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FOREWORD 

The soil properties presented herein were obtained for the purpose of clarifying the stress-strain rela
tions which should be used in computer codes for predicting ground motions due to high pressure loading. 
This work is in conjunction with research on propagation of ground shock through soils being conducted by 
the Soils Division, U. S. Army Engineer Waterways Experiment Station, for the Defense Atomic Support 
Agency. 

This report was requested and authorized by Mr. J. G. Jackson, Jr., Chief, Impulse Loads Section, 
Soil Dynamics Branch, under the direction of Mr. W. J. Turnbull, Chief of the Soils Division. The report 
was prepared under Purchase Order No. WESBPJ-68-67, dated 16 August 1967, issued to M. T. Davisson, 
Foundation Engineer, Champaign, Illinois. 

Directors of the Waterways Experiment Station during the performance of this work and preparation 
and publication of this report were COL John R. Oswalt, Jr., CE, and COL Levi A. Brown, CE. Technical 
Directors were Mr. J. B. Tiffany and Mr. F. R. Brown. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to metric units as follows: 

Multiply By To Obtain 

inches 2.54 centimeters 
feet 0.3048 meters 
miles 1.609344 kilometers 
cubic inches 16.3871 cubic centimeters 
pounds 453.5924 grams 
kips 453.59237 kilograms 
pounds per square inch 0.070307 kilograms per square centimeter 
pounds per cubic foot 16.02 kilograms per cubic meter 
feet per second 30.48 centimeters per second 
foot-pounds 0.138255 meter-kilograms 
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SUMMARY 

The soil tests reported herein were conducted to provide information on the influence of degree of 
saturation on high-pressure stress-strain relations of undisturbed and remolded soils from the Defence Re
search Establishment, Suffield. These high-pressure one-dimensional tests were also to provide input data for 
computer codes concerning the relation between stress and strain invariants a t high pressures. Some investi
gators were concerned that large strains might develop at high pressures in silt and clay as has been observed 
for sand due to grain crushing. As expected, the test results presented herein show that large strains do not 
develop at high pressures in fine-grained soils such as silt and clay. 

The test program consisted of 12 one-dimensional tests on 4 specimens each of undisturbed and re
molded silty clay, and 4 specimens of remolded sandy silt. In all tests the radial strain was essentially 
zero. Axial and radial stresses and axial strain were measured. The tests were carried to an axial stress of 
20,000 psi unless soil extrusion occurred at a lower stress. The following conclusions were reached: 

a. The degree of saturation and the initial void ratio are the most significant variables 
governing the one-dimensional stress-strain relations of soil at high pressures. 

b. For pressures exceeding 3000 psi the compacted specimens and undisturbed specimens 
of Suffield soil yield the same relation if the initial degree of saturation and initial 
void ratio are identical before loading. 

c. A lower bound to the secant ·modulus of deformation Ms at a given level of axial 
stress a a is given by 

M = aa 
s 

(1 
Sri ) 

- 100 ei aa 
1 + e. 

l 

+ 
300,000 psi 

for both compacted and undisturbed samples of fine-grained soil subjected to pressures 
greater than 3000 psi. 

d. The average unloading modulus of Suffield soils subjected to pressures greater than 3000 
psi is approximately 10 times the loading secant modulus of deformation Ms . 

e. It is probable that the stiffness of the Suffield soils when unsaturated will be greater under 
dynamic loading than the static values given herein. Previous comparisons of static and 
dynamic values of constrained moduli of Suffield soils have shown that the dynamic values 
are twice the static values. This observation is consistent with similar comparisons for 
NTS Frenchman Flat silt. 

. 
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EFFECT OF DEGREE OF SATURATION ON COMPRESSIBILITY 
OF SOILS FROM THE DEFENCE RESEARCH 

ESTABLISllMENT, SUFFIELD 

PART I: INTRODUCTION 

OBJECT 

1. The object of this study was to determine the high-pressure, static, one-dimensional stress-strain 
characteristics of compacted and undisturbed soils from the Defence Research Establishment, Suffield (DRES), 
in Alberta, Canada. Degree of saturation was the major variable investigated. These one-dimensional tests 
were also to provide input data for computer codes concerning the relation between stress and strain invari
ants at high pressures. These high-pressure relations were especially important since some investigators were 
concerned that large strains might develop at high pressures in silt and clay as has been observed for sand 
due to grain crushing. 

SCOPE 

2. Two 5-in.*-diam undisturbed Shelby tube samples and remolded samples of two different soils, 
which were air-dried and passed through a No. 10 sieve, were furnished by the U. S. Army Engineer Water
ways Experiment Station (WES) for this study. A total of 12 static-undrained one-dimensional compression 
test~ were performed. 

3. Specifically, four tests were performed on the undisturbed samples, and four tests were per-
formed on each of the two remolded soils; the remolded soils were compacted at predetermined water con
tents and dry densities. The results of the tests are presented in the form of plots of axial stress versus 
axial strain, secant modulus versus axial stress, and radial stress versus axial stress. The index properties for 
each of the different soil samples tested, and the test apparatus, experimental procedure, and an interpre
tation of the test results are also presented. 

* A table of factors for converting British units of measurement to metric units is presented on page vii. 
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PART II: SOILS INVESTIGATED 

SITE CONDITIONS 

Location and Topography 

4. The location of the site is within the DRES blast range at a location known as Watching Hill. 

The site is approximately 30 miles north of Medicine Hat, Alberta, Canada. l Within the area of interest, 

the site is essentially level with a ground surface elevation of approximately 2164.0 ft msl. 

Geology 

5. A brief description of the geology of the site is available in reference 2 along with an estimate 

of the seismic velocities for the various layers. The site is in the southern end of the Ross Depression 

which, along with the areas to the south and west, has apparently been covered by a large lake. The soils 

to a depth of 200 ft are lacustrine deposits consisting of uniform beds of clay and silt with occasional 

sand lenses. However, glacio-fluvial processes and desiccation have altered approximately the upper 30 ft. 

In reference 2 a seismic velocity of 2200 fps has been assigned to the upper 30 ft, but indications are 

given that the upper 4 ft may have a velocity of 700 fps while the lower 26 ft has a velocity of 2550 fps. 

From 30 to 200 ft, a velocity of 5500 fps is indicated. 

6. Bedrock at the site consists of Upper Cretaceous beds of the Foremost formation. These beds 

may be arenaceous shales and/or sandstones with many coal and carbonaceous beds. In many places the 

"Pale Beds" overlie the Foremost formation and consist of sandstone, shales, and sandy shales. The seismic 

velocity for these beds has been estimated as 7500 fps. At great depth, Mississippian limestone is found 

with a seismic velocity of approximately 20,000 fps. 

SUBSURFACE INVESTIGATION 

Field Data 

7. Two undisturbed samples from boring 2-U and two remolded samples from boring 5-U, ranging 

in depth from 0 to 22.5 ft, were furnished for this study. The undisturbed samples were taken with a 

5-in.-diam Shelby tube and extruded immediately into 6-in.-diam fiberboard containers. 3 Wax was then 

used to fill the containers and seal the samples. The remolded samples were air-dried, mixed, and passed 

through a No. 10 sieve. 

8. Additional information. on the soil profile at the Watching Hill site can be obtained from ref-

erences 4, 5, and 6. 

Laboratory Testing 

9. All soil samples received in the laboratory were subjected to routine identification and classi-

fication. The test number, sample depths, description, Unified classification, Atterberg limits, and specific 

gravities are listed in table 1. The gradation curves for the undisturbed and remolded samples are pre

sented in figs. 1 and 2, respectively. All index properties for the soil samples were furnished by the WES. 

10. The initial weight-volume data for each of the 12 static test specimens are listed in table 2. 
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PART III: TEST PROCEDURES 

DESCRIPTION OF APPARATUS 

11. The apparatus used for the static one-dimensional tests, shown in fig. 3, consisted of a confin
ing ring assembly which contained the soil specimen. The confining ring was centered on the baseplate 
with the aid of a lucite guide ring as shown in fig. 3. The piston was also centered on the soil specimen 
with the aid of a second lucite guide ring. A split ring was mounted on the piston and furnished a reac
tion for the dial indicator which measured the axial deformation to the nearest 0.001 in. A 300-kip uni
versal Riehle hydraulic testing machine was used to apply the axial stress to the soil specimen through the 

Lucile 
Guides 

Loading Head Suppor1 

Ad1usto ble Loo ding Head 

Slee I 
Piston 

Hydrou Ilea lly Operoling Bose 

Machine Bose 

I 
I 
I 
I 
I 
I 
I 

i---Supporl 
Shaft 

_...---+lnslrumenled 
Confining 
Ring 

----- --+-- -+--Bose
plo1e 

Fig. 3. Schematic of static loading machine showing 
axial strain instrumentation 
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loading piston. A photograph of this static test machine is shown in fig. 4a; a close-up of the confining ring 
assembly is shown in fig. 4b. 

a. Static test machine 

b. Close-up of confining ring assembly 

Fig. 4. Test apparatus 
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12. A steel ring 1.0 in. high with 4-in. inside diameter and a wall thickness of 1.0 in. was used to 
confine the test specimens. An attempt was made to limit the radial strains to the minimum value required 
to facilitate accurate recording by use of the SR-4 gages. The output of the SR-4 gages was monitored with 
an SR-4 indicator. Calibrations of the confining rings were performed previously as described in reference 4. 

EXPERIMENTAL PROCEDURE 

Preparation of Test Specimens 
13. For the tests of undisturbed samples, it was mandatory to develop a trimming operation. The 

trimming procedure involved placing the waxed soil sample in the hydraulic press along with the sample 
trimming equipment. The important feature of the trimming equipment is the trimming ring. The trim
ming ring has a 4-in. inside diameter, equal to that of the confining ring, but the outside face is beveled 
to form a sharp cutting edge. The outer face of the ring has a shoulder that fits the outside diameter of 
the 1.0-in.-thick confining ring. When the confining ring and the trimming ring are pressed together, an 
integral unit is obtained that can be forced into a soil sample in a manner similar to the use of a thin-wall 
sampler in a field sampling operation. Excess soil and wax were trimmed away with a knife as the trim
ming ring was forced into the sample. When the trimming ring had penetrated the soil a sufficient distance, 
the ring was carefully removed and the soil specimen was trimmed level with the height of the confining 
ring. Sample trimmings from each test specimen were set aside for specific gravity, Atterberg limits, and 
grain-size determinations. Water content samples were also taken from the Shelby tube sections before and 
during the trimming process. 

14. The tare weight of the confining ring is known along with its dimensions. Therefore, the 
weight of the ring and soil specimen furnishes sufficient data to calculate the initial density of the soil. 
With the specific gravity and water content data, complete weight-volume determinations can be made 
for the test specimen. 

15. The final step is to place the confining ring on the baseplate and to assemble the confining 
ring assembly. A height determination for the assembly is made in a dial comparator to an accuracy of 
0.001 in. Because the height of the assembly itself is known, the dial comparator reading furnishes a 
check on the initial height of the specimen. 

16. The remolded specimen was compacted into the trimming ring with a Vicksburg tamper after 
soil batches were properly mixed to the desired water contents and allowed to equilibrate for 24 hr. The 
soil specimens were compacted in two layers with nine evenly distributed blows per layer. The height 
of fall of the 4-lb hammer was varied to obtain the predetermined dry densities. 

