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ABSTRACT

GEOTECHNICAL PROPERTIES OF FLORIDA PHOSPHATIC CLAYS

by
JOHN RICHARD ROMA

Submitted to the Department of Civil Engineering on Febru-
ary 9, 1976, in partial fulfillment of the requirements
for the degree of Master of Science in Civil Engineering,

One of the waste products of the Florida phosphate
mining industry is a highly plastic CH clay (P.I.=70 to
190%) that is pumped to "storage" ponds in the form of a
slurry at 3 to 5 per cent solids. The very long time
required for consolidation of the clay causes three major
problems: (1) loss of water that is required for mining;
{2) the necessity of constructing dams around the storage
ponds in order to contain all the waste, and (3) the long
time required before the land can be reclaimed.

Numerous methods have been investigated to accelerate
"dewatering" of ponds, but few have considered bhasic soil
mechanics, Researchers at M.I.T. were engaged tc apply
soil mechanics principles to the problem, define the
pertinent engineering properties of phosphatic clay, and
to evaluate the methods of dewatering.,

This thesis deals with the laboratory measurements of
the geotechnical engineering properties of three Florida
phosvhatic clays. The program included: (1) designing
and censtructing an eight inch diameter consolidometer
for consolidation and permeability testst (2) consolidating
from zbout 0.001 to 1.5 kg/cm? in the consolidometer, and
then trimming samples for constant rate of strain (CRSC)
consolidation tests and Ky, consolidated-undrained direct-
simple shear (CKoUDSS) tests; (3) using a slightly small-
er container for consolidation under seepage forces; (4)
performing sedimentation tests with concentration, height
and diameter of containers as variables; (5) comparing
the addition of flocculant to a clay that had no flocculant,
and (6) performing specific gravity and Atterberg Limits
tests,

II



Consolidation and permeability data were obtained
from six tests on untreated and flocculated samples of
two clays, Compression curves and coefficient of con-
solidation data are presented over a range of stresses
varying from 1 gm/cm? to 16 kg/em*®, The magnitude of
cy was quite constant at about 1.820.4 x 10~ cm*/sec
for normally consolidated clay. Values of permeability,
both directly measured and calculated from k=c.m.Jw
range from about 107" cm/sec at 10 per cent solids to
about 10”7 em/sec at 40 to 50 per cent solids. The Ko
consolidated-undrained direct-simple shear tests yield
an undrained strength ratio of 0.22 for normally con=
solidated samples,

Thesis Supervisors Charles C. Ladd

Title: Professor
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CHAPTER 1 INTRODUCTION

1.1 General

In 1974, Florida produced 35 million tons of phos-
phate, which is over 80 per cent of the United States'® and
one-third of the world's marketable supply (Florida Phos-
phate Council, 1975). At present, there are 14 operational
mining and processing companies in Florida, and together
they form a trade association known as the Florida Phosphate
Council, Although 90 per cent of the marketable supply of
Florida's phosphate is used fo: agricultural fertilizer,
phosphate has dozens of uses, including food preservatives,
dyes, toothpaste, and additives for gasoline and oil,

One of the major problems associated with phosphate
mining is the disposal of a very plastic clay that is part
of the mined material. The clay comes as slurry from the
processing plant at 3 to 5 per cent solids content (the
ratio of weight of solids to the total weight of the slurry)
and is disposea of in a previously mined area. Because of
the low solids content, and therefore high water content,
the volume of slurry pumped back into a mined area is much
greater than the initial volume of raw material removed.
This has resulted in the necessity of building dams around
the periphery of the mined area to contain the slurry. As
an appreciation for the magnitude of the problem, every one

foot depth of raw material mined generates about ¢ feet of
1



slurry.

The slurry exhibits extremely slow consolidation char-
acteristics and has required many tens of years to reach a
state where the land may be reclaimed. Thus with thousands
of acres being mined annually, land reclamation and water
supply are major problems. Although 85 per cent of the
water used in the overall mining operation is recirculated,
many millions of gallons remain in the settling ponds,
thereby placing a burden on Flcrida's water supply.

The Florida Phosphatic Clay Research Council was estab-
lished to conduct and support research aimed at improving
disposal methods of the clay slurry. The objective of the
research is to develop an economical process whereby the
clay slurry and sand may be disposed of and returned to the
original volume occupied by the raw material matrix within

five years without requiring the construction of dams.

1.2 Scope of Work

Professor C.C. Ladd and Doctor R.T. Martin were engaged

by the Florida Phosphatic Clay Research Council to study the
geoctechnical engineering aspects of the problem. The scope
of work included:

(a) Measurement of the engineering properties of the
clay slurry, especially consolidation behavior and sedimen-
tation characteristics,

(b) Make a prediction of field rates of consolidation

and the effect of hydraulie boundary conditions,
2



(c) Investigate various means of accelerating the con-
lidation process, such as the use of sand drains.

The author was engaged by the above in this research project
with primary emphasis on developing the required engineer-
ing properties.

In order to better define the engineering properties
of Florida phosphatic clay slurries, a laboratory program
was initiated at M.I.T. An eight inch diameter conscli-
dometer was especially designed and built for consolida-
tion-permeability tests. After consolidation to about
1.5 Kg/cmz, samples were trimmed from the large consolida=-
tion unit for constant rate of strain (CRSC) consolida-
tion tests and Ko consolidated=-undrained direct-~simple shear
(CKoUDSS) tests. Also, a slightly smaller container was used
for consolidation tests using seepage forces.

Sedimentation tests were performed on several slurries
with a number of variables, such as diameter and height of
containers and initial per cent solids,

Engineering tests were run on six laboratory prepared
clay slurries (four untreated and two flocculated) and on a
block sample of a flocculated clay slurry taken from a field
test site in Florida.

The above engineering tests were supplemented by index
tests (Atterberg Limits and specific grdavity) and miner-
alogical analyses using x-ray diffraction.

The purpose of this thesis is toi
3



(a) describe the experimental procedures; and

(b) present and analyze test data.



CHAPTER 2 BACKGROUND

2.1 Geology

The land-pebble phosphate deposits underlie an
area of about 2000 sguare miles in Central Florida. Fig-
ure 2,1 presents a map of this location. This area is
known as the Bone Valley Formation and is a shallow water,
marine and estuarine phosphorite of the Pliocene age (10
to 15 million years ago). The phosphorus mineral was
present in the waters of the oceans which swept across
what is now Florida and settled into these areas in a
matrix with sand and clay {(U.S. Geological Survey, 1964},
The size of phosphate in this deposit ranges from one
half inch pebbles to extremely fine sized particles. The
matrix is generally comprised of one third phosphate, one
third clay, and one third sand.

T"he thickness of the matrix ranges from 1 to 50 ft,
and averages about 16 ft. The overburden covering the
matrix consists principally of quartz sand, and averages
about 24 ft in thickness. Figure 2,2 presents a schematic
sketch of the Bone Valley Formation, The matrix ranges
in color from green to brown to black, The bone phos=-
phate of lime (BPL) contents of the matrix, calculated
as Caj(POQ)Z, ranges from 15 to 40 per cent, which is

equivalent to 7 to 18 per cent P20, (recoverable phos-

hate).
phate) 5



2.2 History of Mining

In 1881, Captain J. F. Le Barcn of the Army Corps
of Engineers discovered phosphate pebble along the Peace
River in Central Florida, but the deposits were not mined
until 1888. 1In that year, the Arcadia Phosphate Company
mined 3000 tons of phosphate. In 1888 further discover-
ies were made and by 1892 over 100 mining companies were
in operation, most of them being in the hardrock field
inland from the river pebble (U.S. Geological Survey,
1964) ,

From 1888 to the present day, production has in-
creased steadily from 3000 tons in 1888, 22,000 tons in
1892, 15 million tons in 1963, to 35 million tons in 1974,
The companies presently in operation today, however, num-

ber only 14,
2.3 Mining Operation

The first step in the mining of phosphate is for
prospecting crews to determine the location, quality and
thickness of the matrix. If required, swampy areas are
drained and vegetation is removed by bulldozers, All
mining in Florida is done by open pit methods using
electrically-powered walking draglines. The machines
presently in operation generally are equipped with buckets

ranging from 35 to 60 cubic yard capacity and booms 225
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to 300 ft in length. The machines may weigh over 2000
tons (Florida Phosphate Council, 1975).

The initial overburden from a new area is placed on
top of natural ground. Cuts are generally 150 to 250 ft
in width, may be up to 70 ft in depth, and may range from
a few hundred yards to a mile or more in length., Over=-
burden from succeeding cuts 1s side-cast into a previous~
ly mined area, The matrix is then dug out and dumped into
a previously excavated "sump™ or "sluice pit", where high-
pressure water guns convert it to a fluid mixture, called
a "slurry”. The slurry is then forced by centrifugal
pumps through a pipeline to the recovery plant located

up to five miles away.
2.4 Beneficiation and Recovery

Each plant process may differ somewhat, but a gener-
alized process is as follows. When the slurry matrix of
phosphate, sand, and clay arrives through the pipe at the
pPlant, the first treatment is in the washing and screen-
ing section. The slurry is first washed, then screened
to separate phosphate pebble larger than 1/32 of an inch,
What is left after the washing and screening section is
made up of fine particles of sand, phosphate, and clay,
which was discarded in the early days of mining. Today,
modern methods enable about two-thirds of the phosphate

in the ore to be recovered gflorida Phosphate Couneil,1975).



The clays and very fine phosphate particles are then
separated out and pumped to the settling ponds, as there
is no economical method of removing the very fine phos-
phate particles. Next, using a process called “"double
flotation”, the remaining fire sand and phosphate mixture
is throughly mixed with a chemical, called a reagent, in
an air-water bath to form a froth. The sand drops to the
bottom of the tank where it will be removed and used else-
where, while the phosphate, clinging to the air bubbles
at the top of the tank, is skimmed off with paddles., The
skimmed phosphate still has some fine sand particles
clinging to it, however, and therefore is put through a
reverse process whereupon the reagent combines with the
sand which floats to the surface where it is skimmed off,

The recovered phosphate is then dried in kilns before ship-

ping.,
2.5 Description of Phosphatic Clay Slime

The major portion of the phosphate slimes is made up
of the following five clay minerals: smectite (mont-
morillonite), kaolinite, palygorskite (attapulgite). illite,
and sepiolite, Smectite, kaolinite,. and palygorkite are:
generally observed as major constituents of the slimes,
with smectite being the most common and abundant., Kaolinite
is the next most common constituent, followed by paly-

gorskite, as observed by the U.S. Bureau of Mines (1975).
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J1lite is occasionally found as a minor constituent, while
sepiolite occurs very rarely in trace amounts. All the
clay minarals are generally less than 2 microns in size.

There are several non=-clay minerals consistently
present in the slimes, of which apatite, quartz, dolomite,
and various aluminum phosphate minerals are the most common,
Apatite is found in all slimes, as is quartz. Dolomite
is frequently found, but in very small amounts, Apatite
is less than 1/2 micron in size, while dolomite is gen-
erally more than 2 microns in size. Quartz is usually found
as sand size particles. Wavellite, crandailite, and
millisite are the aluminum phosphates generally found in
the slimes. Wavellite is the most common, but all are
found in minor amounts. Other non-clay minerals, gen-
erally oceurring if at all in trace amounts, are orthoclase,
microcline, plogioclase, shert, calcite, muscovite, and
gypsum,

The occurence of the above specific minerals in the
slimes is relatively consistent, but the relative amounts
may very considerably. Generally speaking, the variation
in minerals at one plant is as large as the variation over
the field.

Atterberg Limits are used in geotechnical engineering
to help classify cohesive s0il according to their enginzer-
ing properties. PFigure 2,3 presents Atterberg Limit data

vrlotted on Casagrande's Plasticity Chart for several slimes
9



and some of the clay minerals typically found in the

slimes, Soils plotting above the A-line behave as

typical "clays", while those below the A-line behave as

typical "silts"™ and "organic soils". Results of the

Atterberg Limit tests run on the slimes would suggest that

they behave as very highly plastic clays and silts, CH

and OH soils on the Unified Soil Classification system.
The U.S. Bureau of Mines reported that the range of

specific gravities for tests performed on slimes was

2.56 to 2,81, with an average of 2,69.
2,6 Methods of Disposal and Storage Requirements

Upon completicn of processing at the plant, the clay
with phosphate fines are in the form of a slurry with 3
to 5 per cent solids. The slurry is pumped into 2 pre-
viously mined area for storage and disposal. The volume
of slurry pumped into a mined area is much greater than
the entire initial volume of raw material removed., This
necessitates the building of dams around the periphery to
contain the slurry. Dams are constructed from a mixture
of overburden and the uniform fine to medium sand from
the processing plant, What has been a major problem in
the past, but has not occurred within the past few years
because of stricter controls, is the failure of dams
resulting in great environmental damage to aquatic, plant,

and animal life (U.S.B.M., 1975).
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2.7 Environmental Problems

Aside from the problem of damage when a dam fails,
environmentalists are also concerned with water loss and
land reclamation. Many Dbillions of gallons of water are
retained within the settling ponds because of the very
slow consolidation characteristics of the slurry. Though
the mining companies take great care to recirculate as
much water as possible, deep wells are required to supple=
ment the thousands of gallons of water used daily in the
phosphate recnvery operation, On the average, a total of
10,000 gallons of water are needed for every ton of phos=-
phate produced, which puts a great demand on Florida's
water supply. Of this amount, about 8500 gallons are re=~
circulated and 1500 gallons are from wells,

With many thousands of acres being mined annually and
replaced with settling ponds, land reclamation becomes a
ma jor problem. Figure 2.4 presents a typieczl surve of
solids content in a storage pond versus time. Solids
content from the plant is 3 to 5 per cent and increases
relatively quickly to 15 per cent. However, consolidation
to 20 per cent and higher is a very slow process., In
some field cases, ponds over 40 years old have achieved a

solids content of only about 35 per cent.

