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PREFACE

The investigation reported herein was conducted as a part of a

study to evaluate laboratory testing procedures for the Office, Chief

of Engineers , U. S. Army, under CWIS 1714 (formerly Engineering Study (ES)

516) of the Engineering Studies Program. The testing was performed dur-

ing the period January through september 1975.

The saturation apparatus was designed and fabricated in the Geo—

technical Laboratory (GL), at the U. S. Army Engineer Wat erways Experi-

ment Station (WEB), CE, by Messrs. Robert T. Donaghe and Thomas V.
McEwen. The study was conducted by Mr. Donaghe under the supervision

of Dr. F. C. Townsend , Former Chief , Soils Research Facility , Soil

Mechanics Division (SMD), GL, and the general direction of Mr. C. L.

McAnear, Chief , S~~.), GL. Messrs. J. P. Sale and H. G. Ahivin were

Chief and Assistant Ch}ef , respectively , GL. This report was prepared

by Mr. Donaghe and Dr. Townsend.

COL G. H. Hilt, CE , and COL J. L. Cannon , CE , were Directors of the

WEB during the investigation and the preparation of this report.

Mr. F. H. Brown was Technical Director
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI )
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows :

Multiply By To Obtain

inches 2.514 centimetres

pints (U. S. liquid) 0.14731765 cubic decimetres

pounds ( force ) per square inch 68914.757 pascals
pounds (mass) 0.14536 kilograms
pounds (mass) per cubic foot 16.0185 kilograms per cubic metre

14



EFFECTS OF BACK-PRESSURE SATURATION TECHNIQUES ON

RESULTS OF R TRIAXIAL COMPRESS ION TESTS

PART I : INTRODUCTION

1. The use of back pressures to insure complete saturation of test

specimens is a widely used procedure. Accordingly, in Corps of

Engineers (CE ) soil laboratories , saturation of H and B triaxial
compression test specimens is achieved by use of back pressures applied

acc ording to procedures given in Engineer Manual lllo_2_l906 .* The

objective of this procedure is to apply pressure on the pore water and
pore air , together with an increase in chamber pressure , so that the air
is dissolved in the pore water and the difference between the chamber
pressure and the back pressure remains approximately constant ; i . e .,  the
effective consolidation pressure during saturation remains unchanged.

Purpose and Scope

2. The objectives of this investigation were to verify back—

pressure procedures outlined in EM 1110—2—1906 by determining the

effects of the magnitude of back pressure and the procedure by which it
is applied on the measured triaxial compression strengths of soils.

3. The objectives were achieved by comparing results of test s per-
formed on compacted specimens of a plastic clay (CH) and a clayey silt

(ML) in which the back—pressure saturation procedure was varied and re-

sults of tests performed on specimens of the plastic clay (CH) consoli-

dated from a slurry in which the magnitude of the total back pressure

was varied.

Backgroun d Information

14. The CE back—pressure saturation procedur e given in Engineer

* Department of the Army , Office , Chief of Engineers , “Engineering and
Design: Laboratory Soils Testing,” Engineer Manual 1110—2—1906,
30 Nov 1970, Washington, D. C.
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Manual lllO_2_l906* and outlined in Appendix A basically consists of

increasing the back pressure in small increments while concurrently in-

creasing the chamber pressure, with adequate time between increments to

permit equalization of pore—water pressure throughout the specimen . An

increment is added when the pore pressure measured at the base of the

specimen becomes essentially constant under the previous increment of

back pressure. The magnitude of each increment typically varies between

5 and 20 psi ,~~ depending on the compressibility of the soil specimen

and the magnitude of the desired consolidation pressure. Specimens are

considered to be completely saturated when a chamber pressure increment

of about 5 psi, applied to the specimen with the drainage lines closed ,

results in an immediate and equal increase in pore pressure.

5. In June 196)4, samples of three different soils, termed “stan-
dard soil samples,” were sent from the U. S. Army Engineer Waterways

Experiment Station (WES) to nine CE division soils laboratories to deter-

mine the variation in test results when different laboratories performed

the same tests on the same soils. Among the tests were B triaxial

compression tests to be performed using procedures given in Engineer

Manual 111O—2--1906.t Results of the B tests, as reported in Miscella-

neous Paper (MP) 3—813,tt indicated a wide variation in the measured

shear strengths. In an attempt to determine factors that may have

caused the variations, the following aspects of saturation procedures

were reviewed :
a. Procedures used in applying back pressure , i .e . ,  magnitude

and duration of back—pressure increments that might indi-
cate possible prestressing.

b. Magnitude of effective consolidation pressure during satur-
ation , which might indicate conditions permitting the speci-
men to swell .

* Engineer Manual 1110—2—1906 , Appendix X , pp 33—35, op. cit .
** A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is present on page 14.
t Engineer Manual 1110—2—1906 , Appendix X , pp 29— 38, op. cit .

tt Strohm , W. E., Jr., “Preliminary Analysis of the Results of Division
Laboratory Tests on Standard Soil Samples , ” Miscellaneous Paper 3—813,
Apr 1966 , U. S. Army Engineer Waterways Experiment Station, CE ,
Vicksburg, Miss.
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c. Total time for saturation , which might indicat e possible
thixotropic effects.

The data presented in Table 1 show that there were significant differ—

ences in saturation procedures among the various laboratories. Unfortu-

nately, a determination of the effect of back—pressure saturation techni-

ques on the measured strengths was impossible, since other variations in

testing procedures, techniques. and test conditions (such as variations

in initial specimen conditions , ‘nethods of compaction , rate of axial

loading, and variations in pore-pressure measurement devices) masked
any conclusive trends.

7
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PART J1: TESTING PROGRAM AND MATERIALS

Testing Program

6. The testing program consisted of two parts. The first part

was a series of test s performe d on compacted specimens , and the second

part consisted of a series of tests performed on specimens trimmed from

a sample consolidated from a slurry. The variables that were investi-

gated in the testing program are shown in Table 2.

Part 1

7. Tests in Part 1 of the testing program given in Table 2 con-

sisted of H triaxial tests performed on compacted specimens of the

standard ML and CII soils to determine effects on the strength—

deformation characteristics of the materials due to varying the satura-

t ion procedure. Since these tests were performed at water contents

favoring dilative tendencies , it was hoped that the influence of the

variables that were investigated (i.e., magnitude of back—pressure incre-

ments , magnitude of during saturation, etc.) would be more

pronounced.

