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For the purpose of this thesis, we have limited
oursélves to the study of the relationship in a subdivision
between the original and maintenance costs of public util-
ities and the pattern of streets, as well as costs which
affect the location of parks, public buildings and open
spaces. We feel that in the very near future these rela-
tionships will play an even more important part in the
design of a community, especially with the advent of large
scale housing programs and the abundant use of prefabricated
hones,

As an underlying belief, we felt that such an
investigation should prove very valuable to the community
and the future home owners., Both could be beneficiaries
of many more amenities if economies were used to their full
advantage. Likewise, the developer could profit by making
a more pleasant neighborhood in which he would build and
sell his homes.,

Furthermore, we hoped that this thesis might be
helpful as a guide to the agency in the community approving
plats for land subdivision, These economic findings might

help this agency in "winning a point" with a subdivider,
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Fortunately, these cost relationships sre not
new to the plenning field, They have been studied for
meny years, particulerly in the early 1930's as the idea
of garden cities beceme very popular. Messrs. Vhitten
and Adams were the great pioneers in fmerice in thig field.

Their stucy entitled Neighborhoods of Small Homes*, pub-

lished in 1931, wes the beginning of & series which tried
to investigate the economic advantsges of & gsrden development.
The primery effort of this book was directed into an analyshs
of the current epproach to subdivision. There were slso some
very interesting facts concerning blocks reveszled in this
publication. This bock was later followed up by a more
cetailed study by Adams in which he investigated most of
the cost veriebles of subdivision.2 He made several theor-
etical studies of house arrangements in relation to the
street, but these were all based on rather geometric petterns.
During the seme period, President Hoover sppointed

& committee to study existing problems of home building and

Robert Whitten end Thomas Adams, Neighborhoods of gmall
Homes (Cambridge, 1931)

Thomas Adams, The Design of Residenticl Areas (Cambridge
1934) /
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home ownership., One of the basic studies made by this
Presidenticl committee was the establishment of standards,
goels and economies in residentiel areas.l Different
schemes of house arrangements were also analyzed, much &s
Professor fdams had done.

It is not the purpose of this thesis to probe
into whet has been done in the past, but rather to proceed
from where these plenners left off, that is to say, to
study the effects of the street pattern and how it affects
the economic cost of public services. The onrush of pub-
lications in the 1930t's had alresdy brought forth meny
studies that indicated the economic efficiencies of various
house to street relationships.

A further purpose of the present study was to
supplement what had already been undertzken. We were of
the opinion that most of these stucies fell short of their
purpose in that they failed to consider fully the variztions
due to topogreaphy, type of soil, geographical location
factors, and, most important, maintenance and costs of opera-

N .
tion. Likewise, their design was so stiff and geometric

1 Report of the President's Conference on Home Building and
Home Ovnership, Planning for Residentiecl Districts
(Washington, D.C., 1932)
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that one would have little opportunity to apply the results
in the field. The primary goal of this thesis was that
its results be applicsble to the meny conditions which
might be encountered in the field.

In the creation of new subdivisions, complex
elements must be weighed and given their proper value. The
reqguirements of the street pattern, standsrds of recreation,
the relationship of the house to the street, topdgraphy,
governmental restrictions; the density and size of subdivi-
sion, the difference in geographical locetion, connections
with various forms of transportation, and the resulting
cost of development must all be teken into considerstion
in order to provide the promise of lasting value and beauty.

Certzin general principles covering these factors
are to be ciscussed very briefly in introducing the mein
enalysis. First of all; we shall discuss some of the more
basic elements of subdivision, namely, the street system
and the relationship of the housé to the street. We shall
then sttempt to familisrize ourselves with accepted stand-

arés of subdivision.
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STREET SYSTEM

The principle functions of the streets in the
subcivision are to provide access to’the builcéing sites,
end & reservation for public utilities, such as water
lines, sewers, gas lines,etc. The character and value
of streets in the subdivision pattern are leargely dependént
upon the elimination of non-local traffic with its attendent
noise and hazerds. If this is accomplished, surfazcing of
local streets can be made of»less expensive materisl.
Likewise, & more efficient and logical program of msinten—
ence can be carried out with a segregation of traffic uses.

The minor streets shoulc follow the topography
to secure an attractive and more pleasznt cevelopment. In
general, these minor streets should permit convenient zc-
cess &nd egress, and a general direction of flow toward the
place of work or the heart of the business srea. There
should be asg few intersections with major streets as pos-
sible in order to eliminate hazards znd to expedite thorough-
fare movement. Minor streets should run parallel to major
streets and connect a2t points in the subdivision closest

to the point of access for the area. Intersections of
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streets should be as nearly at right angles to each other
as possible in order to decrease traffic hazards, to
permit a more efficient layout of corner lots, and to
save residential area.

The gridiron plan, which has been so universally
adopted in many of our cities; has several disa&véntages
vhen azpplied to residential areas. In the first plesce, it
creates waste by providing'greater paved aree than is nec-
essary to serve residentiél communities adequztely.
Secondly, it causes thé installation of more expensive
%4ypes of paving by dispersing the traffic equelly through-
out the srea, which, in turn, creates an increased traffic
hazard. In addition to these disadvantecges, the gridiron
plen createé a monotonous; uninteresting architectural
effect and feils to create a neighborhood feeling.

Nevertheless, there sre adventsges to the grid-
iron system, particularly the benefit of a systematic ar-
rangement, which permits ease of orientation and simplicity
of adapting such a scheme to the boundaries, constructional
methods and surveying techniques.

A few years ago; many cities were laying out

complete systems of alleys running through residential
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blocks. In general, aileys are not economical because
they require additional land and must be paved, repaired
end, if possible, lighted. The savings in construction
cost of garage driveways and sometimes in lot width do not
compensate for the expense of providing alleys. Moreover,
it is possible to place telephone and lighting wires and
other utilities in easements along the rear lot lines, thus
achleving one of the advanteges of the zlley without in-
curring its costs.t
In more recent years, the trend has been toward
irregular layouts which feature curved streets. Funda-
mentally, the curvilinear pattern is more attractive than
the gridiron plen because it overcomes monotony by giving
each street a specisl character of its own. By skilfully
locating these curved streets on hiily or rolling ground,
street grades can be reduced end the volume of cut and
fill will be decreased. However, adjustment of the street

system to the contour of the land can be carried to
excess. Care must be taken to avoid very oblique intersec-

tions and uneconomical lot sizes and shapes. Furthermore,

1 rend Subdivision, Americen Society of Civil Engineers,
(New York, 1939), page 41.
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these contour streets may cause certain house foundations

to be below the usual grade of utilities. This would result
in having sewers abnormally deep in order to take waste
from the cellars of such houses. Thus, the saving in cut
and fill must be balanced against the possible increase in
expense for sewer excavation,

Sometimes loop streets and culs-de-sac are con-
sidered an integral part of a curvilinear system, but often
they are associated with the super block, which is really
a particular kind of curvilinear pattern. In the latter
case, they are used to assure privacy and freedom from
traffic. This type of street permits families to be served
by a non-thoroughfare and, at the same time, orients the
houses upon a park area rather than a traffic artery.

Under such conditions, the road may be narrower and the
utilities of small size. Radburn, New Jersey, is the fore-
most example of the super block system.

There are several undesirable qualities in super
blocks to which attention must be drawn. The service streets
should be a relaﬁed part of the whole street design, aﬁd they
- must be designed to adhere to the maintenance policy of the

community. These service streets should not lessen the



9o

con?enience of the #ecess“between different parts of the
neighborhood, |

A word éhouldbbe said about cross access streets,
which have been used véry infreqpently.l Under this scheme,
the house fronts on a narrow "cross access street" which
runs through a wide block instead pf a main street. Like
the cul-de-sac, the arrangement adds to privacy. It would
seem that such a layout would appear quite choppy,

broken up and rather unpleésant‘to the eye.

1 Adams, op. cit., p. 187.
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THE RELATIONSHIP OF THE HOUSE TO THE STREET

- Planners of the past have discussed this problem
at length, but all their ideas can be grouped: into the
following classes:

Single building line

Double and triple building line
Culs~de-sac

Cross access streets

Loops ‘

Service bays

Without going into the various merits of these
different layouts, we can take them as units and correlate
their efficiency with the various street patterns. Thus,
we can establish the economies that can be obtained from
combining the particular advantages of these various schemes
with the economies of various street patterns,

In the briefest way possible, we shall try to
outline the background:and epproach to many of the standards
which are generally accepted in the field of subdivision.
The purpose of this is not to mske any new revelations but
rather to clarify our viewpoints in preparation>fbr the
economic study which is to follow, These standards which
we have considered are: |

Community facilities
Block size
Lots

Streets
Utilities
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COMMUNITY FACILITIES

In the field ef‘£e¢reation, trends have been
toward the separation‘cf‘émall.éhildren's pleygrounds and
larger recresational bentéfﬁ‘whicﬂ include athletic fields
and swimming pools for oldéf age groups. Likewise, there is
& trend toward incorporatingvihese facilities with school
buildings (which can be used during off-school periods),
thus svoiding the duplication of indoor facilities, such as
toilets, showers and gymnasiums. Therefore, it was adopted
that schools and recreation facilities be contiguous gnd
used cooperatively and that supervision be provided.

Usable recreational areas should be within not moe
than fifteen minutes!? walking:distance without crossing major
traffic arteries unless adequate safety precautions were
taken. Small areas for‘pre—school children should be pro-
vided; such as tot lots. \

Should these récreational areas be located within
the bloék as is done at Radburn, or should the parks be of
larger area and located on street frontage? As has already
been pointed out by such studies as that of Henry Wright, the
internal recreational area has a much lower initial cost

since it is not served by streets, but the debatable issue
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is whether the maintenance costs are much higher on such a
system., We have tried to answer this by an analysis made
later on in this thesis, As to the various amount of

land required by these active and passive recreational
facilities,ﬁetmwe adopted those standards set forth in

Planning the Neighborhood-.1 These can be found in the

appendix., As for the proper location and areas for other
community facilities, the standards and specifications as

set forth in Planning the Neighborhood were once again

embodied in this study.

1 Planning the Neighborhood, American Public Health

Association Commitiee on the Hygiene of Housing,

(19L8), p. 53




Unfortunately, the local customs and regulations
will often have as much influence on the size and shape of
blocks as does any physical characteristic of the site. For
this study, we have dismissed many of these regulations in
lieu of more desirablé standards. Some site planners be-
lieve that a desirablé plan should permit blocks up to
1800 feet long &nd; under proper conditions, up to 2000
feet in length.l In general, long blocks should lie
in the direction of the main traffic flow end should not
cause long detours in reaching major objectives, such as
schools and shopping centers. Crogsswalks can overcome
many of the present objections. However, such walks must
not become a nuisance to abutting property owners, and they
must be used only when functionally required.

Much has already\been said about the so-called
super block plan consisting of large deep blocks penetrated

by a series of cul-de-sac service drives and with sidewalks

The Community Builders' Handbook, Community Builders!
Council of the Urbam Lend Institute, (Washington, D.C.
1947), p. 48.
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located in a semi-common interior area. Radburn again

presents a particularly fine example of such a system.



The primary purpose of any land subdivision is
to provide good building sites. Ideally, a gdod site should
be found on every lot. When all lots within the same
development tend to approximate each other in size, it pro-
duces & rather homogeneous development which might be con-
sidered questionable from th% social viewpoint. Thus, we felt
that it was more important to study areas for residential
development rather than é‘given_number_of lots.

The particular sizes of lots are regulated by many
outside functions; namely; 1) the remoteness from the
center of the community, 2) the price of raw land, 3) the
character of land improvements, 4) the character of the
land, 5) the desires of the people, and 6) the type and

character of houses.l

With these varying influential stipu-
lations, it is almost impossible to set up = normal size
lot, and here again the logical approach to this situation
seems to be to study it from the residential area developed

rather than from the number of lots developed.

1 Adams, op cit. p. 68.
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Farlier we haveﬁdiscussed the function of the
street and we éhall now try to cover some of the accepted
standards. First of all; we are of the o?inion‘that minor
street rights-of-way in residential neighborhoods of detached
houses should be fifty feet wide, with a roadway twenty-six
feet from face of curb to face of curb. Thié provides for two
lanes of parallel curb parking and one lane for moving traffic,
which usually is adequate for local circulation. On major
residential streets ﬁhich must act as collector streets
for traffic originating in the neighborhood, on streeté
adjacent tg the community or commercial fecilities, and
where serving apartments; éevelopments should have a right-
of-way of gixty feet and pgvemeﬁt of thirty-four feet.

This provides for two moving lanes.

Culs—-de-sac are dead end streets which have turn-
ing space at the end. We believe that they should not be
more than 506 feet long and should heve a turn-around of
not less then forty feet radius from center of circle to
outside curb with & small grass space in the center. The
use of "Y" or "TH types instead of these turn-abouts was not

considered in this study.
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Federal Housing Administration standards for
the wearing surface in a development of 6ne—family detached
houses require a pavement equal to a one-inch bituminous
road mix top or a double bituminous surface treatment con-
structed on a base designed to carry the contemplated traf-
fic load. This is considerably below the quality we have
found out in the field. Farrington, as well as Levitt,
was using a five~inch shell concrete pavement with macadem
or cement topping. 1In fact, such pavement is very close |
to Federal Housing Administration standards for developments
of apartments or row houses., For the purpose of this thesis,
however, ﬁe shall accept the Federal Housing Administiration
regulations for detached houses as the minimum. These can

be found in Street Improvements, Land Planning Bulletin

Number 2.1 Other standards for gutters, curbs and the like

have been based on data sheets of this publication.