11
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CHAPTER 3 DESCRIPTION OF LABORATORY TEST PROGRAM

3.1 Scope and Materials Tested

The objective of the laboratory test program was to
define the engineering properties of the Florida phosphate
slimes., Index propertles were determined by Atterberg
Limits and specific gravity tests. One-dimensional con-
solidation tests were performed wherein the effective
vertical stress varied from a slurry settling under its
own weight (=~ 0.7 gm/cmz) to several kg/cmz. The co=-
efficient of consolidation,cy,, and the vertical per-
meability, k, were determined as a function of effective
stress, Measured permeability values are compared with
the permeability calculated from the coefficient of
volume change, m, and the coefficient of consolidation,
k= Jwcymy. The undrained strength was also determined as
a funetion of the effective vertical stress., Finally the
sedimentation characteristics of the slimes were examined.

The materials tested were collected at the Mobil,
Noralyn, and U.S., Steel processing plants in Florida at
3 to 5 per cent solids content by weight. After allowing
the solids to settle somewhat, water was drawn off and
like samples mixed together, resulting in a slurry of
6 to 8 per cent solids. This slurry was then sent to
M.I.T., where tests were performed on slurries as recelived

from Florida. Also, Dow "Separan MG-500"flocculant at 0.Cl
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per cent solution was added to Mobil and Noralyn slurries.
The flocculant was added to the slurry and thiroughly mixed
until floecs formed of about one eighth lnch diameter.

Results of Atterberg Limit tests on the natural and

flocculated samples are plotted on Figure 2.3. The specific

gravity of the samples are 3

SPECIFIC GRAVITY

NAME NATURAL FLOCCULATED
Mobil 2494 2.87
Noralyn 2.75 2.73
U.S., Steel 2.86 ————

3.2 Sedimentation

After a search of literature regarding sedimentation,
it was realized that no theory of sedimentation exists

that is applicable to a wide range of materials and con-

ditions. An article by Michaels and Bolger (1962) involving

kaolin suspensions seemed to come closest to the problem
at hand. However, after a series of tests it was con-
cluded that their theory may not be applicable to the
very plastic Florida phosphatic clays at the per cent
solids of primary interest.

For both the Mobil and Noralyn slurries, the follow=
ing sedimentation tests were performed.

(1) In the original containers sent from Florida

(approximately 14 inches squ§;e by 18 inches tall), read-



ings of the clay-water interface with time were made. The

initial solids content and height varied in these tests.

(2) At the beginning of each large-diameter consoli-
dation test (about 8 inches and 7 inches diameter by 28 cm
high), slurries were allowed to settle under their own

weight before applying seepage forces. The initial
so0lids content varied.

(3) A series of tests were made in 3 inch diameter
glass containers up to 4 ft long. The initial solids

content and height varied in these tests.
3.3 Large Diameter Consolidation

Two large dlameter consclidometers were especially
designed and constructed for the project. Both units were
constructed of lucite and measure 8 and 6 7/8 inches in-
side diameter, 12 1/2 and 23 1/2 inches high respective-
ly. Also both units were designed to enable the direct
measurement of permeability during consolidation increments,

The first consolidometer is equipped with a trans-
ducer at the bottom porous stone surface for total stress
measurements, a transducer at the wall one inch from the
bottom, and a porous tip at the center one inch from the
bottom connected to a differential pressure transducer for
pore pressure measurements, Ports were placed at varying
heights on the wall for connection to standpipes, also for

pore pressure measurements,
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Consolidation first occurred by the solids settling
under their own weight. Next, increased increments of
seepage forces were applied. Finally, further consolida-
tion was achieved by a porous piston applying a vertical
force at the top of the sample, This consolidation scheme
provided drainage from both erls of the sample. The piston
was operated by air pressure through a calibrated load
cell, with maximum loads on the order of 1,5 kg/cmz. Data
were periodically recorded by an automatic data acquisi~-
tion system. The temperature was also recorded via therm-
isters placed around the test. Constant-head permeability
tests were run at the end of each consoclidation increment.

Stresses were applied in the second consclidometer
solely by seepage forces. Head losses were incrementally

increased to achieve consolidation of the slurry.
3.4 Constant Rate of Strain Consolidation

Using the Constant Rate of Strain Consolidation
device (CRSC) developed at M.I,T., (Wissa et al., 1971),
tests were performed on all samples upon completion of
loading in the large diameter consolidometer unit. The
rate of strain was selected to try to keep the excess pore
pressure within 5 to 10 per cent of the applied load,
ag suggested by Wissa et al. (1971) in order to properly
define the compression curve and obtain continuous c

data,
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3.5 CU Strength Testis

Using a Geonor direct-simple shear device (Bjerrum
and Landva, 1966; ladd and Edgers, 1972) consolidated-
undrained direct-simple shear tests (Ck_ UDSS) were per-
formed on samples upon completion of loading in the large
diameter consclidometer unit, This type of test was
selected since it requires less time and effort than
1sotropically consolidated undrained compression tests
(CIUC). Also, this test attempts to reproduce in the
laboratory all the strain conditions in the field when a
portion of s0il has horizontal displacement due to shear,

The cakes of slime were consolidated incrementally in
the Geonor device to varying stresses and were either
sheared to failure normally consolidated, or unloaded in
increments and sheared over-consolidated, Constant vol-

ume was maintained throughout shearing,
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CHAPTER 4 RESULTS OF SEDIMENTATION TESTS

4,1 General

First, let a "sedlment" be defined as soil particles
independent of each other in a fluid suspension with zero
effective stress and a "so0il" be defined as so0il particles
in contact with one another with an effective stress
greater than zero.

According to our present state of knowledge no
successful theory of sedimentation applicable to a wide
range of materials and conditions has been derived. There-
fore when dealing with a particular soil one has either
to run a limited number of tests, trying to match a prob-
lem with an existing theory or to run a fairly extensive
number of tests to derive an individual experimental
model, The goal of this investigation was primarily to
reach the former,

The most attractive theory found in the literature
was that developed by Michaels and Bolger, 1962. Even
though the components of phosphatic slimes are quite
different from the kaolinite used by Michaels and Bolger,
it was hoped that the general principles might applye.
Therefore the aim of the experimental study was to asses
the effect of the concentration of the slime and of the
testing container height and diameter upen the rate of

sedimentation and the final solids content.
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No evident similarity was found, however, with the
Michaels and Bolger data when compared with Florida phos-
phatic slimes, because the slimes did not appear to fit
the theory very well, Other questions which still re-
quire an answer are; (1) what is the maximum per cent
s0lids after which "sedimentation” will not occur and
(2) what is the per cent solids at the "end of sedimenta-

tion",
4 2 Effect of Slime Concentration

In Figures 4.1 and 4.2 are presented the results of
a Mobil sedimentation test with varying initial per cent
solids. Three containers were used, all with a diameter
of 6 em and the initial slurry height was 28 cm. As may
be seen in Figure 4,2, the trend is that the lower the
initial per cent solids, the faster the initial rate of
settling. But as can be seen in Figure 4.1, a slurry of
lower initial per cent solids will not reach with time
as high a per cent solids as a slurry starting with a

higher initial per cent solids.
4,3 Effect of Height

In Figures 4.3 through 4.8 are presented the results
of sedimentation tests on samples of U.S. Steel slurry

to determine the effect of initial height of slurry. Slurry

22



with an initial solids content of 7.46 per cent was used
in containers 6 cm in diameter. Five containers were
used with the initial slurry height varying from 15.30
to 103.10 cm. As can be seen in the figures, the higher
the initial height of slurry, the faster the initial rate
of settling, and the greater the final per cent solids,
For example, the slurry of initial height 15,30 cm
settles a maximum rate of 0.00175 em/min with a final
per cent solids of 10.98. The slurry of initial height
103,10 cm settles a maximum rate of 0.026 cm/min with

a final per cent solids of 11.,90. This is quite reason-
able as the higher the slurry, the greater the effective

stress due to the weight of slurry.
b 4 Effect of Diameter

In Figure 4.9 is presented the results of two Mobil
tests to determine the effect of the container diameter on
sedimentation. The author belleves, however, that because
the initial per cent solids was so high, no valid con-

clusions may be drawn.
4,5 Discussion

This serles of tests has not provided any new em-
pirical formula applicable to the settlement behavior of

phosphate s8limes.
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As to the question of what is the maximum per cent
s0lids at which sedimentation can occur, it would seem
that there is no straightforward answer. In Figures 4,1
and 4,2 with Mobil, sedimentation occurs at 2.86 per
cent and most likely at 4,79 per cent, but not 8,78 per
cent. In Figures 4,3 through 4.8 for USS, it appears that
sedimentation occurs with 7.40 per cent solids. It would
seem therefore that the maximum per cent solids at which

sedimentation can occur will vary from slurry to slurry.
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CHAPTER 5 RESULTS OF CONSOLIDATION-PERMEABILITY TESTS
5.1 Compressibility

Tables 5.2, 5.4, 5.6, 5.8, 5.10, and 5.12 present
a summary of results from the four consolidation and two
seepage testis performed. Detajls of the tests are pre-
sented in Appendix C,

Void ratio versus log consolidation stress data are
presented in Figures 5.4, 5.6, 5.8, 5,10, 5.12, and 5,14
for each test and the results are summarized in Figure
5.1, Most discrepancies in void ratie occur at lower
stresses, As can be seen, a disproportionate decrease in
void ratio results when the piston load is applied to the
sample, An example of this may be seen for consolidation
test No, 2 in Figure 5.6 and summarized in Table 5.4. A
disproportionate decrease in void ratio is obtained by
increasing the effective stress from 3.82 gm/cm2 to 8.62
gm/cmz. The effective stress of 3.82 gm/cm2 is caused
by a seepage force and the soil's own weight, while the
stress of 8,62 gm/cm2 is due to a piston load, a seepage
force and the s0il's own weight., For the seepage forces,
a uniform stress distribution from zero at the top of
the s30il to a maximum at the bottom of the soil~-top of
porous stone interface was assumed. This is quite

probably not the case with the exact distribution being
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unknown. Because of this variable effective stress dis-
tribution, we have a variable per cent solids distri-
bution, This leads te a variable permeability and there-~
fore head loss through the sample, A problem that de-
veloped during the application of seepage forces was that
the higher the seepage force the more the sider of the
slurry would pull away from the sides of the consolido-
meter, with the maximum amount being about 5 mm at the top
tapering to zero somewhere near the bottom. A dish also
occurred at the top of the slurry with the application of
seepage forces, With the application of piston loads, the
slurry was pressed against the 3ides of the consolidometer
and the dish was removed. The author believes that with
the slurry pulling away from the sides of the consolidometer,
the full seepage effect was not acting on the soil, par-
tially resulting in the discrepancies shown on the compres-
sion curve summary sheet, partiecularly at higher head
losses, After the piston forces were applied, quite con-
sistent compressibility results were attained, Also
during some load inerements, primary consolidation was

not reached. A note is made on the summary sheets and on
the figures for these cases. In about every case, how=-
ever, the final reading was close to primary and there-

fore the void ratio would not have appreciably changed.
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5.2 Coefficient of Consolidation

A summary of the coefficient of consolidation, c.,
versus effective stress, 0w, is presented in Figure 5,3,
For most clays, ¢y, in the normally consolidated range is
approximately constant. With the exception of some scatter,
particularly at low stresses, the coefficient of consolida-
tion appears reasonably constant in Figure 5.3 at a value
of about 1,8 x 10-4 cmz/sec. This is shown through four
orders of magnitude of change in effective stress, Cy
results from the seepage portion of the tests are also
plotted in Figure 5.3, but because of the aforementioned
problems the author believes them to be misleading and
therefore should not be weighed as heavily as results from
consolidation under an applied piston load., Results of
¢, from the square root method and the log fitting method
agree quite well, but generally c, computed from the square
root method tends to be slightly higher than the log
fitting method,

5.3 Temperature

All consolidation and seepage tests were conducted
in a "constant temperature room®", with the temperature
being set at 70°F. To measure any changes, thermisters

were placed around the consolidation tests, The thermisters
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showed 2 fluctuation of plus or minus 1 to 2 degrees F on

a weekly basis, increasing and decreasling as the lights

were turned on and off, On a long term basis, however,
every two to three months, trouble would develop with the
air conditioning system and the temperature would rise

to about 88°F for a week or two until the system was re-~
paired and returned to 70°F. No direct temperature measure-
ments were taken of the water in the consolidometer during
these high temperatures, but cooler tap water was occasion=-
ally substituted during the test to offset the higher room

temperatures,
5.4 Coefficient of Permeability

The permeability results are presented in Tables
5.1 thrcugh 5.12, Measured results and values calculated
from k=c,, why,» where k is the permeability and m, is the
coefficient of volume change, are plotted for each test
in Figures 5.5, 5.7, 5.9, 5.11, 5.13, and 5.15 while
a summary of measured results for the four consolidation
tests are plotted in Figure 5.2, Calculated results
generally tend to be slightly lower than measured, with
permeabilities calculated by the square root method
slightly greater than those by the log fitting method. The
measured permeability from the four consolidation tests
in Pigure 5.2 show excellient agreement among consolidation

tests No, 2 through 4 on Noralyn, while results of test
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of test No. 1 on Mobil show the permeability several
times larger at the same per cent solids, Differences
in mineralogy could explain this difference,

At the completion of seepage test No.l, an experiment
was performed in that tailings sand was placed in the
bottom of the consolidometer and the Noralyn slurry was
placed on top of the sand. A head loss of 128 cm was
immediately applied to the slurry and this head loss
was maintained as the slurry consolidated, At the com-
pletion of this experiment, the Noralyn sample was dise
sected to determine the per cent solids distribution
through the sample. It was noted that because the sand
is fine enough, no slurry entered the sand-slime inter-
face, Also there existed a more highly consclidated "cake”
of soil about 2 mm in thickness at the bottom of Noralyn-
top of sand interface. This "cake" was stiffer in con-
sistency and was at a higher per cent solids than the
rest of sample, but an exact determinaticen of the per
cent solids of the cake could not be obtained because of
some sand mixing in with the slime while being dissected.
The author observed this cake when a very large head loss
was suddenly applied to the slurry, but it should be
rointed out that no cake was observed if small head losses,
such as 2 cm, was applied and incrementally increased by

doubling the head losses to a maximum of 128 cm,
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5.5 Pressure Measurements

Three pressure transducers were used throughout the
consolidation tests., One for total stress measurements
was placed level with the porous stone surface at the
bottom of the consolidometer, midway between the center of
the stone and the side of consolidometer. Another for
pore pressure measurement was placed through the center
of the porous stone with the tip one inch above the porous
stone, The third, also for measuring pore pressures, was
placed on the side of the consolidometer, one inch from the
bottom, Quantitative measurements were unable to be made
with any of the transducers because of the insensitivity
of each, Zero readings fluctuated to such an extent that
no meaningful absolute values could be attained. It was
possible, however, during the test to measure qualitative
trends. At higher stresses, all three transducer readings
showed an immediate increase when loads were applied. Then
as consolidation took place and excess pore pressure
dissipated, the pore pressure readings would decrease.