Part 2

8. Part 2 of the testing program (the variables that were investi-

gated are shown in Table 3) consisted of two series of R triaxial tests

performed on specimens trimmed from a sample of CII material consolidated

from a slurry under a maximum vertical consolidation pressure, a , of
2 p

3 kg/cm . Effective consolidation pressures, a
~ 

, we re 0 . 5  and 4.0

kg/cm2 for the f i rs t  and second series , respectively . Total back—

pressure magnitudes for the a = 0.5 kg/cm
2 

tests were 80, 120 , and

160 psi and those for the a = 14.0 kg/cm2 tests were 60, 80, and 120

psi. The purpose of the tests was to determine effects of the magnitude

of total back pressure on the strength and deformation characteristics

of both normally and over—consolidated clay, approximating undisturbed

specimens.

Materials

9. The two soils tested in this investigation were Vicksburg b
ess8



(clayey silt (ML)) and Vicksburg buckshot (clay (CII)). Both soils

(commonly referred to as “standard soils”) were taken from material that

had been processed for use in the investigation of variations in test

results when different laboratories perform the same tests on identical
soils.* Some properties of the soils as determined by the Lower Missis-

sippi Valley Division Laboratory are :

Vicksburg Vicksburg
Loess (ML ) Buckshot (CH)

Liquid limit 28 59
Plastic limit 214 22

Plasticity index 14 37
Specific gravity 2.72 2.69

Standard maximum dry unit weight , pcf 105.7 98.14

Standard optimum water content , percent 16.6 21.9

Description of Equipment

10. Figure 1 shows the triaxial equipment utilized for the investi-

gation. A schematic diagram of the testing apparatus is given in Fig-

ure 2. Chamber and back pressures were applied using compressed air

controlled by pneumatic pressure regulators. All pneumatic pressures

were measured with Bourdon tube gages. Pore—water pressures were rnea—

sured with electronic differential pressure transducers. The force

applied to the piston was measured using an electronic load cell. Trans-

ducers , load cells , and gages were calibrated so that all pressures and

stresses were accurate to within +0.02 kg/cm
2
. Changes in height of the

specimen during shear were measured with a displacement potentiometer

calibrated to the nearest 0.001 in.  During shear , load cell , pore—

pressure transducer , and displacement potentiometer readings were auto-

matically recorded by a digital recorder. Changes in height of the

specimen during consolidation were measured with a dial indicator

reading 0.01 mrs/division . De—aired distilled water was used to saturate

the specimen and also for the chamber fluid. The volume of water

* Strohrn , op. ci
t . 9
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Figure 1. Triaxial testing facility

entering and leaving the specimen during saturation and consolidaton was

measured using glass burettes reading 0.1 cc/division . Filter strips

made from Whatman No. 1 Chromotography paper were evenly spaced around
the periphery of the specimen and extended from the top of the specimen

to within 0.7 in. of the bottom. Fifty percent of the specimen’s peri-

phery was covered by the strips. Porous discs at the top and bottom of

the specimen were made of sintered stainless steel and were approxi-

mately the same diameter as the specimen. The slurry consolidometer

utilized in the investigation for Part 2 CII specimens was designed and

fabricated at Northwestern University in Evanston, Illinois. A descrip-

tion of the consolidometer is given in a report of operational proce-

dures by Krizek and Sheeran.*

* H.  J. Krizek and D. E. Sheeran , “Operational Procedure for Slurry
Consolidometer,” Contract Report S—70—6, Report 1, Jun 1970, North-
western University Technological Institute , Contract No. DACW 39—70—
C—OO 5 3, Evanston , Ill .
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Preparation of Specimens

11. The desired initial specimen conditions for tests in Part 1

of the testing program were water contents of 114.6 and 214.5 percent and

dry unit weight s of 100.14 and 93.5 pcf for the ML and CH materials,
respectively. These conditions correspond to approximately 95 percent

of standard maximum density for both materials and opt imum +2 percent

and optimum —2 percent water content for the ML and CH materials,
respectively. The average water content of the CH material consolidated

from a slurry to be tested in Part 2 of the testing program was 29.9

percent. Batches for compacted specimeas of each soil were prepared in

a humid room by mixing a previously determined amount of air—dried soil

with sufficient distilled water to obtain the desired water content .

After mixing, the batches were split into portions sufficient for indi-

vidual specimens. Each portion was placed in an airtight 1/2—pt glass

jar and allowed to cure for at least 7 days. The buckshot slurry was

prepared by sifting a predetermined amount of air—dried soil through a

No. 60 sieve into a container containing sufficient boiling, de—aired ,

disti lled , demineralized water to obtain a water content approximately

1.5 times the liquid limit. Boiling, de—aired water was used to keep

the amount of air in the slurry at a minimum during the preparation

procedure. The amount of air—dried soil was computed by assuming a

final consolidated sample height of 5 in.

12. Compacted specimens of both soils were molded in a 1.14—in.—

diam by 3.5-in.—high split mold, using a modified Berkeley pneumatic

tamper. A description of the tamper is given in Miscellaneous Paper

3_ 1478,* a report of an evaluation of soil mechanics laboratory equipment.

The specimens were compacted in eight layers using 30 tamps (three com-

plete coverages of the surface area) on each layer. Approximately

* B. N. Maclver and H. T. Donaghe, “Evaluation of Soil Mechanics
Laboratory Equipment; Modified Berkeley Pneumatic Tamper for Compact-
ing Test Specimens of Cohesive Soils,” Miscellaneous Paper 3—478,
Report 12, Jun 1971, U. S. Army Engineer Waterways Experiment Station,
CE, Vicksburg, Miss.

12



one—half of the uppermost layer was trimmed away to obtain the desired

3—in. specimen height. Specimens from the slurry consolidated sample

were trimmed to a diameter of 1.14 in. by use of a soil lathe. The ends

were squared using a 3—in. —high miter box. After the wet weight of each

specimen was obtained and moistened filter strips were in place, each

specimen was encased in two standard O.O03—in.—thick rubber membranes

separated by a layer of silicone grease. The membranes were seaied at

the cap and base using two 0—rings each. In the case of the CH speci-

mens, a thin coating of silicone grease was placed on the outside of

the specimen below the filter strips to eliminate the possibility of

short circuiting between the ends of the strips and the bottom porous

stone.

