


MISCELLANEOUS PAPER S-70-8 

EFFECTS OF STRAIN RATE IN 

CONSOLIDATED-UNDRAINED TRIAXIAL 

COMPRESSION TESTS OF COHESIVE SOILS 
Report I 

VICKSBURG SILTY CLAY (CL) 

by 

R. F. Esquivel-Diaz, J. R. Compton 

February 1970 

Sponsored by Office, Chief of Engineers, U. S. Army 

Conducted by U. S. Army Engineer Waterways Experiment: Station, Vicksburg, Mississippi 

ARMY·MRC VICKSBURG. MISS. 

This document has been approved for public release and sale; its distribution is unlimited 



THE CONTENTS OF THIS REPORT ARE NOT TO BE 

USED FOR ADVERTISING, PUBLICATION, OR 

PROMOTIONAL PURPOSES. CITATION OF TRADE 

NAMES DOES NOT CONSTITUTE AN OFFICIAL EN

DORSEMENT OR APPROVAL OF THE USE OF SUCH 

COMMERCIAL PRODUCTS. 

iii 



Foreword 

This investigation was conducted for the Office, Chief of Engineers 

(OCE), by the U. S. Army Engineer Waterways Experiment Station (WES) under 

the Engineering Study Item ES 516, "Evaluation of Laboratory Equipment and 

Testing Procedures." The testing program was authorized by OCE first 

indorsement dated 18 September 1967 to WES letter dated 14 July 1967, 
subject: Rate of Strain in R Tria.xial Compression Tests, ES 516. 

The study was conducted by Messrs. R. F. Esquivel-Diaz and F. G. A. 

Hes~, Laboratory Research Section, Embankment and Foundation Branch, Soils 

Division, under the direct supervision of Mr. B. N. Maciver, Chief, Labora

tory Research Section, and under the general supervision of Mr. J. R. 

Compton, Chief, Embankment and Foundation Branch, ,and .. Messrs. W. J. Turn

bull and A. A. Maxwell, Chief and Assistant Chief, respectively, Soils 

Division. This report was prepared by Messrs. Esquivel-Diaz and Compton. 

COL Levi A. Brown, CE, was Director of WES during preparation and 

publication of this report. Mr. F. R. Brown was Technical Director. 
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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 

inches 

pounds 

pounds per square inch 

tons per square foot 

pounds per cubic foot 

By 

25.4 
o.45359237 
0.070307 

6.894757 
0.9764855 

95.76052 
16.0185 

ix 

To Obtain 

millimeters 

kilograms 

kilograms (force) per square 
centimeter 

kilonewtons per square meter 

kilograms (force) per square 
centimeter 

kilonewtons per square meter 

kilograms per cubic meter 



Summary 

The results of consolidated-undrained (termed R test in Corps of 
Engineers nomenclature) triaxial compression tests with pore pressure meas
urements performed on Vicksburg silty clay (CL) are presented and analyzed 
in this report. All triaxial specimens were compacted with a Harvard 
miniature compactor to 95 percent of standard maximum density with water 
contents 2 percentage points wet of standard optimum. After back-pressure 
saturation and consolidation under four different chamber pressures, the 
specimens were axially loaded at rates of strain varying from 0.001 to 
1.0 percent/min. The purpose of the tests was to evaluate the effects, if 
any, of different rates of strain on the shear strength and deformation 
characteristics of this particular soil. Data presented include pore pres
sure observations, magnitudes of deviator stresses, Mohr's diagrams, and 
stress path plots. 

R triaxial test results indicate that this lean clay, which has a 
liquid limit of 34, plastic limit of 22, and plasticity index of 12, is 
relatively insensitive to the rates of strain used in axial loading. When 
other materials have been tested at different rates of strain in succeeding 
phases of the program, more definitive guidance on rates of strain for 
various fine-grained soils should be possible. 
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EFFECTS OF STRAIN RATE IN CONSOLIBATED-UNDRAINED TRI.AXIAL 

COMPRESSION TESTS OF COHESIVE SOILS 

VICKSBURG SILTY CLAY (CL) 

Introduction 

1. The present practice of the Corps of Engineers, as set forth in 

EM 1110-2-1906,* is to perform the concolidated-undrained triaxial com

pression test, termed R Leet in Corp:: of Engineers nomenclature, by first 

completely saturating each of at least three identical soil specimens and 

isotropically consolidating each specimen under a different effective pres

sure. Then drainage connections to the specimen are closed and the speci

men is compressed to at least 15 percent axial strain. When it is desired 

to determine only total stresses from the test, pore water pressures devel

oped during shear are not measured in routine testing. 