Ten ports for standpipes were placed at the sides of
the consolidometer at varying heights around the circum-
ference. Three to four ports were used for a test and the
remaining ones blocked off. It was reajiized that the
standpipes served little use during consolidation incre=-

ments because of the time it took for the water to fluw
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into the pipes, i.e. excessive time lag. The standpipes
were to serve for checking the head losses through the
sample during permeability tests. During the sedimentation
and consolidation increments however, the standpipes became
clogged with slurry and no meaningful results could be

obtained.
5,6 Effeect of Flocculant

To find the effect of flocculation on phosphatic clays
Dow Seperan MG-500 flocculant at 0.0l per cent solution
was continually added to a slurry in small amounts and
stirred until flocs appeared. This was done for consol-
jdation test No. 4 on a Noralyn sample, and seepage test
No., 2 on a Mobil sample. The maximum size flocs that
could be obtained was about 3 mm, The time for a slurry
to consolidate under its own weight was decreased b, t
least an order of magnitude by the addition of a floc-
culant. When small seepage forces were applied however,
the time for consolidation was generally increased by
about two orders of magnitude. With larger seepage forces
and piston loads, the time for consolidation was not
changed significantly. In all cases, the amount of
consclidation from a load increment, whether flocculated
or not, was not appreciably changed, as can be noted from
Figure 5.1,

It would seem at low effective stresses after settling
Lo



under its own weight, that a much longer time is needed to
break down the bonds due to flocs, but at higher stresses,
ne particular differences are noted between flocculated

slurries and slurries that had no flocculant added,
5.7 CRSC Results

Figures 5,16 through 5,26 present results from five
Congtant Rate of Strain Consolidation, CRSC, tests.
Four tests, CRSC No., 1 through 4, were performed on soil
upon completion of testing in the large-diameter consol-
idometer, while the fifth test, CRSC No, 21, was performed
on a portion of a block field sample of Mobil flocculated
slime taken in Florida.

In Figures 5.17 and 5,18 are plotted Cy results from
CRSC No. 1 using non-linear and linear theory respectively.
Non-linear theory assumes C,, the compression index, to
be constant, while linear theory assumes my, the coefficient
uf volume compressibility, to be constant. Because the
intervals of time and consequently the change in effective
stress between readings is kept relatively small, the
difference in the computed c, is generally not signifi-
cantly influenced by assuming constant C, rather than
constant my, This may be observed in Figures 5.17 and
5,18 which show very little difference.

Figure 5.27 presents a summary of e=-LOG @V curves

for the loading portions of CRSC tests, Very consistent
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results were obtained for the tests, with a void ratio

of 1,6 to 1.7 at a stress of 10,000 gm/cmz. The com-
pression index, C,, varied between 1,0 and 4,0 depending
where on the normally consolidated curve the slope was
taken. Generally for d~v less than 1000 gm/cmz, Ce
equalled about 2 to 4 while for Ov between 4000 and 10,000
gm/cmz, C. equalled about 1 to 1,5, Difficulty with

the automatic data acquisition system.resulted in various
load-unload cycles of CRSC No, 2,

The coefficient of consolidation, Cys should de-
crease during recompression and then become constant in
the normally consolidated range. This trend can be noted
in the ¢, versus consolidation stress plots in Figures
5.17, 5.18, 5,22, 5,26 for CRSC No.'s 1, 3, and 21, For
CRSC No. 2 and 4 on Figures 5.20 and 5.24, the trend seems
to be that ¢, is continously decreasing. The author is
unable to explain this or the fact that in Figure 5.20, Cy
for the second loading portion is so low. Because the
loading is recompression, ¢, should be much higher in
Figure 5.20,

The values of ¢, for the normally consolidated soil

b cmz/éec.. which

range from about 1 x 10‘4 to 3 x 10~
agree reasonably well with c, data_obtained from the

large-diameter consolidometer tests,
Tabulsted values of e and o'i for the five CRSC tests

are presented in Appendix E.
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15 mpe| 1520 N1vgo v (20300 12 Ispre 1125 1280 [su90 345 w0 8
1e Mgl 118 e 1w So i3 12087 i
17MaR 0220 |1v.40 |1v.00 |3 8506F
3 liomae|1900 l10.85[19.0v |1.9se05
20Mad 1230 n#.n 19.89 |1.ovios
2imee| e l1oes 2034 |9.05w0°t
4 R3Mor|ogsy 18.25{229519.5900°"
2vMae) 1218 |g.os (2307 B vrent
5 hsmaelorzo |7.90 3503l sverio
6 | Mariogys [LBsRBis [2avuct
K 27MDqD&S3 Loz |n.272| ey st
8 zannelms S0 |35.49|8.08 1167
48

TABLE 5.1
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SUMMARY

SAMPLE: MoBIL I

of CONSOGLIDATION TEST No. 1

BY JRR DATES: 7TMAR75 - 7APR7S

Gs

INITIAL %5:7.96
- HT,:280cn

Sheet tof2

2. 74

& voip RATiO, € 7 SOLIDS) Cyv , %107 cm 4 tM/ssc
INCR. erfemt| & €p Cr Save S¢ VT ng’,r-“ Cwv MEASURED |REMARKS
v.© ch/t

0 a |339%
218 2.91 |z.09 |242x5%) 53300

| |o.77 1339927212 12702 9. 79 — sw_ *
1.72 200 | 171 |20ex10¥] 185010°F

2 | 402 (2712112251725 1400 2.55 %1075 |°W *5F
12.06 .34 .77 |94erw | 1esvie*

3 | 852 ]i725] 185 ]i4S 20.52 9.08110°8 [PV PF
21.17 247 | 2.ys | 843wt Boguin e

y |i1252 | nvs | 987 | 9-81 2217 B.¥7 %0t
29.09 .94 .35 | 498 x| 3931107

S {ivez| 9.8) | 8.85] 8.85 2508 5.40310"% |*heacueo
2454 1.5¢ | 2.2 |2avi0t] 28iv6" ]

L |2572 | 8.85 | 7572 | 7.5¢ 2818 3.4 w07t
29.b5 .92 L &9 | 1.33450°¢ | 131 507¢

7 |42.92 | 72.85¢ | €56 | &.85Y 327 e~ ®
3333 2.6 2.0z | 8vzuioc? | 8.247i0°7

g |8272 | ¢.s5v | 639 | 5.37 3609 B.o5xi0"7
3800 2.25 | 232 | su4p410°7) 38010077

G |i7e.0 1537 | %y 4.37 40,6 3 IR

Sws= SEW WE&§T PFz PisTou FoRcE

SF = SEEPAcE FoReg ¥ FRoM EXTRAPOLATION, CALCVLMTE £
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SUMMARY

of CONSOLIDATION TEST No. 1 Sheet2of2
' &g 2.%Y
SAMPLE: MoOBIL *| BY JRR DATES: TMAR75 - 7APR 75 INITIAL %S§:7.9¢
” HT.: 280n
— VoID RATIO, € o SoLing| Co , 210 %em A CM/sEc
’NCR. O—-l -{l'c C
erfemt| Eo €p Cs Save Ss VE | Ltes £ I . boy £ MEASURED |REMARKS
Y3 02 249 | 207 198 1107?] 172320077
10 |3t3.0 | 437 122 |3.57 4$.70 177120077
w284 208 | 174 | 5.84v108] 4.9isio”®
11 {Bot.o] 2.572 ) 302 | 200 50.20 Gaz2110"8
$2.50 203 | 153 |usviw 8| 358108
12 [1350.0 | 3.00 {2.8% | 2.49 55.02 3.05%:0°8
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RESULTS
CONSOLIDATION

of

MEASURED
TEST Ne 2

PERMEABILITIES
Sheet | ef |

INCR.

DATE

TIME

H
M

% S

A

CH/SEC

INCR

DATE

TIME

H
|

ZS

A

CM/agc

22 May

1o

16.i7

9.33

2.3y

2T MAY

1435

%.78

7.48

r22re!

23 May

0750

18.75

0.2y

7.76416°

24YMAN

0920

|8.33

n.as

4.992)5°

26 May

135

|B.l9

Y3

sy1a0~°

27 MRy

ny g

Bov

0iz

571216°

21 May

1510

195

H.74

350015°

28 May

0905

795

.7y

292 né"

TJIuN

0425

543

1.3

s.23u5*

joTVUN

0855

3.9%

2228

220010 "

11 JUN

oBYS5

256

2v.08

I.Lﬂ)o"'

12 JUN

0poo

3.08

2716

1iznip®

13 JUN

o750

2.76

29.73

7.88%0

1y I

10i§

2.22

35.2¢

2.608107

14 JUN

1130

222

38.24

2.70116"

TABLE 5.3




SUM MARY of CONSOLKDATION TEST No. 2 SheetT | of |
6 2.75
SAMPLE : NORALYN *| BY TJRR DATES:ISMAY 75 - (4TUNE75 INITIAL %S 352
” HY., 2B.0cn
NCR & VOoID RATIO, € % ,S0LIDS| Cw | Klohycn: _,{ CMisEc
| 6™Mcmt €eo € € Sav Le r Cv MEA REMRRK
Y P £ ave Ss V£ 9 L F Loy £ SVRED RRKS
(] O 75.33
5.08 2.99 |0-134 |587x107Y|2.43%10"7 Sw
) |0-32 |75.33}27.90]27.3% 914 —_—
10.19 1.37 | 117 (30020 %} 2.5b210°F Swesk
2 11.32127.3521.63 2114 i1.52 $.5vi10”5
p .66 0187 | 1.95 |2.03210°5] 2.11%107°¢ 1
2 )3.82|2).14 |20.56[|20.5Y .81 2.92r0°%
13.79 3.25 | 1.22 |2.105107%) 7.88xi07¢ SWSFrPE
4 18.62 (2054 ]| 14.10]13.86 16.58 St3vri0™®
19.00 iy | 1.09 |3.Wirio"® | 3.24 107"
5 l18.12 |12.86}10.10]9.63 2225 2.20¢r10""
23.11 853 | 7¢.) |717+10°7] 4.39 1107
6 12B.42] 9-63 18.90 (8.7 24y.08 ).L5s10" 6
25.51 114 | 1.OB |7.73%1007]72.32 21077
7 |4832]| 8.71 | 742 17.40 2216 2vip™e
13 __{28.39 3.01 | 350 | 7.90%10°719.19 x10”?
=l B |BB.22| 750 | 6.69]|6.52 29.73 788 *10°7
bl 32.30 1.96 | 1.70 |4.725 %1077 | Ha2 ®i107?
w3 l1esBe| .52 | 5.11 | 505 35.24 2.70v 107
. Sw>> SELE WEIGHT PF- PISTON FoRCE
ol §F : SEEPRGE FoecE
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9°'6 HTIHVL

SUMMARY of CONSOLIDATION TEST No. 3  Sheeri ofz
6y 2.75
SAMPLE NORALYN "2 BY JRR DATES 24JUN75-18AUG75 INITIAL %S 680
* HY, 280w
el & VOID RATIO, € % SOLIDS| Cu , %10 % 4 tM/sEc
. * o o Cy MEas REMP RX
6MYcm € Cp Cs Save S VI | Leg .t T Loy £ VRED RRKS
o 0 |37.47
8.49 1.3 | ns |8.81x10%{ 762 21077
! 10.63 |37.67)22.06(2).55 .33 — S
' : 11. 65 3.68 | 2.85 |2.32210°5[ 1790107
2 | 1.63121.55 |20.20]|20.13 12.00 §13 05 PV T
12.09 20.4 | 14.6 [2.70010%] 1.832107°
3 2.L3120.13 11985 ]119.85 V12.1b 2.5 210~
12.31 .70 | 1.26 {2.24%0°%] 1-66r107¢
¥ { 4.43(19.85 |19.30]19.30 12.47 2., wi0~¥ |%FREmcueo
12.52 — — — —
sl 9g.¢alig’zo] — |ig.a2 12.57 252005 [°F REncuro
12.82 660 | 6.68 |1yzmio®] 1u9x107¢
6 127.38(19.12 j18.27 |\8.27 13.08 Lag 1o~ f |“ et o
- 14.87 .59 | 1.30 |2.36210%] 1.994107%
7 [10.33]18.27[13.23]13.23 1700 PRI i 8
17.98 0.977 1 1.25 | 5.192107%| 46921074
8 [12.43 |13.23]11.87]|11.87 18.80 5352 816" Tacuo
19.73 oc.804 |0.852 | 2.1xie %! 2.23%/07*
SW= SELF WEIGHT PF: PISTON FBRCE +