Testing Procedure

Saturation

13. Prior to applying back pressur e , specimens of the ML material

were placed under a partial vacuum of 5 psi applied through burette

No. 2 ( see Figure 2) to the top of the specimen. After differential

pressure transducer readings indicated an equilibrium condition under

the partial vacuum, the bottom of the specimen was allowed nccess to

de—aired water in burette No. 1 under atmospheric pressure, thereby

allowing water to seep from the bottom to the top of the specimen , hope-

fully pushing air in front of it. When water appeared at the bottom of

burette No. 2 , an additional 2 cc of water were allowed to seep through

the specimen. The valve to the top of the specimen was then closed,
and a full vacuum was applied to burette No. 2 so that the system to be

used to back pressure the specimen could be de—aired. After the system

was de—aired, the vacuum was released, and the burette was filled with

sufficient de—aired water to saturate the specimen. A chamber pressure

of 5 psi was then applied with the valve to the top of the specimen open,

and the appropriate back-pressure procedure was initiated. In the case

of the CH specimens, vacuum was not applied to the specimens; hence, the

procedure followed prior to applying back pressure was much shorter. A

13



chamber pressure of 5 psi was applied , and the appropriate back-pressure
saturation procedure was initiated with the valve to the top of the
specimen open to burette No. 2, which had previously been filled with

sufficient de—aired water to achieve saturation.

114. Back pressures were automatically applied to specimens of

both soils using the apparatus diagramed in Figure 2. The apparatus

was designed to operate in two modes. In the first mode, the apparatus

automatically increased the back pressure at the top of the specimen

until the differential pressure between the top and bottom of the speci-

men reached a maximum preset value. The back pressure was then held

constant until the differential pressure was dissipated, at which point

it was again increased until the maximum differential pressure was once

again developed . This operation was repeated until the maximum preset

total back pressure was attained. (The chamber pressure was increased

automatically as the back pressure was increased.) For example, ini-

tially the back pressure for specimen 14 was automatically increased

until the difference in pressure between top and bottom was 5.0 psi.

The pressure was then held constant until the differential dissipated to
0.5 psi at which time the pressure to the specimen top was again auto-

matically increased until a differential of 5.0 psi was once more
achieved. As saturation of the specimen proceeded, the magnitude of back

pressure required to develop the 5.0-psi differential increased ; and

finally, because the pressure response at the bottom of the specimen was

such that an increase in back pressure could not develop the 5.0—psi

differential , the back pressure increased to the maximum preset value.

Thus in the case of specimen 4, the differential across the specimen

never exceeded 5.0 psi. In the case of specimens 5 and 6, the differ-
ential never exceeded 10 or 20 psi, respectively. After the total pre-

set back pressure was applied, the pressures were maintained until a

check of B pore—pressure parameter (B ~u/Aa
3
) could be made. In this

mode of operation , the following variables were investigated:

a. The magnitude of the Induced effective stress (the differ—
ence between the back pressure applied to the top of the
specimen and the induced pore pressure measured at the
bottom) during saturation.

14



b. The magnitude of the effective consolidation pressure
(chamber pressure mirnks back pressure) during saturation.

c. The magnitude of the total back pressure at the end of the
saturation procedure.

In the second mode of operation , effects of the magnitude of back—

pressure increments were investigated. The magnitude of the increments

was controlled by relays that opened solenoid valve B (see Figure 2) and

closed solenoid valve A when the signal from differential pressure trans-

ducer No. 2 indicated a pressure equal to the desired increment. When

the differential pressure between the top and bottom of the specimen

occurring as a result of the back—pressure increment was dissipated ,

another back—pressure increment was applied. This operation was re-

peated until the total predetermined total back pressure was applied,

whereupon the pressures were maintained until a B check could be made.

For example, in the case of specimen 1, a back—pressure increment of 5.0

psi was applied to the specimen top. When the pressure differential

between the specimen top and bottom reached approximately zero (0.5 psi),

the next 5.0-psi increment was applied. In this manner, when the speci-

men approached saturation, the pressure differential reached 0.5 psi

almost instantaneously after application of a back-pressure increment

and the controlling relays cycled back and forth rapidly. However, the

final increment applied never exceeded 5.0 psi for specimen 1 or 10 and

20 psi for specimens 2 and 3, respectively. This procedure duplicates

that prescribed by Engineer Manual 1110—2—1906. Additional information

concerning saturation procedures using the apparatus is given in

Appendix B.

15. After the maximum preset back pressure had been applied, the
pore—pressure parameter B was measured by closing the valve to the

top of the specimen and raising the chamber pressure by 10 psi,

while observing the corresponding pore—pressure response at the bottom

of the specimen. (Previous experience has shown that erroneous pore—
water pressure responses can be obtained if the pore—pressure transducer

is In direct communication with the filter strips through the top of the

specimen, since there is usually sufficient free water In the strips to

15



give an immediat e and equal response to the increase in chamber pressure

even though the specimen may not be completely saturated.) For the ML

specimens, pore—pressure responses were almost immediate with B values

ranging from 0.98 to 1.00 (Table 4 ) .  In t he case of CH specimens , B
values ranged from 0.96 to 1.00 (Table 14) with complete response often
requiring from 5 to 10 m m .  The maximum time for saturation was 1 day

for ML specimens and 3 days for CII specimens.
Consolidation

16. Specimens were consolidated in one increment by increasing
the chamber pressure to the desired difference between the chamber

pressure and back pressure (effective consolidation pressure, a).

Valves to the top and bottom of the specimen were then opened, allowing
water to drain from the specimen into the burette. Each specimen was

consolidated for at least 214 hr after completion of primary consolida-
tion. Consolidation times for the CH specimens consolidated under an

effective pressure of 0.5 kg/cm2 averaged 2 days, while those consoli-

dated under an effective pressure of 14.0 kg/cm2 averaged 3 days.

Shear

17. Upon completion of consolidation , the vertical height indica-
tor was read and the valves to the top and bottom of the specimen were
closed. Specimens were then axially loaded at a constant rate of strain

(0.12 percent/m m for the ML specimens and 0.012 percent/mm for the
CII specimens). When the specimen had been deformed to slightly more
than 15 percent strain, the test was stopped and the chamber and back

pressures were removed with the valves to the top and bottom of the

specimen remaining closed. After draining the chamber fluid, the mem-

branes covering the specimen were removed and the specimen was placed

in an aluminum container for a water—content determination.

16



PART III : TEST RESULTS AND DISCUSSION

18. Results of the 26 R triaxial tests performed on the two

soils are summarized in Table 14 and are presented graphically in Fig-
ures 3 through 19. The tests are grouped in the table and figures

according to the variables investigated.