2. Since R triaxial tests are time-consuming and expensive, it is 

highly desirable that procedures used by the Division laboratories be as 

economical as possible. An important element of the testing procedure is 

the time to failure or duration of the axial loading phase to the maximum 

deviator stress. Currently, the time to failure is specified to be between 

60 and 120 min for cohesive soil. For tests in which it is desired to de

velop stress-strain curves to 15 percent strain and where maximum deviator 

stress is reached at low strains, the present procedure is time-consuming. 

For example, if a constant strain rate is used during shear and maximum 

deviator stress occurs at 3 percent strain, some clay samples are sheared 

for 120 min to reach this peak stress. If the test is_ ca .. rr-ie.d- to-15 -

percent strain, about 8 hr more would be required to complete the test. 

The purpose of this investigation is to determine the rate of strain in the 

R test that will give the lowest value for maximum deviator stress so that 

the most conservative total stress envelope can be developed. 

Department of the Army, Office, Chief of Engineers, "Engineering and 
Design: Laboratory Soils Testing," Engineer Manual EM 1110-2-1906, 
10 May 1965, Washington, D. c. 
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3, R triaxiaJ. compression tests were performed by 'the U. S. Army 

Engineer Waterways Experiment Station (WES) soils laboratory on specimens 

of Vicksburg silty clay (CL) standard soil.* Average Atterberg limits of 

the material based on previous standard soil sample tests were: liquid 

limit, 34; plastic limit, 22; plasticity index, 12.** Average specific 

gravity was 2.68; percent finer by weight than 2 microns averaged 18 . 
. Gradation curves are presented in fig. 1. 

4. Assembly and calibration of equipment were begun in October 1967, 
and the test program was accomplished during the period December 1967 

through April 1968. Specimens were 1.4 in.t in diameter by 3 in. high, and 

were compacted by the Harvard miniature compaction procedure to 95 percent 

of standard maximum dry density at 2 percent above standard optimum water 

content. Specimens were fully saturated by back pressure and consolidated 

under pressures of 0.5, 1.5, 3.0, and 5,0 tsf. Under each consolidation 

pressure, specimens were sheared undrained at rates of strain of 1.0, 0.5, 
0.1, 0.01, and 0.001 percent/min until a maximum axial strain of 20 percent 

was reached. Pore water pressures were measured during shear. After 

shear, each specimen was cut horizontally into seven slices to determine 

the distribution of the final water content. 

Description of Equi;pment 

5, A schematic diagram of the testing apparatus is shown in fig. 2. 

The triaxiaJ. chambers with specimen bases and caps and axial loading pis

tons were those used regularly in the WES Soils Laboratory for Division 

soil testing.tt The confining pressure was applied by using water as the 

chamber fluid, pressurized with compressed air, and measured with 

* At thiB writing, -a simil-ar test1ng program is being initiated on 
standard CH soil sample (Vicksburg buckshot clay). 

** W. E. Strohm, Jr., "Preliminary Anaiysis of Results of Division Labora
tory Tests on Standard Soil Samples," Miscellaneous Paper No. 3-813, Apr 
1966, U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg, 
Miss. 

t A table of factors for converting British units of measurement to 
metric units is presented on page ix. 

tt Op. cit., EM 1110-2-1906, Appendix X, Fig. 2. 
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calibrated Bourdon gages having a capacity of 200 psig. The air pressure 

was controlled with pressure regulators. 

6. Back pressure for saturation was applied with compressed air act

ing on a column of water inside a calibrated burette. Air pressure was 

controlled with a pressure regulator and measured with calibrated Bourdon 

gages. The pore water pr8ssure was measured at the base of the specimen, 

using Statham pressure transducers with a rated capacity of 250 psi. 

7. A triple-unit loading machine (fig. 3) was used to shear the 

specimens. The load was ~pplied through a worm jack operated by an elec

tric motor with the piston of the triaxial chamber reacting against the 

load cell. Each of the three load cells, made by Transducers, Inc., had a 

rated capacity of 200 lb. Rate of strain was controlled with a Zero-Max 

speed reducer. For the two lowest rates of strain, a Boston Vll3 worm-gear 

speed reducer, 20:1, was attached to the Zero-Max speed reducer. Change in 

height of the specimens during shear was measured with a rectilinear 

potentiometer (CIC) fixed to one of the loading units. 