17. The compaction energy varied from 0.2 ft-lb/in.3 to 1.1 ft-lb/in.3 of soil. All remolded speci
mens were prepared with the compaction tamper except the sandy silt specimen at a water content of 
27 percent. In order to obtain the desired density, this specimen was prepared by hand-placing the soil 
into the confining ring. After compaction, the trimming was carried out in the same manner used for the 
undisturbed specimens. 

Test Procedure 

18. The confining ring assembly was placed in the static test machine as shown in fig. 3. The dial 
indicators were set at zero under the load of the piston itself which corresponds to a stress of approximately 
1 psi. Succeeding loads were applied in predetermined increments and held until the dial indicator and 
radial stress observations were made. A similar procedure was followed during unloading; however, at zero 
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applied load the soil specimen was allowed to rebound for approximately 5 min, whereas the load incre

ments required approximately 1 min for completion. All tests were loaded to the 20,000-psi stress level or 
soil extrusion prior to the 20,000-psi stress. 

19. Upon removing the confining ring assembly from the test machine, the height was determined 
with the dial comparator. This reading was compared with the initial dial comparator reading and served as 
a check on· the residual deflection. The confining ring and specimen were removed from the assembly and 
a careful inspection was made for extrusion before a final water content determination was made. 
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PART IV: TEST RESULTS AND INTERPRETATION OF RESULTS 

20. The individual test results are tabulated in figs. Al-Al2. The soil index properties are presented 
as well as the individual test data such as axial stress, axial strain, secant modulus, and corrected radial 
stress. An attempt to correct the measured radial stresses has been made by dividing the load determined 
from a hydraulic calibration on the full height of the ring (1 in.) by the actual height of the specimen. 

21. These results have also been plotted in the form of axial stress versus corrected axial strain, con
strained modulus versus axial stress, and corrected radial stress versus axial stress. The data points have not 
been shown on the plots because none of the points deviate from the curves. The axial stress versus axial 
strain plots for the 12 static tests are given in figs. Bl-Bl2. Similarly, the constrained secant modulus ver
sus axial stress plots are given in figs. Cl-Cl2 and the radial stress versus axial stress plots in figs. Dl-Dl2. 
The boxes in the upper left corner of the figures contain initial weight-volume data for the samples. 

22. A summary of the static test data is presented in table 3. For each test the initial degree of sat
uration is given. At the maximum axial stress the corresponding values of axial strain and the ratio of 
radial stress to axial stress (denoted as K0 ) are given. A pseudo-Poisson's ratio (µ) has been calculated as
suming that elastic theory is applicable. The residual axial strain and the ratio of residual to maximum 
axial strain are also presented. A notation is made in table 3 wherever soil extrusion occurred. Otherwise, 
the static test results can be interpreted in a straightforward manner. 

STRESS-STRAIN RELATIONS 

23. A summary of the axial stress-strain relations for the undisturbed samples of silty clay, com
pacted samples of silty clay, and compacted samples of sandy silt are shown in figs. 5, 6, and 7, respec
tively. The axial stress-strain curves for all static tests were concave toward the stress axis throughout 
the complete loading cycle; therefore, the compressibility decreases as the stress level is increased. The 
absence of the small initial concave downward curvature in the stress-strain diagram of the compacted 
samples is believed to be caused by the negligible pre load effect because of the low compaction energy 
necessary to yield the desired dry densities of 80-88 pcf. The unloading portions of the stress-strain 
curves, which are shown on the individual test plots in Appendix B, are very steep at high stress ranges, 
but the slope decreases at a stress of approximately 500 psi. Table 3 is a list of the maximum axial 
strains and ratio of the residual strain to maximum strain for all tests. The maximum strain at the peak 
stress of 20,000 psi varied from 0.299 to 0.457 in.fin. The ratio of residual to maximum strain varied 
from 0.85 to 0. 96 for all test specimens. ,,, 

24. The stress-strain relations of the compacted <?r remolded samples of silty clay given in fig. 6 
show the effect of the initial degree of saturation for a dry density similar to field conditions. As the 
initial degree of saturation increases, the strain at which the stress-strain curve turns abruptly upward is 
reduced because of the amount of pore air decrease. However, the stress-strain curves shift downward 
toward the strain axis at low stress levels for samples with increasing degrees of saturation. Thus at 
low stress levels the samples with a high degree of saturation are more compressible than those with a 
low degree of saturation. However, the wetter specimens reach 100% saturation at lower strains and 
become stiffer than the dryer specimens at lower strains, resulting in a crossover of the stress-strain curves 
as illustrated by tests 7 and 8 in fig. 6. Also, variation of the dry density at a particular initial degree 
of saturation indicates a more compressible soil structure at a lower dry density as shown by tests 6 and 
7, fig. 6. The behavior of the compacted specimens of sandy silt is similar to that of the silty clay; 
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however, extrusion of the specimens with a high initial degree of saturation (tests 11 and 12) distorts the 
true confined stress-strain curves (fig. 7). The calculations of strain at pressure saturation indicate a modi
fication of the stress-strain curves for tests 11 and 12. The strain at saturation can be readily calculated as: 

e= 
t.e 

1 + e. 
l 

( Sri ) 1 - 100 ei 

1 + e. 
1 

in.fin. 

where ei is the initial void ratio, Sri is the initial degree of saturation, and € is the axial strain at satu

ration of the specimen. 

25. The stress-strain curves for the remolded samples approximate the shape of the curves for the 
undisturbed samples as shown in fig. 5, but the behavior is different. Tests 3 and 4 were plotted as one 

curve because the difference between them was not distinguishable. In general, the behavior of the undis
turbed samples is similar to that of the compacted samples of silty clay except that the undisturbed samples 
are less compressible in the low stress ranges (less than 2500 psi). 

26. The shape of the stress-strain curves (concave upward) for the undisturbed samples at the 
shallow depths is indicative of uncemented soils. This behavior is contrary to the behavior at greater depths 
as reported previously. 4 The data in reference 4 indicate an initial concave downward stress-strain diagram 
and then a change in curvature as the stress level increases. With an increase in stress, the stress-strain dia
gram is concave upward as the initial stiffness due to preload is destroyed. 

27. A typical variation of degree of saturation with depth for the Watching Hill site is presented in 
fig. 8 as determined from undisturbed specimens reported in references 4 and 5. These data are given for 
the purpose of enabling one to select the appropriate stress-strain curve from this report that is consistent 
with the degree of saturation at the particular depth for which the high-pressure moduli are desired. 

SECANT MODULI-STRESS RELATIONS 

28. Many of the ground motion problems in protective construction can be approximated by assum
ing that the displacements occur in the direction of the stress-wave propagation. Under these imposed 
strain conditions, the constrained modulus is the significant property of the soil controlling the ground 

motions. A constrained secant modulus of deformation Ms is by definition the ratio of the axial stress 
to the axial strain under conditions of zero radial strain. 

29. All the graphs of the secant modulus versus axial stress are shown in figs. Cl-Cl2. The shapes 
of the modulus-stress curves follow directly from the changes of the stress-strain curves just examined, 
and thus require little additional discussion. The secant moduli vary linearly with axial stress for both the 
loading and unloading curve. The secant moduli are dependent on the initial degree of saturation, initial 
void ratio, and the axial stress level. The lower bound secant modulus of deformation for stress levels 
above 3000 psi can be approximated by 

M =---
s (1 -Sri ) e 

100 i aa 
------ + -----

1 + ei 300,000 psi 
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for the soils tested in this study. The average unloading secant modulus from the residual strain intercept is 
given by 

AXIAL STRESS-RADIAL STRESS RELATIONS 

30. At any given stress level, the ratio of radial stress to axial stress is denoted as K0 . In this 
series of one-dimensional static tests full drainage could not occur; therefore, the ratio of radial stress to 
axial stress determined for these tests is essentially in terms of total stresses. 

31. In general, the value of K0 is closely related to the degree of saturation. As the degree of 
saturation increases, the value of K0 increases and approaches a value of unity for saturated soils. Be
cause the degree of saturation depends on the axial strain, the value of K0 can vary continuously 
throughout the test. The values of K0 presented in table 3 vary from 0.38 to 1.00, and a pseudo
Poisson's ratio varied from 0.28 to 0.50. 

32. In situ, K0 may be considered as unity for soils below the water table. For soils above the 
water table having high degrees of saturation, by capillarity or otherwise, the value of K0 will be 
nearly unity. Where the water table fluctuates, as it does at the DRES, the values of K0 (and secant 
modulus) will depend on the applied stress and the degree of saturation existing at the time a field test 
is performed. 

33. During the unloading cycle, the radial stresses are reduced at a slower rate than the axial stress; 
this causes a concave downward curve that lies above the loading curve. Therefore, values of K0 often 
exceed unity during unloading. 

FORMULATION OF THREE-DIMENSIONAL STRESS-STRAIN RELATIONS 

34. The test data given in Appendix A have been used to compute: (a) octahedral shearing stress, 
(b) octahedral normal stress, and (c) octahedral linear strain; tabulated data for each test are presented in 
Appendix E. From these data, graphs have been prepared of octahedral normal stress versus octahedral 
linear strain; the graphs are presented in Appendix F. The relations between octahedral shearing stress and 
octahedral normal stress are given in Appendix G in the form of graphs. 

35. A detailed discussion of the data in Appendixes F and G is beyond the scope of this report ; 
only general comments will be made. Such data are useful in the formulation of generalized stress-strain 
relations for soils. For instance, the graphs shown in Appendix F show the average principal strain or 
octahedral linear strain which results from the average principal stress or octahedral normal stress. The 
slope of these curves is equal to three times that of the bulk modulus of the specimen. Note that in all 
instances the curves in Appendix F become very steep at some value of the strain. This value of strain 
is essentially that required for the soil to become fully saturated. The numerical value of the strain at this 
point is dependent upon the initial degree of saturation and the initial void ratio. At higher strains the 
bulk modulus is equal to or greater than that of water. 