1 land Planning Bulletin Number 2, Federal Housing Admin-
istration, Washington, D.C,, Data Sheet No. SA 101 and
SA 201 |



UTILITIES

The authority on desirable standards for various

utilities is Planning for Residential Districts,l the first

report of President Hoover's conference on Home Building
and Home Ownership., The pfinciples concerning storm and
sanitary sewers, water mains, with their connections, etc.
have been adopted for this report as our guide, but the
more detailed regulations have followed the data sheets of
the Federal Housing Administration and are discussed in

connection with the cost analysis made later in this thesis,

3 Planning for Residential Districts, op. cit.
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OUT IN THE FIELD

—— S— —— G—————————

To form a background for this thesis; we were
fortunate enough to be able to spend some time visiting
and studying various subdivisions of this "house hungry"
Americe. Such enterprises as the Byrne Organization and
Levitt and Sons were visited personally, while corres—
pondence was carried on with the Kaiser Community Homes in
Los Angeles, William G. Farrington Company in Houston, and
‘Place end Company in South Bend, Indiana. All these organi-
zabtions are of large size. They are teking raw land,
clearing it, perhaps leaving a few trees, and then locating
the utilities and streets in a pattern which they think
to be most beneficial in selling the property.

Both Byrne and Levitt used meny of the basic methods
of mass production and their outlook was very progressive.
We often wonder why their methods of construction differ so
greatly when they both have the same goal of economy. However,
after talking with Mr. Xline, the economist of the Byrne Orgmiza-

tion, we can reedily realize just why there can be so meny
approaches to the basic idea of building chesp homes. He

stated that few of the major elements of cost have been

considered from the economic viewpoint. As Mr. Kline stated,
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"The old man feels that this is the proper way to do it,
and that's all there is to it." Of course, it is true
that Mr. Byrne is not a new man in this field and that his
judgments are not made without a considerable amount of
experience, but we wonder why there should be such a lack
of scientific analysis of various cost problems. Due to
this attitude in the field, we have been faced with many
difficulties which further complicate our study.

The first and foremost of these difficulties was
getting statistical data on cost. Engineers were not inter-
ested in breakdown of costs to the fine detail into which we
must go for a true analysis., It may be that they were aware
of the various increments that made up costs but that they
were not particularly eager to establish these cost variables,
They approached the problem by the rule of thumb. They had
the background and knowledge to do this, but unfortunatély,
there are maryplanners who cannot do likewise, We are left
with the alternative of studying these cost situations in
detail and perhaps developing some of our own rules.

Just as Mr. Kline thought one of the basic needs
in the Byrne Organization was the study of the economics of

the steel frame, so we have felt that the economic framewak
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of a subdivision must be studied. Five particular items
should be analyzed, némely, the spotting of parks and other
community facilities within the area, the arrangement of
the houses in relationship to the street, the pattern of
the streets, the cost of maintenance, and the economic

variables of the utilities and streets.

1
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SITE PLAN EFFICIENCY

»Upon first considering the problem of the rela-
tionship of these various items of the economic framework,
we were led to the conclusion that the efficiency of any site
plan was the relationship between the area served and the
street length. Most of the engineers end plamnners whom we
met in the field agreed with this conclusion. This was
based on the reasoningrthat subdivisions under various
similar standards would have the seme unit cost for develop-
ment of their utilities. The Federal Housing Administration
has published a very interesting teble which is based on
this fundamental assumption that unit cost for lot improve-
ments is related to the unit cost of streets and utilities.l

With this basic assumption in mind, we proceeded
to study various existing projects in which éost analysis
was svailable so that we might check this hypothesis. As in
most theoretical studies, practical application fell far
short of our original theory. There was one alternative
to follow, that is, to check why unit costs of utilities and

streets varied.

1 r1and Planning Bulletin No. 2, op cit., Data Sheet
No. SA 40l. (See appendix.)
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Unfortunately, such an investigation could not
be made unless we took into consideration three major
items: current prices, standards in communities, and

natural variations, such as soil conditions,



-2l -

PRICES

Prices, as usual, prove to be the trouble maker,
We are first faced with the spiraling of prices and the
usual variations caused by difference in the quality of
workmanship., Likewise, the common practice of unbalanced
bids almost prohibited the use of costs found in various
contracts. Our first attempt was to find what large con-
tractors were being paid for the laying of utilities.
Such organizations as Kaiser Community Homes, William G.
Farrington and Company, Place and Company, the Byrne
Organization and Levitt and Sons were consulted. Satis-
factory information was obtained from all these companies
" with the exception of Levitt and Sons. In conjunction
with these price standards, data obtained from the Federal
Housing Administration was used. This consisted of average
iﬁprovement costs for five sections of the country and had
been brought up-to-date to June 1948 by the Urban Land
Institute.

This comparison of standard costs was further im-
proved by the analysis of costs found in various contracts
of the Boston Metropolitan Water Commission and Metcalf and

Eddy. Of especially valuable assistance in weighing these
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costs was the information given us by Mr. Rice of Metcalf
and Eddy./ Most of this information concerning cost vari-
ables in excavation is based on his understanding of the
subject.

In general, we limited ourselves to prices which
would most likely be found in the Northeastern states and
would result from a project that would consist of at least
100 units. The following outline of prices gives a general
idea of what we considered to be the unit prices in this
study. A more detailed analysis can be found in the appen-
dix along with comparable costs in various sections of the
United States.

Rough grading of land in preparation for roads or
housing sites was taken at §1,00 per cubic yard. Paving
costs, which include very high grade bituminous wearing sur-
face of about two to threee inches and a stone base of about
' six inches in depth, were considered to be $2,00 per square
yard. Curbs and gutters, usually considered as being made
of concrete rolled or straight faced, usually cost $1.50
per linear foot.

In considering the sewer systems, we were limited

by two controlling factors, namely, the depth at which sewers
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would be located and the minimum size of pipe. The latter
we established as eight inches; but the former we consid-
ered as an integral part of the standard cost of sewers,
thet is, from Federal Housing Administration figures, the
standard cost of the sewers is reported as $3.00 per running
foot. This took into consideration variations in depth and
similar veriation in size of pipe but was based on & high
standerd of soil conditions.

The storm sewers were congidered in like manner.
The minimum size was limited to fifteen inches and the other
factors resulted in a standerd cost of $1.18 per linear
foot of street.

| The wcter system; since it is not a gravity con-

trolled system, need not vary in depth from that required
by frost action and, furthermore, most subdivisions can be
supplied by the minimum six-inch main. This means that the
Federal Housing Administration average for the Northeastern
states took in very few variables and thet the $B.OO cost
per linear footAwould be quite accurate in most subdivisions.

Probsbly the most irregular items of expense in
utility costs are those contributed by the utility conmections,

manholes, fireplugs and catchbasins. In studying the findings
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of these large contractors, we found over 100 per cent varia-
tion in some of these items, particularly in manholes and
catchbasins. This is undoubtedly due to the great varia-
tion in costs that is contributed by labor in different
sections of the nation.,

Another important item affecting these costs seemed
to be the quantity in which they were built. Apperently,
great savings resulted in heving teams especially assigned
to constructing any of these connections. In this report,
standerd costs for manholes are congidered at $160.,
fireplugs at $150., catchbasins at $100., and cleanouts,
which are ususlly used in connection with culs-de-sac, at

$50.
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LOCLL _ STANDARDS

These baéic prices are all. entangled with verious
local stendards. Such stenderds as those found in New -
England towné which permit only granite curbing or require
storm sewers to be constructed below frost action are very
costly to the subdivider.

At the present time, Mr. Ralph Wilson, of the
_ Federal Housing Administration in New York City, is making
a study which should eniighten us as to just how much these
local regulations mean in affecting costs. He is proceeding
in his analysis by visiting various towns and determining
their stendards for streets and utilities. With those stan;
dards, he approaches contractors in the area and consults
them on cost estimates. Compiling this information from towm
to town, he will have a rather interesting picture of how
these costs are zffected by locel stzndards even though they
do not take into consideration variations due to standards
of different contractors. At the moment, indications from

his studies seem to hint that a veriation of twenty-five

per cent can be contributed by local regulations.
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NATURAL CONDITIONS

The last of ihese controlling factors is the
effect of natural conditions on streets and utilities.
This proved to us to be far more important than we had
imagined. Soil conditions might raise construction costs
some 128 per cent, whereas we had anticipated only about
a 50 per cent increase, We have considered variations in
s0il conditions which would affect the excavation cost for
streets and utilities. This includes such extreme condi-
tions as excavation in rock ledges and in peat. These
conditions will be discussed in detail in the various studies
made for the different items of expense. However, with
regard to this, several general comments can be made., 1)
Trench excavation in peat and rock ledges increases digging
costs about an equal amount, that is, some 300 per cent to
LOO per cent. 2) The soil condition which occurs in trench
excavation affects costs appreciably only when trenching
requiréa sheeting or when excavation is hindered by rock
ledges., 3) A great deal of attention must be given to the
subsoil condition for the streets. L) In general, street
costs will be increased at least 85 per cent if the streets

are built on swampy land, such as peat.
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PROCEDURE FOR ANALYSIS

In outlining the procedure for this analysis, we
must indicate some of the objectives of the research problem.
First of all, we wanted something applicable in the field
#nd at the same time results which could be absorbed and
comprehended by a rather inexperienced crew of technicians,
To meet this first goal, we have worked around actual de-
signs rather than theoretical designs, that is, we have
taken as our standard costs those encountered in the field.
Depths of sewer mains, storm sewers and water mains were
determined by field studies., The number of catchbasins,
manholes and fireplugs were derived from actual subdivisions.

We could have undertaken this analysis in two ways;
first, we could have taken the averages of these various
items to establish an average condition which might act as
a standard but which would give little indication of how
much items could vary from it. In the second way, we could
take a statistical average of these various factors and
thus establish limits within which we could expect a good
design to be found.

To give a concrete example of this by taking five

or six plans of good subdivisions, we could make a study of
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the number of manholes vs. the length of streets. From these
five or six studies, we could determine the statistical
average, let us say, one manhole for every 350 feet of street.
Likewise, we could establish the possible range that could
be expected under a normal distribution with a 95 per cent
confidence, Further‘enlarging upon our example, this would
mean that in 95 per cent of good designs, we would find that
one manhole would be constructed for between the range of
every 300 to LOO feet of street. This was the basic pro-
cedure for the majority of the work found in Tables I through
VI. They indicate the possible range of variation which
might be found in a subdivision that could be attributed
either to the design or to natural causes., The distinction
between these two causes is quite important.

The cost variables due to the design of the subdi-
vision are controlled by two general factoré: 1) the basic
scheme of streets and 2) how this scheme of streets is adapted
to the topography of the land, The basic scheme of streets
affects the number of manholes, catchbasins, number of inter-
sections and various other items. In the detailed breakdown
of the various variables found in Tables IV through VI, these
design variables are designated by (D). The natural conditions
are indicated by (N), which shows what variables are caused

by natural conditions of the subdivision, mainly those con-
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nected with soil conditions snd depth of water table. These
were determined by reletive cost studies based on various
contract costs or averasge costs.

FUrthermore; the tables are supplemented by a
figure called here & "conceivable high®, This high is based
on such conditions that would be very seldom met in the
field, such as very steep topogrephy or very swampy land, in
which cases these figures give a guide as to what may be
expected. Throughout these tsbles, variations have been
considered from two bases, one which we call "standard cost®
and the other "total standard cost®. Total standard cost is
the total cost per foot of street; which was established by
adding up verious standard costs for particular items of
expense. The standard cost is the cost of various parti-
culer items of expense per foot of street which would result
from constructing a subdivision under averege conditions
based on & good design. Therefore, anything found under
columns entitied "Variation in Standerd Cost" is based on
that particular standard cost of the item being considered.
Any percentages found under "Variation from the Total Stand-
ard Cost® are related t; the statistical range varying from

the total standard cost of $19.79.
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THE SUMMATION OF ALL COST VARIABLES CAMMITYHEB T0 A SQSBIVISIOK

[T TIV

Standard Possible Percentage Variation Percentage of Pcssible Percentags Variation
Cogt from Standard Cost Total Stand- fm Total Standard Cost
$/ft. of Conceivable ard Cost - " Concelivable
street _glglg Above Higt Below Above gé

Street (total) 3 9.&18 11,0  105.0  119.0 k7.5 5,2  1,9.8 52.6

(1) Intersections -) Lo.0 130.0 (~) 60,0 (<17 0.2 B S S %

(2) Grading o . 25.0 180.0 238.0 k.8 1.2  B.6 11.4

(3) Paving 5.789 12.0 130.,0  140.0 29,2 3.5 38.0 40.8

(4) Curb and Gutters 3,000 0.0 7.0 10.0 15.1 0.0 - 1.0 1.5

% mw Interaeetiam(ﬁ) 0.393 0.0 70.0 (-) 30.0 (-) 2.0 0.8 1.k 0.6

# Turnsbout - Culm 1.328 20,0 70.0 70.0 , 6.7 1.3 k7 ko7

de-sac | I .

Underground Utilities@etal) 7.670  28.2  230.0 .rajszo.e 38.7 1.0 123.8

(2) Storm Sawm 7 U1.250 0 Le.o 231.0 356.:0 6.3 3;3.» 22.4 W
Connections (wm) 289 3L.0 W2 o h9.S 6.5 2.3 3,2

(1) Manholes 3.0 53.0.  56.0 35 5 X L

(2) Fireplugs 9.0 19.0 23.5 1.7 0.2 @ 0.4

(3) catchbasxas 0261 Lli.O 5h.O - 65.0 1.3 0.6 3 0.9

% Cleanout -~ 0.257 5L.0 - 64,0 . 72.0 1.3 ‘0,? 9.8 0.9

Cul-de-sag Ly o S Cod

Planting and Saﬂading - 0.580 0.0 50.0 50.0 3.0 0,0 1.5 ; 1.5
Engineering and Overhsad 0,833 0.0  $0.0 50.0 L.3 0.0 2.1 21

Total Standard Cost § 19,790 N 100.0% 18.58 1h5.3%  183.2%

JTE. ol strest)
For improvements which do
not serve residential

area (20%) - © 3.960
Land 1o Right-of-wey  0.720
Total § 24.470

P -

Kot cemidemd in totals.

