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FOREWORD 

This is the final report on the research performed in the 

Department of Civil Engineering at the University of Iowa for the 

Iowa State Highway Commission under Research Project HR-144. 

The principal investigator was assisted by Mr. Altaf u:r Rahman 

arid Mr. Bharat Mathur, Graduate Research Assistants • 

ii 



I v 

ABSTRACT 

Effective stress paths for a loessial soil subject to collapse 

during confined compression have been determined from the results 

of a testing program consisting of (1) confined compression tests on 

natural samples of loess with initial water contents ranging from air-

dry to saturation, (2) negative pore-water pressure measurements to 

-300 psi during these tests, and (3) K -tests in which the lateral ·stress 
. 0 

ratio was measured for one-dimensional strain. 

Before collapse, K was found to average O. 23, an extremely 
0 . 

low value for a loose soil, whereas after collapse, K increased to 
0 

O. 54, which is cons is tent wit~ values for other soils. Because of the 

low K -values before collapse, the effective stress path for loading in 
-0 . . 

confined compress ion initially approaches the failure envelope. At col-

lapse the stress path intersects the failure envelope and thereafter it 

changes direction as a consequence of the higher K -value after collapse. 
0 

From the stress path interpretation of the results, it is demon-

strated that the collapse mechanism of loess in confined compression 

and during wetting is a shear phenomenon and subject to analysis in terms 

of effective stresses. 
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CHAPTER l· 

INTRODUCTION 

1. 1 General Nature of the Problem 

Foundations and embankments supported on loess have been 

known to undergo large settlements. It has been recognized that 

these settlements are the result of a collapse of the loose structure 

of the natural soil. The degree of uncertainty associated with predic­

tions of this collapse is illustrated by the fact that there were six em­

pirical criteria for determining susceptibility to collapse described at 

a recent state of the art session (Northey, 1969). 

This research has been undertaken to study and describe, quan­

titatively, the mechanisms involved in the collapse phenomenon. ·Sup­

porting data incorporates two quantities which have not previously been 

measured in this context: the negative pore-water pressure and the 

lateral stress· ratio, both measured during confined compression. 

1. 2 Properties of Loess 

Loess is a wind-deposited sediment transported from the flood 

plains of glacial rivers. The natural, undisturbed loess is a loose, 

open-structured soil composed of silt particles separated by clay coat­

ings or aggregates of clay particles (Larionov, 1965; Gibbs and Holland, 

1960). A typical midwestern loess has a clay content of 10% to 30%, 
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with water contents from 5% to 30% and densities from 70 pcf to 90 

pcf (Sheeler, 1968). The significant properties in this study are 

1 

(1) the low natural density which permits the occurrence of large 

volume changes, (2) the bond strength provided by the clay coatings, 

and (3) the changes in this· bond strength that occur with changes in 

' .......__ 

water content. 

Compression of loess occurs· when the stress between parti-

cles exceeds the bond strength provided by the clay coatings. · This 

may be' caused by an increase in stress due to an applied load, or by a 

decrease in strength due to swelling and softening of the clay binder 

after wetting. Th~ loss of strength on wetting has been recognized for 

some time (e.g. Holz and Gibbs, 1951). A recent description of this 

behavior has been given by V. G. Berenzantzev, et al. (1969). In this 

paper the subsidence deformation be.low a foundation is shown to occur 

in a zone where the shear strength has decreased as a result. of wet-

ting to the level of the ex: is ting shear s.tres ses. The amount of settle -

ment depends also on the water content befor.e wetting. Studies by 

Bally ( 1961) demonstrated large compressive strains upon wetting of 

air-dry loess but small strains for the same soil at an initial water con-

tent of 24%. Similar observations have been made by others. 