36. The data presented graphically in Appendix G are useful in establishing yield criteria to be used 
in multidimensional computer programs. Note the curves for tests 9, 10, 11, and 12 which show a nearly 
linear relation between octahedral shearing stress and octahedral normal stress during loading. This is not 
surprising since these samples were silty sand, and the shearing resistance of sand increases linearly with 
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normal pressure. Note that the specimens of relatively dry silty clay, tests 3, 4, and 5, showed the same be
havior because the initial degree of saturation was low and the specimens probably never became saturated. 
Thus the shear strength increased with pressure throughout the entire test. Note the results of tests 2, 6, 7, 
and 8, however, where the octahedral shearing stress approaches a constant as the octahedral normal stress 
increases. In each case the specimen has become saturated and is behaving as if </> = 0 beyond the pressure 
at which the curve turns horizontal. In each of these cases the soil is a silty clay with a relatively high ini
tial degree of saturation. 
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PART V: CONCLUSIONS 

37. The following conclusions were drawn from the investigation: 
a. The degree of saturation and the initial void ratio are the most significant variables govern

ing the one-dimensional stress-strain relations of soil at high pressures. 
b. For pressures exceeding 3000 psi the compacted specimens and undisturbed specimens of 

Suffield soil yield the same relation if the initial degree of saturation and initial void ratio 
are identical before loading. 

c. A lower bound to the secant modulus of deformation Ms at a given level of axial stress 
a a is given by 

aa 
----- + -----

1 + e. 
l 

300,000 psi 

for both compacted and undisturbed samples of fine-grained soil subjected to pressures 
greater than 3000 psi. 

d. The average unloading modulus of Suffield soils subjected to pressures greater than 3000 
psi is approximately 10 times the loading secant modulus of deformation Ms . 

e. It is probable that the stiffness of the Suffield soils when unsaturated will be greater under 
dynamic loading than the static values given in this report. Previous comparisons of static 
and dynamic values of constrained moduli of Suffield soils (reference 4) have shown that 
the dynamic values are twice the static values. This observation is consistent with similar 
comparisons for NTS Frenchman Flat silt (reference 7). 
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Table 1 

Description and Classification of Soil Samples 

Test Sample from Depth Unified w LL PL 
No. Distant Plain 6 ft Description Classification % % % Gs 

1 Undisturbed sample 1, 0-0.5 Brown silty clay, with CL 19.9 37 19 2.63 
boring 2-U sand, trace of 

organic matter 

2 Undisturbed sample 1, 0.5-1.1 Brown silty clay with CL 19.1 38 18 2.66 
boring 2-U trace of sand 

3 Undisturbed sample 2, 1.2-1. 7 Brown silty clay CL 8.3 42 21 2.69 
boring 2-U 

4 Undisturbed sample 2, 1.7-2.3 Brown silty clay CL 9.0 44 23 2.69 
boring 2-U 

5 

6 
Remolded sample, 0-5 Brown silty clay CL 34 16 2.69 

7 boring 5-U 

8 

9 

10 
Remolded sample, 5-22 Brown sandy silt ML 20 19 2.67 

11 boring 5-U 

12 



Test 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Type of 
Sample 

Undisturbed, 
0-0.5 ft 

Undisturbed, 
0.5-1.1 ft 

Undisturbed, 
1.2-1. 7 ft 

Undisturbed, 
1.7-2.3 ft 

Remolded 
silty clay, 
0-5 ft 

Remolded 
sandy silt, 
5-22 ft 

Dry 
Density 

'Y di I pcf 

86.2 

83.3 

77.5 

76.2 

85.8 

79.2 

85.2 

85.4 

89.0 

88.0 

88.5 

88.0 

Table 2 

Initial Specimen Data 

Water 
Content 
wi, % 

19.9 

19.l 

8.3 

9.0 

4.8 

9.7 

9.8 

19.6 

3.1 

8.1 

15.0 

27.2 

Degree of 
Saturation 

Sri I % 

58.0 

51.2 

19.1 

20.1 

13.5 

25.3 

27.1 

54.3 

9.4 

24.1 

45.0 

80.3 

Void 
Ratio 

ei 

0.902 

0.993 

1.170 

1.200 

0.960 

1.120 

0.972 

0.970 

0.876 

0.898 

0.888 

0.898 

Specific 
Gravity 

Gs 

2.63 

2.66 

2.69 

2.69 

2.69 

2.69 

2.69 

2.69 

2.67 

2.67 

2.67 

2.67 



Table 3 

Summary of Static Test Data 

Ratio of Residual 
Strain to Maxi-

Initial Value Initial Peak Poisson's Ratio Residual Strain mum Strain 
Sample Type , in.fin. ea , in.fin. Sr, % a , psi € 

Ko µ = K /1 + K € /€ Test No. and Location a am ax 0 0 resid aresid ~ax 

l* Undisturbed, 58.0 16,000 0.292 
0-0.5 ft 

2* Undisturbed, 51.2 2,500 0.284 0.94 0.48 
0.5-1.1 ft 

3 Undisturbed, 19.1 20,000 0.454 0.55 0.35 0.424 0.93 
1.2-1.7 ft 

4 Undisturbed, 20.1 20,000 0.457 0.39 0.28 0.424 0.93 
1.7-2.3 ft 

5 ' 13.5 20,000 0.399 0.48 0.32 0.377 0.94 

6 I Remolded silty 25.3 20,000 0.437 0.89 0.47 0.418 0.96 
clay, 0-5 ft 

7 27.1 16,000 0.385 0.89 0.47 0.366 0.95 

8** 54.3 11,000 0.253 1.00 0.50 0.244 0.96 

9 ' 9.4 20,000 0.340 0.41 0.29 0.305 0.90 

10 I Remolded sandy 24.1 20,000 0.370 0.41 0.29 0.316 0.85 
silt, 5-22 ft 

11** 45.0 20,000 0.358 0.47 0.32 0.304 0.85 

12** 80.3 20,000 0.299 0.38 0.28 0.262 0.88 

* Soil extrusion at initial peak axial stress. 
** Water extrusion. 
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ONE-DIMENSIONAL STATIC TEST DATA 

Test No . ______ 2=--------------

w 1 I 9. I 
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ONE-DIMENSIONAL STATIC TEST DATA 

Test No. 3 Soi I Type Un J;.s +wrbcd Soi I Location Ds.pth /. z - '· 7 ft-. 
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c '"'" 
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' 
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Lw ~z .,0 p 
• z ( .,0 C lo'ssi f i cot ion Brown Si 1+1 Cl-.y (cJ..) 

Axial Axial Se cont Rodiol Degree of 
Stress Strain Mod~lus Stress Saturation 

<T 0 fo t:T r Sr • 
Axial Axial Secant Rodia I DeQr• of 

Stress Strain Modulus Stress Sot~otloo 
<To •o M, <Tr r 

psi in./ in. psi psi ,.0 psi in./in. psi psi «fo 
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ONE-DIMENSIONAL STATIC TEST DATA 

Test No . 4 Soi I Ty pe Uadi.sf..,.rbcJ Soi I Location Dcp+b /. 7- 2 . 3 -ft. 
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ONE-DIMENSIONAL STATIC TEST DATA 

Test No . s Soi I Type Be mg l,lg.i Sot I Location o.,t1i 0 - s ft. 

S; lt'I Clay a., Sam ala. 
r ' 

D;r.feof P/11;«' 
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O' Q •o '1' r • 
Axlal Axial Secant Rodlol OeQftt of 
Stress Strain Modulus Streat Sot\otion ... . " Ma tT r 

psi in./ in~ psi psi .,. pat ln./in. psi ptl ~ 

0 0 0 11000 0 .3Jl 43SOO 8010 
IO O· or i 1000 0 18000 " · 39 3 4'000 8SOO 

so 0.031 1300 ID 19000 (). 397 48000 9090 

100 0.062 1600 11 2,()(')00 _a. 39' 50000 9,00 
200 o. 031 2100 106 11soo o.3,, 43800 9350 
300 o. 122 2500 I .3 I 15000 0.3,B -,7700 8850 
400 0 . 14 I 2800 212 1.2500 0.,,7 31500 8250 

500 0&153 3300 .225 10000 o. ,,, a5~o~ 1500 
,00 0.1, 1 3600 281 ,000 0·3!t2 1$)00 ~500 

800 o. 188 A2oo 365 4000 o.,,o 10200 4350 

1000 0 .205 4900 495 2000 o.388 szoo 3050 

1500 o. 233 'soo 150 1000 0. 36~ 2,00 2230 

2000 0.25, 7800 1001 500 o.383 1300 11ro 
2500 0.212 r;J 2.00 1260 200 "'38 2 Soo 1400 

~(.)00 a.28' lt>soo J470 /00 0..382 300 1320 

3500 o. 29, 11 800 t7~0 50 o. )80 100 1220 

4000 C. 301 13000 f 950 0 0.377 0 100 0 

soao 0-~23 15500 24ZO 
,000 0.333 18000 2810 

7000 0 .343 2oAOO 3360 

8000 0. 351 228CO 3820 

9000 o.351 25ZOO 4300 
-

10000 o. 3,, 2 7 'Of:! 4870 
tlOOO o.3,9 2!}800 5170 

12000 0.3.74 32100 !>630 
13000 o.318 34400 '040 
t4000 o.3gz 3(.700 6500 

ISOOO o.,,, 39000 1000 

,,000 (). 38, Al2.00 7500 

Fig. AS 



ONE-DIMENSIONAL STATIC T!ST DATA 

Teat No. 6 Soi I Type Fl• me I.le cl loll L.M•tlon o.,+11 Q - $ ft. 

S;lty Cl•>f .,., hftl'/c I Di.J •• t PJ.10' 

., 1 .z ~ S,1 2s.3 ~ )'I 86.8 pcf r ,, 11.1 pcf s. 2. ,, e, 1.1'&0 

Lw M -,. p 
• L fa ~ Clo11lf icotlon Sca 1ua .$1 Jt"f "'•>t< (CL) 

Axial Axial Secant Radial Deoree of 
Stress Strain Mod~lut Stress ~~ion r. •• tT, • 

Axlal Aalol Secant Redlol 

~:.i:: Streat Strain Modl\'."' •. , ... 
"· •• r • 

pal In./ In. psi pal ~ ,,, lft./lft psi ,., ... 
0 0 - 0 f 1 Jooo 0.4 z -4•800 -

10 o.ooJ 1000 0 
. 

.,000 o.4.3S 43100 -
50 o.o.BI ,00 l. f 10000 "· 437 4~10~ -
/0() 0.147 100 56 115-0 .0. '4 ,, 40000 --

200 0 .. 219 900 122 15<»0 D.4J' 34500 -
300 o.ass 1200 ,,, 

12~00 o. 434 2.881JO -
AOO 0.284 /400 25) 10000 0.433 23100 -
500 0.301 1100 2, 7 z. llUO o.4.32 11500 -
,00 0.313 1900 290 'ooO o.43• 14000 -
Boo o. 3.3, 2400 .0) 4000 o ... ,o 9300 -
1000 o.352 ~8tJO -41~ 2. ooo o.A30 A'~o -
1500 o.374 4coo 760 tooo ' o. 428 ..e3oo -

• 

2000 o.3,o 5 I oo t '75 500 o.~a' 1200 - • 

2500 o.4ol 62tJO 12,0 200 O • .f2S 500 -
~CIOO o.408 7300 1490 100 0.42.f 2.oo -
3!300 Oo413 8500 1790 so 0.4ZJ /00 -
4000 o. 4 I' 9,00 2.130 0 o.411 0 -
5000 o.At' 12000 ~800 

'°°o o.420 l43bO 3A50 N•~: S~r.:1 IO"\ "'.,-. ~ ._.. .. 
7()00 o.422 "600 4600 co .. f;,..;,, 

I 
,.;,.~ 'li&l~~J Q.+ Or\ 

8000 0.423 j9000 5520 A1'illl ~ t+,..,.,, o· i: 1-t, • 0 p~J. 

9000 0.42~ 21200 ,330 

10000 o.424 23600 7300 

11000 o. 425 25900 8250 
12.000 o,,42' z1100 9180 
14000 0.428 3Z1tJO II 400 

15000 o.430 35000 ii 'oo ,,000 0.430 37300 - ' 11a~o 0.'3J 3'500 - i 

Fig. A6 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . z Soi I Type R&m o 14 c.J. Soil Location '21.ctb 
' 

o-5 ft-. 