Effect s of Magnitude of Back—Pressure
Increments, ML Material

19. Figure 3 presents deviator stress and induced pore pressure

versus axial strain curves for tests performed on ML specimens back

pressured using mode 2 to determine the effects of varying the magnitude

of back—pressure increments from 5 to 20 psi.  While EM 1110—2—1906
allows these magnitudes of back—pressure increments , it is quite pos-

sible prestressing could occur if this magnitude exceeds the consolida-

tion stress. The effect of back—pressure increment magnitude on devia-

tor stress and induced pore pressures at 15 percent strain are presented

in Figure 14. These comparisons show that increasing the magnitude of

back-pressure increments from 5 to 10 psi had little effect on either

deviator str esses or induced pore pressures . There was, however , a

s ignif icant  change in both deviator stresses and induced pore pressures

taken at 15 percent strain when the magnitude of back—pressure incre-

ments was increased from 10 to 20 psi. For this range, the deviator

stresses at failure were increased by approximately 12 percent , and

the corresponding induced pore pressures were reduced approximately

18 percent.  Since the consolidation pressure at shear , °3c was

only 0.5 kg/cm2 (7.1 psi), the initial 20—psi back—pressure increments

most likely prestressed the specimen significantly , causing slightly

lower water contents and corresponding higher strengths and lower in-

duced pore pressures. The relationship between deviator stresses at

failure and final water contents for ML specimens given in Figure 5
shows that the strength of ML specimens is very sensitive to small

differences in final water content with a 0.1 percent difference in

final water content , resulting in a 0.3—kg/cm
2 difference in the

17
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deviator stress at failure. The for —~ 
y.~ vt’r~ ~.

magnitude of back—pressure irjcren~ r i t  I 10 1~~1V ~~ r .  l t A  Fip-urI

greater negative A values were deveio; e~u ~~~ ~~~~~~ ~~~~~~~~~~

using 20—psi back—pressure increments. It may ~~ : not’ l ~~~~ ~~~te r

negative values of A would also occur for ncr d.~r . sJerimeri ~: ~~~~
as might result from prestressing specimens during t~ c~i tu r a t  ion roce—

dure. Thus, the allowing of back—pressure increments in excess of 0
3

could cause prestressing.

Effect of Magnitude of Effective Stress
Induced by Back Pressure, CS Material

20. Plots of deviator stress and induced pore pressure versus

axial strain for tests performed on CS material back pressure saturated

using mode 1 in which the maximum difference between applied back

pressure and induced pore pressure measured at the base of the specimen

was varied from 5 to 20 psi are given in Figure 7. Since the satura-

tion apparatus allowed this difference to be controlled , it was hoped

that results of these tests could be used to determine the extent to

which specimens might be prestressed during saturation without signifi-

cantly affecting test results. The stress—strain curves show that in

all cases deviator stresses increased rapidly to an axial strain value

of approximately 1 percent and then after either decreasing slightly

or almost leveling off began to increase gradually at strains of from

2 to 14 percent and continued to increase until the end of the tests.
(This increase was probably due to dilative tendencies causing pore—

pressure decreases and a corresponding increase in strength.) Since

this initial yield would most likely reflect effects due to prestress—

ing specimens during saturation, failure was assumed to have occurred

at an axial strain value of 2 percent . Effects of induced effective

stresses occurring during saturation are shown in Figure 8, which

shows deviator stresses and induced pore pressures at failure versus
the magnitude of the induced effective stresses. As may be seen,

deviator stresses wert relatively unchanged by effective stresses up
to 10 psi; however, there was an increase in deviator stress of
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approximately 13 percent when the maximum induced effect ive stress was
increased from 10 to 20 psi. Induced pore pressure, on the other
hand , decreased with increasing induced effective stresses up to the

maximum effective stress of 20 psi.  The decrease in induced pore—
water pressure occurring between effective stresses of 5 and 10 psi was

approximately 7 percent , while that occurring between effective stresses

of 10 and 20 psi was approximately 6 percent. Values of deviator

stresses at failure ranged from 0.53 to 0.63 kg/cm
2
, while induced pore

pressures varied from 0.30 to 0.214 kg/cm2. The relationship between t~,e

A parameter taken at failure A
f and induced effective stresses giv~r

in Figure 9 indicates that Af decreases with increasing induced ef-

fective stresses with the greatest reduction occurring between e f f e c t i v e

stresses of 10 and 20 psi. Since the consolidation pressure at shear,

0
3c , was only 0.5 kg/cm2 (7.1 psi), the initial 20—psi back—pressure

increments most likely prestressed and caused overconsolidation of the
specimens . Lower A values at failure also reflect a greater degree
of overconsolidat ion , hence the increase in strength noted for specimens

saturated under a maximum induced effective stress of 20 psi is

attributed to overconsolidation occurring as a result of prestressing

the specimens during saturation. Thus, back—pressure increments in

excess of 03 can cause detrimental prestressing.

Effec t of Magnitude of Tc During
Saturation, CH and ML Materials

21. The extent to which specimens may be prestressed during sat-

uration also depends, of course, on the effective consolidation stress

(chamber pressure minus back pressure), a , acting during the satura-

tion procedure with respect to a during shear. Deviator stress and

induced pore pressure versus axial strain curves for tests in which

during saturation was varied from 2 to 7 psi are shown in Figures 10
and 11 (back pressure was applied in 5—psi increments for each a).

Plot s of deviator stresses an d induced pore pressures taken at failure

(at an axial strain value of 15 percent) versus 
~ 

during saturation

for the ML specimens given in Figure 12 show that there was no
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significant effect on either deviator stresses or induced pore pressure

due to varying from 2 to 7 psi. The deviator stresses at failure

ranged from 14.02 to 4 .28 kg/cm2 
arid induced pore pressures at failure

varied from —1.25 to —1.141 kg/cm2.