—

We have introduced negative values in this
Table since in establishing the procedure
for measuring streets, we measured the centr—
line of streets.

intersectiona.

This meant a duplication .
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THE SUMMATION OF ALL COST VARIABLES

Possible Percentage Variation Percentage of FPossible Percentage Variation

Standard
Cost from Standard Cost Total Stand-  from Total Standard Cost
$/ft. of Conceivable ard Cost ' ‘ Conceivable
street  Below Above §§g§ Below Above | §§§§
Street (total) © $9.18  11.0  105.0  119.0 47.5 5.2  L9.8 52.6
{1) Intersections (=) 0322 L0.0 130.0 (=) 60.0 (-7 I7 0.8 2.2 (=) 1IX
(2) Grading . 0.960 25,0 180.0 238.0 4.8 1.2 8.6 1.k
(i) Curb and Gutters  3.000 0.0 7.0 10.0 15.1 0.0 - 1.0 1.5
% npe Inuraectiem(~) 0.393 k0.0 0.0 (~) 30.0 (=) 2.0 0.8 1. 0.6
# Turnabout - Cul- 1,328 20.0 70.0 0.0 6.7 1.3 ;,z;«.? L7
de-sac T : o : ‘
tndergromd Ut11ties ftal) 7670  28.2  230.0  320.0 38.7 11.0 ‘r'»,-,ag.a 123.8
(1) Sanitary Sewers - 3,270  35.0 245.0 349.0 53 5B o STek )
(2) Storm Sewers ©  1.250  L9.0 231.0 356.0 6.3 3.1 ;11;. 22.4 w
(3) Water Mains 3,150 13.0 208.0 277.0 15.9 2.1 -,;73&. k.o =
Conmections (total) 1289 3.0  Lk2 k9.5 6.5 2.3 2.9 3.2
(1) Manholes 588 L3.0 53. c 156.0 35 5 I3 13
(3) Catchbasins 0.261 LL.O sn.a : 65.0 1.3 0.6 0.7 0.9
* Cleanout - 0.257 540 640 . 72.0 1.3 0.7 0.8 0.9
Cul-de-sac - R - : B ‘
Planting and Seeding  0.580 0.0 50.0 50,0 3.0 0.0 1.5 1.5
Engineering and Overhead 0,833 0.0 50.0 50.0 4.3 0.0 21 2.1
Total Standard Cost § 19.790 100,0% 18.5¢ 145.3% 183.2%

TDoIlar/Tt. ol strest)

'For improvements which do
not serve resi&ential
area (20%) =

land in Right-of-way

Total

oy
BES

l

24,470

—

#* - HNot considered in totals.

¥e have introduced negative values in this
Table since in establishing the procedure

for measuring streets, we measured the centr—
line of streets. This meant a duplication .
intersections. :



TABLE II
SUMMATION OF COST VARIABLES DUE TO THE DESIGN OF A SUBDIVISION

Standard Possible Percentage Variation Percentage of Possible Percentage Varia-

~ Cost : from Standard Cost Total Stand~ tion frem Total Standard
§/ft. of . : Conceivable ard Cost . - Cost=Conceivable
street . Below Above 55 gh - - Belmr - Above
Street (total) $ 9,418 11,08 28.3% 31.4% “L7.5% © 5,24 '13.3% 14,72
(1) Intersections (-) 0.327 L,0,0 20,0 (-)60.0 (=)1.7 < 2% TN o S W 1 s
(2) crading ~ 0.960 25.0 150.0 208.0 ;) 1.2 © 7.2 10,0
(3) Paving - 5.780 12.0  20.0 20.0 29.2 3.5 5.8 5.8
(L) Curb and Gutters © 3,000 0.0 0.0 0.0 15.1 0.0 0.0 0.0
# *T" Intersections  (~) 0,393 40.0 20,0 (=)20.0 (=) 2.0 © 0.8 0. (=) 0.
* Tumabmt - Cul"' e 1‘323 20.0 26.0 20.0 6.? ‘ 103 loh ’ loh
Undergrownd Utilities(total) 7.670 26.2  38.0  60.0 38,7 1.0 1.8 25.2
(1) Sanitary Sewers 3T/ 35.0 Ls.0 82.0 =5 o TG 13.5
(2) storm Sewers 1250 L9.0 59.0 128,0 6.3 3.1 3.7 8.0
Connections (total) 1.289 3.2 342 36.5 6.5 2.3 2.3 2.L
(1) ¥anholes 0588 L3.0  43.0 Li6.0 3.5 1T 17 15
(2) Fira;)lugs ) 003&0 906 9.0 900 lu? C“?. : 0.2 302
(3} Catchbasins 0.261 LLsO  LL.O 50,0 1.3 0.6 0.6 0.7
# Clmut - 0.257 ShoG 5)}.0 6{)00 1-'3 Qo? : 0.7 008
Cnl—da-aac o ,
Planting and Seeding 0.580 0.0 0.0 0.0 3.0 0.0 0.0 0.0
Engineering and Overhead 0.833 L3.0 0.0 1.5 1.5
Total Standard Cost  § 19.790 100.0% 18.5%  31.9¢  L3.8%
TDollars/IT.of street) ,

# - Not considered in totals.



TABLE III

SUMMATION OF COST VARIABLES DUE TO NATURAL COMDITIONS FOUND IN SUBDIVISIONS

Percentage of Possible Percentage Varia~-

{Dollars/Tt.of street

Standard Possible Percentage. .‘Variation
Cost from Standard Cost Total Stand- tion from Total Standard
$/ft. of : Conceivable ard Cost Cost . Conceivable
street Below Above » Below Abmv :
Street (total) % 9.a8  o0.0% 76. 7% 87.6% 47.5% 0,06 36,58  37.9%
(1) Intersections - {«)0.32Z. 0.0 110.0 0.0 C5 ) Yy ] < IR ) 0.0
(3) Paving : 5.780 0.0 110.0 120.0 29.2 0.0 32.2 35.0
{4) Curb and Gutters 3,000 0.0 7.0 10,0 15.1 0.0 1.0 1.5
% " Intersectioms - (~)0.393 0.0 50.0 (-)10.0 2.0 0.0 1.0 (-) 0.2
# Turnabout - Cul-» 1.328,; 0,0 . 50.0 50,0 8.7 0.0 3.3 3.3
Underground ﬁtilities(tetal) 7.670 0.0  192.0  260.0 38,7 0.0 Th.2 98.6
(1) Sanitary Sewers 32 00 200.0 267.0 . » L35
{(2) Storm Sewers 1,250 0.0 172.0 229.0 6.3 . b
(3) ®ater }éains ‘ 3.150. 0.0 185.0 254.0 59 .80 0 303 LO.3
Connections (total) 1.289 0.0 10.0 13.0 6.5 00 - 0.6 0.8
(1) ¥anholes : 0.888 0.0 10.0 10.0 . 06 Th 0L
(3) Catchbasins 0.261 0.0 10.0 15.0 1.3 0.0 0.1 0.2
¥ Cleanout = 0.257 0.0 10.0 12.0 1.3 0.0 0.1 0,1
Cul-de-gat o ) o
Planting and saeding 0.580 3.0 0.0 1.5 1.5
Engineering and Overhead  0.833 4.3 0.0 0.6 0.6
Total Standard Cost  § 19. m 100,
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We shall proceed to investigate why'unit cost of
utilitiéa end streets vary; first, the veriation caused by
laying the streets; second, the de#iation from the standard
cost caused by the underground utilities; and third, the
veriation in connections (menholes, catchbasins and fireplugs).'
In the following bages, we will discuss in detail the causes
behind these variations and relate these to total standard
cost as well as to standard cost.

STREETS

The factors of deviation that we applied to the street
fall into the following categories as found in Table IV:
Intersections, Grading, Paving and Curbs and Gutters. As
indicated by the teble, "Paving" (including the wearing surface
end base) and the "Curbs and Gutters" were the major items of
expense. |

The standard cost of’paving (#£5.780) was affected by
the chosen width of the street and the condition of the subsoil
(including the elevation of the water table). In making this
study, we found that the unit cost of the pavement alone weas
increased or decreased by almost four per cent for every foot
that it varied from the standard width of 26 feet. But, on
the other hand, if the curbs and gutters and the remainder of

the cost of a street were considered, there was a variation of
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2.5 per cent which would be attributed to each foot that it
varied‘from the standsrd. In turn, this meant a change of
1.1 per cent in the total standard cost. This variation had
a simple felationship since the materials and labor were in
direct provortion to the width of the streeﬁs.

. As the texture of the subsoil became poorer, con~
struction methods were needed to improve the base. This
usually called for the removel of the undesirable subsoil to
allow fill that would act as a good base or the use of wvarious
types of mechanical treatment of the soil, such as the use of
sheeps-foot rollers, If extra fill is required, which will
necessitate extra grading or excavation, the unit cost of
the navement will increase by 22 per cent for every six
inches of bank gravel that is needed as fill. However, if we
consider the total unit cost of the streets, there would be
a variation of 12 per cent which could be assigned to each
six inches of fill required. This results in a change of
6.5 per cent in the total standard cost. The amount of fill
can be determined approximately from the tables included in the
appendix., Soil classified as A-4, which is soil susceptible to
frost action, may require a thirty-inch fill., This would mean
110 per cent increase in the cost of pavement, or a 32.5%

increase in totsl standard cost. Under extreme conditions of
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very peaty soil, the incresse might be as high as 35 per cen
of the totél standard cost. On the éther hand, rock ledges
as usually encountered would raise the totsl standard cost
abdut five to six per cent. In the process of design, the
extreme high cost resulting from building roads or streets
on swampy land should be noted particularly.

Curbs and gutters; which were the second major item
of expense, had few variables. Allowances for driveweys was
not considered as a verisble since the curbs were of the
rolled type. The only important variable was the subsoil
which affected the stendard cosﬁ by about 1.6 per cent under
the worst conditions. This veriation was determined in the
same menner as above.

Among the minor items of expense, the variables
applied to grading had the most profound effect. It was pos-
sible that the grading cost might increase somé;238 per cent
over the everage cost which was based on a one-foot cut.
This meant an increase of 11.8 per cent in the totel standed
cost due to‘natural and design varizbles. These high costs
foi grading can be reduced by rumning roads perpendicular
to the contours or by locating them on ridges or in valleys

if poor %0il conditions can be avoided.
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In establishing the procedure for measuring street
length, we decided to measure the center line of streets
since it was most convenient. This meant that at intersec-
tions there was a duplication. Therefore, to correct this,
we have introduced negative'values in Tablejgﬁa The dupli-
cated construction cost for an intersection was calculated
to be $388., This figure takes into account the reduction in
the amount of paving énd curbing which would be required at
intersections if compared with ordinary streets. Two inter-
esting results can be noticed in Table IV; first, the angle
of intersection as it varies from the right angle can affect
the construction cost of intersections up to 20 per cent and,
second, the ratio of the number of intersections to the street
length (one intersection to 1050 feet of street) does not
vary too greatl& in the design considered (about 20 per cent).
This second result is far below the possibility of a theoretizal
ratio based on our original assumption of a 2000 foot block.,
In an extremely large subdivision with blocks 2000!' x 200!,
the above ratio would have been one intersection tolégzgfieét
of street. Thus we might say that the plans studied had only
a 48 per cent "biock efficiency".

Although not included under "Intersections" in Table
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IV, thereare additional expenses that might be assigned to
this category, such as the extra grading caused by the varia-
tion in the gutters and street gfades; the necessity of more
catchbasins, and additional cost due to the intervention of
continuous construction methods., However, these items are
considered under vafious other headings, such as Grading,
Pavements, and Catchbasins. |

Far more important than these small increments is
the extra cost incurred by the loss of residential area at
intersections. At leasf 10,000 square feet of land is lost
by the passage of an additional street through the residential
area, This is greatly increased if the lot depths are greater
than 100 feet. In cost, this means that every intersection
increases the cost of streets and utilities at least $1000,
If the intersection is made at other than a right angle, the
cost will increase as the secant of the angle varies from
the perpendicular. With an angle variation of L5 per cent,
the cost would grow to $1400.

On the other hand, if it is considered that the
nintersecting" street cannot serve new residential aregf}n
the vicinity of the intersection (100 feet either side of the
right-of-way), the cost of an intersection is still higher.

This would mean that an intersection really increases costs
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of utilities and streets approxinately $6000. In turn, this
is increased by tﬁe secgnt 6f the anéle that the intersection
veries f?om a right angle. Thus a 45 degree sngle of inter-
section increases the cost of an intersecting road by about
48500, |
| Purther consideration was given to uTn iﬁtersec—
tions and turn abouts for culs-de-sac. These were not intfo~
duced into the total‘standard cost since they had only a
limited use in subdivisions. However, similar cost analyses
were made in each of the azbove cases and can be found in
Table IV. The important aspect of "TW intersections and turn
abouts is the resultant effect théy have on the area served.
By using "T" intersections, one loses about SOOO sqﬁare feet
of resicential uarea, which meens sn additionel expense of
egbout §500. (under a system with lot depth of 100 feet.) .
However, if we consider the nT® interSection as we did the
regular intersection, we shoulc¢ attribute sn additional expense
t5 the improvement cost of 43000, for every."T" intersection
used in a plan. This would be affected in like manner by
the secant of the angle that it varies from the right angle.
On the other hend, the use of culs-de-sac increases

the area served by some 22,000 square feet. This resulted
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in‘the reduction of improvement costs in & subdivision to about
#2200, (with the usual lot setup). By combining the results
of the "t intersection and the turn sbouts, we find that

each cul-de-sac will increase the total improvement cost

about $450.