SF = SEEPR¢E FOBCE
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SUMMARY
SAMPLE NORALYN "2 BY JRR DATES 24 JUN75-18AU675

of CONSOLIDATION TEST No. 3

Gs

SheetT 2 of2

2.75

INITIAL %S &80

” HT, 280cm

NCR = VOoID RATIO, 2 & SoLibs| Cv ,_.,o-vc:':’: /{ CM/sEc

e 1 S o Cy MEA RE

Mem Ce Cr Savs S¢ VI | Leg X o Log £ SURED MARK'S

9 {109 | vi.87 [10.50 |10.50 20.75 3. 85w ®
21.81 .03 | Loz 1.4z ®|143x107"

1o | 24.13|10.50 } 9.23 | 9.22 22.98 2.593i0""
24.22 .90 | 1.59 iqiso®] 1185107t

j1 1 v0.3319.22 |8.02 | 7.99 25.61 l.8Ixio"¢
27.17 .55 | 1.51 6.07210°7 s.50x 1077

12172.13]1 7.99 [ 6.76 | 6.76 28.88 Liosio=®
70.83 w7 | .53 | 3.9ev 07 2 e0ni0”’

'3 |136.13} 6.76 | 567 ] 5.59 33.00 tosio 7
34.92 1.58 { 1.4) | 1700107 1.52 20077

1% 124%.13]15.59 | 4.73 | 4.68 37.0¢ 2.60%077
38.50 1.99 | 1.39 | 1352071 952007 "

15 |40%.13 | 4.68 | 4.18 | 4.12 3990 1.80x10""
y2.30 .29 | .39 |ueis108 09701078

¢ |808B.13f 4.12 | 3.43 ] 3.39 ¥e.7 8 s L2ro?
47.17 .38 | 1.4y | 2.7¥%1058]2.86210°8

17 |1508.13| 3.39 | 2.88 | 2.78 H9.76 1.79¢10" 8
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RESULTS of MEASURED PERMEABILITIES
CONSOLIDATION TEST Neo Y Sheet ) of 2
INCR| DATE|TIME c'_rlﬁ %S ch/issc INCR| DATE|TIME CHH %S c;‘/ﬁs&
2 |25Ave| 0907 (2131049 7.20016" 9sep OBV 3 N18.y0 li2.0¢ §.08 tio™Y
loi (21.39 jiove $.0ymo! o SEr|hss Lo nas|i. e ™Y
Mte |z2.35|10.81 .5'.95110"' N SEpIOBIB 1. Ip|12.2s s.:v.-;o"’
n3s 2.35 s {ea7u0Y 12 seplo832 8o 122 {e. 2 wio?
1456 |21.35 |ie.si 2.7?:«:9‘" i3 sEP|DBVo [17.90 12,38 | £.B% WPy
3 [26ave|0938 2130|1053 [6.78 wo¥ s sgp 1228 s jaer [ Seonn™
1237 (21281059 | 2¥es08Y 175ep|ogn ues|izo) |38 a0
1540 {2127)0.5v |4 3vmoY 1sep|izzy linso|iaaylz. vsue?
278v8| 0920 | 2)22|10.3Y G.J‘l_ﬂi" 2 SEp|ozsy |z |i3.s2f2 vasoY
y 1wse |zrie|ios2|roanw? :sseolovvs 109 )izas|2. 10007
28 Rve| 10So  (20.80{10.22| 1Y 216 11s6p [orse [ic9212.2p)2.0700°"
29 e | 0930 |20.90]10.9 1323057 %|| & [ oerlerse |12 ivvo[travw Y
255P |09s0 [19.70|1.33]8.97:0" 6 oer|ogio |mes|inio|neounY
3256p |0817 [mio|usg s o]l § |90cr|ovo2 [1v59|mez]8.09 1o
wser l1oey |19.00)1.9 |6.920007Y mocrlopgo® [1v32 i5u8 w7 o™
S sepl Yl 1000 | 1.7 7-9%'5" 1gosr| lo® h.r2iise? 4.0?::0"‘
8 SEPfogas {1850 |i12.00 63610 t3ocr|ogrs |09 [1Svo Sy

62 TABLE 5.7



RESULTS of MEASURED PERMEABILITIES
CONSOLIDATION TEST Neo Y Sheet 2 of 2

|}

INCR} DATE|TIME C":, %S C:‘fsl—'c INCR{ DATE|TIME cHM %S c;fsfc
28oceT| 2 p (1290 | 1550 9.7?!00“‘ {3oM|oBoDO |7.08 r27.9a I.3£uo"
23ov |orse [13.890is00(9. V8 || |y 730w 0By |0.22 [3209|0wr 1077
7 Nov | ooz [i37p]15.721|3.8300 9 xan o923 |4y |2uv2 ! 2200077
12 Nov | 0821 [12.70 |15.80|2.7790%)| 12 Liozew| 023 |83 (3993 |vazwie?
18 Nov | 13V¥e (1259 159t 3.58 206 13300 025 832 3509|3920 7
26 wov|izva [i3we | 1eri |2 2500 ) 3 Lissoulows {use |30v2|rowvmn?
z206c{me 1322[16.31| 292307 || 1y [N 3av[0g30 [2.9; 4395 |11 2o ?
5 DEC|0737 1319 |16.3v|2.620m°° 1930m | 1500 [3.9y |un |32 4078
n okc | ivve L1208 |1v7 |26~ [, ¢ lo3an| 0833 |2.42 [4B 22| Wik 01078

7 [170Ec [ 1339 [958 [2087? C1Swupt oI |2s 13292 |V 3.18‘00'8
18 pEc |0BS2 {953 |22 )37 4

g8 |19oec]izss |8.90 [22.0p|wusnt
2308 [oB 1 [8.07 {2200 (22900t
2oge| 2o |8.63 |22 (22200t

9 | osc|10va |B.02es.22|2.vemet
L3au| N3 |29s |2Suo jtvorwt

lo |S3sanlozse (209 |229¢|2.10%107

63




SUMMARY

SAMPLE : NORALYN

of CONSOLIDATION TEST No. 4

Shee?t
P 2.73

| of 2

BY JRR DATES: 22 AUG75 - 21TAN 76 INITIAL %S§: 8.!4

SF = SEEPAGCE FoEce

W/ FLOCCULANT ” HT.:28 CM
= VOID RATIO, € % ,S0Lips| C. uo"fc/..,-, ) CM/sEe
INCR. 1L
6 MM Co €p Cs Save Sg¢ VE § Leg .t Cy MEASURED |REMRRXS
: VI Log A
o (#] 30.80
9.6 215.0] 135.6 J1.t5210°3 | 4.18 510"
| |o.76 [|30.80 1234y |23.32 10,98 — ad
2 |1.26 12332 | — - - - SWrsFk
?__\ - — — f— —
3 1.76 -— — - — 8.5 vp¥
11.92 272.B| 1728 |3.59n10%| 2.30% 107"
4 12.76 | — 17.04 1 )2.04 13.8i 2.18 %077
14.19 Soo | 2.729 [1.47810F| B.20:)07¢
S 1 4%.7¢ |17.04 11598 | 1598 14. 40 Li9tpY
) 5,80 67Y. { SVb. [202210°7] L.2vsio=7
6 | 8.7¢ | 1598 |13.81 | 13.8) 15.51 2.6 20 P R ko
18.728 200§ 2.61 {1eivipS] 1.392007F
4 13.8 [13.8) ] 9.90 ?.82 2.7b 0. 37510 6|57 TSFIPE
e - _j22.49 2.12 196.7 |3.7222078| 1,695 007
=l 8 | 192 |9.82 18.8: | B.80 z3.70 3.27%107%
(3 24.52 )WY 112 [ 1B8nripe) 917 0"
w7 1288 | 890 | Boe | B.03 1590 Z.46si0" ¢
‘GJ SwW= SELF WEIRHT PF- PISTON FORLE




SUMMARY

of CONSOLIDATION TEST No. Y Sheet2ef2
6s: 2.73
SAMPLE : NORALYN BY JRR DATES: 22AUG75 - 21 JAN76 INITIAL %S:8.14
W/ FLOCCULANT » HT.:28 CM
&= Voip RATIC, € % ,50L105] Cy mo"’c/..;. A CM/sge
INCR. 6Ment] &Co €p Cs Save S¢ Vor L.g‘,t“ Cv MEASURED |REMRRKS
) \.rf Lag.zt
26.403 2.08 1.9 liwwwio® | 9.26%)0°7
10 |48.8 | 8.0o2 | 7.09 | 2.04 27.98 1-36 210”4
29-60 2.28 | 1.99 | 2.5811077] b.t22207?
Il 1888 | 204 | 606 | 597 3192 7.70%0°?
3320 2.0l | 2.15 |2.351,07) 3.58m0°7
12 1168.8 | 597 | 5.1 | S.0¥ 35.19 3.y7si0”7
3221 207 | 202 [ 1.8941067 1.7bx 107
I3 | 328.3] S.o% | ¥.25 | %20 3947 .79 rio”?
it b 1.87 | 1.75 18.092108| 2.572)0°8
I¥ 6488 | Y20 | 3.52 | 3.48 Yyl L.3200°8
Yb.32 1,74 | 1.59 132.684169]3.33210°0
15 |12888 3.4 29 | 2.38 ¥9.22 3.18x10°6 .
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RESULTS of MEASURED PERMEABILITIES
SEEPAGE TEST Ne 1 Sheet 1 of 3
INCR| DATE|TIME c“; %S CMJ;SEC INCRYDATE|TIME CHH % S C;‘fm
2 |283wn]or30 vE | %0y 9;3.;03 v 1850|998 ‘;.qjuo"‘
1705 |2.30 |98 | 2. 753107 waviy logyy 18.98)10.01] 203007
243vi [ 930 |7.30(9.18 N Srviy o0 |B.¥L110.03] 2064~
3 loSy 19.30 |7-/8 !.?Bl:o'v 6sviy|o9p8 |8.45 |looy B.nuo“
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CHAPTER 6 RESULTS QF CU STRENGTH TESTS
6.1 Test Program and Procedures

Three KO consolidated-undrained direct-simple shear
(Eﬁgﬁnss) tests were performed on samples of phosphatic
clay upon completion of testing in the large diameter
consolidometer; one test on Mobil and two tesis on
Noralyn slimes, All tests were Ko consolidated and
sheared under controlled strain conditions. The first
two samples were sheared normally consolidated, The thirdg,
a Noralyn sample, was sheared normally consolidated to its
peak strength, returned to zero horizontal strain, fur-
ther consoclidated and rebounded to an OCR=4 and then again
was sheared,

The direct-simple shear test attempts to reproduce
in the laboratory the conditions which exist in the field
when an element of so0il deforms horizontally due to shear,
Although the stress state in the sample during the test is
not completely defined, the test results probably yield a
reasonably accurate knowledge of the stresses on the
horizontal plane., Undrained failure is defined as the
peak horizontal shear stress,

The tests were performed in the Geonor Direct Simple
Shear Device using the procedure outlined in Bjerrum and
Landva (1966), and Ladd and Edgers (1972). The sample
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which is eylindrical with a nominal height of two ¢m and
an area of 50 cm2, is prepared with a special cutting
frame and shoe. This apparatus trims the sample and
aligns it for placement in a wire reinforced rubber mem-
brane which prevents lateral deformation during consoli-
dation. The sample volume is maintained constant during
shear (thus modeling undrained conditions) by adjusting
the normal load to keep a constant sample height, In
order to ensure pore pressure equalization during shear,
a nominal strain rate of 5 per cent per hour was select-

ed,
6.2 Results of CK,UDSS Tests

The results are presented in Table 6.1 and Figures
6.1 through 6.18, Appendix D contains tabulated stress-
strain data. The vertical strain-log dve¢ curves are con-
sistent with the maximum past pressure and compressibility
from the large-diameter consolidometer.

The three normally consolidated (N.C.) tests with
dec =3, 0.8, and 2.5 KG/cm? yielded fairly consistent
normalized behavior. The value of 5v/ﬁ,_.[5u=('!'%" anged
from 0.22 to 0.227. The shear strain at fai'ure is
quite high ( ¥ =15 to 20 per cent), and there is 1little
straln softening after failure, except for No, 2. The
normallzed stress paths in Figures 6.3, 6.7, and 6,11 show

a continous decrease in vertiecal effective stress during
90



shear, which is typical of CK,UDSS tests on N.C. clays,
Little significance can be attached to the values of & =
arctan ( 11/&5 ) presented in Figures 6.3 and 6.7 be-
cause of the unknown stress conditions within the sample
(Ladd and Edgers, 1972). Eu/hu versus the applied shear
Stress level data are plotted in Figure 6,14, E, is the
secant Young's modulus computed assuming that the applied
stresses are pure shear, The first and third tests give
reasonably consistent data, with Ey/sy decreasing from
about 800 to 40 as the stress level increased from 10 to
90 per cent of the undrained shear strength. For the
second test, E,/s, decreased from about 200 to 40 as the
stress level increased from 10 to 85 per cent of the un-
drained shear strength. Because each load increment was
left on for about the same time, perhaps this low modulus
of the second test is associated with the low confining
stress,

Data from the overconsolidated portion of the third
test (OCR=4) shows an increase in Su/évc . The stress-
strain and stress path data in Figure 6,13, 6.14, and
6,15 show develupment of negative "pore pressures"” for
overconsolidated samples prior to failure., After failure
the "pore pressures” increase and the sample exhlibits strain
softening. Of course, the “pore pressures" are actually
a negative change in effective stress required to main-

tain constant volume. This behavior is typical of CKOUDSS
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tests on overconsolidated samples. Eu/su decreased from
about 250 to 40 as the stress level increased from 10 to

65 per cent of the undrained shear strength.

