.1448
3.4412
2.9917
2.1023

11.8441
9.4299

10.1392

2.4732
3.3456
2.8767
2.3165
2.7078
3.6108
3.1241
2.5639
2.4643
3.1681

EQUIPMENT
HORSE AND HORSE
0.0 28.385

TOTAL
28. 3849
22.8216
23.2285
17.8535
22.2923
17.7266
17.7606
11.2570
7.8853
11.2719
11,3331
7.3512

21.6826
15.7848
16.2523

17.7913
23.3477
17.9188
18. 1726
23.0247
28.7758
23. 1930
23.5043
18. 1939
22.6832
18.0980
18.0364
11.6479

8.1611
18.0794
18.7523
12.5374
64.8253
47. 1968
48.4910

19.3731
25.1678
19.6128
19.4522
24.6065
30.5959
24.8870
24.7839
19.7757
24.5033

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

22.822
23.229
17.853
22.29-2
17o727
17.761
11.257
7.885

11.272
11.333
7.351

21.683
15.785
16.252

17.791
23.348
17.919
18.173
23.025
28.776
23. 193
23.504
18. 194
22.683
18.098
18.036
11.648
8.161

18.079
18.752
12.I537
64.825
47. 197
48.491

19*373
25.168
19.613
19.452
24.607
30.596
24.887
24.784
19.776
24.503

MATERIALS
0.C
0.0
0.0
0.ac
0.0
0.c
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.c

0.0
0.0
0.0
0.0
0.0
0.c
0.0
0.0
0.0
0.0
0.c
0.0
0.0
0.0
0.0
0.c
0. C
0.0
0.C0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
36. 126
31.289
30.510
26.445
28. 5E2
24.742
23.551
14.852
11.020
19.357
17.453
10.320
47.523
29*891
26.892

27.852
30.998
26.398
25.362
33. 349
36.650
31.896
30.918
27.C67
29. 106
25.350
23.999
15.376
11.428
30. 104
28.878.
17.6C0

142.080
89.374
80.236

30.7e4
33.436
29.170
27.256
36.241
39.088
34.668
32.811
29.959
31.544



(TAELE B.5BB CONTINUID)
STAGE/TECHN ICAL
PACEAGE N N9DFO SKTLIEE

1-3 8.330
3-4 6.576
4-2 4.345
4-4 3.881
5-5 16.08E
6006 12.862
7-7 6.514
8-0 123.28C
9-9 67.304
10-10 50.652

SPI/COfP (s/10c8C)
981

11
12
13
14
21
22
23
24
31
32
13
14
41
42
43
44

SUIFACING
GRAVEL (S/10VCCR)

11
12
21
22
31
32
41
42
51
52

98N (5/10OCCS)
111
112
211
212
311
312
411

5.009
3.55e,
3.67 E
3.230
4.291
2.e40
2.961
2.513
3.769
2.318
2.438
1.990c
3.537
2.0886
2.206
1.758e

4.350
3.20 1
4.03C
2.882
3.404
2.256
3.230
2.0e1
4.847
3.699

34.448
26.657
33.768
25.977
33.237
25.446
33.00!

LIB0D
UNSKILLED
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
090
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.8983
0.*8963

6.8467
5.6860
6.8467
5.6860
6.8467
5.6860
6.8467

OQUIPMENT
INT/CE! IAINT/ISC FUEL TOTAL
9.6044 7.39C3 2.7973 19.7919
9.675C 7.4039 2.2371 19.3160
6.7855 4.6256 2.0566 13.4681
4.8045 3.2950 1.3408 9.4407
11.6265 8.1195 4.6942 24.6402
11.9975 8.5850 3.8609 24.4433
8.0247 5.7422 2.7409 16.5078

49.28C 35.2638 18.9002 103.4449
35.1293 25.1374 15.0478 75.3144
35.6701 25.5244 16.1782 77.3727

2CIAL
8.330
6.576
4.345
3.861

16.08 e
12. 862
6.514

123. 280
67.304
50.652

5.009
3.556
3.678
3.23C
4.291
2.840
2.961
2.513
3.769
2.318
2.438
1.99C
3.537
2.006
26206
1.758

4.350
.201

4.030
2.882
3.404
26256
3.21 C
2.081
5.745
4.597

41.295
32.343
4C.615
31.663
4C.084
31.132
39.852

1.5274
1.2865
0.9960
0.9972
1.6248
1.36,39
1.0934
1.0946
1.1428
0.9019
0.6114
0.6126
1. 1951
0.9542
0.6637
0.6649

1.2832
1. 0097
1.5053
1.2318
0.9847
0.7112
1.0523
0.788
2.1512
1. 777

12.0169
10.4351
12.1241
10.5423
11.6411
10.0592
11.6912

0.7679
0.6474
0.4902
0.4808
0. 886
0.7681
0.6110
066016
0.7218
0.6013
0.4441
0.4347
0.6273
0. 5068
063497
0.3403

0.5510
0.4723
0.7410
0.6623
0.5410
0.4624
064650
0.3863
0.9896
0.9109'

6. 5042
5.7043
6.6300
5.8300
6.4604
5.6605
6.3664

4.4001
3.1020
2.7114
2.7465
4.7544
4.0564
3.0657
3. 1006
3.4568
2.7587
1.7681
1.8032
3.4216
2.7235
1.7329
1.1680

3.2967
2.7324
4.0193
3.4550
2.5944
2.0301
2.6156
2.0513
5.9006
5.3363

31.9603
28. 607B,
32.3431
28.9907
31.0399
27.6876
31.0011

EQUIPMENT
HORSE AND HORSE NATERIALS
0.0 19.792 0.0
0.0'0w
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
060
0.0
0.0
0.0
0.0
0.0
0.0
00
060
0.0
0.0
060
0.0
060
060

0.0
0.0
060
0.0
0.0
0.0
0.0
0.0
060
960

0.0
060
0.0
0.0
0.0
060
0.0

19.316
13.468
9.441

24.640
24.443
16.508

103.445
75.314
77.373

4.400
3.702
2.711
2.746
4.754
4.056
3*066
3.101
3.457
2.759
1.768
1.*803
3.422
2.724
1.733
1.768

3.297
2.732
4.019
3.455
2.594
2.030
2.616
26051
5.901
5.336

31.960
28.608
32.343
28o991
316040
27.688
31.001

0.C
0.0
0.0
0.C
0.0
0. 0
0.0
0.0
0.0

0.0
0.0
060
060
0.C0
0.0
0.0
0.c
0.0
0.0
0.0
0.0
0.0
06C
060
060

673.88
673.88
673.88
673.88
673.8
673.88
673688
673.88
673.88
673.68

773.51
773.51
773.51
773.51
773.51
773.51
773.51

LN

&ITAL
28.122
25.852
17.813
13.322
40.728
37.305
23.022

226.724
142.618
128.025

9.409
7.260
6.389
5.976
9*046
6.657
6.026
5.614
7.226
5.077
4.2C6
3.793
6.958
4.809
3.939
3.526

681.527
679.815
681.931
680.218
679.880
678.167
679.727
678.014
685.527
683.814

846.767
834.462
846.469
834.165
844.635
832.332
844.365

2.1048
1.7681
1.2251
1.2685
2.2405
1,5043
1.361",
1.4346
1.5922
1.2556
0.7126
0.7559
1.5991
1.2625
0.7195
0.7628

1.4625
1. 2504
1.773C
1.560 f
1.0687
0.8566
1.0983-
0.8862
2.7598
2.5471

13.4392
12.4685
13. 5890c
12.6184
12.9385
11.9671
12.9435



4N
0,CN)

(TAILE 8.58 CCNTTNUED)
STAGI/TECIIlIICAL
PACKAGE NUMHER 9K

412 2
511 3
512 2

DBI/G ($/100S)
1111
1112
1121
1122
2111
2112
2121
2122

DUST/N (5/1005)
1111
1112
1121
1122
2111
2112
2121
2122

ILLEL
5.214
4.693
6.902

0.713
0.630
0.726
0.643
0.713
0.630
0.726
0.643

0.713
0.630
0.726
0.64 3
0.713
0.630
0.726
0.643

LABOR
UNSKILLED

5.6860
7.7450
6.5843

0.3396
0.3396
0.4538
0.4538
0.3149
0.3149
0.4322
0.4322

0.3396
0.3396
0.4538
0.4538
0.3149
0.3149
0.4322
0.4322

ICTAL
3C.9 
42.438
33.486

1.053
C.97C
1.179
1.096
1.02eP
0.945
1.158
1.075

1.053
o*97C
1.179
1.096
1.028
C.945
1.158
1.075

INI/DEEI
11.925
14.6934
13.7227

0.42 14
0.4311
0. 3332
0 .3429
0.4167
0.4264
0.3285
0.3382

0.4214
0.4311,
0.3332
0. 342 5
0. 4167
0.4264
0.3285
0.3382

LQUIPHENT
AINT/flISC_ FUEL
10.1094 5.5665
12.8506 6.9216
11.2688 6.1216

0.3179
0.3237
0.2653
0.2711
0.3164
0.3222
0.2638
0.2696

0.3179
0.3237
0.2653
0.2711
0.3164
0.3222
0.2638
0.2696

0.3177
0.2943
0.2799
0.2565
0.3171
0*2937
0.2794
0.2559

0.3177
0.2943
0.2799
0.2565
0.3171
0.2937
0. 2794
0.2559

TOTAL
27.6487
34.4655
31. 1131

1.0570
1.0492
0.8785
0.8706
1.0503
1.0424
0.8717
0.8638

1.0570
1.0492
0.8785
0.8706
1.0503
1.0424
0.8717
0.8638

EQUIPMENT
IORSE AND HOBSE NA'ERIALS TOTAL

0.0 27.649 773.51 832.C60
0.0 34.466 773.51 850.415
0.0 31.113 773.51 836.111

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.057
1.049
0.878
0.871
1.050
1.042
0.872
0.864

1.057
1.049
0.878
0*871
1.050
1.042
0.872
0.664

19.67
19.67
19.67
19.67
19.67
19.67
19.67
19.67

17. 16
17. 16
17. 16
17. 16
17.16
17. 16
17.16
17.16

21.779
21.688
21.727
21.636
21.748
21.657
21.699
21.608

19.267
19.177
1S.215
19. 125
19.236
19.145
19.187
19.096

. 0 m 0 lp k



TADLE B.5OC: UNIT COSTS OF iE 1950'S TECHNICAL PACKAGES 1OR ALL STAGES AT THE PRICES OF 1974.

STAGE/TECHNICAL
PACNAGE NIIBwR
SITE PREP ($/HA)

11
21
31 -

EIC/HAUL
2ft

6M

9H

60n

LABOR
SKILLED UNSKILLED ICIAL

1513.314
191.935
131.027

9675. 3984 11188.70 3
170.9595 362.895
170.9595 301.987

4.179 0.0

($/10CBCM)

11-0

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
5-5
6-6
7-7
8-8
9-9
10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
5-5
6-6
7-7

9-9
10-10'

0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPHENT
INT/DEF MAINT/NISC FuEL TOTAL,

15.265t
65.6476
39.0334

6.4428
39.0295
23.1080

5.3186
28.0925
17.7310

27.0270
132.7696
79.8724

EQUIPNENT
HORSE AND HORSE MATERIALS TOTAL

0.0 27.027
0.0 132.770
0.0 79.872

4.179 0.6492 0.4421 1.2186 2.3099 0.0

22.982
19.861
19.423
18.430
23.679
2C.558
20. 119
15.126
15.165
16 .044
15.605
14.612
15.817
14.806
6.926
4.617
2.515
2.051

23.124
19.926
19.539
18.494
23.82 1
20.622
2C.235
19.191
19.307
16.108
15.721
14.677
16.016
14.9 35
6.990
f.074
3.302
2.644

17.7295
23.9951
17.4777
19.2446
23.749E
30 * 2514
23.5406
25.389f
17. 6842
22.6571
17.1987
18.5 14E
7.9210
9.725E
6.0805
1.402t
0.9976
1.0975

17.7925
24.0676
17.5434
19.2963
23.8125
30.3236
23.6064
25. 4415
17.747i
22.7294
17.2t44
18.5666

8.0C85
9. 8064
6.0906
1.8455
1.3097
1.4151

10.5478
13.8130
10.2108
11. 1601
15.7609
19.1521
15.4432
16.4372
11.6717
14.2459
11.2286
11.9327
4.7125
5.7857
3.6177
0.8345
0.5935
0.6530

10.5853
13.8534
10.2480
11.1890
15.7984
19.1925
15.4804
16.4661
11.7092
14.2863
11.2657
11.9617
4.7645
5.8353
3.6235
1.0980
0.7792
0.8419

3.9076
5.7834
4.3040
4.0627
4.4626
6.4112
4.8895
4.6482
3.8865
5.3634
4.1160
3.8746
3. 1823
3.2380
2.1539
0.5386
0.4278
0.4984

3.9296
5.8069
4.3322
4.0783
4.4847
6.4347
4.9177
4.6638
3.9086
5.3869
4.1442
3.8903
3.2174
3.2656
2.1527
0.7086
0.5617
0.6425

32.1849
43.5917
31.9925
34.4673
43.9733
55.8148
43.8734
46.4751
33.2424
42.2664
32.5432
34.3222
15.8158
18.7488
11.8525
2.7759
2.0190
2.2488

32.3075
43.7279
32.1236
34.5637
44.0959
55.9510
44.0045
46.5715
33.3650
42.4026
32.6743
34.4185
15.9904
18.9093
11.8668
3.6521
2.6506
2.8994

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

137.77
0. 0
0.0

2.310 0.0

32. 185
43.592
31* 992
34.467
43.973
55.815
43*873
46.*475
33*242
42.266
32.543
34.322
15.816
18.749
11.852
2.776
2.019
2.249

32.308
43.728
32.124
34.564
44.096
55.951
44. 004
46.571
33.365
42.403
32.674
34.419
15.990
18.909
11.*867
3.652
2.65 1
2.899

0.0
0.0
0.0
0.0
0.0
0.0
0. 0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.C
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.
0.
0.0
0.0
0.0

11353.500
495.664
381.859

6.489

55.167
63.453
51.415
52.897
67.652
76.372
63.992
65.6C1
52.407
58.310
48.148
48.934
31.653
33.554
18.778
7.393
4.5 34
4.299

55.432
63.654
51.662
53.058
67.916
76.573
64.240
65.762
52*672
58.511
48.396
49.05
32.0C8
33.844
18.657
9.727
5.952
50543

22.982
19.861
19.423
18.430
23s679
20.55e
20. 119
19. 126
19. 165
16.044
15.605
14.612
15.837
14.806
6.926
4.617
2.515
2.051

23.124
19.926
19.539
18*494
23.821
20.622
20.2351
19. 191
19.307
16.10 e
15. 721
14.677
16.01F,
14.935
6.99C
6.074
3.302
2.644



(TABLE 8.55k CONTINUED)
STAGE/TECIINICAL
PACKAGE NUMBER SK

1-1 2,
1-2 2
1-3 2
1-4 1
2-1 2
2-, 2
2-3 2
2-4 2
3-1 2
3-2 1
3-3 1
3-4 1
4-2
4-4
5-5 1
6-6 1
7-7
8-8 3
9-9 1

10-10 1
1000

1650

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-8
9-9

10-10

1-1
1-2
1-3
1-4
2-1

2
2
2
2

2
2
2
2
1
1

a

2

1

4

2
2

LAMkO
ILLEC UbSKILLID
5.587
1.072
1.576
9.642
6.2R4
1.770
2.273
0. 338
1.770
7.256
7.759
5.824
8.873
7.441
9.062
7.088
8.125
0.849
6.792
2.845

7.483
1.963
3.124
0.532
8.180
2.660
3.821
1.228
3.666
.146

19.307
16.714
9.763
8.331
~1.i07
18.752

9.808
7.109

*.583

0.540'
23.382
2.5639
1.952

31.236

0.0
.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

EQUIPMENT
'ICIAL
25.587
21.073
21.576
15.642
26.284
2 1.770
22.273
2C.338
2 1.770
17.256
11.755
15.824

E.873
7.441
19.062
17.088
8.125

3C.849
16.792
12.845

27.483
21.963
23. 124
20.532
28.180
22.660
23.821
21.228
23.666
18.146
15.307
16.714
9.763
8.331

21.jOl
1E.752

45.808
27.109
20.583

30.540
23.382
25.639
21.952
31.236

INT/EE[ NAINT/MISC
18.8865 11.2364
25.3550 14.5723
18.6982 10.8999
20.2178 11.7036
24.9072 16.4494
31.6112 19.9114
24.7612 16.1323
26.363C 16.9807
18.8416 12.3603
24.016e 15.0052
18.4192 11.9176
19.4881 12.4763
10.8343 6.1832
7.6417 4.4004
9.530P 5.6702

11.2247 6.6779
7.076C 4.2097
9.3726 5.5760
6.6612 3.9630
6.8751 4.0902

19.7292 11.7375
26.3531 15.1297
19.5753 11.3950
20.9323 12.1026
25.7495 16.9505
32.6093 20.4688
25.6382 16.6274
27.0775 17.3797
19.6835 12.8614
25.014S 15.5626
19.2963 12.4127
20.2025 12.8752
11.8324 6.7406
8.3561 4.7994
10.7303 6.3839
12.3177 7.3282
7.300f 4.3434

15.1325 9.0028
10.7541 6.3979
11.0167 6.5542

21.0871 12.5454
27.9443 16.0183
21.0005 12.1995
22.0723 12.7392
27.1075 17.7584

EQUIPMENT
AND HORSE KATERIAM

34.436 0.0
46.153 0.C
34.426 0.0
36.279 0.C
46.225 0.0
58.376 0.0
46.306 0.C
48.287 0.0
35.494 0.0
44.827 0.0
34.976 0.0
36.134 0.0
20.192 0.0
14.090 0.C
19.030 0.C
21.640 0.0
13.786 0.0
18.547 0.0
13.481 0.0
14.087 0.0

FUEL
4.3128
6.2253
4.8274
4.3573
4.8678
6.8531
5.4129
4.9428
4.2917
5.8053
4.6394
4.1692
3.1747
2*0479
3.8290
3.7373
2.*5007
3.5987
2.8566
3.1218

4.6077
6.5497
5.2035
4.5736
5.1627
7.1775
5.7890
5.1590
4.5866
6.1297
5.0155
4.3855
3.4991
2.2642
4.3110
4.1012
2.5262
5.8102
4.6118
5.0023

5.0831
7.0669
5.8147
4.9186
5.6381

TOTAL
34.4361
46.1526
34.4255
36.2787
46.2245
58.3757
46.3064
48.2865
35.4936
44.8273
34.9762
36.1336
20.1922
14.0901
19.0299
21.6400
,13.7864
18.5473
13.4807
14.0871

36.0743
48.0325
36.1738
37.6084
47.8627
60.2556
48.0547
49.6162
37.1319
46.7072
36.7245
37.4633
22.0721
15.4197
21.4250
23.7471
14.1703
29.9455
21.7638
22.5733

38.7156
51.0294
39.0147
39.7301
50.5040

00

HORSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

36.074
48.033
36.174
37.608
47*863
60. 256
48. 055
49.616
37.132
46.707
36.724
37.463
22*072
15.420
21.425
23.747
14.170
29.945
21.764
22.573

38.716
51.029
39.015
39.730
50.504

0.0
0.0
0.0
0.0
0.0
0.0

.0
0.0
0.0
0. 0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.C
0.0
0.0

0.0
0.C
0.0
0.C
0.0

TOTAL
60.023
67.226
56.002
55.921
72.508
80.146
68.579
68.625
57.264
62*083
52.735
51.958
29. C(5
21.532
38.052
38.728
21.911
49.397
30.272
26.932

63.558
69.996
59.298
58.140
76.042
82.915
71.875
70.844
60.798
64.853
56.031
54.178
31.835
23.751
42.93t
42.499
22.6"
79.753
48.873
43.157

69.255
74.411
64.654
61.682
81.740



(TAELE *.SBC CCUTINUI
STAGE/TECHNICAL
PACKAGI NUDM

2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-8
9-9

10-10
SOON

soon

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-8
9-9

10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2

SKILLEC
24.078
26.335
22.O649
26.722
19.565
21.822
18. 134
11. 182
9.751

25.149
19.0,16
9.234

80.373
43.875
33.093

31.417
23.795
26.374
22.363
32.113
24.491
27.071
23.06C
27.599
19*977
22.557
18.54 f
11. 594
10.163
37.401
31.494
15.747

240.295
131.187
96.739

35.492
25.716
29.727
24.272
36.169
26.413
30.424
24.968
31.675
210899

LABOR- EQUIPMENT
TNT/CE MAINT/MISC
34.20C5 21.3574
27,0634 17.4319
28.2175 16.0163
21.041 13.6693
26.6061 16.4512
20.7215 13.2173
21.3425 13.5118
13.4236 7.6292
9.4961 5.4360
12.5878 7.4889
13.1251 7.8085
8.4311 5.0159

24.4189 14.5275
17.4051 10.3548
17.7124 10.5376

UNSKILLED
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ICIAL
24 .078
16.335

22.648
26.722
19.565
21.822
18. 134
11.182
9.751

25.149
19.036
9.234

8C.373
43.875
33.093

31.417
2 3.795
26.374
22.363
32.113
24.491
f7.07 1
23.060
27.599
19.977
22.557
1E.546
11.594
1C.163
37.401
31.494
15.747

24C.295
131.187
98.739

35.492
25.716
25.727
24. 272
36.189
26.413
3C.424
24.968
31.675
21.899

D)
FUEL

7.6947
6.4002
5.5041
5.0620
6.6469
5.6267
4.7306
4.0163
2.6093
5.0571
4.2792
2.9174
9.3758
7.4640
8.0426

5.2195
7.2173
5.9934
5.0186
5.7745
7.8451
6.5789
5.6041
5.1984
6.7973
5.8053
4.8306
4.1667
2.7093
8.1441
7.0804
4.9754

28.0311
22.3174
23.9961

5.8534
7.9178
6.8083
5.4825
6.4084
8*5456
7.3938
6.0680
5.8323
7.4979

TOTAL
63.2525
50.0956
51.7379
39.7731
49.7041
39.5654
39.5849
25.0690
17.5414
25.1337
25.2128
16.3643
48.3222
35.2239
36. 2926

39.4734
51. 9012
39.8452
40.3448
51.2618
64.1243
51.7260
52.3526
40.5309
50.5759
40.3958
40.1997
25.9408
18.1561
40.3154
41.7184
27.9091

144.4704
105.3197
108.2838

42.9950
55.9607
43.6331
43.1968
54.7834
68.1838
55.5139
55.2046
44.0526
54.6354

HORSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMENT
AND HORSE MATERIALS

63.253 0.0
50.896 0.0
51.738 0.0
39.773 0.0
49.704 0.0
39.565 0.0
39.585 0.0
25.069 0.0
17.541 0.0
25.134 0.0
25.213 0.C0
16.364 0.0
48.322 0.0
35.224 0.0
36.293 0.0

39.473 0.0
51.901 0.0
39.845 0.0
40.345 0.0
51.262 0.0
64.124 0.0
51.726 0.0
52.353 0.C
40.531 0.0
50.576 0.C
40.396 0.0
40.200 0.0
25.941 0.0
18.156 0.0
40.315 0.c
41.718 0.0
27.909 0.0

144.470 0.0
105.320 0.0
108.284 0.0

42.995 0.0
55.961 0.0
43.633 0.0
43.197 0.0
54.783 0.c
68.184 0.0
55.514 0.0
55.205 0.0
44.053 0.0
54.635 0.C

21.4767
28. 4072
21.4171
22.402f
27.4971
34,.6633
27.480C
28.5477
21.4314
27.069C
21.1381
21.6728
13.8864
9.8264

20.1710
21.7176
14.3792
73.0059
52.0413
52.0472

23.2873
30.5625
23*.3174
23.935C
29.3077
36.8187
29.3803
30.0801
23.242C
29.2243

12.7772
16.2768
12.4347
12.9236
17.9902
21.6159
17. 6671
18.2007,
13.9011
16.7097
13.4525
13.6963
7.8877
5.6204

12. 0003
12.9205
8.5546

43.4334
30.9610
31.4404

13.8543
17.4804
13.5074
13.7793
19.0674
22.8195
18.7398
19.0565
14.9783
17.9133

TCTAL
87. 331
77.231
74.386
66.495
69.269
61.387
57.719
36.251
27.293
50.283
44.249
25.599

128.696
79.059
69.386

70.850
75.696
66.219
62.708
83.375
88.616
78.797
75.412
68. 130
70.553
62.952
58.745
37.535
28. 319
77.716
73.213
43.656

384.765
236.507
207.022

78.487
81.677
73.360
67.469
90.972
94.597
85.938
80.173
75.727
76.534



(TAELE a.%iiC CCNTINUE
STAGE/TECHNICA I
PACKAGE NINDER

1-3
3-4
4-2
4-4
5-5
6-6
7-7
8-8
9-9
10-10

SpR/CORP (3/1CCDCR)
98%

11
12
13
14
21
22
23
24
31
32
33
34
41
42
43
44

SURFACING
GRAVEL ($/100CC)

11
12
21
22
31
32
41
42
51
52

woN ($/1COCCN)
111
112
211
212
311
312
411

D)

SR I LLC.U
25. 91C
20.454
13.516
12. 071
50. 040
40.006
20.261

383.449
209.342
157. 548

15.579
11.066
11.440
10.0#7
13.348
8.834
9.208
7.816
11.723
7.209
7.583
6.191
11.001
6.487
6.86 1
5.468

13.529
9.956
12.536
8.963

10.588
7.016

10.047
6.474
15.076
11.504

107.147
82.914
105.032
80.799

103.381
79.146
102.659

rvi tun ICIAL
EQUIPNENT

INI/DEF NAINT/MISC_ FEL TT
LAU08

UNSKILLED
C.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
/. 0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
2.9993
2.9993

22.8610
10.9856
22.8610
18.9856
22.8610
18.9856
22.8610

25.91 c
2C.454
13.516
12.071
SC.040
4C.006
2C*261

383.449
2C9.342
157.54e

15.579
11.066
11.440
1C.047
13.348
8.834
9.208
7.16

11.723
7.209
7.583
6.191
11.001
6.487
(.861
5.468

13.529
9.956
12.536
e.963

10.588
7.016
10.047
f.474
18.076
14.503

130.008
101.900
127.893
99.185

126.242
98.134
125.520

23.0384
23.2052
16.041f
11.3588
27.484f
20 .3618
18.57C3

116.4992
83.0451
84.3236

4.9579
4.1621
2.9474
2.9416
5.2796
4.484C
3.2693
3.2635
3.7242
2.9284
1.7137
1.7078f
3.7626
2.9666
1.7521
1.7462

3*559C
2.8826
4.2929
3.6165
2.6073
1.931C
2.698C
2.0217
6.5953
5.9189

32.7977
28.3201
33.1515
28.6742
31.5923
27.1147
31.6259

EQUIPMENT
_HORS AND HORSE
0.0 44.184
0.0 43.052
0.0 30.000
0.0 21.008
0.0 54.946
0.0 54.372
0.0 36.743
0.0 230.539
0.0 168.064
0.0 172.779

14.5252
14.5523
9.0913
6.4762
16.3515
16.8733
11.2860
69.3089
49.4060
50.1667

3.0020
2.5286
1.9576
1.9599
3.1935
2.7201
2.1491
2.1514
2.2461
1.7727
1.2017
1.2040
2.3489
1.8755
1.3045
1. 3068

2.5220
1.9845
2.9586
2.4211
1.9353
1.3978
2.0682
1.5307
4.2281
3.6906

23.6185
20.5096
23.8293
20.7203
22.8798
19.7709
22.9784

6.6203
5.2944
4.8672
3.1732
11.1097
9. 1374
6.4867

44.7306
35.6131
38.2805

1.8174
1.5322
1.0494
1.1380
2.1031
1.8179
1.3351
1. 4237
1.5248
1.2395
0.7567
0.8454
1.4847
1.1995
0.7167
0.8053

1.3039
1.1178
1.7536
1.5675
1.1083
0.9222
1.1004
0.9143
2.2057
2.0196

13.8392
12.3640
14.1368
12.6616
13.5549
12.0796
13.5131

4(

0

44.1838
43.0517
30.0002
21.0081
54.9461
54.3725
36.7430

230.5386
168.0641
172.1789

9.7773
8.2228
5.9543
6.0395
10.t5765
9.0220
6.7535
6.8386
7.4951
5.9406
3.6721
3.7572
7.5963
6.0418
3.7733
3.8584

7.3849
5.9849
9.0051
7.6051
5.6510
4.2510
5.8667
4.4667
13.0291
11.6291

70.2554
61.1936
71.1180
62.0562
68. 0270
58.9652
68.1175

RATERIALS
0.c
0.0
0.c
0.C
0.0
0.C
0.0
0.0
0.C
090

0.C
0.0
0.C
0.0
0.0
0.C
0.0
0.C
0.0
0.0
0.0
0.0
0.C
0.0
0.0
0.0

1023.64
1023.64
1023.64
1023.64
1023.64
1023.64
1023.64
1023.64
1023.64
1023.64

1110.92
1110.92
1110.92
1110.92
1110.92
1110.92
1110.92

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

9.777
8.223
5.954
6.039

10*576
9.022
6.153
6.839
7.495
5.941
3.672
3.157
7.596
6.042
3.773
3.858

7.385
5.985
9.005
1O*605
5.651
4.251
5.867
4.467
13.029
11.629

70.255
61.194
71.118
62.056
68.027
58.965
68.117

TOTAL
70.094
63.506
43.516
33.080

104. 986
94.379
57.004

613.988
377.406
330. 327

25.357
19.288
17394
16.086
23.925
17.b 856
15.962
14 *.654
19.218
13.150
11.255
9.548
18.597
12.529
10.634
9.327

1044.554
1039.582
1045.181
1040.209
1039.880
1034. 07
1039.554
1034.581
1054.745
1049.773

1311.187
1274.017
1309.934
1272.764
1305.193
1268.022
1304.561



(TAELE B.5DC CCNTINUED)
STAGE/TEClINICAI
PACKAGE KUI O R SK

1112 71
511 10
512 8

DSI/G (S/100E)
1111
1112
1121
1122
2111
2112
2121
2122

DBST/W ($/100SM)
1111
1112
1121
1122
2111
2112
2121
2122

ILLL[
8.41'26
7.906
3.675

2.218
1.9C
2.257
1.999
2.218
1.960
2.257
1.995

2.218
1.960
2.257
1.995
2.218
1.96C
2.257
1.999

LAPO S
UNSKILLED
18.9856
25.8604
21.9849

1. 1338
1.1338
1.5151
1.5151
1.0513
1.0513
1.4430
1.4430

1.1338
1.1338
1.5151
1.5151
1.0513
1.0513
1.4430
.4430

ICIAL
57.41 1

133.769
105.660

3.352
3.094
3.72
3.514
3.270
3.012
3.100
3.442

3.352
3.094
3.772
3.514
3.270
3.012
3.700
3.442

. ___ EOUIPOENT _..
INTjEF KAINT/MISC FUEL TOTAL
27.1483 19.8694 12.0379 59.0556
35.7321 25.2571 14.6908 75.6800
31.2544 22.1482 13.2156 66.6182

0.99514
1.Q0c5
0.7904
0.803E
0.9854
0.9987
0.7806
0.7Q4C

0.9952
1.0C85
0.7904
0.6038
0.9854
0.9987
0.7806
0.794C

0.6249
0. 6363
0.5215
0.5329
0.6219
0.6333
0.5185
0.5299

0. 6249
0.6363
0.5215
0.5329
0.6219
C.6333
0.5185
0.5299

0.5901
0.5602
0.5180
0.4881
0.5891
0.5592
0.5171
0.4872

O.5901
0.5602
0.5180
0.4881
0.5891
0.5592
0.5171
0.4872

2.2101
2.2050
1.8299
1. 8248
2. 1964
2.1913
1.8162
1.8111

2.2101
2.2050
1.8299
1.8248
2.1964
2.1913
1.8162
1.8111

EQUIPMENT
HORSE ABD HORSE
0.0 59.056
0.0 75.680
0.0 66.618

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.210
2.205
1.830
1*825
2.196
2.19 1
1.816
1.811

2.210
2.205
1.830
1*825
2.196
2.191
1.816
1.811

MATERIALS TOTAL
1110.92 1267.390'
1110.92 1320.372
1110.92 1283.201

45.64
45.64
45.64
45.64
45.64
45.64
45.64
45.64

38.11
38.11
38.11
38. 11
38.11
38.11
38. 11
38.11

51.203
50. 4C
51.243
50.980
51. 106
50.843
51*157
50.894

43.667
43.404
43.7C7
43.444
43.571
43.3C8
43.621
43.358



TADLE D.50D: UNIT COSTS OF THE 1950'S TECHYICAL PACKAGES FOR ALL STAGES AT THE PRLCS OF A TYPICAL DVELQPING COUNTRY.

STAGt/TECUN[CAL
PACKAGE NUMBKR
SITE PREP (S/HA)

11
21
31

LABOP
SKILLED UNSKILLED TOTAL

30.696
3.8)3
2.658

61.3921
1.0048
1.0848

92.088
4.978
3.743

EQUIPHE04T
INT/DEP RAINTJMISC FUEL TOTAL.

12.7550
158.7319
94.1625

5.0075
77.3757
45.7675

24.9698
118.7010
74.9197

42.7323
354.8083
214.8496

EQUIPMENT
HORSE AND HORSE

0.0 42.732
0.0 354.808
0.0 214.850

MATERIALS TOTAL

202.62
0.0
0.0

(I/ 100CR)

0.095 0.0

EIC/HAUL
28

.6

98

608

0.466
0.403
0.394
0.374
0.490
0.417
0.408
0.388
0.389
0.325
0.317
(.296
0.321
0.300
0.140
0.094
0.051
0.042

0.469
0.404
0.396
0.375
0.483
0.418
'0.410
0.389
0.392
0.327
0.319
0.298
0.325
0.303
0.142
0.123

'0.067
0.054

0.0
0.0
0.0
0.0
0.0
0.1)
0.0
0.0
0.0
9.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.085 1.5282 0.9777 5.7212 9.1271

0.466
0.403
0.394
0.374
0.480
0.417
0.408
0.398
0.389
0.325
0.317
0.296
0.321
0.300
0.140
0.094
0.051
0.042

0.469
0.404
0.396
0.375
0.483
0.418
0.4 10
0.389
0.392
0.327
0.319
0.298
0.325
0.303
0.142
0.123
0.067
0.054

42.9567
58.1379
42.3465
46.6275
58.6895
74.4422
58.1826
62.6623
43.b555
55.7042
42.4791
45.6680
19.1917
23.5627
14.7313

3.3987
2.4172
2.6592

43.1094
58.3132
42.5059
46.7529
5.8422
74.6174
58.3419
62.7882
43.8082
55.8795
42.6384
45.7935
19.4037
23.7647
14.7569
4.4715
3. 1733
3.4285

20.9401
27.4223
20.2711
22.1556
31.2893
38.021H
30.6587
32.6320
23.1713
2M.2817
22.2916
23.6895
9.3554

11.4861
7.1821
1.6569
1.1783
1.2963

21.0145
27.5025
20.3448
22.2130
31.3638
38.1020
30.7324
32.6894
23.2458
28.3619
22.3653
23.7469
9.4587

11.5846
7.1935
2.1797
1.5469
1.6713

16.5109
24.4369
18.1859
17.1662
18.8561
27.0896
20.6598
19.6401
16.4219
22.6622
17.3913
16.3716
13.4464
13.6618
9.1009
2.2758
1*8077
2.1057

16.6041
24.5362
18.3051
17.2324
18.9493
27.1889
20.7790
19.7063
16.5152
22.7616
17. 5105
16.4378
13.5947
13.7984
9.0959
2.9941
2.3732
2.7149

80.4077
109.9972
80.8036
85.9493

108.8349
139.5535
109.5012
114.9349
83.2487

106.6482
82. 1620
95.7292
41.9935
48.7307
31.0163
7.3313
5.4032
6.0612

80.7281
110.3519
81.1559
86.1983

109. 1553
139.9083
109.8535
115.1839
83.5691
107.0030
82.5143
85.9782
42.4571
49.1476
31.0462
9.6453
7*0935
7.8147

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

8.127 0.0

80.408
109.997
80.804
85.949

108.835
139.554
109.501
114.935
83.249

106.b48
82. 162
85.729
41.994
48.731
3 1.016
7.331
5.403
6.06 1

80.728
110.352
81.156
86.198
109.155
139.908
109'. 853
115.184
83.569
107.003
82.514
85.978
4 2. 457
49.148
31*046
9.645
7.093
7.515

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00 r

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

337.442
359.786
218.592

8.212

50.874
110.400
81.198
86.323

109.315
139.971
109.909
115.323
83.637
106.974
82.479
86.026
42.315
49.031
31.157
7.425
5.454
6.103

81.197
110.756
81.552
86.574
109.638
140.327
110.264
115.573
83.961
107.330
82.833
86.276
42.782
49.451
31.188
9.769
7.160
7.868

11-0

1-1
1-2 ,
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-?
3-)
3-4
5-5
6-6
7-7
0-8
9-9

10-10

1- 1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
-5

6-6
7,-7
8-8
9-9
10-10



(TABLE B.5BD CONTINUED)
STAGE/7ECIIIICAL
PACKAGE NRIER SK

1-1 ,
1-2
1-31
1-4
2-1
2-2
2-31
2-4
3-11
3-2
3-3
3-4
4-2
4-11
5-5
6-6
7-7
8-8
9- 

10-10
1005

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-9
9-9

10-10
165N

1- 1
1-2
1-3
1-4
2-1

ILL!D
0.519
0.427
0.439
0.398
0.533
0.442
0.452
0.413
0.442
0.350
0.360
0. 321
0.180
0. 151
0.387
0.347
0.165
0.676
0. 341
0.261

0.557
0.446
0.469
0.416
0.572
0.460
0.483
0.431
0.480
0.368
0.392
0.339
0.198
0.169
0.433
0.380
0. 162
1.010
0.550
0.418

0.6 19
0.474
0.520
0.445
0.634

EQUIPNENT
I'fPD." NAI4T/9ISC FUEL TOTAL,
45.7613 22.3071 19.2230 86.2911
61.4324 28.9299 26.3042 116.6664
45.3038 21.6390 20.3976 87.3404
49.9857 23.2346 18.4111 90.6314
61.4937 32.6563 20.5602 114.7182
77.7367 39.5293 28.9569 146.2228
61.1399 32.0266 22.8715 116.0380
65.0210 33.7110 20.8850 119.6110
46.4597 24.5383 18.1340 89.1321
58.9987 29.7892 24.5296 113.3175
45.4364 23.6595 19.6030 89.6989
48.0262 24.7685 17.6165 90.4112
26.2503 12.2753 13.4143 51.9399
18.5150 i.7359 8.6533 35.9043
23.0921 11.2567 16.1788 50.5276
27.1963 13.2574 15.7915 56.2451
17.1443 .3573 10.5665 36.0681
22.7080 11.0698 15.2056 48.9843
16.1394 7.8675 12.0701 36.0769
16.6576 8.1201 13.1905 37.9682

LABnR
UNSKILLED

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

TOTAL
0.519
0.427
0.438
0.398
0.533
0.442
0.452
0.413
0.442
0.350
0.360
0.321
0.180
0.151
0.387
0.347
0.165
0.626
0.341
0.261

0.557
0.446
0.469
0.416
0.572
0.460
0.483
0.431
0.480
0.368
0.392
0.339
0.198
0.169
0.433
0.380
0.162
1.010
0.550
0.418

0.619
0.474
0.520
0.445
0.634

90.5726
121.5619
92.0375
94.0682

118.9997
151.1183
120.7351
123.0538
93.4136

118.2130
93.3960
93.480
56.8354
39.3411
56.8873
61.7218
36.9856
79.0815
58.2440
60.8407

97.4753
129.3664
99.6704
99.5522
125.9025

HORSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

EQUIPENT
AND HORSE

86.291
116.666
87.340
90.631
114.718
146.223
116.038
119.617
89.132

113.317
88.699
90.411
51.940
35.904
50.528
56.245
36.068
48.984
36.077
37.968

90.573
121.562
92.038
94.068
119.000
151.118
120.35
123.054
93.414
118.213
93.396
93.848
56.835
39.341
54.887
61.122
36.986
79.088
58.244
60.841

97.475
129.366
99.670
99.552
125.902

HATERIAJ4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

TOTAL
86.910

117.094
87.778
91.030

115.251
146.664
116.490
120.029
89.57;

113.667
89.059
90.732
52.120
36.055
50.914
56.592
36.233
49.610
36.418
38.229

91.130
122.007
92.507
94.485

119.571
151.578
121.218
123.484
93.894
118.581
93.788
94.187
57.033
39.510
57.320
62.102
37.08
80.098
58.794
6 1.258

98.095
129.841
100.190
99.997

126.536

47.8017
63.8507
47.4288
50.7167
63.5345
80.1550
63.2649
66.7519
48.5005
61.4170
47.5614
49.7572
28.6686
20.2460
25.983
29.8445
17.6887
36.6644
26. 0560
26.6924

51.0918
67.7060
50. 8819
53.4787
66.8246

23.3019
30.0363
22.6219
24.0266
33.6511
40.6358
33.0095
34.5030
25.5331
30.8957
24.6424
25.5605
13.3818
9.5280
12.673*
14.5483
8.6227

17.8728
12.7015
13.0117

24.9057
31.8003
24.2191
25.2904
35.2550

19.4690
27.6749
21.9868
19.3249
21.8141
30.3276
24.4607
21.7988
19.3800
25.9003
21.1922
18.5303
14.1850

9.5671
16.2154
17.3291
10.6743
24.5502
19.4865
21.1366

21.4778
29.8601
24.5693
20.7830
23.8229



(TABLE .OBD CONTINU
STAGE/TECHN ICAL
PACKAG NUlBFR

2-2
2-3
2-4
3- 1
3-2
3-3
3-4
4-2
4-4

S5-5
6-6
7-7
8-8
9-9

10-10
SOON

Boom

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-1
3-4
4-,
4-4
5-5
6-6
7-7
8-8
9-9

10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2

nD)
LA DOr

SKLLED UNSKILLED TOTAL
.Th7480 0.0 0.488

0.534 0.0 0.534
0.459 0.0 0.459
0.542 0.0 0.542
0.397 0.0 0.397
0.443 0.0 0.443
0. 368 0.0 0.368
0.227 0.0 0.227
0.198 0.0 0.198
0.510 090 0.510
0.386 0.0 0.386
0.1087 0.0 0.107
1.630 0.0 1.630
0.990 0.0 0.890
0.671 0.0 0.671

0.637
0.483
0.535
0.454
0.651
0.497
0.549
0.468
0.560
0.405
0.458
0. 376
0.235
0.2 06
0.759
0.639
0.319
4.874
2.661
2.003

0.720
0.522
0.603
0.492
0.734
0.536
0.6 17
0.506
0.642
0.444

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0,
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.637
0.483
0.535
0.454
0.651
0.497
0.549
0.468
0.560
0.405
0.458
0.376
0.235
0.206
0.759
0.639
0.319
4..874
2.661
2.003