8. A Mosley Autograf Model 7100A single-point strip chart recorder 

was used to record the pore water pressure during the saturation phase. 

Load, vertical displacement, and pore pressure measurements during axial 

loading were recorded with a Westronics, Inc., Model RMllB strip chart 

recorder with 24 channels. To operate the recorders, two CEC bridge

balance units, type 8-108, were used with a regulated power supply, Model 

40P411FM, from Lambda Electronics Corporation. 

Preparation of Specimens, Testing Procedures, and Test Results 

Compaction 

9. The optimum water content and maximum dry density of standard 

soil sample CL, based on standard compaction tests by various Division 

laboratorie~, were 16.6 percent and 109.2 pcf, respectively.* For the rate 

of strain tests, the desired compaction conditions were: water content 

2 percentage points above optimum (18.6 percent) and a density equal to 

* Strohm, op. cit. 
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95 percent of maximum dry density (103.7 pcf); see fig. 4. As shown in 

table 2, the actual initial compacted density of the test specimens ranged 

from 103.4 to 104.0 pcf and the water content ranged from 18.2 to 

19.0 percent. 

10. Sufficient soil to compact a single specimen was mixed with 

water to attain the desired water content; by trial, it was found that 

about 0.8 percent more had to be added because of loss of moisture dur-

ing processing and compacting. After the soil was thoroughly mixed in the 

humid room, it was placed in an airtight glass jar to cure in the humid 

room for a minimum period of 24 hr. Compaction was accomplished with a 

Harvard miniature compactor, using a compaction rod with 1/2-in.-diam bear

ing surface. The rod was provided with a spring that gave a compaction 

force of about 12.6 lb when the spring was compressed. 

11. All specimens were compacted in the humid room in 10 layers hav

ing approximately the same amount of material in each layer. By trial, it 

was found that the desired dry unit weight could be obtained by using 

14 tamps per layer. After the specimen was compacted and found to meet the 

desired compaction conditions, it was immediately set up in the tria.xial 

chamber using two standard rubber membranes separated by a coat of silicone 

grease. No filter paper strips were used on the sides of the specimens. 

The membranes were sealed using two 0-rings at each end to fasten them to 

the base and cap. 

Saturation and con
solidation procedures 

12. Specimen setup. In tests Rl through R4, the specimens were 

allowed to remain overnight with no chamber pressure applied before com

mencing saturation the following day. Check test R4a in which a small 

chamber pressure was maintained overnight showed results similar to com

panion test R4_, J.ndic-ating -that no change took place during the period 

without chamber pressure. All other test specimens were subjected to 2-psi 

chamber pressure immediately after setting up in the triaxial chamber, and 

the back-pressure saturation procedure was generally initiated shortly 

thereafter. 

13. Specimen saturation. As indicated by the footnotes in table 1, 
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there were some variations in the back-pressure saturation procedure used 

in the various tests, particularly in the initial tests. In all tests ex

cept Rl through R4, a chamber pressure of 2 psi was imposed initially, and 

burette readings were made until equilibrium was reached. Following this, 

the chamber pressure was increased, generally to 7 psi, with a simultaneous 

application of 5-psi bacl: vressure. In all subsequent applications of 

chamber and back-pressure increments, the difference between the chamber 

pressure and the back pres ~ure was maintained at 2 psi. The most efficient 

procedure with the least demands on operator surveillance was to allow the 

initial chamber pressure and back pressure to be maintained on the specimen 

overnight, following which the chamber and back-pressure increments were 

applied at intervals of 10 to 15 min. During the saturation process, the 

response of the pore pressure transducer was recorded. Following back

pressure saturation, valve B (fig. 2) was closed, the vertical dial indi

cator was read, and the specimen was ready for consolidation under the 

desired pressure. 

14. Specimen consolidation. With valves Band C closed (see fig. 2), 

the chamber pressure was increased so that the difference between the cham

ber pressure and back pressure was equal to the desired effective consolida

tion pressure, and the pore pressure was observed to verify the complete

ness of the saturation process. Then, valves B and C were opened, and bu

rette and dial indicator readings were made at time intervals. When con

solidation was completed, valve B was closed and the specimen was ready for 

axial loading. It was observed, after consolidating a few specimens under 

different lateral pressures, that primary consolidation was completed about 

2 hr after the consolidation process started, and that the CL soil showed 

no important secondary consolidation. For_ this reason, the- consolidation 

phase was ended when 24 hr had elapsed after the beginning of consolida

tion. Duration of the various test phases is shown in table 1. 