6.3 Discussion

The program of Eﬁ;ﬁDSS tests generally yielded ex-
cellent stress-strain-strength data that fit in well w.th
results on other clays.,

The most useful information derived from Eﬁ;ﬁDSS testis
are the values of S,/ g~ and Eu/su. Figure 6,17 pre-
sents a plot of 8y/ ¢S versus OCR from EK;UDSS tests on
five clays. The phosphatic clays has a higher undrained
strength ratio than the lean, somewhat sensitive illitic
Boston Blue Clay and the Connecticut Valley varved clay,
which has a very low strength for shear parallel toc the
varves, The Bangkok Clay, which is a slightly less
plastic deltaic clay than the Louisiana backswamp clay,
has a similar undrained strength behavior and both are
somewhat higher than the phosphatie clays.

Eu/éu versus stress level data are plotted in
Figure 6.18 for four normally consolidated clays. The
normaliged modulus of the Louisiana backswamp clay and
the Florida phosphatic clays is generally one half to
one fifth the Boston Blue or Bangkok clays., One would

predict larger undrained deformations for constiruction
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on clays with a lower modulus, It is unusual, however,
that the modulus of phosphatic clay is so high compared
to Louisiana backswamp clay since the phosphatic clay is

much more plastic.
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CHAPTER 7 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

One of the major problems associated with phosphate
mining is the disposal of a very plastic clay (P.I1.=70
to 190 per cent) that is part of the mined material. The
clay comes as slurry from the processing plant at 3 to
5 per cent solids content and is disposed of in a pre-
viously mined area. Because the volume of slurry pumped
back into a mined area is much greater than the initial
volume of raw material removed, the necessity arises to
build dams around the periphery ¢f the mined area to contain
the slurry. The slurry exhibits extremely sliow con-
solidation characteristics and requires many tens of
years to reach a state where the land may be reclaimed.
Although 85 per cent of the water used in the overall min-
ing operation is recirculated, many millions of gallons
remain in the settling ponds, thereby placing a burden on
Florida's water supply. Research was initiated to de-
velop an economical process whereby the clay slurry may be
disposed of and returned to the original volume occupied
by thz raw material within five years without requiring
the construction of dams.

In order to better define the engineering properties
of Florida phosphatic clay slurries, a laboratory pro-

gram was initiated at M.I.T. An eight inch diameter
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consolidometer was especially designed and built for
consolidation-permeability tests. After consolidation

to about 1.5 kg/cmz, samples were trimmed from the large
consolidation unit for constant rate of strain (CRSC)
consolidation tests and K, consolidated-undrained direct-
simple shear (EK;ﬁDSS) tests. Also, a slightly smaller
container was used for consolidation tests using seepage
forces, Sedimentation tests were performed on several
slurries with concentration, height and diameter of con-
tainers used as variables, Engineering tests were run on
six laboratory prepared clay slurries (four untreated and
two flocculated ) and on a block sample of a flocculated
clay taken from a field test site in Florida. The engineer-
ing tests were supplemented by specifie gravity and
Atterberg Limits tests.

Tables 5.2, 5.4, 5.6 5.8, 5.10, and 5.12 present a
summary of results from the four consclidation and two
seepage tests performed, Figure 5,1 summarizes void
ratio versus log consolidation stress data. Most dis-
crepancies in void ratio occur at lower stresses. For
the seepage forces, a uniform stress distribution from
zero at the top of the soil to a maximum at the bottom
of the soil-top of porous stone interface was assumed.
This is quite probably not the case with the exact dis-

tribution being unknown, A problem that developed during
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the application of seepage forces was that the higher the
seepage force, the more the sides of the slurry would

pull away from the sides of the consolidometer, with the
maximum amount being about 5 mm at the top tapering to
zero somewhere near the bottom, With the application of
piston loads, the slurry was pressed against the sides of
the consolidometer, After the piston forces were applied,
quite consistent compressibility results were attained.

A summary of the coefficient of consolidation, c,,
versus effective stress,O0v, is presented in Figure 5,3,
With the exception of some scatter, particularly at low
stresses, the coefficient of consoclidation appears reason-
ably constant in Figure 5.3 at a value of about 1.8 x

ucmz/sec. This is shown through four orders of magni-

107
tude of change in effective stress. Results of c,, from
the square root method and the log fitting method agree
gquite well,

All consolidation and seepage tests were conducted
in a "constant temperature room", with the temperature
being 70 degrees F 1 to 2 degrees F. Occasionally when
trouble would arise with the air conditioning system,
the temperature would rise considerably for a short period
of time. When this problem arose, cooler tap water was

occasionally substituted in the consolidometer to offset

the higher room temperatures,
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The permeability results are presented in Tables 5.1
through 5.12. A summary of measured results for the four
consolidation tests are plotted in Figure 5.2. Calculated
results from k=c,f\em, generally tend to be slightly lower
than measured. Values of permeability range from about
10-u cm/sec at 10 per cent solids to about 1077 cm/sec
at 40 to 50 per cent solids,

From an experiment of slurry consolidating on sand,
it appeared that when a very large head loss was suddenly
applied to the slurry, a more highly consolidated "cake"
of soil about 2 mm in thickness resulted at the top of
sand-bottom of slurry interface. No cake was observed if
small head losses was applied and incrementally increased
by doubling the head loss to the same very large head loss.

Three pressure transducers were used throughout the
consclidation tests. One was used for total stress measure-
ments and two were used for pore-pressure measurements.
While quantitative results could not be obtained because
of zero reading fluctuations, it was possible to measure
qualitative trends that showed an immediated pore pressure
increase when higher loads were applied.

To find the effect of flocculation on phosphatic
clays Dow Seperan MG-500 flocculant at 0.01 per cent
solution was added to a slurry. The time for a slurry to

consolidate under its own weight was decreased by at least
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an order of magnitude by the addition of a flocculant,
When small seepage forces were applied however, the time
for consolidation was generally increased by about two
orders of magnitude. With larger seepage forces and
piston loads, the time for consolidation was not changed
signifieantly. 1In all cases, the amount of consolidation
from a load increment, whether flocculated or not, was not
appreciably changed, as can be noted from Figure 5.1.

Figures 5,16 through 5.26 present results from five
Constant Rate of Strain Consoclidation, CRSC, tests. Very
consistent results were obtained for the tests, with a
void ratio of 1.6 to 1.7 at a stress of 10,000 gm/cmz.

The values of ¢, for the normally consolidated soil range
from about 1 x 10~% to 3 x 107 cm?/sec, which agree
reasonably well with c, data obtained from the large-
diameter consolidometer tests.

From the sedimentation tests, it would seem that
there is no straightforward answer as to the question of
what is the maximum per cent solids at which sedimentation
can occur, and that it will vary from slurry to slurry.
Generally speaking, it appears that sedimentation will not
oceur over about 8 per cent solids. At an initial solids
content of 7.46 per cent and a height of 103.l0 cm, sed-
imentation occurs at a maximum rate of 0.0268 cm/min,

Three K, consolidated-undrained direct-simple shear
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tests were performed on samples upon completion of testing
in the large-diameter consolidometer. The resultis are
presented in Table 6.1 and Figures 6.1 through 6.18. The
value of su/dﬁg ranged from 0,220 to 0.227 with E,/s,
for two tests decreasing from about 800 to 40 as the stress
level increased from 10 to 90 per cent of the undrained
shear strength. One test on overconsolidated clay snowed
the same trerds with increasing Su/é%c with OCR as for
other clays.

It is hoped that field tests being performed will
provide information to correlate with the laboratory
tests in order to aid in arriving at an economical

solution of phosphatic clay slurry disposal.
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APPENDIX A

NOTATION

Note: Prefix A indicates a change

A bar over a stress indicates an effective stress

STRESSES AND PRESSURES

u

g

STRESS RATIOS

Ko

OCR

Pore water pressure
Total normal stress
Effective normal stress
Maximum past pressure

Shear stress

Coefficient of earth pressure
at rest

Overconsolidation Ratio= dum/dR.

STRENGTH PARAMETERS

]
¢
E

Ey

Su

CK,UDSS

CONSOLIDATION

C
¢

Cv

Friction angle of Ues vs.Eiff envelope
Arctan YK/ from 6K, UDSS test

Young's secant modulus in terms
of total stresses

E from an undrained test
Undrained shear strength
K. consolidated undrained direct

simple shear with pore pressure
measurements

Virgin compression index

“oefficient of consolidation
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NOTATION con't

NC
oC
CRSC

MISCELLANEOQUS

Normally consolidated
Overconsolidated

Constant rate of strain consolidation
test

Void ratio

Initial void ratio
Specific Gravity
Time

Consolidation time under last
increment

Time required for primary
consolidation

Water content
Weight
Permeability
Coefficient of volume change
Head loss

Height of sediment
Per cent solids
Volume

Liquid limit
Plastic limit
Plasticity Index
Total unit weight

Degree of saturation

118



APPENDIX - B

PROCEDURES FOR TESTING SLURRY IN LARGE=-DIAMETER CONSOLIDOMETER

The following is the step by step procedure used in
testing the slurry in the large-~diameter consclidometer,

1. Thoroughly shake slurry in container as received
from Florida.

2, If flocculant was used, add Dow Separan MNG-500
flocculant at 0.01% solution to slurry, continuously
stirring and adding flocculant until flocs formed.

Pour slurry into dish for water content determination.

. Place de-aired transducers into place,

. Start time.

3

L

5. Pour slurry into consolidometer.

6

7. HKecord solids settlement with time.

8. Start automatic data acquisition system for periodic
readings of output voltage, total stress, pore pressure
measurements, and thermisters - note that transducers
had previously been calibrated.

9. Also take periodic readings of transducers using a
voltmeter,

10. Allow slurry to settle under its own weight-note that
bottom drain was closed in this increment, but in
piston-loaded consolidometer, generally 4 to 6 ports
were open for standpipes at various heights.

11. Set drain outlet for desired head loss,

12, Open drain valve at bottom to start seepage forces.

13. Start permeability measurements.,

ik. For 3rd and yth consolidation and pnd seepage tests,
place constant water supply into operation - prior
to this, water level was periodically adjusted -

the constant water supply kept water level within =+
1.5 mm.
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15.

16,

17.

18.

19.

20.
21,
22,

23,

24,

APPENDIX - B

(continued)

After consolidation at an irncrement, double the
head loss for further consolidation.

With the éxception of using transducers, the above
steps were the same whether a consolidation or
seepage test.

At the completion of seepage forces, place porous
piston into operation and apply load to top of
sample - “.oads are applied through a calibrated
load cell -~ a head loss is maintained throughout
piston loading.

At end of consolidation for an increment, piston
loads are doubled for further consolidation.

At end of test, keep piston load applied while
remove water from consolidometer.

Remove piston load.

Remove cake of soil from consolidometer.
Immediately take representative water contents,
Store well-wrapped remaining sample in moist
room for future use such as CRSC,DSS, and limits
testing.

If there was a discrepancy between actual final
water content and the final as calculated using
the initial water content, the actual final was

used to backfigure the actual initial water content,
void ratio, and percent solids,
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APPENDIX C RESULTS OF CONSOLIDATION TESTS

TYPICAL CALCULATIONS

USE CONSOL *4 AS AN EXAMPLE

INITIAL :
— o 1
AREA= [TD': 3.4 «( 8%2.5v) - 3243 cm®
Y y
He=280cm 5 VOL=32Y43:28=9080 cm?
PEZ. BAY. = =2,
FINAL : SPEL. GRAY. =(=273

FINAL AVG. WC= 10559 (FROM END OF
CONSOL. TEST)
@s:(6)we, ASSUMING S5=100%
= (2.73)( 1.055)
ey 2.88 «Hs:3.42 ¢m (FROM END
OF (ONSoL. TEST)

BACKFIGURE VUSING  FINAL RESULTS :

Aes(1+E)AH = (1+&)(28-342)

Ho 28
(€o-2. ss) =1 +¢,) (0.878)
“Co=230.90
GWwW=5¢ " Wl £2:82  «pSSUME Sz
2.73
WC.‘ “23270
" S0t Thwe = T : 8%

I +wc 1+ 1.2972

Now: W3 = 8% Wr = 0.081%( W5+ Wi)
9080 =W+ Vs |, & 9080 -Vs=V, * W= Wy
Ws=0.084 Ws +0.0814 Wy — Wy =Ws 0.08IV W;

0.08}
- 2,73 vst Wj -2 Vs-'" :1;3 8ly

CON'T NEXT SHEET

SHEET | of 2
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TYPICAL  CALCULATIONS

CONT
080 - Ws = Ws -0.08Bl% Ws
2.73 0.08/Y
T779.16 65 = Ws
Vsz I7016 . 29541 cn?
2.73

" V9080 -285Y4] = B794.59 cm?