S; lty Cl•y 89~ Sam~ls. I 
Q,·.t.0 t Pf•io f> 

w 1. , . 8 .,. s,, 27. I .,. r, '3 . .$ pcf r di 85. z pc f s, ? . E>'f 
•1 Q•''' 

Lw ~~ .,. p 
• l" ~ C los1if icot I on Brown Salty Clay (CL.) 

A1lol Ax lol Secant Rodia I Dfqee of 
Stress Strain Mod~~UI Stress smus~ion ... •• CT r 

Axial A xiol Secant Rodiol Qeoree of 
Stress Strain Mod~·:· Strns Sot\°"°" O'. •a ., 

psi in./ In. ptl psi .,. ps I In./ in. p1f ptt ~ 

c 0 - 0 15000 0.385 ,,ooo IAOoO 
JO " · 00,, 2000 0 12soo 0.384 32,00 12200 

so 0.024 2100 56 /0000 o.383 2'/00 11800 

too o. ()17 I 100 IOI gooo o. 381 21000 8750 
~00 0.151 I 300 Ir 9 4000 o.38o 10500 ~350 

300 0 . 193 1500 18Z 2000 o.318 5300 3500 

400 0.120 I 800 248 1000 0 . 37{, 2700 a.510 

500 ~2'14 2000 a Bo 500 0. 313 1300 19~0 

100 0.257 2300 372 
rloo 0.210 2900 512 

200 0.311 ~00 1tzo 
100 o. '310 300 1410 

1000 O • .l,5 3400 581 50 o,3/g 100 1390 
ISOO o. 322. 4700 1~5 0 0.3,, 0 1190 

2000 o.,38 5900 1250 

2.500 o.3A9 1zoo 1550 
3000 0.3,0 !300 IJZO Note : AK ; .. I 1 ... c1 \J ... ., ,+., ,,.~ .. + 
3500 0 .3,5 ,,00 22,0 I 6.1 ooo f Ji bee .. ,,. •'- .+ ,, f'&C. j +"I 
4000 o. ?>'8 llJ900 2180 of f) f,.11 , .. , .. ,. I •tt C• .,, ,. ; .. , 
sooo o. ~1Z 13400 3830 

• ,.,_, . 
1000 o.31'4 , ,~ 00 49 00 

1000 0.,77 1B too ,080 

800~ 0.373 21100 7550 
. 

gooo 0.310 23100 8000 

10000 o.38o 2,300 8950 
11000 o. 361 28900 'J100 

12000 0.382 '1500 /(),00 

13000 o.3R3 34()00 11500 

14DOO 0.383 S''oo IZ300 
. 

15000 o.31A ,,/00 J3200 
f '000 0.385 Al5oo 14ZOO 

Fig. A7 



ONE-Ot..:NSIONAL STATtC TEST DATA 

THt No. a Soll r,,. R&mell.4' Soil LocotlOft Dc.,tb A - S ft. 

$1 It._ ''A.'f a., , •• ,.,.at Di,1.ot Pfa10 ' ., i!.6 ' s,, ~,.;a ~ 71 l02,Q pcf ,_. l.f..~ pcf s, a.~! lj Q.!ZQ 
• 

Lw 34: ~ '· 
, .. 

' Claulflcotl• lJroq•n Silty C/a'I (c~) 

Axial Aalol Se cont Rod lot Oegi• of 
Strett Strain Mod(u• Str1•1 ~ v. •• ti', 

Axlol Axlol Secant Radial De91"91 of 
Str•tt Stroln Mod~I:• Strfft Sot,at~ v. •• O'' 

pal lft./ ift. pal psi ' Ptl In./ ift. ,., pal ~ 

0 0 0 0 ~oo• 0.241 2Jf 300 {,(')0 0 

10 o. ozz 500 0 1000 o.z4a 2azoo 1coo 
50 o.tl6 300 0 8000 o.2so 3zooo 1110 
100 o.ZZO 500 12. 9000 o.2s1 3'000 8880 
150 o.zzl 100 41 10000 0.252 39700 9150 

200 0.230 t]OD ,, //()()/) o.2s3 43,00 11 ooo 
300 c.'Z"S\ 1300 19' 8000 (). 25 '1 31100 8COO 

• 
400 (). ZJZ 1100 27' ,()00 o.zso 24000 6 OIJO 

~00 o.Z32 22DO 351 40'>0 o.z4~ , ,000 
, 
4040 

. 600 0.233 2600 480 3(')00 ().t. A8 12100 3070 

100 ('), %J4 3000 SBB 2.oOO c. Z4 7 81~0 2010 

800 o.ZJ~ 3400 'BS 1000 o.Z 4' 4100 IO I 0 

900 0.2,4 391JO 14~ soo 0.24, 2000 '100 

1000 0.2~ 4300 850 2.00 o.ZA' Boo 2.S' 
Ir o o (). 23 5 4100 B30 100 o.246 400 I 34 

o.235 -. 975 So 0.24, 200 91 
llS~ ().23.5 41•0 '() 0 0 CJ b.2A .. 0 3, 
~21!J 0 .l3' 5400 , ' '0 
/500 o.2J1 430e> 1340 Note~ w•+~r 'l.. JC t,-,.. 5 io.., -.+ 
J,00 0:23B '100 14,0 re= <fr 00 p~i; .:... 2 , ..... ·f ..., *'"'"". 
t801 O.Z38 1•00 ,, ... 0 Load i "1 ""' •..S ~+opp&• .1-

2.000 o.z,, 8Aao 1830 I 11 o o o p~I I>& ~A "'SC. 0 F-

ZZ50 o. 23'- 9400 2080 c --/'"< ,; +y of: ~+,. .. ;,,. Cl ", &.S 

2500 O.Z40 10~00 2. J 10 0,, f' •• co,,f; '" ;,, " ,..;, '1. 

27iJO o. 1-40 I I S"o Z''O 
300() o. 2 40 125•0 2.jZO . 
3SOO 0.24 2 14540 3400 
4000 0.244 ''400 3,300 

5000 0.2 4' 20300 !S 000 

Fig, A8 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No. _ ...... 9...,__ ____ _ Soil Type Re.mo /d.e.d Soil Location Dc.,o+h s-zz f+. 

Sendy Silt 8ocin1 s-ub Q;,ta0t PJg;,, 6 

WI 3. I ciro Sri '1.4 "• Y 1 'f2.o pcf Ydi 89.o pcf S, 2.p7 ei o. 879 

Lw zo 'ro P w _...._/ ...... 'f _ "• C loss if i cot ion _ __.8__.._r"""o-=\.N=a....___.5-=Q "'"""_,.d..,.t--=S~;-'-l±..__ _ _..C_,m~4..y.) ___ _ 

Axial Axial Secant Radial De9ree of 
Stress St rain Modr,.tus Stress Saturation 

CT 0 •o CT r Sr I 

Axial Axial Secant Radial Deoree of 
Stress Strain Modulus Stress sotusation 

CTo ~o M, CT r r 
psi in./ in. psi psi "· psi in./in. psi psi cir. 

a 0 - 0 ~7t:JDD . .330 5/.SOD &>A~O 

/0 .oo.8 /Z.S'O 0 /lflOOO .!$!J~ ..5-1-ooc ?Z.40 

f o ·O!J~ /S/5 J7.I /Qoo~ .3~ 51,,Uoo 7~0 

/OO .~D 2000 48.-1- ?'t:)CJ!DD ·3+0 Sil $//.,5'0 

?oo .ot;,~ 3 t:J~o /08 . /75~ . 3.3, 5/uo" 79So 

.3a::J ·08~ -::r~z.o / "'ttl.5 /5000 -3~~ 4~~00 7580 

~00 • ' tt::" 4'zzo /-73 . /Z.SOC ,939 $1000 7oz.e> 

fO() ./05 4-750 247 /0000 ·3~8 29t;t>O ~3/0 

t-oo ·II~ .irz.so 270 ~ .33~ 2 5•"1t:J 

~"'o · IZ'l> ~Z/:)D 370 M.!'Ja:> ·.33Z /8/DP -1-~/0 

'/~/ ?'/oo 460 4.~ . 33/ /Z./Ot? ~z.so 

/500 , 1•?> ~zoo ~/.:5' ZOOeJ .!JZIJ ~/Oa ~CJiO 

~ ./~+ /0 0 J:l~ /ooc ·~Z.~ 3/00 2. " z.soo ./~9 /,-,,,, - - 9--J~. ..500 . 3z1:> /.5/trO /t::JJ~o 

~ . ?/Z ,,~ "'.5o /Z25 2'10 '~/7 &15&> /..5..So 

~5ao · ZZ3 /.Jlj"' -o -~~o /00 -$/~ .3/&, ~00 

~aoo . z !511§. /7/SO / /_,,,, ~t:J 5tt> .!J/~ /.5''?> /Z D 

.5~ '241fl ZO/~C 20ZO 0 . !Jo5 - ~.Ro 

~ - - ·Zli/ 2.3~ ~,Atfo • 

7.i . 2'7Z. 2.5'700 2Jfl5o 

. ZJll/ 2 6!10 .!JZ7tt> 
....... . ZJilOJ /OD ~s~o "J 

/, ·Z9(, '00 ./.oo~ 

//COC ._,o!j ~~vD 

. 
/ °"'" ·.3~ 3 4?,540 

/lllDCC :315 ~/~-- $/&10 

,~ 

" . ~Ze:> .A_~ ..5.,0 I 

/$t:JOO . -~Z iJ ~ ,,_ ,., -~ .£9~0 

/~et:>() .!Jz7 1 A01000 "31i0 

Fig. A9 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . ~/;_o ______ _ Soil Type Remo/Jed Soil Location Dcptb 5-zz ft. 

W I 8 . l 

Lw 20 

Axi a l 
Stre ss 

O' 0 

psi 

0 

/O 

5o 

/DO 

2on 

~Lll'l 

4~ 

5oc 
(,oo 

t:I 011!::1 

/ODD 

/.~~D 

2.D~ 

Z.Soo 

3000 

3.Sat> 

4ooa 

i<,- • 

/... - ---~ .J 

7000 

~-- ---J -- ...., 
/ , 

//r- 1 

/?/'l i<O /'J 

/~o~o 

/~--o 

/.~ 

/~ODO 

Fig. AlO 

S .. 0 dy S; I± Bor'•"'t 5-y, 01~to0t Pt. io 6 

'70 Sri 2+. 1 ~o )' 1 95. 3 pcf rd i BB. opc f s, z .&7 e i o . s,a 
'70 P _ _ ..._I ..... <f_ ~o Classi f i cat ion Sr-o"Yn .S"'ady S;Jt- (mL.) 