0.720
0.522
0.603
0.492
0.734
0.536
0.6 17
0.506
0.642
0.444

EQUIPfENT EQUIPdENT
INT/DEP MAINT/MISC FUEL TOTAL HORSB AND HORSE HATERIALS
84.0102 42.1998 32.5128 158.9228 0.0 158.923 0.0
66.7180 34.6068 27.0432 128.3680 0.0 128.368 0.0
69.5140 35.7669 23.2569 128.5378 0.0 128.538 0.0
51.7906 27.1370 21.3888 100.3163 0.0 100.316 0.0
65.2723 32.6597 28.0854 126.0175 0.0 126.017 0.0
51.0145 26.2396 23.7747 101.0288 0.0 101.029 0.0
52.5192 26.8244 19.9084 99.3320 0.0 99.332 0.0
32.5234 15.1459 16.9702 64.6399 0.0. 64.640 0.0
23.0081 10.7918 11.0252 44.8251 0.0 44b825 0.0
30.4948 14.8673 21.3681 66.7342 0.0 66.734 0.0
31.9006 15.5019 18.0813 65.3838 0.0 65.384 0.0
20.4276 9.9578 12.3270 42.7124 0.0 42.712 0.0
59.1644 28.8409 39.6160 127.6213 0.0 127.621 0.0
42.1706 20.5569 31.5380 94.2656 0.0 94.266 0.0
42.9152 20.9198 33.9828 97.8178 0.0 97.818 0.0

52.0358
68.8275
51.6913
54.2790
67.7686
65.1317
67.7274
70.3143
52.7346
66.3938
52.0238
53.3195
33.6453
23.8084
48.8721
52.6193
34.8392
176.8054
126.0905
128.0432

56.4227
74. 0496
56.4955
57.9918
72.1555
90,3539
72.3315
74.0271
57.S1215
71.6159

25.3659
32.3135
24.6860
25.6566
35.7151
42.9130
35.0736
36.1330
27.5972
33.1729
26.7065
27.1905
15.6590
11.1580
23.8237
25.6504
16.9831
86.2264
61.4654
62.4172

27.5044
34.7029
26.8156
27.3555
37.8536
45.3024
37.2033
37.8319
29.7356
35.5623

22.0541
30.4958
25.3242
21.2055
24.3993
33.1484
27.7981
23.6793
21.9651
28.7211
24.5296
20.4109
17.6059
11.4477
34.4119
29.9170
21.0227

118.4413
94.2990

101.3922

24.7325
33.4557
28.7675
23.1655
27.0776
36.1084
31.2414
25.6394
24.6435
31.6811

99.4559
131.6368
101.9015
101. 1411
127.8830
161.1931
130.5991
130.1267
102.2969
128.2878
103.2600
100.9209
66.9102
46.4140

107.1076
108.1867
72.8449
381.5530
281.8542
291.8521

108.6596
142.2083
112.0786
108.5128
137.0867
171.7646
140.7762
137.4984
111.5006
138.8593

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

99.456
131.637
101.902
101.141
127.883
161. 193
130.599
130.127
102.297
128.288
103.260
100.921
66.910
46.414

107.108
108.187
72.845
381.553
281.854
291.852

108.660
142.208
112.079
108.513
137.087
171.765
140.776
137.498
111.501
138.859

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

159.411
128.902
128.997
100.858
126.414
101.471
99.700
64.867
45.023
67.244
65.770
42.900

129.252
95.156
98.489

100.093
132.119
102.436
101.595
128.534
161.690
131.148
130.594
102. 857
128.693
103.718
101.297
67.145
46.620
107.866
108.826
73.164
386.427
284.515
293.855

109.379
142.730
112.682
109.005
137.821
172.300
141.393
138.005
112.143
139.303



(TABLE B.5DD CONTINUID)
STAGE/TfCHNICAL
PACKAGE NUMBER 5K

.3-3
3-4
4-2
4-4
5-5
6-6
7-7
8-0
9-91

10-10
spn/conp ($/100BCH)

90%
11
12
13
14
21
22
23
24
31
32
33
34
41
42
43
44

SURFACING
GRAVEL ($/100CCA)

11
12
21
22
31
32
41
42
51
52

WBN (S/100CCN)
, 111

112
211
212
311
312
J11

LABOR
ILLED UNSKILLIDTOTAL
0.526 0.0 0.552'
0.415 0.0 0.415
0.274 0.0 0.274
0.245 0.0 0.245
1.015 0.0 1.015
0.811 0.0 0.811
0.411 0.0 0.411
7.778 0.0 .778
4.246 0.0 4.246
3.196 0.0 3.196

0.316
0.224
0.232
0.204
0.271
0.179
0. 107
0.159
0.230
0.146
0.154
0.126
0.223
0.112
0.139
0.111

0.274
0.202
0.254
0.102
0.215
0.142
0.204
0.111
0.306
0.233

2.173
1.682
2.130
1.639
2.097
1.605
2.02

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0190
0.0190

0.1451
0.1205
0.1451
0.1205
0.1451
0.1205
0. 1451

0.316
0.224
0.232
0.204
0.271
0.179
0.,187
0.159
0.238
0.146
0.154
0.126
0.223
0.132
0.139
0.111

0.274
0.2 02
0.254
0.182
0.215
0.142
0.204
0.131
0.325
0.252

2.318
1.002
2.276
1.759
2.242
1.126
2.227

_ 12pI NT
INT/DEP RAINTLEISC FUEL TOTAL
56.6230 28.8362 21.9729 113.4371
57.0324 28.8894 22.3709 108.2927
38.8675 18.0485 20.5658 77.4817
27.5212 12.8568 13.4077 53.7857
66.5928 32.4620 46.9423 145.9971
68.7176 33.4978 38.6087 140.8241
45.9630 22.4056 27.4087 95.7773

282.2646 137.5956 189.0025 608.8630
201.2092 98.0835 150.4778 449.7700
204.3070 99.5936 161.7825 465.6826

11.9706
10.0424
7.2666
6.9942

12.7506
10.8224
8.0466
7.7742
0.9294
7.00 11
4.2254
3.9529
9.0745
7.1463
4.3705
4.0981

8.8716
6.8137

10.6498
8.5918
6.5170
4.4591
6.7856
4.7277

16.1527
14.0948

81.9197
65.9135
82.8379
66.7717
79.0078
62.9416
79.1408

5.9598
5.0198
3.8863
3*8909
6.3400
5.4000
4.2665
4.2711
4.4591
3.5192
2. 3856
2.3903
4.6633
3.7233
2.5897
2.5944

5.0068
3.9397
5.8736
4.6065
3.8420
2.7749
4.1059
3.0398
8.3924
7.3253

46.8849
40.7128
41.3032
41.1311
45.4183
39.2462
45.6139

7.6791
6.4739
4.5678
4.8084
8.8864
7.6812
5.7750
6.0157
6.6641
5.4590
3.5528
3-.7935
6.2734
5.0683
3.1621
3.4028

5.5096
4.7232
7.4097
6.6233
4.8908
4. 1044
4.6498
3.8634
9.4845
8.6981

60.3516
53.6137
61.6092
54.8713
59.3684
52.6305
58.9738

25.6095
21.5161
15.7206
15.6936
27.9769
21.9036
18.0381
18.0610
20.0526
15.9793
10.1637
10.1367
20.0112
15.9379
10.1224
10.0953

19.300
15.4766
23.9331
20.0216
15.2499
11.3384
15.5413
11.6299
34.0295
30.1181

189.2160
160.2398
191.7501
162.7139
183.7944
154.8183
183.7284

EQUIPMENT
HORSR AND HORSE
0.0 113.437
0.0 108.293
0.0 77.482
0.0 53.786
0.0 145.997
0.0 140.824
0.0 95.777
0.0 608.863
0.0 449.770
0.0 465.683

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0,

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

25.610
21.536
15.721
15.694
27.977
23.904
14.088
18.061
20.053
15.979
10.164
10.137
20.011
15.938
10.122
10.095

19.368
15.477
23.933
20.022
15.250
11.338
15.541
11.630
34. 030
30.118

189.216
160.240
191.750
162.774
183.794
154.8 18
183.728

4."

DATERIAU5
0.0'
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

274.68
274.68
274.68
274.68
274.68
214.*68
274.68
274.68
274.68
274.68

417.30
417.30
411.30

'417.30
417.30
417.30
417.30

TOTAL
113.963
108.708
77.756
54.031

147.012
141.636
96.188

616.641
454.016
468.878

25.926
21.7&1
15.953
15.897
28.248
24*083
18.275
18.219
20.290
16.125
10.318
10.262
20.234
16.069
10.262
10.206

294.342
290.358
298.867
294.88)
290.144
286.160
290.425
286.441
309.034
305.050

608,839
579.346
611.330
581.837
603.341
573.848
603.260



(TABLE B.5BD CONTINUED)
STAGE/TECHlNICAL
PACKAGE NUBER SKILLED

4 T2 1.591
511 2.169
512 1.697

DBST/G (S/100SNM
1111 0.045
1112 0.040
1121 0.046
1122 0.041
2111 0.045
2112 0.040
2121 0.046
2122 0.041

DBST/V (S/1005)
1111 0.045
1112 0.040
1121 0.046
1122 0.041
2111 0.045
2112 0.040
2121 0.046
2122 0.041

LABOR
UNSKILLED

0.1205
0.1641
0.1395

0.0072
0.0072
0.0096
0.0096
0.0067
0.0067
0.0092
0.0092

0.0072
0.0072
0.0096
0.0096
0, 0067
0.0067
0.0092
0.0092

TOTAL
1.711
2.353
1.837

0.052
0.047
0.055
0.050
0.052
0.046
0.055
0.050

0.052
0.047
0.055
0.050
0.052
0.046
0.055
0.050

EQUIPMENT
INT/DEP NPINT/MISC FUEL TOTAL
63.0745 39.4419, 52.2358 154.7522
09.0139 50.1364 64.1143 203.2647
72.9476 43.9644 57.3764 174.2884

2.4087
2.4180
1.9212
1.9305
2.3881
2.3974
1.9005
1.9099

2.4087
2.4180
1.9212
1.9305
2.3881
2.3974
1.9005
1.9099

1.2403
1.2630
1.0349
1.0576
1.2344
1.2572
1.0290
1.0517

1.2403
1.2630
1.0349
1.0576
1.2344
1.2572
1.0290
I.0517

2.6887
2.5315
2.3633
2.2062
2.6841
2.,5269
2.3588
2.2016

2.6887
2.5315
2.3633
2.2062
2.6841
2.5269
2.3588
2.2016

6.3377
6.2126
5.3194
5.1943
6.3066
6.1815
5.2883
5.1632

6.3377
6.2126
5.3194
5.1943
6.3066
6.1815
5.2883
5.1632

EQUIPMENT
HORSE AND HORSE MATERIALS
0.0 154.752 417.3)
0.0 203.265 417.30
0.0 174.28 417.30

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

6.338
6.213
5.319
5.194
6.307
6.182
5.288
5.163

6.338
6.213
5.319
5.194
6.307
6.182
5.288
5.163

107. 5(4
107.54
107.54
107.54
107.54
107.54
107.54
107.5ii

84.93
84.93
84.93
84.93
84.93
64.93
84.93
84.93

TOTAL
573.768
622.922
593.429

113.925
113.795
112.910
112.780
113.894
113.764
112.879
112.748

91.320
91.189
90.305
90.174
91.288
91.158
90.273
90.143



TABLE D.SCA: UNII COSTS OF TIl 1970'S TECHNICAL PACKAGES FOR ALL STAGES AT THE PRICES Of 1930,

STAGE/TECHNICAL
PACKAGI NUMBER
SITE P28P (S/hA)

11
21
31

SIC/HAUL (3/100CS)
25

14-0
6M

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
9-11
9-12

10-13
11-14
12-15
13-16

'5
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9

I LABOP
SKILLED UNSKILLED TOTAL

53.210
9.046
5.893

161.8944
26.8024
11.9349

0.167 0.0

1.578
1.526
1.233
1.142
0.864
0.773
1.550
1.499
1.004
1.118
1.047
0.534
0.786
0.695
0.313
0.548
0.284
0.387
0.283
0.326
0.126
0.065

1.583
1.529
1.235
1.146
0.866
0.776
1.555
1.501
1.161
1. 141
1.052
0.568
0.787
0.697
0.37 3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

215.104
35.848
17.828

EOUIPMENT
TNT/DR? MAINT/MISC FuEL TOTAL

19.6050
14.6138
3.7601

12.4247
2.9835
2.9710

22. !491
5.0040
2.5499

54.5780
12.6012
9.291 1

EQUIPMENT
085E AND 4033S .MATEPIALS TYMAL

0.0 54.579
0.0 12.601
0.0 9.281

0.167 0.1103 0.0721 0.0489 0.2113 0.0

1.578
1.526
1.233
1.142
0.864
0.773
1.550
1.499
1.004
1.138
1.047
0.534
0.786
0.695
0.353
0.548
0.2e U
0.387
0.283
0. 326
0.126
0.065

1.5031
1.529
1.235
1.146
0.866
0.776
1.555
1.501
1.161
1.141
1.052
0.568
0.787
0.697
0.373

1.9331
2.1761
2.1832
1.9144
2.0206
1.6365
1.0486
1.2869
0.7528
1.5142
1.2550
0.5336
1.6902
1.3218
0.6381
0.5385
0.4841
0.6452
0.7094
0.2033
0.1575
0.1686

1.9359
2. 1762
2. 1868
1.9206
2. 0233
1.6411
1.0514
1.2891
0.8711
1.5170
1.2612
0.5605
1.6930
1.3264
0.6734

1.5316
1.6221
2.0144
1.9474
1.9739
1.8276
0. 897
0.9866
0. 6942
1.0995
1.0305
0.4644
1.2965
1.1504
0.6216
0.4976
0.4474
0.5112
0.5621
0.1310
0.1248
0.1316

1.5338
1.62 17
2.0168
1.9524
1.9757
1.8312
0.9001
0.9890
0.8031
1.1018
1.0354
0.4947
1.2983
1.1540
0.6560

0.9229
1.1608
1.6295
1. 09 12
1.3904
1.0928
0.9066
1.1400
0.6726
1.2336
0.7263
0.3576
1.0164
0.7340
0.3691
0.3443
0.1087
0.4571
0.4539
0.dV10
0.1052
0.1167

0.9253
1.1627
1.6326
1.0945
1.3921
1.0953
0.9089
1. 1419
0.7782
1.2368
0.7296
0.3809
1.0181
0.7365
0.3853

4.3876
4.9591
5.8271
4.9510
5.3849
4.5569
2.8529
3.4134
2.1196
3.8473
3.0117
1.3556
4.0031
3.2063
1. 62 47
1.3304
1.2401
1.6135
1.72511
0',t813
0. 3875
0.4190

4.3951
4.9647
5.8362
4.9675
5.1912
4.5676
2.8604
1.4190
2.4526
3.8564
1.0262
1.4442
4.0091
3.2169
1.7146

0.0
0.0
0.0
0.0
0.3
0.0
0.9)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.00
0.0
0.0
0.0

4.69
4.69
4.69

274.373
53.140
11.799

0.231 0.0

4. 318
4.959
5.827
4.953
5.385
4.557
2.853
3.413
2.120
3.847
3.012
1.356
4.00 3
3.206
1.625
1. 340
1.240
1.614
1.725
0.181
0.397
0.419

4. 395
4.965
5.036
4.957
5.391
4.568
'.860
3.419
2.453
3.856
3.026
1.444
4.009
3.217
1.715

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

5.966
6.485
7.060
6.095
6.249
5.330
4.403
4.912
3.123
4.986
4.059
1.189
4.769
3.901
1.978
1.921
1.524
2*000
2.008
0.807
0.513
0.484

5.978
6.491
7.071
6.114
6.257
5.343
4.415
4.920
3.614
4.997
4.978
2.013
4.797
3.914
2.088

4 b
w
q*-j



(TABLE 9.54 CONTINUFD)
STAGE/TICHNICAL
PACKAGE Ni MFER SKILLED

-10 . '0.572
A-11 0.491
9-12 0.397
10-13 0.288
11-14 0.427
12-15 0.164
13-16 0.090

60n

-Ph

03

100

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-14
3-6
4-1
4-2
4-7
5-3
5-5
5-0
6-4
6-6
6-9
7-10

1.660
1.583
1.281
1.215
0.900
0.814
1.632
1.555
3.842
1.187
1. 121
1.161
0.822
0.736
0.706
0.736
0.384
0.550
0.372
1.931
0.741
0.464

1.720
1.624
1.316
1.268
0.927
0.844
1.692
1*596
5.891
1.221
1.174
1.615
0.840
0.765
0.998
0.779 0.0

LABOR
fiNSKILLED

0.0
0.1
0.0
0.0
0.0
0.0
0.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EnIITPIENT
INT/DE7 fMAI' T/9IC FlRT TOTAlTOTAL

0.572
0.291
0.397
0.288
0.427
0.164
0.090

1.660
1.*583
1.281
1.215
0.900
0.814
1.632
1.555
3.842
1.187
1.121
1.161
0.822
0.736
0.706
0.736
0.384
0.550
0.372
1.931
0.741
0.464

1.720
1.624
1.316
1.268
0.927
0.844
1.692
1.596
5.891
1.221
1.174
1.615
0.840
0.765
0.998
0.779

2.0205 1.6008
2.2691 1.6819
2.3123 2.0999
2.0860 2.0834
2.1684 2.0719
1.7758 1.9390
1. 1360 0.9671
1.3799 1.0482
4.4185 4.0746
1.6433 1.1849
1.4266 1.1664
1.6150 1.4054
1.8381 1.3944
1.4611 1.2608
1.8019 1.7553
0.7655 0.7075

0.5617
0.4972
0.6615
0.7219
0. 2666
0.2060
0.2343

1. 9836
2.2297
2.2585
2.0143
2.1055
1.7170
1.0990
1.3405
2.8818
1.5095
1.3548
1. 1615
1.7751
1.4023
1.2740
0.7225
0.6564
0. 9179
0. 9340
1.2056
0.9293
1.2087

0.5192
0.4595
0. 524 1
0.5718
0.1796
0.1632
0. 1856

1.5716
1.6578
2.0643
2.0265
2.0302
1.914
0.93783
1.0221
2.6575
1. 1493
1.1096
1.0107
1.3527
1.2142
1.2411
0.6678
0. 6067
0.7272
0.7400
0.8125
0.7362
0.9576

0.3592
0.1171
0.4687
0.4616
0.1848
0.1376
0. 1621

0. 9652
1.2080
1.6956
1.1436
1.4427
1.1365
0.9489
1.1872
2.5746
1.2998
0.7788
0.7782
1.0607
0.7777
0.7289
0.4621
0.4186
0.6503
0.5977
0.0159
0.6206
0.8364

0.9961
1.2428
1.7428
1.1813
1.4815
1.1684
0.9797
1.2219
3.9475
1.3470
0.8165
'1.0821
1.1075
0.8096
1.0309
0.4895

1.41401
1.2739
1.6544
1.7554
0.6310
0. 506
0.5819

4.5203
5.0956
6.0184

', .184 Li
5.5794
4.7449
2.9856
3.5499
8.1139
4.0386
3. 2432
2.9504
4. 1965
3.3942
3.2440
1.8524
1.6617
2.2954
2.2717
2.8540
2.2861
3.0027

4.6174
5.1959
6.1550
5.3508
5.7219
4.8822
3.0827
3.6501

12.4406
4.1753
1.4095
4.1025
4.3400
3.5315
4.5882
1.9625

13 3SE

0.0
0.0
0.0
0.0

0.0

0.00

0.0
0.0
0.0
0.00
0.0
0.00
0.00
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.13
0.0
0.0
0.00

0.00
0.0

Ono

0.0
0.0
0.0
0.0
0.0
0.0

0. 0

0.0
0.0
0.0

0.0
0.0
0.0
0.00.0
0.0
000

QUIPNdUT
AND I3?SX

1.q40
1.274
1.u44
1.755
0.631
0.507
0.582

4.520
5.096
6.014
5.194
5.578
4.745
2.986
3.590
3.114
4.039
3.243
2.950
4.197
3.394
3.244
1.852
1.682
2.295
2.272
2.854
2.286
3.003

4.617
5.196
6.155
5.351
5.722
4.482
3.083
3.650
12.441
4.175
3.410
4.103
4.340
3.532
4.589
1.963

1AEFIALS
0.0
0,0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
2.012
1.565
2.051
2.043
1.051
0.671
0.672

6. 190
6.674
7.299
6.400
6.L78
5.559
4.614
5.105

11.Q56
5.25
14. 364
4.112
5.018
4.130
3*950
2.588
2.066
2.946
2.644
4.785
3.027
3.467

6.337
6.820
7.471
6.619
6.648
S.72C
4.775
5.247
18.332
5.397
4.584
5.117
5.188
4.297
5.586
2.742



(TADLE 8.5CR CONTINUE
STAGE/TECHNICAL
PACKAGE NUMDEP

0-11
9-12

10-13
11-14
12-15
13-16

1655
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
0-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-31
2-5
1-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11

ID)

SKILLED
0.4 02
0.577
0.414
2.712
1.067
0.676

1.781
1.668
1.351
1.320
0.953
0.872
1.753
1.640
8.043
1.257
1.726
2.110
0.875
0.794
1.259
0.849
0.429
0.624
0.442
4.107
1.613
1.027

2.075
1.074
1.522
1.570
1.001
1.011
2.048
1.846

19.796
1.427
1.476
4.308
1.003
0.932
2.524
1.162
0.574'

LADOR
UNSKILLED

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

.QOtIPIENT
INT/DEP !A!U?/O/'ISC FIOFLTOTAL

0.402
0.577
0.414
2.772
1.067
0.676

1.781
1.660
1.351
1.320
0.953
0.872
1.753
1.640
0.043
1.257
1.226
2.110
0.75
0.794
1.259
0.849
0.429
0.624
0.442
4.187
1.613
1.027

2.075
1.074
1.522
1.570
1.081
1.011
2.048
1.046

19.796
1.427
1.476
4.308
1.003
0.932
2.524
1.182
0.574

0.68 5q
0.9621
1.0381
1.7301
1. 3378
1.7599

2.0582
2.3107
2. 3678
2.15b)3
2.2314
1.8328
1. 1736
1.4215
6.0329
1. 6909
1. 496U
2. 1100
1.9011
1.5181
2.2737
0.U345
0.7331
1.0409
1. 1099
2.6139
2.0235
2.6735

2.2401
2.5066
2.6331
2.4948
2.5354
2. 1064
1.3556
1.6175

14.8474
1.9641
1.8354
4.3085
2.2051
1.7917
'.5579
1.1613
0.9807

0.6339
0.7622
0.8226
1.1660
1.0599
1.3943

1.6107
1.7115
2.1367
2. 1390
2.1136
1.90e11
0.9969
1.0758
5.5634
1.2218
1.221
S.8361
1.4362
1.3060
2.2149
0.1712
0.6775
0.8246
0.8793
1,7615
1.6032
2.1182

1.7748
1.8413
2.3124
2.4073
2.3150
2.1999
1.1411
1.2056

13.6920
1.3975
1.49013
3.7494
1.6375
1.5227
4. 4"00
1.0732
0.9064

4o
tD

SOON

- .- . ff- - . - - , . , . - - -

Ah Al

0.4374
0.6816
0.6644
1.1995
0.8935
1.2179

1.0276
1.2794
1.7917
1.2102
1.5203
1.1993
1.0112
1.2586
5. 1899
1. 1990
0.5 I31

is.413"
1. 1463
0.8406
1.3009
0.53,36
0.4675
0.7371
0.7101
1.9122
1.3514
1.8500

1.1798
1.4520
2.0247
1.3961
1.7076
1.3478
1.1634
1.4311

13.2648
1.6289
1.0312
2.8870
1.3336
0.9690
2. 6077
0.7426
0.6254

70'"AL
1.7572
2.4059
2.5253
4.0956
1.2912
4. 3720

4.7164
5.3016
6.2962
5.5135
5.8654
5.0153
3.1917
3.7550q

16. 9861
4. 3165
3.v722
s. 3599
4.4836
1.6646
5.7895
2.1393
1.8781
2.6025

.6991
6. 1876
4.9781
6.6418

5.1947
5.7999
6.9701
6.29 02
6.9580
5.6541
1.6600
4.2542

41.8042
4.9905
4.3569
10.9449
5.1762
4.3034

11.6055
2.9771
2.5125

UORS B
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

M0UIPUdNT
AND HOR92

1.757
2.406
2.525
4.096
3.291
4.372

4.716
5.302
6.296
5.514
5.865
5.015
3.182
3.756

16.996
4.316
1.572,
5.360

3.665
5.79Q
2.139
1.d78
2.603
2.69Q
6.10$
4.978
6.64?

5. 195
5.800
6.970
6.290
6.558
5.654
3.660
4.254

41.804
4.991
4.357

10.945
5.176
4.003

11.605
2.977
2.513

MNTERI.LS
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.a
0.0
0.0
0.0
0.0
0.0
3.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.159
2.983
2.940
6.867
4.359
5.048

6.49'
6.969
7.649
6.834
6.818

4.935
5.396

25.034
5,57.1
4.7Q 4
7.470
5.359
4.459
7.049
2.989
2.307
3.226
1.141

10.375
6.592
7.669

7.270
7.674
8.492
7.868
7.639
6.665
5.708
6.100

61.600
6.418
5.33

15.253
6.179
5.236

14.130
4.159
3.087



(TABLE B.5CA COTINUID)
STAQI/TICUNICAL
PACKAGE NUVIBER SKILLED

9-12 0.812
10-13 0.507
11-14 11.750
12-15 4.503
13-16 2.903

soon
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
A-11
9-12

10-13
11-14
12-15
13-16

SPR/CORP (5/100CH)

11
12
13
19
21
22
23
291
31
32
33
34
41
41
43

98%

2.236
1.998
1.614
1.709
1. 149
1.08 3
2.209
1.960

25.896
1.519
1.615
5.540
1.070
1.005
3.215
1.447
0.613
0.892
0.620

16.426
7.092
4.607

0. 387
0.500
0.477
0.700
0.250
0.363
0.340
0.563
0.209
0.322
0.299
0.523
0.182
0.295
0.272

MAINT/MIS. P!rL T01TAL
LABOR

UNSKILLED
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
0.832
0.587
11.750
4.503
2.903

2.236
1.988
1.614
1.709
1. 149
1.083
2.209
1.960

25.896
1.519
1.615
5.540
1.070
1.005
3.215
1.447
0.68
0.892
0.620
18.426
7.092
4.607

0.387
0.500
0.477
0.700
0.250
0.363
0.340
0.563
0.209
0.322
0.299
0.523
0.182
0.295
0.272

INT/DEP
1. 3884
1.4729
7. 3343
5.6470
7.5562

2.1396
2.6150
2.7765
2.6836
2.6970
2.2500
1.4551
1.7259

19.4229
2. 1075
2.0242
5.5402
2.3667
109353
5.8049
1.4213
1.1655
1.4882
1.5495

11.5015
8.8951

11.9896

0.4386
0.7327
0.52991
0.6482
0.4749
0.7689
0.5660
0.6844
0.1599
0.4540
0.2511
0.3695
0.1600
0.4541
0.2512

0.0 A D7H2.)3
0.0 3.4721.1009

1.1670
4.9427
4.4741
5.9068

1.8537
1.9130
2.4074
2.5569
2.4220
2.3137
1.2199
1.2773

17.9115
1.4925
1.6399
4.8212
1.7446
1.6365
5.6547
1.1136
1.0771
1. 1791
1.2276
7.7511
7.0475
9.4993

0.3313

0.5860
0.4402
0.4744
0.3660
0.6155
0.11689
0.5030
0.1045
0.3540
0.2074
0.2416
0. 1046
0.3541
0.2075

0.9836
0.9424
5.0849
3.7714
5.2288

1.2630
1. 5474
2.1507
1.4952
1.8072
1.4257
1.2466
1.5266

17.3527
1.7549
1. 1303
3.7123
1.4331
1.0670
3.3211
0.9089
0.7432
1. 0430
0.9809
7.9741
5.9407
8.2967

0.3225
0.5115
0.3371
0.4094,
0.3564
0.5453
0.3709
0.4432
0. 1359
0.3248
0.1504
0. 2227
0.1355
0. 3244
0.1500

4b

3.4720
3.5923

17.3620
13.9924
18.7718

5.4563
6.0755
7.3346
6.7357
6.9262
5.9495
1.9216
'1.9298

54. 6872
5.3549
4. 794 5

14.0737
5.544 3
4.6388

14.7807
3.6438
2.9858
1.7103
3.7591

27.2267
21.0933
29.7856

1.084
1.310
1*3071
1.5319
1.1971
1.92N7
1.4058
1.6306
0.4002
1.1320
0.6009
0.8137
0.4001
1.1327
0.6008

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0

0.0
0.
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

3.5d2
17. 362
13.892
18.772

5.456
6.075
7.135
6.736
6.926
5.989
3.922
4.530

54.687
5.355
4.794

14.074
5.544
4.639

14.7$1
3.644
2.986
3.710
3.758

27.227
21.883
29.786

1.098
1.831
1.307
1.532
1.197
1.930
1.406
1.631
0.400
1.133
0.609
0.834
0.400
1.133
0.609

flTEQTALS

0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
4.304
4.169

29. 112
19.395
21.675

7.693
8.063
8.948
8.445
8.075
7.073
6.130
6.490

80.583
6.974
6.409
19.614
6.615
5.644

17.996
5.091
3.668
4.602
4.378

45.653
28.976
34.393

1,aas

2.331
1.784

2.232
1.447
2.292
1.745
2.193
0.610
1.455
0.908
1.356
0.582
1.427
0.880



(TABLE .5CA CONTINDBI
STAGE/TECHNICAL
PACKAGE NUMER

4',
SURFACING
GRAYL ($/OOCCA)

11
12
113
21
22
Z3
31
32
33

1i
42
43
51
52

4. 53
-P NBA (S/100CCn)

-- 111
112
113
121
122
it3
211
212
213
221
222
223
311
312
313
321
322
323
'11
412

421
42
'123

512
SO)
521
"hi%

LABOR
SKILLED UNSKILLSD TOTAL

0.495 0.0 0.495

0.628
0.554
0.916
0.567
0.493
0.955
0.523
0.448
0.810
0.512
0.4 37
0.000
0.929
0.854
1.220

6.020
5.847
7.781
6.653
6.492
8.414
5.951
5.790
7.712
6.584
6.423
8.345
5.893
5.744
7.666
6.526
6.365
8.287
5.892
5.721
7.643
6.515
6.354
8.276
4.308
6.147
8.069
6.941
A 1An

0.0
0.0
0.0
0.0
0.0)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1456
0.1456
0. 1456

0.6498
0.6318
0.8 363
1.0409
1.0289
1.2334
0.6498
0.6318
0.8363
1.0409
1.0289
1.2334
0.6498
0.6318
0.8363
1.0409
1.02R9
1.2334
0.6498
0.6318
0.8363
1.0409
1.0289
1.2334
0.7942
0.7822
0.9807
1.1913
1 1111

0.628
0.554
0.916
0.567
0.493
9.855
0.523
0.440
0.810
0.512
0.437
0.000
1.074
1.000
1.366

6.670
6.479
8.617
7.694
7.521
9.648
6.601
6.421
8.548
7.625
7.452
9.578
6.541
6.375
8.502
7.567
7.394
9.521
6.532
6.352
8.479
7.556
7.383
9.509
7.102
6.929
9.050
8.132
7 Q%1

EQUIPfENT
INT/DE T NhNT/MISC ~UEl. TOTAL
0.3696 0.2417 0.2223 0.U336

0.3709
0.5705
0.7554
0.5103
0.7019
0.8068
0.1921
0.3839
0.5600
0.2076
0.1993
0.5842
0.6000
0.7924
0.9773

2.3876
5.6834
6. 1022
2.7163
6.0121
6.4300
2.5273
5.82,30
6.2418
2.560
6. 1517
6.5705
2. 1798
5.4755
5.8943
2.5084
5.8042
6. 2229
2. 1946
5.4903
5.9091
2.5232
5.8190
6.2378
2.6000
5.8958
6. 3145
2.9287V OV4

0.3237
o.4894

0.5312
0.4279
0.5935
0.6354
0.1643
0.3300
0.3719
0.1744
0.1401
0.3819
0.4345
0.6002
0.6421

2.0811
4.9733
3.9007
2.3782
5.2704
4.2778
2.1917
5.9839
4.0914
2.4889
5.1810
4.3885
1.9051
4o7974
1.8048
2.2022
5.0945
4.1019
1.9148
4.8071
3.8145
2.2119
5.1042
4.1116
2.1831
5.0753
4.0828
2. *4802
r,-177"

0.2957
0.3504
0.14641
0.1931
0.4478
0.5616
0.1706
0.2253
0.3390
0.1802
0.2349
0.3486
0.6553
0.7100
0.8237

3.3278
4.4426
5.1611
3.5 103
4.6250
5.3436
3.4314
4.5461
5.2647
3.6139
4.7286
5.4472
3.1885
4m3032
5.0210
3.3710
4.4857
5.2043
3.1978
4.3125
5.0311
3.3802
4.4949
5.2135
3.6848
4.7995
5.5181
3.8673
"- OR8 A

0.9982
1.4102
1.7507
1.3313
1.7433
2.0838
o*5271
0.9391
1.2796
0.5622
0.9742
1. 3147
1.6906
2. 1026
2.U431

7.7965
15. 0993
15.2440
8.6048

15.9075
16.0522
8.1504

15.4511
15.5979

9.95H6
16.2613
16.4061

7.2734
14.5761
14.7209
8.0016

15. 3844
15.5291
7.3072

14.6099
14.7546

9.1154
15.4181
15.5629
8.4679

15.7706
15.9154
9.2761

16 %7lAR

E0UIPEIENT
WIRSE AND 110-9E MATERIALS
0.0 0.834 0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
04.0
0.9

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Oo

0.996
1.410
1.751
1.331
1.743
2.084
0.527
0.939
1.260
0.562
0.974
1.115
1.691
2.103
2.443

7.747
15.099
15.244
8.605

15.907
16.052
8.150

15.453
15.598
8.959

16.261
16.406
7.273

14.576
14.721
8.082

15. 384
15.529
7.307

14.610
14.755
9.115

15.418
15.563
8.468

15.771
15.915
9.276

if. r79

536.54
536.54
516.54
536.54
536.54
536.54
536.5ll
536.54
536.54
536.54
536.54
536.54
536.54
535.54
5 3 6. 54

640. 15
640. 15
540.15
640*15
640.15
640.15
640.15
640.15
640.15
640. 15
640.15
640.15
640.15
640.15
640. 15
640.15
649.15
640.15
640.15
640. 15
640.15
640.15
640.15
640.15
640.15
640.15
640.15
640.15
fihfl j'i

'*OT.%L
1.329

518.168
538.505
519.20
539.440
534.777
539.480
537.591
637. 9253
538.631
517.616
537.953
518.556
539.307
519.644
540.350

654.614
661.726
664.009
656.447
663.576
665.941
654.899
662.022
664.294
656.731
663.861
666.132
651.964
661.100
663.371
655.797
662.926
665.148
653.987
661.110
663.382
655.819
662.949
665.220
65.720
662.947
665.113

57.556
If If an



(TABLE B.5CA CONIINUED)
STAGE/TECHNICAL LABOR
PACKAGE NUrrU KILLEDUNSKILLED TOT

513 8.702 1.3778 10.080
DBST/G ($/100S)

1111 0.125 0.0291 0.155
1ila 0.111 0.0291 0.140
1121 0.138 0.0537 0.192
1IMZ 0.123 0.0537 0.177
121j 0.125 0.0289 0.154
1212 0.111 0.0289 0.140
1221 0.138 0.0536 0.192
1221 0.123 0.05%6 0.177

DST/V (5/1005K)
1111 0.123 0.0290 0.151
1112 0.109 0.0280 0.137
1121 0.136 0.0525 0.188
12Z 0.121 0.0525 0.173
1211 0.123 0.0278 0.151
1232 0.108 0.0278 0.136
1221 0.136 0.0524 0.188
1222 0.121 0.0524 0.173

EQUIPM"ONT
LL/PEPMaAIl$T/ITSC FIIEL TOTAL

6.6432 4.3799 5.7005 16.7236

0.0900
0.0920
0. 0739
0.0759
0.0905
0.0925
0.0744
0.0764

0.0890
0.0910
0.0729
0.0749
0.0e94
0.0914
0.0733
0.0753

1.0651
0.0658
0.0619
0.0626
0.0655
0.0661
0.0623
0.0630

0.0643
0.0650
0.0610
0.0617
0.0646
0.0653
0.0613
0.0621

0.1136
0.1108
0.0809
0. 0781
0.1181
0.1154
0.0855
0.0827

0.1092
0. 1065
0.0765
0.0738
0.1128
0.1100
0.0801
0.0773

0.2687
0.2687
0.2167
0.2166
0.2741
0.2741
0.2221
0.2221

0.2625
0.2625
0.2104
0.2104
0.2667
0.2667
0.2147
0.2147

FQUI PM tNT
HORSE AND OPSE fATERIL .1iL.
0.0 16.724 640.15 666.951

0.0
9.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.269
0.269
0.217
'0.217
0.274
0.274
0.222
0.222

0.262
0.262
0.210
0.210
0*267
0.267
0.215
0.215

13.70
13.70
13.70
13.10
13.70
13.70
13.70

13.70

12. 11
12.19
12.19
12. 19
12.19
12.19
12.19
12.19

14.121
14.107
14. 107
14.092
1. 127
1'.112
1'.112

14.097

12.605
12.590
12.590
12.575
12.600
12.594
12.594
12.579N h



TABLE 8.5C1: UNIT COSTS OF THE 1970'S TECHNICAL PACKAGES FOR ALL STAGES AT THE PRICES OF 195g.

STAGE/TEC14iCAL
PPiCKAGE NUIRER
SITE PREP It/HAI

11
21
11

EAC/HAUL I/1008CM)
2M

6M
14-0

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
5-6
6-9
7-10
8-11
9-12
10-13
11-14
12-15
13-16

1-1
1-2

'2-1
2-5
3-4
1-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9

LABOR
SKILLFD UNSKILLED TOTAL

191.675
32.586
21.228

830.5881
137.5081
61.2313

0.631 0.0

5.685
5.498
4.441
4.113
3.114
2.786
5.585
5.199
3.616
4.101
3.773
1.922
2.832
2.504
1.273
1.974
1.021
1.393
1.018
1.173
0.452
0.233

5.701
5.506
4.449
4.130
3.118
2.794
5.602
5.407
4.184
4.109
3.790
2.048
2.836
2.512
1.343

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1022.263
170.0%9
82.459

EOUIPMENT
INT/DEP MAINT/MISC FUEL TOTAL.