" Coz B7IY.5% _ 30.8) ¢ ASREES w/
285/

PREVIOUS PAGE
L Wyz 779.16 +87%9%.59 =9573.75

. oy 57375 - | o5y ¢m/CM?

o080
~Hp: 0.05Y em/cm?

v porTom

28cm 20.05Y em/em?
.512 om/cm®

v MD-Hr < '/l (’-5’2)
= 0.76 om/em* = AVG, EFF
STRESS of 50LIDS SETTLING
UNDER THEIR OWN WEIGHT
TO CALCULATE

PER CENT 50LIDS AS SLURRY
CONSOLIDATES :

S - | %}L)(l-o.us.)j—

SHEET 2 022
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SISAL FOVIFIAS /NOTILYAITOSNOD 40 STIVLIAQG O XIOGNId4V

BETAILS

of CONSOLIDATION TEST Ne. 1 sheetiof2
SAMPLE: MOBIL *| BY JRR
WeR a G M/cmM" HEI6GHT , cm DATE A ser cv, séc my
| TOTAL | SELF t SEEPME PIsTow| Ho | Have | Hop | Hs TIME Ao Ko cMYom [REFARK S

o) O 280 TR 0925

25.2%8 Ye¢4 LWO | 150000 ©. 28550
[ lo.77 jo.27 | — 28.0 22.5 [22.5 1™ 500

16.5% 3¢5, 040 99000 | 0. 1980
2 l4ozje.7?]3z25 22.5 ETH ELY N Rl

12.28 238, Yo | 42,000 | 0. 0704
3 |gs2]|o77]525 |2.50 |14 10.28 | 996 |*™* a0

9.308 . V.30 | 17400 | L.0229
y lis2lo.77]1525 | ¢.50 [9.9¢ - 8.70 | 8.45 1" " pys

. 73,800 | 24,900 | 0.025Y
S lisozleo.272 525 licoo | 84S 72.88| 7881 " ss

7-3i5 73,500 | 12 boo | 0.0I3F
¢ 125721 0,772 {s.25 |19.790 | 7.88 (.86 | 6.85 %™ 000

. LYY H5 720]| 10,800 |0.006928

7 |vz292| .77 | 5.25 [3¢90 |¢.85 (oS téees P ™ a0

5565 3230 ] 7200 |0.003899
@ |827210.77 {525 | 7t.70]¢.0 CHTER KA ial™

4.70 I, oo | UL PO |oooieB2
9 (1o ]o.?2772]| 5285 livo.c |5, 10 33| 43601 "™ s ) pe
* Lop % Xy, EXTRAPoLATED
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DETAILS

of CONSOLIDATION TEST Ne. 1

SheetT 2of2
SAMPLE: MOBIL "i 8Y JRR
. T 6 M/cM* HEI6HT , cm | DATE A s0R cv sec] my
INCR.
toTaL | SELF | ceeeme] PisTon| Ho | Mave | Hop | Wy | T'ME oo | oo | "Vem
298 13 500 | 3600 |0.0202%7
10 |3t2.0|0.77 | 5.25 l3570 |430 2.20 {284 7™ 1000
243 12,0698 | 3360 _|0.000282
1! 18060} 0.77 | 5.25 |8oo.0 {346 2220320 |*" .3
2.995 - 9225 | 2880 |oooo023Y
12 13s®.0 | ©.27 | .25 li3vy.0 |3. 20 2.6212.29 0" 35 |
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DETAILS of CONSOLIDATION TEST Ne 2 sheetlofl
SAMPLE: NORALYN ¥I BY JRR
INCR a 6M/cHt HEI6GHT , cm DATE A ser cv sec my, L
I s
TOTAL | SELE SEEPms! PisTon| He | Have | Hoo | He | T'™MF A9o Lo MYz ""Wé
(o] (o) 200 Y] :
S - 1322
19.20 261,360 | 13,500 | ).96433
i |o.32 |o.32 | — — |28.0 10.60 | 10.40}** " 0, ¢
9.2¢6 132,5%0] 34,000 |0.2)905
2 | 1.32]0-32 [1oo | — lio.ve 8301902 |75
8.0l 7260 14200 | ©.0108Y
3 3-82 0-32 3.50 i— 8.'2 7-9' 7-90 :,n.y;‘g_s’
. §.L25 29.090| 18,000 |0.06%61
¥ 18.42 |0.32 | .00 |2.30 | 1.9 5549 |5v85 ™" e
Y4075 Y0560 | 9840 |0.029%6
5 11812 |0.32 | 72.50 |10.30 |5.45 vo7|3.90 ("™ .0
12723 NS0 ] Qooo |6.0084%03
6 |284210.32 | 7.50 |20.40 |3.90 2463]13.56 "™ 500
2.32 ~ 26,520 | s0v0 |0.00L780
7 [48.3210.32 | 7.50 | yo.50]3.5¢ 3.6913.08 |'* ™" .0
2.92 b 000 1220 [0.002625
8 |8822|0.32 | 7.50 |80o.40]3.08 2821276 "™ 0000
2.4 6220 i O .002Y
9 1168.8210.32 | 2.50 |1¢i.00|2.7¢ z 2.2¥12.221'"" 5 ’ i B
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DETAILS

of CONSOLIDATION TEST No. 3

SAMPLE NORALYN "2 BY JRR

SheetT !

of 2

WeR T GMcmMt HEIGHT , cm | DATE A ser cv, sc| My
’ SELF R
ToTAL | SELF seeeme PisTon| Ho | Have | Moo | He | TIME Ayo Ao VAV ik
28.0 24 g0 ;
22.165 779,742} 20001 0. 4682
©.6310.¢43 | — — |28.0 16.7 [16.33 """ 2900
15.815 1940601 43,200]|0.0630
1.63l0.643 | 1.oo | — [1s.33 15.35 1 15.30]" " 0900
15.20 24,000} 7800 |0.P133
3 1243]0.43 [2.00) — |1530 15.10 1500 '™ oso
19.90 2TIHUO | B2 o000 |0C. 0132
4 {4v.63)0.63 |voo] — lisue 1v.70 1470 |2 M onis *
Y. L35 — — —_
S5 [Be3fo.e3j800| — w70 —_— | 14.571%' ™2 20 ¥
19.26 $5,3%0 {15000 |0.00223
6 127.38 |0.43 |26.75 | — 57 13.95 [13.95 [** ™ o5s *
: FRY L 201, BY0 155,800 |0.0153
10.33 |0.63 | 7.50 | 2.20 |i3.9s i0.30 |10.30 [ 77,0, >
l 2.81 208,860137 800 (0.052!
213 l0.83] 7.50 | 4.00 |10.30 —_— 9.32 19.32 **™%ays
. 205,220 45,000 [0.02¢2
1619 |0.63] 72.50 | B.06 |9.32 8.33 833 2o

#* Ho, NOor RERCHED




DETAILS of CONSOLIDATION TEST Ne. 3  sheetzof2

SAMPLE NORALYN "2 BY JRR

18T

a 6™M/cmt HEIGHT , cm | DATE A sor cv, séc my
WCR ] roraL SELE lopeemg PisTon] He | Have | Hoo | M TIME Ayo | Aso cM'/om r"m“
7.865 1249¢0 | 30,000 10.0i40
io |]24.13]o.¢3 | 7.50 |16.0 |8.33 241 | 7.90 "™ 150¢
£.955 Syo00| 5000 [0.007Y3
it [40.33l0.43 | 7.50 | 32.2 |7.40 6.53 16.51 }* """ 1200
6065 50,490 | 12,000]0.00%30
1z 172.13]0.¢3 1 750 [ ¢u.0 |6.5) 5621562 1®™ 000
5. 195 39 cool B700 |0.00234
13 i36.13]0.¢3 | 7.50 128.015.¢2 w83 [4.7721'° "as
' H.44 2L 940 | 6900 JO.00108
14 [2¢v13]0.63 | 7.50 |256.0 |4.77 415 by a1 [ " %as
3.9 1L320 | S5¥c0 |[0.0004R0
15 {409.i13}0.43 | 7.50 |uol.0 4.1} : 3.75{3.71 |'* "%300
3.YY5 19,450 | uzoo lp.ooozs7
b |808.13]0.63 | 7.50]|800.0]3.7) 3.21 [3.18 " "asas
296 13,500 | 3000 |0.00019%
i7 seeu3zl0.03 | 7.50 |1500.0(3.18 2.81 12.79 |'® "onoo
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DETAILS

SAMPLE: NORALYN

of CONSOLIDATION TEST

BY JRR
W/ FLOCCVULANT

No.

y

SheetT | of 2

T 6™M/cmt HEIeHT , <M DATE A fer ¢, sEc my I:
NCR EMAR
ToTAL | SELE doeceme PisTon| He | Have | Hoo| Wy | T'MF Aro | Aso | MVem “
(o] 28.0 YT Y —_
| 24.708 scoo 2220 10.30950
i lo.7e lo7e | — — |28.0 2b.30 {21.41 |25 ™ hooe
2 .26 10.7b | 0.50 - 21.9) - - |+ =
| 3 [ 1761076 Jloo | — | - = | = I*7 "0
' 18.4¥5' 2,b¥s000] 980,000 | O.5291
y | 2.76l0.726 1 200 | - | —- 15.88]15.88 |*° ** Ceoo
15918 1008i0 | 42,000 |0.02938
s | uwrlozs {voo|l — lisss 14.95 114.95|7 °“To93,
12995 bo00 000 [},620,000] 0.03 )95
| ¢ 1 87610.76 | Boo | — |i49s 13.04113.09 "% **$000 ¥
1.285 8s bvo | 2,000 |D.05345
71138 |0.76|B.00] 5.0 |13.0¢ 9.60 1953 |'® *lico
9.08 82, i%0 | 42,000 [G.0I74b
B8 l19.2 |o.7¢L |B.00 | 10y |9.53 8.04 | 8.3 [ ™00
8.29 100 B840 | 30,000 |0.008i3Y
9 | 28.8| 0.76 | Boo | 20.0 [©.b3 7.98 | 2.98 |2 7°Y,,,

Hioo NOT RERCHED
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DETAILS

SAMPLE : NORALYN
W/ FLOCCULANT

of CONSOLIDATION TEST No. % sheet2of2

BY JRR

e i 6 M/cM* HEIGHT , cm | DATE A ser cov,sec|] My
* SELF ]
toTaL | SELF | seeemd PisTon} Ho | Have | Haoo | Hs | T'ME oo | Aoy | Mem mm%
25185 _ S724t0 | 14 500 |0.0059817 ﬁw
1o [ve.e | 0.7¢ | 8.00 |M0.0 |795 712 1708 |* "™ 09i
. 6.1 4o,5¢0 | 10,800 [0.603327)
1t {88.8]0.7¢ | 8.00 | 8o.0 |7.08 6.22] 6.9 |7 "™1000
573 34,560 | 7500 [0.0014429
12 |188.8] 0.7 | 8.00 |160.0]6.14 538 |5.32 |'" ™ os00_
§.95 29000 | 6000 10.0008192
13 | 3288} 0.74 | 8.00 |320.0)5.32 w42 | 458 |9 7%,0
%2é 20,520 Si00 |0.00043249
1¥ | o488 0.7¢ | 8.00 | 640.0|4.58 3981394 |'" T8¥%;.
2..8 16,320 | 4200 lpomzoezi
i5 |1288.8] 0.7¢ | 800 [1280.0] 3.9¥ 394 3.2 | "P%:0




DETA'LS of SEEPAGE TEST No. 2 S5heeTleof1l

#81

SAMPLE: MOBIL BY JRR
W/FLOCCULANT
' 6M/cmt HEleHT , cM DATE A sor cv, sée m-
INCR. TovaL | SELF SEEPA&J H TIME c";/ EMARKS
WEGHT PisToNn He AVS, H,,. Hf /tQD /t_;o Gm
ol o 28.00 1T 200
20.9) 9,200 | 2) B00 [©. 47084
I | 0oe2]oer | - — 12800 1590115.92 1*° *“"i00p
.24 3901 00| 480000 | 0.75277
2 [ 172 ]o0wr] too] — Lhiswa 12.06] 1308 | ' % s \ .l
r_a 2.b7) 047 2.00 — 12.08 - - 9_’?.“!02
1.28 50,490 | 9300 |0.cov328
¥ | e9e7|l 007 L e8] — - 10.65] 9.850 |'* 7200

 al Hloo Nor REDC”ED
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DETAILS <f SEEPAGE TEST No. 1 Ssheetlor2
SAMPLE : NORALYN BY JRR
T 6M/cmt HEIGHT , cm | DATE A sor cv, s6c|] My
WER 1 voraL SEe loceemd piston| He | Hawe | Ho | Wy | TIME Aao | Ago cH/om [0
o! o 28.0 Lo soe
18.775° 199%0 | 3ySo |2.27221
I 10.29 029 | — — [20.0 no |255 |* ™ 3o '
9.N25 3ySio | sw00 lo.05243
2 lo19]|0.29 o.s0] — Jeoss 9.30 | 9.30 |2+ T%.s
8.8 L24.2v0| us000 |0.18278
3 ]129]0.29]1.00] — laz0 8.y5 | 8.4S|° " ™%e30
) 8385 2é Yo | 18.80¢ |0.0i5205
4y |229]0.29 ]| 200 — |[8vys 8.32] 8.32!"" ", 05
8.1¢ 172346 | 8Yoe |0.01%200
5 w29 029 oo — 832 Boo|8.00 |57V |
7.85 15 3tc | 200 |0.0093480]
L | 8291 6.29 | 8.00 - 8.00 7720 | 770 |"* ™ Yess
25725 12000 | 54oo 10.00%0L33
7 [16.29] ©0.29 [16.00] — 17270 245 | 7y5 | Tohoo
: 7.35 3y, 560 | ¥B0O [0.001485Y
8 |32.29]| 0.29 | 22.00). — |2YS 7287225 'Y 250
$.10 géve 2900 0.00%%102
? Lu29| ©.29 | LYoo} — (228 494 | 4.95 |* V00