L 3 ·Behavior of Loess Under Compression 

The significant variables which are involved in the above phe:-

nomena are: 

- 2 -



Initial variables: a. Structure 
b. Clay percentage 
c. Void ratio 
d. Water content 
e. Negative pore-water pressure 
f. Pore -air pres sure 

Variables during compression: 
a. Applied stress 
b. Void ratio 
c. Water content 
d. Negative pore-water pressure 
e. Pore-air pressure 

The concept of an effective stress (Bishop, 1960) has been used 

to explain the behavior of partly saturated soils (Bishop and Blight, 

1963; Burland, 1965). The effective stress is expressed as a function 

of the applied stress, the pore-water pressure, and the pore-air 

pressure. Interpretations in terms of effective stresses normally 
I ~. 

separate shear strength and volume change behavior (Bishop and Blight, 

1963). In the cas.e of isotropic compression no external shear is applied 

and this test has been used in studies of effective stresses for volume 

change. Actually, volume changes in loess are accompanied by the shift-

ing of particl~s with respect to each other and shearing stresses between 

the particles develop whether or not an external stress difference is applied. 

An isotropic change in the effective stress may also be caused by changes 

in pore-water pressure; for example, wetting will increase the pore-

water pressure and thus decrease the effective stress. This would nor-

mally be expected to produce a volume expansion but, as previously noted, 

in the case of loess wetting can cause a collapse of the soil structure and 
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a decrease in volume. Because of this, the general applicability of 

effective stresses to the behavior of partly saturated soils has been 

questioned (Burland, 19'65 )'. 

For the study of the collapse beJ:iavio·r of loess ~ a: col!.fined com-

pression test has several advantages over the isotropic cornpression 

test. ·In the former, shear stresses develop as a result of tbe differ-

ence between the applied vertidal and horiZontal stresses. The mag-

nitude of these shear stresse·s can be determined and related to the 

measured volume changes and the shear strength. There are two addi-

tional advantages to the confined compressfon test. First the mechanics 

of applying the loads and tneasu:fing the volume change are simpler and 

second, the stress conditions more nearly duplicate a reai qeld loading 

condition. For these reasons, the confined compression test was chosen 
l I 

for this study. 

1. 4 1 : Scope of this Study 

The purpose of this research is .to describe the mecha'nisms in-

volved':\Vith the confined compression of loess before, during, and after 

the collapse of the soil's natural structure. Knowledge of these niech-

anism:s will assist the soils engineer in arriving at design decisions for 

foundations on loess. For example, it will be possible for the engineer 

to make a reasonable estimate of whether or not large settiements of an 

emban]:cpien.t or structure supported on loess wiil occur during loading 

or during subsequent natural changes in water content. 
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To provide the data for interpreting the behavior of the soil, 

two special types of tests were run: (1) confined compression tests 

in which the negative pore-water pressure was measured during the 

course of the tests utilizing a specially constructed cell, and (2) a 

\ 
special series of tests in which the lateral stress ratio (the ratio of the 

horizontal to the vertical stress) was me.asured in a triaxial compres -

sion cell under a zero-lateral-strain condition (K -tests). 
0 

All of the tests have been run on samples from a single site and 

the properties of the soil ;l.re presented in Chapter 2. The equipment, 

test procedures, and test results for the confined compression tests, 

K -tests, and strength tests are given in Chapter 3 and the results and 
0 

interrelationships among the various measured quantities are discussed 

in Chapter 4. 

In Chapter 5, the mechanical behavior of the soil is analyzed. 

' The results of this analysis lead to quantitative effective stress paths 

for the confined compression tests which provide a new insight into the 

collapse phenomenon. In the final chapter, the work is summarized and 

the co:nclusions are presented. 

Four appendices are included. In Appendices I and II, the refer-

ences and notation are listed. The detailed results from each of the con-

fined compression tests are tabulated in Appendix III to support the inter-

pretations in the body of this report. Finally, Appendix IV is a detailed 

report on the K
0 

-tests which were conducted as a -~eparate study. The 

key results from this appendix are summarized in Chapter 3. 

- 5 -



'· \ 

CHAPTER 2 

SOIL INDEX PROP~R TIES AND SAMPLING PROCEDURES 

2. 1 Soil Index Properties 

, The undisturbed soil samples were obtained from a road cut in 

a loess deposit on the Oakdale campus of the University of low.a, just 

west oriowa City. Index properties for the O.akdale loess are listed 

in Table Z. 1 and the grain size tj.istri"Qu'f;ion curve is shown in "Fig. 2. 1. 