57.5809
13.5918
11.051(p

37.026O
8.8908
8.8537

32.6996
7.4131
4.2032

127.3045
29.8958
24. 1084

EQUIPMENT
HORSE AND HORSE

0.0 121.50S
0.0 29.896
0.0 24.108

0.601 0.1248 0.2148 0.0807 0.620 0.0

5.685
5.498
4.44 1
4.113
3.114
2.786
5.585
5.399
3.616
4.101L
3.773
1.922
2.832
2.504
1 .273
1.974
1.021
1.393
1.018
1.171
0.452
0.233

5.701
5.506
4.449
4.130
3.118
2 * 794
5.602
5.407
4.184
4.109
3.790
2.048
2.836
2.512
1.343

5.6814
6.3954
6.3837
5.5937
5.9232
4.7946
3.0817
3.7822
2.2125
4.4504
3.6883
1.5684
4.9675
3.8848
1.8752
1.5791
1.4196
1.8963
2.08 50
O.5987
0.4629
0.4957

5.6097
6 .40 19
6.3943
5.6121
5.9313
4.8080
3.0900
3.7886
2.5601
4.4609
3.7067
1.6709
4o9756
3.8982
1.9791

4.5642
4.8345
6.0031
5.8034
5.8824
5.4464
2.6756
2.9400
2*0689
3.2765
3.0708
1.3839
3.8636
3.4284
1.8523
1.4830
1.3332
1.5234
1.6759
0.4084
0.3719
0.3982

4.5709
4.8388
6.0101
5.8182
5.8878
5.4571
2.6823
2 . 9444
2.3939
3.2835
3. 0856
1.4744
1.8690
3.4391
1.9548

1.5213
1.9134
2.6859
1.7987
2.2919
1.8013
1.4943
1 .8791
1.1086
2.0335
1.1972
0.5894
1.6754
1.2100
0.6017
0.5676
3.5089
0.7535
3.7482
0.2324
0.1734
0.1924

1.5253
1.9166
2.6911
1.8041
2.2947
1 .8054
1.4982
1 .8823
1.2828
2.0386
1.2026
0.6279
1.6781
1.2140
0.6351

11.7669
13.1431
15.0727
13.1959
14.0976
12.0423
7.2516
8.6013
5.3900
9.7603
7.9564
3.5417
10.5065
8.5231
4.3292
3.6296
3.2616
4 .1732
4.5083
1.2395
1.0081
1.0862

11.7859
13.1573
15.0955
13.2343
14. 1138
12.0705
7.2705
8.6153
6.2368
9o7831
7.9949
3.7732
10.5228
8.5513
4.5690

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

MATERIALS TOTAL

8.48 1158.00
8.48 208.465
8.48 115.043

0.620 0.0

11.767
13.143
15.073
13.196
14.098
12.042
7.252
8.601
5.390
9.760
7.956
3.542
10.507
8.523
4.329
3.630
3.262
4.173
4.508
1.239
1.008
1.086

11.786
13.157
15.096
13.234
14.114
12.071
7.271
8.615
6.237
9.783
7.995
3.773

10.523
8.551
4.569

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.222

17.452
18*641
19.513
17.309
17.211
14.828
12.837
14.003
9.006
13.861
11.730
5.464
13.338
11.027
5.602
5.604
4.283
5.566
5.527
2.413
1.461
1.320

17.487
18.664
19.545
17.364
17.232
14.865
12.872
14.022
10.421
13.892
11.785
5.821
13.359
11.064
5.912



ITABLE D.5CB CONTINUEDJ
STAGEIECHNICAL
PACKA'SE NUMIIER

7-10
8-11
9-12

13-13
11-14
12-15

'13-16
60OM

looM

1-1
1-2
2-3
2-5
'-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13'
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-11
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10

d

LABOR EOUIPMENT
INT/DEP MAINT/MISG FLJEL TOTALSKILLED

2.060
1.049
1.425
1.036
1.518
0.592
0.324

5.979
5.701
4.615
4.379
3.242
2.932
5.80
5.6Q2

13.841
4.275
4.019
4.104
2.960
2.650
2.542
2*650
1.185
1.982
1.339
6.958
2.669
1.673

6.195
5.851
4.739
4.569
3.318
3.039
6.095
5*751

21.721
4.399
4.229
5.817
3.056
2.757
3.595
2.807

UNSKILLED
0.0
0.0
0.3
0.0
0.0
0.0
0.0

0.0
0.2
0.0
0.0u
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1)
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
2.060
1 .049
1.428
1.036
1.538
0.592
0.324

5.979
5 .701
4.615
4.379
3.242
2.932
5.880
5.602

13.941
4.275
4.039
4.184
2.960
2.650
2.542
2.650
1.385
1.982
1.339
6.958
2.669
1.613

6.195
5.851
4.739
4.569
3.338
3.039
6.095
5.751

21.221
4.399
4.229
5.817
3.056
2.757
3.595
2*807

1.6474
1.4582
1.9443
2.1212
0.7849
0.6054
0.6885

5.9297
6.5531
6.6050
5.8872
6. 1727
S.0311
3.2300
3.9398
8.4695
4.6716
3.9818
3.4135
5.2171
4.1213
3.7444
2.1109
1.9250
2.6977
2.7451
3.5500
2.7311
3.5524

5.9383
6.6689
6.7630
6.0982
6.3579
5.2040
3.3386
4.0557

12.9859
4*8297
4.1928
4.7464
5.4022
4.2942
5.2959
2.2449

1.5471
1.3695
1.5620
1.7041
0.5353
0.4864
0.5531

4.6834
4.9404
6.1517
6.0392
6.0500
5.6364
2.7947
3.0459
7.9195
3.4251
3.3066
3,0120
4.0312
3.6184
3*6985
1.9900
1.8079
2. 1673
2.2053
2.4213
2.1940
2,8539

4.7706
5.0182
6,2578
6.2087
691744
5.7753
2.8819
3.1237

12.1426

3.6 761
4.1882
4.1556
3.7573
592310
2.1083

3.5921
3.5227
3.7726
3.7612
3.1046
3.2268
0.2672

1 .5909
1.9913
2.7950
1 .8851
2.1781
2.8733
1.5639
1.9570
4.2438
2.1425
1.2837
1.2828
1.7616
1 .2820
1.2015
2.7616
9.6900
1.0718
I * 9852
1.3778
1.0230
1. 3797

1.6419
2.0485
2.9728
1.9473
2.4421
1.9259
1 .6149
2.0142
5.5069
2.2203
1.3458
1.7837
1.8255
1.3346
1.6993
3.8069

3.7867
3.3504
4*2788
4.5866
1.6249
1.3186
1.5087

12.1039
13. 4 847
15.5516
13.8115
14.6009
12.5408
7.5886
8.9427

20.6328
10.2397
8.5721
7.7084

11.0098
9.0216
8.6444
4.8705
4.4230
5.9368
5.9357
7.3491
5o9481
7.T7849

12.3508
13.7356
15.8937
14.2541
14.9743
12.9052
7.8354
9.1935
31.6354
10.5812
9.0147
10.7184
11.3833
9.3860
12.2263
5*1602

I HORSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMENT
AND HORSE MATERIALS

3.787 0.0
3.350 0.0
4.279 0.0
4.587 0.U
1.625 0.0
1.319 0.0
1.509 0.0

12.104 0.0
13.485 0.0
15.552 0.0
13.012 0.0
14.601 0.0
12.541 0,0
7.509 0.0
8.943 0.0

20.633 0.0
10.239 0.0
8.572 0.0
7.700 0.0
11.010 0.0
9.022 0.0
89644 0.0
4.071 0.0
49423 0.0
5.937 0.0
5,936 0.0
7.349 0.0
5.948 0.0
79785 0.0

12.351 0.0
13.736 0.0
15.894 0.0
14.254 0.0
14.974 0.0
12.905 0.0
7.835 0.0
9.194 0.0

31.635 0.0
10.581 0.0
9.015 0.0

10.718 0.0
11.383 0.0
9.386 0.0
12.226 0.0
5.160 0.0

TOTAL
5.847
4.399
59707
5.623
3.163
1.913
1.833

18.083
19.186
20.166
18.190
17.843
15.47)
13.468
14.544
34.473
14.514
12.611
11.892
13.970
11.672
11.186
7.520
5.808
7.919
7.275
14.307
8.617.
9.458

18.545
19.586
20.633
18.823
18.312
15.944
13.931
14.945
52.856
14.981
13.244
16.536
14.439
12.143
15.821
7.967



(TABLE 8.5CB CONTIN
STAGE/TECHJ ICAL
P CKAGE NJMMER

8-11
9-12
10-13
11-14
12-15
13-16

165M

4T)

4 2D

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-4
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10

-11

UEDI

SK
LABOR

ILLUD UNSKILLED TOTAL
1.414
2.077
1.493
9.984
3.842
2.436

6.414
6.008
4.69
4.756
3.433
3143
6.315
5.909

28.975
4.520
4.416
7.600
3.151
2.941
4.5)6
3.040
1.547
2.247
1.592

15.084
5.812
3.701

7.476
6.759
5.481
5.656
3.893
1.641
7.376
6.651

71.109
5.141
5.316
15.520
3.611
3.359
9.093
4.258
2.069

0.D
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
090
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.447
2.077
1.491
9.904
3.842
2.436

6.414
6.00R
4.868
4.756
3.433
3.141
6.315
5.909

28.975
4.528
4.416
7.600
3.151
2.861
4.536
3.060
1.547
2.247
1.592

15,084
5.812
3.701

7.476
6.750
5.481
5.656
3.993
3.641
7.376
6.651

71.309
5.141
5.316
15.520
3.611
3.359
9.093
4.258
2.069

EQUIPMENT
INT/DEP MAINT/MISC
2.0115 1.6891
2.8275 2.2715
3.0515 2.4515
5.0944 3.4746
3.9318 3.1587
5.1723 4.1552

6.0490
6.7911
6.9263
6.3045
6.5430
5.3715
3.4493
4.1779
17.7106
4.9930
4.3991
6.4011
5.5873
4.4617
6.6825
2 .4472
2.1498
3.0589
3.2619
7.6967
5.9471
7.8575

6.5837
7.3670
7.7060
7.2996
7 .4 364
6.1156
3.9840
4.7538
4 3.6 364
5.7726
5.3942
12.6628
6 .407
5.2657
13.0955
3.4055
2.0760

4.0596
5.1003
6.3675
6.3744
6.2987
5.9098
2.9709
3.2058
16.5793
3.6409
39.6419
5.4718
4.2799
3.8918
6.6006
2.2983
2.0190
2.4574
2.6205
5.2495
4.7777
6.3124

5.2891
5.4871
6.8912
7.1739
6.8988
6.5558
3.4004
3.5926

40.8029
4.1646
4.4413
11. 1735
4.8800
4.5378

13.2314
3.1983
2.7011

FUEL
0.7210
1.1235
1 .0951
1.9772
1.4727
2.0074

1.6938
2.1099
2.9533
2.0081
2.5061
1.9769
1.6668
2.0746
6.8844
2.3008
1.4066
2.3304
1.8895
1.3856
2.1443
0.8796
0.7706
1 .2150
1.1705
2.9871
2.2276
3.*0495

1 .9447
2.3934
3.3375
2.3012
2.8148
2.2216
1.9177
2.3590

21.8651
2.6850
1.6997
4.7588
2.1982
1.6303
4.2984
1.2241
1.0309

TOTAL
4.6216
6.2226
6.5992
10.5463

8.5631
11.3349

12.6023
14.000)
16.2471
14.6871
15.1477
13.2583
80870
9.4583
43,1943
10.9347
9.4476
14.0034
11.7567
9.7391
15.4274
5.6251
4.9395
6 7313
7.0529
15.9333
12.9524
17.2194

13.8175
15.Z475
17.9346
16.7747
17.1499
14.9530
9.3021
10.7054
106.3044
12.6222
11.5353
28.5950
13.5589
11.4338
30.9252
7.8279
6.6080

HORSE
00
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMENT
AND HORSE

4.622
6.223
6.598
10.546
8.563
11.335

12.602
14. 000
16.247
14.687
15.348
13.258
8*087
9.458

43. 194
10.935
9,448

14.003
11.757
9.739

15.427
5.625
4.939
6.731
7.053
15.933
12.952
17.219

13.817
15.247
17.935
16.775
17.150
14.953
9.302
10.705

106.304
12.622
[1.535
28.595
13.559
11.434
30.925
7.828
6.606

MATERIALS
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
6.069
8*300
8.091

20.531
12.406
13.771

19.017
20.008
21.115
19.443
18.781
16.401
14 .402
15.367
72 * 169
15.463
13.863
21.604
14.908
12.600
19.961
8.685
6.486
8.979
8.645

31.018
18.764
20*920

21.293
21.998
23.416
22.430
21.043
18.594
16.678
17.356

177.613
17.764
16.851
44.115
17.170
14.792
40.018
12.086
8.677



(TABLE 8.5C8 CONTINUED)
STAGE/TECMNICAL LAOIOR
PACKAGE NJMRER SKILL'D UNSKILLED TOTAL

9-12 2.991 0.0 2.998
A0-13 2.115 0.0 2.115
11-14 42.326 0.0 42.326
12-15 16.219 0.0 16.219
13-16 10.459 0.3 10.459

BooM

SPR/COMP
98%

SURFACING

1-1
1-?
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12
10-13
11-14
12-15
13-16
It/1008CM)

11
12
13
14
21
22
23
24
31
32
33
34
41
42
43
44

8.056
7.161
5.813
6.157
4.138
3.902
7.957
7.061

93.285
5.473
5.817

19.956
3.856
3.620

11.501
5.212
2.459
3.213
2.235

66.375
25.549
16.596

1.391
1.800
1.17
2.521
0.900
1. 306
1.223
2.028
0.755
1.161
1.078
1.882
0.655
1.061
0.979
1.783

0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.056
7.161
5.813
6.157
4.138
3.90?
7.957
7.061

93.285
5.473
5.817
19.956
3*856
3.620

11.581
5.212
2.459
3.213
2.235

66.375
25.549
16.596

1.393
1.000
1.717
2.521
0.900
1.306
1.223
2*029
0.755
1.161
1.078
1.882
0.655
1.061
0.979
1.783

EQUIPMENT
INT/PCP MAINT/MISC
4.3804
4.3289

21.5964
16.5964
22.2077

6.8761
7.6855
9.1274
7.8545
7.9113
6.5977
4.2764
5.0723

57.0840
6.1941
5.9491

16.2826
6.9556
5.6879

17.0605
4.1681
3.4178
4.3738
4.5539
33.671
26.1426
35.2375

1.2895
2.1531
1.5592
1.9069
1.3958
2.2594
1.6655
2.0132
0.4709
1.3345
0.7406
1.0883
0.4713
1.3350
0.7411
1.0887

3.2781
3.4777

14.7297
13.3330
17. 8410

5.5240
5.7010
7.1742
7.6196
7.2177
6, 8949
3.6353
3.8065

53.3774
4' .476
4.8871
14.3676
5.1989
4.8769
16.8514
3.9146
3.2099
3.5138
3.6585

23.0988
21.0021
28.3086

1. 0053
1.7487
1.3120
1.4136
1.0907
1.*8341
1.3974
1.4990
0.3115
1. 0549
0.6182
0.7198
0.3118
1.0552
0.6185
0.7201

FUEL
1 .6214
1.5535
8.3818
6.2165
8.6189

2.0819
2.5507
3.5451
2.4646
2.9789
2.3501
2.0549
2.5164

28,6034
2.8926
1.8632
6.1191
2.3623
1.7588
5.4744
1.4982
1.2251
1.7192
1.6169
13.1441
9.7923
13.6758

0.5316
9.8431
0.5556
0.6748
0.5874
3.8989
0.6114
0.7305
0.2240
0.5355
0.2479
0. 3671
0*2231
0.5348
09.2473
0.3664

EQUI PMFNT
HORSE AND HORSE
00 8.980
0.0 9.360
0.0 44.708
0.0 36.146
0.0 48.668

TOTAL
8.9799
9.3601

44.7078
36.1459
48.6677

14.4820
15.9372
18.8465
17.9388
18. 1078
15.8428
9.9666
11.3952

139*0647
13.534)
12.6994
36.7694
14.5169
12.3236
39.3863
9.5810
7.8528
9.6068
9.8293
70.1100
56.9370
77.2219

2.8264
4.7450
3.4268
3.9953
3.0738
4.9925
3.6743
4.2428
1.0063
2.9249
I*6067
2.1752
1.0064
2.9250
1.6068
2.1753

149.482
15.937
18.847
17.939
18.108
15. 843
9.967

11.395
139.065

13.534
12.699
36.769
14.517
12.324
39.386
9.581
7.853
9.607
9.829

70.110
56.937
77.222

2.026
4.745
3.427
3.995
3.Q74
4.992
3.614
4.243
1.006
2.925
1.607
2.175
1.006
2.925
1.607
2.175

MA TER IALS
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
090
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
11.978
11.475
87.034
52.365
59.127

22.538
23.098
24.660
24.096
22.246
19. 744
17.923
18.456

232.349
19.008
18.517
56.726
18.373
15.943
50.967
14.793
10.312
12.820
12.064

136.485
82.486
93.818

4.220
6.545
5.143
6*516
3.974
6.299
4.897
6.270
1.761
4.086
2.685
4.058
1.662
3.986
2.585
3.958

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



ITABLE B.5C8 CONTINUED)
STAGE/TECHNICAL
PACKAGE NUMBER SK

12
13
21
22
23
31
32
33
411
421
432
51
52
53

WOM Is/100CCM
111 21
112 2]
113 7

4 121 21
122 21
123 3
211 21
212 2
213 2'
221 2
222 21
223 3
311 21
112 2
313 2'
321 2
122 7
323 7'
411 21
412 2
413 2'
421 21
422 2
423 2
511 2
512 2
513 21
521 2
522 2'
523 31

DOST/G 16/100SMI

ILLED
2.264
1.994
3.301
2.044
1.775
3.381
1.82
1.613
2.919
1.045
1.576
2.82
1.346
3.077
4.395

1.665
1.063
q.029
3.966
3.185
0.310
1.437
0.856
.7081
3.717
3.137
3.061
1.229
0.690
7.615
3.510
2.929
9.854
l.18
3.607
7.532
3.468
2.888
9.812
?.722
Z.142
9.066
5.903
.422

1.346

L AATfR
UNSKILLED

0.0
0.0
0.0
0.0
0.9
0.0

0.0
0.0
0.0
0.0
0.7470
0.7470
0.7470

3.338
3.2412
4.2908
5.3403
5.2706
6.3281
3.3338
3.2412
4.2908
5.3403
5.2786
6.3281
3.3338
3.2412
4.2909
5.3403
5.2786
6.3281
3.3338
3.2412
4*2908
5.3403
5.2786
6.3281
4.0747
4.0129
5.0316
6.1120
6*0194
7.0690

onT/E-EPA UI P
INT/DEP MAINT/MISCrOTAL

1.994
3.301
2.044
1.775
3. 3]R1
1.892
1.613
2.919
1 .845
1.576
2.882
4.093
3.824
5.142

25.019
24.305
32.320
29.306
28,664
36.638
24.770
24.097
32.071
29.057
28 .415
36.389
24.563
23.912
31.906
28.850
28.208
36.182
24.522
23.849
31.823
28.809
20. 166
36.140
26.797
26.154
34.098
31. 115
30.441
3.8.415

1.111
1.6805
2.2232
1.4984
2.3669
2s.6095
0.9642
1.1$27
1.6753
0.6095
1.1780
1.7207
1.7644
2.3329
2.8756

7.0011
16.7686
176.9702
7.9646

17,7321
18.9337
7.4115

17,1790
18.3806
8.3750

18.1425
19.3441
6.3906
16.1581
17.3598
7,3541
17.1216
18.3233
6.4343
16.2118
17.4034
7.3978
17.1653
18.3669
7.6253

17.3928
18.5945
8.5889

18.3563
19.5580

O.9647
1.4584
1.5831
1.2750
1.7688
1.9935
0.4897
0.9835
1.1082
0.5197
1.3134
1.1381
1.2947
1.7884
1.9131

6.2015
14.8206
11.867
7.0861
15.7052
12.7471
6.5312
15.1503
12.1924
7.4 158

16.0349
13.0770
5.6773

14.2964
11.3385
6.5619
15.1810
12.2231
5.7062
14.3253
11.3673
6.5907
15.2098
12.2519
6.5053

15.1244
12.1665
7.3899

16.0090
13.05 10

TOTAL
2*5641
3.7165
4.5713
3.4215
4.5738
5.4286
1.3351
2.4874
3.1422
1.4262
2.5786
3. 4334
4.0618
5.2141
6.0689

FUEL
0.4874
05775
3.7650
2.6480
0.7382
3.9256
3.2811
0.3713
0.5588
3.2970
0.3871
3 * 5746
1 .0027
1.0928
1.2803

4.9750
6.8262
7.8436
5.3135
7.1648
R. 1821
5. 1457
6.9970
8.0143
5.4843
7.3355
8.3529
4.7453
6.5966
7.6139
5.0839
6.9351
7.9525
4.7606
6.6118
7.6292
5.0991
6.9504
7.T9677
5.4846
7.3358
8.3532
5.8231
7.6744
S*6917

MENT EQUI PMENT
AND HORSE MATERIALS

2.564 673.88
HORSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

3.716
4.571
3.421
4.574
5.429
1.335
2.487
3.342
1.426
2.579
3.433
4.062
5.214
6.069

18.178
38.415
37.677
20.364
40.602
39.863
19.088
39.326
38.587
21.275
41.513
40.774
16.813
37.051
36.312
19.000
19.238
38. 499
16*901
37.139
36.400
19.088
19.325
38.587
19.615
39.*853
39.114
21.802
42 .040
41.301

673.88
673.88
673.88
673.898
673.88
673.88
673.88
673.88
673.88
673.88
673.88
673.88
673.88
673.88

773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
77.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51
773.51

TOTAL
678.709
679.592
68.753
679.347
680.230
682.391
617.09)
677.982
680.143
677.153
678.035
680.196
682.036
682.919
605.092

816.708
836.232
843.508
823.182
842.778
850.013
817.371
836.935
844.170
823.844
843.440
850.675
814.883
834.494
841.129
821.362
840.957
848.192
814.934
834.499
841.734
821.40B
841.003
848.239
819.924
839.519
846.723
826.428
845.993
853.228

18.1776
38.4155
37.6765
20.3642
40.602L
39.8631
19.0884
39.3263
38.5874
21.2751
41.5129
40.7740
16.8133
37.0511
36.3122
18.9999
39.2377
38.4988
16.9010
37.1389
36.3999
19.0876
39.3255
38.5865
19.6152
39.8531
39.1142
21.8018
42.0397
41.3008



([ABLE 8.5CB CONTINUED)
STAGE/TECH'ICAL
PACKAGE NUMBER SK

11i1 ~ lI
11121
1121
1122
1211
1212
1221
1222

DBST/W IS/100SMP
1111
1112
1121
1122
1211
1212
1221
1222

cxo

IILL F
0.452
0.4 50
0.490
0.444
0.452
0.399
0.498
0.444

0.444
0.391
0.489
0.435
0.444
0.391
0.489
0.435

LAflOR
UNSKILLED

0.1491
0.1491
0.2757
0.2757
0.14R5
0.1485
0.2750
0.2750

0.1438
0.1418
0.2695
0.2695
0.1426
0.1426
0.2689
0.2689

TOTAL
0.601
0.549
0.173
0.719
0.60l
0.547
0.77)
0.719

0.588
0.535
0.759
0.705
0.586
0.533
0.75q
0.704

EQUIPMENT
INT/DEP MAINT/MISC FUEL TOTAL~
0.2643 0.1943 0.1682 0.6265
0.2705 0.1962 0.1657 0.6304
0.?168 0.1843 0.1241 0.5252
0.2?30 0.1865 0.1196 0.5290
0.2657 0.1955 0.1741 0.6351
0.7719 0.1974 0.1695 0.6389
0.2142 0.1655 0.1300 0.5337
0.2244 0.1877 0.1254 0.5375

0.2614
0.2677
0.2139
0.2201
04625
0.2687
0.2150
0.2212

0.1914
0. 1936
0.1817
0.1839
0.1924
0.1946
0.1827
0.1849

0.1626
0.1581
0.1185
D.1139
0.1672
0.1626
0.1231
0.1185

0.6154
0.6194
0.5140
005179
0.6221
0.6260
0.5207
0.5246

MORSE
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMENT
AND HORSE

0.627
0.630
0.525
0.529
0.635
0.639
0.534
0.538

0.615
0.619
0.514
0.518
0.622
0.626
0.521
0.525

MATERIALS
19.68
19.68
19.68
19.68
19.68
19.68
19.68
19.68

11.17
17.17
11.17
17.17
17.17
17.17
17.17
17.17

TOTAL
23.906
20.858
20.917
20.927
20.914
20,865
20.985
20.935

18.370
16.322
18.440
18.390
18.376
18.327
18.446
18.396



TAbLE h.5CC: UNIT COS'S OF 11E 197u'S TzChbICAL PACKA(ES FO ALL STAGES A THE PfRICCS O? 1974.

STAG E/TECHIICAL
PACKAGE NUILER
SIT LhE ($/hA)

11
21
31

EXC/IIAUL (J./1000Cf)
2H

14-0
6N

4(0
4 b

9m

1-1
1-2
2-3
2-5
P. 4
3-6
4-1
4- 2
4-7
5-3
s-5s
9-9
6-4
6-6
"-9
7-10
a-11
9-12

10-13
11-14
12-15
13-16

1- 1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
s-s

-4
6-6
6-9

LAL'.5
SKILLiL UNShlLED ICIAL

596. dd
101.354
66.027

2773.silo
459.1375
204.4505

1.876 0.0

17 .d2
17.1D1
13.P13
12.714

U .665
17.372
16.792
11. 246
12.755
11.736
5.9/9
8.809
7.7lot;
4.959
(. 14 1
3.177
4.333
3.107
3.650
1.407
0.726

17.733
17. 127
13.0 u'
1,.d4b
9 (19 H
d. 691

17.424
16. * II1
13.613
12.7 U1
11.7104
6.3c
0.821

7.614
4 *179

6.0
0.1)
0.0
0.0
0.
0.0
0.0
U.0
c.0

0.6
0.0
0,0 C
0.0
0.0
0.0
0.0

0.0

0.1)
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.u
0.0

0 s 0

0.0

0.0
0,00

33b9.5 10
540.492
270.477

INT/Di flnf/IM1SC FU"L TOTA.I

137. 3270
31,1703
26. lO3

72. 7731
17.4746
17.4015

66.7784
15.5114
9.94I5

276.067
64. 2163
53.4553

204I.O4S IL TT
Hl AND h0ilSf MATERI)AS TOTAL

0.0 276.079
0.0 04,206
0.0 53.455

1.070 0.7461 0.4122 0.1909 1.3592 v0

17.692
17.101
13.813
12. 794
9.6 6
8.665

17.372
16.792
11 * 24b
1I.755
11.736

979
0.809
7.785
.1.959
(I. 141
.177
4.333
.1167
3.o 50
1.407
0.726

17.733
179127
13.30
12.845
9.698
P-.691

1) * 424
1it 6 10
13.013
11.7d1
11.70B
(.370
6.021
7.14
4.179

13.4307
15. 1id?
16.115C
14.2475
14.4729
11.049

7.285 1
8. 9410
5.2304

10.5206
8.7192
3.7076

11.7432
9. 1635
4.4331
3.03a5
3.45oE
4.482t
4.92PeS
1.3811
1.0943
1. 1717

13.4594
15. 133
169 1399
14.290S
14 *4920
11.8365
7.304e
i.950U3
6.3521

10.5455
1*7625
3. 95CC

11.7C22
9.215 1
4.6785

t.9707
9.5019
11.7907
11. 4003)
11.5616
10.7045
5. 2587
5.77u5
4. 662
6.4397
6.0355
2.7200
7.5937
6.7382
3.6405
2.i147
2.6t03
2. 9942
3. 292
@,8026
O *7309
0. 7026

8. 9839
9.5104

11.81
11.4352
11.5724
K1*.7257
5.2710
5. 7o70
4 .7051
6.4533
6.0645
2.u97a
7. 0 44
6.7594
3. 8421

3*6005
4. 5284
6.3567
4. 25 69
5.4242
4.2u31
3.5305
4.4472
2.6238
4 * 0125
2,.8335
1.3949
3. 9u 50
2.641.
1.4241
1. 3433
1. 204 1
1.7133
1.7704
0.5500
0.4103
0.4553

3.6098
4.559
6.3690
4.2b97
5. 43 3d
4,2727
3 * 54 54
4.4547
J.0360
4.0243
2.0462
1.4661
3. 97 It
24,0732
1.5030

2 6.018
2i. 1490
34.2704
29.9106
31. 457
2U. 77.94
16. OuC3
19. 1667
11.9204
21.774d0
17.5862
7. 022 
23.3019
18.7w53
9.4977
d. 0965
7. 27 54
9. 4603
9.9419
2.7337
2.2355
2.4096

2ti. 0 44 1
49. 1u32
34.215
29. 9957
31.4949

6 a 0341
16. 1425
19. 1979
13.7912
21.0019
17.6733
0 1 3339

23.301
16*.0478
1090236

0.0
0 1 C
0.0
0.0

v. 0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0. C
0.0

CsC0
0.0
0.0
0.0

3.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

11.09
19.09
19.909

1.359 0.0

26.002
29.149
34.270
29,911
31 a &01)
26.772
10 .080
19. 167
11.920
21.773
17.58I
7.023

23.302
18.765

9*49
d 097
7.275
9.260
9.992
2.734
2. 235
2.410

26.044
29. l0
34.322
29.990
31.495
20 835
16.142
190198
13, 793
21 .424
17.673
6."134

23 .33 d
18.848
10*024

0.0

0.0
0.0
0.C
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.C0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0~ 0c

0.0
0.00
0.0
0.0

0.0

3665.474
643.783
343.017

3.229

43.683
4t) .250
48.03
42.004
41.144
35.438
33.452
35.958
23.166
34.528
29.324
13.02
32,110
26.574
13,457
14.230
10.452
13.594
13.159
(.38
3.643
3.)136

43.777
46.307
u8.160
42.841
41.193
35.526
33.546
36.015
26.806
34.605
29.461
14.704
32.160
26.662
14.202



(TAELE 8.5CC CONTINU
STAGk/TECHINiCAL
PACKAGE NUBi2H

7-10
4-11
9-12
10-13
11-14
12-15
13-16

bon

40b

0$

1 OOf

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
ti-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
s-8
6-4
6-6
6-9
7-10

D)

SKI
Lal? H

I I N IUNCKLLiI !

6.407
3.263
4.443
3.223
4.785
1 .640
1.009

16.597
17.733
14.354
13.619
10.685
'.121

18.26t
17.4?4
43.050
13. 297
12.562
13. 013
9.2085
8.24 4
7.906
6*241
4.303
6.165
4. 166

21. 64 1
6.302
5.204

s.26
in. 197
14. 741
14.212
10. 382
9.453

18.956
17. o
66.006
13. 684
U. 155

18.094
9.505
6.576

11. 162
8.13 1

0.0
0.0
0.
0.0
0.0
0.0
0.0

0.L
0.0
O.0
0.6
0.0
0.0
0.0
0.6
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
~0
0.0
0.0

A Lo Lo L L UP &J #A A &1 6 & Lo cNwfrrlT/IT C E
4.0046 J.040o
3.5447 2.0916
4.59 " 3.C69v
5.014C 3.3494
1.010C6 1.522
1.4313 0.9560
1.6275 1.0871

I CTA L
t .407
3.263
4.443
3.223
4.785
1.040
1.009

it. 597
17.733
14.354
13.619
10.085
9.121

17.424
43.050
13.297
12.562
13.013
9.208
8.244
7.906
V.241
4.308
6.165
4.166

21.641
n.302
5.204

19.26n
16.197
14.741
14.212
iC. 382
9.453

18 .958
17.888
66.006
13. 684
13. 155
18.094
9.505
8.576

11.18.:
w.731

9. 204-.
9.7100

12. u9t
11.697
11.8910
11. 076)
5.492d
5. 9866

15.5654
6.7318
6.4989
5.9200
7. 9231
7.1117
7. 46 92
3.9114
3.5534
4. 59 6
4.3345
4.75&i
4.3121
5.6 091

9. 3764
9.e629

12.2994
12.2026
12.1353
11.3509
5.6643
6.1395

23.6657
6.9404
6.8320
8.2 31u
8.1675
7.3047
10.2812
4. 143b

1.4014
1.2370
1.8205
1. 6C16
0.7209
0.5367
0.6324

3.7652
4.7127
6.6147
4.4u15
5.62 82
4.4335
3.7012
4.6315

10.0438
5.0705
i.031
3. 03 60
4.1690
3.3340
2.8436
1.0 25
1.6331
2.5367
2.3316
3.2608
2.4211
3.2629

3.00511
4.8481
6.7990
4.6005
5.7796
4.5580
3 .82 18
4.7669
15.3997
5.254
3.1851
4. 2.415
4.3204
i.s 1505
4.0214

1 . 9097

TZTAL.
d. 44to8
7.4733
9.4947

1091655
3. u.37
2.9239
3.3469

26.7512
29. 9 140
35.3435
i1.2724
32.5819
27. 6755
16.8297
19.9317
45.6319
22.6459
10.9500
17.0254
24,4252
19. ubd3
18.9o44
10.045
9.8660

13.1736
13. 1555
16.2OUB
13. 1895
17.2697

27.3001
3Q 471 2
36. 1101
32.2512
33,4153
20.6816
17. 37u5
40.4938
69.9637
23.6125
19.9286
23.6736
25o2506
20.944
26.8224
11.5106

HKb St
0.0
0.0

0.40.0

(.0
0.0

0.0
0. 0

0.0
C.0
(s.C
0.6
0.0
0.0
0.0
0.0
(.0
0.0
0.0
0.0
(.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
v.0
0.0
0.0
v.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

G .0

FQUI Pto"N7
ANi lihSO NATE1 IAL

d.447 0.0
7.47. 3 .0
9.495 c.r,

10.lbb 0.k;
3.55)4 0XQ
2.924 c.0
3.347 C.c

26.751 0.0
29.914 0.0
35.44 0.0
31.272 0.0
s2.582 0.0

27.A75 0.0
16.630 a.C
19.932 0.0
45.631 0.0
22.b4t 0.0
1d.953 0.0
17.025 Q.C
24.425 0.0
19.888 0.C
16.964 0.0
10.865 0.0
9.b6 0c

13.174 0.
13.156 0.C
16.209 0.0
13.190 c.c
17.270 0.03

27.300 G0C
30.476 0.0
36.110 0.3
32.251 0.0
33.415 0.0
2".682 0.0
17.379 0.0
20.494 0.0
69.964 0.C
23.612 0.0
19.929 0.0
23.674 0.0C
A5.259 0.3
20.694 0.0
26.822 0.0
11.511 0.0

TCVAI
14.654
10. 736
13. 938
13. 3 68

a.368
4.764
4.355

-45.349
47.647
49.690
44.892
42.667
36.996
35.117
37. 355
88.o8l
36.143
31.512
3:.038
33.6 34
28.132
26.870
19.106
14. 174
19.338
17.321
37. 50
21.491
22.474

46.568
48.674
50.851
46.464
43.797
38.135
36.337
38.382

135.970
37.296
33.084
l.768

34s,764
49. 271
3d.004
20.242

1370l%
15.*4913
16.63t1t
14 * 9411
15.0626
12.3640
7.J635b
9.313-1

20.0217
11. 0436
9.4130
8.0695
12.3332C
9.7426
8.0517
5. 15 E
4.6796
6.377M4
6.4d94
8. ES1
6.45 ,2d
8.3977

14.03e0
15.7651
17.C 117
15.4400
15.5004
12.7727
7.8924
9.5875

30.6984
11.4172
9.9117

11.2205
12.7707
10.1513
12.5194
5.4571



(TAELE a.5CC CONTINUED)
STAGE/TECHNICAL
PACKAGE NUBER SK

8-111
9-12

10-13
11-14 3
12-15 1
13-16

1655
1-1 1
1-2 1
2-3 1
2-5 1
3-4 1
3-6
4-1 1
4-2 1
4-7 9
5-3 1
5-5 1
5-8 2
6-4
6-6
6-9 1
7-10
8-11
9-12

10-13
11-14 4
12-15 1
13-16 1

50011
1-1
1-2 2
2-3 1
2-5 1
3-4 1
3-6
4-1 2
4-2 2
4-7 2
5-3
5-5
5-8 4
6-4
b-6
6-9
7-10
8-11

LAIsO
ILLEE UNSKILLED
4.501 0.0
6.461
4.643
1.056
1.952
7.577

9.951

5.14 1
4.793
0.679
9. 77t
9.641
16.37E
0. 123

3.735
3.64C
9.001
6.899
4. 109
9.51tk
4.811
6.99 C
4.952
6.915
1t.07E

3.253

7. 056
7. 591

I'.110
11.323
2.944
~0.4b7

15.992
16. 534
8. 273

11.233
10.446
2a.2b3

6.436

0.0
0.0
0.0
6.0
0.0

0.0
0.0

C.IO

0.4:0.0
0.3

D.C0.0
c.0

0.0
0.0
0.00
0.0
0.0
0.0

0.1)0.0
0.0

6.0
0.0
0.0
0.00.0

6.0
0.0
0.0

0.u0.0

0.0

0.0
0.0
6.0
(.0
0.0
G.
0.0
0,0

060

TOTAL
4.501
6'. 461
4.643

31.056
11.952
7.577

15.951
18 .606
15.141
14.793
10.679
9.776

19.o42
1e.37d
90. 123
14.Cu3
13,735
23.640

S9.302
6.899

14. 109
s.518
4.811
o.990
4.952

46.919
1ho.0713
11.510

23.253
26.996
17.050
17 a.59 1
12.110
11.323
22.944
20.667

221.001
15.992
16.534
48.273
11 .23)
1I.446
28.203
13.2465
6.436

QUIPMFNT
INT/if IAINT/ISC k'LLU

4.0d57
6o6042
7.213E

11.7517
9.2946

12. 227-d

14.2997
16.0541
17.3577
15.9276
15.936C
13.1687

U.1541
9.87b5

41.9149
11.8033
10.3995
14.6554
13.2083
1V. 5473
1597972
5.948E
5.2259
7.2312
7.7111

17.7545
14.0506
18.5749

15.5631
17.4155
19.240 U
18.28C2
1.U0500
15.0695
9.4181

11.2379
103.1557

13.6464
12.7519
29.934t
15.3203
12 .441 
31.6667

1427113
6.991 

3.7129
4.4646
4.01 3
b.82,j2
6.2381
0. 16o9

9e.551'
10.0243
12.5150
12.5 6
12.3797
11.6154
5.u391
6.3009

3i. 556b
7. 1560
7. 1579

10.7545
ti.4119
7.6492

12.97 31
4. 5172
3.9683
4.8299
5.1505

10. 3175
9. 3903

12. 4067

10.3954
10.7845
li. 544
14 . U 998
13. 5591
12. 050
b.6i..J3
7. 0 .11

80.19511
8. 1854
0.7291

21. 9606
9.5913
h. 9107

26. 0054
6. 20o 1
5.306 8

1.7064
2.6590
2 o 5-)1$
4. 0794
3.465ri
4.750 a

4. 0')07
4.9)1')
6.9895
4.7514
5.9310
4.6787
3.9440
4.90 9

21 .06i
5.4453
3.3290
5. 5153
4.4710
3.J792
5o074 J
2.0813A
1. 8238
2.8755
2.7702
7.0696
5.2720
7.2172

4.6025
5.664J
7.8987
5.4461
6.66 lo
5.2579
4.5365
5.5031

51.7474
6. 3545
4.0227

11.2624
5.2024
3 .U564

10. 1720
2. U'70
2.4399

EuUI PrLNT
i10,;SE AND 1OR5 lMATE"ILS

0.0 10.309 o0C
TO TA L

10.3091
13. 87d
14.6248i
23.2603
18. 9'd2
25.1440

27* 0595
31 . 0695
36.901
33.2087
34. 24b1
29. 4628
17.937,j
21.0671
95.5269
24. 4045
20.06
JO.9293
26. 0"19
21.4756
33.451
12.5470
11.0100
14.9366
15. 31 d
35.1410
28.7210
38. 1 W7

30.5615
33. t6 143
40. :O0J7
37. 261
36.2707
33. 4124
20.6399
2h.6d20

215.09v0
20.'1 61
P5. 5037
;3. 1576
30. 1140
25.4252
o7. U450
17. 4615
14 . 73%9

0.0
0.0
0.0
0.0
0.0

. C
0.0
0.0
0.0
0.0
0.u
0.0
0.0
0.0
0.0
G. 0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0,0
0.0
0.0
0.0

0.0
0.0
0. u
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

13.330
14.624
21. 2u0

45.145

27.o59
31.069
3". 902
33. 209
34.49
29.463
17.930
21. 087
95.527
24.405
20. (o
30.92.)
2(.092
21.476
33.645
12.546
11. 0Ol
14.937
15.632
35.142
2U.721
3d. 199

30. 562
33.0.4
40.*604
37.426
3 6.27 1
33.*21 2
20. 40

23.802
23!.099

25.504
6 1.158
30.114
25. 225
67.245
1.4415
14.741

4(J
(.n

0.3

C.3

c. 

0.0

0.0

0.0

0. c
0.0

0.0
0.0

0.

0.0

0.0
0.0

0.u
0.f

0.0

c.C

6.c
0."