Test results 

15. Table 2 sununarizes the triaxial compression test data, showing 

not only the axial loading data but also initial specimen conditions and 

specimen conditions after back-pressure saturation and consolidation. The 

tests are grouped in this table according to the chamber pressure used. 
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The before- and after-test specimen conditions will be discussed first, 

following which the shear test data will be discussed. 

16. Specimen conditions. Initial water contents and compacted dry 

densities for the tests ljsted in table 2 had average values of 18.6 per

cent and 103.7 pcf, respectively, which were exactly those desired. The 

greatest deviation among nll specimens was ~0.4 percent for the water con

tent and about ~o.4 pcf fur the density. It is to be noted that many spec

imens were compacted and rejected because their water content and/or den

sity were not close to thr! desired values. It is also to be noted that the 

water content of 18.6 percent for the shear test specimens is somewhat dry 

of the optimum water content for the compaction effort used to obtain the 

desired density as shown by the Harvard miniature curve in fig. 4. Changes 

in water contents and densities caused by saturation and consolidation 

naturally depended upon the magnitude of the consolidation pressure, as 

shown by the following tabulation: 

Consolidation 
Pressure 

2 
ac , kg/cm 

o.49 
1.46 
2.93 
4.88 

Average Differences 
Between End of 

Consolidation and 
As-Molded Conditions 

Water 
Content 

w ' % 
+4.o 
+3.5 
+2.6 
+1.6 

Dry 
Density 
I'd, pcf 

+0.3 
+2.1 
+3.5 
+4.8 

Following completion of axial loading, specimens were quickly removed, 

taken to the humid room, and sliced horizontally into seven slices; the top 

and bottom slices were 0.2 in. thick; the remaining five slices were cut to 

be of equal thickness. Water contents were then determined on the indi

vidual -Slices. -Verti-cal distribution of water content within a specimen 

showed a slight tendency for the central portions of the specimens to have 

slightly higher water contents than the upper and lower portions (see 

table 3 and fig. 5). It would be expected that if the rate of strain has 

a significant effect on the R shear strength of a soil, this effect would 

make itself known by consistent differences in water content distributions 
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within specimens consolidated under the same pressure, but axially loaded 

at different rates of strain. However, table 3 indicates that there is no 

pattern of variation of the water content determined after shear with dif

ferent rates of strain for tests with the same chamber pressures; there

fore, from this standpoint, it is indicated that this CL soil is relatively 

insensitive to the rate of axial strain. 

17. It is of interest to compare the water contents determined 

directly at the end of test with water contents computed for the after

consolidation .conditions (using the initial water contents and water con

tent changes observed during saturation and consolidation as indicated by 

the burette). Fig. 6 shows generally close agreement between water con

tents computed by the method described in table 3 and the water contents 

determined at the end of the tests. Plots of volume changes (as indicated 

by the burette) and of changes in specimen height (as indicated by the dial 

gage) during consolidation are shown for four tests under different consol

idation pressures in fig. 7, 

18. Shear strength and pore pressure data. Plots of deviator stress 

versus axial strain with test data grouped under each of the four confining 

pressures used in the test program are shown in figs. 8 and 9, Fig. 10 is 

a plot of maximum deviator stress versus rate of strain. Since deviator 

stresses did not peak before 20 percent axial strain, the deviator stress 

at an axial strain of 15 percent is reported as maximum deviator stress as 

prescribed in EM 1110-2-1906. Thus, fig. 10 also presents maximum deviator 

stress versus time to 15 percent axial strain. The Mohr's diagrams in figs. 

11 and 12, in which test data are grouped by rate of strain, show that for 

rates of strain from 0.01 to 1.0 percent/min, a shear strength, based on 

total stresses, of ¢ = 17.5 deg and c = Q.#0-kg/cm? f'its all- four plots 

very well. The shear strength for the tests at rate of strain of 0.001 per

cent/min (fig. 13) is somewhat higher(¢= 18 deg, c = 0.53 kg/cm2). 

19. The plot of induced pore pressure versus axial strain in fig. 14 
shows no discernible effect of rate of strain on the pore pressures induced 

by axial loading based on measurements taken at the base of the specimen. 