Axial Ax ial Secant Radial De9ree of 
Stress Strain Modulus Stress Sat~tion 

O"o •o M, <r r 

Ax i al Secant Rad ial Degree of 
St<ain Mod~lus Stress Saturation •o O", Sr • -
in./ in. psi psi ~o ps i ln. /in. psi psi ~o 

0 - 0 / 7~~ . .!J(,"Z... ..J. ?C~O ~77D 

· o07 /~IJO .J~ . ~ /Q ~ -~~ 4- ..... loc 7t() 

· 03/ //, / 0 tl~.5 /.~ - - - · ~t,,7 ..5/7DO ?.5.t:ro 

·aS9 /~g.5 ~a z~ . ~7t::> 5~DDD 'Soso 

.~- 2//,.0 /3'L /7$00 . ~70 47~"" 77$0 

. //.S 2~/D /,IJ /5~ -3&.' 4/900 7+00 

· /!J/ !IOSD Z/'Z- /Z$'0D - ~" .'-~9ot() ~A!Je> 

. /#Z. .35Zo zz.~ / DDOO - ~•7 27Z,OO ~/Z,,lf) 

. /5/ ~'70 :Jo~ ~--· . ,!$(," 2 / l!l.LOO ~54-o 

-171 .-1~7D ~4~ ~0017 . 3(,4- /~.S'°° ,47 0 

./ _-rA-;1,,.0 .4.So "'-.oo . ~ //~<'O 39Dt:I 

· Z/O 7 /,,,.() ~ J./ ZDCD . .!158 55~&> Z7J,o 

/ 000 . .!ISi- '7'27.0 / '}~5 - Z3D 870D o--I 

. z/I /~zS~ /O~ .::Foo . 34~ / # f!Je> / 4 / o 

. 2.57 //'7t()0 /Ua zoc . ~-"S ~-•o //~O 

- 2~7 /!J/"0 ~s- / e>O . 31.Z. Z.9'L 7Z~ 

.z.7~ /~ ~ .... 4' //,.-/_" f o . . ~~~ /,,.7 ff/. 

· 290 ,; , -'LO ;/!1"1<°LJ 0 . ;:$//,, 0 ~ .. "7 

· ~D/ /90"D """o 
. 3 / Z zz+o" ZR3D 

· 3Zo z.sooo ~z...so 

. 3Z. (, 2.71100 3.S~n 

. 333 .$0000 4 

. .33c:?> ::f 7 ..-.t'ln 4_~J.o 

- ~ii- :f.tt.9cn -4 7t,o 

. ::tL« 374-co f/?0 , 

·-~Sz ~#!JSoo f.$.SD 

. ~(# 42./oD f85D 

. ~(,O ~ ~L'e> O . ~!$DO 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . _..._/...:....'/ ____ _ _ Soil Type Rcmold.c.d Soil Locat ion Dco+b 5 - zz ff. 

W j 15. 0 "o Sri 

Lw zo 

Axial 
Stress 

CTo 

ps i 

0 

/0 

f O 

/ DO 

~00 

~00 

.400 

Joo 

"DO 

~""' 
/ 

/.SOD 

Zooo 

2.SDD 

!jooo 

,.500 

400t!> 

fOOo 

&.ooo 

7eit:>O 

-
'-' 

/ DOOO 

//o()u 

/ Zo()O 

/ -:to()O 

A()O&'> 

/.5000 

/ /,,,otJo 

~. p • 

Axi al 
Strain 

•a 
in./ in. 

D 

.D/O 

. a"*~-

· D74-

·/01 

. /Z.O 

. /.~(# 

. /H 

. /.5~ 

. /1#7 

./ 

. zoa 

. zz~ 

. z37 

. z.50 

.z.ss 
· Z '1- 8 

·Z83 

· 29~ 

. !jo~ 

. !J/ 0 

. ~/ ~ 

· -JZe:> 

. ~(p 

· 331 

. 3.,(, 

. !J4.J 
....... . I I 

. .!J4.S 

I 

s~ad y S; Jt Bori"'1 5 - YJ Q,·.:.t•11i pt .. ;a b 

+s.o "0 Y 1 101.a pcf rdi 88.Spc f 5
1 

2 . 97 ei o. 888 

l"l "o Classi fi cat ion Brown S.,,J)" S ; /t= (ML.) 

Axial Axial Secant Radial Oeoree of 
Stress Strain Modulus Stress SotUS~tion 

O" 0 •a M , O" r 

Secant Radia l Degree of 
Mod~lus Stress Saturation 

O" r s, I 

psi psi 4'o PS I in. / in. psi psi °lo 

- 0 /70~1!> . .!Jso 48.SOD 70,." 

/Ono 0 / Rt>Do . .!l~'J $/Dt'JO ~,10~ 

/DDli~~ ~.~ /901>0 ·~ 5'.sac R7/D 

/ ~~Ill:" ~7. fl zoe>i:>o . 3-Sa .5.S"I'oa 9!Jo~ 

/ "3#.n / '9~ / 7.500 . .!JSIJ ""'~~.00 •~ .. o 

Z.Soo 2-'5°{, /Jt:>e>" . !JS -I-/ 900 So 

Z9~o ://4 / Z.SDD . ~SB ~9C>l. 7.Soo 

M-70 ~3D /~O . !ISS z %.elo d::>.S9o 

~9ZO ~~7 Bat'JO . 1J54- ZZ~DO 5. 0 

-l~oo #Z. ~ODO . lll~<l. /70~ 50,(.) 

5~2.0 ~z. A ,.oo . .~ //400 4'%/ 0 

72.t'JO &,B~ '?~D , !J4-I- 577D ~t:)~O 

B9'-o 9z~ / DOD .3+2 29-Z. O 2'7'~0 

/ 0.550 /// 0 ~00 . .3"117 / _. __ 5 / /-7.<' 

/ ZDOO / 345 200 . 'J~tf C,,oO ~ , 
,,, 

::So /J.:f'O /pn · ~"""' ~L) Ill 9..£7 

/./ '"" /9c~ S o . ~Zh. /S~ . .s SZ.L 

/ '7700 2'17e.J 0 . ~04. 0 "'9 /- / 

20Soe:J 2<70 

2~/0C .!Jo~o 

25/lo~ ::f~ 7 d N of e : w . fcr c. '>'Trl.4 • ; 0,.. "' t 

2 S.tf.oo 343Ro ~:: is 00 p~I , .:::::: I b ., .. •• o.f 

IJ/~00 ~~'3 &> """' ""'+ c. r e.~ +,."cJ c kl c:J IA ri If ' +.~t-. 

~~li1oo 4-950 

'"~00 .5470 

~S7oo .5~uo 

4 1000 /,/~O 

-13/!.00 ~7.So 

4t-ooo '7Z70 

Fig. Al 1 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No. L.Z Soi I Type R1.010 JdcJ Soi I Location Q~o+h 
I 

s - z2 ft. 
Ssndy Si It _13oriay S - LI. . • 0,-4.,,,t P/elt1 6 

W1 Z7. Z ,.0 Sri 80.3 ,.. )'I 11z.o pcf y dt 68. Opcf s, 2 .&7 
ei 0. 8'f8 

Lw zo 4'o p l Cf • 
,.. Clossif ication Bc2~~ So..o A 'I 5 iL+ (,.,, '-l 

A1dol Axial Secant Radial Deoree of 
Stress Strain Modulus Stress Sotusation 

O"g •a M, O" r r 

Axial Axial Secant Rod io I D89ree of 
Stress Strain Mod~lus Stress Satu~otion 

CT 0 « 0 O" r ' r 

psi in./ in. psi psi 4'o psi In./ in. psi psi ,.0 
~noo .zss ~A...., - ~!J/.,, I> e:> 0 - 0 • 

/0 - ~Z- ~~/ 0 /t:>"DO - 2(,~ ~ D .~7.40 

f O - P.SB ~&,o 0 11000 - 27P 4.n7~ 4/00 

/00 .L)7{p I flJ/ 11 4'.5 /ZOCO .z7~ A 0 ./-_,.so 

/.~O . oA~ 17tJO 43.S /. ---n .z7g 4~ ..,.~so 

z.oo .~-1- Z/~0 2~-~ /.40DO . Z.87 4q/r~,,., Szoo 

z.so . /01 Z48o fo.S /.S~ . 2.8~ .5z...soo $5.SO 

!}oo .107 28DO SJ. z. /.~ ---o . zea -55.St>O .595'0 

.!150 ·//Z ~/ZO ~z. /7000 -2"!>/ ,58500 ~3So 

/ - ·Z.9'- C,..//DO &,t,,30 , -loo . //7 .34zc /0.3 

-- . ?-~ .. 'i" ~4-Soo 70.50 .,_I, 450 · IZ/ ~7ZO /0-I-

.500 ./Z. -1- 40.50 11.5 zoooo . Z9'?1 ~'co ")I. 70 

&,oo . /31 451/D /Z./, /7.Soo . 29~ 58.SOO 7&:>80 

71!'0 . 137 ..:l/oo /9Z. /SOOP -20B s~oo ~7&>0 

Boo . /--3 ..5""" 2/5 l'Z.SOo . z,98 42.Doo ~270 

c:?>oo . 1~7 ~/20 Z.37 /PPt:JP · Z~f, ~!J~o 511/0 

/000 . /.5Z ~Sr,,,o 3/4 Booe:> .z~S 27/DO J9t.O 

/Z5o ./(,Z 7700 4zs l'ht:JL:>O - Z~Z- 20.sc:>o Jz.So 

1.500 ./7/ 8160 Soo 4000 . '2'!)/ /.!J 7 01> .<CO 

1-r<o ./76 9~ 5"&> 7-ooo .za11 ~9SO ~ '""' 
200/J .165 /OfJoo ~77 /ODO -28/. 3.S2o /~-75 

zsoo . /.~ /'Z75D 8(,0 .,l)(:> . -z. So /,:'() /Z{,O 

.3~o . zcc, 1.PS~ /o4Z. 7 ar.J .'2,78 71'1> R 7-

3.soo ·214 /~350 /Z70 /00 . Z7(., ~(, z_ t;,So , 
4-ooo · ZZ.3 /7900 /~Z.O ..So . Z74- /~'2- ~n7 

.Sooo -23Z- Z.lllbO /SDO 0 I: . Z~'f-. - ~75 . 
~000 . Z.~/ Z..f9t>O Z./90 Note; w~f·' ~JI( j-,.~ I o,.., -.+ . 

7000 · 2-1>7 28H>O %5So <r"c. = I 0 J ts j. ::::: '1 8 , ... J . ,-f l.W .. +.,.. 
8ne:Jo ·Z53 ~/l--00 2~70 

e '(.. +-r ... att. kJ d~it ~ +~~t. 