22. In the case of CH specimens, Figure 13 shows that when

during saturation was varied from 2 to 7 psi, deviator stresses at

failure (assumed to have occurred at an axial strain value of 2 per-

cent) increased, while the corresponding induced pore pressures de-

creased. Based on average values taken at each a value, the devia-

tor stress was increased by approximately 7 percent and the induced

pore pressure was reduced by approximately 22 percent. Deviator

stresses at failure for the CH specimens varied from 0.52 to 0.63 kg/

cm2 , and the corresponding induced pore pressures ranged from 0.34 to

0.23 kg/cm2. The increase in deviator stress (approximately 9 percent)

and the reduction in induced pore pressure (approximately 7 percent )
occurring when °c 

was increased from 2 to 5 psi was insignificant .
(Engineer Manual lllo_2_1906* states that should not exceed 5 psi
during saturation.) Plots of Af versus 0c given in Figure 114 show

that A~ changed very little with increasing a values for the ML

specimens, thereby indicating no significant effect due to varying a

The curve for CH specimens (Figure 13), on the other hand, shows a

rather substantial reduction of approximately 30 percent in Af values

when 0
c 

was increased from 2 to 7 psi, thus indicating a significant

effect due to varying 0c during saturation.

23. The sensitivity of the CH specimens to varying o
~ 

during

consolidation is attributed to prestressing the specimens at the higher

values. Although 0c during shear was 7.1 psi arid the maximum

c~ during consolidation was 7.0 psi, the prestressing occurred during

the initial back—pressure phases before ~he specimen was saturated. At

this stage, a back—pressure increment of 5 psi was applied to the top

of the specimen; however, the instantaneous pressure differential across

the specimen would be 5 psi, causing the instantaneous a~ to be 12 psi

* Engineer Manual 1110—2—1906, op. cit.
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(7 + 5 psi). By this approach, the intermediate a value of 5 psi

would also lead to overstressing. The more permeable nature of the ML

specimens probably minimized the instantaneous pressure different ial
and corresponding prestressing effect.

214. The following tabulation of Af and 
~°l 

— 0
3

) values for
all tests on compacted CII specimens shows that effects due to varying

from 2 to 7 psi were slightly greater than varying induced effective
st resses due to back—pressure increments from 5 to 20 psi:

Deviator StressEffective at FailureMagnitude of Induced Consolidation A Parameter
Test Effective Stress Pressure at Failure — G~~

No. psi cc , psi A~ kg/cm2

Testing Variable — Magnitude of Induced Effective Stress

14 5 5 0 .53 0.56

5 5 0.148 0.58
5 10 5 0. 51 0.53

5a 10 5 0.146 0. 5 14
6 20 5 0. 141 0.59
6a 20 5 0.14 3 0.63

Testing Variable — Magnitude of Effect ive  Consolidation Stress

9 5 2 0.56 0.52
9a 5 2 0.59 0.56
14 5 5 0 .5 14 0. 56

5 5 0.148 0.58

10 5 7 0.14 1 0. 5 14
iDa 5 7 0. 38 0.63

As may be seen , Af values for tests ~n which a was varied ranged

from 0.38 to 0.59 , while those for tests in which induced effective
stresses were varied , ranged from 0.141 to 0.53. It is of interest to

note that the maximum change in 
~°l 

— 0
3
)
f 

occurring for both testing
- 2variables was 0.11 kg/cm . Thus , the effect  of both variables on

(c
~ 

— °3~F 
was t~~ produce a maximum change in (0

1 
— 0

3
)
f of approxi-

mately 18 percent. The greater effect of vary ing a on Af values
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rather than varying induced effective sfresses is attributed to the fact

that in varying 0c the magnitude of 0
c 

is consistently applied to

the specimen for longer times and at higher actual chamber pressures.
Conversely, in varying the induced effective stress, only during the

initial saturation stages is the maximum magnitude of induced effective

stress applied to the specimen. However, as the specimen becomes satu-

rated , the magnitude of induced effective stress decreases, hence the

maximum value of induced effective stress is applied to the specimen

for a shorter time period and at lower chamber pressures than when

varying 0
c -

Effect of Magnitude of Total Back Pressure

25. A differential vacuum saturation procedure was developed to

determine the effect of the magnitude of total back pressures ranging

as low as 10 psi in tests performed on ML specimens. The procedure,

developed to avoid significant prestressing of the specimen , consists

of initially de—airing the specimen by simultaneously increasing the

vacuum acting on the top of the specimen and in the chamber, maintaining

a small difference between f-hem until a full vacuum is applied to the

specimen . De-aired water is then allowed to flow through the specimen

from bottom to top under a low differential vacuum head (approximately

5 psi), thus filling the previously de—aired voids with water. The

vacuums applied to the top of the specimen and to the chamber are then

slowly released, maintaining their initial difference until no vacuum
is acting within the chamber and a vacuum equal to the initial differ-

ence is acting on the top of the specimen . This vacuum is then dissi-

pated, maintaining the initial differential constant by simultaneously

decreasing the vacuum and increasing the chamber pressure . The stan-

dard back—pressure saturation procedure is then initiated. During the

procedure , the differential vacuum acting between the top and bottom of

the specimen and the top of the specimen and the chamber is monitored
with differential pressure transducers, which permits careful monitor-

ing to avoid prestressing . Use of the di fferential vacuum saturation
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procedure can saturate specimens with no significant effects due to

prestressing and also has the advantage of enabling specimens to be

saturated using back pressures equal to field hydrostatic conditions.

The latter advantage would , of course, eliminate the problem of high
laboratory strengths resulting from the greater negative induced pore

pressures in dilative specimens during shear associated with the high

back pressures usually required for saturation, since the expected

field hydrostatic condition could be used as the back pressure. An

additional advantage of the vacuum saturation procedure as applied to

cohesionless soils is that the time for saturation is shorter, since it

is not necessary to wait for significant amounts of air to pass into

solution in the pore water under increasing back pressures. Time of

saturation for the two tests in which the differential vacuum procedure

was used (those having total back pressures of 10 and 60 psi) was less

than 2 hr. The differential vacuum saturation procedure is outlined in

Appendix C.

26. Figure 15 shows induced pore pressure and deviator stress

versus axial strain curves for the tests performed on ML specimens in

which the total back pressure was varied. As may be seen, both the

deviator stress and induced pore—pressure curves indicate little effect

due to varying the magnitude of total back pressure. Deviator stresses

and induced pore pressures taken at 15 percent axial strain and plotted

against total back pressure shown in Figure 16 indicate that there may

be a slight trend for deviator stresses to increase and for induced

pore pressures to decrease with increasing back pressures; however, the

changes in both cases are insignificant (less than 9 percent). The A

parameter versus total back pressure plot shown in Figure 17 also indi-

cates no significant change in A due to varying the total back pres-

sure, the average value of A being 0.33. It should be emphasized

that the finding that varying the total magnitude of back pressure had

little effect on induced pore pressures or strength should not be ap-

plied to other soils or to specimens of the standard ML material tested

at higher dry unit weights or under lower consolidation pressures. Neg-

ative induced pore pressures and, hence, deviator stresses did not vary
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with the total back pressure magnitude in the case of these tests only

because the total back pressure was sufficient in each case to maintain

complete saturation during shear; i.e., for the range of total back

pressures used , negative pore pressures were not great enough to allow

air to come out of solution or cavitation of the pore water.