Plots were made of pore pressure parameter 
u - uo 

A = versus axial 
crl - cr3 
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strain, and these are presented in figs. 15-18. Fig. 19 shows the ranges 

of stress paths for the current tests in which the rate of strain was 

varied from 0.001 to 1.0 percent/min and also shows stress paths of the R 

tests by the U. S. Army Engineer Division, Southwestern (SWD), and by WES 

in the 1965 standard soil sample test program on the same material, using 

rates of strain of 0.06 to 0.07 percent/min. 

Conclusions 

20. Results of this test program indicate that this Vicksburg lean 

clay compacted at a water content 2 percent wet of optimum and to a dry 

density of 95 percent of standard Proctor maximum dry density is only 

slightly sensitive to rates of axial strain in the R test. Under effec

tive confining pressures of o.49, 1.46, 2.93, and 4.88 kg/cm2 , rates of 

strain ranging from 0.5 to 0.01 percent/min gave the lowest values of maxi

mum deviator stress. However, it appears that for this material at this 

condition, axial loading might be as fast as 1 percent of axial strain per 

minute without appreciably affecti~ the total stress results. When other 

materials have been tested at different rates of strain in succeeding 

phases of the program, more definitive guidance on rates of strain for 

various fine-grained soils should be possible. 
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Fig. 10. Rate of strain versus maximum 



Fig. 11. Mohr's envelopes based on total stresses at 15 percent axial strain. 
strain = 1.0 and 0.5%/min 
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Fig. 12. Mohr's envelopes based on total stresses at 15 percent axial strain. 
strain = 0.1 and 0.013/min 
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Table 1 

Durations of Various Test Phases 

Effective 
Consolidation 

Pressure 
a c 
tsf 

O.'.,i 

1.5 

3.0 

5.0 

Nominal 
Rate of 

Axial 
Strain 

';'.if.min 

1 
0.5 
0.1 
0.01 
0.01 
0.001 

1 
1 
0.5 
0.1 
0.01 
0.001 

1 
0.) 
0.1 
0.01 
0.001 

1 
0.5 
0.1 
0.1 
0.01 
0.01 
0.001 

Test. 
No. 

R9 
R5 
Rl 
Rl3 
Rl3a. 
Rl7b 

RlO 
RlOa 
R6 
R2 
Rl4 
Rl8 

Rll 
R7 
R3 
Rl'..i 
Rl9a 

Rl2 
R8 
R4 
R4a 
Rl6 
Rl6a 
R20b 

From Compaction 
From Mixing to Start of 

with Water to Back-Pressure 
Canpacting Saturation 

dais hr 

12 <l 
24 18 
21 20 

3 <l 
1 <l 
3 24 

5 <l 
2 <l 
1 18 

22 22 
3 <l 
4 <l 

6 <l 
5 18 
2 72 
1 <l 
2 24 

1 <l 
6 18 

18 20 
7 <l 
1 <l 

Unknown <l 
3 <l 

* CP = chamber pressure; BP= back pressure; fl.= increments. 
In all tests, difference between CP and BP was 2 psi. 

Durations 

Back-Pressure 
Saturation* 

hr 
24d 
6c 

22a 
19d 
20d 
67e 

2ld 
4d 
5c 

21~ 
lT 
19d 

19d 
5c 

2lb 
20d 
67e 

22d 
5c 
4C 

19b 
20d 
20d 
43e 

Axial From Compaction 
Consolidation Loading to End of Test 

hr hr hr 

19 0.3 43 
137 o.8 162 

50 3.3 95 
21 35.5 76 
19 33.3 72 
18 333.1 466 

21 0.3 42 
18 0.3 22 
66 0.8 90 
25 3.3 71 
21 3~.) 711 
21 333.1 373 

21 0.3 40 
70 0.7 94 
44 3.2 140 
29 31.1 80 
18 333.1 442 

18 0.3 40 
42 0.7 66 
19 3.2 56 
21 3.0 43 
27 31.1 78 
18 31.l 70 
18 333.1 372 

a Rl and R2 - initial CF= 7 and· 12 psi, respectively; tiCP = 5 and 10 psi; CP of 102 and 72 psi, respectively, maintained 
overnight. 

b R3 and R4a - initial CP = 12 ru.1d 22 psi, respectively, maintained overnight; tiCP = 10 or 20 psi. 
c R4 through R8 - initial CP varied fran 7 to 22 psi; tiCP = 5 to 20 psi; no increments maintained overnight. 
d R9 through Rl8 (excluding Rl7bL - initial CP of 7 psi maintained overnight; tiCP = 5 and 10 psi. 
e Rl7b, Rl9a, and R20b - 2-psi Cf with no BP maintained overnight; then 7-psi CP and 5-psi BP maintained 40 to 64 hr; 

tiCP = 5 and 10 psi. 