For comparison, Tabl.e Z. 1 also lists the range in index prop-

erties f9r loes s in Iowa as summ<!-rized by Sheeler ( 1968). 'I'4e natural 
' 

dry density of the Oakdale lqess is relatively high for loessial soils in 

Iowa. Densities in east-central Iowa from 80 pcf to 90 pcf have been 

reported by Lyon, Handy, and Davidson (1954) and, as noted·in Table 

Z. 1, densities as low as 66 pcf have peen measured. On the basis of 

the comparison to Table Z. l, the Oakdale loess is described as a rel-

atively dense, silty loess of low plasticity. 

2.2 $.Clrnpling and Pr·e;paration of Test Specimens 
l . 

'Hand-carved blocks of soil, 8 in. by 10 in. by 10 in. were re-

moved from the test pit, wrapped in plastic, and 'transported directly 
. . 

to the Hi.boratory by automobile. Upon arrival at the laboratory, the 

blocks were divided into smaller samples Z in. thick by 4 in. in diameter 

fc;)r the consolidation test specimens, and 5 in. in len,gth by 3 in. in 
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TABLE 2.1 SOIL INDEX PROPERTIES 

Liquid Limit 

Plastic Limit 

Plasticity Index 

Specific Gravity 

Percentage Clay 

Less than 0. 005 mm 

Less than 0. 002 mm 

A 
.. b 

chv1ty 

Natural Dry Density pcf 

Range 

Average 

Natural Void Ratio 

Range 

Average 

Natural Water Content, % 

Range 

Average 

a 
Sheeler ( 1968) 

Oakdale 
Loess 

27 

23 

4• 

2.72 

17 

13 

0.50 

90. 4 to 92. 5 

91 

0. 800 to 0. 940 

o. 861 

21. 2 to 22. 9 

22 

b Activity = plasticity index/(% 0. 002 mm clay - 5%) 
(Seed, H.B. et al, 1962) 
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Range for Loess 
in Iowa a 

24-53 

17-29 

3-34 

2.68-2.72 

12-42 

66-99 
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diameter for the triaxial test specimens. The water content of each 

sample was determined and the samples were wrapped in aluminum 

foil and then dipped several times into molten paraffin. Finally, they 

were placed in a plastic bag and the weight of the entire package was 

recorded to permit a check on the moisture loss if desired. The 

samples were stored in a moist room until needed for testing. Numer -

ous checks on the water contents showed no measurable loss in water 

from the samples prepared and stored in this manner. 

The confined compression testing program required structurally 

undisturbed specimens with a range in water contents, nominally 4%, 

8%,. 12%, 16%, 20%, 24%, and 28%. Since the natural water content 

was about 22%, the speci:rnens had to be wetted or dried to achieve the 

desired water contents before trimming to test specimen size. 

The alteration of the water content was accomplished in the 

following manner. To achieve a water content of 28%, the sample as 

stored at its natural water content was unwrapped and wetted by spraying 

the surface with a measured quantity of water. The sample was then 

rewrapped and placed in a moist chamber for several days to permit 

the dispersal of the water throughout the soil. This process was repeat­

ed until the water content of the sample, es~imated from the sample's 

wet weight and its original weight and water content, was the des ired 

28%. The sample was then trimmed into the consolidation ring for testing. 

The water contents of the specimen and the trimmings were compared 
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to check the uniformity of water ·distributio·n in the sample and in all 

cases the differences were les·s than 1%. 

Water contents -.be-'lbw ·the natural water content were achieved 

by permitting the surface of the sample to air-dry for several hours, 

during which time the sarn:.ple was weighed periodic"ally to <let.ermine 

the weight of water evaporated. The sample was then stored in the 

moist chamber to permit the remaining soil moisture to ·redistribute 

itself. This process was repeate·d. until the desired water content was 

reached. It was found that air-drying the 'samples too rapidly produced 

cracks which required discarding the sample. The modified water 

contents were in general within 2% of the desired nominal w.ater content. 

ii 
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CHAPTER 3 

LABORATORY TESTS 

3. 1 Intr eduction 

Four types of testS' were run on the undisturbed specii:nens of 
'" 

loess to .determine the stress -strain and strength properties. These 

tests included a basic series of confined compression tests with the 

measurement of negative pore-water pressures, a special series of 

confined compression tests in which the water content was altered by 

measured amounts during the test, confined compression tests with the 

measurement of lateral stresses, and drained triaxial compression 

tests. 