Engineering costs might ve;y'easily be considered
under "Streets". This expense should contribute to many
cavings, such as the proper choice of road surfaces &nd the
right meterials. FEngineering costs for large subdividers
run about four per cent of the total standard cost in the usual
subdivision., This is an increase of about 100 per cent over
the cost of leyout in a gridiron system. Likewise, the extra
cost which must be allotted to the construction methods re-
cuired in the building of curved roads was considered to be
in the neighborhood of five per cent of the standard cost.
This, in effect, means that the cost of departing from the
standard gridiron system due to extra construction costs and
engineering costs would amount to 3.5 per cent of the total
stencard cost. This, we consider, is a smaell factor when
considering the numerous eesthetic adventages offered by the
curvilinear street pattern.

In sumuing up the veriztions which can be attributed
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to the construction of tﬁe streets, we can say that one may
expect, under extreme conditions, a variation of 119 per cent
from the standard cost of streets. This means that a devia-
tion of 52,6 per cent is possible under extreme conditions in
the total standard cost, This deviation in the total standard
cost was affectedkabout 75 per cent by the natural conditions,
thus indicating the importance of locating roads on good
grounds. Variation in the variables controlled by the design
of the plans we studied indicated that a conceivable high of
approximately fifteen per cent above the standard cost might

be anticipated,



TABLE IV
DETATLED ANALYSIS OF THE VARIABLES COMMITIED TO STREETS

Average or Standard Cost - Possible Péfcéntage!Varia- Variation in Standard

Standards Dollars per tion from Standard Cost Cost in Dollars
for foot of street : Conceiv-
Variables length §g}g§ Above Below Above able HiéE
Intersections (total) (-)$ 388. (=)$ 0.322 40,0% 130,04 $0.130 $0,504 (4)$0.192
(1) No. of units/ft.of street(D)0.00955 I 20,0 . 20,04 0,065 0,065 -
(2) Angle of intersection (D)Right Angle - 20,0 0.0 0,065 0.0 -
(3) Soil Condition (N} . A-l - 0.0 110.0% 0.L27 -
Grading (total) $1.00/cu.yd. 0.960 25,0 180.0  0.2L0 1.728 2.288
(1) Volume (D) "1 ft. cut - 25.0 150.0 0.2I,0 . 2.000
(2) soil Condition (N) AL - 0.0 30,0 0.000 0,288 0.288
Paving (total) §2.00/5q.yd. 5,780 12.0 130,0 0.694  7.L55 8.012
(1) Width (D) 26 ft. - 12,0 20.0 0.6 TI.ISS 1155
(2) Soil Condition (N) A-1 - 0.0 110,0 0.000 6,300 6.857
Curbs and Gutters (N) $1.50/ft. 3,000 0.0 7.0 0.0 0.210 0.300
# "T" intersections (—)3236. , (~)0.393 40,0 70.0 '
) (same variable as :
intersections)
% Turnabout - Cul- $796. 1.328 20,0 70,0 0.268 0,930 0.930
de~sac
Total $ 9.L18 $ 1.06L $ 9.897 $ 10.L08

# — Not considered in total,
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UNDERGROUND UTILITIES

For reasons of clarity, the underground utilities
have been studied separately. The first in the group, as
found in Table V, is the sanitary sewerage system., The
factors of deviation as set forth in this table are: the
- ratio of the length of the sewerage system to length of
streets, the size of the depth of the line, and soil condi-
tions.

The statistical results of thismfirst factor proved
to be quite unexpected. They indicéfe that in most systems
the pipeline is longer than the center line of the streets.
This is the result of the line not following the center of
the street and the extra connections which are necessary at
an intersection, thus indicating another expense which should
be allocated to the intersection, This, among other things,
leads us to believe that there can be great savings froﬁ not
following the right-of-way of streets. Of course, this is
only possible when undetached housing units are used. This
technique was used very sucéessfully at Greenbelt, Maryland,
but, unfortunately, these costs are out of line with present
values and could not be used in this study.

In comparing the length of sewer lines used by the
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| existing system at Gfeenbeltrwith the length which would have
‘been required had the sewer been laid in the right-of-way of
the street; we found that‘a reduction'Of ebout twenty per‘cent
in length of line might be expected by using the Greembelt
scheme. But it is not justifisble to say that such a\procedure
wouid reduce -construction costs by the same Amount since the
two systems are not comparsble (the existing system at Green-
belt does not have laterals). The lack of these laterals would
cauée & veristion in the pipe size in the two systems.

Before we start to deliberzte on the #ariables
attributed to the soil condition, we shall first make some
decision as to the stendards for excavation in connection with
methods of trenching and contractual procedure. We have
assumed that, if possible, trenching machines would be used.

In general, there are two kinds of trenching machines, the
wheel trencher, which may be used for trenches about one to
two feet wide and up to about seven to eight feet deep, and
the ladder type trencher; which will dig trenches from three
Ato six feet wide and as deep as twenty feet. Since the wheel
type is so limited in range and is.not too ofteh used, we

have only considered excavation as accomplished by the ladder

type.
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This means that‘the trench will have a minimum width
of three féet and; disregafding the soil condition, the excava-
tion and backfiil cost of pipe sizes, eight to fifteen inches
(permisseble size in ﬁhree—foot trench), will be & function
of the depth times a constant. This is also based on the
faet that most contragts afe determined on the cubic yard
content removed‘(which we have‘adopted as stendard for this
thesis). We also accept the éommon practicé of most con-
tractors of increasing the cost per cubic yard as the depth in-
creases. In &pplying these assumptions, the aforementioned
constants (based on cost in collars and depth in feet) were
established as follows as the trench varied in depth:; from
0-9 feet; $0.24 per cubic yard; from 9-12 feet: $0.26;
from 12-15 feet: $0.31; and over 15 feet: $0.51. These are
based on the fact that excavation and backfill account for
ebout 67 per cent of the aversge per foot cost for sanitary
Sewers.

If we take into consideration soil condition, we
find & very interesting fact. The above constants are very
minutely affected by soil conditions until a need for sheet-
ing or @ rock ledge is encountered, in which case the above
constents are increased some 300 to 406 per cent. This

affects the total stendard cost azbout 44 per cent. In most

cases the sheeting expenses are slightly higher than rock
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excav#fion, assuming that the rock excavation is based on a
three-foot wide trench. Thus it is~advisablé for planners
to avoid sheeting and rock excavation wherever possible.

When is sheeting required? This is a very difficult
question to answer since it depends bn many local conditions,
but, in general, a very deep trench, ﬁet ground or loos:soil,
such as sand and gravel, will require sheeting of some type.
There are also some other important elements such as the
length of time the trench is open and the presence of vibra-
tions which affect the requireménts for sheeting.

The variables affecting the size and depth of pipes
~are quite involved and rather complex. Analyses should have
been made of these variables (compaction factor, distribu-
ﬁion of the population, topographj, and local and national
regulations) in order to establish a standard cost. Since
this information was impossible to obtain, we considered
these factors as grouped together., We then searched for aver-
age costs which would take these variables into consideration.
We finally arrived at an average cost of $3. per foot as
based on Federal Housing Administration figures for the
Northeastern area. (The minimum pipe size permissible was

eight inches,) From this average cost, we determined the



- 49 -

stenderd cost byjcbrrectiﬁg for ratio of sewer length to street
length. The statistical range for depth and pipe size was
computed'using figures which were available. Although these
aversges were made independent of the data used in determining
the averzge cost; we assumed that there would be a natural
coordination between the two.

~The areragé inveri depth for thé sanitary sewerzge
system wes determined, as mentioned sbove, ag 8.2 feet. This wa
really controlled bﬁ the‘depth of Egg/g;;;;:ntvin the plans
studied, since the cellars must be drained by the sewer mains.
On the other hand; if these lines were laid for cellerless
homes, such as Byrne's and Levitt'é, we might have found an
average depth of between three or four feet. This would have
neant a seving in the total standard cost of nearly two per
cent.

The furnishing and laying of the sanitary sewer mains

accomnted for 33 per cent of the standard cost. It was dis-
, covered that at Harundale, Maryland (Byrne) which is composed
of 1200 single-family homes, the average pipe size detefmined
by a cost analeis was equivalent to a ten-inch pipe and there
was a very small footage larger than fifteen inches. This
means that the minimum width of three feet for & trench would

take care of most subdivisions! senitery sewerage systems.
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4 point which should be brought out at this time is
that greet savings cen result from having the bitter end of a
line on rather a steep grade. This is due to the requirement
that & lower portioﬂ,of a2 line cannot be smaller in size
than the upper portion of the line even if hydraulic condi-
tions permit such an arrangément. Ideally, it would be best
to have all sewer lines decreszse in grade as they become lower
in elevation. In summing up the topic of sanitery sewers,
tﬁe mein point of emphasis is that sheeting should be avoided,

In proceeding to our next category, that of storm
sewefs, we find slmost identical varisbles. The only item
which cdiffers apprecicbly from the sanitary system is the ratio
between the length of storm sewers and the length of street.
The statisticsl averzge of this ratio proved to be zbout one to
three (1 foot of storm sewer to 2.83 feet of street). We are
faced with the same relationships as found in the excavation
and backfill cost of the sanitary sewer system except that the
storm sewers mey reguire trench widths in excess of the minimum
three feet sufficient in the sanitaryvsewers. However, the
effect of the variables will be less apprecizble in the total
standard c&st because the ratio of the length of storm sewers
to length of street is smaller. (Based on the fact that ex—

cavation costs zccount for 57 per cent of the standsrd cost
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for storm sewers, the neceésity for sheetiﬁg will increase the
total stendard cost about ten per cent.)

Sincetthe trenching machi£e can remain stationsry
while widening the trench; there would be about a 25 per cent
saving in excavation and back fill cost for the extra excava-
tion needed to widen the trench. The aforementioned constants
which were based on average excevetion cost per foot would in-
crease 12.5 per cent for evefy six inches that the trench is
widened to permit the usage of pipe larger than fifteen inches.
This cost increment for widening affected the total standard
cost about one per cent.

Once again we used a standard cost based on Federal
Housing Administration average per foot costs of storm sewers
($3.50) for the Northeastern area. (The minimum pipe size
permissible was fifteen inches.) After we had calculated the
standard cost by correcting for the ratio of the length of
storm sewer to length of street; the statistical range for depth
and pipe size was computed with figures which were available. .
This was bésed on the same assumption made in connection with
the sanitary sewers.

Accorcing to Federal Housing Administration Data
Sheet Number SH 101, "pipe lines shall be placea at a sufficient

depth below the surface of the street to avoid dangeroué
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gravity controlled and, therefore, the size of pipe is not
affected by the topography of the land. Most subdivisions

up to 1000 housing units can be supplied by an ordinary six-
inch main because the controlling reqguirements are determined
by fire orotective measures as outlined by the Boerd of
National Fire Underwriters.

The average invert depth (5.0 - 5.5 feet) is controlled
by the frost action; which penetrates considerably deeper in
New England than the minimum depth recuired by compaction/factf
ors in the storm system. The type of soil controls the depth
to which frost can penetrate. Variation due to this condition
may cause additional expense; perhaps 5 per cent of the stand-
ard cost. If the‘depth of wafer main were controlled by
compaction factors (as in the South),}we could expect a savings
of zbout two per cent in\total étandard cost.

The average cost per foot of water main, which includes
the cost of installing valves, was taken from Federal Housing
Administration figures as $300. In converting the average cost
into standard cost, it was affected in a lesser degree than
the sanitary sewers by the ratio of the length of water line
to the length of streets. (1.05 to 1). We found again that the

Greenbelt scheme was able to save about fifteen per cent of the
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length of water main by not installing the lines in the right-
of-way of streets. This seems to indicate that such a pro-
cedure shonld be reoommended‘for row housing or garden apart-
ment developments, |

Since pipe size and depth of water mains may prac-
tically be considered as constants, the most profound effect
on the water system cost is found in the encountering of soil
condiiions that require sheeting. This increases excavation
costs some 300 to L4OO per cent. Figures studied seemed to
indicate that excavation costs for water mains amount to about
L per cent of‘the standard cost of such a system. This would
result in a variation of almost 3L per cent of the total stand-
ard cost. |

In summarizing the variations which can be attributed
to the i§g£%liation of the underground utilities, one may
expect, under ex£reme conditions, a variation of 320per cent
from the standard cost of utilities, which means that a devia-
tion of 123.8 per cent is possible under extreme conditions in
the total standard cost. This deviation in the total standard

cost was affected largely by the natural conditions (98.6%).
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TABLE V

DETAILED ANALYSIS OF THE VARTABLES COMMITTED TO UNDERGROUND UTILITIES

Average or Standard Cost - Possible Percehcage Varia- Variation in Standard

Standards Dollars per tion from Standard Cost Cost in Dollars
for foot of street ' . Conceiv-
Variables length Below Above . Below  Above able High
Sanitary Sewers — $ 3.27 35% 245% $1.1h $8,01 $11.)1
(1) Length of S.S./Length 1.09 — 9 9. 0. 0. - T 0.
of street (D) ,
(2) size (D) o 8" min. - 15 25 0.L9 0.82 1.64
(3) Depth (D) 8.2 ft. — 1n 1 - 0.36  0.36 0.7%
(4) Soil Condition (N) A-1 — 0 200 © 0,0 6,54 8.73
Storm Sewers 1.25 L9 231 - . 0,61 2.89 L5 |
(1) Length of S.S./Length 0.353 —_— % 16 0,20 0.20 0.20 o
of street (D) : \ U
(2) size (D) 15" min, -— 20 30 0.25 = 0,38 0.90 !
(3) Depth (D) 5.2 ft. — 13 13 0.16. 0.16 0.50
(L) Soil Condition (N) A-1 _— 0 172 0.0 2.15 2.85
Water Mains 3.15 13 208 0.41 0.7L 8.72
(1) Length of W.M./Length 1.05 —-— 13 13 0.41 0.LT O.LT
of street (D) _ _
(2) size (D) . 6" — 0 10 0.0 0.31 0.31
(3) Soil Condition (N) A=l — 0 185 0.0 0.02 8.00