Table 2 

Summa!): of R Tria.xial Com12ression Test Data on lean Cla:z: (ct) 

Effec-
tiv.t:" 

Cor,.::;oli- llcminal After back-Pressure Saturation 
datlon Rate of and Consolidation 

l'r!:.soure Axial Initial Conditions , 
u 0 

0 " 1do s 0 c c Strain Test 0 ,o 
tsf ~ ~ • ...E£.L 

e 
..1'- •g/C1112 ~ _,__ _ o_ 

0.5 1 R9 18.5 103.7 o.G2 8o.; 9.14 o.49 
o.~ R5 ltl.2 103.9 0.62 '(C).4 8.44 
0.1 Rl 18.2 lo4.o 0.62 7').4 8.44 
0.01 RB 18.8 103.7 0.62 81.5 9.14 
0.01 Rl3a 18.3 103.8 0.61 ao.2 9.14 
0.001 Rl7b 18.9 103.( o.Gl 82.8 9.14 

L'.• 1 RlO 18.5 103.9 o.G2 &i.6 9.14 l.46 
1 RlOatt 18.6 103.~ 0.61 8i;.4 9.14 
0.) R6 19.0 103.5 0.62 82.1 8.44 
0.1 P2 18.4 103.6 0.62 80.3 7.71 
0.01 Rl4 18.9 103.7 0.62 8i;.9 9.14 
0.001 Rl8 18.5 103.8 o.62 80.3 9.14 

3.0 1 Rll 18.3 103.8 0.62 'fs).8 9.14 2.93 
o.~ R7 18.5 103.6 o.t,2 &).3 7.71 
0.1 R3 18.6 103.8 0.62 89.9 9.14 
0.01 Rl5 18.6 103.5 0.62 8o.2 9.14 
0.001 Rl9a 18.7 103.9 0.61 82.:, 9.14 

;.o 'l Rl2 18.6 103.9 0.62 81.0 9.14 4.88 
o.; R8 18.5 103.7 O.G2 8o.l 9.14 
0.1 R4 18.6 103.4 o.62 80.2 9.14 
0.1 R4a 18.~ 103.7 0.62 80.2 9.15 
0.01 Rl6 18.6 lo4.o 0.62 81.1 9.14 
0.01 Rl6a 18.6 103.5 0.62 1'}.9 9.14 
0.001 R20b 18.9 103.5 0.62 82.4 9.11. 

1;ote: Symbols used in the headings are defined in Eli 1110-2-19o6. 
• Average after-test water content. 

w • 7dc 
.. 

c 
L ....E£!.... 

e _c _ 

22.9 lo4.3 0.61 
21.9 104.2 0.61 
21.8 lo4.3 0.61 
22.4 lo4.2 0.61 
22.6 104.1 0.61 
23.2 103.8 0.61 

21.3 lo6.2 0.58 
21.9 105.5 0.58 
22.8 105.3 o.6o 
22.6 106.2 0.58 
21.9 105.7 0.59 
22.0 105.6 0.59 

20.9 107.8 0.56 
21.2 106.9 0.57 
21.3 lo6.8 0.57 
21.2 107.2 0.57 
20.9 107.2 0.56 

20.3 lo8.4 0.55 
20.) lo8.4 0.55 
20.7 lo8.o 0.56 
20.1 lo8.l 0.55 
20.0 109.4 0.54 
20.0 lo8.8 0.54 
20.1 lo8.3 0.54 

s 
c 

_j_ 

101.1 
96.5 
96.0 
98.6 

100.0 
100.0 

99.0 
100.0 
102.2 
lo4.9 
100.0 
101.0 

100.3 
100.0 
100.5 
100.0 
100.0 

99.3 
99.3 
99.5 
98.4 
99.6 

100.0 
99.3 

Actual 
Rate 
of 

Axial u - u 
0 Strain 

~ ~ 
1.000 -0.04 
o.44o -0.02 
0.103 0.02 
0.009 0.01 
0.010 -0.07 
0.001 -0.14 

1.000 0.38 
1.000 0.74 
o.440 0.59 
0.103 0.51 
0.009 0.58 
0.001 0.30 

1.000 1.68 
o.48o 1.58 
0.105 1.49 
0.010 1.52 
0.001 1.48 

1.000 2.92 
o.48o 2.83 
0.105 2.87 
0.110 2.83 
0.010 2.56 
0.010 2.74 
0.001 2.67 

•• Dry densitie3 listed for Rl5 and Rl6 are at water contents of 19.5 and 19.4 percent, respectively. 
t Based on voll.llle change indicated cy burette during saturation and consolidation. 

tt Repeat of test RlO in which leakage was noted in outside connections. 