CII Material Consolidated from a Slurry

27. Deviator stress and induced pore pressure versus axial

strain curves for the CII specimens consolidated from a slurry and

sheared under different total back—pressure magnitudes are given in

Figures 18 and 19. Deviator stresses and induced pore pressures at

failure (at 2 percent axial strain) for the a = 0.5 kg/cm2 tests

ranged from 1.35 to 1.39 kg/cm and from 0.01 to 0.06 kg/cm , respec-

tively, while those for the = 14.0 kg/cm2 tests varied from 2.66 to

2.74 kg/cm2 and from 2.30 to 2.145 kg/cm2, respectively. In both cases,

the maximum change in deviator stress and induced pore pressure at fail-
ure was less than 10 percent, thus indicating no significant effect due

to varying the total back pressure in the overconsolidated (a = 0.5
kg/cm2) or normally consolidated 

~~c 
= 14.0 kg/cm 2) ranges.
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PART IV: CONCLUSIONS AND RECOMMENDATIONS

28. Based on the results of this program of B triaxial compres—

sion tests conducted on Vicksburg b ess (ML ) and Vicksburg buckshot (CII),

the following conclusions have been made.

Con~pacted Specimens, ac = 7.1 psi (0.5 kg/cm
2)

29. For compacted specimens, a = 7.1 psi (0.5 kg/cm
2
), the

conclusions are:

a. Prestressing (overconsolidation) of triaxial tests speci-
mens can occur, resulting in testing errors, any time the
magnitude of back—pressure increments or induced effective
stress (the difference between the applied back pressure
and the induced pore pressure measured at the specimen
base) exceeds the effective confining stress at shear,
03c In this context, a literal interpretation of the
arbitrary Engineer Manual lllO_2_ 1906* statement , “The
size of each increment (of back pressure) might be 5,
10, or even 20 psi, depending on the compressibility of
the soil specimen and magnitude of the desired consolida-
tion pressure ,” can lead to prestressing and associated
errors. It is recommended that the more restrictive
statement, “the size of each back—pressure increment
should not exceed the magnitude of the desired effective
consolidation pressure , 03c , unless precautions are
taken to monitor the induced effective stress and prevent
this stress from exceeding the desired effective confining
pressure,” be used.

I. Prestressing of triaxial test specimens can occur if
effective consolidation stresses during saturation, a

~are greater than the effective confining stress at shear,
03c . In this context , a literal interpretation of the
Engineer Manual lllO_2_l906* guideline, “. . .the differ-
ence between the chamber pressure and back pressure should
not exceed 5 psi during the saturation phase,” may be tc’D
conservative or conversely lead to testing errors depend-
ing upon the magnitude of 03c during shear. It is
recommended that the statements, “ . - .the difference
between the chamber pressure and back pressure at the top
of the specimen should_not exceed the effective confining
stress during shear, 03c It is suggested , but not

* Engineer Manual 1110—2—1906, op. cit.
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required, that this difference not exceed 5 psi when a3c
is greater than 5 psi,” be substituted as this guideline.

c. The magnitude of total back pressure had no significant
effect on test results of ML specimens where induced
negative pore pressures are less than 22 psi. IIowever,
Engineer Manual 1110—2—1906 provides no guidance concern-
ing selection of peak strengths of dilative soils where
negative induced pore pressures can create excessively
high strengths.

d. The effect of prestressing caused by the magnitude of the
effective consolidation stress during saturation (conclu-
sion b) can have a greater effect than the magnitude of
induced effective stress (conclusion a) when both magni-
tudes are the same.

CII Specimens Consolidated from a Slurry, ac = 7.0 and 56.9 psi
( 0.5 and 4.o kg/cm2)

30. There is no significant effect on deviator stresses or induced

pore pressures taken at failure due to varying the total back pressure

from 60 to 120 psi and from 80 to 160 psi on normally (a = 14.0 kg/c m2 )

and overconsolidated (a = 0.5 kg/cm2 ) CII specimens, respectively, con-

solidated from a slurry under a maximum effective vertical consolidation
2

stress of 3.0 kg/cm

Testing Equipment and Procedures

31. An automatic back—pressure saturation device has been designed

and fabricated that duplicates the procedure outlined in the laboratory
soils testing manual (see Appendix A). The device provides a satisfac-

tory alternative means for back—pressure saturating specimens when used

in the mode to control the magnitude of the induced effective stress

during saturation.

32. A differential vacuum saturation procedure has been developed

that enables specimens of cohesionless soils to be saturated using back

pressures equal to field hydrostatic conditions.

33. An investigation into the effects of using the differential

vacuum saturation procedure on dilative soils in which cavitation will

occur under back pressures equal to field hydrostatic conditions is
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needed. The purpose of this investigation should be to determine

whether strength envelopes obtained from such tests could be used in

design analyses. Also, further testing should be conducted to determine

the effect of varying the total time for saturation, since thixotropic

effects were not studied in this investigation.
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Table 3

Part 2 of Testing Program, Effects of Mai~nitude of

Back Pressure in R Triaxial Tests on Specimens

of Standard CH Soil Consolidated From a Slurry *

Chamber Fre:~sur Minus
Back Pressure ,

0 ,Total Maximum Induced c
Test Back Pressure Effective Stress** Saturation Consolidation
_____ 

psi psi psi psi

First Series

13 80 5 5 7
lb 120 5 7
15 160 5 5 7

Second Series

16 60 5 5 ~116 9
117 80 5 5 ~C.9
18 120 5 5 56.9

* Slurried sample from which specimens were trimmed was consolidated
under a total vertical consolidation stress of 3.0 kg/cm2 (142.7 psi).