0.0
0.0

0.')
0.0

0.0

0.0
0.C

.*

0.3
0.0
3.0

TIMAL
14.810
20.269
19.267
54.31o
30.940
32.722

47.811
49.757
52.043
48.001
44.927
39.239
37.580
39.465

185.650
38.488
34.621
54.569
35.894
30. 37'1
47.954
2.066

15;d9
21.927
20.584
d2. OO
46.799
49.709

53.015
54.d60
57.733
55.417
50.381
44.536
43.5h3
44.569

456.899
44.17d
42.63d

111.431
41.347
35.672
96.128
10,707
21.175



(TAELL L.SCL CCNTINIIED)
STAGE/UCIIN ICAL
PALKAGE N iJlilUR

9-12
10-13
11-14
12-15
13-16

800M
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-4
6-4
6-6
6-9
7-10
3-11
9-12

10-13
11-14
12-15
13-16

SPH/CONp ($/1000CN)

98%
11
12
13
ii
21
22
23
24
31
32
33
3d,

91
42
45

Lii b~ ii
SKILLC IINS61LLLD ''IAL

9.l324 .n9.324
a.577 0.0 t.577

131.6h1 0. 131.651
50.4U9 C.0 0.449
34.542 0.0 32.532

25.4050
22.273
10.0111
19. 12
12.1171
12. 1l3
24,749
21.963

290.154
17.024
1d. 194
t2.073
11.994
11.259
36.021
16,211
7.646
9.995
6.951

206.453
79.467
51.620

4.333
5.597
5.335
7.841
2.799
4.063
3.u05
'6.307
2.347
3.611
3.153
5.855
2.038
3.302
3.044

0.0
Q. v
0.0
0,0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

.0
0.0

0.0
O0
0.0
0.0
0.0
0.0
0.0
0.8

0.0
0.3

0.0
0.0

0.0
0. C
0.0

i5.059
22.273

19.152
12.871
14-136
24.749
21.963

290.154
17.024
1b. 094
t2.073
11.994
11. 259
36.02 1
16.21 1
7.b48
9.995
6.951

2CO.453
79.467
51.620

4.333
5.597
5.339
7.041
A.799
4.0b3
3.605
6.307
2.347
3.611
3 .353
5.855
2.03d
3.302
3.044

9.6461
10.k335
49.F179
:19. 2 3
52.49de

16.2549
18. 16'34
20,2371
19.5919
19.172o
16.0674
10.1093
11.990 E

134.9457
14.6426
14.0636
38.4919
16.4425
13.446C
40.3307
10. 1323
8.3r83

10.3395
10.7653
713. 1236
61.0007
83.300$

3.0335
5.0993
3.6210
4.4520
3. 2051
5.350o
31,723
4.7033
1.0816
3.1471
1 .6648
2.4998
1.0647
3.1481
1.61298

u.442')
.352

',. 9503
24252

35. QI54

10. 8571
11.2C50
14. 1006
14.97b0
14. 1866
13.5516
7.1451
7.4815

104.9 102
8.7410o
9.9052

28. 2387
10. 21b2

9.5b53
31. 1205
7.6939
6.3068
6. 30E1
7.1905

45.3994
41.2164
55.6389

1.9758
3. 4371
2.5706
2.77b4
2.1436
3.6049
2.7464
2.94u3
0.6122
2.0734
1.2150
1.4148
0.6128
2.0740
1.2156

Vn T

INT/DU k 02 U PC Fm L
3.8373
3. 67u

19.8366
14.7125
26.39011

4.9272
b.0J60
6.3901
5.8331
7.0f03
5. 5o20
4.8o32
5.9554

67.6947 2
6.0q59
4.40%

14.4119
* Si 08

4. 1625
12. 9540
3.5458
2.8995
4.0689
3.*8268

31.13771
23. 1151
32. 3c61

1. 2582
1.9954
1.3149
1.5969
1. 3902
2. 1274
1.4469
1.7289
0. 53-00
1. 6 73
0. 5867
0.8686
0. 5285
1. 2657
0. 5852

TT.\ L
19.9262
20. 7452
9,3.6051
80, 1513
07.9823

32 3'.2
35.4 10"
42.7z77
40. 4 )08
40. 4UU6
35. 1109
22. 1176
25.4471

307. 55,3
30.4331
28.0784
81. 2126
32.2b1 U
27. 1937
86.4072
21. 3720
17.5165
21.3145
21. 7626

154.0305
126.2542
171.3057

6.2678
10. 5318
7.5145
8.8274
6.8190

11.0829
8.0656
9.3785
2.223
6.4877
3.4705
4.7834
2. 2239
6.4878
3.4706

1 ! sRF
0.0
0.0
0.6

0.0

0. 0

0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.9

0.0
0. 0
0.0
6.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.')
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0,0

N

ANO :oS4 r .AT.PEALSR
19.926 0.0
20.745 0.?
96.605 0.3

10.151 0.9
107.96w 0.0

32.039 0.0
35.410 0.aC
42.720 0.0
40.401 0.%
40.409 0.0
35.181 0.0
22.11 0.0
25.42I 0.0

307.55 0.0c
30.230 0.0
28.07d 0.3
91.211 0.0C
32.252 0.0
27.194 0.C0
86.'407 0.0
21.372 0.0C
17.517 0.0
21.314 0S0
21.783 0.0
154.630 0.0
126.254 0.0
171.306 0.0

.268 0.0
10.532 0.0
7.514 0.0c
8.827 0.0
6.81) G.c

11.083 3.0
8.066 0.0
9.379 0.0
2.224 0.0
6.488 0.0
3.470 0.0
4.783 0.0
2.224 0.0
6.488 0.0
3.471 0.0

TOT\.1L
29.251
27. 323

230.256
130.600'
14),415

57.96
57.693
60.839
59.553
53.280
47.317
46.B67
47.391

597.704
47.254
46.173

143.285
44.246
38.453
122.428
37.583
25.164
31.310
28.734
361.03
205.721
222.925

10.601
16.129
12.854
16.669
9.618
15.145
11*070
15.685
4.571
10.099
6.824
10.639
4-262
9.789
6.5114



(TAELE 8.5CL CONTINULD)
ST&GL/TCIINICAL
PACAAGE NU;La1 SKILLLE

4t 5.546
SURFACIMG
GRAVEL ($/100CCM)

11 7.042
12 6.203
13 10.26 t
21 6.358
22 5.520
23 9.52
31 5.855
32 5.017
33 9.079

1 5.739
92 4.901
43 6.963
51 10.408d
52 9.569
53 13.671

WDIS (s/I(OCCM)
111 7.451
112 65.51 u
113 87.13
121 74.544
122 72.73E
123 94.276
211 66.677
212 t4.871
213 6.405
221 73.770
222 71.9b5
223 93.502
311 tb.032
312 64.355
313 "55.093
321 73. 12W
322 71.3oeG
323 94.1b5d
411 65.903
412 64.097
413 c55.63b
421 72.996
422 71.191
425 92.729
511 70.75
512 68.869
513 90.407
521 77.768
62Z 75.963

LAiub
UNSKILLED

0.c

0.0
0.j
0.L
0.G
0.9
0.0 1)
0.0
0.0
0.0
01.0
0.i0
0.6
4.4943
2.4043
2.4943

11.1316
10.0224
14.o3"')0 e
17.11312
17.250
21. 1494
11. 1316
10.1224
14.3268
17.b312
17.250
21. 129"
I 1-lsIbh
10.1224
14.3268
17.03 14
17.u5O
21.1294
11.1316
10.8224i
14.326u
17.6312
17.6250
d1.1294
13.053
13..0992
16.005
20.4079
20.09b7

LUUIpM"ILQUIP!NT
TCfAL INibI MAINT/MISC FUlcL TDLAL 1HO0SZ AND H046S

5.546 2.5039 1.4154 3.672 4.7d35 0.0 4.783

7.042
6.203
10.66
6.359
5.520
9.502
5.55
5.017
9.079
5.739
49)1
d.96 3

12.-s02
12.064
16.165

7 E.502
76.339
1c1.510
92.375
9G.3o3

115.406
77.818
75.694

100.736
91.601
65.590
114.632
77.164
7t-1780
100.22)
SC.956
u8.945
113.907
77.035
74.92 C
99.962
90.828
eL.816

113.850
8iH.280
82.268
107.200
9 -176
96. 061

2.o715
3.85J41
3S 119
5.15 F9
3.5TiE
4.7673
6.C732
1.360C
2.5425
3.8494
1.4641
2.6466
3.9525
4.1)10
5.3735
6.6794

17.04Ce
37.621
41.3852
19.3403
39.9$21
43.6852
la.0 109
38.6523
42.3554
20.311C
40.9523
44.6554
15.58 17
36.223(
39.9261
17.8817
3a. 5230
42. 246
15. 68119
3o. 3232
40.0263
17.9819
38.6233
42.3264
18.4934
39. 1347
42.8378
20.7934
41.4347

1.896C
d.8b64
3.1115
2 . 506 t
3. 4764
3.7215
0.9625
1.9329
2.1760
1.0214
1.9918
2.2369
2.5452
3.5 15b
3.7607

12. 1u90
'9. 1294
23. 157
13.9292
30. 3695
O75. 0559
12. 370
29.7774
23.9637
14.5772
31.5175
25.7039
11.157
28.0991
22.2854
12.896o
49.8392
24.0256
11. 2154
28. 1558
22.3421
12.9556
29.8959
24.0d23
12*7867
29.7270
23.9134
14.5268
31.4672

1. 1534
1.3661
1.6104
1.5337
1.7471
2. 1307
0.6654
0.878 4
1. 3224

1).7T!29
0.9163
1.35 9i
2.189)
2.4)23
2.8459

10.5o22
14.9762
16 .9473
11.451
15.0672
17.87d3
1 ).9663
15. 3304
17.3914
11.8573
16.2713.
18. 2e 24
10.0187
14.432 8
16.4438
10.9097
15.3237
17.31441
19.054$
14.4688
16.4799
10.9457
15.3598
17.3709
11.5011
15.9952
18.0063
12.4721
16.8662

5.7209
8. b73

10.0819
7.645
9.990b

1 1.9654
2.9878
5.3542
7.3486
3. 1604
5.5547
7.5493
8.9250

11.2914
l3.2auu

39.7919
81.7677
81.0803
44.743 1
96. 7189
$6. b 1 I 4
41. 0i43
ai. 3130

93.7106
46.7454
86.74 12
na.64 17
36. 7591
7 0.7 5 40
78 65541
41 .902
836860
03. 5865
36. 952 1
78.9479
78. U404
41.11)33
03.0790
83.7796
42.0b12
84.u5t9
84.7575
47.7923
89.7881

0.0
0.0
0.0
0.0
0.0
3.0
0.0
0.0
0.0
0. 0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0. 0
0.0
0.0
0. 0
0.C
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0

fATEPIALS T3TAL
0.0 10.329

5.721
7 .387
10. 002
7.624
9.99 1

11. 985
2.988
5.354
7.349
3.198
5.9591
7.54v
8.925

11.291
13. 286

39.792
91.763
81.688
44.723
b a 719

116.619
41.u14
63.810
83.711
46.745
80.741
0U.642
36.759
70.755
78.655
41.690
83. 680
83.587
36.952
78.94d
70.d48
41.1183
83.879
113.710
42.061
8'. a 057
84.757
47,.792
d9.788a

1023.64
1023.o4
1023.64
1023.64
1023.64
1023.4
1023.E4
1023.64
1C23.o4
1023.64
1(23.64
1023.64
1023.64
1023.4
1023. o4

1110.92
1110.92
1110.92
1110.92
1110.92
1116.92
1113.92
1116.92
1110.94
1110.2
1116.92
1110.92
1110.92
1110.92
1110.92
1110.92
1110.92
111 C *.92

1110.92
1110.92
1110.92
1110.92
1110.9k
1110.92
1110.92
11 10. ec
1110.52
1110.92
1110.92

Ph
C"
L46

1036.403
1037.931
1043.988
1P37.623
1039.151
1045.208
1032.483
1034.011
1C4.068
1032.568
1C34.096
1040.153
1045.468
1046.596
1053.091

1229. 2iU
1269.053
1294.121
1248.021
1288.006
1312.948
1230.546
1270.427
1295.370
1249.270
1299.254
1314.197
1224.846
1264.856
1289.1799
1243.570
1203.554
1305.497
1224.910
1264.791
1289.734
1243.634
12k). 618
1308.561
1238.Ob
147. 049
1302.888
1256.892
1296.773



(TABLE D.5CC CCNTINUD)
FTAGE/tECHNIC&L LAUI,,h
PACKAGE Nr1Ir.2R SKILLE1 UNSKILLED IA'IAI.

523 97.500 23.6031 121.104
DAST/G (S/10Or8)

1111 1.406 0.4978 1.904
1112 1.243 O.4978 1.741
1121 1.54E 0.a2L4 2.466
1122 1.380 0.9204 2.300
1211 1.406 0.4953 1.91)1
1212 1.241 0.4958 1.736
1221 1.540 0.9104 2.466
1222 1.3JC 0.9184 2.298

DDST/N ($/OO5fl)
1111 1.300 6.4803 1.060
1112 1.217 0.4603 1.69o
1121 1.522 0.89vd 2.422
1122 1.354 0.6993 2.254
1211 1.390 0.472 1.856
1212 1.215 0.4762 1.691
1221 1.522 0.9177 2.420
1222 1.354 0.8977 2.252

INT/DIF HMINT/.fSC ?117 '2L.1L
45.137t 25.6535 10.973 89.68ud

0.626o
0.6310
3.5101
0.5225
19629S
0.6344
0.5214
0.5259

3.6 16Jd
0.6243
0.5113
0.5157
0.6223
0.6268
0.5138
0.5183

0.3814
0.3J857
3.3624
0. 36b6
0. 3o39
0.3881
0.364a
0.a691

0.3763
0.380
0.3571
'3.3616
0.3762
0. 3825
0.592
0.3635

0.3530
0.3422
0.27 14
0.2610
0. J6 i'l
0. 3522
3.281T0 *3 2 2'

O.2710

0.3433
0.3326
0.2622
0.2514
0.3512
0.3404
0.2700
0.4592

1. 3u 09
1.3569
1. 1522
1.1502
1.3767
1.3747
1.Id0
1. 1600

1.3394
1.3376
1.1307
1.1207
1.3518
1.3497
1.1431
1.1410

vQUI iar;N?
HuLSE AND IIOrS! IATLRIM.S . TOT\L

0.0 09.169 1110.92 1321.716

0.0
0.0
0.0
I.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.361
1 .359
1.152
1.15V%
1.377
1.3175
1.1601
1.16

1.339
1.338
1.131
1.129
1.352
1 .S50
1.143
1.14 1

45S.5
45.65
45.65
45.65
45.5
45.65
45.1,5
45.05

.ins. 11
38. 11

38.11
38.11

a6. 11
38. 11
38. 11

48.9 1C
46.746
49.266
49.096
48.924
48.757
49.280
49.110

41.312
41.147
41.664
41.494
41. 320
41. 153
41*674
41.505

4P,



TABLE B.5CD: UNIT COSTS OF THE 1970'S TECHNICAL PACACES FOR 511 STAGES AT THE PRICES CF A TYPICAL DEVELOPIUG CCUNTAY.

STAGE/TECHNICAL
PACKAGE NUMBER
SITE PREP I$SHA)

11
21
31

EXC/HAUL (1/100BCM1
2M

6m
14-0

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
S- F
6-4
6-6
6-9
7-10
8-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9

LA COR
SKILLED UNSKILLED TOTAL

12.093
2.356
1.3)9

17,5972
2.9133
1.2973

0.036 0.0

0.359
0.347
06280
0.260
09196
0*176
0615
0.341
0.228
06259
0.2 )e
0.121
0.179
0.158
0.380
0.125
06364
0.00
0.064
0.074
0.029
0.015

0.60
0.347
0.251
0.261
0.197
0.176
0.35)
0.341
0.264
06259
0.239
0.129
0.179
0.159
0.0RO

0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.9
0.03
0,0
0.0
0,0
0,0
0.0
0.3
0.0
06)
0.03
090

0.0
090
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.)
0.0
0.0

29.690
4.969
2.617

EQIJPP'FNT
PIT/DEP MAINT/FISC FUEL TOTAL

334,6667
72.9035
62 .934 7

144.0271
34.5526
34.4411

294.5722
69. 1464
42,0116

773.66551
175.6024
139.4074

EOLIPIrNT
HCRSE AND H3ISE PATEiIALS

c. 773,665
c.0 175.602
30. 139.407

0.C18 1.7563 OA10.i 0.8065 3.4011 0.0

0.359
0.347
0.280
0.260
0.196
0.176
0.352
0.341
06228
0.259
0.238
0.121
0.179
0.158
0.090
0.125
0.064
0.008
0.C64
0*C74
09029
0.015

0.360
0.347
0.281
0.261
0.197
0.176
0.353
0.341
0.264
0.259
0.239
0. 129
0.179
0.159
0.RS

32.5410
36 .6 309
41.6060
37.0e12
36.?277
2967633
17.6509
21.6632
12. 6 726
29.4903
21.1256

2 .4 32 522.4525
22o.2506
10 7408
9.5562
0.5910

10.M614
11,9423
3.2653
2.6513
2.i90

'1265089
36o6677
416664
37.1962
36.2738
29.8401
17.6988
21.7000
14 .666
25.S506
21.2307
9.703
28.4906
22.3274
11.3356

17.0091
16 A 61637
23.4233
22 .644 3
22.9526
21.2517
10.4399
11o4717
9.0725
1?. 7944
11.9823
5.13999

15 075i
13. 3771
7.2274
5.7P65
5.2020
5.1442
6.5 158
1.534
1.451%1
1 .5537

17.0353
1%.90806
23.4509
22.7010
22.9737
21.2932
10.4659
11.4886
9.3407
12.0123J
12.0395
5.7529
15.1965
13.4191
7.6276

15.2133
19 * 1342
26.0594
17.568
22.919?7
10.01'1
14.9412
18.709
11 .0P64
2). 13'.5
11.9724
5 .e941
16. 7535
12 .096
6 .0173
5.6759

7.5350
7 .423
2.3237
1 .7339
1.9237

iS .25? 5
19,1660
26.9113
19.C400
22 .9470
19 a C)A
1495824
19.8227
12.8282
20. 3365
12.0264
6.2793
16.7813
12. 1434
6.3505

65. 5635
74 .62P3
91 .8PRA
77.7121
02.0996
69.0276
43.339
51.9250
31.q314
58.609
45.0p00
20.2772
60.215
47.7273
23.9955
21 .0106
18.8816
24.2406
25.9604
7.1 BZ'
5. 8361
6.3164

65.6768
74 .7143
92.0287
77.9209
42.1946
69.1871
43.1471
52.0113
36.8325
58.7491
45.2966
21.6025
60. 1765
47.8860
25.31317

0.0
G. u

0.0

0.3
0.0
0.0
0.00.0
0.3

c0 00.3
0.0
0.0

0.0
0.0
0.0C.3
0.0
00

0.00.0
0.0

0.0
(.0
0.0

0.0

0.0
0.0
0.0
3.0
0.0
0.0
0.0
0.0
0.0

0.0

57.6.1
57.60
57.60

3.401 C.C

65.564
74.629
91.209
77. 712
P2. ICC
69 .02(1
439)34
'11.926
31C. 1
58.609
45.9aOG
20.2177
62 . 2a1

23. 905
21.019
18.892
24.341
25 *.963

i.1B2Z
5."36
6o116

65.677
74. 714
92 .029
77.929
82. 195
6997111
43.147
f2.01 1
36 9q32
58,749
45.2971
21.62
60.176
47.87

0.0
C.C
3.0

0.0
0.0
0.0c. c

c c'.03.3
C.C
C .0
0.0

.c

to0
0.0
0.00.0
0.0

L

0.0
0.0

0.0
0.3

Clio0.3
0.3

0.0

..0
0.0

3.0

238.11
199.643

4* 
L,
L1

9m

65.922
?4.576
92. Pc9
17.972
12.296
61.251
143. 6 9
52.266
C.06)
38 .P62
45 31

S.461
47.qp 5

24.*066
?1.141
10 .946
24.429
26.725
7.156

bl.331

P6.316?E.C62
12.13)
70.618')
'2.391

6936 1
41.50)
52.352
37.096
51.003
45.516
21.732
(3; .555

.45
259398



(TABLE 8. 560CONTINUE
STAGE/TECHNICAL
PACKAGE NUMREK

7-10
8-11
9-12
10-13
11-14
12-15
13-16

60M

-Ph

100M

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-05
5-8
6-4
6-6
6-9
7-10

0n)

SK ILL 1:
0.1,10
0.066
0.090
0.065
0.097
0.037
0.0211

0.377
0.160
0.291
0. 76
- .20
0.185
0.371
0.353
0.873
0.270
0.255
0.264
0.187
0.167
0.160
0.167
0.047
0.125
0.084
0.439
0*16.8
0 * 106

0.391
0.369
0.299
0.2R8
0,211
0.192
0,3PI5
0.363
19339
0*278
0.267
0.367
0.193
0.174
0.22?
0.177

ENUIPM9T
INT/OE" MAINT/PIISC F L

LAOR
UNSKILLED

0.0
0.3
0.10
0 .o
0.0
0.0
0.0

0.0
0.0
0 el
0,0
0.0
0.0
0.0
0.0
0041
0.9
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.
0.0
0.0
0.0
0.0

0.0
0.9
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

TOTAL
0.130
0 .C66
0.c90
0.C65
0.097
0. C17
0.C20

0.3177
0.360
0.291
0.276
0.205
0.185
0.371
0.353
0.873
0.270
0.255
0.264
0.187
0.1b7
0.160
0.167
0.C687
0.125
0.094
0.439
0.168
0.106

0.391
0.369
0.291
0.298
0.211
0*192
0.3I
0.363
1.339
0.270
0.267
0.367
0.193
0.174
0.227
0.11?

1, TCTAL
9.9696
P .247

11.1361
12.149d
4.?907
5.4674
3,.9433

33.3904
37.9138
42.0733
38.7622
37.6569
31.111
18.9)03
22.9661
48.5105
26.7575
22.406
19.5515
29.9P16
23.6054
21.4466
12.9233
11.6500
15.4516
15.7232
19.3613
1596426
200'467

34.0 125
38 1972
43.77R5
35.9704
18.7172
32 *1QR2
1991724
232295
74.1781
27,.6627
24.0148
27.1860
30.9419
24,5955
40.132
1 1.5858

6.0368
5.3435
6.0946
6.6494
2.0889
1.q979
2.1r,,1

18.2740
19.2769
24.0032
23.95643
21.6065
21.9926
10.9946
11.S849
30.9012
13.3643
12.9020
11.7526
15.7294
14.1185
14.4312
7.7647
7.0541
8.4564
8.6050
9.4476
8.9609

11. 1354

18.6144
19. 5 804
24.4174
24.2255
24.0917
22.5345
11.2451
12. 1884
47o'3794
13.7784
13.5633
16.1419
16.?145
14.6604
20.4l109
8.2265

5,9214
5.2269
7.7261
7.6122
3.0461
2.2678
2.6729

15.9091
19.9129
27.5496
18.513
2 .1 * 7 13
1R.'30
15.6390
19.5696
42.4 185
71.4248
1?.8$69
12. 8292
17.6157
12.L95
12.0150
7.6161
6.9U04
10.7185
9.8519

13.1790
10.2299
13.7869

16 .4187
20.4850
259.7283
10.4727
24.4210
19. 2q92
16 * 140
20 9 1417
65.0690
22.2035
13.45 3
17.8374
18.2553
13.3457
16.9935
8.0693

21.9279
19 .o35?
24,9961
2694114
9,41V9
7.6334
8 *7 73 1

67.5736
76.7236
94. 261
81 . 1773
85.0447
71. 8437
45.04 19
54.206

121.8501
61.5466
48. 5451i
44.1322
63,2267
50.5434
47. 8928
28. 2043
25.6047
34.6264
34. 1801
42.5869
34s.4334
45.2690

69.9457
78,2626
96.9242
83.6686
87,2299
73.9019
46*51601
55,5596

186.9271
63.6447
51. 364
61.3657
65.4118
52.6016
67.7375
29.8816

c0 PS
0.0
0.0
('.0
0.0
.0

0.0
0.0

0.0
090
c.0
0.0
0.0
0.0
0.0
0 0
00
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

EQUIPMENT
AND HOSE

21.5>1
19.3.75
249957
26.411
9.416
7.6351
8.773

76.724
94.426
I1.1178
.35.0(95
71.944
45.C44
54.9021

121.C53j
61.547
to .546
44.12
63.27
r1.54 3
47.893
28.20
25.505
14.626
34.18.2
42.587
34.431
45.269

69.046
78.263
96.924
93.469
f7o2 1
73.q02
46.516
55,956Q
1L6.027
63.645
51.036
61.365
65.412
52.632
67.38
29.882

ATE4 ISIS

3 Z
3.)
c.c

r .

a.
0.4
%.0
0.0
3.0

CC

0.0

3.3
C3.3

0.0

9.3
9. r

.I ~

2.0

0.0
J.C

c~c

0.0

2.0

3.0

3.0
0.0
C.:
0)

0.0

0.6

7 ITAL
22.;55
.461

25.PIL7
26.477
9.511
7.C71
E .794

z7 551
77.093
15.Ii7
01.454

59.24-1
72 .024
45.415
54.374

122.723
t 1 . AIL

44.396

f'.711
4d.051
2%.371

2 9 2
>4.751
314.265
'o..26
14.692
45.375

69 .4 17
TA .632

27.44)
74.094
46.901
:5.q22

1Ir.1615
63.922
51.1I32
61.732
A 5.6O)
52.776
67.964
)0.C5?



(TABLE 8.50 COCNTINUEDI
STAGE/TECINICAL
PACKAGE NUMBER

8-11
9-12

10-13
11-14
12-15
13-16

165"

(a,

500M

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13
11-14
12-15
13-16

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11

IK ILL FD
0.091
0.131
0.094
0.61')
00242
0.154

%.4 35
0.379
0.307
0. 300
0,217
0.1913
0.398
0.373
1.828
0.286'
0.279
0.410
0.199
t.Ie'
0.286
0.193
0.098
0.142
0. 100
0.952
0.367
0.233

0.472
0.426
0.346
0.351
0.246
0.230
0.465
0.420
4.499
0.324
0.35
o.979
0.228
0.212
0.574
0.269
0.131

LAeCR
UN$SK ILLE0

003
0.0
0.0
0 0 $
t.or
0.0

0.03
0.0
0,0
0.0
0.03
0.0
0.0
0.3
0.0
0.0
0.3
0.0
0.1)
0.03
0.0
0.0
0.0
0.0
0.0
0.90
0.0
0.0

0.0
0.0
0.03
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0 .0
0.0

EQUIPMEPJT
INT0EPMAI\T/F'ISITOTAL

0.C91
0.131
0.094
00630
0.242
0.[54

0.405
0.379
0.307
0.300
0.217
0.1981
0.398
0.373
1.828
0.28
0.279
0.4B0O
0.199
0.1e1
o.216M
0.19)
0.09P.
).142

0.100
0.95?
0.367
0.233

0.472
0.426
0.346
0.357
0.246
0.230
0.465
0.420
4,499
0.324
0.335
0.579
0.228
0.212
0,5,4
0.269
0.131

12 .1732
16.1 51
17.4782
27.7P42
22.5199
29.6251

14.6465
38.9974
44.7139
41.1524
3997775
33.0677
15.7564
23.9297

101.5552
2F. 9 191
25.1960
35.5181
312.22
25.5550
38.2751
14.100
1 3.0104
17 .5204
18.6831
41 .9763
34 .0629
45.0049

37.7091
42.1958
49.1795
46.520
44.9946
37. 731
22.0193
27.2281
249.9350

3.30637
30,9464
72.%284
17.1194
30.1604
76.7251
20.6095
17.4053

7.3711
8.0633
9.5655
13.5977
12.1247
16 .2133

10.9614
19.9009
24.8454
24.8724
24.5769
23.0596
11.5921
12.5083
64.6908
14. 2064
14.2101
21.3504
16.6997
15. 1055
25.7548
8.9677
7.T700
9.9SP86
10.2250
20.4829
18.6420
24.6304

20.6375
21.4100
26.PP87
27.9917
26o.9181
75.5800
13.2681
14.018)
159.289
16.2497
17.3294
43.5977
19.0411
17.705i
51.6274
12.4795
10.5397

: FUEL
7.2101

11.2352
10.9513
19,7720
14.7273
20 .0738

16. 9'Q 1
21.0999
29.5 310
20.C036
25.0696
19.7691
16.6680
20.7456
81.8437
23.032
14.0662
23.3043
18.8950
11.8556
21 .4428
0.7963
7.7061

12.1498
11.7052
29. C715
22.2761
3094951

19.4470
23 99336
31.3746
23.0 119
29.1477
22.2165
19o1760
21.5903

219.6911
26.8498
16.9975
47.5876
21.5821
16.3030
42.9836
12. 2410
10,3093

EQLIPMrNT
HCISE AND P r' ! \AT R FALS

0.03 26.755 0.3
TCTAL

26.7546
36.2935
37.9949
61.113-)
49 . 9719
65.9122

70.5462
79.'971
99.092?
86.1053
R 9.415,)
75.9964
480.165
57. 1941

255o.0895
65.9127
53. 4731
80.1729
67.5969
54.5961
85.4727
32.5740
28.5945
3992599
40.6131
92.3307
74.913

100,1304

77.1936
87.5395

109.4420
S7.0556
99.9607
85.4696
55.2639
64.9365

627.7947
76.1631
65.2?',

163.7115
78. 1426
64.1693

171.3360
45.3299
38.2530

0.0
0.0
0.0
0.0
0.0

C.3
0.0
0.0
0.')
0.0
0.0
0.0

c.0 3

0.0
0.0
0.0

9.0
0.0
0.0
0.')
0(0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0,0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

36.214
37.195
61 . 11 4
49.572
65. 12

70.946
79. 897
,g.092
26. 1u5
A 9. 41 5
75.:96
48.016
57.184

255.99q
65.913
53.473
40. 173
67.997
54. 596

a5. 1,7 3
12.574
28.5 4
39.259
40.613
92.351
74.9 13
')0. 130

77,794
87.539

109 .4t3
97. 056
99.O1
95.47 'J
55. ?6A
64.017

627.745
76. 163
65.223

163.713
76.143
64. 169

171. 136
4 5. 0U
38.24

c.C

0.0

c. c

C.C

2.0

C.C

,:.0

0.0

0.0

.0

0.0

'c
S.C
3.0

d.c

0.0

30

0.0

0.0

3.0
.C

3.0

J.0
3.C00,0
0.03.0

0.0

0.0

a.0 c

1T U%
26.*4 6
16 .4?5

IF o C

5.74

(it a C6,1

99.399
4&.4j5
4.6 12

76. (95
;i,114 15
57.557

256.517
66.099
33.752
90.652
67.794
C4.777
I ,759
12 * 767
28.692
319.401
4t 714
93.202
75.349

IC0,364

7Ho.265

19 ,739
409212

1IC o *236

P5,6W)
55.729.

612.295
76,483
b.551

164.69'1
73.37)
64. 381

171.91o
49 . 599
38.384



(TABLE 8.5C0 CONTINUE
STAGE/TECHNICAL
PACKAGE NUMBER

9-12
10-13
11-14
12-15
13-16

Boom
1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12
10-13
11-14
12-15
11-16

SPR/COMP IS/1008CM)

98
11
12
13
14
21
22
23

31
32
33
34
41
42
43

ED)

SKILLED
0.169
0.133
2.671
1.023
n. 663

0.508
0.452
0.367
0.388
0.261
0.246
0.502
0.446
5.65
09345
0.367
1.259
9.243
0.229
0.731
0.329
0.155
0.203
0141
4.188
1.612
1.047

0.008
0.114
06108
0.159
0.057
0.082
0.077
0.124)
0.048
0.073
0.068
0.119
0.041
0.067
0.062

TOTAL
ErtU IP' NT

INT/CEP MAI',T/YISC FUEL
LABOR

UbSKILLEO
0.0
0.0
0.0
0.0
0.0

0.0
003
0.0
06')
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.90
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.1m9
0.131
?.670
1.C213
0,660

0.50A
06452
0.367
0.38$
0.261
0.246
0.502
v .441A
5.885
06345
0.367
1.259
0.243
0.221)
0.731
0.329
0.155
0.203
0.141
4.1 R
1.612
1.047

0.CA9
0.114
0.109
0.159
0.057
O.C92
0.077
0.128
0.048
0.07 3
0.C68
0.119
0.041
0.067
0.C62

23.11)
24.7945

117,7930
95.008

12 7.019 ?e

19.3839
44.0201
515933
50.0301
47.6146
40.0909
24.4936
29.0924
326.9585
35.4775
34.0746
9392519
3960393
32.782
977169
25 .2251
20.6840
25.0516
26.0832

184.7050
149.7362
2019C287

7.3165
12.3777
9.6220

10.6550
7.9254

12.9865
9.2308
11.2638
2.5462
7.6074
3.9516
5.8847
2.5487
7.6099
3.8541

12.7907
13.5696
57.4737
12. 074
69.6136

21 .5541
22.2447
279931
29.7$10
23. 16209
26.9031
14.1047
14.9527

208.2731
17.3542
19.064 A
56,3609
20.2856
19.0292
65.7525
15.2743
12.5246
1397103
14.2749
90.1293
9191.9490

110.4574

3.9224
6.0234
5.1191
5.5159
4.2557
7.1566
5.4524
5.8491
1.2153
4.1163
2.4123
2.8087
1.2165
4.1175
2.4132

1,6.2117
15.5546
03.6175
629 1655
86. 1992

20.9190
25,5070
35.4512
24.646,
29.Z78S
23.5013
20.5499
2; 1617
286,0337
2 9 .9264
1496320
61. 113
23.6229
17 .5A19
54. 7418
l4.9924
1?.2513
17.1924
16.1695

131 .4411
97.9229

136.7581

5.1162
8.4313
5.5559
6.7476
5.8740
8.5891
6.1137
7.3054
2.2395
5.3546
294742
3.6708
2.2329
S.3480
2.4726

TOTAL
52.1751
53. '901

259.074S
209.249?
203.0013

81.7571
91.7718

115.377
104 .4076
105.5661

906.4955
59.2274
69.1689

821.2656
81 .7581
71 . 1751

210.5114
83. 74710
69.1952

218.2132
55. 4P17
45.4599
55.95413
56.5276

406.2751
329.6069
449.0442

16.5552
27.6324
19.2910
22.918
18.0551
29. 1323
20.7961
24.4193
6.0013

17.070?
8.7429
12.3642
5.9981

17.0753
8.7399

HCRSE

0.3

0.0
C .0
0.0

0.0
0.0

00

0.0
0.0
0.0(.0

0.0
0.0
0.0

0.0
o.0)
c .0
0.0
0.0
0.0
0.0
0.0
0.0

c0 0

oon
0.0
0.0
C.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

ECULIPKNT
AND HORSE

r,2.176
53.999

259.C74
209*.
26 1.0)1

Aj.757
91.772

115.0311
104.408
1 5.566

QC.496
99.22

691.069
821,266

91.756
71,775

21',514
93.7i8e
69.61- 1

2169213
55.492
45.46
55.954
56.528

406.275
329.6%17
449.C44

16.555
27.632
19.?971
22 .9 IM
18.055
29.132
20.797
24.418
6.001
17.078
'8.743
12.364

5.998

17.075
8.740

PAr(i1. Ls

3.c.

c. a
0.0

0.0

C 0

c.0 c
'9.#

,.)

0.0

C
0.0
0.0

0. c
c. c0,0
9.C9

0.0
0.0

00

0.0

0.0
0.0

0.0
0.0

c.c3.0

C.0
0.0
zao
.0

0.00.0
0.0

T II
r T 565
54.312

2L1 744
21 .271
21 .61

1? 2 24$Z92.22%
117.4"4
lC4.796
195.9?1
+1'.142

6'1.514
827.151

?2.103
72. 147

211.77s
1;s * 591
6 1o424

2111994,
55.911
45.619
55.157
566 6 9
4 10 46 "
111.219
40) .091

16.643
27.746
19.405
2).C77
1.112
2 .215
23.P?4
24.546
6.049
11.151

12.4R3
6.03)
11. 142
8.802



ITABLE B.500 CONTINUED)
STAGE/TECHNICAL
PACKAGE NUMBER 5K

ii
SURFACING
GRAVEL 4/100CCP)

111
12
13
21
22
23
31
321
33
41
42
43
51
52
53

'Bm ES/100CCP)

121112
113
121
121
123
211
212
213
221
222
223
311
312
313
321
322
323
411
412
413
421
422
423
511
512
513
521
522

* LA P,
ILLFD IUNSKILLEO TOTaL
0.112 0.09 0.112

0.143
0.126
0.208
00129
0.112
0.194
0.119
0.102
Oo.184
0.116
0.099
0.12
0.211
0 194
0.2 7

1.361
1.329
1.768
1.512
1.475
1.912
1.352
1.316
1.753
1.496
1 .460
1.897
1.339
1.395
1.742
1.483
1.447
1.884
1.337
1.300
1.717
1.44ln
1.444
1.81A
1.43
1.397
I.834
1.577
1.541

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0150
0.0158
0.0150

0.0706
0.068?
0.0909
0.1131
0.1118
0.1341
0 .0706
00687
0.0909
0.1131
0.1118
0.1341
0.1706
0.0687
0.0909
0.1131
0.1110
0.1341
0.0706
0.0687
000909
0.1111
0.1118
0.1341
0.0863
0.0850
0.1066
0.1295
0.1275

0.143
0. 126
0.28
0.129
0.112
0.194
0.119
0.102
0.184
0.116
0.099
0.192
0.227
0.210
0.291

1.439
1.398
1.859
1.625
1.587
2.C46
1.423
1.385
1.844
1.609
1.572
2.011
1.410
1.374
1.813
1.596
1.558
2.C18
1 .417
1.369
1.828
1 .594
1.556
2.015
1.520
1.402
1.540
1.107
1.668

EQUIPMENT
INT/CC? PA1NT/MlSC FUEL TTCAL
5.P872 2.8099 3.6642 12.3613

6.5771
9.C616
12.2757
8.7998

11.2744
14.4184
3.3605
5.8451
5.0591
3.6356
6.1901
9.1C42
10.1981
12.0926
15. P967

42.4915
36. 7332
97.6186
48 .Q89
92.1404
103 .2855
44.9422
q9.Q031

1 00.029 1
50.4494
94.6911
105.6365
38.91 7
q3.1603
94.1058
44.5260
q8.7676
99.7131
39.1547
93.3963
14. 1417
44 .7619
09.0035
99.9490
45.9496
90.1911
101.1366
51. 5568
95.7984

3.7641
5.6906
6.1772
4.975)
6.9016
7.3882
1.9 i0
3.837)
4. 3239
2.0277
3.9543
4.4409
5.0515
6.9752
7.464 e,

24. 1977
57.r3284
46.2871
27.6492
61.2801
49.7385
25.4842
59.1151
47.5736
28.9357
62.5666
51. 0250
22. 1523
55.7832
44. 2417
25.6038
59. 2346
47.6931
22.2649
55.8951
44. 554 1
25.7164
59.3473
47.8057
25.3831
59.0139
47.4724
28.8345
62.4654

49.736
F.7752
7.6497
6.4003
7.3819
9.2564
2.P114
3.7131
5.5975
2.5699
3.8715
5.7460
9.4710
19.3727
12.2471

46.0919
64. 7034
73.6799
49.7483
68.3598
17.3 61
47.7995
66.4111
75.075
51.4559
70.0474
79.0439
43.755
62.4070
71. 15
47.4519
66.0634
75.Os99
43.9490
62.5595
71 .5 IJ9
47.6044
66.2159
75.1923
50.6233
69.234 A
79 .2113
54.2797
72.8912

15.2147
20.5275
26.1026
20.2451
25.5579
31.1310
8.0827

13.3954
18.9706

8.*60?2
13.9159
19.4911
24.7207
30.0335
15.6096

112.7812
209.2651)
217.6453
125.4963
221.9800
230.3605
110. 1260
214.6097
222.9903
130.04 13
227.3248
215.7054
104.8665
201.3503.
209.710)
117.5816
214.0659
222.4459
105.1676
201.8514
210.2 iV ,
118.C027
214.5664
222.9470
121.9559
2 18. 4397
226.8202
134.6709
231. 1548

ECU IPl'ENT
HCRSE AND CHUSE NATE 'AtS
0.0 12131 ,. c

c.C
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0
u.S)

('.0
0.0
0.')
0.0
0.0
0.0
U.0
0.0
0.0
0.0
0.0
0.0
0.0
e.0
0.0

(o

0.0
0.0
0.0
0.0

0.00c0

0.0
0.0
0.00.0

3.00.0

0.0
0.0 

15.215
20.927
?6.1 3
20.245
25.958
11.113

13. 195
18.71
8.603

11.916
19 .491
24.721
10.033
15.639

112.7 1
2)9.265
217 .646
1?5.4*6
221.992
210 161
lI. 126
214.610
P222.99Q
130. n41
227. 125
235.135
104. 8671
2(1. WC
I 09.*731
117.502
?14.c65
222.446
105.368
201.951
2 10 .12
110,1l)i
214.566
222.947
121.956
210.440
2?6.820
14 .671
231. 155

'14 * 6(
274.68214. 69

274.68
274.69
274.68
214.68274 .64

274.69
2 ?4.6i
274.60
2174.69
24.64

P7t 6 9

411.30

411.3)
411.3 I
417. i
417.30
417.30
417.10
417.30417.30

417 . 3 C
417.1
417.0
417.30
4 17 *30
417.320
417.3 I
4 17. .13
417.30
S17.33
1 7.3fl

e,17.39
417.30

417.33

A 17. 3C

417.30
417.30
417.30
417.30

4: h
U,
qk0

T!TA1
12.474

2%037
215. 311
'>1.59')
2 15.C54
3-,' 3 51
I 06 . U?

2 12 6941
2i4.177

2-33.19)
29d .6 2.
294.351
2 49.627
124.923
31 .5 2

511.524
627. 967
6'6.899
544.426
641.E71
f9.711
536.853
f 15.299
6'2.1i8
549.75
646.2C0

524o7

6540(

62C.C21
625 . 63
516.48?
612.529
641.76
524.07)

6'0. 14

S 16.90)
633.426
142. 266
540.fl6
637.2Th
646.C65
553.612
650.127



(TABLE B.5CO CONTINUEDI
STAGE/TECHNICAL LA POR E ___ ELIPMENT
PACKAGE NUMBER SKILLED UNSKILD TOTAL INT/CEP MAI'T/MI FUiL TOTAL

523 1.978 0.1491 2.127 106.7439 50.9239 81.8676 239.5353
DBST/G IO/100SM)

1111 0.029 0.0032 0.012 1.5218 0.7573 1.5459 3.P241
1112 0.025 0,0032 0.029 1r081 0,7655 1.5001 3.7740
1121 0.031 0.0058 0.C37 1.2671 0.7193 1.1749 3.161
1122 0.028 0.0058 0.0)4 1.2534 0.7275 1.1293 3.1102
1211 0.029 0.0031 3.03? 1. 299 0.7619 1.59,9 3.0946
1212 0.025 0.0031 0.C28 1.5162 0.7704 1.5e72 3,0339
1221 0.031 0.0358 0.037 1.2751 0.7239 1.2210 1,2209
1222 0.028 0.0058 0.034 1.2615 0.7324 1.1762 391701

OSST/W (O/100SMD
1111 0.020 0.0030 0.C31 1.5053 0.7470 1.5007 3.7532
1112 0.025 0.0030 3.02 1.4918 0.7556 1.4556 3.7029
1121 0.031 0.0057 U.C37 1.2505 0.7090 1.12917 3.0897,
1122 0.027 0.0057 0.033 1.2368 0.7175 1.CP4l 3.0384
1211 0.028 0.0030 0.031 1.5115 0.7507 1.5377 3.800
1212 0.025 0.0030 0.029 1.49Th 0.1592 1.4921 3.7492
1221 0.031 0.0057 0.C37 1.2568 0.7128 1.1667 3.1362
1222 0.027 0.0057 0.033 1.2431 0.7213 1.1211 3.0854

ECL IP ENT
HCRSE AND rCPSE WATEHIALS I2TAL
0.0 2391J35 417.3f 6 E.9;I

0.0
00

0.0
0.0
0.0
0.0
0.0
C .0

0.0
0.0
0.0
0.0
(1.0
0.0
0.0
0.0

3.925
3.74
3.161
3.11 C

3,P34
3.221
3. 17C

3.753
3.703
3.099
3.0 ir4
39900
3.749
3.136
3.C85

IM. 5C
107.50
107. 50
101. 50
107.50
10,50
IC?. 50

24.9)

84.90

84.90

84.9084.90

1.359
111.3:4
11 . 697
Ilte.,4
111.41 5
111.341

1759
11(.705

%9.6f

a .r,z2r5

r7.71
.1 tl

3.372
?9.Cl3

C0h



TAELE N.MA : '1E A1OL'NT OF tNVISTNEMT AT THE PRICES CE 1974
AiC THE ANOrINT OF LABCR REtiUIRED FCI THE GLVEM HATE OF
EhCEUCTION FO THE 1920'S TECHNICAL PACKAGES FOR ALL STAGES.

5rTAF/rECINICAL
PACWAGE !JUVBR
:IT? PtLT (PE /Ha)

21
CKC/HAUL

64

Icom

900"

SPR/CCMFP
733

(IOGFICP/tHRI

i-I
1-2
2-1
2-2
-1

3-2
'-3
5-4
6-5
7-6

10-7
10-13
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7
10-7
10-8
10-9

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-
10-7
10-9
IC-9
(1.3C/WU

IL

Lerrw (LNSKILO L/UNT TR
SVILC? U5'.rLL r r rTTAL

211.1S P61.6621 173.054
41.787 21.6954 6?.482

27. P7
2.*J 0 0'::
22.495
22. R2'
22.445
22.*570

3. 27P
3.Q53
7.206

5. 13
5.115
13.612

27. !7S

2. CC,"
? 2 * 69r
2 ? * 9 2-'
22.445
2?.571
3.27P
3.C53
7. 2C6
5.905
5,v 9035.52

5.130
5. 115

15 oev3q

155.166P
152.052
126.352
126.9912
125.0443
L24. rW2

1'4.7769
15.?021l

49. 917

7.5419
7.6126
4.3164

273.0579
257.9636
246.244')
231. L497
244.9361
229.541'3

63.9789
36.1793
61.m161

.0
13.TOT'
9.2214
12.5306
9.2345
4.3164

27.87~116 j. 5752
2A. CCC0LC33.6873
2?. 6951133.7612
22.8201C08.873 1
22. 4451132.453IL
22.571CC7.5652
3.278 365.9253
3.053 187.7764
7.2Cr. 150.6162

42.663 2.0
2.052 52.6327
3.903 46.1462
5.130 43.4555
5.115 21.22'R3
33.154 4.3164

122 3 4 la. I137

181.041
180.995
149.04A
149.r11
14 7.4g9
147.353
23.055
1S.762
51.028
el.946

126671L
L2.727
17.*92 8

3C&.932
295.963
26.939
253.970
267.* 3P I
252.412
64.257
39.232
69.022

5.9n5
L5.760
L3.125
17.660
L4.*349
20.Z5

1198 .449
1063.61%7
1156.456
1)3 1.693
1154.898
1)30.*m115
36S.2.14
190.829
157.823
42.663
52.654
50.050
54.* 5A5
26.343
37.47L1

;r.797

1\vFSTfE'r (1GC)/LN IT)
UIP"EN T c "r T T AL

6.02
625.50

P.0cc
11.02
8.55
1.58
19.12
22.15
1.62
2.16
7.51
16.36

L65. 35
196.40
3-0 oL9

15. 11
19.93
15.66
20.4O
26.24
31.05
4.27
5.23

12.36
102.15
33.99
58.02
172.37
198.99
334.39

67.77
p5.85
6t.32
86.4C
78.89
96.97
23.92
29.37
47.73

718aC2
85. 8P
139.93
224.27
292.09
5Q 7.39

3.40

14.21
C. C

r.:0
C. 0
1.R2Z
1.82
r.o
0.0
9.17

* .78
0.0

0.0

9.0

2.0

0.0

11.02
l aR2

0.0

30.06

26.52
23.44

C.0
4.56
0.0

0.0
C0 c

21.50
15.87
c. 0
0.0

2C1.50
152.E7
72.78

I I .53
24.76
25.08
c.0
0.0

1.35

20.23
625.50

e.GG
11.02
10 *.37
13. 49
19.*12
22.L5
11 *79

11 *.62

24.37
16.36

167.14
186.4C
300.19

15.11
19.93
17.48
22.30
26.24
31 .35
36.33
31.8C
35.31
102.15
45.00
62.27
176.93
19 *.99
334. 39

67.7
p5.85
70.*14
P8.22

96.97
225.42
181.23
120.51

02,63 . 37 1 * 82

117.42
134.69
249.35
292.C5
587.39

4.*78
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(TAALE B.(A CONTINUfDI
STAZE/TFEHNICAL LA
PACKAGE NU M 32R K

21
98 .