Axial 

At l~ Axial Strain 

~ 03 01 - 03 
2'0 ~ kg/crn2 c 

0.53 1.50 1.5~ 
0.51 1.42 1.4~ 
o.47 1.48 l.51 
o.48 1.70 l.73 
0.56 1.50 1 I:., ~ .,_ 
0.63 l.90 l.;14 

l.o8 3.11 1.01 
0.73 2.11 0.72 
0.87 2.38 o.a2 
0.95 2.34 o.8o 
o.88 2.23 0.76 
1.16 2.78 0.95 

l.25 3.64 o.'52 
1.35 3.63 0.62 
1.44 3.59 0.61 
l.41 3.52 0.60 
1.45 4.12 0.70 

1.96 5.34 0.55 
2.05 5.13 0.53 
2.01 5.20 0.53 
2.05 5.27 0.54 
2.32 5. 72 0.59 
2.14 5.46 0.56 
2.21 5.66 0.58 

Loa,1i Data 

At 20'£ Axial Straint 

u - u u - u 01 - 03 ~ u - u 
0 0 "3 __ o_ 

2'0c c 1 - :': Y.r;/crn2 y.g/crn2 ~ '1 - '3 

-0.03 -0.10 0.59 l.63 1.66 -o.o.; 
-0.02 -O.Oj 0.')7 1.5"7 1.60 ... o.o:. 
O.Cl -0.D'; o.~8 l.64 l.67 -o.o~ 

-0.11 -0.32 O.tll l.97 2.01 -0.16 
-0.Cc .. ;:,.21 0. 70 l.f7 1.70 -0.13 
-0.07 -0.21 0. 70 2.14 2.18 -0.98 

O.lj 0,23 l.23 3,45 l.19 0.07 
0.35 0.(-0 o.&> 2.35 0.81 0.2:,i 
0.23 o.46 1.00 2.bb 0.91 0.17 
0.22 0.35 l.11 2.66 0.91 0.13 
0.26 0.42 l.o4 2.55 0.87 0.16 
o.u 0.12 1.34 3.0'. l.o4 o.04 

o.46 l.hi:l 1.4~ 4.0S 0.10 O.jG 
o.43 l.J~ 1. ~tl 4,03 0.69 0.33 
J.41 1.2'.l 1.(4 3.96 0.67 0.33 
0.43 1.29 1.64 3.93 0.67 0.33 
0.3(, 1.2) 1.W 4.67 o.Bo 0.27 

0.55 2.60 2.28 5.97 0.61 o.44 
0.55 2.53 2.35 5.90 0.60 o.43 
0.55 2.57 2.31 5.74 0.58 0.45 
0.54 2.50 2.38 5.86 0.60 o.43 
0.44 2.17 2. 71 6.52 0.67 0,33 
0.50 2.39 2.49 6.20 0.63 0.39 
0.47 2.33 2.55 6.51 O.(;{ o.3G 



Table 3 

ComEarison of water Contents ComEuted for After-Consolidation 
Condition and Those Detennined After Shear 

Average Water Contents 

Confining Nominal Water Contents 
at End of Test, wf , % 

Rate of Middle Middle Pressure Axial Computed After Total &::f/o 5CP/o a Strain Test Consolidation* Specimen (Middle (Middle c 
w ' % tsf ~Lmin No. c ~7 Slices2 5 Slices2 3 Slices2 

0.5 1 R9 22.70 22.88 22.92 23.09 
0.5 R5 22.83 21.94 22.01 22.20 
0.1 Rl 23.01 21.75 21.87 22.17 
0.01 Rl3 22.90 22.35 22.48 22.82 
0.01 Rl3a 22.97 22.63 22.75 23.00 
0.001 Rl7b 23.03 23.25 23.15 23.41 

1.5 1 RlO 21.94 21.28 21.30 21.42 
1 RlOa 21.93 21.87 21.94 21.98 
0.5 R6 22.54 22.79 22.78 23.03 
0.1 R2 22.07 22.61 22.67 22.99 
0.01 Rl4 21.93 21.89 22.02 22.24 
0.001 Rl8 22.03 22.04 22.07 22.27 