** The difference between the back pressure applied at the top of the
specimen and the induced pore pressure measured at the bottom of the
specimen.
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APPENDIX A: BACK—PRESSURE SATURATION PROCEDURE
SPECIFIED IN ENGINEER MANUAL 1110—2-1906

1. The back—pressure saturation procedure shall consist of the

following steps :

a. Step 1. Estimate the magnitude of the required back— pressure by reference to Figure Al or other theoretical

w HE:E uo~~
REQ uIRED BACK PRESSURE (GAG E) 

0 ( 4 7  PSIA
II) ~~~~ H HENRY S CONSTANT 0 0,014 (FOR AIR DISSOLVEDC) 

~\\  \ ~~ IN WATER AT 22 CI
\ /~ S~ INITIAL DEGREE OF SATURATION , PERCENT

~~ \,,_~ ~ % S f = FINAL DEGREE OF SAT URATION. PERCENT

So \\ ‘\ ~\ 
AFTER LOWE AND JOHNSON

\ \ \~\ \~
~~~~~~~~~~~ \ 

_ _  _ _  _ _

~: 

10 50 ~~~~ 2~~~~~~~~~~~~ 2~~ ~~~~ 0~~~~~~~~~~~ S0

REQUIRED BACR PRES,SURE. 0~~ , PSIG

Figure Al. Back pressure required to attain various
degrees of saturation

relations. Specimens should be completely saturated
before any appreciable consolidation is permitted , for
ease and uniformity of saturation as well as to allow
volume changes during consolidation to be ircacured with
the burette; therefore, the difference between the
chamber pressure and the back pressure should not exceed
5 psi during the saturation phase. To insure that a
specimen is not prestressed during the saturat i on phase,
the back pressure must be applied in small increi .ents ,
with adequate time between increments to permit equaliza-
tion of pore—water pressure throughout the specimen.

b. Step 2. With all valves closed , adjust the pressure
regulators to a chamber pressure of about 7 psi and a

Al

_ _ _



back pressure of about 2 psi. Record these pressures on
the data sheet. Now open valve A to apply the preset
pressure to the chamber fluid and simultaneous1~’ open
valve F (Figure A2) to apply the back pressure through

DIAL INDICATOR
P

A X I A L  LOAD

BACK PRESSURE GAGE VACUUM LINE (OPTIONAL)
FOR DEAIRING LINES AND

WA TER SUPPLY (OPT IONAL ( ., D~~~~~~~~~~~~~~ ESSURE FOR SEEPAGE SATURA TI ON

FOR SEEPAGE SATURATION ‘ CHAMBER PRESSURE GAGE
OF SPECIMENS VALVE S 

VALVE C ‘VALV E~~~~

, CHAMBER
P R E S S U R E

R E S E R V O I R

BACK
P R E S S U R E

V R E S E R V O I R
BACK PRESSURE
REGULATOR

VALVE D VA LVE E 
~~~~~~~~ ________

REGULATORVALVE 0 VALVE F AIR PRESSURE LINE

ELECTRICAL PRESSURE TRANSDUCER OR
ACCEPTABLE NO—FLOW ~~RE PRESSURE
MEASURING SYSTEM

Figure A2. Schematic diagram of typical t r i ax ial compress ion
apparI~.tus for R and S tests

the specimen cap. Immediately open valve G and read and
record the pore preJ~;ure at the specimen base. When the
measured pore press ure becomes essentially constant , close
valves F and G and record the burette r€ading. If an
electrical pressure transdu cer is used to measure the pore
pres sure , valve I ’ may be safell y left open during the
entire saturation pro cedur e.

c. Step 3. Using the technique dcscribed in step 2 , increase
the chamber pressure and the back ‘~ressure in increments ,
maintaining the back pressure at about 5 psi less than
the chamber pressure. The size of cacti increment mi~-ht
be 5, 10, or even 20 psi , depending on the compressllility
of the soil specimen and the magnitude of the desired
consolidation pressure . Open valve G and measure the pore
pressure at the base 4.mmediately upon application of each
increment of back pressure and observe the pore pressure
until it becomes essentially constant . The time required
for stabilization of the pore pressure may range from a
few minutes to several hours , depending on the permeabil-
ity of the soil. Continue adding increments of chamber

A2
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pressure and back pressure until, under any increment ,
the pore—pressure reading equals the applied back pres-
sure immediately upon opening valve G.

d. Step 14 Verify the completeness of saturation by closing
valve F and increasing the chamber pressure by about
5 psi. The specimen shall not be considered completely
saturated unless the increase in pore pressur e immediately
equals the increase in chamber pressure.

A3



APPENDIX B: OPERATION OF AUTOMATIC BACK-PRESSURE SATURATION
APPARATUS AND PRESSURE CONTROL SYSTEM

1. The following procedures for saturating specimens are refer-

enced to Figure Bl.

Controlled Magnitude of Effective Stress
Induced by Back—Pressure Procedure

2. Follow these steps :

a. De—air the portion of the system containing differential
pressure transducer No. 1 by applying a vacuum through
valve I. Valves B, C , and E should be open and valves A ,
D, F, and J should be closed. Burette No. 1 should contain
sufficient de—aired water to replace air removed from the
system during this process.

b. Flush the lines to the specimen cap and base with de—aired
water. Valves B, C, F, and either valve A or D should be
open to burette No. 2, which should contain sufficient de—
aired water to accomplish the operation. (Valve D should
be opened to de—air the line to the specimen cap. Valve A
should be opened to de—air the line to the specimen base.)
Valve E should be closed and valves I and J should be open .

c. Close valves A and D and refill burette No. 2 with suffi-
cient de—aired water to saturate the specimen and then
adjust differential pressure transducer No. 1 to read zero
using the proper control on the pacer console.

d. Set the upper and lower limits for the differential pres-
sure between the top and bottom of the specimen (the
induced effective stress) to be used during automatic satu-
ration by adjusting the appropriate controls on the pacer
console. The lower limiting differential pressure should
be higher than any possible pressure difference due to the
head loss occurring as the water level in the burette
falls.

e. After placing the specimen in the chamber, close the
throttle valve and adjust the back—pressure regulator to
the maximum desired back pressure to be applied during the
saturation procedure . The pressure may be read on the back—
pressure gage .

f’. Apply the desired difference between the chamber and back
pressure , a

~ 
, to the specimen using the spring control on

the spring— and/or air—controlled pressure regulator . The
pressure may be read on the differential pressure gage .
Open valve G after the pressure has been set .