Total $ T7.67 ' $ 2.16 $ 17.6L $ 24.58
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CONNECTIONS

In this last category, which includes manholes,
catchbasins, fireplugs'and’élean outs, we found simpler
relationships., All standard cdsts for connections were
affected by'pwo {tems - the ratio of the number of units to
the length of stréet and’the soil conditions. In all but
the fireplugé,'depth was also considered as a variable, The
number of connections varied in some degree according to. the
nﬁmber of intersections, layout_of streets (sharpness and
number of curves) and local and national regulations. All
these variables had very little effect on the total standard
cost as indicated on Table I. However, we believe that a
reduction in the number of these connections has a very close
relationship to the efficiency with which the topography has
been used in placing the underground utilities, For instance,
the number of manholes may indicate the number of times the
grade lines have been changed, which is often the result if
the topography is not followed as closely as possible. The
averages which may serve as a guide in £he installation of
underground utilities are: one manhole (sanitary) for every
309 feet of street; one manhole (storm) for every 720 feet of
street; one catchbasin for every 383 feet of street; and one

fireplug for every LLO feet of street.
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The standard cost of clean outs was included in the
study of connections on Table VI but was not used in computing
the total standard cost sinée they have a limited use in sub-

division plans,



TABLE VI

DETAILED ANALYSIS OF THE VARTABLES COMMITTED TO UTILITY CONNECTIONS

Average or Standard Cost- Possible Percentége Vari- Variation in Standard Cost

 Standards * Dollars per ation from Standard Cost in Dollars

for foot of street ‘ Conceivable
Variables length Below Above Below Above High
Manholes (storm & sanitary) $160.00 §0.688 L3% 53 $0.296  $0.365  $0.385
(1) No. units/ft. of street(D) 0.0430 32 32 . 0,220 0.220 0.230
(2) Depth (D) 6.6 ft. 11 11 0,076 0,076 0,080
(3) Soil Condition (N) A-1 o o 10 0.0 0,069 0.075
Fireplugs (total) - $150, 0.340 9 19 0,030 0,064 0.080
(1) No. units/ft, of street(dD) 0.0227 ~— 9 9 0.030 O, 0,030
(2) Soil Condition (N) A=1 | 0 10 0,0 0,034 0.050
Catchbasins (total) $100, 0.261 Lh - 5L 0.115 0.1 0.171
(1) No. units/ft. of street(D) 0.0261 - 31 31 0.08T . 0,081
- (2) Depth 5.2 ft. 13 13 0.034  0.034 0,050
(3) Soil Conditions (N) A-1 0 10 0,0 0,026 0,040
#Cleanout (total) $50., 0.257 . 5L 6L 0.139 0.165 0,185
(1) No. units/ft. of street(D) 0.0515 L5 L5 0.115 0.115 0.125
(2) Depth (D) 5.4 ft. 9 9 0.024 0,024 0.030
(3) Soil Condition (N) A-1 0 10 0.0 0.026 0,030
‘Total $ 1,289 0.L4l 0,570 0.636

# - Not considered in total.

._gg..



- MAINTENANCE

- Maintenance costs'have been‘compiled on Table VII
for various items of upkeep. Figufes are given from Cambridge
and Brookline, Massachusetts and New Brunswick and Highland
Park, New Jersey. The weighted average is what we believed
would result if these figufes were based on maintenance costs ,
of a large subdivision. We considered the size, density, pﬁp—
ulation aﬁd efficiency in local government iﬁ determining the
wéighted average. The total of these sverage annual maintenance
charges was $3300. per mile of street, which amounts to about half
the cost of amortizing (at two and one-half per cent lnterest over
twenty years) the cost of a mile of street and utilities.

The expenditure for maintensnce was in direct propor-
tion to the length of street for the following items: road
repair (greatly affected by the subsoil condition), streetb
cleanihg, street lighting and snow removel. However, the expense
of the sewer and water system was proportional to the density
and length of the'system. If the velues for the various cities
we studied are any indication, we would expect a ﬁreat saving
in these items of expendlture as the density increases. For
example, with a density of five femilies per acre, (Highland

Park), a sav1ng of fifty per cent may be anticipated in this
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maintenance chargé if the density is doubled. This meens a
saving of about $100. per mile of street as the density is
doubled along the street. O0Of course, this would only be true
in rather low density (five to twenty families per acre).

A special study was meade in connection with refuse
snd garbage collection; since they constituted about one third
of the maintenance cost. In this case, we assumed that the
cost of these collections was baéed on the following relation-
ships - cost of maintenance equsls the density of families
times & constent plus the length of route (serving the families)

times & constant. This is baéed on the assumption that the

garbage collectors welk from vick up to pick up. (They do this
in densities as low es three femilies per acre.)

Having determined these constants by solving several
quadratic equetions and having teken the average of the con-
stent, the resulting equation was developed: 8,5 F (number of
families per mile of route) plus 250 M (miles of route) equals
the total annual operation cost in dollars. Ve found that &s the
censity of families doubled, collection éosts increzsed only 75
to 80 per cent. This meanf & saving of about 25 per cent or
$275. per mile of route. Again, this would be true only in
rather low density areas (five to twenty families per acre,)

One comment we should like to meke is that meintenance

costs run higher on culs-de-szc., First of all, snow removal
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is more costly since ploughing cannot be done by a continuous
operation., This is an important factor in New England where
this amounts to about one-fourth of the annual maintenance
costs. Secondly, garbage collection is more difficult on
such streets, but this should not increase collection costs
more than ten per cent. The last point is more intangible.
Most macadem roads need a certain amount of movement in them
to keep them "alive" and thus save repair costs. This might
double rspair costs in an area composed largely of culs-de-sac,
which would mean an increase of six per cent in maintenance

charges,



TABLE VII

MAINTENANCE COSTS IN DOLLARS FOR ROADS AND UTILITIES AS FOUND IN VARIOUS CITIES

, . S Highland
Ttem of Maintenance Weighted Cambridge, Mass.l Brookline, Mass.;  New Brunswick, 1 Park, N.J.
Average (Pop: 110,879) (Pop: L49,786) N.J.(Pops 33,180)" (Pop: 9,002}

Road Repair (per mile) $ 200,00 $ 55.00 $ 230,00 $ 280,00 $ 210,00
Sewer System - |

Per Mile 200,00 155,00 153,00 320,00 110,00

Per Family 0.82 1.18 1.92 2.28
Water System ' ‘

Per Mile 200,00 2) (2) 240,00 180,00

Per Family , - 1.0 1.00
Street Lights (per mile)® 600,00 560,00 1100.00 580,00 1,20.00
Refuse Collection

Per Mile 600,00 700,00 970,00 1000,00 530,00

Per Family 2,60 7.45 6.00 2,95
Garbage Collection

Per Mile 500,00 520,00 1470.00 830,00 470,00

Per Family 1.95 3.62 5.00 2.61
Street Cleaning (per mile) 200,00 390.00 640,00 290,00 114600
Snow Removal (per mile) 800,00 1560,00 800,00 210,00 250,00

Total $ 3300,00

1 1940 Census
(2) Not Available
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STREET PATTERNS

In opposition to what has been done before in.
setting up theoretical patterns of rather geometric shapes,
we have studied various street systems which are in exis-
tence today or have been planned for particular sites., We
have also added some theoretical plans to try to determine
the relationship of the efficiency of the theoretical plan
to actual plans. These street systems have been enclosed
within this study for the reader's observation, They: have
been arranged in order of what we call "site plan efficiency",
that is to say, the ratio between the area served and the
length of streets expressed in percentage of a theoretically
perfect plan, This theoretically perfect plan is based on a
plan which is served by a continuous street without intersec-
tions of any type. It might by added that such a theoretical
plan would have the same efficiency as any plan based on a
single enclosed geometric figure., Indetermining street length
we measured only culs-de-sac which were independent of a super
block arrangement such as Radburn., The cost of such culs-de
sac and other service streets found in super block plans will
be considered as part of the cost of improving the area served.
This topic will be covered under "House Arrangements".

The particular advantage of this plan is tﬁat one is
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not limited to any particular arrangement of houses in relation
to the street. The study thus indicates that whatever plan
is used within the block will have the same efficiency of
utilities 1ying within the right-of-way of the street with
the exception of the sewer system.

Corrections should be made for various requirements
which are attributed to the change in density for various
arrangements of houses, We have assumed that as the'density
doubles, installation cost‘of sanitary sewers will increase
50 per cent., (This is the same increase as we developed for
maintenance,} We feel this is fairly satisfactory until a
more detailed stﬁdy of cost vs, density of population can be
made., Lijkewise, we have assumed that as the density increases,
the standard street, 26 feet, will be adequate to serve the area.
This, of course, is not wholly true, especiallyt;;kﬁhe density
becomes quite high., We have felt that this problem of designing
residential streets for particular widths and surface qualities
depending upon their functional requirement was much needed
in planning. It seems that a process for determining these
values could be developed along the lines of that used in
designing sanitary sewers. This could be possible only after
a study of the number of cars emanating from a certain section

at a given time had been completed.
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‘The interestigg fact revealed in preparafion for
this study is that the area served,pro§ed to be a function of Y
the number of lots, that is, for example, if in a certain
subdivision a standard lot size were adopted (60' x 1001);
the ares served wpuld be that territory lying between the
right-of-wey of the street. Regardless of the irreg-
ularity in the shape of lots, there was a constant relation-
" ship between the number of lots ecuivalent to 60! x lOC'
and the azrea served’as previously defined. (See the appendix
for an illustration of this.) This is in contrast to popular
beliéf that a system of curvilinear streéts loses lots for a
subdivider. This belief is only true if the curvilinear street
pattern used does not adjust itself to the boundaries of.the
property.

We can sum up our deductions for the efficiency §f
a subdiviéion as determined by the aforemenﬁioned procedure for
the plans enclosed in this text into three general categorieé;
1) the resulting average or medians; 2) the economies of various
patterns; 3) the cost effect in changing the site plan efficiency.

The resulting medians of the site plan efficiency of
the 24 plans studied was 84 (or 16 per cent of the pos51ble area

served is absorbed\by'lntersections) which corresponds very
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closely to the rule of thﬁmb used in the field. This is that
ebout 15 per cent of street length is lost for residential
purposes by the requirement of land for intersections. Un=
fortunately our study is rather out of balance because of the
many theoretical pléns which have found their way to the top
of the site plan efficiency list. If we deduce these theoret-
ical plans, we find that our median site plan efficiency is
about 83. This still probably is high for the ordinery site
planning of curvilinear streets since most of the high site
plen efficiency velue plans are based on long culs-de-gac.

In considering the average subdivision of detached homes
using a curvilinear system of streets without a predominance
of culs-de-sac, we should expect a site plan efficiency of 80,
This would indicate that the rule of thumb (15 per cent) is a
bit low, which we firmly believe.

This site plan efficiency of 80 would mean that
there would be an intersection for every 1500 feet of sireet,
or in an infinitely large subdivision the blocks would be 1250! x ‘
250t. This is not a discrepancy in the value of 1050 feet of
street per intersection; as we used in Tebles I through IV since
this was based on a system of streets not using culs-de-sac.
In addition, this was a statistical aversge, not a median.

In general, we found that the efficiency of different
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street patterns can be listed in the following descending
order: 1) tree shape patterns using long culs-de-sac; 2)
super blocks with a regular street pattern; 3) large blocks
with irregular pattern of streets; L) blocks with regular
pattern of streets fundamentally based on rectangular blocks;
5) blocks with regula; pattern of streets but with the streets
radiating out from the center; 6) blocks with irregular pattern
of streets; and 7) street patterns which employ a great deal

of grass strips in separating traffic lanes for the purpose of
producing a boulevard effect.,

The tree shape patterns are quite theoretical and
we should like to dismiss them immediately since they do not
offer good circulation of vehicles. However, they do quite
often provide for excellent pedestrian access to the community
center, etc. Frequently the culs-de-sac are designed for more
than the accepted length of 600 feet. These are illustrated
by Design Numbers 1, 2, and 3.

The super block with a regular street pattern, such
as exemplified by Greenbelt and Radburn, is very efficient
(S.P.E, about 93}, We think very highly of these schemes,
especially that used in Greenbelt, in which the circulation is
quite good for such high site plan efficiency, On the other

hand, as the street pattern becomes more irregular, the site
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plan efficiency drops considerably (86) as indicated by the
Norris plan. Likewise, we feel that the circulation suffers
from this irregularity.

| As the block became small, the site plan efficiency
of course dropped, but we noticed that regular patterns had
the highest efficiency, particularly those based on rebtangu«
lar blocks, such as illustrated by Harundale, Maryland, We
believe that such a plan is quite adequate for vehicular trans-
portation.

Next in line of site plan efficiency is the pattern
based on radiating streets. Here we felt that a site planner
had to be very particular in how he handled the streets in order
not to impede good circulation. A fair example of this is
Maplewood, Louisiana,

Levittown, Long Island, was a fine example of an
irregular pattern of streets producing a low site plan efficiency,
as well as an area exposed to poor vehicuiar access or egress,
Li kewise, Westover (S.P.E., 47.8) is a perfect example of the
efficiency(of a "grassed boulevard" system.