3.0 1 Rll 20.97 20.86 20.89 21.04 
0.5 R7 21.07 21.17 21.20 21.30 
0.1 R3 21.14 21.31 21.35 21.54 
0.01 Rl5 21.25 21.21 21.28 21.42 
0.001 Rl9a 20.75 20.91 21.19 21.10 

5.0 1 Rl2 20.46 20.29 20.32 20.44 
0.5 R8 20.29 20.26 20.30 20.44 
0.1 R4 20.69 20.65 20.68 20.83 
0.1 R4a 20.23 20.12 20.19 20.37 
0.01 Rl6 20.29 19.95 19.97 20.15 
0.01 Rl6a 20.16 20.01 20.16 20.34 
0.001 R20b 20.31 20.09 20.20 20.38 

* The water content of each specimen after consolidation was computed as 
follows: 

where 

W + (6V - 6V )'l w = _w_o __ ___,w~s ___ w_c __ w x 100 
c ws 

w = water content in percent dry weight at end of consolidation c 
W = initial weight of water WO 

6V = change in volume of water during saturation as indicated by 
ws burette 

6V = change in volume of water during consolidation as indicated we by burette 

lw = unit weight of water 

w5 = weight of dry soil 



Unclassified 
Security Clualfication 

DOCUMENT CONTROL DAT A • R & D 
(S•curlty el•••Jllc•rlon of 1111•, body of •b•tr•cf •nd lnd••ln~ #tnot•llM mu•I h •nt-.cf wlMrt lh• o'Nr•ll ffOOtl I• el•••lll•dl 

•• OAIGtNATING ACTIVITY (CorpONt• authOf') U. flltl'O"T ll:CUfUTY CLAl91P'ICATION 

Unclassified 
U. S. Army Engineer Waterways Experiment Station 

Jlii. 0"0UP Vicksburg, Mississippi 
I. "CIDOflllT TITLIE 

EFFECTS OF STRAIN RATE IN CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TESTS OF COHESIVE 
SOILS; Report 1, VICKSBURG SILTY CLAY (CL) 

•• Dll:ICllUl9TIVll: NOTll.I (Type of report and fnelu•h• ., •• , 

Report 1 of a series 
I· AUTHOfUI> (YIHI n._., atlddJe lnltl4il, l••I na ... ) 

Raul F. Esquivel-Diaz 
Joseph R. Compton 

I· llUl:,.OftT OATIE 7a. TOTAL NO. Of' .. AOKI r·· NO. OP' llllP'; February 1970 35 
.... CONT .. AC1' Ofill GftANT NO. Mo ORlelNATOft•I Rll: .. O"T NU.,.&llllClt 

L "'"0JIECT NO. Miscellaneous Paper S-70-8, Rpt 1 

c. lb. OTHIE" ftlElfltORT NOCSI (An, odt« ............ ...,. ...... ...,, 1111• ..,,.,,, .. 
, ... ENITNllUTION ITATKM•NT 

This document has been approved for public release and sale; its distribution is ! 
i unlimited. 

11. IUlll' .. LIEMIENTAfllY NOT .. I 11· ll'ONaGllllNO MIL.ITAflllY ACTIVITY 

Office, Chief of Engineers, U. S. Army 
Washington, D. C. 

ti. AaaT,..ACT 

The results of consolidated-undrained (termed R test in Corps of Engineers nomencla-
ture) triaxial compression tests with pore pressure measurements performed on Vicks-
burg silty clay (CL) are presented and analyzed in this report. All triaxial speci-
mens were compacted with a Harvard miniature compactor to 95 percent of standard maxi-
mum density with water contents 2 percentage points wet of standard optimum. After 

the back-pressure saturation and consolidation under four different chamber pressures, 
specimens were axially loaded at rates of strain varying from 0.001 to 1.0 percent/min. 
The purpose of the tests was to evaluate the effects, if any, of different rates of 
strain on the shear strength and deformation characteristics of this particular soil. 
Data presented include pore pressure observations, magnitudes of deviator stresses, 
Mohr's diagrams,_ and- stress path- plots. R triruc-ial test- results- indicate that this 
lean clay, which has a liquid limit of 34, plastic limit of 22, and plasticity index 
of 12, is relatively insensitive to the rates of strain used in axial loading. When 
other materials have been tested at different rates of strain in succeeding phases of 
the program, more definitive guidance on rates of strain for various fine-grained soils 
should be possible. 
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