Bl
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£~ 
Close valves B, C, and J and open valves A and D. Auto-
matic saturation may now be initiated by switching the
“start ” control on the pressure pacer for the controlled
magnitude of induced effective stress procedure and by open—
ing the throttle valve, thus allowing pressure applied by
the back—pressure regulator access to the specimen (through
burette No. 2), the spring— and/or air—loaded regulator,
and differential pressure transducer No. 1. When the pres-
sure transducer indicates the maximum desired induced
stress has been developed , solenoid valve A closes (sole-
noid valve B remains open during this particular saturation
procedure) and will not open again until the transducer
indicates that the induced stress has been reduced to the
desired lower limit , whereupon the process is repeated.
This operation continues until the total desired back pres-
sure has been applied to the specimen. The saturation pro-
cedure has been completed when the differential pressure
reading for transducer No. 1 indicates that the induced
effective stress is less than the preset lower limiting
value used to open solenoid valve A to apply an additional
increment of back pressure. (Solenoid valve A will be open
at this stage and the total desired back pressure will be
acting on the specimen.)

Ii. When the differential pressure reading for transducer No. 1
indicates an equilibrium condition within the specimen
under the total back pressure, a B value determination
may be made by closing valves B and G, increasing the
chamber pressure by 10 psi using the spring control on the
spring— and/or air—loaded pressure regulator , and then
opening valve G and observing the pore—pressure response
using transducer No. 1. If the specimen is not saturated
even though the desired back pressure has been applied ,
simply increase the back pressure using the back—pressure
regulator and the saturation sequence will automatically
resume. It may be necessary to increase the pressure
several times before the B check indicates complete
saturation.

Controlled Magnitude of Back—Pressure Increment Procedure

3. This procedure is identical to the preceding procedure except

for steps d and g. Components of the apparatus not used in the preced-

ing procedure but used for this mode of operation are differential pres-
sure transducer No. 2, solenoid valve B, and the pressure switch (see

Figure Bl).
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Step d.

~4. Set the desired magnitude for the back—pressure increments and

the lower limiting value for the induced effective stress using the

proper controls on the pacer console. Next, set the pressure switch

so that it will provide a signal to open both solenoid valves when the

total desired back pressure has been reached.

Step g

5. Close valves B, C, and J and open valves A and D. Automatic

saturation may now be initiated by switching the “start ” control on
the pressure pacer console for the controlled magnitude of back—pressure
increment procedure and opening the throttle valve . When the reading

for pressure transducer No. 2 indicates the desired magnitude of the

back—press ure increment , solenoid valve B opens and solenoid valve A
closes, thus placing the pressure increment into the system acting on

the specimen. When the lower limiting induced effective stress is

sensed by transducer No. 1, solenoid valve A opens and solenoid valve B

closes, thus initiating another cycle of the procedure . This operation

continues until the pressure switch senses that the total desired back

pressure is acting on the specimen, whereupon both solenoid valves are

switched to their open positions.
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APPENDIX C : DIFFERENTIAL VACUUM SATURATION PROCEDURE

1. The following procedure is referenced to Figure Cl.
- a. De—air the system containing the differential  pressure

transducer by applying a vacuum through valve J , using
regulator No. 2. Valves B and E should be open and valves
C and I should be closed. Burette No. 1 should contain
sufficient de—aired water to replace air removed from the
system during this operation.

b. Flush the line to the specimen base with de—aired water
from burette No. 1. Valves A , B, 5, and I should be open
and valve C should be closed.

c.  Close valve A and refill burette No. 1 with sufficient de—
aired water to saturate the specimen plus an additional
amount equal to approximately 10 perc ent of the specimen
volume . Then adjust the differential pressure transducer
to read zero .

d. Reapply a vacuum to burette No. 1 through valve J, using
regulator No. 2. Lock the vacuum into the system by clos-
ing valve J when the vacuum gage indicates a high vacuum.

e. Remove any water in the system to the top of the specimen
by applying a small pressure to burette No. 2, using regu-
lator No. 2. Valves F and D should be open and valves C
and J should be closed.

f. After placing the specimen in the chamber on the previously
saturated base and connecting the line to the cap (which
should contain a dry porous stone), de—air the specimen by
first applying a partial vacuum of 5 psi to the top of the
specimen through burette No. 2, using regulator No. 2. The
partial vacuum may be read on the differential vacuum gage,
valve B should be closed, and valves A , D, and F should be
open during this operation .

~~~
. When the differential pressure transducer indicates an

equilibrium condition under the 5—psi partial vacuum (a
reading of zero), slowly increase the partial vacuums act-
ing on the top of the specimen and the chamber maintaining
the —5—psi reading on the differential vacuum gage, using
regulators 1 and 2 until a full vacuum is acting on the
specimen . The differential  pressure transducer reading
should not indicate an induced effective stress greater
than 2 psi during this  operation . When the differential
pressure transducer indicates an equilibrium condition, a
full vacuum will be acting within the specimen and the
effective confining pressure will be 5 psi.

h. After waiting approximately 10 mm or until  all of the

Cl
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remaining air in the specimen is removed, open valve B and
then slowly open valve I, thus allowing de—aired water in
burette No. 1 to enter the bottom of the specimen under a
negative pressure gradient. The gradient under which water
flows into the specimen should not exceed —2 psi and may be
measured by the differential pressure transducer. It may
be controlled by opening and closing valves I and J.
Valve I should be opened to increase the gradient , and
valve J should be opened to decrease the gradient.

i. When water appears at the bottom of burette No. 2, continue
to allow water to flow through the specimen under the con-
trolled gradient until approximately 10 cc has entered the
burette. Apparent air bubbles in the line to the top of
the specimen may be due to cavitation of the water.

1j. Close valve B and slowly release the vacuums acting on the
top of’ the specimen and the chamber, using regulators 1
and 2, maintaining the —5—psi reading on the differential
vacuum gage and not allowing the differential pressure
transducer reading to exceed —2 psi. At the end of this
operation , there should be no pressure on the chamber and
—5 psi acting on top of the specimen.

k. After the differential pressure transducer indicates an
equilibrium condition, simultaneously reduce the —5—psi
partial vacuum acting on the top of the specimen and
increase the chamber pressure to 5 psi, using regulators 1
and 2. The chamber pressure may be read on the differential
pressure gage.

1. The back pressure acting on the specimen pore water may now
be increased to the expected field hydrostatic condition by
opening valve K and increasing the pressures applied by
regulators 1 and 2, maintaining the 5—psi di fferential gage
reading until the desired back pressure is read on the back-
pressure gage. The differential pressure transducer read-
ing should not exceed 2 psi during this operation.

rn. After the differential pressure transducer reading once
again indicates an equilibrium condition , a determination
of the pore-water pressure parameter B may be made, and
then consolidation and shear of the specimen may proceed
in the usual manner.
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