In general, it might be stated that where there is a
great deal of cheap land, the site plan efficiency can be raised

by increasing the block to include open area., Also, there is
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more freedom in placing the street pattern so as to reduce the
standard cost of the utilities. This should be considered at
all times,

The site plan efficiency as such will never affect
the total standard cost, but as the site plan’efficiency is
increased there will be additional saving in total improvement
costs. This saving is directly proportional to the increase
in the site plan efficiency. Thus, if a plan is improved by
raising the site plan efficiency one percent, one per cent
- will be saved on the total improvement cost of the subdivision,
ie believe that many plans could be improved by five per cent
very easily by reducing the number of intersections, since
the number of intersections actually determines the site plan
efficiency for a given amount of street. This is brought out

in Table VIII,



TABLE VIIT

HOW THE NUMBER OF INTERSECTIONS AND CULS-DE=SAC AFFECT SITE PLANNING EFFICIENCY

Design No. S.P.E. Road Road Length Posegible Number of Number of Number of Area Lost % of Poss-
Length not Serving Resident Intersec~ “T" Intere Culs-de= by Culs-de= ible Res~
in ft« Residential, Area = tions gsections sac gao and Inter- idential

in ft. aress in acres sections = Area

in areas Lost

1 (T) 96,7 83,000 22,800 273.0 6 34 38 12.1 3e3

2 (T) 96.0 20,000 5,500 65.0 (o] 14 12 3.6 4.0

3 (T) 94,7 30,600 4,450 116.8 4 20 29 7.4 543

4 94,7 22,700 5,000 80,5 1l 14 11 746 5.3

5 94,1 66,500 18,000 214,0 6 7 0 12,9 5.9

6 92.8 21,500 3,500 772 7 9 4 14.0 " Te2

7 (1) 92,6 34,800 3,500 142.3 16 3 33 12.0 7«5

8 (T) 90.6 32,800 12,500 89,0 5 27 36 14.0 9.4

9 _ 86.2 37,000 = 5,560 146.0 5 46 11 3646 13,8

10 85.8 32,000 9,600 114.5 2 27T 0. 20,8 14.2
11 85,0 34,000 5,600 131.0 14 6 0 22,8 15.0
12 84.7 144,000 26,500 535,0 56 52 17 106.0 16.3
13 8%, 2 22,800 4,000 85.5 -] 11 3 8.8 16,8
14 83.0 68,000 7,000 278,0 13 67 8 53.9 17.0
15 82.9 19,850 3,000 63.2 5 13 1 15,56 17.)
16 82.0 30,000 4,900 114.6 6 32 10 25.1 18,0
17 82.0 86,000 11,000 342.0 20 67 [ 72.0 18,0
18 8l.9 28,500 2,800 120,0 ] 26 2 24,0 18.1
19 80,7 . 25,400 8,000 79.6 12 11 3 22.8 19,3
20 79.9 44,500 * 6,670 177.0 23 13 0 39.3 20,1
21 78,6 24,000 4,250 90.0 10 15 1l 22,8 21,4
22 77.6 110,000 6,400 472,0 20 125 137 115.6 22,4
23 732 84,000 6,840 325,0 52 46 0 105.0 26,8
24 47.8 48,600 9,500 132.0 16 130 0 122.0 52.2

* Assumed to be 157 of street length

(T) Theoretical plsns



TABLE IX
COST COMPARISON OF VARICUS DESIGES

Design No. Resident Hoad  S.P.E. Original Cost of  Maintenance Maintensnos Ciroulation

Area length Cost = Utilities Cost Cost for
in aocres in ft. in $1000. for 100°* in dollars 100' x 100°*
‘ x 100 lot lot
1 (1) 264.0 83,000 96.7 §1,840 $1,430 §52,000 $ 45.60 Pgor
2 (‘!) 62,56 20,000 56,0 388 1,475 12,500 48,60 Poor
s (M) 110.86 30,500 94,7 804 1,268 - 18,100 40,30 Poor
4 76,2 22,700 94.7 449 1,371 14,200 43,30 Poor
5 201,0 88,500 94.1 1,518 1,520 41,800 48,10 Good
6 T1l.7 21,500 82.8 426 1,396 13,450 43,50 Good
7 (1) 131.9 34,800 92,6 689 1,218 21,800 38,60 Pooy
8 (t) 80,8 32,000 90.8 634 1,825 20,000 ' 87,70 Poor
g 126.0 37,000 88,2 752 1,360 23,200 38,80 Fair
10 98,8 32,000 85.8 6354 1,508 20,000 47.20 Good
11 111.2 34,000 85,0 873 1,400 21,300 44,50 Fair
12 453,0 144,000 84,7 2,860 1,428 90,000 48,20 Fair
13 71.0 22,800 83.2 452 1,440 14,280 48,80 Bood
14 231.5 68,000 83,0 1,545 1,355 42,600 42,80 Good
15 82.5 19,860 82.9 - 393 1,780 12,420 66,00 Good
1e 94.0 30,000 82.0 5894 1,470 18,780 46,40 Fair
17 280,585 86,000 82,0 1,700 1,410 53,800 44,50 Good
18 §8.,5 28,500 8l.9 654 1,310 17,800 42.00 Fair
19 64.2 25,400 B80.7 503 1,820 15,900 57.70 Good
20 141.6 44,500 78,9 881 1,445 28,800 47.50 Good
21 T0.5 24,000 178.8 475 1,465 15,000 49,50 Pair
22 , 366.0 110,000 T7.6 2,180 1,380 88,700 43.7C Fair
23 2358,0 84,000 73.2 1,863 1,825 62,500 51.30 Pailr
24 63.2 48,6800 47.8 . 860 3,540 30,400 112.00 Fair

(T) Theoretical plans
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The following street patterns were studied to determine the
site plan ef11C1ency. We made analyses of street systems
thich are in existence today or which have been plarmed for -
particular sites. We have also added some theoretical plans
to try to determine the relationship of the efficiency of the
theoretical plan to actuasl plans.
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HOUSE ARRANGEMENT

In the arrangement of the house to the street, we
are faced with many old and fundamental issues: How close
should a house be to its service street? Should this house
face service streets? What functional relationship should
there be among the houses? How should the areas for drying
clothes be arranged? Where can the baby boy play? How close
can people live together? These questions have been left to
the individual site plannér. To permit a study upon which
flexible arrangements of houses could be based, we have set
upon the course of considering area served rather than lots
developed. -

As we have stated before, this study is to supplement
what has been done in the past.A With this in mind, we have
taken as a unit all studies made by Whitten and Adams for
various arrangements of houses in relation to the street.

Their cost analyses were corrected with present day values

and extra items of expense were added so that we might be able
to carry out our procedure as outlined above, All this informa-
tion has been compiled in Tables X and XII and gives a fair

estimate of what to expect.
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TABLE X

COST OF IMPROVEMENTS OF THE LOT

.Indirect %Sosts

i Grc.dmg Roads for Utilities

Garage Housi Either Gonneotlion

Walks 5?11» Eannooélanc §ec§$ Culwdomsas E; Street

3QHEﬂE ‘ 3T Wide &7 Wide & 2,76 @ .80 Loops - for Seheme

NUMBER ' 4" Thieck @ 2,00 per per Alleys Nos 5, 4,5
L @ +80 per per lin, ft. agq. t, ' e

TOTAL

Single Building Line

1A Feet 120,0 26,0 22,8 27186
Dollars : 72.00 50.00 61.80 135,60

" Double Building Line
1-B Feet 96,0 S5.0 87,5 2710

Dollars 57.00 70.00 108,00 186.00
1=C Peot 80.0 29.4 16.4 2700
Dollers 48.00 58,8 53.40 135,00

Triple Building Line

Dollars 46, 20 56.00 657.00 141,00
k=B Feot 75.0 32.1 18,7 2793
Dollars 456.00 64.20 5160 138,50
Culg=do=sacs
(18 feet wide) ,
3=A Fost 99.56 23. 2 24.0 2751 i2.2 12.2
Dollara 658470 46.40 66,00 138,80 88, 76% 78,60
3-B Feet 86,7 22,8 20.2 2896 10,8 0.8
Dollars 40,20 44.6 55450 144,56 77 90% 69.50
Loops
(18 feet wide)
4=-A Feet 8643 23,3 18.3 2893 18,3 18.8
Dollars 39. 20 46,60 50, 30 144,50 119.00 117.50
4-B Foet B8l.5 20,0 17.0 29081 19,0 19.0
Dollers 36.90 40,00 48,70 146,80 123,00 1%000
Cross Acocess Streets |
{18 feet wide)
6 Fost 80,0 26,0  20.0 2835 17.9 17.9
Dollers 48,00 50,00 65,00 142,00 116,00 115,00

*  Inoludes Cost Turnarounds

- - . ——— —————

$319, 80

386,00
294,40

300, 20

297.2

478,86

432.20

§23.10

. B18.10

826,00
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PARKS

As has been discussed before, thefe are tﬁo general
errangements of pérks; the intre-block park, such zs found at
Radburn, and the ordinary city perk. There has been a dispute
among planners regarding which of these plens is more effi-
ciently meintained. Ve beliefe we vere eble to meke enough
Studies on the subject to arrive’af en enswer which we feel to
be relizble.

In our first study, we obtained information from the
Brookline Massachusetts Park Commission. This information was
besed on the cost of maintaining squeres and triangles through~
out the town and the meintenance costs of the usual city park.
It was felt that these squeres and triangles gave a very clear
picture of meintenance problems which sre found in thé interior
park of the Radburn scheme, while the city parks were representa-
tive of the block park. We believe that the adventages of being
located on a street had little effect on the maintenance costs,
since cost of delivered materizls amounted to less than twenty
per cent of the maintenance costs. In studying the cost
enalyses of these two types of parks; it was determined that
the square or triengle type cost about 65 pér cent more to

/

meintain.
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In another study‘fhat was mede by compiling data
for mainténance of grounds at ﬁutgers University, similar
results were obtained. In this‘caSe, the closely knitted
campus was used in comparison with the Radburn park, and the
open expsnse located around the stadium area was associated
with the city pafk.

The result of the Rutgers comparison iﬁdicates that the
intra-block psrk costs about 80 per cent more to meintain,
This, we feel, is & little high since the stadium erea is not
exactly comparable with the city park. Therefore, vie have
adopted the Brookline study es & setisfactory comperison. The
' Brookline results were used in Table XI where we made a further
study of the annual cost of intra-block park vs. the city park.
This included origiﬁal cost and maintenance cost of streets
which serve the psrk. This study indicates that a city park
’of 25 acres which is served by étreets on one-fourth of its
perimeter is just as economical as the intre-block park. We
have felt that under either of these schemes, many savings could
result with regular patterns of trees and shrubs and still not

be unpleasant to the eye.



TABLE XI

HOW DIFFERENT TYPES OF PARKS ARE AFFECTED BY MAINTENANCE COSTS

Type and Size Maintenance Cost per Year Total Main- Amnual Cost of Amor- Annual Charge per
of Park per Area tenance per tizing Roads and Acre Amortized
Acre - includ- TUtilities over over
Road and Snow Street  ing Park Upkeep
Utilities Removal Cleaning 20 years L0 years 20 years LO years
“§/mile $/mile &/mile $/acre at 7% at 237 at 257 at 253

‘ »/mile - S/mile 3/acre §/acre
Small Park (1 acre) $1200, $800, $200, . .
Perimeter served by .

following length of

street

(Upkeep cost - $L62,

per acre)

0 - Radburn scheme 0.00 0.00 0.00 L62,00 0,00 0.00 162,00 462 .00
/4 L7.50  31.80 8,00 549,30 260,00  175.00 809, 30 724.30
1/2 95,00 63.60 16,00 636,60 520,00 350.00 1156.60 986,60
3/k 142,50 95,40 2,00 723.90 780.00  525.00 1503.90  12L8.90
All 190,00 127.20 32,00 810.20 1040,00 700,00 1850,20 1510.20

larger Park (25 acres)
Perimeter served by
following length of

street

(Upkeep cost - $278.

ver acre)

0 0.00 0,00 0,00 278,00 0.00 0.00 0,00 278.00
1/k 95.00  63.30 15,80 452,10 52.00 35.00 504.10 1,87.10
1/2 190,00 126,60 31.60 626,20 104,00 70,00 730.20 696 .20
3/ 285,00  189.90 L7.40 800,30 156.00 - 105,00 956.30 905.30

A1l 380,00 253,20 63.20 97k 10 208,00 140,00 1182.50  1114.40

= 00T —~
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COMBINING THE RESULTS

Since all the previoﬁs étudies were based on either
the street system or lot improvement cost; we can make a direct
comparison with any combination of street patterns and house
arrangement in relationship to thékstreet. The site planner is
not limited to arrangement and layout as found in this text.

He mey meke seperate studies of various designs which will
functionally carry out.his ideas. However, if he follows the
procedure of this thesis, he could be guided and assisted by
much of the data enclosed herewith.

In meking an analfsis of different arrangements of
housing units, the site planner should first determine the
cost of improving the lots. This includes direct and indirect
cost as indicated on Table X. To this should be added the cost
of the utilities and the street thet are attributed to each
dwelling unit. The‘cost of the sewerage gystem should be corrected
for the var_;o;is densities in the different schemes. Then these
items of eﬁpense cen .be totalled to establish the true cost
relationship between the different schemes, This has been

done for a few arrangements in Teble XTIT.



Design No.