Fig. Al2 



APPENDIX B: AXIAL STRESS VERSUS AXIAL STRAIN 



16.0 

T11t No. - I A I I I 
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APPENDIX D: RADIAL STRESS VERSUS AXIAL STRESS 
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Fig. D6. Relation between radial and axial stress, test 6 
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Fig. 07. Relation between radial and axial stress, test 7 

~ ~ / 

/ 
/ 

~ 

15,000 17,~00 20,000 



"' a. 
-
b~ 

.. 
"' "' CV 
~ -(f) 

0 ·-"'O 
0 
a: 

15,000 

12,500 

10,000 

7500 

5000 

2500 

0 
0 

Test No . - 8 
Sample - Remolded 

Sil ty Cloy 

S r i - 54.3 °'lo 

ri - 102.0 pcf 
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Fig. D8. Relation between radial and axial stress, test 8 
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Fig. D9. Relation between radial and axial stress, test 9 
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Test No . - 10 
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rd• - 88 .0 pcf 
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Fig. DlO. Relation between radial and axial stress, test 10 
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Fig. D 11. Relation between radial and axial stress, test 11 
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e , - 0.898 
Ss - 2.67 
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Fig. Dl2. Relation between radial and axial stress, test 12 



APPENDIX E: TABULATED DATA FOR THREE-DIMENSIONAL 
STRESS-STRAIN RELATIONS 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . So i I Type Vndjs fwrbeJ Soil Location Dcpffz 0 - o.s ft: 

• S;Jty Cl"y Bo,.;.,,, 2-V. 
' 

D;sr,,,t Pl,i11 (, 

Wi I q,q ~o Sr i .58.Q «ro r . 
I 

/03· 2 pcf r di &6. Z pc t s, z. f»3 e i o.9oz 
Lw ~1 ~o p 1 't 

• 4'o Classification f2. ,. 0 llJ ll. S; 1±1 Ct-.y wL .5god t. trg.!,_~ 

-

<>"o + 2<>"r •a ~ (<>"o-<>"r) 
Radial Oeqree of 
Stress Saturation 

3 3 3 o- r Sr 

<>"o + 2o-r ~o ...f2 Radial Oeoree of 
- - (<>"o-<>"r) Stress Saturation 3 3 3 o- r s, 

psi in./ in. psi ps i «ro ps i in./ in. ps i psi 4'o 

~ 

No1-c: Ro.dio..I St",.e s.s es ..,.,,c.,.e n<>+ 
rec. o,.J cd .f o,. +hi~ -r~ $1"', 

Fig. El 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . z So i I Type Un Ji l t"'r be.J Soi I Location Dee th o.5 - 1.1 ft. 

s j /t.., Cla.y l3orin! Z-V, Oist."t p1.,·,, b • 
W j l 'I· I °lo S ri 

51 .z "· y . 
I Cf 'f - l pcf r di 8 3 · 3 pc f s, z . 66 e · o. 'I 'i 3 

I 

L w 38 °lo p l8 'ro w Classi f icat i on Sro-n Silty ct-.1 ...v/ fro..<.e of 
~""d · {.cl-} 

era + 2er r Ea V2 Rad ia l Oe()lee of 
- (era- err) Stress Saturation 

3 3 3 err S r 

oO + 2err ~a v'2 Radial 0.91 II of 
- - (O"o-<Tr) Stress Soh• atioo 3 3 3 err s, 

ps i in./ in. psi PS I . "· psi in./in. psi psi "ro 

0 0 0 

3 o.ooJ 5 

23 0 .019 I~ 

66 O . O<f.O '2.f. 

I 3Z. o .o&J 48 

J87 0.014- 80 

Z73 o.oso "0 
342 o .os3 11 t1 

438 0 .085 11+ 

bO'f o .osi> 134-

905 0 .087 13 7 

/ 360 o .o8'l "' ~ 

I 8'f0 o.o'IZ 80 

Z3~0 o .o-,8 75 

"' 50 1 I £,,. t,.~$ i 017 -

t "'o o. I ZS 9 

JSZO o. I 4-~ - l Cf 

1070 0. 1 b~ - sz 
8'f O o.t bZ - (::. 3 

1 00 O. I o2 -7 I 

4 7Z o . / 6 2 -75 

4 10 o. / 6Z -7 't 

3~ o . I 1,Z. -9 2 
. 

23< o. 16 I - "3 

404 Q . Io f -I 07 -.. 
ISO o. I b I -Joo 

t47 o. I S't -114-

Fig. E2 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . 3 Soi I Type U 'fl cJ is f- i.t.rb e.c/ Soil Location Depth 1.2 - 1-1 ft. 

S; lt1 C. /a. '1 8oria3 z-u I • o,·3to.,.t PJql11 E. 

W • I 
9,3 ~o Sri /Cf./ "o y . 

I 
a+. 0 pcf y di 77.Spcf s, z, &'f e i J. I] O 

Lw +z "o p 2 l 
w "o Classification Bro1<va S; tty Clo..y (c: 1.) 

<Ta + 2<Tr Ea .j2 Rod iol DeQree of 
- -(<To-<Tr) Stress Saturation 

3 3 3 <Tr Sr 

<Ta+ 2<Tr €a 
.j2 (<Ta- <Tr) 

Rod io I Degree of 
Stress Saturation 

3 3 3 <Tr Sr 

psi in./ in. ps i psi "o psi in./ in. ps• psi ~o 

0 0 0 JZI 00 o. /SO 3410 

3 o.oo I s 1z100 O.JSO ., 7 :zo. 

36 o.oos 10 . I '3 ~oo o. 151 +ooo 

1+000 o . /~I 4-240 Cf 2 6 
. 

o .o I Z 

I S:l. 0.030 3+ azsoo o. ISi 3•+o 

2 34- o.o++ +7 1 l Joo 0. 15 I 2740 

'31 , o.osl. 63 ,soo o. IS I 1~io 

40S 0 .Ob4- 67 8/ C>O 0. /50 1350 

4-58 0 .011 JOO 6820 o. 150 8ZS 

6QQ o.081 I && SSoo o . 14-'f ~so 

7 ·35 0.088 14'3 "f-150 o. /48 - I '2 7 

I I oo 0 . 101 Z80 ~b.f.O o . 147 -4f SZ 

1+30 O . lO, +OS 1800 0.145 -S70 

f 800 o. 115 4'15 l24to o. f 44- - 5&0 

:ao'o o . I zo &4-0 '780 o./43 -sso 
"2 3't0 0 . I 23 790 880 0.1+3 - 550 

2740 0 .,1 z" 975 7'tO o . '4-3 -szo 

,440 o. I 3 I II 60 b8S o . J +I -48S 

.f.130 0 . 134 1400 

47JO o . 137 /o/O 

s+oo 0 . /40 IB4o 

6050 o . 14-1 2070 

- 0 . 1 +3 -
7400 0, 14-5 Z530 

8250 o . I +6 264-0 .. 
"/00 o . I 4 7 2760 

9'100 o . 1+8 2680 

10 700 o . 14-'I '1070 

11400 o. I so '32 "10 

Fig. E3 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . 4-

W i Cj . O °lo Sri 

CT0 + 2CTr 

3 

psi 

0 

3 

Z3 

47 

135 

, ., 3 

277 

324-

376 

5Z5 

680 

970 

13ZO 

l b/ 0 

/CJ 4-0 

2.270 

2570 

3230 

3SZO 

44-40 

5'100 

5&30 

6Zoo 

6750 

7350 

7&f SO 

8.st>O 

"oz o 
Cf bOO 

Fig. E4 

°lo p 
• 

~o 

3 

in./ in. 

0 

o.oo I 

0 . 003 

0.006 

o.ozz 
o. 0.3'1 

0.053 

o.ObZ 

0.010 

0 .080 

0 .087 

0.100 

o.' 08 

0 . 1 14 

o. I I 'I 

o. I Z.3 

0.126 

o . f 30 

o . 134-

o . /3 7 

0 . 13'l 

0 . 1 +1 
o . 14-3 

0 . 14-5 

0 . 14-b .. 
o . 14-8 

o. I 4-'f 

O, /so 

o. I So 

Z O. ( ~o 

2 3 'ro 

f.12 - (CTo- <Tr) 
3 

psi 

0 

5 

I 'l 

38 

4-6 

75 

87 

/ZS 

151 

'" z 
226 

372 

4-7 5 

~30 

7ZO 

970 

I 01 o 

12 so 

/54-0 

1810 

204-0 

Z370 

2.670 

3000 

3250 

3S60 

3'too 

42Zo 

4500 

Soil Type Uncl;_sfyrbecl 

5; ltt Clq.y 

Yi 83.t pcf yd i Zb.'2pc f 

Closs1f icotion Broi.vr1 

Rod ia I Degree of 
Stress Saturation 

CT r Sr 

CT0 + 2CTr 

3 

.PS i °lo ps I 

I 0'200 

/0700 

/ /300 

I 1850 

/0750 

<=f550 

8+00 

7150 

4-t:/OO 

3bb0 

22&0 
-
1580 

I JI 0 

-

-
bZO 

550 

' 

Soi I Lo cat ion __.D ........ c...,.p..,_+_...b.___lo..:..· _,_7_---=Z:..;;.. ~3_..ft.u.. 

t3 o rin3 2-U, D; s±ao± P/e.;n & 

s, 2.6'1 e i 1.200 

.51 t+; c /4 'Y Cc: L) 

~a .../2 (CTo- CTr ) 
Rod iol Degree of 

- Stress Sot~otion 3 3 CT r r 

in./ in. psi psi 4'o 

0. I 5 I +800 
O. /SI S/80 

0. / sz 54-70 

O. ISZ 5750 

o . 15 z 4 l'ZO 

O. / sz 3840 

o . 152 ~,00 

o. / 5 I 'Z. 000 

O. J so 180 

o. I 4-'1 Z3& 

o . 148 -/91 

o. 14- 6 ~ 415 

0. / 4-" - 4o5 

0./~ll- -

O.J # -

o. 14-3 - +10 

o. 14/ - '!>~ 0 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . __ __,So.&-__ _ Soi .I Type Bcmolded 
6i lty Clay 

Soi I Loe at ion Depth 0 - 5 fi. 
&s Sgmple7 l:iJ.tttU1t Plain 6 

w i 4. 8 ~o s,i /3.S '1o yi 90.0 pct ydi85.8 pc f s, 2.6Cf e i Q.9~ 

Lw 34 '10 P • I' '10 Classification 8rawn :S/11-y Clay (c 1-.) 

CT0 + 2cr, €0 ../i" ( cr0 - er,) 
Rodia I Degree of 
Stress Saturation 

3 3 3 CT r S, 

. cr0 + 2cr, EO ..j2 Radial De9ree of 
- -(CTo-CTr) Stress Saturation 

3 3 3 <Tr s, 
psi in./ in. psi _psi ~o psi in./in. psi psi cro 

0 0 0 0 I / .0 tf 7 o. 130 42.;o 8070 

3 o.o04 5 0 11) bfc 7 o. I 3 I 4;,70 8500 

2..3 0 .0/2. !Cf 10 JC.. 3 93 o. 13~ 46&0 CJOCfO 
81 0.02..I 14 7/ I~ o~7 o. I 33 4 1,:. q r' 

'<( • .., q6aO 
13 7 Q.03C. 44 Io f, )2,0 b7 O.f 33 38 30 93_;0 
, cg7 0.04-/ 80 131 / 0;900 o. 13 3 Z890 8850 
275' 0.047 '8 7 2 / 2 Cf.~b 7 a. 132. zooo 8250 

317 o.ost l~O 2.25 ~ ~ :;:; o. 13 2 ! 175 1,..oo ~ 

391 o.o5' 147 2.87 5f>b7 o. 1 3 I 2.35 5500 

5/0 0.0,3 205 3'15 42.33 o. j 30 - J c.s 4350 

6G3 0.0b8 2.38 4qs -;. 700 o. I 2 1 - 'f 7'+ 3-o so 
I 

/000 0.078 353 750 i sz.o o. I Z..8 - 579 2230 

133 + 0.085 470 J 00/ t 307 o. I 2 8 - 5 9 4- I 7 6 0 l , 

/ 613 O.O'f} 585 12. ,0 /000 o. I Z.7 - 5V:> s )4ao 
J q 80 o. 095 722 1410 '1 } 3 CJ. I Z 7 -574 /~20 

2.300 o. C>~ Cf 849 1100 S3o O. / Z7 -S'S-0 ;z zo 

2~33 O. /oz 967 /950 ~"7 ~. I Z6 -'17 / 10 0 0 

32.80 0. l 08 I 2.17 2..42.c> 

3113 o. I I I 1477 2 870 

4573 o. t I 4 171 8 3360 

s z.r~ o. I I 7 I~ 70 38Z0 
5'8~7 0, I l 'f 2.220 'f 300 

(;, 580 0 . 12..I 2LfZO 4 010 

1 113 o. I 2...3 2.750 5' 7 0 

7753 o. t25 300$ 5630 
83b0 o. J c6 3280 6040 

'f 000 o. I 2 7 3S40 6:50 0 

ct~"7 0.1 2 q 3170 ?<JOO 

/0)3~3 (), I 3 O 4000 7500 

Fig. E5 



ONE-DIMENSIONAL STATIC TEST DATA 

T11t No . ______ 6 __ _ Soil Type BcmoldttJ Soil Location De,th O-Sf+. 