11
21
12
22
32

SURFCING
GRAVEL (IJOCCM/HRI

IL
21
12
22

WBf (I0CCM/HR)
ILL
211

D'Sr/G ([CO PS/HR)
1111
Li2L

D8ST/W (100 SP/HR)
1111
1121

"aZ (UtSCILLFC MJ/LNIT)
ILLEr' U-SKILLFD TTAL
C. r= 4.2772 L1.0qC

4.809
7.382
4.829

R.232
2.652

12. 23
5.730

53.1964
D* 9570

47.2711
3. '3"6
c.0 

47.24'?
16.6116
43. 0070
12. 737

5.36q 124.6915
42.12 74.176

2.327 10.1501
1.752 4.5783

64.536
14.765
57.G80
1 o.416
4.R29

55.477
19.264
55.243
18.l104

175.061
117.110

12.477
6.330

2.327 10.1501 12.477
1.75? 4.579- 6.330

INvESrTvcNT (I1003/LNITI
ECUIPvENT H!MSE Yr.

12.4) 4.75 17.15

15.31
24.31
14.24
23.24
50.82

10.99
15.41
27.77
32. iS

368.19
3173.eP

9.90
26.C5

9.90
26.05

NOTE: LABCR IS EXPRESSED IN UNITS Cr U !$KILLED "EN; TAT [5,

6.58
-. 96
2.C0
3.37
0.0

4.71
6. 16
n.0
1.45

9.69
11.58

0.0
G.0

0.0
c.0

THE ACTUAL

2l.49
34.27
14 .24
26.C1
5) .82

-9

15.7C
21.57
27.7

3A.6

9.90
25.35

9.90
26.05

rcuM ER
OF SKILLEG PEr REOJIMEU IS WEKIHTEC PY THE RATIC CF THE SKILLED wiGE rO
riTE UNSKILLEC WAGE F02 THE PERIOD &F THIF TECHNCLOGY; THIS FACTCR r THE
19os IS 1 .91.
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rAUL! 8.65 :11E AuOUNT 0? LNVLSI3ENT AT THE PRrCES OF 1974
aDE TIE A9OUNT OF LASCR REQUIRED FE' THE GrVEM RLTE OF
FRCCUCTICN FOR THE 19508S TECHNICAL PACKAGES FCt ALL STAGES.

SI AGF/fECHNIC;L
PACKAGE NURIF
SiTE PI1 EP (kJA'HF)

11

EXC/bAUL
61

ICC"

ECCH

LASCR [JSKILLEC MEN/rTNIT
SKILLEC UNSKILLED TOTAL

206.15512i7.8425
26.147 21.6954
17.645 21.6954

21
31

(10CECE/HEf)

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-14
3-1
3-2
3-3
3-4
5-5
6-6
7-7
8-8
9-9

10-10

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4
3-1
3-2
3-3
3-4
4-2
4-4
c-c
6-6
7-7
8-8
9-9

10-1C

1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-4

3.131
2.706
2.646
2.511
3.226
2.601
2.741
2.605
2.611
2. 186
2.126
1.991
2.157
2.C17
0.943
0.629
0.343
0.279

3.744
2.992
3.15C
2.797
3.839
3.087
3.245
2.892
3.224
2.472
2.630
2.277
1 .33C
1.135
2.917
2.555
1.089
6.785
3.693
2.804

4.835
3.503
4.CSC
3. 306
4 . 93C
3. 598
4. 145
3 a .c1

C.c
0.0
C.0
c.0
0.0
C.0
c.0
0.0
c.0
0.0
C. c
0.0
0.0
c.0
0.0
0.0
0.0
0.0

C. c
0.0
C. C
0.0
0.0
0.C
0.0
C. 0
0.0
0.0
c.0
0.0
C.0
0.0
0.0
c.c
0.0
c.o
0.0
0.0

C.C
0.0
c.C
0.0
c.
c.
0.0
C. C

rRVESTMENT (S1000/ULIIT)
V%.- ftUTAI s

EUUIPMENT

1433.997
47.842
39.545

3.1 31
2.706
2.646
2.511
3.226
2.801
2.741
2.605
2.611
2.186
2.126
1.991
2.157
2.017
0.943
0.629
0. 3443
0.279

3.744
2.992
3.150
2.797
3.839
3.087
3.245
2.892
3.224
2.472
2.630
2.277
1.330
1.135
Z. 917
2.555
1.089
6.785
3.693
2.804

4.835
3.503
4.050
3.306
4.930
3.598
4.145
3.401

463

HORSE

24.37
478.32
281.70

124.75
156.66
127.58
1 4O.48
157.80
190.98
161.06
174.56
137.65
162.64
138.17
147.78
57.82
70.99
44.39
10.24
7.28
8.01

137.88
170.43
142.90
152.80
170.93
204.75
176.37
186.88
150.79

.176.41
153.48
160.10
74.42
61.00
85.47
89.92
53.29

110.46
78.50
80.42

161.26
195.01
170.21
174.72
194.31
229.33
203.69
208.80

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

24.
478.
281.

124.
156.
127.
140.
157.
190.c
161.C
174.
137.6
162.
138.'
147.
57..
70.
414.:
10.
7.
8.(

137.
170.'
142.5
152.f
170.
204.7
176.
186.
150.7
176.
153.
160.
74.
61.(
85.o4
89.9
53.2
110.4
78.5
80.4

161.2
195.0
170.2
174.7
191.63
229.3
203.6
208.8

- - IC - Amb - - - -.- - TOTAL



(IAELE 8.,8 CCNIINCFC)
STAGF/TIICHNICAL LABOR (UNEKILLED MEN/UNI )
EACKPGE NUMBEF SKtLLEC raSFILLED TCTAL

3-1 4.315 0.0 4.315
3-2 2.983 0.0 2.983
3-3 3.50 0.0 3.5301
3-U 2.786 Cc 2.786
4-2 1.841 0.0 1.841
4-4 1.644 C.0 .1.644
5-5 6.817 0.0 6.817
6-6 5.45C c.0 5.450
7-7 2.760 0.0 2.76 C
8-8 52.236 0.0 52.236
9-9 28.518 c.0 28.518

10-1C 21.462 0.0 21.462
SEE/COo5

98%
(1C CECE/iR)

11
12
13
14
21
22
23
24
31
32
33
34
41
42
43
44

SURFACING
GFAVEL (1C0CCE/EF)

11
12
21
22
31
32
41
42
51
52

WEF (1OCCCE/EF)
111
112
211
212
311
312
411
412
511
512

CEST/G (10C Si/EF)
1111
1112
1121
1122

2.122
10 5C7
1.558
1.369
10818
1.203
1 .254
1.065
10597
0.982
1.033
0. 843
1.499
0.884
0.935
o0 7 Q-5

1.843
10 356
1.7C8
1.221
1.442
0.956
1.369
0.882
2.054
10567

14.596
11.295
140308
11.007
lt.083
0.782

13.985
10.694
14.700
110399

0.302
0.267
0.307
0.272

C. c
C. c
C.0
0.0
CO0
0.0
0.0
c00
C.0
CO0
0.0
C.OG
0.0
C.C
c.0
0.0

C.0

CO
0.0
C.
C.0
0.0
0.0
0.0
0.3806
C.3806

2. 9011
2.4093
2.9011
2.4C93
2. 9011
2.4C93
2.9011
g.4093
3.2819
2.7900

C. 1439
0.1439
C. 1923
0.1923

2.122
1.507
1. 558
1.369
1.818
1. 203
1.254
1.065
1.597
0.982
1.033
0.843
1. 499
0.884
0.935
0.745

1.843
1.356
1.708
1.221
1.442
0.956
1.369
0.882
2.434
1.948

17.497
13.704
17.209
13.416
16.984
13. 191
16.886
13.093
17.982
14. 189

0.446
0.411
0.500
0.465

ItNVESTMENT
_EQUI EENT

174.17
200.99
180.80
182.01
95.00
P2.92

200.63
207.03
138.q8
850.42
606.21
615.54

35.49
29.68
23.40
17.76
37.84
32.03
25.75
20.11
25.60
19.79
13.52
7.87

26.76
20.95
14.68
9.03

29.73
16.27
35.08
21.63
21.96

8.50
23.44

5.98
44.06
30.60

273.62
125.88
276.21
132.47
263.96
120.22
265.07
121.33
286.94
143.20

5.93
5.52
5.16
4.75

(SI00o/UNIT)
HOPSE '10

0.0 174.17
0.0 200.99
0.0 180.8(
0.0 182.01
0.0 99.00
0.0 82.92
0.0 200.64
0.0 207.01
0.0 138.48
0.0 850.42
0.0 606.2
0.0 615.54

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
000
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

35. Ij
29.6-
23.4t
17.76
37.8
32.0.
25.7c
20.1
25.6t
19.7
13.5
7.81

26.76
20.9!
14.6s .0:

29.7:
16.2a
35.0
21.o6
21.9

23.4
9.9

44.0
30.6t

273.6,
129.8
276.2
132.C4
263.9
120.2'
265.0"
121.3:
286.9
143.2

s:
5.5
5.1
4.7.
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(T&LE B.f8 ClOtIINUEL) -
STAGE/TZCHINICAL LABOR (UNSKILLED NFN/UNIT)
PACKAGE NIUMBEF SKILLEC UbSKILLEC TOTAL

2111 0.302 0.1334 0.436
2112 0.267 0.1334 0.400
2121 0.307 C.1831 O.491
2122 0.272 0.1831 0.455

CEET/V (10C SN/EF)
1111 0.302 0.1439 0.446
1112
1121
1122
2111
2112
2121
2122

0.267
0. 3C7
0.*72
0.302
0.267
0.307
0.272

0.1439
C . 1923
0.1923
0.1334
C. 1334
0. 1831
0.1831

0.411
0.500
0. 465
0. 436
0. aOO
00491
0.455

INVESTMENT
EQUIEENT

5.90
5.g9
5.13
4.72

5.93
5.52

5.16
'8.75
5.90
5.49
5.13
4.72

(S1OOO/UNIT
HORSE

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

KCIE: LABOR IS EXPRESSED IN UNITS CF UNSKILLED MEN; THAT IS, THE ACTAL NBDZR
OF SKILLEE MEN FEQUIFEE IS WEIGHTED BY THE RATIC OF THE SKILLED WGE TO

THE UNSKILLED lAGE FOR TEE PERIOD OF THE TECHNCLOGY; THIS FACTOR FOR THE
1950'S IS 1.34.
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TOT'
5.90
5.49
5.13
4.72

5.93
5.52
5.16
4.75
5.90
5.49
5.13
4.72



ZABLF B"6C:T-. AM0U ' :7NVEs"iNT A7 ZiIL PiICZS OF 1974
MID fTH ArbO? C? lrPrLAcrrP"ID ror tE -. tVEI 1aTE or
p:CxjctIo': FCE Tii 1970'! TecKNrCAL PACK;a.C ?fO ALL S AGES.

sTAr/rTCHNCAL
PAC<IGE 'LM"ER
SITE PRcE (-H4/IHlI

11
21

CXC/HA'J
6M

ICOm

BCOM

31
(103CM/HRa

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-3
6-4
6-6
6-9
7-10
A-11
9-12
10-13
11-14
12-15
13-16

1- I
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-LI
9-12

10-13
11-14
12-15
13-16

S1-1
1-2

1A'c!R (U'SKrLL!; r.::/LNVT)
SKYILLEr' U\&KILLLQ rurAi

75.660 51.4 4
. 3 c;.2(-2
.3 79 25.945i

2.244
2. -170
1.753
1.624
1.229
1 100
2.295

2.C131
10427
1.619
1. 4R9
2.7529
1.113
C. 98"

1.779
3. 403

I.463
6. 179
0.092

2.445
20 092

1.371

1.31q
1.2C00
2.40F,
2.27C

O 7
.0.77

1.737?
1.669
2.296
1.206
1.08*0
I .41':

1.Caro

'2.82C
C4. 89
3.941
1.517
0.962

00
0.0

0.")

0.0
3.0
2.0
0.3
0.0
2.O
.0

3.0
2.0
0.0

02
'0.0
3.0

-).0
3.0
0.0
0.0

0.0
0.0 3
'3.3

-0.0

30.(

2.0

2.0
0.0
0.').o

0.000.0

1.1'9 3.0
2.82? 3.3

427.635
71.129
14. 3?5

2.24 4
2.170
1.753
1.624
1.22 9
1.1)0)
2.205
2.131
1.427
1.619
1.409
0.759
1.1.18
0.98

3.779
00403

0.550
00402
C.46 3
3.179

2.44 5
2. 309
1. 1L

L. 318
0.200
2.406
2.270
8.377
1. *73?
1.6'9
2.296
1.206
1.988
1.419
1.10 9
0.571
(.820
0.509
3.941
1.517
0.962

3.183
2.827

IZVESTWTIT t1C00/LN[I
cuI'CENr H-CE rrTAL

8e.'2
131.46
189. 7")

95. 3')
126.39
141.42
131.19
125.49
118.34
50.40
61.36
38.18
66.14
63.65
27.06
74.33
6 7.547
32.36
32.02
28.78
32.72
35.98
8.72
7.99
8.55

99.29
110. 63
146.66
14?. '9
131.48
125.1
54.47
65.61
224.09
71.38
72.35
81.51
80.33
74.10
91.39
45.52
43.78
'.8.7 n
52.6
74.17
61.85

Q,.26o

[13.85
126.42

0.0

0.0

0.80

3.0

coo

0.0
0.0
'2.0

c.0 0

0.0
2.3

.0

0.0

0.0

oo
0.0
0.0

.OO

t0.0
C.O 
0.0
coo
C.o0
c.
C. 
c o
0.0
0.0
'2.0
0.0
2.')
C.O
0.0
Ci.0
2.0

2.0
0.0

-00
.0

9S8.32
181.46

95030
106.03;
141.42
139.L
125.48
11.34
50.48
6".36
3Se.18

*A.14
64.65
27.26
74.33
67.34
32.36
32.02
28.78
32.72
35.91
8.72
7.99
0.55

99.29
110.63
146.66
147.89
131.48
125.41
54.47
65.61

224.039
71.38
72.35
e .q1
80.33
74.10
91.39
45.52
40.7a
48.79
52.66
74.17
67.85
P9.26

113.85
126.42
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(rAtLE B.6C CO'JTIJU&C)
SrArr/cHcJICAL Lr1 (vNSKILE .
PACKAGE :IUiwtER .KELqE Ub'sK[LLrED

2-3 2.?1S r.h

SPR/CCPp
98

2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12
L0-L3
11-14
L2-15
13-16
(LC:oBCM/IR

11
12
13
14
21
22
23
24
31
12
33
34
41
42
43
44

SURFACING
GRAVEL (LOOCCP/HR)

11
12
13
21
22
23
31
32
33
41
42
43-
51
52
53

(L30CCM/HRI
I11
112

2 *4 3r.
1.633
1.544
lo141
2.787

36.* 22
2. 160
2.29i
7- R77

- 1.522
1.429
4 .571

*.057
r.971
1.2681. 2 

25. 200
10.C85
6.51

-) * 55-n
9 . 719
P.s7 r

2.355
0.51C
2.4*8
r. 200
0.29S

0.426
C. 743

3.419
D.396r
%.70.

0.094
$.78?
1.30'
5.807
).701
1.216
l. 743

* 637
1.152
?. 720
3.622
1.138
1 *.321
1.214
1 * 73

0.0
-. so

.0r0.o

3.0

0.0

0.0
0- 9
9- 0
0.0
0.0
*.0

0.0

13.0

0.00

.s3

0.3

3.0
3.3C' * 0

2.0
9.0

0.0
0.0
0.0
3.0

-101"3

C. 0
0.0

3.0
0.9
0.0

0.00

2.0
3.0
0.0
0.0 -
3.0
0.0

0.0
9.3165

3165
3165

A.,60 1.4126
4.3l 1.3734

IN/'J';[)
[2TAL

2.295

1.633
1.543
3.141
2. 7" 7

2 .L60
2.296
7.877
1.522
1.429
4.!YTI
2.057
0-971
1.268

26.200
10.0A5

6.551

0.550
1.710
0.67R
C.995
-. 355
0.516
0.483

0 .29 R
2.458
0.426
0.743
0.259
0.419
0.386
0. 704

G.84
0.787
1.3) 3
0.8SO7
0.711
1.216
o.743
0.637
1.152
S.728
0.622
1.138
1.637
1.531
2.051

1.973
4.60 8

rMVESTkFNT ( tS 1e Ii/ vr sT
-0U!PVET

165.44
L78.20
152.53
149.46
61.C3

985.c07
170.22
[02.66
?a0. 98

9!.15
294.40
-f4.51
69.3
75.48
78. 5

493. I3
451.-13
c8. a

21. 5'
37.58
22.20
27.93
23.40
39.41
24.03
29.76
6.64

22.65
7.27

13.00
6.65
22.65
7.27

13.01

21.07
20.43
29.82
27.74
27.07
36.49
10.84
10.17
19.59
11.4P
10.81
20.23
26.43
25.76
35. LE

139.6?
146. e

0.0

3.0
C.0
3.0

0.0

.. 0

0.9

r.')
0.0
C.0

13.0

P.O
0.0
0.9
0.0
0.0

.0

9.0
1.0

0.0

C.0

0.0
C.0
G.0
0.0
.G.0
0.0
0.0
0.0
0.0
0.00.0

C.30
0.0
0.0

0.0

0.0

3.0

0.0
.0

INIO

3.0

C. C

0.0
3.0
0.0

0.0
-2.0

0.C0

2.0

467

TcT
6 .49

I7P.20
152.73
149.46

69.33
31.40

785 .07
90.22

102 .66
280.96
131.78
93.15

294.4
C

94.51
69.30
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Table B.7a:

Technical
package
number

1-1
1-2
2-1
2-2
3-1
3-2
4-3
5-4
6-5
7-6
8-7
9-7

10-7
10-8
10-9

Capital requirements of the 1920's technical packages for excavation/hauling at
100 meters, where capital is measured in various ways.

, Measure of Capital Requirements

Depreciation
cost at 1974
($/100 BCM)

Investment
cost at 1930

($1000/100 BCM per hr)
, , ,

8.00
10.41
7.98

10.39
10.10
12.51
2.05
1.75
2.09

10.81
4.46
7.03
12.58
16.69
24.03

2.58
3.40
3.14
3.96
4.48
5.30
8.89
7965
8.08
17.44
8.60
10.99
30.59
33.97
57.09

Investment cost under
developing conditions

($1000/100 BCM per hr)

1.29
1. 70
1 .59
2.00

22.61
23.02
4.98
4.27
4.43

202.80
4.48
49.58

320.85
395.00
663.80
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Table B.7b: Capital requirements of the 1970's technical packages for excavation/hauling at 100
meters, where capital is measured in various ways.

Technical
package
number

1-1
1-2
2-3
2-5
3-4
3-6
4-1
4-2
4-7
5-3
5-5
5-8
6-4
6-6
6-9
7-10
8-11
9-12

10-13
11-14
12-15
13-16

, Measure of Capital Requirements
if 0

Depreciation
cost at 1974
($/100 BCM)

Investment
cost at 1930

($1000/100 BCM per hr)
1 , , -

10.25
11.51
11.15
10.00
10.72
8.73
5.76
7.00

22.41
8.33
7.24
8.19
9.32
7.41
9.14
3.79
3.40
4.88
5.27
8.95
6.78
8.93

16.95
18.89
25.04
25.25
22.45
21.41
9.30
11.20
38.26
12.19
12.35
13.98
13.72
12.65
15.60
7.77
6.96
8.33
8.99

12.66
11.58
15.24

Investment cost under
developing conditions

($1000/100 BCM per hr)

197.11
219.64
291.15
293.61
261.03
248.96
108.14
130.24
444.88
141.71
143.64
162.61
159.48
147.11
181.43
90.36
80.96
96.87

104.54
147.26
134.70
177.19
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APPENDIX C

PROJECT DESIGNS AND COSTS

C.1 Project Design

Certain aspects of the project design not covered in Section 3.2,

including some further details of the design standards and alignments

used in the analysis and the characteristics and design of the materials

used in the various layers, are discussed in Section C.11. Section C.12

proceeds with some further discussion of the derivation of the construc-

tion quantities for the excavation/hauling, spreading/compaction, site

preparation, and surfacing stages of the various projects. All sources

cited in these two sections are listed in Section C.13.

C.ll Design Standards

As it is desirable to build rather different roads for different

design standards, rolling terrain with reasonably steep grades was se-

lected, with the road crossing it in going from point A to point B. -Two

sets of design standards, at reasonably opposite ends of the spectrum

for today's two lane, low volume, rural roads, are defined for two dif-

ferent traffic profiles as follows (2, 3, 4, 6, 9, 11):

Low Standard High Standard

Design Speed 25 mph 60 mph
Maximum Grade 9% 4 (some 6) %
Minimum Radius of Curvature 230 ft 1300 ft
Minimum Length of Vertical Curves 400 ft 600 ft

Initial Traffic 80 ADT 400 ADT
Truck Percentage 20 % 30 %
Annual Growth Rate Over 15 Years 10% 10%
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Low Standard Cross Section:

r eiitg ctrfctc-

High Standard Cross Section:

rv swrfcace
u Sface skotAter-

It might additionally be noted that the critical length of grades is not

used in the design as low volume roads are being considered, and that no

spirals are used since the scale of the map did not allow it. These

standards are basically in agreement with those set forth by the American

Association of State Highway Officials (AASHO) (2), for low volume, rural

roads, with the exception of the widths which reflect the views of Og-

les by and Al tenho fe n (6 ), among o thers , who bel ieve AA SKO' s wi dths are

overdesigned for such roads.

Given these design standards and a U.S. Geological Survey topographic

map of rolling terrain with two points selected some 16 kilometers (10

miles) apart, several possible alignments connecting the two points were
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laid out for each design standard, assuming no intermediate controls such

as townships and quarries. Earthwork quantities (cut and fill) were then

estimated for each plan. For the purposes of the study at hand, the in-

termediate alignment, in terms of road length and earthwork quantities,

for both the low and high standard designs is selected for use in the pro-

ject-level analysis; the details of these two alignments, as required

by the HCM, are given in Table C.l. A few other random details about the

general project that the HCM needs include: rainfall - 800 mm/year,

seasons - 4 months wet and 8 months dry, and elevation - 550 meters.

Gravel, waterbound macadam, and double bituminous surface treatment

constitute the surfaces used in the current research. Various charac-

teristics of these materials are needed for use both in designing the

surfaces and in estimating their deterioration over time. The gravel, to

be used as a surface, base, or subbase, is assumed to be a well-graded

gravel with some 10 percent fines and to be compacted to 100-105 percent

of standard AASHO compaction. The California Bearing Ratio (CBR) of this

material in a soaked state is 55 percent according to Yoder (12). Using

the correlations between CBR and material coefficient developed by the

Illinois Division of Highways (1), such gravel has a layer coefficient

of 0.12 when used as a subbase and 0.11 as a base; similar figures are

reported by various states in the AASHTO Interim Guide for Design of

Pavement Structures 1972 (1). Lacking similar data for gravel surfaces,

a layer coefficient of 0.10 is assumed, in line with the figures above

and with those standardly used in the HCM. In determining surface con-

ditions, for the eventual estimation of maintenance and user costs, the
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Table C.la: Details of the individual segments of the alignment for the low
standard design.

Road Road Ground Ground
Segment Length Curvature rise fall rise fall
Number (km) (/km) (M/km) (M/km) (M/km) (M/km)

100 0.823 0 11.1 0 11.1 0

101 2.225 0 41.8 0 41.8 0

102 0.305 0 0 20.0 0 20.0

103 1.036 241.31 32.4 0 32.4 0

104 1.341 0 3.4 0 3.4 0

105 1.463 0 0 32.3 0 32.3

106 2.225 134.83 35.6 0 35.6 0

107 0.427 23.42 0 71.4 0 71.4

108 0.457 175.05 0 53.3 0 53.3

109 0.853 222.74 28.6 0 28.6 0

110 1.890 55.56 0 9.7 0 9.7

111 1.341 44.74 13.6 0 13.6 0

112 2.621 5.72 60.5 0 60.5 0

Note: Total length is 17.01 km.



Table C.1b: Details of the individual segments of the alignment for the high
standard design.

Curvature
( 0/km)_

34.61

38.29

0

32.79

103.71

84.00

126.26

0

0

82.05
43.18

Road
rise
(M/km)

33.6

3.3

0

0

35.3

0

46.2

0

41.3

88.2

17.5

Road
fall

(M/km)

0

3,3

7.7

40.0

0

35.4

0

5.6

11.3

0

0

Ground
rise
(H/ kin)

33.6

6.6

0

0

38,2

4.9

53,9

0

45.0

88.2

17.5

Ground
fal 1

(M/km)

0

6.6

7.7

40,0

2.9

43.9

0

5.6

15.0

0

0

Note: Total length is 16.61 km.

Segment
Number

Ph
"-4

200

201

202

203

204

205

206

207

208

209

210

Length
(km)

3.901

0.914

2.377

0.610

2.073

1.250

0.396

1.097

1.219

1.036

1.737



HCM uses the deterioration model of the Transport and Road Research

Laboratory (TRRL) (8) for gravel surfaces; an initial roughness of

3250 rm/km is assumed (8).

Waterbound macadam is used as a base or surface. AASHTO (1) cites

figures ranging from 0.14 to 0.20 for the layer coefficient of a wbm

base, the data being gathered from various states. The midpoint of the

range, 0.17, is used in this study; Huang (4) substantiates this some-

what by cutting an inch off his base when a wbm, as opposed to gravel or

crushed rock, base is used beneath a flexible pavement, with crushed

rock bases having a material coefficient of about 0.14 (1). For wbm as

a surface, the bottom of the range of material coefficients, 0.14, is

used. As no deterioration model for wbm surfaces could be found, TRRL's

model for double bituminous surface treated roads (8) is used. This is

not as unreasonable as it may seem, however, in that the exact model

used, such as curves for roughness and cracking, varies with the modi-

fied structural number of the surface; also the initial roughness is

specified as 3250 mm/km, more like a gravel than a dbst road.

For double bituminous surface treated roads, TRRL (8) suggests a

material coefficient of 0.10, while the HCM uses one of 0.20. The actual

value is not too critical in that the layer is so thin it has little

influence on the modified structural number of the surface, which is the

only place the layer coefficient is used. A figure of 0.10 is used in

the current research, since the design and deterioration of the dbst

road is pretty much based on TRRL's work (7,8). Using TRRL's deteriora-

tion model for surface treated roads, an initial roughness of 2300
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mm/km is assumed (8).

The surface design requires knowledge of the traffic expected over

the design life of the road and the CBR of the subgrade, as well as the

layer coefficients of the materials being used. Actually only the thick-

ness of the gravel layer has to be designed, since a wbm surface or base

is assumed to be 15.2 cm (6 in.), as this represents standard design

practice, and the thickness of dbst is determined primarily by the size

of the crushed stone used instead of by the amount, with 2.2 cm (7/8 in.)

being the thickness used. Following TRRL's design procedure for flexible

pavements (7), the basis of the gravel thickness design is a chart re-

lating subbase thickness to traffic over the life of the road and CBR

of the subgrade for a surface dressed road with a 6 in. base of gravel,

crushed rock, cement or lime-stabilized soil, or bitumen-stabilized sand.

This is obviously fine for thedbst road, but it may result in slight

underdeisgning of the wbm and especially the gravel road, although it

does not appear to be serious as they seem to perform satisfactorily when

run in the HCM.

The traffic is needed in terms of cumulative standard axles (8200

kilogram [18 kip] loads) over the life of the project. The inital av-

erage daily traffic is as follows:

Cars SU trucks 2-S2 trucks 3-S2 trucks

Low standard 64 8 5 3

High standard 280 60 36 24
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Using the gross weights and axle configurations of the four vehicles

(Table C.3), equivalence factors for converting axles to standard axles

(7), and a chart relating cumulative number of vehicles over project

life to initial traffic, design life (15 years), and annual growth rate

(10%) (7), these ADT's are respectively converted to 265,000 and

1,998,400 cumulative standard axles in both directions over the life of

the project. The narrow width of the low standard design necessitates

inflating 265,000 actual cumulative standard axles to 368,200 effective

cumulative standard axles because of the tendency of people to drive in

the middlewhen there is no on-coming traffic.

Using these traffic figures and a subgrade CBR of 7.0 percent, the

following layer thicknesses are designed:

Project

LI 14

Subbase

-W

L214

L311 ,L314,
L315,L316,

L317

H215

H312,H313,
H315,H317

H415 gravel -
17.8 cm
(7.0 in.)

Base

gravel -
14.0 cm
(5.5 in.)

gravel -
29.2 cm
(11.5 in.)

gravel -
17.8 cm
(7.0 in.)

gravel -
33.0 cm
(13.0 in.)

wbm
15.2 cm
(6.0 in.)

Surface

gravel -
29.2 cm
(11.5 in.)

wbm
15.2 cm
(6.0 in.)

dbst
2.2 cm
(7/8 in.)

wbm
15.2 cm
(6.0 in.)

dbst
2.2 cm
(7/8 in.)

dbst
2.2 cm
(7/8 in.)

478



This just leaves the surfaces on the 3.5 percent CBR subgrade. The

two improperly designed ones (p L334 and p H335) are designed for a

7 percent CBR, and their layer thicknesses, therefore, are as above for

projects L314 and H315, respectively. For the two properly designed

surfaces (p L324 and p H325), the modified structural number is used to

design the gravel layer, such that the properly designed roads with the

7 percent CBR (p L314 and H315) and the 3.5 percent CBR (p L324 and H325)

have the same modified structural number; this is done under the as-

sumption that two such roads should behave the same. The equation for

the modified structural number of a surface is as follows (1, 8):

1 = n 2
SN' = E a.t + 3.51(log10 CBR) - 0.85(log10 CBR) - 1.43

i=l 1 1

where n = number of layers

a = material coefficient of layer i

t = thickness of layer i (in.)

CBR = California Bearing Ratio (%)

SN' for the two dbst surfaces on the 7 percent CBR are as follows:

p L314: SN' = .11(11.5) + .10(7/8) + 3.51(log1 07) - 0.85(log107)2 - 1.43

= .11(11.5) + .10(7/8) + .93

= 2.29
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p 4315: SN' = .11(13.0) + .10(7/8) + 3.51(log1 0 7) - 0.85(log107)2 - 1.43

= .11(13.0) + .10(7/8) + .93

= 2.45

For the two dbst surfaces on the 3.5 percent CBR, where t represents the

thickness of the gravel layer, then:

p L324: SN' =2.29=.l1(t) +.10(7/8)+3.51(log 1 0 3.5) -;0.85(lg 10 3.5) 2 -1.4

2.29 = .11(t) +.10(7/8) + .23

t= 17.9 in.

p H325: SN' =2.45=.l1(t)+.10(7/8) +3.51(log 0 3.5) -0.85(log 1 0 3.5) 2 - 1.4%

2.45= .11(t) +.10(7/8) + .23

t= 19.4 in.

The design of the surfaces for the two properly designed projects on a

3.5 percent CBR is thus as follows:

Base

gravel - 45.4 cm (17.9 in.)

gravel - 49.2 cm (19.4 in.)

Surface

dbst - 2.2 cm (7/8 in.)

dbst - 2.2 cm (7/8 in.)
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Finally, gravel shoulders are assumed in all cases. For the low

standard road, their thickness is taken as equivalent to that of the

surfacing materials since the shoulders are so narrow; a fixed thickness

of 15.2 cm (6 in.) is used in the high standard case.

C.12 Construction Quantities

Excavation/Hauling: There are many ways of doing earthwork quantity

estimates of highway construction. The accuracy of the results depends

upon the information available, time and money available, and method used,

with the firstfactor generally predominating and determining the other

two. In the case at hand, it is assumed that the only information a-

vailable is that displayed on a U.S. Geological Survey topographic map

with 20 foot contours and that two points some 10 miles apart are to be

linked. Given this, it was felt that one of the intermediate design

methodologies should be adopted rather than the very crude or very de-

tailed methods. McCoomb (5) does a comprehensive review of the many

models available for estimating earthwork quantities, and comes up with

the following sketch relating accuracy of the estimate and cost of col-

lecting and processing the data:

Deka iet

(Me PosuAt
mcde L

Lr.LL)
riCj, I

14-- c ae-L
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The Australian model, for example, assumes the average height of cut or

depth of fill to be 1, 2, 4, or 8 feet, depending upon whether the

terrain is flat, rolling, hilly, or mountanous, respectively; at the

opposite end of the spectrum is the detailed engineering design for which

detailed survey data is required, detailed cross sections are plotted,

end areas are found by planimeter, and then the average end area method

is applied for computing the final earthwork volumes.

In the case at hand, a lack of data as well as of time precluded

the use of detailed design, and as for ICES-ROADS, given the data avail-

able, its results would be no better than those of the one point model.

The HCM, in turn, requires the road profile for use in estimating user

costs; this suggests that the one point model may as well be used, since

it is more accurate than the other models and its data requirements are

complementary to those of the HCM. The basic one point model calls for

computing the area of the cross section at each station, and using the

average end area method to compute volumes; only the centerline height

difference between the terrain and road profile is required. Because the

area chosen for the study is a rolling to almost mountainous region,

however, it was felt that the error incurred by neglecting side slope

would be significant, and this is therefore included as briefly outlined

below.
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For the case of fill:

Y-J

tTTTzrzzrtzzzC
fl-L~urac Cat 4

K Aj- ~Ca"t
C Dp

a

Fill area = A + A2

A = WH + 2H2

BD = Y Sing

ED = Y Sing [Cot(26.56 + 9)]

DC = YSinG [Cot(26.56-9)]

A2 = BD- (ED + DC)22

- 1 Y2 Sin9 [Cot(26.56 + 9) + Cot(26.56 - 9)]

2
=Y' K, where K is constant for a given cross slope
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Cut area = 3 ft2/ditch

For the case of cut:

It.

Cut area = A + 2A3 + A2

(W + 20) + (W + 20 + 4H)

= (W + 20 + 2H)-H

BD = Y' Sing

ED = Y' Sing [Cot(26.56 + 9)]

DC = Y' Sing [Cot(26.56 - 9)]

A - LBD-(ED + DC)
~2 2

= 1 (Y')2 Sin2 9 [Cot(26.56 + 9) + Cot(26.56 - 9)]

2
= (Y') K, where K is constant as above

A3 = 11 ft2

Note: The 26.560comes from the assumption of batter
slopes of 2 to 1.
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Given a contour interval of 20 feet, it seemed reasonable to space

stations every 200 feet. At each station then, the centerline height

difference between terrain and road profile is estimated. The side slope

input is the average cross slope in the vicinity of the road, and no

attempt was made to obtain a weighted average cross slope, as again the

contour interval does not lend itself to greater accuracy. Centerline

height difference is taken in 2 foot intervals, and cross slope in

intervals of 5 percent. Batter slopes of 2 to 1 are assumed for all

cuts and fills. Although this conflicts somewhat with the current prac-

tice of varying the batter slopes with the height of cut and fill, it

seems a reasonable simplifying assumption to make; moreover, these are

somewhat steeper than usual, but this is not unreasonable since it helps

reduce the amount of earthwork and the roads under consideration are,

after all, low volume ones (2). Narrowing of the table drain in cuts

would have substantially reduced earthworks in some areas, but it was

not done as the cuts are lengthy and no run-off information is available.

No real attempt was made to balance earthworks, as alternative excava-

tion/hauling scenarios as well as alternative technical packages for doins

the work are to be considered in the course of the project-level analysis.

Three alignments were laid out for each design standard, two com-

pletely separate routes (Routes 1 and 2), and in the case of the low

standard road a slight modification of Route 1 (Route lA), and in that

of the high standard road a combination of the first two routes (Route

1-2). The earthworks were then estimated. The results are as follows:
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Route Length(mi) Cut(bqy) Fill(ccy)

Low standard:

1 10.57 22,313 75,447

2 10.44 35,384 85,080

IA 10.74 13,380 74,289

High standard:

1 10.68 768,541 323,523

2 9.45 1,619,790 831,073

1-2 10.32 770,158 370,326

The two intermediate alternatives, Route 1 for the low standard and

Route 1-2 for the high standard, are used throughout the rest of the

project-level analysis.

Given the basic earthwork quantities in terms of cut and fill vol-

umes for the two design standards, the distribution of the cut between

fill and spoil and of fill between cut and borrow remains to be deter-

mined along with the haul distances. This requires knowledge of the

escavation/hauling scenarios of interest.* Rather than going to a

method as sophisticated as mass-haul diagrams, it is decided to simply

review the cut and fill volumes given at 200 foot intervals along each

*Generally only the projects depicting alternative excavation/hauling
scenarios are indicated in this discussion, as the projects depicting
alternative surface materials and subgrade strength/surface design com-
binations assume a single excavation/hauling scenario for each design
standard.
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road with two line haul distances (200 feet and 1640 feet) in mind,

estimating the percentages of cut which can go to fill. All materials

taken directly from the ditch (low standard: 56% of the cut; high stand-

ard: 1.6% of the cut) go to fill. In cases where there is sideborrow,

they are included with it in terms of haul distance; when there is no

sideborrow, the ditch materials are hauled an average distance of 6 ft

which is rounded up to 7 ft for the analysis. For the 200 ft line haul

case, an additional 22% of the cut, coming from the road, goes to fill

in the low standard case (p L311, L314, L316), and only 5.6 % in the high

standard case (p H312); given the 1640 ft line haul, the figures are

respectively 44% (11% of the fill at 98% compaction) (p L315, L317),

and 42% (7% of the fill at 98% compaction) (p H313, H315, H317). In

discussing the high and low standard cases side by side, it is important

to remember the difference in the magnitude of their earthwork (cut:

1 to 35; fill: 1 to 5; cut + fill: 1 to 11) and also the distribution

of materials between cut and fill, the low standard case having a lot

of fill and little cut and the high standard the opposite.

The remainder of the fill, then, must come from borrow, the actual

haul distances varying with the assumption as to type of borrow and the

quantity and distribution of the material involved. In the low standard

case (p L311), the remaining fill is reasonably distributed along the road

and can thus all be sideborrowed from one side at an average haul dis-

tance of 21 ft. In the high standard case (p H312, H313), however, the

remaining fill is large in quantity and unevenly distributed. It is
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assumed that sideborrow areas on both sides of the road are some 3 ft

deep and 12 ft across, providing some 3.8 bcy of material per foot of

road. The quantities of fill still needed on a section by section basis

(i.e., generally every 200 ft) are converted to quantity needed per foot,

and for those sections where the need is below or not too far above

3.8 bcy/ft, the need is assumed satisfied with sideborrow at an average

haul distance of 24 feet, while for sections with significantly larger

needs, it is assumed that near pit borrow is more appropriate. Sidebor-

row takes care of 28% of the need for borrow in the case of the 200 ft

line haul (p H312), while it handles 60% in the case of the 1640 ft

line haul (p H313). The haul distance for sideborrow in all cases is

rounded up to 30 ft.

All remaining fill materials thus come from pit borrow. In the two

high standard cases with some sideborrow (p H312, H313), the pits are

assumed to be some 10 ft beyond the sideborrow area, as an allowance for

topsoil spoil; in the cases where all borrow comes from nearby pits

(p L314, L315, H315), the pits are assumed to be some 20 ft beyond the

ditch such that there is not a sharp drop-off right by the road. Pits

containing some 7500 bcy of material are assumed (e.g., 450 ft by 75 ft

by 6 ft for elevating graders and 300 ft by 75 ft by 9 ft for power

shovels - greater depth being limited by suitability of materials). Fill

requirements on a section by section basis are thus lumped to pit size,

and haul distances, including at the pit, to the road, and along the road,

are estimated, with the final average haul distance being a weighted
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average. This in the low standard case is some 1564 ft (p L314) or

1607 ft (p L315) depending upon the line haul; in the high standard

cases with sideborrow, it is 453 ft (p H312) or 306 ft (p H313) again

depending on line haul, while in that without sideborrow, it is 574 ft

(p H315). The assumed minimum size of the pit is penalizing the low

standard case (p L314, L315) by resulting in a long haul along the road.

The low standard near pit borrow distances are rounded to 1640 ft, while

those for the high standard are rounded to 330 (was 306) ft and 540

(were 453 and 574) ft. The far pit borrow scenarios (p L316, L317, H317)

are handled exactly like the respective near pit borrow ones (p L314,

L315, H315) except that the pit is assumed to be 1000 ft from the ditch

instead of 20 ft, yielding a set of haul distances 980 ft longer; the

final distance used for the low standard case is 2625 ft and for the

high is 1640 ft.

Before proceeding to discuss spoil , it should be noted that fill

quantities are estimated in ccy and their conversion to bcy depends upon

the level of compaction. In the case of 98% compaction:

from Section B-l2 compacted thickness 0.65,loose thickness

and bank thickness = 0.80
loose thickness 08

thus bank thickness = 1.23
compacted thickness

Assuming that only the depth and not the cross-sectional area changes

with compaction, then 1.23 is the factor for converting ccy to bcy.
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Similarly in the 93% compaction case, the factor is 1.16. In the pro-

jects with 93% compaction (p L324, L334, H325, H335) then, less fill is

needed, with the difference in the excavation/hauling quantities showing

up in the amount borrowed from the pit.

All of the cut which cannot be used for fill and all of the top-

soil removed from the roadbed including the ditches and from all borrow

areas go to spoil. The quantity of topsoil removed from the vicinity of

the roadbed depends upon whether or not sideborrowing is being done and

upon the width (including ditches) and length of the road, the thickness

being constant at 6 in. In the low standard case with sideborrow (pL311),

an average topsoil removal width of 57 ft is used, while for those cases

without sideborrow (p L314, L315, L316, L317), 40 ft, the width to the

outside edge of the ditch, is used; similarly in the high standard

cases, the figures are 81 ft (p H312, H313), and 52 ft (p H315, H317),

respectively. Quantities coming from pit areas are calculated by dividing

the volume of borrow from the pit by the average depth of the pit, 25 yd,

to arrive at the area of topsoil removal, which when multiplied by 1/6 yd

gives the volume of spoil material. In the low standard case, most of

the spoil is from topsoil removal, while in the high standard case it is

largely from cut for the road. As for haul distances, materials from the

vicinity of the roadbed are assumed to be spoiled somewhat beyond the

ditch, except in cases with sideborrow when these materials, along with

the topsoil from the borrow area, are assumed to be spoiled beyond the

sideborrow area; as for spoiling topsoil from borrow pits, this is
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assumed to be done around the periphery. Weighting these various haul

distances by the volumes of material involved results in average dis-

tances of 14 ft (p L311) and 11 ft (p L314, L315, L316, L317) in the low

standard case, and of 18 ft (p H312, 1313) and 17 ft (p H315, H317) in

the high standard; these are rounded to 20 ft and 30 ft, respectively.