P~
o oF o
R

o~
o o
Mt Nt

€G§L1§$§ EFFECTE OF HOUSE ARKANGEMENT AHU STREET PATTERN
{Cost in Dollsrs per Dwelling Unit)

Single B-L
#3-4

$ 859,
898,
818,
848,
905
858,
789,

1024,
840,
300,
860,
870,
875.
Bi2.
995,
886,
864,
825,

1020,
8764
885,
€554
96

1683.

bouble B-L
3=0

2 620,
630,
583,
607,
640
612,
572
710.
602,
638.
613,
620.
623.
603.
693.
629,
616,
593,
709.
6240
628.
611.
665,

1100.

% See appendix for deteils of house arxzmgemﬁats,

(t) Theoretical plan

TABLE XII

Triple B~L
4=B

6".}’&
6.1.}0
5944
6LlU.
6436
6154
575
Tl3e
5‘{}‘5 .
641,
613
623,
62ba
606,
696,
632,
619,
596
Tike
627,
631
61ie
668,
1103,

Culg=de-sac

i

5=

589.
5 9‘&’;
57La
582,
53%
5854
566,
633,
581
598.

- 586,

589.
590.
581
624e
594
587.
576.
632
591.
593
585
6}.:. .
82z,

Locps
6B

& 705
WED
727
755
781le
759
?ﬁ?.

834
?ﬁE.
T8
760,
Tn
767.
75
821.
7724
7624
Thde
833.
768.
Tlle
758.
799,

1135.

Cross Actess
MHreets - 7

& 708,
7L
690
701
720,
702,
682,
759
698,
718.
703
708,
710,
699,
743
7i1.
706.
693.
758.
71l.
713,
703.
733
F78.

- 20T -
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RESULTS

Thus far in this thesis, we have discussed many
variebles found in subdivisions and how these are affected by
various conditioning factors. Many of the results of the
investigations have been expressed in cost ranges that may be
anticipated., These deductions were expressed as limits
witﬁin which most variasbles for a good design will bé situated.
The findings are very much like the limits for urban land uses
as set forth in Bartholomew's studies made at Harvard}- These
deductions are not arbitrary but are limits which are controlled
by many regulating influences, Bartholomew found that a certain
number of people can support a given amount of commercial ares
since the people have limits to their spending power. Likewise,
we found that there were limits for variables in subdivisionse.
The limits were influenced by such things es looal regulations,
natural conditions, boundaries, maintenance procedure and the
ability of the designer to carry out his plan. These deductions
can be placed into four categories, 1) limits that should be
attributed to the detailing ability of the designer, 2) limits
assigned to the street pattern, 3) limits due to the area in
whioh the subdivision is to be planned, and 4) limits that are

not controlled by the original cost.

1l
Harland Bartholomew, Urban Land Use, (Cambridge, Mass.,
Harvard University Press, 1933)
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The first two limits are almost solely contfblled by the
site planner, who mekes the final decision on street layout as well as
the integrel deteils of the plan. The defails include such things as.
the radii of street éurves; how the catchbasins should be srranged
and the sngle of inéersections. 411 such detuils affect in some way
the cost of installing the utilities which means variations in the
totel stendard cost; while the choice of street layout influences
the site planning efficiency. |

However, as we have pointed out before, the efficiency with
which these details are carried out indicates greatei reduction in
cost than one usually imegines. That is, for example, if thé number
of manholes can be reducedk‘the total savings ere not solely éxpressed
by the cost increment due to the reduction in the number of manholes.
This feduction in the number of menholes is usually accompenied by
other savings which owe their existence to‘this reduction. The
usege of fewer manholes might mean that the aversge pipe size could
be recuced with accompanying savings. Thus, the site plenners
should keep iﬁ mind the statistical average with its assigned
limits for the following itemé: one manhole (sanitery) for every
309 feet of street with a computed range of 32 per cent; one
menhole (storm)rfer every 720 feet of street with & computed range
of ten per éent; one cgtchbasin for every 383 feet of street with a
computed range of 31 percent and one fireplug for every 440 feet of

street with a computed range of nine per cent. It might be added
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' that the abova‘avartgea should give a more realistio indieation
as the nnnboi of short utility lines are reduood’ ‘%inoo in
short ﬁtility lines, the ﬁumher of connections is almost
arbitrarily estaﬁlishpd by the length of line,

Likewise, a site planner should be well ‘aware of
the details that affect the standard costs of utilities as
presented in Tables I through VI, and particularly so with
the method and contractuél procedure of excavation. The
requirement for roa@ base under various soll conditions shown
in Table III poiﬁts out that soil condition can increaée paving
cost up to 120 per cent. Furthermore, the necessity of sheeting
or the encountering of rock ledge in excavation can increase
cost of underground utilities some 260 per cent. All these
factors are extremely important in making cost estimates.

The other limits in which the site planner élays an
important paft'is in the street pattern. By laying out the
streets propefly, he can reduce the number of intersections
and thus increase the site planning efficiency. This, as we
have indicafed, can best be accomplished by adopting some
regularity in the stréet system and by the usage of lérge blocks.
This does not,mean»that the street arrangement must be formal
or rigid. We have also found that the rectangular block system
is quite‘foicient, eqéécially in comparison with the scheme of
using radial streets. A system which begins at the center with
the griéiﬁﬁh;da& then‘ihtroduces many variations in the block

system ipy‘ffiéient. The Harundale plan of the Byrne Organization
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is a good example of this typé.

We have noticed that there are a gréat deal more
posgibilities for street patterns as the land for subdivision
is increased and as the cost is reduced. The site planning
efficiency can very often be increased by making larger blocks
which may contain some open spaces within themselves. The
standard costs can be reduced by choosing the proper .location
of roads and utilities.

As for the limits due to the aree in which the
subdivision is to be located, we are first faced with the usual
numerous local regulations. These must be studied in detail
to develop savings, and at the same time to present & more
pleasant subdivision. Next, the physical bounderies of the
property must~be studied and znalyzed so as to determine the
nost efficient street system. Sometimes a site planner's hands
are tied by regulations that require the continusnce of un-
necessary streets. This mekes the street plan much more regu-
lated which is very unfortunzte. The site planner is also
limited by the nztural conditions found within the area.

The limits that sre not controlled by the original
cost are those usually associated with maintenance. We found
that anﬁnal cost of meintenance of utilities and streets amounts
to about 6ne~half the cost of amortizing the original cost over

a period of twenty years at two and one-half per cent interest.
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Further studies which we made seemed to indicate that the city
park served by one-éuarter of its perimeter was just as efficient
as the small intra-block park, such as those found at Radbuin.
There are also many éngineering problems for which consultetion
should be held; especially in regard to ennual cost of different
types of pavement, etc. A site planner should bé well aware

that these conditions exist. Besides being of value in
developing savings by carrying out certain details, we hope

that the cost analyses will assist a planner in meking cost
estimates,

Naturally, it can be said by using the ranges of
veriation, one could determine a better cost estimate for a
project. This could be done by taking such a factor as the
subsoil conditions whereby one could estaeblish the variation
due to this item alone. Thus, all\the variations in the
verisble cquld be determined énd by summing up these variations,
a more accu:ate estimate could be obtained. At the seme time,
this estimatebshoﬁld point to many cost savings to be sought
after in the subdivision plan. |

Since the mein purpose of this thesis was to contribute
something which would be applicable in the field, how can we
use the information we have gathered? We believe'if a subdivider
follows the outline given below, & great deal of economy will

result.
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A, Principles to be followed in making the first preliminary plan.

1) Nake the layout as simple and direct as possible.

a. Make the pattern quite regular.
b. If possible, use large rectangular blocks.

2) Reduce the number of intersections to a i nimum.

a. This saves space for residential areas.
b. This reduces extra cost due to extra catchbasins,

3) 1Increase the use of culs-de-sac when they will not
hamper the circulation.

a., This increases the residential area.
b. This saves on utility costs,

L) MNake use of topography.

a. Roads should follow the topography to reduce
grading costs,

b, The number of catchbasins and manholes should
be reduced by considering the ®pography
(particularly at intersections).

c. Curves and slopes should follow the topography
but be as gentle as possible to prevent
additional costs in utilities.

B. After a more detailed plan has been worked out, check the
standard costs for raads to see if they are within
the statistical limits for good design.

1) Determine what additional costs are represented by the
variation in soil conditions from the statistical
average.

2) Determine if savings could result by locating road on
better subsoil in subdivision.

C. Check the standard cost for the underground utilities which
result from using this detailed plan.

1) Do the established grades cause a variation in average
cost?

2) How does the average depth for excavation compare with
standards?

3) Check the standards for fireplugs, catchbasins and

ete.

manholes and see how they affect the standard cost.
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With the outline and the method of analysis for the
econqmiés of utilities and streets developed in this theéis,
the planner should have some guiding fects in assisting him to
reduce costs of subdivision. We firmly believe that if this
method of determining "average" value had been developed further
by including a breakdown of different types of sites, the results
would have been even more spplicable. In particular, there
should have been "averages" developed for verious types of
topography, such as gentle rolling land, fzirly hilly land end
quite hilly areas. With such "averages" and the accompanying
limits assigned to different types of sites, the planner could
very easily determine if the subcdivision he were working on
was within the renge of a "good design®. This thesis has pointed
out that there is & rather limited range within which moét good
design lies, even though this study is based on aversge sites.

Such an enalysis would not be weakened by the fact
that land; meterial aﬁd lzbor costs fluctuate from monfh to month
and very widely between ¢ifferent cities.

We feel that this investigation should prove very
valusble to the commmity and the future home owners, for, as
we stated; both could be beneticisries of many more amemities
vhich could be paid for by the seving resulting from informestion
derived from this thesis. Furthermore, we hope that this study
might prove to be helpful as a guicde to the zgency in the community

which will approve plats for subdivision.
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A-L

SOIL CLASSIFICATION

As Described in WARTIME ROAD PROBLEMS
Number 8

Thickness 2£ Flexible Pavements for

Highway Loads

These soils are well graded, predominantly granular materials,
seldom occurring as such in natural deposits. They are
ordinarily produced by combining gravel or sand or both with
suitable quantities of fine material to create stable mixtures.

These soils are essentially granular soils containing a higher
percentage of materials passing the Number 200 sieve than A-1
materials. They have high supporting value when dry, but be-
cause of their greater capillarity, less supporting value when
wet than the A-1 materials.

These soils are gravel or sand containing little or no silt or
clay. These materials are highly permeable and cohesionless.
When thoroughly compacted, they can fail only in shear, in
which case the granular material adjacent to the loaded area
must expand. To prevent such expansion, a base course is re-
quired to exert a confining influence. Because of their high
permeability, tnese materials drain well.

These soils are relatively cohesionless, silty soils susceptible
to frost action, which indicates a need for drainage.

These soils are similar to A-L materials but are suscéptible to
elastic rebound due to the presence of mica or diatoms.

These soils are highly plastic colloidal clay soils subject to
detrimental volume changes and softening due to moisture
penetration,

These are plastic clay soils with low permeability, not likely
to be adversely affected by frost but subject to softening and
volume change due to moisture fluctuations,

Peat, or muck, with very low supporting value should be given
special study.

For further description of these soil groups, see Public Roads,
February 1542,
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TABLE A

 BANGE IN PAVEMENT

Thickness (Wearing Course and Base)

in Inches

State Soil Groups

A-1 A-2 A-3 A-L A-5 A-6 A-T7
Alabama 0-8 - 8 8 -8 8 8 8
Arizona 0-6 0=12 0-6 6-12 0-12 12-18 9-18
Arkansas 6 6 6-8 8-12 8-12
Florida 6 8
Idaho 2=l 2= L 2-L 6412 8-12 8-12
Illinois 7 1 T 7-12 7=12 T 7
Maryland i I L 6 6 6 6
Minnesota 2=3 6 23 6=12 6-9 6- 9
Mississippi 0-8  0-6 L~ 8 8 8
Nevada 6-12 6~18 6-12 12-18 15-21 15-21 15-21
North Dakota 7-5 705 7¢S 705 705 705 705
Ohio 6 6 6 6
Oregon 6-9  6-9  6=9 12-18 - 9-12  9-12 12-18
Texas 3-6 3-8 3-8 6-18 6-18
Washington 3=6 3=6 3=6 3~ 6 3- 6 3- 6 3- 6
Wisconsin 3-6 3-6 3-6 . 6-9 9 6- 9 9
Wyoming 0-5 0-6 06 L-7 6~-9 6-9 7= 9

From WARTIME ROADS PROBLEMS

These sre recommended or required thicknesses for the wearlng courses
and-bases which are used in the above states.
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TABLE B

RANGE IN ROAD FOUNDATION

Thickness (Sub-base Course) in Inches

State Soil Grougs

A-1 A=2 A=3 A=l A-5 A-6 A=T

Alabama ‘ O-4 0-10 0-10 0-10
Florida 0-6 0-6 0-6 0-6 12 12 12
Idaho 0-8 Ly=-12 6-12 8-18
Illinois 12-2L,  12-24
Iowa 12-24 12 18-24
Maryland 6-12 12-2L, 12-24 12-24
Mississippi 12 : 12-18 18 15-21 21
New Hampshire 7-13 3 13-31 19

North Dakota 21£-12 2 1£-12 21/2-12 5-21
Ohio 12-18 18

Oregon L-8 L-8 L-8 L=-12 6-12 6-12 6-12
South Carolina 6 6-12 6-12
Tennessee 6-8 6-10 0-12
Texas 0~-10 0-10
Washington 36 3-6 3-5 6-12 9-20; 9-21; 9-24
Tisconsin ' 0-15 0-15

From WARTIME ROAD PROBLEMS

These are recomuended or required thicimesges of the sub buse
courses uhich are used in the zbove states.
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TABLE C