The test procedures and results are presented in this chapter. 

3. 2 Confined Compression Tests· 

3. 2. 1 Equipment. Special equipment was designed and constructed to 

permit the measurement of negative pore-water pressures in the par-

tially saturated specimens of loess while the soil was undergoing com-

pression under standard consolidation test loading. The equipment 

included three major components: a confined compression cell in which 

the specimen was placed during compression, a control panel board 

which permitted application and measurement of nitrogen gas under pres-

sure, and instrumentation for measuring the pressures and deformations 

during compression. 

- 11 -
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. The confined' compre.ssion. cell is shown in ]fig. 3. 1. The 

three main parts are the base, the cylinder, and the top. The base 

and top are machined from: stainless steel and the cylinqer is a s-~ction 

of 5-inch diameter aluminum: pipe. A fine.-grained porous stone with 

a rated bubbling pressure qf 225 psi is sealed into the base. Two 

small-diameter ports enter through the bottom of the bas,e to· the lo.wer 

surface·' of the stone. One port is fitted with a valve and a supply of 

deaired water confined in a control cyUnder capa}?le of forcing measur -

ed quantities of water through the stone into the soil. A 150-psi pJ;es -

sure t~ansducer is mounted at the other port .. The cell top encloses 

the top of the cylinder. A 1 /2-inch diameter loading ram is ·~uided 

through the top by a ball-bushing and, teflon sealS. provide a lc;>w-friction 

seal. The top is connected to the ba~ by four bolts extending from. 

the base to the top outside the cylinder. Accurate alignment of the· 

loading ram is as sured by the machined cylinder ends. 

The soil specimen is carved into a standard consol:i,cla,tion ring, 

2. 5 in. '.i~ diameter by 0. 75 in. thick. The ring is located centrally in 

the base by three lugs and held :i,n place by a collar, The load from the 

loading ·:rain is transmitted to the soil by the loading cap and ·stone. The 

ring, collar, and loading cap are standard consolidation cen .components. 

For applying the cell pressure and for deairing procedures three 

additional entries to the cell are provided: a nitrogen connectiqn through ,, . 
the top for applying p:+essure during deairing, a sipiilar connect:i,on 

;, ' 

'l 
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Fig. 3. 1 Confined Compression Cell 
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i ' 

through the bas·e for 'filling ·a::rfd draining the cylinder in the deairing 
I 

operation . 

. . -Nitrogen gas un:de'r pressure was obtained from cylinders of 

the compressed gas. A :i•eguiating valve on the cylinder reduced the 

pressure to a maximum -6£ 3'(H) psi. This pressure V\·as further re-
' ' . .\ . 

duced 'an.d maintained at a desired level by a precision pressure 

regulator mounted on ·a. p"ariel hoard alOng with a 300-psi b<:>urdon 

gage for measuring the output pressur·e to the cell. 

' 
- I, 

During operation the stone in the base and the. ports below the 

stone were saturated with water. The pressure in this water was 

measured by a 150-psi pressur'e transducer mounted di~ectly On the 

base. The transducer was read oh a Sanborn strip chart recorder. 

The c~mpression of the soil 'Speeimen during ioading was measured 

with a dial indicator reading 0. 0001 in. 

The confined compression ceil was mounted in a consolidation 

' test macihine having dead-weight i.oadirig at a lever ratio of 10 to 1. 

. ··l -· ' - . . J •• 

The bas'e of the cell was bolted to the test machine and the desired loads 
t 

were applied to the top of the ram through the lever system. 

3. 2. 2 D~airi'.Q.g. The measurement of the pore .. water pressure requires 

that the:system of voids in ahd below the fine ceramic porous ·st<:>ne be 

cbmpl~teiy saturated and ad as a t:los ed system. To insure Osaturatio:h 

it was ~ecessary to follow a special deairing procedure before each test. 

This procedure is described in the following paragraphs. 