CT0 + 2CTr 

3 

psi 

0 

3 
31 

71 
.l/1-8 
~12 

302. 

#8 
3t/3 
555 ,,& 
/0/0 

/320 

/680 
IC/'/O 
23,o 
'2~0 

35~ 

Lf-300 
S"oo 
6.SGO 

1220 
8'2.o~ 

fj/67 

10,n.o 
/22b7 
131./-00 

-
-

Fig. E6 

~i I ft Cl• 1 B"'# :S.ur,I~ 01,,ta11t f!ein 6 

, 5 ,, es.~ -,. r 1Bi·8 pcf y 41 Zct2. pcf s, 2.~t e; /./z.o . 
' p ,, .,. Classi fication Br"lil" si'lly Cl•v (cl..) , • 

•o ~ (CTo-<Tr) 
Rodia I De9ree of 
Stress Sorus~~n 3 3 CT r 

"· <Ta + l<r, •a 
-{!(4Y.-c"r) -

3 3 J 

ift./ in. psi psi 
l 

.,. psi In I in. psi 

0 - 0 - 0- 14.4 -
0 .003 5 0 - CJ, 141 -
(). 021 I+ 2.J - 0./4~ -
0.049 2/ 5& - ollS -
0.073 37 122 - o. I.IS -
o.oss 63 ro - o. /IS -
0.096 6Cf 253 - o. J4f -
o.JOO 107 272 - (). 143 -
0. /1>4 14i, 2. '30 - o.14a -
o. I/ 2. I 7.3 4~3 - O· /4J -
0.111 250 410 - o./43 -
o. J2.5 3~8 760 - 0.143 -
o. I 30 ~ao ~75 - tJ, lt2.. -. 

O· J 3tl- s~~ 1260 - o. 142. -
o. /J6 //D 14qo - D. I 41 -
o./38 /Jo.3 171/o - 0#141 -
o./.J' 878 2./3D - o./J'I -I · 

o. llf.t.> /o~S 2800 
014o . 12. C71> 34-so 
o. 141 1130 /.{Pl 
0.141 /I~ 

• 
5520 

0.141 /2S5 6~30 
() .141 / 27o 7300 

"' /42 /}.'32. 8250 
0 ./4:, 1327 !!3/80 
o~ 14-3 /Z2.o 11400 
o.UJ //Eo 12,~ 

0 1.A:>. - - -I I 

o. /43 w(- -

Radial 
Str1s1 

fT, 

psi 

-
-
-
--
-
-
-
-
-
--
-
-
-
-

0.9ree of 
Sot~tion 

~. 

-



ONE-DIMENSIONAL STATIC TEST DATA 

Test No. 7 So i I Type Be molded Soi I Locot ion Deo+h o-sff . 
' ::51 / -ly Cla y &9 6e.m. t1 1~. 121.tt.ao.1" PL1:11n 6 .- p 

W j 9 .9 °lo Sri 27./ ~o y . q35 pcf Yd• ss.z pc f s, 2 .69 ·o . 2 Z Z I e i 
L w 34 ~o p L" ~o Classi f icat ion .13..r" IAI" :51/q C/g_v ( CL ) • I 

O"o + 20" r *a ./2" ( O"o- O"r) 
Rodia I Degree of 

3 3 
S tress Saturation 

3 O" r s . r 

O"a + 20-, •a ..f2 Rad ial 0ecyM of - - (O"o-O'r ) Stress Sot"$~tion 3 3 3 O" r 
ps i in./ in. ps i .PS i °lo ps i in./in. ps i PS I ~. 

c 0 - (:> 143~.3 o ./28 lflo 1-'!I I 

..3 o .oo'l ..s 0 /2.'300 0 . /28 /4/ /22DD 
04 {) .0 0 8 -.3 S6 . I 12 oo o, ltB 283 11800 

JO/ o .02'f 0 /o/ 8500 0.121 -3:>-3 8750 
14'1 O. OSI 38 /l'J 4900 o ./Zl -c,34 535'0 
2 2. I o.cx;4 56 /82 30Gt:> 0 .12, -704 3506 
21'1 0.073 76 248 20C>7 0./2 5 - 71() '2510 

3 54 0 ·08/ / 06 280 /458 o. i24 -~71 1930 
4 50 0 08~ /07 3 72 1141 0.124 -~1:,7 /t;Zo 
606 o ,oC/.3 L15 512 / 02.0 ~. 123 --648 /480 
725 D,098 l t/4 587 743 b./23 -C3o /890 
/0 17 o. 107 28' 89S 79'3 o./ d.2 -.%0 1190 
/5oo o .//3 .352 1250. 
I !3<07 o. /fb 4-46 1550 
22. 'do o.f2o ScrJ 1920 

Z.673 0 .122 5 8" '2260 
2 re7 0 -123 6/J 77So 
42"lo t:J ,/E4 5 SO .3830 
52b 7 / ... &.. 0 . ~ .,, 517 4900 

"~7 0~12~ 4 3 2 ' oBo 
7700 o ./2G .&12- 7~0 

8.33.3 0 ./27 410 $000 
C/"300 0.127 +t/3 8950 

/0 /3.3 0·127 b/O '3700 

//0 ,7 0.121 C::,59 /06Do 
• 

704 12ooa o./28 115"()() 

121'1 o ./28 'too 12.Eoo 
l 38oe> C> ./2. 1!3 ~t5 13200 
14800 0.128 845 14~(.)C, 

Fig. E7 



ONE-DIMENSIONAL STATIC TEST DATA 

Tett No .------ Soil Type Rcmo/Jf'd 
5; /tv C/qv 

r ' 

Soil Location DeptJ, 0-6 ft 
893 Somp I~ Vci+stt eJ•i n" 

W1 If·' 41. S,1 14~ ~ Yi /()Z.Opcf r., fS.4pc f S
1 

a.,, t · 0,97, 

L. J4 4'o P • '' ' Clossif icotion ___ l~nJ ....... w=-.:....."---":5 ...... i..a...;J-l:..-.,'¥'___,,C""""/..-a,.,._y_(c_4--")'------

cr0 + 2cr, •• ~ (O'o-tTr) 
Radio I OeQree of 
Stress sotus~~n ' 

, 3 tT, 

er. + 2cr, •o ~(CTcr<'r) 
Rodiol O.oree of 

' 
-,- Stre11 Sot~on 3 tT, 

pti in./ in. psi _psi 4'o psi In I in. psi psi ,,. 
0 0 0 0 6000 o,oBIJ. 0 6oe>o 

3 C>.007 5 o · 70()() D.o8S 0 -:;boo 

•f1 O·Ob2 Zif 0 1t/8o 0.083 I~ 7~70 

41 0.073 If/ 12. 8920 0·"8'{ 6"b 2JB8o 
9Z o."76 18 J~ <::f'loo o.oB4 70 9850 

/.3/ 0.077 4q 96 //000 ().084 0 //0()0 

22-7 0.017 S"/ /0/ 8000 0 .($4 0 8000 
~17 o.fJ77 SS 27" ,000 o.aa3 0 6000 
foS 0.011 ~7 358 4ct1 0 .083 -!&/ 4.040 
S2o (';~o"fB ~ 4!Jo 90/.7 oq';JS -3~ ~70 
~26 0.078 ~3 588 2o47 b.082. -33 ~070 

1e~ 0 ·078 ~ 686 ioo7 o.DB2 -s /010 

796 0·018 7a 7A~ , . 567 aosz -1/-7 600 
'foo o.o7B ?o 85o 1.37 ooBt -2.6 2.66 

CJ60 0·078 t/f sgo 12.3 6·082 -16 /J~ 
- 0.078 - 975 lJ/ 0·082 -22 _97 

/050 0.078 Jo /ooo 2-1. o.oa1 -17 36 
I l'fi (). 0'79 78 ///0 

l.J1 ~ O·ffl 75 1340 
/$01 0 .04 9 6~ 1460 
ff>f3 o.o;~ 75 164o 
/887 o.oBo 8o 1810 
213'/ 0.080 ro 2080 

'24-13 o.oao f;,/ ~370 

2~'70 0 . 68o 4Z '/~60 

2C/i7 
.. o.oto ..j8 2~20 

-

3+~~ O.oBO 1/7 3400 
919J 0 .08/ Jf 7 ?:1300 

5000 0.082 Q 5000 

Fig. E8 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . " So i I Type ,&mpl~f,d Soi l Loc~! ion ~IA -?"-2z If . ..3an"J 3,i,J &nn7 .£-(,/) '12,14,J;,,,t P/a!m la 

W· ,4./ °lo Sr i 9 . 4- ~o y . 92.0 pcf )'d i 89.o pcf s, 2.'42 e i o.s?~ I I 

L. 20 °lo p ~" ~o Classification ~au..> a :5on7 Sii+ t ML) w 

<To+ 2<Tr EO 1/2 ( <To- <Tr) 
Rodia I Degree of 
Stress Saturation 3 3 3 CT r Sr 

- <To + 2<Tr Ea ...J2 Rod i ol De9ree of 
- -(<To-<Tr) Stress Saturation 3 3 3 CT r s, 

psi in./ in . psi PSI °lo PS i in./in. psi PSI °lo 

0 0 0 /~40 . I .I 0 A'74o 

.l.!J . e>oz. -1.7 /4''110 • J .I/ 5o 
4 1. 4- · 011 /-./ J /4/D • J /'7 ,,...,,,,.~o 

~-"i".5 . D/" ""· ~ /'7,/0() • J/~ llr/-nn 

/ S7 ·OZ'Z. 4~. ~ //lflL:J ~I 'I( "-.-s-oo 
zoo · O~A '7n .5 /,_,,/)~a . 11"' a_,~.,,, 