DETAILS <f SEEPAGE TEST No. 1 Sheet2of2

SAMPLE: NORALYN BY JRR

981

a GM/cmt HEIGHT , em | DATE A feR cv, séc my h
INCR. REPARK S

TotaL | SELF | ceeeme] Piston| He | Hava | Moo | Hs | TIME Ao | s <"/om

o]l o 28.00 2 3850
)5.65 _ 24,000 ] 9900 |0.01372)

10 4429 1 0.29 |6%.00] — |28900 woo |3230 2" %iss

ol ¢ 2800 ke T17
18.85 a 178200 W2 000 | 2.25355

1 {029 { 0.29 | — - |28.00 noo 1970 1% ¥ 520
$.80 19,¥ve | 2200 |o.00%3y32

10 RvE

12 [4R29 | 0.29 Jévoo | — |9.7 Rye | 3.90 opIs




APPENDIX D RESULTS OF CU STRENGTH TESTS
TABULATED DATA

Sheet | of 2
DIRECT - SIMPLE SHEAR TEST
PROJECT PHOSPHATES TYPE OF TESTLKoUDSS  NO. | OCR 1
SOIL TYPE___ _____ TESTED BY . JRR DEVICE GEONOR DATE AFRIL 1925
CONSOLIDATION (St /)
LOCATION £ L resses in —)
MOBIL PLANT SLIMES Tue 2.027. The ————mz Oy 2.0372
tc(Day) Ef%) ¥ (%)t (Day)
W% | € S % | H () DURING SHEAR
Initial Btz | z2ey |92.808 | 2657 Controlled Strain_v"__ Stress
Presheor ] 219 2221
Final Rate % / Hr.) 1.7
TME [ sTRAN| Th [ Ae [ B | T | Th | By | pemanks
(M) (%) Oy Oye Oye oy Fym Tym
~eno | 0.no0 lo.o00 2000 |i000|l0.000|l0 000 | 00O
2 O |O 0ocH]0.000 ]I D00 |0 0040 0204|1000
o o4 |n n2ylo. o000l .000|0 0249 |0. 028|000
O0.0B|o ©39|c.004|0.996 |O0.03292|0.039|0. 994
5. 13 |1¢ o550 . 007/0.993,0.055|0 055|060 .993
5 18 lo o211 lo.0iolo. 290 0.022|lo 071 |0 . 290
0. 272 lo032|0,014|0.9B6]10.093|0 092|086
n. 3710 11110 023|10.977210 . 1'3 |0 11l |0 277
©. 53l 2¢l0.03110.96910.130]0 124|0. 7¢9 B
©. 7210 14; |O.0o¥yBlo.952|0.14B|lo. 14t |O0 G52
O 971o I51lo015|0.925(0 . 1éy|o 151 ]|o 225
_ {  23lo 159|0 093lo9Q?|0. 1760 159|0 4907
o900 | 1. 5710 66|00 .119]0.88BI |0 I189|0 1é6|O 88/
| B2 lo ,7210. 14010 A60|0 [j33|O0. 172 |0 8B40
2 14y ln 177210 153lo 847 |0.209|0. 1770 847
2 . 50lo 1B82|oc.167]|0.833|0.218|0 _18B2[0O £33
z Bb|lo I86|0. 1800 .B20|0 .227|0. 186 |0 B20
3.22|0 190 |0 20110.799|0.238B|o |90 |0 .1799
3.6%]0.195|0.21¥|0 .7B6| 0 . 2480 . 1950 786
y.03lo 198|0.2240.776|©0.255/0 1980 776
y Y2 |o 20l1|0.2y2|0.758|0 265|0 201 |0 758 .
Yy 78|c.203{0 25i|{0.724y9 |0 . 2710 203|0.749
5. 16 |0.203|0 2¢2|0.233|0.272¢|0 2030 733
5 53i0 205|0.276)p0.724|0.283/0 2050 72Y
[looo |5 9% lo 20710 28¢lo 71%] 0 290|0 20720 714
SOIL MECHANICS LABORATORY REMARKS:
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DIRECT - SIMPLE SHEAR ( continued)

Sheet 2 of 2

PROJECT ELoRIDA SOIL _PHOSPHATES TYPE OF TESTC K LDSsS NO. 1
TIME STRAIN T FaX") o, T Th .
) | | | T | T | = | T | T, | REMARKS

6 26 |0 208 10.29, | 0.104 0. 29510 . 208 |0 JCYH

0 le.209]o.30310.697 10 3000 2090 697

7 46 lo. 2120 . 316|l0. .68y |o . 310|lo 212 |0 684

g 32l . 2l6j0 322(0 . (7810 319|0.216|0.6178

9 2 |o.218|0.337|0 . é63 |0 328 |0 218|0 (43

Q.91 {0.220|0 35410 . 644 |0 . 340 |0.220|0 ¢LHé

(1100 [io. 71 |© 221 |0. 3650 . 6350 . 348l0.22!1 |0 . 635
I 51 1o 2220 3730 .6J2[0 3£f£10 222 0. 627

12. 33| 22y|lo 3Blleo.Lig9]|o 3cilo.224|0  ¢!9

13, 23|00 225|0.395|0 . £05|0.322|0 225|0 405

1y O3 |o 2280 uoHl|lo . 594(0 380{0.2246|0 59

v B |o . 227|0.41jlo.589|0 3By|l0.226|0 589

1200 |15 29w lo 227lo. 4250 572510 39y|0.227 10 578
16 BB |o 227|0 4360 5¢%[0 w020 . 227|0.5¢Y

17. 32 |0 22710 437|0 . 543|C 403 |0 227 |0 563

I8 17 |o . 226l ygsjio. 55410 40| 0. 2260 554

9. 09 |0 22610 Y590 541 |0 417 10 226|0.541{

19.99 22510.471 |0 .529|10 424|0.22510.529

1300 |20.89 |0 . 222|0 4Bh| 0 51y |2 431022210 51y
.68 lo 2200 43310 .507|0 4Y34|0 220|0 507

122 5410 219|0 502 |0 Yy3g| 0 4290 .219 |0 Y98

23 4) |o.2i7]|0o.513|c . 48720 Y45 |0 217 O 4B7

2Y 4o |lo 2i4 |0.533 |0 . 4¢7210 %59|0 214 |0 447

5 28|lo 2133|0594 |0. 45410 H¢72|0 212 |0 454

lyDo |2 1B lo 21l {05551 . 44510 43yl o 211 |0 4Yys
24 26 |0 .21p0|l0 . Sé0 O Yyp| O 480 | 0.210 |O 4Hyp

IN20 127 .92 |0 . 207|0.5¢8 |0 . 4320 4B |0 . 207|0 432

SOIL MECHANICS LABORATORY REMARKS :
DEPT. OF CIVIL ENGINEERING

MASSACHUSETTS INSTITUTE OF TECHNOLCGY
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Sheelt | of 2

DIRECT - SIMPLE SHEAR TEST

PROJECT fo0RiTe ~ TYPE OF TEST CKX.UDSS  NO. . 7 OCR I

SOIL TYPE_ =HOL"H-TISTESTED B8Y KR  DEVICE GECNDR DATE 7. /WE_75

LOCATION o5 vh * CONSOLIDATION {Stresses in KG/CML)

= To s TONEDSL "2 ?vc 0. 802 The ?;m 0. B8BO2
tc{ Day) Ef%) ¥ A%)___t(Day) —
W | e S, %] H L ) DURING SHEAR
Initial o Controlled Steain_ " Stress
Preshear
Fingl Rate o/ Hr) 4.8
TIME | STRAIN| Th Au oy Th Th | Oy REMARKS
{ Hr.) (V) e Tye Oye oy Fym Fym
corn o cor 18 coolr o0 oG | 100
a2l o o7 |oooenel 000 | 2L 7
Q. 232 |2 o+3|o.2121 0,988 .2.049 ]
S Déé |2 LAY |22 |e.aBB| .07
S AXE |5 CRe D 02510 .75 | 0.098
AR 1o 13 (0031 o 3] 0117
. 610 |0 127 0.050(0 950|034
2206 |m 132 |0n.0¢0|lo w0 14
2. M27 10 w2 lo 2140 926|0.153
caw 12 751 |9 jue 007910 90119 1¢2
J 22 | 151 o o8> g9 2. 1e8
ZféElo isylo il o BB i?7
980 |0 141|222 |0 BB 2183
4. z88 |0 166 ;2135 |0 B&5| 0. 132
4 716 |0 1¢Blo. 14t |z BEM 2 138
i3 lo 17210.1550 gYsl o 204
5Bz |7 175|p. 15710 BY3|[ 2207
¢ iHO |0 1746|0158 |0 . BY2| 5209
6. 64 |p 18901700 . B30 0228
7119 o 1BY|D. 1960 BOoY| 22219
72.5¢4 |0 1Be|D. 2020 798| ©.233 |
oo | 79282 18410.203|0 7970233
8 28BY4lo 1B9|0.204%|0 19617 238
B.45¢10 193|0 2060 7790243 —- -
G 05342 13bl2.2072lc. 79210247

SOIL MECHANICS LABORATORY REMARKS:
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Sheet 2 of 2

DIRECT - SIMPLE SHEAR ( continued)

PROJECT FLORIDA  SOIL _PHQSPHATES TYPE OF TESYCKUDsS NO._z

TIME | STRAN| T Au o, T T 7, )

(Nr) | (%) =rf‘,‘c . | = % Ff;, Foo | REMARKS
9433 |0.198 |0.2{l |©0.789 |0.251
7.837 |0.200|C 216 |P 784 |D.25
10397 10.202 |0.22710.7725 |0.2¢1
10.¢5y | 0.203(0.229|0.771 |0.20L Y

1130 |11.14B8 |0.207|0.231 |0.72¢(910.2¢9
11-65810.208|0.2%4 |0.725¢6 |027¢ | | |
11.917 |0.204|0.24Y7|0.753 | 0.27°2
12.38¢4|2.209|0.249| 0. 7511 0.2+9
12.782|0.211 |©0.251 |0.74% | 0.281
(3.106|0.212]|0.253|0.747[0.28Y4
13.5246|l0.213|0.25Y|0.246 |0.28¢

i 13.858B|0. 21310257 |0.74y3|c.287

1210 [14.31900. 214y |o.2¢3 |0 731 |o0. 254
14.788|0. 214 |©0.271 |0.229 |0 29y
15.17712. 214 6.282 |[0.718 |©.299
15.54%|0. 214 |10.284[(0.714 |o.300
16.083|0. 214 |0.2B6 |O. 714 |0 300
L. 9790 .21y |0.289|0.711 |o.302
16.90g8|0. 214y |0.292 | 0. 108|0. 303
12.272(0. 214 [0 296 |0. 704 |0.20y
[2.717 (0. 214 [©.297 |©. 703 |2 205
18.202 |0 214 |0.299|0.701|0.30¢
18.858|0. 216 |0.302 |0.698|0.309
19.7390.217]|0.310 |0.690{0.315

1320 |20.225[(0.21B|0.212 |0.688 | 0.3:17
20.548(0 . 219 |O0.314 |0.68612. 320
20.953 |0 .22! |©0.315 |0.685|0.222 |
21.786|0.223|0.330|0.670|0.333 ) A
22.052|0.223|0.333 |0.¢¢71l0332y
23 3800 . 224|0.3485 |D.655|0.3¥3
25,241 |0.222|0.348 |0.652 |0 240
25,890 |10 . 21¢ (0358 |0.64210.32¢
26.778|0.208|0.3L0 |D.¢40 |0 22¢

| eB.541 0. 191 [0.38B0 |0.¢420]|0. 308 L
30.2y810.1727|0.383 |o.¢i17 |0.287 o
32.020|0.167|0.398 |O.Lo2|0-277

Ie1s [39.88410 . 153|043 |0.570[0.2¢9

SOIL MECHANICS LABORATORY REMARKS :
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DIRECT - SIMPLE SHEAR TEST

Sheet | of 2

PROJECT ELORIDA  TYPE OF TEST CKaUDSS _ NO. _3___ QOCR .+
SOIL TYPEPRPHOSPHATES TESTED BY TR _ DEVICE ZECNOR DATE AUG 73

LOCATION MORALYN
_IROM COMNSOL, "3

CONSOLIDATION (Stresses in /¢

- ,

- Fum

1c(Day) Ef%) ¥ (%) __t(Day) _
W | € S,% | H (cn) DURING SHEAR
Initial 9989 |2 910 |9v099| 2.9947 | Controlled Strgin.v__ Stress
Preshear 2 70 7 £3572
Final Rate (%o / Hr.} 2.98
TIME | STRAIN| Th AU gy Th Th tz?__y_ REMARKS
( Hr.) {(*) Tye Oye Ty oy Tym Cym
HO o.oon|lobvod |0 do00| OO0 |o.000
co032|o019 o col|1 0000 011
o o87|0 o442 |oc coB|lo 992 |[0.042
D154 |0 . 0¢Y |0 D20i10.980 |0. 066
2.205 |lo o8t o024 | 976 (0. 088
2 254 jo.i0o5 |0 024 |lo. 97 lc. ! 08
o363 (0. 107 |0 028l F e (0. 11D
O.5¢Cc(0.118 |©0.032 o 9¢8 |o.121
2809 |0 128 [0 .040 (0. 960 |O.13Y
| 006 |7 136 |0 .O54i0. 9449 |C. 144y
1230 | i 262 |0. 142 |o OeH|o 93¢ 0.1 5
! g8 |lo 150 o 27¢ o Q24 |G 62
{ 7L3 o 152 |0 076 | Q24 |C b6y
2 ©020|lo. 157 |o c88lo. 912 |lo. 172
2 327 |2. 82z |2 229 |0 90) o 180 ]
2.5¢4q o 1ey (O 107 lo B3 |0 1BY
z Btols 68 |O. 116 |O BBY [0 i)
3 061 o171 |o 19 1088, |6 |9y
3.302 | 73|00 123 |oB1? |~ 198
3 574 |2 177 |6 131 j0oBe (6 204
3 R2blo. 179 |0 1390 86! |r 208
4y e7t|jo. 1822 1% 1 v7|loB853 |0 213 | _ ]
_|Y 3882|0184 O 151 |o8Y4TG |2 217 | I S
5 oozloiBglo ¢y |OBIE |2 226 | ]
1345 (£ 288 | 192 (0 147 ]oB33 ] 231
SOIL MECHANICS LABORATORY REMARKS:
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Sheet 2 of 2