Spreading/Compaction: Silty clay is assumed to be the common soil

in the area of the road, as it is one of the few materials for which a

relationship could be found in the literature between the amount of

compaction and subgrade strength. For silty clay, compaction in the

range of 95 - 100% standard AASHO (giving a dry density of 100-105 lb/ft 3

at + 2 percent of the optimum moisture content (a molding water content

of 16 - 20%) results in a soaked California Bearing Ratio (CBR) in the

range of 2.0 - 12% (10, 11). For the 98% compaction case, 7.0% is thus

used as the soaked CBR of the subgrade. Similarly, compaction in the

range of 91 - 96% standard AASHO (giving a dry density of 95.5 - 100.5

(lb/ft3) atthe above moisture content results in a soaked CBR in the

range of 2.5 - 5.5% (10, 11). For the 93% compaction case, 3.5% is there-

fore used as the soaked CBR of the subgrade.

The quantity of spreading/compaction is simply taken as the volume

of fill material in bank measure. As noted above, the factor for con-

verting compacted to bank measure varies with the level of compaction,

being 1.23 for 98% compaction and 1.16 for 93% compaction.

Site Preparation: As in the case of topsoil removal which goes to

spoil, the roadbed including the ditches and all borrow areas must be
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cleared of brush and trees. The quantity-of site preparation thus con-

sists of these areas plus an additional 5 feet on either side of the

road beyond the ditch and an additional 10 percent on the pits, as an

allowance for brush encroachment and working space.

For certain site preparation technical packages (e.g., 1950 tp 31),

the width of the area to be cleared is a factor in resource productivity.

In the low standard case, site preparation widths of 67 and 50 ft are

encountered for the roadbed (respectively with and without sideborrow)

and 75 ft for the borrow pits, averaging out to some 60 ft or so; in

the high standard case, widths of 91, 62, and 75 ft are encountered,

averaging to some 75 ft.

Surfacing: Gravel and waterbound macadam surfacing are measured in

volumetric units as a function of the surface design in terms of layer

thickness, the road cross section, and the length of the route, while

double bituminous surface treatment is measured in units of area as a

function of the road cross section and length. The basic relations are

as follows:

gravel and wbm layers:

volume (cy) end area (ft2) x length (mi) x 5280 ft/mi
27 ft4/cy

dbst layer:

area (sy) width (ft) x length (mi) x 5280 ft/mi
9 ft1/sy
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The lengths of the low and high standard designs are respectively 10.57 mi

and 10.32 mi. The width of the surface, and thus that of the dbst layer,

is 16 ft in the low standard case and 22 ft in the high standard. The

end areas for the gravel and wbm layers are as follows:

gravel and wbm surface, base, and subbase:

end area (ft2  = layer thickness (in.) x width (ft)
12 in./ft

gravel shoulders (both) - low standard:

end area (ft2  = 2 [base + surface thickness (in.) x 2 ft
12 in./ft

+ base + surface thickness (in.) x 2 ft]

base + surface thickness
2

gravel shoulders (both) - high standard:

end area (ft2) = 2 [ 12 in.ft x 5 ft ] + 12 in./ft x 1 ft ]

= 5.5

Thicknesses of the various subbase, base, and surface layers are given

in Section C.11.
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C.13 Sources for Project Design

1. American Association of State Highway and Transportation Officials,
AASHTO Interim Guide for Design of Pavement Structures 1972,
AASHTO, Washington, D.C., 1974.

2. American Association of State Highway Officials, A Policy on Geo-
metric Design of Rural Highways-1965, AASHO General Offices,
Washington, D.C., 1966.

3. Harger, Wilson G., Rural Highwa Pavements Maintenance and Recon-
struction, McGraw-Hill Book Co., New York, 1924.

4. Huang, Eugene Y., Manual of Current Practice for the Design, Con-
struction, and Maintenance of Soil-Aggregate Roads, The Engin-
eering Experiment Station, University of Illinois, Urbana,
June 1959.

5. McCoomb, Lloyd Alexander, Predictive Cost Models for Highway Con-
struction, S.M. Thesis, Civil Engineering Department, Massachu-
setts Institute of Technology, Cambridge, February 1970.

6. National Cooperative Highway Research Program, Economics of Design
Standards for Low-Volume Rural Roads, Report 63, By C.H. Oglesby
and M.J. Altenhofen, Washington, D.C., 1969.

7. Transport and Road Research Laboratory (Overseas Unit), A Guide
to the Structural Design of Bitumen-Surfaced Roads in Tropical
and Sub-Tropical Countries, Proposed Revision to TRRL Road
Note 31, United Kingdom, 1966.

8. Transport and Road Research Laboratory (Overseas Unit), The Kenya
Road Transport Cost Study: Research on Road Deterioration,
TRRL Laboratory Report 673, Prepared by J.W. Hodges, J. Rolt,
and T.E. Jones, Crowthorne, Berkshire, 1975.

9. Vance, Jr., Lawrence Lee, Cost Functions for Comparison of Low-
Cost Transportation Technologies, D. Eng. Thesis, Graduate Div-
ision, University of California, Berkeley, 1970, (Reprinted by
Xerox University Microfilms, Ann Arbor, Michigan, No. 71-20,753).

10. Wahls, H.E., et al., The Compaction of Soil and Rock Materials for
Highway Purposes, NTIS PB-227931, Dept. of Civil Engineering,
North Carolina State University, Raleigh, August 1966.
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11. Woods, Kenneth B., Donald S. Berry, and William H. Goetz, Editors,
Highway Engineering Handbook, McGraw-Hill Book Co., New York,
1960.

12. Yoder, E.J. and M.W. Witczak,jPrinciples of Pavement Desin, John
Wiley and Sons, New York, 1975.
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C.2 Project Costs

Construction costs can be estimated by simply combining the con-

struction quantities for the various stages of construction with the

unit costs of the technical packages derived in the stage-level ana-

lysis. In order to complete these costs and bring them more in line

with maintenance and user costs, overhead and profit is included at

20 percent of total direct costs, i.e., labor, equipment, and materials

(1, 6, 23). Minor structures are still left out, however, as their

share of total costs is small, and no major structures are assumed

to be necessary.

This leaves the maintenance and user costs shares of project

costs to be determined for 1974, 1930, and developing conditions. As

these costs occur over the 15 year life of the road, a discount rate

is needed in order to bring the costs back to the present or to an-

nualize them; with the help of the statistical tables of the Federal

Reserve Bulletin (5), rates of 8%, 3.5%, and 15% are estimated as

roughly representative of the rate at which long-term bonds might be

floated under 1974, 1930, and developing conditions, respectively.

Some further discussion of the derivation and lists of the maintenance

policies and unit costs used in the project-level analysis are given

in Section C.21; the same is done for vehicle characteristics, utili-

zation, and costs in Section C.22. Any sources cited in the course

of these discussions and listings are given in Section C.23.

C.21 Maintenance Policies and Costs

Maintenance policies and technologies of today are assumed
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throughout the analysis. The personnel associated with the HCM served

as a primary source of information in the development of the policies,

based on their experience in applying the model; Harger (7) also proved

to be useful in the particular case of waterbound macadam surfacing.

The basic objective is to develop maintenance policies which minimize

maintenance and user costs and result in all of the roads being in

reasonably poor condition at the end of 15 years, the assumed design

life, such that their salvage values are low and reasonably comparable

so as to justify their being ignored. The policies are developed by

basically a trial and error process, using the HCM to test alternative

policies.

Maintenance of gravel surfaces (p L114) may consist of grading

during the dry and wet seasons, spot regravelling, and resurfacing;

in the current project only the blading and resurfacing are done. The

final maintenance policy consists, for the first 12 years, of grading

once each season (i.e., once in 8 months in the dry season and once

in 4 months in the wet) and resurfacing to a thickness of 29.2 cm

(original depth of gravel) when the gravel reaches 15 cm in thickness;

at year 13, the policy changes to just include blading. This results

in the resurfacing of all segments of the road once in its 15-year

1ife.

Maintenance of waterbound macadam surfaces (p L214, L215) may

consist of calcium chloride treatments in the first year and oiling

thereafter, surface patching, and periodic application of a level

course. For the low standard road (p L214), maintenance entails 3
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calcium chloride treatments in the first year, oiling once a year

thereafter, and surface patching each year such that 100% of the cracks

are filled; the surface patching is done with a bituminous mix as is

standardly used for double bituminous surface treated roads. Because

of its additional traffic, the high standard road (p H215) requires,

in addition to the above maintenance, a level course in year 9 (the

routine oiling and surface patching are not done in this year); this

level course consists of filling all ruts and low spots with a bitum-

inous mix, generally amounting to about 2 cm of material over some

30% of the road (an average of 0.6 cm over the entire road), and then

oiling the whole surface.

Maintenance of double bituminous surface treated roads consists

of surface patching and periodic application of a chip seal, level

course, or overlay. The dbst projects fall into several groups on

the basis of maintenance policy. For the low standard dbst road on

a gravel base, projects L311, L314, L315, L316, and L317, and high

standard dbst road on a wbm base and gravel subbase, project H415,

and adequate maintenance policy entails surface patching each year

such that 100% of the cracks are filled and application of a chip

seal in years 5 and 10; a chip seal is a layer of bitumen followed

by a layer of fine crushed rock, generally with a greater proportion

of bitumen to aggregate than is used in the original surface treat-

ment. The high standard dbst -aad on a gravel base, projects H312,

H313, H315 and H317, requires the routine surface patching on a yearly

basis, a chip seal in year 5, and a level course in year 9; the level
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course is like that for the wbm surface, except that it is followed by

a chip seal rather than by oiling. The only projects left are those

on the 3.5% CBR subgrade; of these, the projects which are properly

designed, projects L324 and H325, exhibit the same behavior, and thus

require the same maintenance policies, as those on the 7% CBR subgrade,

projects L314 and H315, respectively. The improperly designed projects,

L334 and H335, call for the routine surface patching and application of

an overlay, except in year 15, whenever the surface roughness gets over

4000 mm/km; an overlay consists of a tack coat of bitumen followed by

the application of a 1 cm thickness of bituminous mix and a chip seal.

This policy results in an overlay every other year for the low standard

road, and one every year, but I and 15, for the high standard road;

this is a lot of maintenance.

Routine maintenance performed annually on the various projects

includes blading of gravel shoulders (included with surface grading

for the gravel road, p L114), brush and vegetation control within

1.5 meters (5 feet) on either side of the road beyond the ditch, and

culvert/ditch cleaning.

The unit costs of the various maintenance activities are, by and

large, derived in the same way. For each activity, one or more sets

of productivity data, generally ;aken from maintenance studies, stud-

ies of alternative design standards, and engineering texts, are used.

This data most often specifies a crew of men and equipment with the

times required for each to complete a given activity, plus materials
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quantities where applicable. The equipment hours are then priced for

1974 using equipment rental rates from Means (13) and from conversa-

tions with engineers at Warren Brothers (29). The labor and materials

are priced at 1974 simply using the prices in the construction phase

of the study. Labor, equipment, and materials costs are then summed,

and 20 percent added for overhead and profit to arrive at the unit

cost for each activity. In cases where more than one set of produc-

tivity data are available, the average of the unit costs is used.

Maintenance costs for 1930 and developing countries are also

needed. The U.S. Federal Highway Administration has published a high-

way maintenance and operation cost index (20, 27) since 1935 which can

reasonably be extrapolated back to 1930, yielding a figure of 24

(1967 = 100) for that year; at the time of the study, figures only

up to 1973 were available, so the index was extrapolated forward to

1974, yielding a figure of 150 (1967 = 100). The ratio of these two

numbers gives an indexing factor of 0.16, which, when applied to the

1974 unit costs, adjusts them to the unit costs at 1930.

Deriving such an indexing factor for developing conditions is

less straightforward. Given some cost figures for maintenance opera-

tions in Ethiopia (14), these were compared with the U.S. figures de-

rived above for 1974; dropping the top and bottom figures, the ratio

is found to range from 0.34 to 0.63, averaging at 0.49. A comparison

of the costs of the least-cost technical packages under developing

conditions to those under 1974 U.S. conditions for the various stages

of construction gives a ratio ranging from 0.25 to 1.01, averaging at
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0.61; similarly using developing conditions except for 1974 equip-

ment and associated items, a ratio ranging from 0.24 to 0.79, averag-

ing at 0.54 is found. Looking over these figures, 0.55 is selected

as the indexing factor to be used in adjusting the 1974 unit costs

for maintenance to those under developing conditions.

Table C.2 gives the unit costs, under 1974, 1930 and developing

conditions, of the various maintenance activities discussed in the

policies section, as well as the sources upon which their derivation

is based.

C.22 Vehicle Characteristics, Utilization, and Costs

Transport technologies of today are assumed throughout the analy-

sis, resulting in one set of vehicle characteristics and utilization

data, as in the case of maintenance policies, although user costs are

needed for various price conditions. A car, a single-unit truck (SU

truck), and two semi-trailer combinations, one with two axles on the

cab (2-S2 truck) and one with three (3-52 truck) make up the vehicle

set, selected on the basis of their representativeness of the range

of vehicles and the availability of data. Table C.3 gives the basic

characteristics and utilization data, along with the sources forthese

vehicles, as required by the HCM.

Vehicle cost data for 1974 is, in general, reasonably available

from a variety of reliable sources. When comparable data is available

from more than one source, the figure used is generally an average;

when updating of the data is required, the wholesale price and labor

wage indexes of the U.S. Bureau of Labor Statistics (BLS) (22) are
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Table C.2: Unit costs ($/unit) and their sources for the various activities involved in highway
maintenance under 1974, 1930, and developing conditions.

Gravel road maintenance:
Dry season grading
Wet season grading
Gravel resurfacing

Wbm road maintenance:
Calcium chloride treatment
Oiling
Surface patching
Level coursed

Dbst road maintenance:
Surface patching
Chip seal
Level coursee
Overlaye

Routine maintenance:
Grading gravel shoulders
Brush control
Culvert/ditch cleaning

km of road
km of road
CCM of gravel

SM of road
SM of road
SM of area repaired
CCM of material

SM
SM
CCM
CCM

km 
ha
CM

of
of
of
of

of
of
of

area repaired
road
material
material

road
a rea
muck

cleared
removedF

Economic Conditions
Devel -
oping

1974 1930 Country_

Price Smirn

28.66
28.66
23.06b

0.04 c
0.28
8.13

117.54

8.13
0.71

189.20
116.99

82.97
30.75
23.47

9,13,15
9,13,15
9,13

7,8,12,13,29
7,10,29,31
8,9,10,13,29,31
7,9,10,13,29,31

8,9,10,13,29,31
9,10,13,29
9,10,13,29
8,9,10,13,29

10,13
4,8
8,10,13

4.59
4.59
3. 69b

0.-006C
0.04
1.30

18.81

1.30
0.11

30.27
18.72

13.28
4.92
3.76

Pri rea

15.76
15.76
12.6ob

0.022c
0.15
4.47

64.65

4.47
0.39

104.06
64.34

45.63
16.91
12.91

U,
0
N)

PriepaActi vi ty Uni ts Price Source



(Table C.2 continued)

aSee text for description of derivation of prices.

Indexing factor: 0.16 for 1930 (20, 27)
0.55 for developing country (14 and estimate)

b Assumingresurfacing is done over the full 6.10 meters of road surface width.

cCost of one treatment.

dIncludes oiling.

eIncludes chip seal.

L,,
0
wA



Table C.3: Vehicle characteristics and utilization data and their sources.

Fuel type

Brake horsepower

Maximum cruising speed (km/hr)

Unloaded vehicle weight (metric tons)

Maximum load (metric tons)

Axle configurationb -type/% gross weight

-type/% gross weight

-type/% gross weight
Annual utilization (hrs)

Annual km driven

Normal vehicle life (yrs)

hi
0

Car
-I. 4

gasoline
187

110 a

1.6

0.4
sngl/33. 3

sngl/66. 7

G"

372

23,800

8

Vehicle name

SU truck

gasoline
165

110a

2,6

3.5

sngl/20.0

sngl /80.0
-o

446

25,000

10

2-S2
truck

gasoline

210

110 a

10.0

15.1

sngl/7.7

sngl/30.8

dbl/61.5
1,171

65,600

10

k3-S2
truck Source

diesel

218

11oa

13.6

18.7

sngl/6.0

dbl /47.0
dbl/47.0
1,464

82,000
10

30

16,17,30

30

30

30

30

9,26,30

9,26,30

9,26,30



(Table C.3 continued)

aThe HCM assumes maximum speeds at or below these values; using these figures thus means that
no constraints will be placed on vehicle operation due to limitations in its power.

bThe HCM recommends using the following fractions when axle load information is not available:

steering axle

each other axle group

where T = total number of tires on vehicle

N = number of tires in axle group



used. It might be noted that the fuel costs used are different from

those used in conjunction with construction equipment, since retail

rather than wholesale prices are assumed here; interest rates are

taken as being the same, however. Overhead and value of time savings

are taken as zero due to a lack of data. Finally, finding annual in-

surance costs and registration, license, and inspection fees for trucks

presented the most difficulties by far and merits some further ex-

planation.

The U.S. Interstate Commerce Commission (28) gives the following

figures for Class I common carriers of general freight involved in

intercity service at the end of 1973:*

Vehicle Type Number Value

Trucks 51,537 $ 322,178,272
Truck-tractors 109,917 $1,445,151,179
Semi-trailers 234,154 $1,116,556,971
Full Trailers 1,945 $ 11,637,067

Insurance for the above vehicles (cargo loss and damage,
fire, theft, collision, public liability and property dam-
age, and other insurance expenses) - $246,868,772

Vehicle licenses and registration fees - $154,538,335

Each vehicle is given an insurance cost and license and registration

cost on the basis of its value (i.e., the average value of a truck

of its type) as a percentage of the total value of all vehicles. Costs

*Class I carriers are defined as those having one million dollars
or more average annual gross operating revenues; intercity service
means at least 50 percent of the carriers revenues come from inter-
city business.
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for the single-unit truck are based on the data for trucks, while

costs for the two larger trucks are based on the data for truck-tractors

with semi-trailers.

In order to arrive at costs under 1930 conditions, the individual

items constituting vehicle cost data are generally indexed back sep-

arately from 1974, as no convenient overall index exists as in main-

tenance. With a certain amount of extrapolation of the BLS's consumer

price index for various vehicle related items (21, 22), and use of

their wholesale price index for motor vehicles and equipment (22),

the basic vehicle data for 1974 is indexed back to 1930. Similarly,

the prices of petroleum products are indexed by means of ratios of

the prices used in the construction phase of the research or by means

of the BLS consumer and wholesale price indexes (21, 22). Labor costs

are generally handled somewhat more directly by means of a 1957 BLS

bulletin (25). Total user costs (undiscounted) over the life of the

road as determined by the HCM using this 1930's data are some 18 per-

cent of those using the 1974 data.

Vehicle cost figures under developing conditions are largely

based on logic and a certain amount of fact, much as in the case of

the materials costs. Keeping in mind the vehicle information avail-

able in a few developing country case studies (2, 14, 18, 19), and

the general comments of various authors (3, 11), costs are developed

in line with the set of economic conditions used in the construction

cost phase. Vehicle and tire costs are thus taken as somewhat less

than twice the 1974 U.S. figures, as vehicles are generally driven



over a longer time in developing countries. Insurance is left about

the same, and fees for registration, licensing, and inspection are half

the 1974 figures which is probably still a little high. Labor, petro-

leum products, and interest rate are based directly on the figures

used in the construction cost phase of the research, although main-

tenance labor is taken as twice the skilled wage rate due to scarcity

and helper costs as twice the unskilled rate as compensation for ex-

penses incurred on the road. Using these figures for developing con-

ditions, the HCM computes total user costs over the life of the road,

the final result being some 90 percent of 1974 user costs (both un-

discounted).

Table C.4 gives the vehicle cost data under 1974, 1930, and de-

veloping conditions, as well as the sources upon which the figures

are based.
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Table C.4a: Vehicle cost data in dollars and their sources at the prices of 1974.

Cost Item Car SU truck,
2-S2
truck

3-S2
truck

-,_ ,

Vehicle cost new less tires

Tire cost (1 tire)

Annual insurance cost

Annual registration, licensing,
and inspection fees

Maintenance labor (per hour)

Ln Driver cost (per month)

Helper cost (per month)

4,340

33

162

47

12.00

0

0

7,500

122

540

350

6.73

925

855

23,300

187

1 ,500

1,000

6.73

1,110

1,082

30,000

290

1 ,500

1,000

6.73

1,292

1,193

Source

17,26,30

16,17,22,26,30

26,28

26,28

22,26,28

22,24

22,24

Petroleum products:
gasoline (liter)

diesel fuel (liter)

oil (liter)

Interest rate (%)

Unit Price/Rate

0.13

0.11

0.72

11. 5

Source
t.

17,26

17

17,26
5



Table C.4b: Vehicle cost data in dollars and their sources at the prices of 1930.

Cost Item

Vehicle cost new less tires

Tire cost (1 tire)

Annual insurance cost

Annual registration, licens-
ing, and inspection fees

Maintenance labor (per hour)

Driver cost (per month)

Helper cost (per month)

Car SU truck
2-S2
truck

3-S2
truck

4- 4

1,351

9

28

23

1.21

0

0

2,287

37

92

169

0.68

104

80

7,105

57

255

482

0.68

104

80

9,149
88

255

482

0.68

104

80

Source

17,22,26,30

16,17,22,26,30

21,22,26,28

21,22,26,28

22,24,25,26,28

25

25

Petroleum products:
gasoline (liter)

diesel fuel(liter)

oil (liter)

Interest rate (%)

Unit Price/Rate
9 ,t

0.06

0.03

0.25

5.0

Source

17,21,22,26

17,22

17,21,22,26
5

U,

0



Table C.4c: Vehicle cost data in dollars under developing conditions.

Cost Item Car SU truck 2-S2 truck 3-S2 truck

Vehicle cost new less tires 7,810 13,500 41,900 54,000

Tire cost (1 tire) 59 220 337 522

Annual insurance cost 162 540 1,500 1,500

Annual registration, licens- 24 175 500 500
ing and inspection fees

Maintenance labor (per hour) 0.40 0.40 0.40 0.40

Driver cost (per month) 0 33 33 33

Helper cost (per month) 0 17 17 17

Unit Price/Rate

Petroleum products:

gasoline (liter) 0.50

diesel fuel (liter) 0.40

oil (liter) 2.70

Interest rate (%) 20.0

Note: See text for discussion of the derivation of these prices.



C.23 Sources for Project Costs

1. Bail,Robert, "Labor and Materials Required for Highway Construction",
Monthly Labor Review, Vol. 96, No. 6, June 1973, pp. 40-45.

2. Bhandari, Anil and Fredric Berger, The Highway Cost Model: Evalua-
tion of the Dar-es-Salaam--Morog oro Section of the Tanzania -
Zambia Highway, Report No. 75-5, Technology Adaptation Program,
Massachusetts Institute of Technology, Cambridge, September 1975.

3. Carstens, R.L. and L.H. Csanyi, "Economic Analysis for Highway Im-
provements in Under-Developed Countries", Engineering Report
No. 44, Iowa StateUniversitBulletin, Vol. 63, No. 11,
November 4, 1964.

4. Dodge Building Cost Services, Guide for Estimatina Public Works Con-
struction Costs, McGraw-Hill Information Systems Co., New York,
various years (Editions before 1974 are titled Estimating Guide
for Public Works Construction).

5. Federal Reserve Bulletir, statistical tables on interest rates and
bond yields for various years.

6. Finger, Diane S., "Labor Requirements for Federal Highway Con-
struction", Monthly Labor Review, Vol. 98, No. 12, December
1975, pp. 31-36.

7. Harger, Wilson G., Rural Highway Pavements Maintenance and Re-
construction, McGraw-Hill Book Co., New York, 1924.

8. Highway Research Board, Iowa State Highway Maintenance Study-Time
Utilization, Productivity, Methods, and the Management, 1959-1960,
Special Report65 and Supplement I,, Natil Aadmy of Sciences-
National Research Council, Publications 921 and 922, Washington,
D.C., 1961.

9. Imperial Ethiopian Government, Imperial Highway Authority, Ethioij
Road Maintenance Study, Final Report and Appendix, Prepared by
Frederic R. Harris, Inc., Consulting Engineers, Supported by
Economics Research Associates, June 1973.

10. International Bank for Reconstruction and Development, Highway De-
sign Study Phase I: The Model, Economics Department Working
Paper No. 96, Prepared by Fred Moavenzadeh, Joseph H. Stafford,
John H. Suhrbier and John Alexander of CLM Systems, Inc.,
Cambridge, Massachusetts, January 1971.
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11. International Bank for Reconstruction and Development, Quantifica-
tion of Road User Savings, World Bank Staff Occasional Papers
No. 2, By Jan de Weille,Johns Hopkins University Press, Bal-
timore, 1966.

12. "Materials Prices", Engineering News-Record, Vol. 192, No. 22,
May 23, 1974, pp. 30-31.

13. Means Company, Inc., Robert Snow, Building Construction Cost Data,
Duxbury, Massachusetts, various years.

14. Moavenzadeh, Fred, Report Series: Evaluation Framework for Trans-
portation Planning in Developing Countries, Draft Report on
Project Case Studies, Prepared for the Office of Science and
Technology, Agency for International Development, U.S. Depart-
ment of State, Washington, D.C., July 1976.

15. National Cooperative Highway Research Program, Economics of Design
Standards for Low-Volume Rural Roads, Report 63, by C.H. Og-
lesby and M.J. Altenhofen, Washington, D.C., 1969.

16. National Cooperative Highway Research Program, Running Costs of
Motor Vehicles as Affected b Road Design and Traffic, Reportill,
by Paul J. Claffey, Highway Research Board, Washington, D.C., 1971.

17. National Cooperative Highway Research Program, User Benefit Analysis
for Highway and Bus Transit Improvements, By Dudley G. Andersen,
David A. Curry, and Randall J. Pozdena, Transportation Research
Board, Washington, D.C., October 1975.

18. Obhi, K., Simulation of Road Construction, Maintenance, and User
Costs on 13.7 Kilometers of the Vegeresso-Sarossarosso Section:
Bobo Dioulasso-Havnde Road, Unpublished Paper, International
Bank for Reconstruction and Development, Washington, D.C.

19. Ortega, Nicholas G., Economic and Financial Vehicle Operating Costs,
Ethiopian Road Authority, Addis Ababa, February 1976.

20. Radzikowski, H.A., "Progress Report of Committee on Maintenance
Costs", Highway Research Abstracts, Vol. 23, No. 10, November
1953, pp. 35-40.

21. U.S. Bureau of Labor Statistics, Consumer Price Index (1957-59=100)-
Price Indexes for Selected Items and Groups, Annual Averages
1935-61, Quarterly Indexes March 1947 - December 1961, Government
Printing Office, Washington, D.C., September 1962.

22. U.S. Bureau of Labor Statist:cs. Hindbook of Labor Statistics 1975 -
Reference Edition, Bulletin 1865, Government Printing Office,
Washington, D.C., 1975.
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23. U.S. Bureau of Labor Statistics, Laborand Material Requirements
for Construction of Federally Aided Highways, 1958, 1961, and
1964, Report No. 299, Government Printing Office, Washington,
D.C., 1966.

24. U.S. Bureau of Labor Statistics, Union Wages and Hours: Local Truck-
drivers and Helpers, July 1, 1973, Bulletin 1840, Government
Printing Office, Washington, D.C., 1975.

25. U.S. Bureau of Labor Statistics, Union Wages and Hours: Motortruck
Drivers and Helpers, July 1, 1956 and Trends 1936-56, Bulletin
1206, Government Printing Office, Washington, D.C., 1957.

26. U.S. Federal Highway Administration, Cost of Operating an Automo-

bile, Suburban Based Operation, Office of Highway Planning,
Highway Statistics Division, Washington, D.C., April 1974.

27. U.S. Federal Highway Administration, Highway Statistics - 1973,
Government Printing Office, Washington, D.C., 1974.

28. U.S. Interstate Commerce Commission, Transport Statistics in the
United States, Part 7 Motor Carriers, for the years ended
December 31, 1971 and December 31, 1973, Prepared by the
Bureau of Accounts, Washington, D.C.

29. Warren Brothers Company (Division of Ashland Oil, Inc.), Telephone
Conversations with Don Woods and Benjamin Richter, Cambridge,
Massachusetts, 1976.

30. Winfrey, Robley, Economic Analysis for Highways, International Text-
book Company, Scranton, Pennsylvania, 1969.

31. Woods, Kenneth B., Donald S. Berry, and William H. Goetz, Editors,
Highway Engineering Handbook, McGraw-Hill Book Co., New York,
1960.
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C.3 Tables of Project Results

Combining the project quantities with the unit costs of the least-

cost technical packages for various technology and price periods and the

various maintenance and user cost data via the HCM for the appropriate

price periods yields the project-level results, as given in Table C.5,

for each project under various technology and price conditions. Table

C.5A gives project costs using the least cost technical packages of the

1920's at the prices of 1930 (C.5AA), 1974 (C.5AB), and a developing

country (C.5AC); similarly C.5B covers the least cost packages of the

1950's and C.5C the 1970's. Table C.5D gives project costs using the

least-cost technical packages over all technology periods (1920-70 mix)

at the prices of a typical developing country. The numbers beside the

names of the stages of construction designate the technical package

used in the activity, except where more than one package is used when

the number of packages in the least-cost set is given. All costs in the

table are given in $1000, except those labeled /TRAFFIC which are given

in dollars per standard axle.
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TAILE C.5AA: PRCJECT COSTS Al 51000 USINU THE BEST-PRACTICE IKCHNICAL PACKAGS OF THE 1920'S AT
THE PMICES OF 1930.

PROJECT
PROJECT NURPER
CCST(51000)

SITE PREP 21
EXCATATI )N/HAULIhG

DITCH 5-4
6m 7-6
9m 7-6

60M 7-6
100l AVE 2
165" 9-7

L-500fl 7-6
P-500" 10-8
doon 10-8

TOTAL
SPUEADIP0/CO fACTION

9a% 32
934

SURFACING
GRAVYL 22
NOn 211
BS1/G 1121
CBST/N 1121

TOTAL w/0 SURF MAT
TOTAL k/ALL MAT

SKILLED LABOR
UNSKILLED LABCR

/TRAFFIC
CAPITAL

/TRAFFIC
NATRRIALS
/TRAFFIC

OVEN$EAD $ PROFIT
TOTAL COSTE COSTS

/TAAFPIC

NAINT COSTS (PY)
/?RAFFIC

EQU1 ANNUAL NAAI?

Os1 CoSts (NPV)
/TAAFFIC

KQDIV ANNUAL U511

TCTAL PROJECT COATS
/aFFIC

Ll14 L214 L314 0215 HJ15 H415

2.3700

1.1487
o.6488
0.0
0.2509
0.0
C.0
0.0
13.U768
0.0
15.9252

3.4224
0.0

3.6057

0.0
0.0

25.3231
204.144C

4.7315
7.0 985
0.446

13.4931
0.0509

178.8210
0.67468

40.S2du
244.9728
0.9244

60.7000
0.2291

2.800
66.2687

1068.8726
4.0335

2.3700

1.b147
0.6488
c.10
0.25L9
0.0
c.0
0.0

1J.tl6d
00
15.9252

3.4222
0.0

2.2414
9.1224
0.0
0.0

33.0012
224.88(1

.d559
10.7159

C 0.0603
15.0594
0.0585

191.7990
c.72J6

44.9760
26 9.5bC

1.0103

i4.a0 C
Q.242J
5.745

699.8999
3.6*11
60.772J

1033.9550
3.J017

2.3700

1 .1487
6.b488
0.0
0.2509
0.0
0.0
0.0
13. 768
0.C0
15.9252

3.4222
0.0

3.707
090
3.7852
0.0

29.1731
222,5735

5.4156
d.8818
0.0540
14.6759
0.0561

193.4003
07294

44.5147
267.C9to1

1.0079

43.000
6.1623
J.7131

65d.5000
2,4949
57.1776

966.5801
306550

2.9646

1.1208
0.0
7.3602
0.0
0.0
12.9502
46.3464
35.4978
0.0

103.2834

16.8218
0.0

3,0535
12.3080
0.0
0.0

138.4313
398.6650

31.9062
24.7555
0.0284

61.7695
C.0409

260.2JJ9
0.1302

79,7330
47a.3979

0.2394

V3.2000
0.0#66
6.0926

2.964o

1.1208
0.0
7.3682
0.0
0.0
12.9502
46.3464
35.497s
0.0

103.2834

16.8210
0.0

4.8943
0.C
5.063
0.0

13 3. 03k3
390.9629

d9.9347
22.2169
0.0261

80.5837
0.0405

257.9309
0.191

78.1926
469.1553

0.2348

70,6000
0.035#4
6,1476

4294.6016 4096,1992
2.1490 2.0497

372.9001 355.6729

466.1992 4636.1523
2,4350 2.3199

(31
-I

2.9646

1. 1208
0.0
7.3682
0.0
0.0
12.9502
46.3464
35.4978
0.0

103.2834

16,.8218
0.0

3.0535
12.3080
0.0
5.0683

143.4995
417.2751

32.0009
27.0976

0.0300
83.6010
0.0418

273.7759
0.1370

83.4550
500.7300

0.2506

40.2000
0.0201
3.4906

3896.1001
1.9496

336,2983

4437.0273
2.2203



TALE C.AAI OP40JCT COSTS IN $10 MI USING
THC P nCES OF 10Db.

THE fEST-PRACTICL TECHNICAL PACRAGES OF THE 1979'S AT

PROJECT
PIUJECT %U pECR

SITE PREP 21
EEC AVAT104 /HAUL IN(,

DITCH 5-4
bM 7-6

60M 7-6
1)M AVE 2
165M 9-.7

L-5J3M 7-6
-5'IM 10-8
DOjM 10-8

TarAL
SPREAD ING/COMPACTiIN

-oi 32
M 31

$JRrACINC
GRAVCL 22
WUM 21!
0051/G 1121
EBST/W 1121

TOTAL W/0 SURF MAT
TDTAL W/ALL MAT

SKILLED LAB5.
UNSKILLF0 LAPOR

/IRAFFI I
CAPITAL
/TAPrIC

MATERIALS
/TAAFF IC

CVEREAD & PROFIT
T'TAL CONSTR C lTS

/TRAFFIC

MINT COSTS nP'va
ITRAFFIC

E9UIY ANNUAL MAINT

UhER COSTS INPVI
ITAAFFIC

14UIV ANNUAL USER

TOTAL PROJECT COSTS
/IRAFFIC

LII 01 )2. LI)' Hili $325 1135

2.733

1.1487
).6498

0.2539
0.2
0.)
0.0
1). 768

15.0252

3.4222

),6707

3..:
3.7692
0.0

29.17)1
222.5 715

5,4156

0.054)
14.975
OS. 61

193.40'19
0.7799

44.5147
26701

101079

4 3. 000
0.1421
1.7197

650.500
2.449

57.1776

966.5661
3. 659*)

2.1515

1.1487
4.6454

r 0
).25,9
2.0
'.0
0.0
12909:1

r, .0
lo.9358

0o
1.018J

0,6955
n.0

14.7952
*'S)

29.7 O1l
12 1.6067

).0576
14.5 316
.'.0549

279.61P1
1.1096

2194049

168.3779
1.4654

41.0070

3.7337

2 .4649
S7.17'6

1099.4279
4.1126

2.3535

1.1407
0.6454
0.0
Ov2509
0.0
0.0
0.0
12.8908
0.C
14.9355

0.0
3.D18.1

1.67sT7
0.0
1.1852
0.0

27.76)2
221.1615

4.741
8.9595
0.0517
14.6645
0.05)1

191.400
0.7248

44.2327
265,3961

1.0015

114.9 9(o
0.4106.
9.97(6

690.90(o

2.5997
59.6385

2.9646

1 .12'19
1 $0
1,3602
30

0.0
12.95 2
46.1464
35.4970
0.0

Ifl.2014

16. 8?18
.0

4,9143

oo

5.3613
0.0

111.012)
393.9629

2'1.9947
,2.2169

).3261

0.94'S
257.9119

).12 11

p0.194h
4*9.1 5)
3.2140

7.001,U
).954
5.1476

4096.1192
201497

155.6729

I.1201
0.a
7.1294
0..'

1).126i
46.1464
35.4971

133.420)

3.10
14.R1 9u

6.0641

O.C

495.71*7

27.192'1
231.943
0.256

TR,4192
). 5)95

155.646
0,178,

97.14J'
582.0615

0.2917

?0.6003
9135-

6.1479

*596. 199.'
2.3497

155.6721

2.PS20

1 VR
.0
7.1254
1.0

12.126%
46.14S4
35 .498

103.42 9

'.3
14.61)0

4 .8941
7 .0
5.36P1
C.3

12' .0944
106.3151

2$ .1121
27.9377

7' .4646

').0)

251.911
3.1741

77.2010
461.2153
1.2319

241.7930
,. us?
23.9414

412 1972
2.3918

362 .966

&069.09>9 *634.1573 4749.4519% 4 84.617?
4.034 2.3199 2.1765 2.444)

(Si



TAILC C.5AAi P83JECT COSTS IN 1060 USINU
T1I' PNICES Of 1930.

Tlt. bEST-PRACIICE IECHNICAL RACKAGZS OF THE 1920'S AT

PROJLCT
P0OJECT NUDER
COST(110001

SITE PREP 21
RICAVATION/HAULING

DITCH 5-4
6M 7-b
9m 7-6

60M 7-6
loom AVE 2
165M 9-7

L-5904 7-6
P-500 10-0

IOOn 10-H
TOTAL

SPRI ADING/CON PACTION
99A 32
93m'

SURFACING
GRAVEL 22
bn 211
CPST/Q 1121
DUST/W 1121

TOTAL W/0 SURF MAT
TOTAL W/ALL MAT

SKILLED LADOR
UNSKILLED LABOR
/TRAFFIC

CAPITAL
/TRAFFIC

NATEIIALS
/TRAFFIC

OVEMIIER 6 PIOFIT
TOTAL COSTR COSTS

/TRAFFIC

NAINT COSFS (NPV)
/TNAIFIC

EQIV ANNUAL PAINT

USER COSTS (PVy)
/TRAFFIC

QUIT ANNUAL IISKR

TOTAL PROJECT COSTS
/TRAFFIC

L311 L314 L315 H312 1313 N315 L316 L317 317

2.6655 2.3700 4.3535 4,602J 3.6583 2.9646

0.5743
u.8093
1.2119
0.2509
.0
00

0.0
0.0
0.0
4.8464

1. 1467
0. 6488
0.0
C.2509
0c
0.0
0.0

13. 7t6
0.0
15.9252

11417
0.5826
0.0
0.0
0.c
0.0
3.5655
12.9629
0.0
18.2597

0.0
0.0
13.9162

2.2077
0.0

30.8d02
0.0
0.0
0.0

47.0041

0. 2131
0.0
8.8438
0.0
4.0594
0.0

46. 3464
35.4978
0.0

94.960o

1.1208
0.0
7,3682
0.0
0.0
12.9502
46,3464
35.4978
0.0

103.2034

2.3700 2.3535 2.9u46

1.147
0.6488
0, j
0.2509
0.0
0.0
0.0
0.0
17.6850
19.7334

1.1487
0.5826
0.0
0.0
0.0
0.0
3.5655
0.0
16.5203
21.8170

1.1200
0.0
7.3682
0.0
0.0
0.0

46.3464
57.6d83

0.0
112.7237

3.4222 3.422' 3.4222 16.8218 16.0418 16.021d 3.4222 3.4222 16.8211
c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3.6707
C.0
3.7852
0.0

3.6707
0.0
3.752
0.0

3.6707
0.0
3.752
00 c

4.0943
0.0
5.0683
0.0

4,894J
0.0
5.0683
0.0

4.8943
0.0
5. 06 u3
0.0

16.5906 29.17J3 31.4913 78.4706 125.4031 133.0323
209.990 222.5735 224.6915 336.4014 383.3337 390.9629

4.4608
4.3481
0.0333
7.7731
0.0293

193.4C(3
0.7298

41.9980
451.9883
0.9bG9

43.OC000
0.1623
3.737

656.6000
2.16649
57.177a

5.4156

0.0Si0t
14.0759

193.4603
0,7298

440$147
267.0bul

1,0079

.1 O2J
3.73J

656.5(O0
2.6649
57.177S

6. 1777
6)86

0, 0558
16,.7150
0.C631

193,40 33
0.7298

44. 97d3
269.8w96

1.0104

43.sC0 c
0,1643
J.7337

56.5000
2.4649
S.1776

19. 1543
18.3336
0.0180
40.9827
0.0205

2579309
0.1291

67,2003
403.6814

0. 4020

7000000
000154
6.1476

4096.1992
2.0497

35S.6749

29,5501
17. 1937

0.0234
78.0.593

0.0394
257.9309

0.1291

76,6667
460.0002

0.2302

70,0000
0.054
6. 17b

4096.1992
2.0497

355.67W9

49, 9347
22.2 169

0.0261
80.860 7

0.0405
257.9309

0.1291

7o.1926
469.1553

0.2348

7008000
0.0354
6.1476

4096.1992
2,0497

355.6729

3,6707
0.0
3.7852
0.0

3.6707
0.0
3.7852
0.0

4.8 d
0c0
5.0603
0.0

32.9815 35.0407 142.4726
226.3817 228.4489 400.4033

5.4156
10.266a
0.0592
17. 2993
0.0653

193.4003
0.7298

45.2763
271.6580

1.0251

43.0000
0.1623
3,7337

65d.5000
2.4849
57.1776

6,1777
9.8922
0.0606

186.9780
0.0716

193.4003
0, 7298

45.6698
274,1387

1.0345

4 3.0000
0,1623
3.7337

658.5000
2,4849

57.1776

30.4467
23.715(l

C .0271
88.3100
0.0442

257.9309
0.1291

80.OJC7
480.4839

0.2404

70.hoc%
0.0354
6.1476

4096.1992
2.0497

355.6729

953.4680 960.5 MP1 971.3696 570.6797 4626.9961 4636,1523 973.1580 9759637 4647.4805
3.5981 3.6550 3.6655 2.272 2,3153 2.3199 J.6723 3.6817 2.325a

00



TABLE C.5AB PROJECT COSTS IN $1033 USING
THE PRICES OF 1974.