24, · O•I /07 <'l> • J ,J 2 ?/'?n 

-~31 . 0.5.;' //~ ..... _ -o 
/-~~ , I/~ 174-0 

-~Ao · O~& I.Sii ~-I-SO I I "l.. J //'>'1 

...:>-/~ · C>I-• 20"2.. .:52 lA , I // .51.11} 

~!H- . °"'"" -!> /-0 -..4./Qn JI n / ..152. 
-

• Ol/O . ao.t. -'1'7 '2. ?'Z" ·'~' 
-~/~ 

I"' 'ZO · !XII .$50 / OJ,,,. ./()Q - .i. .;-o 

/ti-~ . O&,(, 7 /I:> 14 7.:, . 107 ~go 

/ll/5 ·07 1 830) 11oc:> . /Q/,,, - / .... ::11..a 

21~0 . 074- <>.J?o o, , _ c- • ,J n<" -t...I~ 

24Za . o7" //IC> 07D • I 0-"'> -. 0 

40/0 - /~DO • . 115~ • J D'Z. -41,. () 

~/,%() . I'\ ll-1 //-'70 

4Z3o . nO,I / 0./-1> 

+J!fso . n~4 '2. 2 ::t 0 

5.5~ • 00./,. z.s~o 

1#()00 , 044 Z83o 

~~zo • IOI a/O() 

7//,1> ·IM 2 ... -ZO 
• 

77(,0 • 1c1t -W(,~o 

~o . /0/- -~So 

Q "'-O , /()~ -l"Z '7 /"1 

q.<so . I-"~ -1$40 

Fig. E9 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No. LO So i I Type-;!Ot::r1.ttl./Jd Soi I L~cot i on · z?1'~ s-2z ti: 
.311ndy ~I j.J 73ovdJ S-LJ J 72_,/,!Jn .j Plain la 

W· S .1 °70 Sri 2.f. / ~o y . 95.3 pct )" d1 88.o pc f s, 2. to? e i Q. 80)8 I I 

L w '2.Q ~o p l~ w ~o Closs i f 1cot i on (Jc.Qu.ln. .Sa,,,.)7 .s;l1 f MLJ 

CTO + 20-r ~o v'2 Rod iol DeQree of 
- - (CTo- CTr ) Stress Saturation 3 3 3 CT r Sr 

0-0 + 2o-, EO lv'2 ( <To- <Tr) 
RCJd io I De<Jree of 
Stress Saturation 3 3 3 CT r S r -

ps i 1n./ 1n ps i .PS I °70 ps I in. I in . psi ps i .,0 
l'"l 0 I\ 1.n,.1- .... , /?_J 4~0 

~' • l'YJ'7 -.1 '1. I /07DD • / "7. 'Z- - "') J ,;:' I> 

7o . n10 -/./-./ 11,.-- ·12 54-nt:> 

q~ . 07,.0 I .I,, ..... :11!1'> • .1? ':I .-1°1-'0 

1.SS • n:a, .32 J J ,,,,.,., . ./., 3 4',,oo 

-- - - - • .1'7. .. ~~a . 2Uo . 011. .. .ff, 

274. . ~~ ~q ~??o 1'% ~ -:2.u?n 

_t:lJ? . ,.,,. ., I?. CJ .1zt. Jo.Ao 

.4.,., '7 . 05" / 1ll q , _ 11. Ct;> . /7~ 1 l ,,. 0 

40j? . 057 2.1-1- ."'i'l~O • I T. I ,..lj-,.,,,. 

- . " . 17./ 4'7 , -- . 01- 1 ~(,() ·- ~- -
92.7 . O?b 4-t:>4. _, <IC"DD . J JC) -:35 

/ .,?/- . ,.,,, 7 ~""' I.I. , - I .I (> -...4.,r\ 

, ~..., 11 · DO.I /-~/ .l /'1L. • JJ/o - Jl.':it,.n 

10.- . . .,_ ~30 • JI S° - A.c;? 

.-<'J ? 
J '" 

-20,~ 2.1 ~'JI _,.,-- ,..,. ---.J. I.-~ 

2. ~ ~ . ,., 9 "7 , /DO -- - • J J ~ - ~l!"A 

- IS°'i 22.4. , /) <" ~:II.I\ - - - I::r~n . • • 

~./-?_./'} ./00 .I •CJ 

~,., , 0 . I 0./- .I ./'},., 0 

.... D ':ll A . / l'J / • 22"°0 

5"""'""' -;-, • I ./'\ 6a ~ <'L." 

~ooo • .1 I I 2 .11. ,. 

, ,,..L" 0 . J J '>. ~ 14-0 

~/ DA • I J L' -::t. A. 1 0 
• 

2'7~0 . JJ/- ~1-0.,~ 

01,'10 . JI ? ::r~ 42, t'.) 

QO')o,., • J/ 0., .JJ "'Dn 

- - - 0 . / ?_ 0 .JJ..<".1-n 

Fig. ElO 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No . Soi I Typek'Pmo!J,) Soi I Loco t ion Iepl h s-2i. ti-
~.,cJy s; Ii &r1.:V, $-IA 1 "DA~lanj. PJ4t1n (p 

W· 1s.o ~o S,i 45.o °10 y . I 01. S pct Yd i 88.s pc f s, 2.(,7 e i o. eee I I 

Lw 2.Q °10 p 
w l. ~ Ofo Clossif icotion 2lcm•m s.rv.11 s:1+ { -ML) 

O'o + 2u, ~o ~ (O'o- O'r) 
Rod ia I DeQree of 
Stress Saturation 

3 3 3 O' r s, , 

-. u0 + 2u, EO 
{i(O'o- O'r) 

Radial Deoree of 
- Stress Sot\.W'otion 

3 3 3 O' r s, 
ps i in./ in . ps i ps i ~o ps i in. /in . ps i ps i 'ro 

0 D - ·/17 
4-,. 0 /D 0 ,, 

·DD3 4 .7 1,;"' r-o JI D 11..1 .. 4-0 

zz. . DIS /A,~ / ".P. .I {"' 0 . // 4QCo 

7~.~ ·025 /C.3 /'2 ,, /J &:: '"'~O 

J 0. "'-' - 0~ . -~ // 1-20 . J/O, 4.14.0 

2?/ . ~o ZP. ,I " J/~ • ., ~rl 

343 . ~r £0. ~ q,,1 /.." .//t>} .,, ,.., .I - ,. 

3~7 • D4- An 7? ,.,,,,... . ''"- Jl,./0 

.4.t~ ~ ·DSI ctt- /-S?" . //Q. I nJt> 

S't.D • l">C (,, J .1--. siw-,o I J '1 4-~o 

71?-Z. ,,...,_ .I '7 11 .41.11... 0 . 11/o - °->°-> , 

~~9 . LY'.. tl>. ~Q- ~705 . II~ -soo 

JI~~ . ~ .. ~".I- / Q1' /) • J 14. -s 

/.572- -- -. 111-'> L~ /2.AL • I l'Z- -!i55 

/QO)O · D ~ ..._. ?~o ~--5 . 11 J -·--
....... -c:::> . "- Q~. L':) G-(,, .r.: I I,, -400 

?..1-00 . .--..,n 
-,, -,J -~'-~ . / 0.,, --~t.-4. 

~,..co . o~ 1,,.. .. ,. ~o.., • J '1/ -21~ 

~?10 
,-- JI."-~ 

435°0 . J DI ~0.."70 

,,, :n . JO'lll 'Z.l!JO 

-~w~n • Jlt.C° ~~70 

'-S~~ . .IO? '7C ,/) 

toCJ7o . /D a .<o 

7/A~O I .I /"} ' l'!l .. 
.1.1 • 1'':1120 

- -- . .I 14. ,, ~,, 
• • 

-.- 1t> •I/~ - -
·~oo 

JnJ ,n . JI ,4,./jO 

Fig. El 1 



ONE-DIMENSIONAL STATIC TEST DATA 

Test No .~_../_"l..=-~~~~~ 

W; Z7. 'Z- .,.o Sr 1 

2.0 .,.0 p 
• 

O'o + 2CT r €0 

3 3 

PSI in./1n. 

C> 0 

~ . ~// 

,/ 7 • 0/~ 

.... ,.. • D?_C 

cS"'t, · 0'29 

&7 · O"- I 

11'1 . n2~ 

/.S~ • O,":tf./_ 

/ 7'1. . 0~7 

Z.C't- . 03~ 

"Z./ ~ , 04-0 

Z.4.J . &>41 

2A....- · 041-

""''Z. • &>4-t,-

4 .10 . o4P. 

---~' . o~ o,, 

.s~z.. . DSI 

~7ov .os4-
~~~ . C>S? 

- Ao 0 • .O.~Q 

.1/JL . ,.,/_.., 

/~ J O . D(,.,,. 
J L•l A • rl/-A 

~-·o . IYJI 

., - - ~ 

# - ,_ 

• ., ,... • D"7 '7 

2.A J_,, • 
,,.. 

A~.co • .'7 

.,,./_,i"\ . o 

Fig. El2 

so. 3 .,.0 
I~ .,.o 

lv'2 (<To- <Tr) 
3 

PSI 

0 

4 , 7 

~'I. I.. 

..d'2 . ~ 

(, (, 

80 

.,~ 

,/".,, 
/~'L 

/~C> 

,~, 

,/ "? 

%2..3 

'%~0) 

27'-

lilJ"L 

-~2.f. 

-'"Cit 
4?o 

.,5t,o 

! .. ?.~ 

??3 

~"'-" 

L OSO 

.l"'JO 

/.'iJ 0 

1 "-~ 

~,.,,4,,. 

~~7n 

Cla ss i f icat ion 

.. CTO + 2<Tr ~o ./2 (CTo-CTr) -
3 3 3 

Rod ia I DeQree of 
Stress Saturation 

CT r S r 

.PSi "10 PS i in./in. psi 

"""'~O ,'10..L ? I/~/> 

.s ,.... • r>Q. ?0,Co 

/,..4.t:>O .noJo ~~/"') 

~ .- ·I r'i •,()()-,I 2-"-0 

?S? l'.l . n~ -:r,. ::I( 0 

0 • /\0. '- ... JL"" 

~?'2.D , -A.L' A,J/1'111:"0 

~ .... ,. .. • 1/- 4700 

~~'0 
. 

SJf'">A 0 . ·• . I 

Jn~.,,, ".a. A ..r"2J,Jf') 

JI J "'" ' L)O,A ""'.1 ... .40 

J//""' J /'V") ~--, ·~ 

.I n<"" . J /\n 40,,,,.. 

A. A• 0 .~ .. -- -
G.t/.A .~-- ~-~o 

?,;~n ~G. 
? . °""" 

. ..\Oi ~L> • Q. /4 ... ,... 

..4.Q,_n .n0,7 "25 
~J-4o - - '2. t,o . , • 

'2.?..~ t> • l")I>,) • -/7~ 

.. ,. -o . ...... -", 
q,,,.. • t)O, ... -~-"'i"A 

/-~/ .. -- -.. ~ ~~/'%.. 

A I I. . D°''Z- -?.l.b 

A.., I . .J -21-... 

2.5~ _...., - ,/'7~ 

Rod iol De<;1ree of 
Stress Soh~otion 

CT r r 

psi "10 



APPENDIX F: OCTAHEDRAL NORMAL STRESS VERSUS 
OCTAHEDRAL LINEAR STRAIN 
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APPENDIX G: OCTAHEDRAL SHEARING STRESS VERSUS 
OCTAHEDRAL NORMAL STRESS 
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