VARTATION IN DEPTH OF BASE FOR FLEXTBLE WEARING SURFACES

Soil Groups

A-1 A-2 A-3 A=l A~-5 A-6 A-7
Average range
in Wearing
Course and
Base Thickness
in Inches. 3,3—6.0 Le3=Teb 3.8-6.5 6.,6-10.0 6,5-10,2 6.0-10.8 8.0-10.L
Min, - Max, 0-12 0-18 0-12 3-18 3=-21 3-21 3-21
Average range
in Sub-base
Thickness in
InCheS. 0 5-2"'900 O 8‘2_13.6 7.8“1)4.o9 8.6-15.5 3.2_16.h
Min.-Max, 0 0-13 0 0-31 0-24 0-24 0-24

From WARTIME ROADS PROBLEMS

This Table was determined from data appearing in Tables . &nd B.
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Northeastern States Southeastern States HNorth Central States Southwesiern States
tnit front foot Unit Front Foot Tnit Front Foot Uit Front Foot

Cost Cost Cost Cost Cost Cost Cost Cost
.ng 1.0C cu.yd. .50 .80 cu.yd. 40 1,00 cu.yd, .50 «0 cu.yd. A5
rerage 12" Cut ‘
ing : ;
15¢ - Sand,Clay, 50 sq.yd. 1,15 +80 sq.yd. 1.02 1,50 sq.yd. 1,92 «75 8q.yd. .96
iravel or equal ‘ '
saring Surface +6C sq.yd. IT 50 sqeyd. Wbl .55 sguyd. .70 .60 sq.yd. <17
jouble Surface
(reatment ‘
) and Gutter 1,50 In.fte 1450 1,35 In.ft.  1.35 1.60 In.ft. 1,60 1.40 1n.ft.  1.L0
ment concrete,
11led or straight
iced
walks - Cement 232 8q.ft. 1.28 ,30 sq.ft.  1.20 4O sq.it.  1.60 .30 sq.ft. 1.20
mcrete L' x L4
tary Sewer 3.00 In.ft. 150 2,50 In.ft. 1.25 3.00 In.ft. 1,50 2.50 In.ft.  1.25
n Sewer 3.50 In.ft. 0.59 3.00 In.ft. 50 3,50 ln.ft. o593 3.00 1ln.ft. .50
iy ’ 3-“)0 méftﬁ 1‘50 2.5’0 lant. : 1.25 3.25 ln.ft. 1.63 2050 ln-fto 1.2§
ting and Seeding ] +35 .35 .35 .35
Subtotal 5.1 T+ 00 10, §'§ B.13
1.37 1.19 1.56 1.22
0'63 059 .72 ‘56

Total IOUIL Ge 0 1767 o1

-
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UNIT COST OF UTILITIES

As Reported by Kaiser Community Homes

PANORAMA CITY, CALIFORNIA

Unit Cost

Grading, excavation and compaction 0.35 cﬁ. yd.

Streets (30' to 76! wide)

Base (L" disintegrated granite) 0.36 sq. yd.
Wearing Surface (3" R. and O.) 0.90 sq. yd

Curb and Gutters (concrete, 1' gutter) 1.25 1n. ft.

Sidewalk (L' x 3") 0.20 sq. ft.

Sanitary Sewer (8" vitrified clay) 1.L0 1n. ft.

(6" vitrified clay) 1.30 1n, ft.
Manholes 175.00 each
Storm Sewer (It doesn't rain in
Californial)

Water Mains (6" cast iron) 1,60 1n, ft.#*
Service including meter 18,00 each
Fireplug 20,00 each

Landscaping (street trees 3,00 each

Cost of unimproved land 3200,00 acre

Relationship of the 1ot improvement cost

R

to the total cost of the house and lot. 6

% City installs mains for $0.80 per front foot. This is
considerably less than actual cost.



VIT

UNIT COST OF UTILITIES

As Reported by William G. Farrington

HOUSTON, TEXAS

Grading
Streets (27! and 36! wide)

Base (5" cone - reinforced

at expandable joints)

Wearing Surfacest
Curb and Gutters (monolithic with street)
Sidewalk (L' - L")
Sanitary Sewer (10" vitrified clay)

8" vitrified clay
6" vitrified clay)

Manholes
Storm Sewer 36"
30"
ghu
18n
1511
Manholes
Catchbasin
Water Mains 127
8n
6"
Fireplug
Landscaping

Cost of unimproved land

Relationship of the lot improvement cost
to the total cost of the house

# Typical paving used in residential areas here is 5" shell concrete

Unit Cost

0.40
2.35

0.50
0.60
1.80
1.60
1.L0
145,00
7.95
6.25
L.70
3.L5
2.70
90,00
L50
3.90
3.30

150,00

2000,00 to 2500,00

Clu,.

Sq.

in,

1n.
1n.
In,

yde

yde

ft.
ft.
ft.

ft.
ft.

each

ln,
In.
1!1.
1n,
in,

ft.
ft.
ft

ft.
ft.

each

each

1n.
1in,
1n,

ft.
ft.
ft.

each

acre

12%

with 1/4" monolithic wearing surface of cement topping.

gutters are poured monolithic with street and finished with cement

topping.
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UNIT COST OF UTILITIES

As Reported by the Byrne Organization

HARUNDALE, MARYLAND

Unit Cost
Grading $ 0.75 cu. yd.
Street (26' - 36! wide) 1.75 sq. yd.
Base (stone)
Wearing Surface (3" macadem)
Curb and Gutters (concrete) 1.25 1n, ft.
Sidewalk (3! x L" , 0.50 sq. ft.
Sanitary Sewer 15" vitrified clay 2.90 1n, ft.
12" vitrified clay 2.40 1n, ft,
10" vitrified clay 2.10 1n. ft.
8" vitrified clay 1,80 1n. ft,
Manholes 160,00 each
Storm Sewers 30m 7.35 1n. ft.
Cooouy 5.40 1n, ft.
18 3.95 1ln. ft.
15" 3.25 ]no ft.
Manholes 175.00 each
Catchbasin 100,00 each
Water Mains gn 3.40 1n, ft.
6 : 3.00 1n, ft.
Fireplugs 125,00 each
Landscaping 25,00 per lot
Cost of unimproved land 2000,00 to 3000,00 per lot

Relationship of the lot improvement cost
to the total cost of the house 8

k2N

|
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UNIT COST OF UTILITIES

As Reported by Place and Company

SOUTH BEND, INDIANA

Unit Cost
Grading $ 0.90 cu., yd
Street (28' wide) 0.50 sq. yd.
Base (6" stone)

Wearing Surface (macadem) 1.10 sq. yd.
Curb and gutters (concrete) 1.00 1n. ft,
Sidewalk (L' x L%) 0.L0 sq. ft.
Sanitary Sewer 12" vitrified clay 2,70 1n, ft,.
10" vitrified clay 2,30 1n, ft.
8" vitrified clay 2,10 1n, ft.

Manholes 175,00 each
Storm Sewer 2m 6,20 1n, ft,
18" Le30 1n, ft.
15" 3.50 ]-n. ft.

Manholes 175,00 each

Catchbasin 100,00 each
Water Mains gn 3.30 1n. ft.
én 2.90 1n, ft.

Fireplug 150,00 each

Landscaping (street trees) 5.00 each

Cost of unimproved land 2500,00 acre

Relationship of the lot improvement
cost to the total cost of the house Not Available



COMPUTING CHART

TO FIND THE TOTAL COST OF AN IMPROVED LOT
(RAW LAND AND STREET IMPROVEMENTS)

COST OF TOTAL COST-DOLLARS PER LOT COST OF
RAW LAND INCLUDING RAW LAND 8 STREET IMPROVEMENTS STREET IMPROVEMENTS
DOLLARS PER ACRE 70x140 60'x120° 50100 DOLLARS PER FRONT FOOT
SCALE SCALE SCALE SCALE SCALE
A E D C B
o 2,000 + +1600 ] 15
4+ t 200
2,800 1900 1 7‘ 1,500 + 14
T 1,890 1 1
2600} I ‘ia00 100 43
T — INSTRUCTIONS — wreoT r
2,400 4 1600+ +1,300 1000 — NOTE — +12
4 LAY STRAIGHT EDGE ACROSS SCALES “A","B","C","D" AND "£" SO + |
. THAT IT CROSSES SCALE "A" AT THE POINT REPRESENTING THE COST 1,500+ { 1200 IN THIS CHART APPROXIMATELY 25% OF
2,200 T OF RAW LAND PER ACRE, AND CROSSES SCALE "8" AT THE POINT REP- i 1 900 THE GROSS ACREAGE 1S ALLOWED FOR PUBLICLY T
+ RESENTING THE COST OF STREET IMPROVEMENTS PER FRONT FOOT . 1400 |- i DEDICATED LAND.
2,000 + THE READING AT THE POINT WHERE THE STRAIGHT EDGE CROSSES oo Lo
1 SCALE “C" INDICATES THE TOTAL CC5T OF AN IMPROVED 5.0 FT 8y 1,300 |- : } 800 LOT SIZE NET LOTS PER ACRE |
100 FT LOT; WHERE THE STRAIGHT EDGE CROSSES SCALE "D, INDI- 1000 50'x100' = 6.0
1,800 } CATES THE TOTAL COST OF AN IMPROVED 60 FT BY 120 FT. LOT; ,'200J, 1 ’ 60'x120"° = 4.2 +9
1 WHERE THE STRAIGHT EOGE CROSSES SCALE "E", INDICATES THE TOTAL | 70'%140" B 3.
COST OF &N IMPROVED 70 FT. BY :40 FT LOT L1004 1 900 T 700
1,600 1 ’ N +8
1 P 1000 + ! 800 IN ARRIVING AT THE TOTAL COST OF EACH
400 : 4600 IMPROVED LOT AN ALLOWANCE MUST BE ADDED TO 4y
EXAMPLE  WHERE THE COST OF RAW LA™D IS $900 900 + i THE FRONT FOOT COST FOR THE INSTALLATION OF
T PER ACRE, AND THE REQUIRED IMPROVEMENTS COST 700 IMPROVEMENTS iN THE CROSS STREETS ON WHICH
1,200 + $7 PER FRONT. FOOT — PLACE THE STRAIGHT EDGE ON 8004 + 500 NO LOTS FACE. THIS ALLOWANCE WILL VARY FROM +6
| SCALE “A" AT $900 AND SCALE “B" AT $7. 600 12% TO 40% DEPENDING ON THE LENGTH AND
i 7004 WIDTH OF BLOCKS.
1000 1~ FOR 6 LOTS PeR ACRE -50'X100™-, READ ON SCALE 1 400 T5 A
4 “C* $500, THE COST OF AN IMPROVED LOT 600+ + 500 AN ADDITIONAL ALLOWANCE FOR RAW LAND }
000 COST SHOULD BE MADE WHERE LARGE PARK 1a
i FOR 42 LOTS PER ACRE - 60'X120'-, READ ON SCALE 500 }- F400 | 300 AREAS ARE DEDICATED.
T "D" $630, THE COST OF AN IMPROVED LOT. L
600 + 400 - 300 +3
1 FOR 3.1 LOTS PER ACRE - 70'X 140'-, READ ON SCALE - | 200
“€" $780, THE COST OF AN IMPROVED LOT. 300+
400 1 1 L2no | T2
+ 200 - L
L 100
200 4 100 —+1
100 -+
f | »
o ol o o Lo

NOTIVHISININGY ONI3NOH TNATAL

T07-YS IE4HS VIvd



TABLE 11. LAND AREA OF ALL NEIGHBORHOOD COMMUNITY FACILITIES
Component Uses and Aggregate Area, by Type of Development and Population of Neighborhood?

NEIGHBORHOOD POPULATION

TYPE OF DEVELOPMENT 1,000 persons 2,000 persons 3,000 persons 4,000 persons 5,000 persons
275 families 550 families 825 families 1,100 families 1,375 families

ONE- orR Two-FamiLy DEVELOPMENTP
Area in Component Uses

1) Acres in schoolsite. ... .......... 1.20 1.20 1.50 1.80 2.20
2) Acres in playground....... ... ... 2.75 3.25 4.00 5.00 6.00
3) Acresinpark............ ... ... 1.50 2.00 2.50 3.00 3.50
4) Acres in shopping center. ... ... .. .80 1.20 2.20 2.60 3.00
5) Acres in genceral community -

facilitiese. . ... ... L .38 .76 1.20 1.50 1.90
Aggregate Area
6) Acres: total . . .......... ... .. ... 6.63 8.41 11.40 13.90 16.60
7) Acres per 1,000 persons. .. ... ... 6.63 4.20 3.80 3.47 3.32
8) Square feet per family........... 1,050 670 600 550 530

MULTI-FAMILY DEVELOPMENTY
Area in Component Uses

1) Acres in school site. ... ... ....... 1.20 1.20 1.50 1.80 2.20
2) Acres in playground...... ... .... 2.75 3.25 4.00 5.00 6.00
3) Acresinpark.................. 2.00 3.00 4.00 5.00 6.00
4) Acres in shopping center...... ... .80 1.20 2.20 2.60 3.00
5) Acres in general community

facilities®. . . ................. .38 .76 1.20 1.50 1.90
Aggregatz Area
6) Acres: total . . .............. .. .. 7.13 . 9.41 12.90 15.90 19.10
7) Acres per 1,000 persons......... - 7.13 4.70 4.30 3.97 . 3.82
8) Square feet per family........... 1,130 745 680 630 610

& This table combines the recommended or assumed values of Tables 7-10.
b With private lot area of less than }{ acre per family (for private lots of { acre or more, park area may be omitted).
o Allowance for indoor social and cultural facilities discussed in Section 22 (church, assembly hall, etc.) or separate health center, nursery school, etc.,

mallocated above. Need will vary locally. From PLANNING THE NIIGHBORHOOD

d Or other development predominantly without private yards.



THE RELATIONSHIP BETWEEN AKEA SERVED AND NUMBER OF LOTS
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