THE BEST-PRACTICE TECH4ICAL PACKAGFS OF THE 1920'S AT

PROJECT
PROJECT NUMBER
COSTI11000)

SITE PREP 21
EXCAVATION/IAULING

DITCH 5-4
6M 7-6
9M 7-6

60M 7-6
1001M AVF 2
1651W 9-7

L-500M 7-6
P-500M 10-8

00m 10-5
TOTAL

SPREAD ING/COMPAC TION
90A 32
93%

SURFACING
GRAVEL 22
WOM 211
DBST/G 1121
DBST/W 1121

TOTAL W/0 SURF MAT
TOTAL W/ALL PAT

SKILLED LASOl.
UNSMILLE LAROR

/TRAFFIC
CAPITAL

/TRAFFIC
MATERIALS

/TMAFFIC

OVERHEAD . PROFIT
TOTAL CONSTR COSTS

/TRAFFIC

PAINT COSTS IMPVY
/TRAFFIC

EOUIV ANNUAL PAINT

USER COSTS NPYI
/TRAFFIC

EUUIV ANNUAL USER

TOTAL PROJECT COSTS
/TRAFFIC

L114 L214 L31 h215 315 415

I I =41

17.1148

11.9525
3L967)
0.0
1.53147
090
0.0
0.0

128.287
0.0

148.1819

27.629
0.0

45.9140
0.0
0.0
0.0

219.1116
580.1052

53.0447
12197458
0.6596

64.3191
0.2427

140.9919
1.2A668

116.0210
696.1262

2.6269

256.5000
0.9679
29.9669

2858.4999
12.7883

114.0051

3911.5261
14.38)1

17.3148

13.9525
1,9670
0.0
1.5311
0.0
0.0
0.0

128,7297
0.0

143 ,819

27.6129
0.0

20.5*12
116. 1594
0.0
0.0

7?.85999
669.8518

76.7959
18 160)8
0.981*
77,1014

351,95,9
1.1281

137.9107
827,5245

3.1239

312.SCOO
1. 192

36.509*

2555. ICOO
9.6*26

298.5356

1895.6245
11 .9* 58

17.33400

13.9525
3.9670
0.0
1.5337
0.0
0.0
0.0

128.7287
0.0

146.1819

27.6829
0.0

46.7413
0.0
41.9950
0.0

283.9358
668.9566

60.7119
152.2577
0.8917
70.9664
0.26 71

365.0212
1.4529

113.7911
MOW.mr
3.0292

198.6000
0.7494

23.2024

21.6ni6

11.6140
0.0

44.9160
9.0
0.0

118.1799
22.E999
329.2954
n.0

899.9341

116.0751
0.0

18 .8821
156.7229
0.0
0.0

1162.2676
1619.9053

357.1550
42406562
0,3912

380.4553
0.190%,

417.6177
0.211)

327.9410
1567.P5'62

9,9q47

*17. 3999
0.21V9
51.1014

21.6816

13.61*0
0.)
44.9160
0.)
0.0

136.1190
282.8999
329.2954
0.0

808.9041

116.751
0.0

62.3217
0.0
58.9077
0.0

1087.8916
1651.466?

335.1 18*
181.0022

0.1584
371 .750'1

0.O106)
511.5747

0.257)

120.2932
1921.760J

0.9616

12.3999
0.1561
36.4977

21.6316

11.6140
9.0

44.9160
0.0
0,0

13q.1790
292.8999
329.2954
3.0

808.9041

116.0751
0.0

18.8921
156.7229
0.0

58.9077

1221 .1750
1741 .1039

61 .179
464.7271
0.4161

389 .2686
0.1948

519.9205
0.2652

48 .2707
2089.3245

1.0455

187.000
0.0916

21 .472

2*l5.8CC016411 . V1615774.699?15173 .8008
9.1162 1.2221 7.8917 7.5915

282.2378 1919.6453 1842.9570 1772.4041

3417.147918836.386718008.5i5174*7.1250
12,8949 9.4757 9.01j', 1.7305

UD



TAbLE C.6AA; PROJgCT COSTS Il $100r USING Tub IEST-PACTICL IECHNICAL PACKAGZS OF THE 1920'S AT
HE PRICES OF 1974.

PhOJECT
PROJECT UND'ER

LU %PIVVWt

SITE PREP 21
SICAVATION/HAULI F

DITCH 5-4
63 7-6
901 7-6

60M 7-6
1000 AVE 2
165" 9-7

L-5004 7-6
P-50on 10-8

800g 10-8
TOTAL

SPRAADING/COIPACTION
M 32
93%

SURFACING
GRAVEL 22
htl 211
CBST/G 1121
CBST/W 1121

TOTAL 0/0 SURF NAT
TOTAL W/ALL "AT

SKILL3D LA50K
UNSKILLED LABOR

/TRA FIC
CAPITAL

/TPAQFIC
ATZRIALS
/TRA PIC

OVERHEAD & PROFIT
TOTAL CONSTR COSTS

/TRAFFIC

iAINT COSTS (NPV)
/TRAFFIC

EQUIV AhNUAL NATMT

USER COSTS (NPV)
/TNAFIC

EQUIV ANNUAL USED

TOTAL PROJECT CCSTS
/TRAFFIC

L311 L314 1315 0312 U313 H315 L316 L17 H3i17

2C.9588

6.9762
4.9487
7.3875
1.5337
(.0
0.0

.0

20.8461

27.6829
0.0

4u.7413
0.6
43.9950
0.0

10.2241
545.2449

50.M607
74.4589
0.4699

35.7046
0.1347

385.0212
1.4529

109.C490
654.2937

2.4690

198.6003
0.7494
23.2024

2415,000
9.1162

282.2378

3268. 936
12.3347

17.3348

13.9525
3.9670
c. 0
U5337
C.0v
0.0
4.0

12197287
0.0

140.181

27.6629
0C0

46.7413
C.0

43.9950
c.0

283.9J58
6(8.9568

60.71113
152.2577
V.80 37
70.9604
u.2o78

365.0241
1.4529

133.7913
802.7480
3.042

198.0C0C
C, 7494
23.2Q044

2415.o0
9. 112

262.2373

3417.1479
148949

17.2140

13.9525
3.5622
0.0
0,0
106
0.0
21.7*37

120.2509
C .0

159.5293

27.629
0.0

46.7413
04.0
43.9950
0.

49501624
680.1833

b9,2236
147.3975
C 9,U174
74.5414
V.2964

385.0212
1.4529

13o.t 367
816.2230

3.0801

198.6000
0.7494
23.2024

34.2468

0.0
0.0

04.8321
13.4970
0.0

329.4922
090
090
0.0

427.8213

136.0751
0.0

62.3217
0.0
58.9077
0.0

719.3718
1232.9470

214.4815
314,2825

0.2646
190.6086
0.0954

513.5747
0.2570

246. 5894
1479.5364

0.7404

31293999
0.1563

36.4977

267574

2.5903
0.0

53.9110
0,0

33.8475
0.0

282.8999
329.2954

0.0
702o5439

136.0751
0,0

62.3217
0.C

58.9077
0.0

986.6052
1500.1004

330.8713
294.8511

0.3131
360.8826
0,1806

513.5747
0.2570

300.0359
1800.2163

0.900a

312.3999
0.1503

36. 4977

21.6836

13. 6140
0.0

44.9160
0.0
0.0

138. 1790
282.8999
329.2954

0.0
808.9041

1J6.0751
0.0

62.3217
0.0
58.9077
0.0

108798916
1601.4668

335.1384.
381.0022

0.3584
371.7505

0.1860
513.5747

0.2570

320.2932
1921.7600

0.9616

312. 3999
0.1563

36.4977

2415.800015774.699215774.699215774.6992
9.1162 7.8937 7.937 7.8937

282.2378 1842.9578 1642.9578 1842.9578

17.3348

13.9525
3.9670
0.0
1.5337
0.0
0.0
0.0
0.0

161. 3808
180,8401

27.o829
0.0

46,7413
0.0

'43,9950
0,0

316.5937
701.6150

60.7118
175.3377
0.8908
80.5446
0.3039

385.0212
1.4529

140.3230
841.9377

3.1771

198. 6000
0.7494

23.2024

2415.6000
9.1162

282.2378

34JC.619917566,632817887,J12518006,8555 3456.3376
12.9457 d.7903 8.9508 9.0116 13.0428

U,

17.2140 21.c836

13.9525 13.6140
3.5622 0.0
0.0 44.9160
0.0 0.0
0.0 0.0
0.0 0.0

21.7637 282.999
0,0 537.0015

150.7582 0.0
190.0367 818.4314

27.6029 136.3751
0.0 0.0

46,7413 62.3217
0.0 0.0
43.9950 5u.9077
0.0 0.0

325.6697 1157.4187
710.6907 1670.993h

69.2236 340.9944
168.9575 406.7908
0.6988 0.3742
87.4888 409.6331
0.3301 0.205J

365.0212 513.5747
1.4529 0.2572

142.1361 334.1987
852.8266 2005.192t

3.2182 1,0034

198.6000 312,3995
(o.7494 0.1563
23.2024 36.4977

2415.803015774.6992
9.1162 7.8937

2822378 1842.9578

3467.228518092.289 1
13.0839 9.0534



TABLE C.5ACI PAOJECT COSTS IN b1001) USINGT HE LEAST-COST TECHNICAL PACKAGES Of THE 1920'S AT
THE PRICES OF A TYPICAL DEVELOPING COUNTRY.

PROJECT
PiJECT 'UmRFR 1.114 L214 L314 211 P319 "41S
CISTI11004)

SITE P'EP It 5.u13 5.01-I 5.310) 6.2672 6.767? 6.2672
E4CAVATIONI/AUL 19G

0ICH AVE 2 0.2599 (.2519f 0.2599 1.2516 012536 9.2536
64 AVE 2 1.1601 1.1631 1.1601 0O (9j ;.0
FK AVE 2 0.2 .0 0. 11.8777 11.8177 \1.3777

63m 5-4 0.1993 .19;3 0.1993 0.0 0.2 2.0
1QM 8-7 0.u 0.0 0.0 0.0 0.).
1654 8-7 0. 1.0 0.0 4.1177 4.1327 4.13127

L-5s0 6-5 a 0. , IO 0.0 4.25 40,4325 42.4)25
P-5s)M 8-7 4.5150 4.5150 4.5150 0.0 D.0 1.0

853M 8-7 0. ) .0 0.0 3.3 0.) 1.0
TOTAL 6.114) 6.1343 6.1343 56.6964 56.6964 56.6964

SPREADING/COMPACTiON
981 21 2.1977 2.977 2.3877 11.7169 11.7369 11.7)69
912 21 0.0 0.0 0.0 0.0 0.03 3.0

SURFACING
GRAVEL 21 0.8462 ,.524 0.9614 3.7166 1.1485 3.7166
WBM AVE 2 0.0 21.1365 0.0 29.5175 0.0 2.5175

00S/G 1111 j.0 2.0 8.2494 3.0 11.3455 1.0
085T/W 1111 0.0 C.0 0.0 0.0 0.) 11.0456

T3TAL W/0 SURF MAT 14.104 15.1947 22.64)) 1i.9i9V5 S6.d94 114,QAJl
T'TAL W/ALL MAT 105.9513 144.6616 205.3999 252.3144 311.0741 357.67

SKILLED LABOR 1.4546 2.01)0 1.6577 7.j5s4 6.6477 p.42'1
UNSKILLCO LABOR 3.1112 3.8371 3.7391 22.4750 ?2.131 23.90389

/TAAFfIC 0.01A3 0.0271 0.0204 '.0148 0.14 .0152
CAPITAL 6.5684 26.2845 14.2039 70.4ni7 54.1096 82.71)7

/fAAFFIC 0.024R 1.0992 0.0536 .0153 3.0271 1.Q4.)4
MATERIALS 94.6172 112.5094 185.7992 152.2454 247.9854 24.4943
/TRAFFIC 0.3570 Q.424e 0.7011 0.0752 (.1241 D.1251

OVERHEAD L PROFIT 21.1907 21.9371 41.0900 50,4749 66,2140 71,5317
TM1AL CONSTA )STS 127.1443 171.5939 246.4799 3i2.84)1 137.284P 429.19)2

/TRAFFIC 3.4798 v.6551 0.9301 0.1515 0.1981 3,2144

M"INI COSTS INPVI 82.700 111.201' 72.400' 152,90)0 137.400' 670110))
ITRAFFIC 0.9121 94272 0.2712 ).0755 .3537 3.03)9

EUIY ANNUAL MAINT 14.1414 19.3595 12.1d19 26.16 9 18.1675 11.5912

USER COSTS INPV) 1589.6)01 1491.89?9 1400.5000 672.0994 226,8039 7884.90Wn
/TRAFFIC 5.9985 5.656? 5.3151 4.3199 4.1161 3.9456

EfJIV ANNUAL USER 271.8511 256.3418 740.6816 1495.2198 146.947. 1340.458)

TOTAL PROJECT COSTS 1799.4435 1705.6919 1727.1796 9129.6445 8731.4881 8181.7891
/TRAFFIC 6.7904 6,7385 64144 4.5663 4.692 491941



TADLE C.sAC; PROJECT COSTS 1I $1000 USING THE LEAST-COST TECHNICAL PACKAGES OF THE 1920'S AT
THE PRICES Or A TYPICAL DEVELOPING COUNTRIS.

PROJeci
PROJECT NUNDER
COST (51000)

SITE PhEP 11
INCAVATION/NAULING

DITCH AVE 2
6M AVE 2
41 AVE 2

60Mi 5-4
loop 8-7
165M 8-7

L-500M 6-5
P-5004 8-7

soon -7
TOTAL

SPE ADING/COMPACT ION
90% 21
93 21

SURFACING
GPAVYL 21
w81 AVE 2
POST/G 1111
DOST/V 1111

TOTAL W/O SURF RAT
TOTAL /ALL NAT

SKILLED LABOR
UNSKILLED LABOR
/TPAFFIC

CAPITAL
/TI9AFlC

RATERIALS
/TRAFFIC

0TENHIAD 6 PROFri
TOTAL CONSTR COSTS

/TRAFFIC

NAINT COSTS (IVY)
/TRAFFIC

I0U1 ANNUAL NAZIT

USER COSTS (NP?)
/TRAFFIC

100V! ANNUAL USIA

TOTAL PROJECT COSTS
/TRAFFIC

L314 L324 L334 f315 1125 U335

5.0103 4.9754 4.9754 6.2672 6.0926 6.0926

0.2599
1. 1601
090
0. 1993
0.0
090
0.0
495150
0.0
6. 1343

2.3877
0.0

0.8614
0.0
8.2494
0.0

22.6430
205.3999

1.6577
3.7393
0.0204
14.2038
0.0536

1#5.7992
0.7011

41.0800
246.4799

0.9301

72.4000
0.2732
12.36 18

1008.5000
5.3151

240.0916

1727.3796
6.5184

0.2599
1.1542
0.0
0.1993
0.0
0.0
0.0
4.1942
0.0
5.8075

0.0
1.3193

1.3366
0.0
6.24914
0.0

21.6081
255.6699

1.6701
3.6379
0.0200
13.3591
0.0504

237.2030
0.0951

51.1740
307.0437

1.1507

72.*000
0.2732
12.3410

1408.5000
5.3151

240.816

1787.9436
6.7470

0.2599
1.1542
0.0
0.1993
0.0
0.0
0.0
4. 1942
0.0
5.8075

0.0
1.3193

0.8614
0.0
6.2494
0.0

21.2130
203.698

1.6103
3.4825
0.0192
1390911
0.0494

185.7780
0.7010

#0.7939
244.7637

0.9236

194.2000
0.7328

33.2121

1*80.1001
5.6155

254.94

1927.0637
7.2719

0.2536
0.0
11.8777
0.0
0.0
4.1327

40.4325
0.0
0.0

56.6964

11.7369
0.0

1.1485
0.0
11.0456
0.0

86.946
331.0742

6.6477
22.3319
0.0145
54.1096
0.0271

247.9654
0.1241

66.2145
397.288

0.1989

107.04000
0.0537
18.3675

0226.800,
4.1167

1*06.9470

I731.633
4.3692

0.2536
0.0
11.8151
0.0
0.0
3.2316
40.4325
0.0
0.0
55.7326

0.0
6.4780

1.6110
0.0
11.0456
0.0

80.9600
375.1897

6.4983
21.3863
0.0140
49.3760
0.0247

297.9292
0.1491

75.0379
450.2275

0.2253

107.4000
0.0537
18.3675

6226.8008
4.1167

1406.9470

8764.4256
4.3957

0.2536
0.0
11.8151
0.0
0.0
3.2316
40.4325
0.0
0.0
55.7328

0.0
6.4780

1.1485
0.0

11,0456
0.0

80,4975
324.6772

6.4479
21.2351
0.0139
49.1152
0.0246

247.8794
091240

64.9354
389.6125

0.1950

403,8999
0.2021
69.0749

0554.8008
4.2808

1*63.0417

9346.3125
4.6779

01
N
N



TABLE C.5ACu PROJECT COSTS IN 11000 USING THE LEAST-COST TECHNICAL PACKAGFS OF THE 19?)'S AT
THE PRICES OF A TYPICAL DEVELOPING COUNTRY.

PROJECT
PROJECT UMBER
COSTI&1000 1

SITE PREP 11
ENCAVATION/HAULING

D13CH AVE 2
6" AVE 2
9M AVE 2

60" 5-4
109m 8-7
165M 8-7

L-500M 6-5
P-50 f 8-7

8tiM 8-7
TOTAL

SPREADING/COMPACTION
901 21
931 21

SURFACING
GRAVEL 21
Wom AVF 2
DRSV/G 1111
DSSTI 1111

T3TAL W/0 SURF MA7
TOTAL W/ALL MAT

SKILLED LABR
UNSKILLED LABOR

/TRAFFIC
CAPIrAL

/TRAFFIC
MATERIALS

/TRAFFIC

OVERHEAD C PR3FIT
TOTAL CONSTR CSTS

/T4AFFIC

MAINT COSTS IPVI
/TRAFFIC

EQUIV ANNUAL MAINT

USER COSTS INPVI
I!RAFFIC

EIUIV ANNUAL USER

L311 L314 L315 Hil 2 11313 HIlS L116 L117 1017

6.0577 5.0103 4.9754 9.8983 7.7336 5.2672 5.3101 4.9754 6.2672

0.1299
1.4471
1.9516
0.1991
0.0
0.0
0.0
0.0
0.0
3.7303

U.2599
1.1601
0.0
0.1993
100
0.0
1.0
4.5 15%)
1.0
6.1343

0,2599
1.0417
0.0
0.0
0.0
0.0
192442
4.2177
0.0
6.7634

0.0
.* 0

22.4331
1.7539
0.0
9.0546
'.o0
0.0
0.0
34.0416

3.0402
0.

14.2563
G.0
1.4216
0.0

40.4325
0.9
0. i

56.1587

).2536
0.)

11.8777
0.0
0.0
4.1127

49.4325
).0
3.0

56.6964

0. 2599
1.1601
0.0
0.1991
0.0
0,0l
0.0

6.2691
7.T8 8

0.2599
1.04 11
0.0
0.0
0.0
0.0

*.244?

5.5562
A.402

514

11.871

(. I

7.2 t5s
0.s

59.Fi4R

2.3877 2.3877 2.3877 11.7169 11.7369 11.7369 2.3877 2.3877 11.7Th.
0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0

0.8614
0.0
8 .2494
0.0

v.8614

8.2494
I.DO

0.8614
0.0
8.2494
0.0

1.1485
).0

11.0456
0.0

1,1485
2.0

11.456
0.

1.1485

11.0456
2.0

0.8614
0.0
".2494
0.03

21.2861 22.6410 23.2371 67.8710 41.823) 85.8946 24.3971
204.)430 205.3999 205.9941 312.05)5 312.0029 131.07Z 207.154)

Lo0096
3.6266
0.0214

12.0910
0.456

186.4352
0.7015

40.8096
244.516

0.9240

72.4%00
0.77)2

12.*918

1406.5000
5.3151

240.0816

1.6577
3.7393
l.02)4

14.201"
0.0516

185.7992
1.7011

41.0000
246.4799

0.91)1

72.4090
U .2712
12.38 IS

1408.5000
5.3151

24..8816

1.6769
4.0036
0.02 14
14.5358
0.0549

185.7780
0.7011

41,1980
247.1910
0.9)28

72.4003
0.2712
12.16180

6.7246
14.0229

0.0114A
41.1133
0.02L6

250.1932
2.1252

62.4101
374.4604

3.1874

1)7.4000
0.0537
10.3675

699409
22.8071
0.0149

53.1794
0.0267

248.875')
'3.1245

66.4006
198.403i

0. 1994

107.4G0)
0.0517

18.1675

14085000 8226.8008 8226.6009
5.3151 4.1167 4.1167

240.816 14,)6.9470 1406,947)

6.6477
22.3119
0.')145

54.1096
0.0271

247.9854
0.1241

6S.2148
397.2888

0.1938

107.40 j
0.0517
18.1675

8226.9000
4.1147

1406.9470

1.6577
4.1952
0,0221

15.502"
0.0585

185.79927
0.7011

41.410
248.Z84 ?
0.9)81

12.400')
0.2732
12.3818

1408.501)
5.3151

240.9816

*.8614
0.0
8.749'.
0.0

11. )45.
3.)

14.8751 90."47
207.612? 134.2261,

1.676 1
4.4294
.021

5S 7 9P6
C .059w

IFIS.770 '
0.701

72.400
0 .271
12.181?

14. ).500
5.111

240. 88 1

6.6477
23.1567
f.)149
56.4371

24?7.9d'k

(JI ,.545 5
401, '71"

*.20.17

107.4C
0 .1511

15,)61i

8226.1 $X

4.1147

TOTAL PROJFCT CUSTS 1725,1515 1127.3746 1728.0924 6790.6632 8732.6016 87)1.4853 1729.4946 1730.05'1 Al7j.2'4
/TRAFFIC 6.5123 6.518' 6.5211 4.157 4.3698 4.1692 6.5264 6.521' 4.11,

01
N
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TAILE C.5PA; PROJECT COSTS IN $1000 USING
THE PRICES OF 1930.

THE BEST-PRACTICE IECHNICAL PACKAGES OF THE 1950'S AT

PROJECT
PROJECT hhER
COSTI$1000)

SITI PREP 31
EICAVATION/HAULING

DITCH 11-0
61 AVEJI
9n AVE 2

bOl 7-7
loon AVE 2
1659 AVE 2

L-500 7-7
P-500n 4-4

BooR 4-4
TOTAL

SPREADIMG/COMPACTION
90% Avg 2
9)%

SURFACING
GRAVEL AVE 2
urn AVE 5
CDST/G AVE 8
DDST/W AVE 8

TOTAL W/0 SURF MAT
TCTAL N/ALL MAT

SKILLED LADON
UNSKILLED LABOR

/TRAFFIC
CAPITAL

/TRAFFIC
MATERIALS
/TRAFFIC

OVERIIIAD 0 PROFIT
TCTAL CONST6 COSTS

/TRAFFIC

RAINT COSTS (NPV)
/TRAFFIC

EQUI ANNUAL MAINT

USER COSTS (NPV)
/TRAFFIC

EUIV ANNUAL USER

TCTAL PROJECT COSTS
ITRAFFIC

L114 L214 L314 H215

1.0269

0. 1042
0.2274
0.0
C. 1164
0.0
0.0
0.0
2.2947
0.0
2.7427

0.882
0.0

0.4752
0.c
0.0
C.0

5.1330
183.9538

1.5713
0.2864
0.C070
3o.2753
0,0124

178.0210
0.67468

36.7 yOU
220.7446
0.8330

60.7000
0.2291
S.2706

763.2000
2.8800
66.2687

1044.6445
3.9421

1.02t9

0.1042
0.2274
0.0
C.,1164
0.0
0.0
0.0
2.2947
0.0
2.7427

098682
c.0

0.2954
2.5162
0.0
0.0

7*4694
199.2683

2.40a4
C.4301
0.0107
4.6J49
0.0175

191.7990
0.723

39.0536
239.1219

0.9023

64.2000
0.2423
5.5745

699.0999
2.6411

60.7723

1003.2217
3.7w57

1.0269

0.1042
0.2274
0.0
0.1164
0.0
0.0
0.0
2.2947
0.C
2.7427

0.8882
0.0

0.4838
0.0
0.5809
0.0

5.7224
199.1226

1.7308
0.3487
0.0078
3.6430
0.0137

193.4003
0.7290

39.245
238.9471

6.9017

4J.0000
0.1623
3.7337

658.5000
2.4849
57.1776

940.4470
3.5469

1315 11415

1.2845 1.2845 1.2845

0.1017
0.0
2.8690
0.0
0.0
3.4791
15.3012
0.0
0.0

21.7510

4.3660
0.0

0.4024
3.3949
0.0
0.0

31. 1968
291.4326

8.9361
0.5521
0.0047

21.7105
0.0109

260.2339
0.1302

58.2865
3!9.74190

0.1750

93.2000
0.0466
6.0926

4294.6016
2.1490

372.9001

4737.5195
2.3707

0.1017
0.0
2.8690
0.0
0.0
3.4791

15.3012
0.0
0.0
21.1510

4.3660
0.0

0.6450
0.0
O.777d
0.0

28.8242
286.7549

8.0181
0.4416
0.0042

20.3645
0.0102

257.9309
0.1291

57.3510
344.1057

0.1722

70.6000
0.0354
6. 1476

4096.1992
2.0497

355.6729

4511.1016
2.2574

0.1017
0.0
2.8690
0.0
0.0
3.4791
15.3012
0.0
0.0
21.7510

4.3660
0.0

0.4024
3.3949
0.0
C.7778

31.9765
305.7522

991448
0.6354
0.0049
22.1963
0.0111

273.7759
.1370

61.1504
36o.9026

0.1836

40.2000
0.0201
3,.4906

3896.1001
1*9496

338.2983

4303.1992
2.1533

(71N
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TABLE C.58A: P30JECT COSTS IN $1000 USING
TlL PRICES OF 1930,

PROJECT
POJECT HumiBEN
COST(5100

SITE PREP 31
11CAVATI)N/HAULING

DITCH 11-0
63 AVE 2
9h aVE2

608 7-7
100m AVE 2
165" AVE 2

L-500N 7-7
P-503A 4-4

e00l 4-4
TOAL

SfAI ADI HG/COO PACTION
981 AVE 2
934

SUIFACING
GRAVEL AVE 2

W.9 AL 5
0ST/0 AVE 8
CBST/d AVE S

TOTAL W/0 SUP? MAT
TOTAL W/ALL NAT

SKILLED LAPOR
UNSNLLID LA00R

/THAF!C
CAPITAL

/TRAFFIC
MATERIALS
/TRAFFIC

OVERHEAD 6 PM2FIT
TCTAL CONST C3STS

/TRAFFIC

RAINT COSTS (SPY)
/TRAFFIC

SQUIT ANNUAL SAINT

0511 COSTS (SPV)
/TRAFFIC

1QUIV ANNUAL 0531

TOTAL PEOJECT COSTS
/TAaIC

TUL 69ST-PRACTICS TECHNICAL PACKAGES OF THE 1950'S AT

L311 L314 L315 0 312 H313 H315 L316 L317 H317

4.-

1.2416

0.0621
0.2836
0.14719
0.1164
0.0
0.0
0.0
0.0
0.0
0.9240

0.8082
0,0

0. 4 83 8
0.0
0.5809
0 6c

4.11841
197. 5186

1.44tL
Uv40U6
0.0070
2.2639
0,0085

193.4003
0.l498

39.5037
237.0223
0.0944

*3.0000
0.1623
3.1337

658.5000
2.40'9

57.1 77b

936.5222
3.5*16

1.0269

C. 1042
0.2274
0.0
0.1164
0.0
0.0
0.0
2.2947
0.0
2.7427

0. 8882
0.0

0.4d38
0.0
0.5b09
0.0

5.722%
199. 1226

1.7308
0. 3467

3.64 30
0.0137

193.4003
0.7298

39.245
238.9471

n. 90 17
*3.0000
0.le2)
3. 1331

658.5000
2.4649
57.1776

940.4470
3.51u9

1.0197

0.1042
0.2042
0.0
0.0
0.0
0.0
0.4709
2.1436
0.0
2.9228

0.0882
0.0

0.4838
C.'
0.5609
0.0

508954
199.2955

1.754
0.3467
0.00740
3.7833
0.0143

193.4003
0.1298

39.5591
239.1546

0.9025

43.0000
0.162)
3.7337

658.5000
2.4649
51.1776

9*C.6545
395496

2.0287

0.0
0.0
5.4186
1.0246
0.0
8.2961
0.0
0.0
0.0

14.7394

4.3660
0.0

0.6450
0.0
0.7778
0.0

22.5509
360.4875

6.9876
0.6492
0.0038

14.9200
0.0075

257.9309
0,1291

56.0975
336.5850
0.1664

70.0000
0.0354
6.1476

4096.1992
3.0497

355.6729

450J,5620
2.3536

1.5851

0.0193
0.0
3.4436
0.0
1.2184
0.0

15 30 12
0.0
0.0
19.9825

4.3660
0.0

0.6450
00
0.7718
0.0

27. 3563
285.2869

7.1757
0.525b
0.0042
19.0551
0.0095

257930
0.1291

57.0574
342.3440

0.1113

70.60006
0.0354
6.1476

4096.1992
2.0497

355.6729

4509.3398
2.25.5

1.2845

0.1017
0.0
2.8690
0.0
0.0
3.4791

15.3012
0.0
0.0

21.7510

4.3660
0.0

0.6450
0.0
0.7778
0,0

28.8242
286.7549

u.01 $1
0.441o0
0,0042

20.3645
0.0102

257.9339
0.1291

57.3513
344.1057

0.1722

70.8000
0. 0354
6.1476

4096.1992
2.0497

355.6729

4511.1016
2.2574

1.0269

0.1042
0.2274
0.0
0.1164
0.0
0.0
0.0
0.0
2.6715
3.1195

0.8882
0.0

0.4d35
0.0
0.5809
0.0

6.0992
199.4994

1.8306
0.3487
0.0082
3.9199
0.0148

193.4003
0.7298

39.8999
239.3992

0.9034

43.0000
0.1623
3.7337

658,5000
2.4849

57.1776

940.8992
3.5506

1.0197

0.1042
0.2042
0.0
0.0
0.0
0.0
0.4709
0.0
2.4956
3.2748

0.8802
0.0

0,4038
0.0
0.5809
0,0

6,2473
199,6475

1.586
0, 3467
0.0083
490420
0.0153

193.4003
0.7298

39.9295
239.5770

0.9041

43.0000
0.1623
3.71337

658,o5000
2.4849

57.1776

941,079
3.5512

1.2d45

0.1017
C.0
2L8690
0.0
0.0
0.0
15.3012
3.7026
0.0
21.9744

4.3660
0.0

0.6450
0.0
0.T777
0.0

29.0477
286.978)

8.0u73
0.441b
0.004

20.5321
0.0103

257.9309
0.1291

57.395t
344.3736

0.1723
70.8000
0.0354
6.1476

4096.1992
2.049

355,6729

4511.3711
2.2575

U1
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TAILS C.MBI PROJECT COSTS IN$ 1000 USING THE BEST-PRACTICE IECHNICAL PACKAGES OF THE 1950'S AT
THE PRICES OF 1974.

PROJ,$ TCT
PROJECT onPrIm
COST(S1000)

SITE PREP 31
RNCAVATIJW/hAULING
PITCHm11-0

6N AVE 2
9" AVE 2

603 7-7
100n AvE 2
165M AVE 2

L-500n 7-7
P-500 4-4

800n 4-4
TOTAL

SPRIADINO/CONPACTION
98% AVE 2
91%

SurFACING
GRAVEL AVE 2
he" AVE 5
DBST/G AVE 8
CDST/N AIM 8

TOTAL 0/0 SUPF RAT
TOTAL N/ALL RAT

SKILLED LAWOII
UNSNILLED LABOR
/TRAFFIC

CAPITAL
/TRAFFIC

MATERIALS
/TRAFFIC

OVfNuSAP 6 P3O*IT
TOTAL CORSTR COST:

/TNAFFIC

SAINT COSTS (PV)
/TRAFFIC

30KV AlIAL PAINT

USES COSTS (Ufl)
/TRAFFIC

IQOMY ANNUAL 651

TCTAL FlOJICT COSTS
/TRAPric

L114 L214 1314 215 1315 H415

10.9605

0.6153
1.7267
0.0
0.8224
L.0
C,0

16. 3 68
0.0
1 e.5531

6.444
0.0

3.6996
0.0
0.0
0.0

41.0576
382,0493

17.6270
4.9077
0.065C

10.5229
0.0699

340.9919
1.2868

76.4099
58.4590
1.7300

256.5000
0.9679

29.9669

2656.8999
10.7613

334.0051

3573.8589
13.9103

10.9605

0.6153
17407
0.0
0,d144
0.0
0.0
0.04
16. 3668
0.0
19.5531

6,0444
0.0

2.2990
20.4372
0.0
00

60.0950
412.0408

26.925
7.3773
0.1497

25.7352
0.0971

351.9539
1.*3261

82.4098
494.4595
1.659

312 .5C0
1.1792

36.5614

2555.3000
9.6126

296.5356

3362.2555S
12.0676

10.9605

0.6153
1.7287
0,0
0.6224

0.0
C.0

16.3868
0.0
19. 5531

0.64144
0.0

3.7663
G.

*5.6092
430.6301

19.4 167
5.9771
C. 0958

20. 2154
0 .03

365.0212
1.4529

6. 1460
510.1561

1.9500

19.000
0.7444
23.202*

13,7102

0.6003
0.0

2106120
0.0
0.0

24.5691
107.2559

0.0
0.0

154.2373

33.6436
0.0

3.1330
27.5740
0.0
0.0

232.29u1
709.9358

99.529
9.4709

0.Q547
122.9743

0.0615
*77.6377

0.2390

141.971
651.9229

0.42636

437.3999
0.6069

51.1.1*

13.7102

0.6003
0.0

219a120
0.0
O.u
2405691

107. 2559
0. 0
0.0

154.2373

33.0436
0.0

5.0217
0.0
6.0051
0.0

212.6179
726.1924

69.5725
7.5708
0.046

115.4746
0.0576

513.5747
O.2570

145.2385
671.*307

0.4361

312.3999
0.1563

360.4977

13.7102

0.6003
0.0

21.9120
0.0
0.0
24,5691

107.2559
0.0
0.0

154.2373

33.6436
0.0

3.1330
27.5740
0.0
6.0051

238.3032
758.2317

102.1950
10.9028
0.0566

125.2054
0.0627

519.9285
C.2602

151.6463
909.8779

0.4553

187.0000
0.0936

21.6472

2* 15 .60010*3 1. 1010615774.6992 151710.60 06
9.1162 6.2221 7.0937 7.5915

a02.2376 1fl9.063 1642.9570 1772.4043

313. 15017730.21910956.127310267.6758
11.0157 6673 0.4661 0.1404

Ln
N
'0r



TAILS C.SbMi PROJCT COSTS 1 $1000 USLMU
TNi PRICES OF 1974.

PROJCT I

'1

'HL btS?-PRACTICR UCHNICAL PACKAGES OF THE 1950'S AT

PE0JECT lQgft L311 L314 1315 11312 "313 "315 L316 L317 1 317
COST( $1000

SITE PREP 31 13.2519 10.9605 10.841 21.6537 16.9182 13.7102 10.9605 10.8841 13.7102
EECAVATION/HAULING

DITCH 11-0 0.3076 0.6153 006153 0.0 0.1142 0.6003 0.6153 0.6153 0bOO J
6Ai AV 2 2.1565 1.7287 1.5523 0.0 0.0 0.0 1.7287 1.5523 0,0
9n AVE 2 3.5875 0.0 0.0 41.1960 26.1801 21.8120 0.0 0.0 21.8120

60n 7-7 0.8224 0.8224 C.C 1.2369 0.0 0.0 0.8224 0.0 0.0
100l AY 2 0.0 6.0 0,0 0.0 8.6137 0.0 0.0 000 0.0
165h AVE 2 0.0 ,0 0,0 58.5658 090 24.5691 3.0 0.0 C.0

L-5003 7-7 0.0 0.0 3.3005 0,0 107.559 107.2559 0.0 3,3005 107.2559
P-500 4-4 0.0 16.3868 15.3076 0.0 0.0 0.0 0.0 0.0 2b.4404

800n 4-4 0.0 0. 0.0 0.0 0.0 0,0 19.0987 17.8409 0.0
TOTAL 6.8740 19.5531 20.7751 107.0186 142,1640 154.2373 22.2650 23.3090 156.108b

SPREADING/COR PACT ION
98% AVf 2 6.8444 6.84'4 6.8444 33.6436 33,6436 3396436 6.8444 6.8444 3J.604sJc
93% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SURFAC ING
GRAVEL AVE 2 3.7663 3.7663 3.7n03 5.0217 6.0217 5.0217 3.1663 3.1663 5.0217
won AVE 5 0.0 0.0 0.0 0.0 0.0 00 0.0 0,0 0,0
D1ST/G AVE 8 4.4849 4.4849 4.4849 6.0051 6.0051 6.0051 4.4849 4.4849 6.0051
C1ST/P AvE 8 0.0 0.0 0.. 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 0/0 SUP? MAT 35.2215 45.o092 46.7554 173.3427 403.7526 212.6179 48.3211 49.2867 214.4894
TOTAL V/ALL MAT 420.2424 430.6301 431.7764 686.9172 717.3269 726,1924 433.3420 434.3096 728.0637

SAILLED LADOR 16,1966 19.4167 19.7953 78.2)38 86.d485 89.5725 20.5130 20.8194 90.2335
ONSKILLED LABOR 1.0031 5.9771 5.9429 11.1276 9.0072 7.5708 5.9771 5.9429 7.5708

/TRAFFIC 0.0875 0.0958 6 .%971 0.90447 0,0480 0.0486 C.1000 0.1010 0.0489
CAPITAL 12.0218 20.2154 21.0171 83.813 107.8968 115.4746 21.8310 22,5263 116.6649
/TRAFIC 0.0454 0.0763 0.C793 0.0420 0.u540 0.0578 0.0824 0.0850 0.05d4

NATEUZAL3 JI.0212 385.012 35.0212 513.5747 M,4 513.5747 385.0212 385.0212 513.5747
/TRAFFIC 1.4529 104529 1,4529 0.2570 0.2570 0.2570 1.4529 1,4529 0.2570

DY1RUEAD POIT 4.01 W5 86.1260 86.3553 137.3034 143.4654 145.2365 86.6684 86.U619 145.6127
TOTAL CONSTR COSTS 504.2908 516.h51 51S.1316 624.3005 660.7922 671.4307 520.6103 521.1714 873.676)

/TRAFFIC 1,903C 1.95CO 1.9552 004125 0.4307 0.4361 1.9623 1.9667 0.4372

AINT COSTS (NPV 19d.6000 19.6000 198.6000 312.3990 312.3999 312.3999 198.6400 19896000 312.iY99
/TDAPIC b.7494 0.7491 0.7494 0.1563 0.1563 0,1563 0.7494 0.1494 0.15o3

EQUE? AOALOMAIN 3.J024 23.2624 a.222i 36.4977 36.4977 36.4977 23.2024 23.2024 36.4977

151g COSTS (HPY} 2415.uOG 2415.MCCO 2415,600015F74.699215774.619215774.6992 2415.8000 2415.80D015774.6996
/TRAFFIC 9.1162 9.1162 9.1162 7.0937 7. 37 7.8937 9.1162 9.1162 7,aVJ7

001V ANNUAL USD3 282.2378 462.2378 262,2378 1042.957 1642.9578 1442.9578 2U2.2378 282.2378 1842,9578

MO'AL PROJUCT COSTS 3118.6907 3131.1560 J132.SlI5169l.38441697.s90t16958.5273 3134.4102 3135%571316960.7734
/TIAFFIC 11.7686 11.157 11.8009 8.64625 1.4007 8.4861 11,8280 11.6323 8.472

0,
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TAILE C.SBCs Pi0JECT COSTS IN iOGO USIG Thl LEAST-COST TEChNICAL PACKAGES OF 2THI 1950'S AT
TMY PRICES OF A TYPICAL DEVLLCPIWG COUNTRY.

HROJ LCT
p poi;!C. NUMBER

COST ($1000)

SITE PIEP 31
EICAVATION/NAULING

DITCH 11-0
611 9-9
9n AVE 2

60M AVE 3
10014 AVE 2
1651 AVE 4

L-500 7-7
P-53 11 4-4

80011 4-4
TOTAL

SPRIDING/COfPACTION
98% AVE 4
931

S53FACING
GPAYEL AVE 2
i211 AvE 4
DBST/G AVE 4
CPST/N AYE 4

TOTAL W/0 SURF MAT
TOTAL N/ALL MAT

SKILLED LABOR
UNSSILLED LABOR
/TRAfiC

CAPITAL
/TRAFIC

MATERIALS
/TRAFFIC

OVERhEAD PROFIT
TCTAL CONSTR COSTS

/TRArFIC

SAINT COSTS %NPVj
/TRAFFIC

IQUIZ ANNUAL AINT

USEs COSTS (IP),
/TdAFFIC

WIT0V ANNUAL USER

TCTAL PIJECT COsts
/"ArIC

6

0

26
0

31

7
0

3
0
C
0

48
140

0

46
0

91
0

28
166

02
0

14

1599
S

21

1840
6

L 114 L14 L314 H215 "315

b.2778 6,2778 6.277d 7.8528 7.a528

.7788 0.7788 0.7788 0.7599 0.7599
2.1368 2.1360 2.1368 0.0 0.0
.0 0.0 0.0 28.5418 28.5418

1.385d 1.3858 1.3858 0.0 0.0
3.0 0.0 0.0 0.0 0.0

.0 0.0 0.0 40.9575 40.9575

.0 0,0 0.0 179.727 179.721
6916 26.0916 26.8916 0.0 0.0
.5 0.0 0.0 0.3 0.06

1.1931 31.1931 31.1931 250.1318 250.1318

.2654 7.2b54 7.2654 35.7132 35.7132

.0 0.0 0.0 0.0 0.0

.8751 2.4089 3.9449 3.2816 5.2599
C 20.1286 0.C 27.1576 0.0

.C 0.0 4.3U7d 0.0 5.8751

.0 0.0 0.0 0.0 0.0

.6114 67.4737 53.0641 324.1365 304.8323

.1864 176.7407 235.8259 472.5764 549.0122

.3729 0.5610 0.4098 2.0795 1.8740
.0310 C.0462 0.038 0.0593 0.0492
.0015 0.0023 0.0017 0.0011 0.0010
.2075 66.6665 52.6235 321.9978 302.9092
.1819 0.2516 0.1986 0.1611 0.1516
.5750 1C9.4670 162.7570 148.4400 244.1800
.3456 0.41J1 0.696 0.0743 0.1222

.0373 3593481 471652 94.5153 109.8024

.2236 212.0686 282.9910 567.0916 656.8145

.6348 0.60w3 1.0679 0.2d36 0.3297

.7000 113.2000 72.4000 152.9000 107.4000

.3121 C.273 O.272 0.0765 0.05 7
,1434 19.JsvS 12.3816 26.1469 18.3675

.tOOl 1494.6,99 1IIS.5090 *672.98 l22o.B0068

.9985 1.6502 5.3151 4.3399 4.1167

.8533 25.,341A 240.6016 1483.2340 14406.n70

.5237 1624.16.5 1763.8909 9392.8867 8993.0117

.9454 6.6.31 6.6563 4.7002 4.5001

Cs,
00

0415

1. 8528

0.7599
0.0

28.5418
0.0
0.0

40.9575
179.8727

0.0
0.0

250.1318

35.7132
0.0

3.2816
27.1576
0.0
5.8751

330.0115
572.6904

2.1278
0.0697
0.0011

327.8140
0.1640

242.6789
0.1214

114.5381
687.2283

0.3439

67.8000
0.0339
11.5952

7884.8008
3,9456

13148.4583

0639.8281
4.3234



TAILE C.SC; PROJECT COSTS I0 61000 USING THE LEAST-COST TECHNICAL PACKAGES OF TilE 1950'S AT
THL PRICES O A TYPICAL DkVELOEING COUNTRY.