DIRECT - SIMPLE SHEAR (continued)

PROJVECT FLORIDA_SOIL SHOSPHATES TYPE OF TESTCK.UDSS NO._3

T('H':f S(T.??" =;,.h— Su | x| b h d REMARKS
: ° ve “Oye Ovc Oy Tum Tuym

5.514 [o 194 0. 171 |o.B29 |O0.235 o

5.798 |o 197 |lo 175 |lo B25 |0 239 )

6. o700 199 [o.183 [ . BI17 |p. 24y

L. 2800 20| o191 |0 . 809 |0.24Y8B

6§ .5%9%|o 203 |o 195 |o.BeS |0.252

L Bt3|lo.2o3 |0.203 |0 797 |0 255

7. 139 o205 |0 207 |0. 793 |0 258
w20 |7. 427 |0 205 |o. 211 |0 789 |0.2460

g. 015 |c 207|021 |o 7B [0 .2éb2

B. 343|208 |0 . 2!1B |0 782 |0 2466

B.c50|l0.209 |o 226 |0 7714 (0. 210

g 93%|lo 211 |0.231 |©. 769 |[C.27Y4

3. 222 |lo 212 |c 235 o 7¢5 |0C. 277

9 41|00 214 |o.238B . 7¢2 |o 280

o215 |lo 217 |lo.242|o. 758 |C 28¢%

o.303|0.219 o 246 (o, 754 |0.290

0. 563 |0 220|0.250 0,750 |0 293 ]

lo.g28 |c.220|lo.258|c. 7492 |0.297 MAY /P
1530 it worlo 20 lo.262|o. 738 |0.28Y SToP ZHELE

SETER srdp SHE PR FUPTHER donteLiDalrE CAMPLFE

_.AL_._

SOIL MECHANICS LABORATYORY REMAAKS :
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Sheet | of 2

DIRECT - SIMPLLE SHEAR TEST
PROJECT _CLORIDA  TYPE OF TEST CX.U D45 NO. _3  OCR 2983

SOIL TYPEEHOSPHATESTESTED BY _IRR ~ DEVICE GEONOR DATE _SEPT 75

LOCATION MOAL Y CONSOLIDATION (Stresses in ey _
FROM COMSOL "3 T, l2su_ oz, ¥, 23

te(Day) Ef%) X (%)t {Day)
W'k | € S.% | H (<) DURING SHEAR
Initial §9.59 | 2.910 |5v.0%9 | 2.9947 Controlled Stmim_\[_ Stress
Preshear 2.0L7 2.2yp?
Final 29.32 Rate %/ Hr.) 3. 49
TIME | STRAIN Th | bu S | I Th | Ty R EMARKS
{ Hr.) (%) Tve Oue Tye Ty Fym Fym
O8I0 |0.Go0|0. 0066 0001 . 000 |0.000|0 OO0 |O 251 |SAMPLE FuPIiER
O 051 |0 ocgg|o0.0o0|l oo (0.028|0 007 |0 251 |[coNsoupared
0.119 |lo 0tv|o. 000l 006 |[o.0e% |2 016 |0 25) |artEr tueae
0213 |[e.1oz |-oCIS {1 015 |0. 100 [0 ©246 |0 255 |ro Mad tfp
O 353 |0 . 1y3 |Fo.023 |1 w23 |0 140 |0.23¢ o257
o St le 174 |-oo33 i o33 le 168l oy 02579
0 749 |0 133 [-o057 |1 057 0. 186 |0.050 |O 265
O 281{0 219 {00t |l o6l |0 20710, 055 [G2¢eé
| 120 |o 2492 o071 |1 o) |©.226 [© 08! |O 269
| 358 |0 2¢é4 (-C.0B4]i.084% [0.243 |0.0t6 |O.272
og00 || S9z2lc 28 |-0.093 |1 093 |©0.259 |2 0710 |C 274
1 797 |o 290 -0 109 |1 |©@a |¢. 24 On?73 (o278
2 08¢lo 305 [oiiy |t 114 |0273 [0.076 [0 280
2 3250 3i¢ |Foa24 |1 124 o 28] | o079 |[Cc 282
2 597 |0 327 |-c 125 |1 125 {0.29C [0 0OB2 |0 282
2 882[{c 3% |-0331 |i 13 o300 |0 0BS5S |0 28¢Y
3117 [0 354y -0147 |1 147 {©0.309 |0.089 |0 288
3 559 |[n 3717210078 |i. 178 |0.220 |C 095 |0 29&
3.823|0.390 |-0.186 |1. 186 |0.329 |0 098 (0298
4y o0selo o2 |-o19y {119y |©0.336 |0 1OI |©0.300
Yy 3y7 |0 4iy [-0.2086 (1 204 {0343 |0 10Y |©.303
Yy eyl o w2y |0 2221 222 |0.34Y7 |0 106 |©.307
4y 903 |0 4350226t 226 |0 354 |0.109 {O 30
£ 173|0oywyloz2?2]|1 2220362 |0 11t [O 308
oI5 & Sg2 |o sy |-0.229 |1 229 j0 370 [Oo. 11y |©.308
SOIL MECHANMICS LABORATORY REMARKS:
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DIRECT - SIMPLE SHEAR (continued)

Sheet 2 of 2

PROJECT FLORIDA SOIL PHOSPHATES TYPE OF TESTLKLUDSS NO._ 3

TIME | STRAIN T, Avu o, T T .
He) | (%) "_5%-.: = :,-i =§: 53; 7‘"—“ REMARKS
& 0030 423 |Fozys2]).252[0.378 [0-.1]19 [0 .31y
¢ 5682 |o 4ge |-0.270 11 . 270 |0.379 o121 |0.319
7s217 to 484 o276 1,276 0381 (0.122 lo 320
7. 799 o509 [F0o.281|1.281 [0.397 |[0.128 |lo.322
8.29810.52y |-o.304|1 304 |O. 402 |O.132 |0.327
8 B94 10 537 |-0.323|1.323 |0 406 |O. 135 |o.332
9 4540 599 [0.328|1.328l0o 41y (0138 [0.333
loovwo |lo.5¢i |FOo 345} 345 |0 4i7? |OIlvl |0o338
0636 |0 574 FO.362 |1 .362 |0 423 0. 1449 |0.3%2
11172 |0 588 |~F0o.37y |1 . 37v |o. w28 |0.148 |0 385
11.751 lo 5972 -0.376 |1 .376 |0 . 434 |01 50 lo. 345
1215 |12 313 |0 ¢08 [-0.399|1.399 |0 435 [0.153 [0 351
i2. 9480 ¢17 o401 |1 .yoI [0 NH0 |0 155 [0 352
3. 5820 ¢23 |Fo.Yyo5|1.4y05]|0. 443 [0.156 |0 353
vy 1¢) |lo.c27 Fo.q1y 1.4y lowy3 [0.157 (0355
1y 795 |0 32 04191 1. 419 |cHvs (0158 (0.35¢
Iso072 |lo.é35 |~Fovz2y| 1 . y2ylo 44¢ |D. 160 |O. 358
i15.741 |o ¢vo |-ov30 || %300 448 |0 161 |0 3519
14. 32010 L4y [-O. 437 |1.49372|0.9%8 |[0.162 (0. 34!
je.980|lo. tue |-F-o 4381 . y38 |0 497 |lo V42 [0 3¢
17.622|lo.¢ve l-o. 938 |1 . 438|045 o163 o 3¢
B 22710 . 452 |-0. 938 |1 .438 0453 [0 le4% |O0.3L]
w00 [ie. 874 |0 é55 [-0.438 | 1. 438 |0 455 |oleY |0 3¢
19.49¢ 1o (55 |-o.438 |t 438 {O0.455 Jo.l6Y4 [0 341
20.10% o ¢55 [-0.438 |1 438 [0.455 (0. 1Y |0 3¢
20 . 773|0o.¢54 |-o.438 ] 1 . 438 |Jo. 456 |01 64 (0. 3461
21 442 |0 652 |-O.430 |1 . 430 0454 |01 b4 |O0.359
22 . 11lo|lo ¢twe |-owz2B |1 . u28 0453 [0. 142 |0 358
2277010 . ¢42 |-0.399 |1 . 399 [0.459 |Oo 1 ¢ JO.35i
23.52Blo ¢ 2¢|-0.38| | 1.381 JO. 953 |O0.151 [0.347
24.277 lo. 589 |-0.29911.299 |[0.454 o 148 (0 324
25 049 |0 557 1-0.272 11 .222 |[0.438 |0.140 |0. 319
25 802 |lo. 539 |02y |1 241 |o 434 (0135 |0 317
26478 |0.529 |-0.222 |1 .222 |0 432 |[0.133 [0 .307
2718l |lo. s [-o 195 |1.195 |0.433 |[O.130 |©0.300
27.845 o 5100077 1) 171 |O0.435 o128 |Oo. 294
1620 g 518 |0 5030132 ]1,132[0.195]0.126 |0 28Y |END TEST
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DEPT. OF CIVIL ENGINEERING

MASSACHUSETTS

194

INSTITUTE OF TECHNOLOGY



APPENDIX E CRSC TESTS TABULATED e~ LOC OV

i‘WklezblgD::T‘E{sl} e L,QGG“ C.RSC. TESTS

| VT2 1o 21
el rouwsl ironwrel Bron srall row s

| c:o90j2n sy | 0.098| sa7y |0.008 | 5:289] 0.118 | 2.83v]0.083 4.739
|oasz (2088 o217} wowy {0120 5225 |0.225| 2,921 |0.225 | w. 720
i 0;225 2‘-;33; { o3 v (01705050, 0.313 | 2.795|0.32% | 4.622
{0237 2421 | eav7)v.217 | 0281 | w.870 0513 | 2749 |0.342 | n14Y.
1089 | 2448 | .04 w234 | 0.3%5 | 4452 | 03| 2770 |0Vl 3.840
| o:599 | 2405 ) oxpre| wwar [0.38%) w130 | 1023 | 2,471 |0.616 | 3.616
10793 | 2364 p2y8 | w310 |0.v92 | 3.838 | 1370 | 2,4i% |oM3 {3209
10.966(233% { oz | wmﬁ 0.516 |3.486 | 1.720 | 2.51 5&0933, 2,943
{1192 zaojzﬂ_qu gmf:f o.450| 3.48v] 2,189 23305 148 | 2,422
Luzs | 2259 | g222| aiows]0.787|3.318 | 2.cv8) 22702 w5 (2,259
] 1455 | 22224 1425 | PAvs | 0.80Y|3.259| 8.037| 2.190 | 2858 | 2,257
11.98Y| 2156 J 20013 | 2493 | 0.73v |3.245 | 3.760 | 2.011 {4142 | 2.05Y |
2.292| 2.098) 250w | 28v7 | 0.450 | 3.27 | 439 1962 | w449 | 2001
2.5068 2.0%&#_3@@94,3_4392 0.506. 3.29.5‘5 5.014 (1903 |51y | 1L9¥7
13.017| 1.9¢8 1382 | 2898 1| 0.43¢ 3.317] 5,592 | 1.84% | 5:806 | L B .
13.33¢| 17§ {2975 { 2258|0370 3.3%1 {6.496 | 1745 {6532 | 1.8YY
13819 [ 1.899:| vaom (245802373399 7.v24 | 1496 |7.18] | L BOG

| v.2u5| 1.803] 5.:908( 2099 | 0.197 | 3.412 | 8229 | L4y7 [B.104 | 1753
; .,,72.? ;,75';1 ;@771_3@295 013y | 3.9 J 9363 | 1.588 |4/23 | 1.70] ;
5160 1718 baka? | 1061 |t0.103. 1.550 |10.008] 1002 .
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TABULATED e-106&

CR5C TESTS con'T

1

3

y

21

v

1.67%
I-leY
0.619
0.397
0.158

1.687
1.716
1.768
1799
l.85¢

0.502
0.968
7
|.856
2.537
3.303
3.833
4485
5.227
5.772
6.68Y
7348
8.%6Y
9.288
4.033
1.98¢
12.717
11.898
10.058
8.02/
e.122
4.782
3.i0
) .65l
.13
0.3
0.2v]

2.330
2.222
ALY
2074
1.998
1931
LB8Yé
1.857
l.elé
[.792
.755
1.730
1.695
1.669
2.820
1.60!
}.5YY
.548
1.5¢0
1.58¢
l.é21
1.L55
.71
181y
|.875
.97y
2.087

&v

e v

3,033
2.450
1.8b3
1.281
0.63y
0.176

L5655
1395
I &31
1.625
1.752
-850

Tv

4.972
394
3.057
2.348
l.¢5Y
Lo1o

0.730
O.541
0.282
0.158

1598
i.570
1.595
1422
INYY
L.707
1.753
1.785
.8zl
I.850
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