POJECT
PPOJECA HUlBER
COST (51000)

sill PIEP 31
EICAVATI3K/MAULIHG

DITCH 11- C
6z 9-9
91" AV , 2

60 AVE 3
103 M AV7 2
165 AV' 2

L-500. 7-7
p- SOOn 4-4

80004 4-4
TOTAL

SPRIADING/CORPACTICN
98% AVE 4
3

5URFACING
GRAVEL AVM 2
hM1 AVE 4
COS7/0 AVE 4
DOST/W AVE 4

TOTAL W/0 SURF nAT
TMTAL N/ALL MAT

SAILLED LABO9
IIHKILLMD LAS0N
/TRAFIC

CAPITAL
/TRAFFIC

MATERIALS
/TlA IC

OVESHEAD 6 PROFIT
TCTAL COHSTP COSTS

/TRAFFIC

SAINT COSTS (NPY)
/TMAFFIC

1UIV ANNUAL RAINT

USSR COSTS (wP")
/TRAFFIC

3QUIV ANNUAL USER

TOTAL PROJCT COSTS
/TNAVFIC

L311 L314 L315 0 312 H313 "315 L316 L317 N J317

7.5903

0.3894
2.6655
4.6944
1.3856
0.0

0,4c
0.0
0.0

9.1351

7.2654
0.0 C

3.9449
0.0
4.3878
0.0

32.3236
215.08C4

0.3459
0.0453
0.0015
31.93d4
0.1205

18267570
0.6896

43.0161
258.0964

0.9739

72.o 000
0.2732
12.3818

140s.5000
5.3151

240.6 hol

173d.99a3
6.5623

6.277d

0.778
2.1360
0.0
1.355d
c.0
0.0
(.0
26.8916
0.0
31.1931

7.2654
0.0

309449
C.,0
4,3075
0.0

53.0691
235.8259

0.4098
0.0308
C.OL17

52.6205
0.1986

182.7570
0.6896

47. io52
282.9910

1.0679

74.4000
0.2732

126.3610

1408.50 00
5.3151

24C.6816

1763.6909
6.6562

6.2341

0.1788
1.9185
0.0
0.0
0.0
0.0
5.5351
25.1206
0.0
33.3533

7.2654
0.0

3.9449
0.0
4.3418
0.0

55.1855
237.9424

0.4139
0.0386
0.0017
54.7330
0.2065

102.7570
o0896

47.5005
285.5308

1.0775

72,4000
0.2732
12.3a 18

1408.5000
5.3151

240.616

176*. 430 1
4 .6656

12.4026

0.0
0,0

53,9004
12.1955
0.0
97.6644
0.0
0.0
0.0

163.7663

35.7132
0.0

5.2599
0.3
5,8751
0.0

223.0171
467.1968

1.6759
0.0717
0.0009

221.2695
0.1107

244. 1400
0.1222

93.4393
56096360

0.2805

107.4000
0.0537
16.3675

8226.8008
4.1167

1406.9470

6894.63591
4.410

9.0902

0.1446
0.0
34.2577
0.0
14.3072
0.0

179.8727
0.0
0.0

228.6622

35I1132
0.0

5v2599
0.0
59751
0.0

285.2002
529.3801

1,4189
0.0583
06000.)

203.3230
0.1416

244. 1400
0.1422

105.060
635.2561

0.3179

107.4000
0.0537
18.3675

6226.8006
4.1167

1406.9470

8669.431
4.4863

7.8528

0.7599
0.0
28.5418
0.0
0.0
40.9575
179.8727
0.0
0.0

250.1318

35.7 132
0.0

5.2599
0.0
5.8751
0.0

304v8J23
549.0122

1.8740
0.0492
0,0010

302.9092
0.1516

244.1800
0,1222

109.8024
658.8145

0.3297

107.4000
0.0537
18.3675

U226.8006
4.1167

1406.9470

8993.0117
4.5001

6.2778

0.7788
2.1368
0,0
1.3858
0.0
0.0
0.0
0.0

31. 1840
35.4854

7.2654
0.0

3.94149
0.0
4.308
0.0

57.3614
240.1182

0.4323
0,038d
0.0018
56.903
0.2147

182.7570
0.6896

48.0236
288.1418

1.0013

72.4000
0.2732

12. 3did

1408.5000
5.3151

240.8816

1769.0417
i.6756

6,2341 7.528

0.7788 0.7599
1.9188 0.0
0.0 28.5418
0.0 - 0.0
0.0 0.0
0.0 0.0
5.5351 179.8727
0.0 43.3902
29.1302 0.C
37.3629 252.5645

7.2654 35.1132
0.0 0.0

3.9449 5.2599
0.0 0.0
4.3878 5.,151
0.0 0.0

59.1951 307.2651
241.9520 551.4451

0,4350 1.8861
0.0386 0.0492
0.0018 0.001C
58.7216 305.3296
0.2216 0.1528

182.7570 244.1400
0.6896 0.1242

48,3904 110.2890
290.3423 661.7339

1.0956 0.3311

72,4000 107.4000
0.2732 0.0537
12.3818 18.3675

1408.5000 8226.0008
5.3151 4.1167

240.8816 1406,9470

1771.2422 8995.933o
6.6839 4.5016

(31
PO
40



TABLE C.5CA: PROJECT COSTS IN $1000 USING THE BEST-PRACTICE TECHNICAL PACNAGES OF THE 1970'S AT
THE PRICES OF 1930.

PROJECT
PROJECT NUMBYR L114 L214 L314 H215 U315 H415
cos(s1000 _ __) _

SITE PREP 31 0,9115 0.9115 0.9115 1.1402 1.1402 1.1402
ECAVATION/AULINO

DITCH 14-0 0.031 0.0377 0.0377 0.0368 0.0368 0.0368
65 13-16 0.1St, 0.1897 0.1897 0.0 0.0 0.0
99 Av 2 0.0 0.0 0.0 2.5498 2.5498 2.5498

60 8-11 0.0774 0.0774 0.0774 0.0 0.0 0.0
loon 8-11 0.0 0.0 0.0 0.0 0.0 0.0
165" 8-11 0.0 0.0 0.0 2.1497 2.1497 2.1497

L-500 8-11 0.0 0.0 0.0 7.5866 7.5866 7.5866
P-500" 8-11 1.7795 1.7795 1.7795 0.0 0.0 0.0

boon 8-11 0.0 0.0 ' o0.0 0.0 0.0 0.0
TOTAL 2.0843 2.0843 2.0843 12.3229 12.3229 12.3229

SPREADING/COPACIM0N
98% AVE 2 0.4232 0.4232 Q.4232 2.00800 2.0800 2.0800
93% 0.0 0.0 0.0 0.0 0.0 0.0

(3 SURFACING
(' GRAVEL AVE 2 0.3540 0.2200 0.3604 0.2998 0.4805 0.2998
0 WD" AVE u 0.0 1.7917 0.0 2.4174 0.0 2.4174

DBST/G AVE 4 0.0 0.0 0.3465 0.0 0.4640 0.0
DBST/V AVE S 0.0 0.0.0.0 0.0 0.0 0.4539

TOTAL W/0 SURF RAT 3.77)0 5.4307 4.1259 18.2603 16.4876 18.7141
TOTAL W/ALL NAT 182.5939 197.2296 197.5261 278.4941 274.4185 292.4900

.KILLED LADOR 0.1676 1.550W 0.9685 4.3608 3.5701 4.4896
UNSKILLED LASOR 0.3415 0.4234 0.3656 0.5177 0.4594 0.5686

/TRAFFIC 0.0046 0.0074 0.0050 0.0025 0.0020 0.0025
CAPITAL 2.4292 3.3219 2.6572 13.1934 12.2897 13.4875

/TRAFFIC 0.0092 0.0125 0.0100 0.0066 0.0061 0.0067
NATERIALS 170,9556 191.9336 193.5349 260.4023 258.0991 273.9443
/TRAFFIC 0.6753 0.7243 0.7303 0.130) 0.1292 0.1371

OVERHEAD 6 PROFIT 36.518 39.4459 39.5052 55.@9U 54.837 5894980
TOTAL CONSTR COSTS 219.1127 236.6755 237.0313 334.1929 329.3020 350.987

/TRAFFIC 0.6268 0.8931 0.8945 0.1672 0.1648 0.1756

SAINT COSTS (NPVI 60.7000 @4.2000 43.0000 93.2000 10.6000 40.2000
/TRAFFIC 0.2291 0.2423 0.1623 0.0466 0.0354 0.0201

1QUIV ANNUAL SAINT 592706 5.5745 3.7337 8.0926 6.1476 3.4906

0535 COSTS (IP) 763.2000 699.8999 656.50CC 4294.6016 4096.1992 3896.1001
/TRAFFIC 2.8800 2.6411 2.4849 2.1490 2.0497 1.9496

3290V ANNUAL 0591 66,2657 60.7723 57.1776 372.9001 355.6729 338.2983

TOTAL PROJICT COSTS 1043.0125 1000.7754 9J8.5312 4721.9922 4496.3006 4267.2852
/TRAFFIC 3.9359 3.7765 3.5416 2.3629 2.2500 2.1454



TAILl C.SC&A; PdJECT COSTS IN $1000 USING THE BEST-PRACTICE TECHNICAL PACKAGES OF THE 1970'S AT
THE PRICES Of 1930.

POJ ECT
PROJ IC hon

SITE PREP 31
INCAVATION/AULINO

DTTCH 14-0
6M 13-16
9m AVE 2

60M 8-11
1001, 8-11
165f 8-11

L-500 6-11
P-500n 8-11

800M s-1
TOTAL

513EADINGO/CRPACTION
981 AVE 2
912

SURFACING
GRAVEL AVE 2
Von All 4
DBST/O AVE 4
DBST/W AIg 4

TOTAL W/0 SURF NAT
TOTAL W/ALL fAT

SKILLED LABOR
UNSKILLED LABOR

/TRAFFIC
CAPITAL

/TRAFFIC
MATERIALS
/TRAFFIC

OVERHEAD 6 PROFIT
TOTAL CONSTR COSTS

/TPAPTIC

riAINT COSTS (NPV)
/TRAFF[C

EQUIV ANNUAL HAINT

USER COSTS (NPV)
/TRAPFIC

50011 ANNUAL USER

TOTAL PROJECT COSTS
/TRAFFIC

L311 L314 L315 #312 U313 #315 L316 317 H317

1.1021 0.9115 0.9052 1.8008 1.4070 1.1402 0.9115 0.9052 1.1402

0.0189
0.2367
0.4194
0.0774
0.0
0.0
0.0
0.0
0.0
0.7523

0.0377
0.1897
0.0
Oo.774
0.0
0.0
0.0
1.7795
0.0
2.0843

0.0377
0.1704
0.0
0.0
0.0
0.0
0.2335
1.6623
9.0
2.1038

0.0
0.0
4.8158
0.6811
0.0
5.1260
0.0
0.0
0.0
10.6229

0.0070
0.0
3.,0604
0.0l
0.8107
0.0
7.5866
0,0
0.0
11.4648

0.0368
0.0
2.5498
0.0
0.0
2. 1497
7.5866
0.0
0.0
12.3229

0.0377
0.1897
0.0
0.0774
0.0
0.0
0.0
0.0
2. 1193
2.4242

0.0377
0.1704
0.0
0.0
0.0
0.0
0.2335
0.0
1.9797
2.4213

0.0 36 t
0.0
2.5498
0.0
0.0
0.0
7.5866
2.8712
0.0
13.0445

0.4232 0.4232 0.4232 2.0800 2.0800 2.0800 0.4232 0.4232 2.000
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0,3604
0.0
0.3465
0.0

003604
0.0
0.3465
0.0

0.3604
0.0
0. 3465
0.0

0.4805
0.0
0.4640
0.0

2.9044 4.1259 4.1390 15.4481
196.3847 197.5261 197.5393 273.3789

0.7504
0.4370
0.0045
1.6343
0.0062

193.5o3O
0.7304

39.2769
235.6616

0.8693

43.0000
0, 1623
3.7337

658.5000
2.4849

57. 1776

0.905
0.3656
0.0050
2.6572
0.0100

193.5349
0.7303

395052
237.031)

0.8945

0.9720
0.3632
C.10050
2.6702
0.0101

193.5339
0.7303

39.5078
23790471

0.8945

3.3737
0.7069
0.0020

11.1016
0.0056

258. 1968
0.1292

54.6758
328.0544

0. 1642

0.4805
0.0
0.4640
0.0

15.8963
273.8271

3.4551
0.5594
0.0020

11.6741
0.0058

258.1387
0.1292

54.7654
328.5925

0.1644

0.4805
0.0
0.4640
0.0

16.4876
274.4185

3.5701
0.4594
0.0020

12.2897
0.0061

258.0991
0. 1292

54.6837
329.3020

0.1640

0. 3604
0.0
0.3465
0.0

4.4657
197.8660

1.0314
0.3656
0.0053
2.9341
0.0111

193.5349
0.7303

39.5732
237.4391

0.8960

0.3604
0.0
0.3465
0.0

0.4805
0.0
0.4640
0.0

4.4565 17.2091
197.8567 275.1399

1.0307
0.3632
0.0053
2.9289
0.0111

193.5339
0.7303

39.5713
237.4201

0.8960

43.0000 43.0000 70.8000 70.000 70.8000 44.0000 43.0000
0.1623 0.1623 0.0354 0.0354 0.0354 0.1623 0.1623
3.7337 3.7337 6,1476 6.1476 6.1476 3.7337 3.7337

658.5000
2.4849

57.1776

658.50CO
2.4849

57.1776

4096.1992
2.0497

355.729

4096.1992
2.0497

355.6729

4096.1992
2.0497

355.6729

658.45000
2.4849
57.1776

656.500G
2.4849

57.1776

3.7051
0.4591
0.0021
12.8763
0.0064

253.1OW
0.1292

55.02f0
330.1677
0.1652

70,6000
0.035.
6. 147o

4096. 1992
2,0497

355.6729

937.1614 938.5312 938,5469 4495.0508 4495.5898 4496.3008 938.9390 930.9280 4497,1641
3.5365 3.5416 3.5417 2.2493 2.2496 2.2500 3.5432 3.5431 2.2504

Ln
wA
M-4



TABLE C.5C1: PROJECT COSTS IN 51000 USING THE BIST-PSACTICE TECHNICAL PACKAGES OF THE 1970'S AT
T1E PPICES OF 1974.

PROJECT

COST (51000)
L114

SITE PRFP 31 9.8326
KICAVATION/IAULLNG

DITCH 14-0 0.3062
6n 13-16 1.2293
9A AVg 2 0.0

60n 8-11 0.5317
l0Op 8-11 0.0
165n 8-11 0.0

L-530" 8-11 0,0
P-500M 8-11 12.1978

ROON B-11 0,0
TOTAL 14.2650

SPPtADING/CONPACTION
98% AYE 2 3.1311
93% 0.0

SURFACING
G9AY7L ATE 2 2.9604
BIN AVE 4 0.0
DBST/G AVE 4 0,0
DBST/W Avl 4 0.0

TOTAL W/0 SURF OAT 30.1891
TOTAL V/ALL MAT 371.1807

SKILLED LABOR 907199
UNSKILLtD LABOR 5.8548
/TRArPIC 0.0588

CAPITAL 14.0663
/TRAFFIC 0.0531

NATERIALS 341.5400
/TRAFFTC 1.2888

OVERHEAD & PROFIT 74.2361
TOTAL CONSTR COSTS 445.4167

/TRAFFIC 1.6808

MAINT COSTS (NPV) 256.5000
/TRAFFIC 0.9679

IQUIV ANNUAL fAIST 29.9669

USER COSTS (NPV) 2858.8999
/TRAFFIC 10.7603

SQOIT ANNUAL USER 334.0051

TOTAL PROJECT COSTS 3560.8167
/TRArFIC 13.4370

L214 L314 U215 "315 M415

9.8326

0,3062
1.2293
0.0
0.5317
0.0
0.0
0.0
12.1978
0.0
14.2650

3.1311
0.0

1.8402
14.6664
0.0
0.0

43.7354
355.6892

17.3681
7.2534
0.0929
18.5657
0.0701

352.5020
1.3302

79.1378
474.8269

1.7918

312.5000
1.1792

36.5094

2555.3000
9.6426

298.5356

3 34 2.6C270
12.6137

9.8326

0.3062
1,2293
0.0
0.5317
0.0
0.0
0.0
12. 1978
0.0
14.2650

3.1311
0.o

3.0137
0.0
2.6419
0.0

32.8843
417.9050

10.0489
6.2666
0.0646
15.2206
0.0574

385.5693
1.4550

83.5810
501.4858

1 .8924

198.6000
0.7494
23.2024

12.2993 12.2993 12.2993

0.2980"
0.0
17.2900
0.0
0.0

14.7191
52.0044
0.0
0.0

84.3123

15.3909
0.0

2.5070
19.7880
0.0
0.0

134.2974
611.9351

48.8426
9.2106
0.0290

75.5586
0.0378

478.3232
0.2394

122.3870
734.3220

0.3675

437.3999
0.2189

51.1014

0.2988
0.0
17.2900
0.0
0.0
14.7191
52.0044
0.0
0.0

84.3123

15.3909
0.0

4.0183
0.0
3.5373
0.0

119.5581
633.1326

39.9888
7.8750
0.0240

71.0086
0.0355

514.2603
0.2573

126.6265
759.7590

0.3802

312.3999
0.15b3
36.4977

0.2988
0.0
17.2900
0.0
0.0

14.7191
52.0044
0.0
0.0

84. 3123

15.3909
0.0

2.5070
19.780
0.0
3.4610

137.7504
657.6810

50.2856
9.7412
0.0300

77.0460
0*0386

520.6140
0.2605

131. 5371
789.2244

0.3949

187.0000
0,0936
21.8472

2415.800016431.101615774.699215170.8008
9.1162 8.2221 7.8937 7.5915

262.2378 1919.6453 1842.9578 1772.4043

3115.885717602.820316846.855516147.0234
11.7581 8.8085 8.4302 e.0800

1n
N



TABLE C.5CBs PROJECT COSTS IN 51000 USING THE BEST-PUACTICE TECHNICAL PACKAGES OF THE 1970'S AT
Till PRICES OF 1974.

PROJECT
PROJECT UBER L311 L314 L315 1312 H313 U 315 L316 L317 H317
COST 51000

SITE PRP 31 11.8882 9.8326 9.7641 19.4254 15.1772 12.2993 9.8326 9.7641 12.2993
EICAVATION/HAULING

DITCH 14-0 0.1531 0.3062 0.3062 0.0 0.0568 0.2988 0.3062 0.3062 0.298
6n 13-16 1.5335 1.2293 1.1039 0.0 0.0 0.0 1.2293 1.1039 0.0
9M AVE 2 2.8438 0.0 0.0 32.6553 20.7525 17.2900 0.0 0.0 17.2900

601 8-11 0.5317 0.5317 0.0 4.6794 0.0 0.0 0.5317 0.0 0.0
100l 8-11 0.0 0.0 0.0 0.0 5.5537 0.0 0.0 0.0 0.0
165M 8-11 0.0 0.0 0.0 35.0982 0.0 14.7191 0.0 0.0 0.0

L-500h 8-11 0.0 0.0 1.6003 0.0 52.0044 52.0044 0.0 1.6003 52.0044
P-500 8-11 0.0 12.1978 11.3945 0.0 0.0 0.0 0.0 0.0 19.6813

800m 8-11 0.0 0.0 0.0 0.0 0.0 0.0 14.5115 13.5558 0.0
TOTAL 5.0621 14.2650 14.4048 72.4329 78.3675 84.3123 16.5788 16.5662 89.2745

SPREADING/CONPACTION
98% AVE 2 3.1311 3.1311 3.1311 15.3909 15.3909 15.3909 3.1311 3.1311 15.3909

L" 93% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SURFACING

GRAVEL AVE 2 3.0137 3.0137 3.0137 4.0183 4.0183 4.0183 3.0137 3.0137 4.0183
M AYI 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DBST/G AvE 4 2.6419 2.6419 2.6419 3.5373 3.5373 3.5373 2.6419 2.6419 3.5373
DST/N AVE 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL W/C SURF MAT 25.7369 32.8843 32.9556 114.8048 116.4912 119.5581 35.1980 35.1169 124.5203
TOTAL H/ALL RAT 410.7578 417.9050 417.9763 628.3792 630.0657 633.1326 420.2190 420.1377 638.0947

SKILLED LABOR 8.3984 10.8489 10.8879 37.7639 38.6931 39.9888 11.5471 11.5401 41.5063
UNSKILLED LABOR 7.4906 6.2666 6.2258 12.1182 9.5886 7.8750 6.2666 6.2258 7.8750
/TRAFFIC 0.0600 0.0646 0.0646 0.0250 0.0242 0.0240 0.0672 0.0670 0.0247

CAPIIAL 9.1652 15.2206 15.2975 63.8397 67.3633 71.0086 16.8362 16.8067 74.4533
/TRAFFIC 0.0347 0.0574 0.0577 0.0119 0.0337 0.0355 0.0635 0.0634 0.0373

MATERIALS 385.6838 385.5693 385.5654 514.6575 514.4207 514.2603 385.5693 385.5654 514.2603
/TRAFFIC 1.4554 1.4550 1.4550 0.2575 0.2574 0.2573 1.4550 1.4550 0.2573

OVERHEAD G POFIl 82.1516 83.5810 83.59!2 125.6758 126.0131 126.6265 84.0438 84.0275 127.6189
TOTAL CONSTR COSTS 492.9092 501.4858 501.5715 754.0549 756.0786 759.7590 504.2627 504.1650 765.7136

/TRAFFIC 1.8600 1.8924 1.6927 0.3773 0.3783 0.3802 1.9029 1.9025 0.3832

RAINT COSTS (WPV) 198.6300 198.6000 198.6000 312.3999 312.3999 312.3999 198.6000 198.6000 312.3999
/TRAVFIC 0.7494 0.7494 0.7494 0.156) 0.1563 0.1563 0.7494 0.7494 0.1561

EQUIV ANNUAL NAINT 23.2024 23.2024 23.2024 36.4977 36.4977 36.4977 23.2024 23.2024 36.4977

0ER COSTS (NPV 2415.8000 2415.8000 2415.800015774.699215774.699215774.6992 2415.8000 2415.800015774.6992
/TRAFFIC 9.1162 9.1162 9.1162 7.8937 7.8937 7.8937 9.1162 9.1162 7.8937

EQUIV ANNUAL USSR 282.2378 282.2378 282.2378 1842.9578 1842.9578 1842.9578 282.2378 282.2378 1842.9578

TOTAL PROJECT COSTS 3107.3091 3115.6857 3115.s71416S4l.152316143.175816846.8555 3118.6626 3118.564916852.8125
/TRAFFIC 11.7257 11.7561 11.7584 8.273 6.4283 0.4302 11.7685 11.7682 8.4332



TABLE C.SCC: PROJECT COSTS IN 51000 USING THE LEAST-COST TECHNICAL PACKAGES OF THE 1970'S AT
THE PRICES OF A TYPICAL DEVELOPING COUNTRY.

PROJFCT
PROJECr NUMBER L114 L214 L314 0215 H315 1415
COST(51000) R

SIT' PREP 31 5.7182 5.7182 5.7182 7.1527 7.1527 7.1527
EKCAVATION/AULING

DITCH 14-0 0.3259 0.3259 0.3259 0.3180 0.3180 0.3180
6n AVE 2 2.3920 2.3920 2.3920 0.0 0.0 0.0
9M 12-15 0.0 0.') 0.0 29.1346 29.1346 29.1346

60N 6-11 0.9633 0.9633 0.9633 0.0 0.0 0.0
loon 8-11 0.0 0.0 0.0 0.0 0.0 0.0
165M 8-11 0.0 0.0 0.0 26.7178 26.7178 26.7178

L-500n 8-11 0.0 0.0 0.0 94.5402 94.5402 94.5402
P-500n 8-11 22.1747 22.1747 22.1747 0.0 0.0 0.0

800 8-11 0.0 0.0 0.0 0.0 0.0 0.0,
TOTAL 25.855L 25.8558 25.8558 150.7107 150.7107 150.7107

SPREAD:NG/CONPACTION
9p% AVE 2 4.2912 4.2912 4.2912 21.0936 21.0936 21.0936
93% 0.0 0.0 0.0 0.0 0.0 0.0

SUBFACING
wa GRAVEL AVE 2 2.8165 1.7508 2.8673 2.3852 3.8230 2.3852
44 won AVE 3 0.0 13.7870 0.0 18.6015 0.0 18.6015

DBST/G AVE 4 0.0 0.0 2.6572 0.0 3.5579 0.0
DaST/W AVE 4 0.0 0.0 0.0 0.0 0.0 3.4684

TOTAL W/0 SURF MAT 38.6818 51.4030 41.3897 199.9435 186.3378 203.4120
TOTAL V/ALL MAT 130.2566 160.8699 224.1465 348.3831 430.5173 446.0903

SMILLED LABOR 0.2001 0.3553 0.2252 1.0221 0.8454 1.0542
UNSKTLLKD LADOR 0.0373 0.0462 0.0421 0.0587 0.0531 0.0650
/TRAFFIC 0,0009 0.0015 0.0010 0.0005 0.0004 0.0006

CAPITAL 36.7913 49.3464 39.4692 196.7950 18393715 200.2249
/TRAFFIC 0.1388 0.1862 0.1469 0.0985 0.0918 0.1002

NATERIALS 93.2281 111.1201 184.4101 150.5078 246.2478 244.7467
/TRAFFIC 0.3518 0.4193 0.6959 0.0753 0.1232 0.1225

OVEPNEAD 6 PROFIT 26.0513 32.1740 44.8293 69.6766 86.1035 89.2180
TOTAL CONSTA COSTS 156.3080 193.0439 268.9756 418.0596 516.6206 535.3083

/TAIFIC 0.5098 0.7285 1.0150 0.2092 0.2585 0.2679

RAINT COSTS (NPV) 82.7000 113.2000 72.4000 152.9000 107.4000 67.8000
/TRAFFIC 0.3121 0.4272 0.2732 0.0765 0.0537 0.0339

EQUIT ANNUAL MAINT 11.1434 19.3595 12.3616 26.1489 16.3675 11.5952

SER COSTS (NPV) 1589.6001 1498.5999 14CS.5000 8672.8984 6226.8008 7884.8008
/TRAFFIC 5.9985 5.6562 5.3151 4.3399 4.1167 3.9456

RQUIV ANNUAL USER 271.8533 256.3418 240.8616 1483.2388 1406.9470 1348.4583

TOTAL PROJECT COSTS 1828.6079 1805.1438 1749.8755 9243,8555 850s.8203 8487.9062
/TRAFFIC 6.9001 6.8119 6.6033 4.6256 4.4290 4.2474



TABLE C.SCC: PROJCT COSTS IN S1000 USING TU1 LEAST-COST TECHNICAL PACKAGES OF THE 1970'S AT
THE PRICES OF A TYPICAL DEVELOPING COUNTRY.

PROJIC'[
FPOJECT NUMBER

sflofflIii RA

SITE PREP 31
BICAVATION/BAULING

DITCH 14-0
6n AVE 2
9m 12-15

60M 8-11
100n 8-11
165n 8-11

L-500fl 8-11
P-500N 8-11

800 B-11
TOTAL

SPR!ADINO/CONPACTION
90% AVE 21
93%

SURFACING
GRAVEL AVE 2
URn AVE 3
DBST/G AVE 4
DBST/ AYE 4

TOTAL W/O SUF NAT
TOTAL V/ALL NAT

SKILLED LABOR
UNSKILLED LABOR
/TRAFFIC

CAPITAL
/TfAFFIC

RATERTALS
/TRAFFIC

OVEARhAD & PROFIT
TOTAL CONSTR COSTS

/TRAt IC

SAINT COSTS (NPV)
/TPAFPIC

KQUZV ANNUAL RAINT

1191 COSTS (SP)
/raAFFIC

IQUIY ANNUAL USES

TOTAL PROJECT COSTS
/TRAFFIC

L311 L314 L315 H312 I"313 315 L316 L317 H317

6.9136

0.1630
2.9839
4.7919
0.9633
0.0
0.0
0.0
0.0
0.0
8,9020

4. 2912
0.0

2.8673
0.0
2.6572
0.0

25.6313
208.3881

0. 1811
0.0499
0.0009

23.4015
0.0083

184.7557
0.6972

61,6776
250.0657
0.9436

72.400
0.2732
12.3818

1408.5000
5.3151

240.8816

1730,9656
6,5319

5.7182 5.6703

0.3259 0.3259
2.)920 2.1479
0.0 0.0
0.9633 0.0
0.0 0.0
0.0 0.0
0.0 2.9092
22.1747 20.7143
0.0 0.0
25.8558 26.0973

4.2912 4.2912
0.0 0.0

2.8673 2.8673
0.0 0.0
2.6572 2,6572
0.0 0.0

41.3897 41.5913
224.1465 224.3481

0.2J52 0.2256
0.0421 0.0419
0.0010 0.0010
39.4692 39.6921
0.1489 0.1497

184.4101 184.3986
0.6959 0.6958

44.6293 44.8696
268.9756 269.2175

1,0150 1.0159

72.4000 72.4000
0.2732 0.2732
12.306 12.3015

1406.5000 1408.5000
5.3151 5.3151

240.0016 240.S616

1789.755 1750.1174
6.603) 6.6042

U,
(4
U,

11.2969

0.0
0.0

55.0260
8o4767
0.0

63.7095
0.0
0.0
0.0

127.2123

21.0936
0.0

3.8230
0.0
3.5579
0.0

166.9836
411. 1633

0.8274
0.0001
0.0005

162.8101
0.0815

247.4459
0.1238

82.2327
493.3956

0.2469

107.4000
0.0537
10.3675

8226.008
4,01167

1406.9470

827.5937
6.4173

8.8263

0.0605
0.0

34.9692
0.0
10.0841
0.0

94.5402
0.0
0.0

139.6540

21.0936
0.0

3.8230
000
3.5579
0.0

176.9548
421.1343

0.8246
090640
0.0004

173.5143
0.0868

246.7316
0.1235

84.2268
505.3611

0.2529

107.4000
0.0537
4S.3675

s226.800
4.1167

1406.9470

d39.556
4.4233

7.1527

0.3180
0.0

29. 1346
0.0
0.0
26.7178
94.5402
0.0
0.0

150.7107

21.0936
0.0

3.8230
0.10
3.5579
0.0

186.3378
430.5173

0.8454
0.0531
0.0004

103.3715
0.0918

246.2478
0.1232

86.1035
Si. 6206

0.2585

107.4000
0.0537
18.3675

8226.8008
4.1167

1406.9470

8650.8203
4.4290

5.7182

0.3259
2.3920
0.0
0.9633
0.0
0.0
0.0
0.0
26.3429
30.0241

4. 2912
0.0

2.8673
0.0
2.6572
0.0

45.5579
228.3147

0.2391
0.0421
0.0011

43.6236
0.1646

184.4101
0.6959

45.6629
273.9775

1.0339

72.4000
0.2732
12.3818

1408.5000
5. 3151

240.8816

1754.8774
6.6222

5.6783

0.3259
2.1479
0.0
0,0
0.0
0.0
2.9092
0,0
24.6080
29.9911

4. 2912
0.0

2.8673
0.0
296572
0.0

45.4851
228.2419

0.2387
0.0419
0.0011
43.5629
0.1644

184.3986
0.6958

45.6484
273.8901

1.0335

72.4000
0.2732
12.3818

1408.5000
5. 3151

240.06o6

1754.7900
6.6216

7. 1517

0.3180
0.0

29.1346
0.0
0.0
0.0
94.5402
3597793
0.0

159.7721

2 1. 09 36
0.0

3.8230
00
3.5579
0.0

195.3992
439.5789

0.8761
040531
0.0005

192.4022
0.0961

246.2478
0.1232

87.9158
527.494

0.2640

107.4000
0.0537
1,3675

8226.* hOO
4, 1161

1406.9470

8861.6914
4.4344



TABLE C.SDa PA)JECT COSTS 11 11000 USI'PG THE LFAST-COST TFCHNICAL PACKAGFS UVCE ALL TECHNOLOGY
PE91005 AT THE PRICES OF A TYPICAL OEVELOPING COUNTRY.
PROJECT

'4OJEZ NUMQIR L1114 L214 L31i 1215 11315 11415
LISTI $10101 _____________________________

SITE PREP 59 5.?l') 03 5.010 6.2672 6.2672 6.2672
ERCAVAT104/AUL IN6

DITCH AVF2 0.2599 0.2599 0.2590 .25)6 0.2536 3.25*6
6M AVF 2 1.16J1 1,16)1 1.1601 1.0 0.13 0
lM AVE 2 0. c.0 0.0 11.8777 11.1777 11.977

63M 5-4 0.1993 0199) .1993 ).0 .s4 2,0
lOOM 8-7 0.C '.0 0.9 . .0 0.)
165M 8-7 0.3 I.0 0.0 ',.11?7 4.13? 4.1327

L-5JOM 6-5 0.1 040 0.0 4'.4325 40.4125 43.4325
P-5)OM 0-7 4.5152 4.5153 4.515) 0.0 0.0 9.0
030M 8-7 0.C 0.0 0. 0.0 0.C 1.0
TOTAL 6.134) 6,1343 6.1343 56.6964 56.6960 56.6964

SPREAD NG/COMPACTION
9319 21 2.3877 2.3877 2.3877 11.7369 11.7369 11.7)69

(1 931 21 0.0 ).0 0.0 00.0 0.0 D.9
SJRFACING
GRAVEL 21 0.8462 '.5261 9.8614 3.7166 1,15 9,7166
wBM AVE 3 0.0 19.7870 0.0 1.6015 0.0 1.. 615
DBST/G AVE 4 0.) .0 2.6572 0.0 3.5579 2.2
D8ST/W AVE 4 0.0 0.0 0.0 9.0 0.0) 1.4694

TJTAL W/0 SURF MAT 14.1T4 2 ,842 1?.1509 190135 71.4067 97.407)
TJTAL w/ALL MAT 105.i53) 137.3171 199.8077 242.4544 323.5R67 4s.1615

SKILLED 14R 1.4546 1.5898 1.480? 6.56 p4 6.41)V 6.1926
UNSKILLFO LADOR 3.1112 1.2174 3.323) 21.61c7 21.7744 21.6,501
/T4AFfC 3.01 " .ots 0.0191 ,0141 0.3141 2.03141

CAPITAL 6.5604 19.9958 9.2(49 2.0140 47,4161 65.4439
/TRAFFIC .0244 ".0755 0.0)47 ',,9110 3.e)237 3.0127

4ATFRIALS 94.6172 112.50)2 195.7997 152.2454 247.954 246,4843
/TRAFFIC 30570 .)4246 0.7011 9.0762 0.1241 3.1211

OVERHEiD C PROFIT 21.1907 27.4424 19.9615 48.4917 64.7173 6.0111
TJTAL CONSTR 9STS 127.1443 164.7746 239.7692 21h.990 198.04) 408.19i5

/14AFFIC 0.4794 7.6ZtW 0.9041 .1456 0.194) 2.2043

MINT COSTS IN0) 82.700% 111.20,1 72.400,) 1 2.900 117.490) 67.0'9
/TRAFFIC 0.1121 J.4272 0.2792 '.1765 3.0537 .131Q

EQUIY ANNUAL MAINT 14.1434 19.3515 12.3819 26.1489 18.1675 11.5952

USER COSTS INPN) 1589.6001 1493.899 1406.50) 9672.8994 8226.9009 7894.9009
/TAAFFIC 5.9985 5.6562 5.3151 4.3199 4.1167 1.9456

E2UIV ANNUAL USER 271.8533 256.3410 240.6616 143.21q@S 1406.947) 1349.4593

TOTAL PAOJECT COSTS 1799.4419 1774.743 1720.6692 9116.7461 8722.5039 836097969
/TRAFFIC 6.7904 6.7052 6.4911 4.5620 4.3647 4.1817



TABLE C.SDu PROJECT COSTS IN 51000 USING THE LEAST-COST TECHNICAL PACKAGES OVER ALL TECUNOLOGY
PERIODS AT THE PRICES Of A TYPICAL DEVELOPING COUNTRY.

PROJECT
PROJECT NUMBER
COST(510001

SITS PREP 11
IICAVATION/NAULING

DITCH AVfl
6M AVE 2
9"1 AVi2

60M 5-4
100 -7
16511 8-7

L-5000 6-5
P-SOON 6-7

SOON 6-7
TOTAL

SPREADING/COMPACIlON
98% 21
93 21

SURFACING
GRAVEL 21
URN AVE 3
DUST/l AVI 4
DUST/U AVE 4

TOTAL 9/0 SURF NAT
TOTAL U/ALL NAT

SWILLED LABOR
UNSKILLED LABOR

/TRAFFIC
CAPITAL

/TRAFFIC
NATERIALS

/TRAFFIC

0YSAD 6 PAFIT
TOTAL CONSTI COSTS

/TRAFFIC

SAINT COSTS (UPY)
/TRAFFIC

10011 ANNUAL SAINT

USo COSTS PPV}
/TRArIC

5011V ANNUAL USS

TOTAL PROJECT COSTS
/TRAFFIC

L314 L324 L334 H315 325 11335

5.0103

0.2599
1.1601
0.0
0.1993
0.0
0.0
0.0
4.5150
0.0
6.1343

2.3877
0.0

0,8614
0.0
2.6572
0.0

17.0509
199.8077

1.44807
3.3230
0.0181
9.2049
0.0347

185.7992
0.7011

39.9015
2)9.7692

0.9045

72.4000
0.2732

12.3816

1401.5000
5.3151

240. 6 16

1720.6692
6.4931

4.9754

0.2599
1.1542
0.0
0.1993
0.0
0.0
0.0
4.1942
0.0
5.8075

0.0
1.3193

1.3366
0.0
2.6572
0.0

16.0959
250.2777

1.4932
3.2216
0.0178
8.3602
0.0315

237.2030
0.6951

60.0555
300.3333

1.1333

72.44000
0.273;
12.3016

1406.5000
5.3151

1741.2332
6.7216

4.9754

0.2599
1.1542
0.0
0.1993
0.0
0.0
0.0
'4.1942
0.0
5.8075

0.0
1.3193

0.8614
0.0
2.6572
0.0

15.6208
198.3776

1. 4444 14
3.0662
0.0170
8.0923
0.0305

185.7780
0.7010

39.6755
2J6.0531

0.8963

19.2000
0.7328
3).2121

6.2672

0.2536
0.0

11.8777
0.0
0.0
4.1327

40.4325
0.0
0.0

56.6964

11.7369
0.0

1.14455
0.0
3.5579
0.0

79.4069
323.5867

6.4107
21.7744

0.0141
47.4163

0.0237
247.9854

0.1241

64.7173
J@6.3040

0.19#43

107.4000
0.0537

186.3675

6.0926

0.2536
0.0

11.6151
0.0
0.0
3.2316

40.4325
0.0
0.0

55.7326

0.0
6.4760

1.6110
0.0
3.5579
0.0

73.4723
367.7019

6.2613
20.8289
0.0136

42.6827
0.0214

297.9292
0.1491

73.5404
441.2422

0.2206

107.4000
0.0537
18.3675

6. 0926

0.2536
0.0

11.8151
0.0
0.0
3.2316

40.4325
0.0
0.0

55.7328

0.0
6.470

1.1465
0.0
3.5579
0.0

73.0098
317.1895

6.2109
20.6776

0.0135
42.4219
0.0212

247.8794
0.1240

6J.4379
380.6272

0.1905

403.8999
0.2021

69.0749

146.1901 1226.0008 8226.8006 8554.8008
5.6155 4.1167 4.1167 4.2808

254.496 1406.970 1406.9470 1461.0417

1920.353C 8722.5039 *775.4414 9339.3242
7.2466 4.3647 4.3912 4.6734

(31
LA)



TABLE C.SDi PROJECT COSTS IN 11000 US9 THE LEAST-C05T TECHNiCAL PACKUPES OVER ALL TECHNOLOGY
PERIODS AT THE PRICES OP A TYPICAL DEVELOPING CUUNTRY.

PROJECT 'UMIIERI1030 4

SITE PREP 11
EMCAVATION/HAULIN

DITCH AVF2
6m AVL 2
9m AVE2
60$ 5-4

90# -7
165$ 8-f

L-50fM 6-5
P-503M 8-7

800$ 8-7
TOTAL

SPREADING/COMPACTION
9819 21
931 21-

SURFAC ING
GRAVEL 21
wMOM AVE 3
DRSTIG AVE 4
0851/W AVE 4

TUTAL W/0 SURF MAT
TOTAL W/ALL MAT

SKILLED LAB3R
UNSKILLED LABOR

/TRAFFIC
CAPITAL

/TRAFFIC
MATtRIALS

/INAFFIC

'OVERHCAD PROrFIT
TOTAL CONSTA COSTS

/TRAFFIC

MAINT COSTS INPVI
/TRAFFIC

EQUIV ANNUAL MAINT

USER COSTS INPVI
IFRAFFIC

EwUIV ANNUAL USER

TMTAL PROJECT WCOSTS
/FRAFFIC

t II L 014 L115 H312 113113 HIlS L1116 LII HIL

6.?57 5.011) 4.9754 9.89n) 7.7336 5.2672 5.010 4.9754 6.12 (

0.1299
1.4471
1.95 16
0.19931
3.0
0.0
0.3
0.0
0.0
3.7303

0.2599
16.1601

0i.0w ,199
0.0

t0.0

4.5150
0.0
6.1 43

0.2599
1.0417
0.0
0.0
0.3
0.0
1.244?
4.2 177
0.0
6.7634

.0
0.0

72.4111
1.719
0.0
9.8546
0.0
0.0
0.0
14.0416

0.482
0.9

14.,561
0.0
1.4216
0.0

40o.432
0.0
0.")

56.1587

).2536
141)
11,8777
0.0

4, 1127
42.4325

)O
55, ;6964

0.259.)
1.1601
0 

0.199)
0.1
0.0
0.0
00.1
6.2691
7.*584

0 .25991

1.0417
00
).0
0.0
0.0
1.244"!
1I0 .
5.8562
8.402

9 3
11.*'i?

3.0
0.'

4 0. *43? j

0.3
59.1%Mi

2.3877 2.3877 2.3877 11.7369 11.736) 11.7369 23877 2.3877 11,736
0. 0.0 0.0 0. 0.0 0.0 0. 0.0 3..

0.8614
0.0
2.6572
a. u

0.8614
).0
1.6572
0.0

0.8614
0.3
2.6572
0.0

1.1485
0.0
1.35579
9.0
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