- 14 -



Freshly deaired distilled water was introduced into the cell 

through an inlet in the base to a level approximately four inches above 

the stone. With valves A and B open, a nitrogen pressure of 150 psi 

was applied to the top of the water in the cell. Under this pressure 

the deaired water was forced through the stone and valve B. Most of 

the trapped air could be removed by flushing the.water through the 

system in this manner. To remove the remaining air it was necessary 

to close valve B and permit the full 150 psi pressure to build up in the 

water below the stone. Under this pressure, the trapped air below the 

stone dissolved in the water and diffused through the stone into the 

volume of water above the stone. After a one hour period, the water 

above the stone was drained off, replaced with freshly deaired water 

and the procedure was repeated. 

The completeness of deairing was determined by the output of 

the pressure transducer below the stone. Fig. 3. 2 shows· the increase 

in pres sure below the stone as a function of the time after valve A is 

closed. Fig. 3. 2a indicates that there is air trapped in the system be­

low the stone because the pressure builds up slowly as a result of the 

compressibility of the air. When all the air has been removed, the 

pressure buildup is almost immediate as shown in Fig. 3. 2b. 

3. 2. 3 Initial negative pore-water pressure measurements. The mea­

surement of the negative pore-water pressures has been n1ade using 

a technique known as the axis translation technique (Olson and 

- 15 -
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Langfelder, 1965). This technique works in the following manner. 

If a partly saturated specimen of soil is placed on the fine ceramic 

porous stone shown in Fig. 3 . 1, the capillary suction in the soil will 

tend to draw the water out of the porous stone. With valve A closed 

and the voids in and below the stone completely saturated, the water 

below the stone is in a closed system. Thus the water pressure below 

the stone will become equal to the pore-water pressure in the soil with 

a negligible flow. 

However, -if the pore-water pressure is below -10 to -15 psi, 

cavitation will occur and the system below the stone will no longer 

behave as a closed system. This condition is avoided in the axis trans -

lation method by placing the soil and the porous stone in a closed cham­

ber. A positive gas pressure applied in the cell cancels the negative 

pore-water pressure in the pore fluid. The negative pore-water pressure 

in the soil, therefore, is equal to the measured water pressure below 

the stone minus the gas pressure in the cell. 

In order to determine the initial negative pore -water pres sure, 

an undisturbed soil sample at the desired moisture content was carved 

into the consolidation ring. The ·soil and the consolidation ring_ were 

weighed and the trimmings used to check the nominal moisture content. 

The cell was prepared by removing the top and cylinder and wiping the 

excess water off the porous stone after having closed valve A. A small 

negative water pressure developed immediately in the water below the 

- 17 -



stone as a result of ,evapC?,.r~go.n ~nd the forrpation of menisci on the 

surface of the stone. Thi.~ pre~sure wa~ .mo11itored on tJ::le 9anborn 

recorder. Next t~e sample WC:LS placed on the ~to.ne C1-nd the. collar 

placed arou,nd th¢ consolida~ion ring and s.ecured with three nuts. A 

circle of filter paper was pla_ced on to·p of the sa:r:nple and the loading 

cap al'l:d stone were put intp pqsitio?l. F.ol~owing the.se steps the cell 

:' i' 
was as~embled and the top se~:u;red to the base by means of the bolts 

extending from the top to the ]Je,ts~. T,he above work in general took 

less th,a~ two minutes to compi~te. With the cell a~sembled it was 

then possible to apply nitro~en prei:1sure in the cell. The applied cell 

pressur'e tends to cancel the :rrie~sured J.?.egative w.ater pJ!essµre and 

the Gell pressure was continually adJusted to. maint~i:l.'l a pressure of 

zero inthe water below the stone. 
·~· . ' 

Finally, a seating load of l /3.? tsf was applied to the. s:oil speci-

I 

men anci an iid~Htio11ai loa.d was ~pplietj. to the top of t}le loading ram to 
: : 

; 
compe:p:~ate for 1;he cell pre~sure acting upwards on t}l.~ bottqm of the ... . . 

c ., 

: " ~· 

ram. q:i'hese load~ were generally in pl,~ce six minutes afte:r the start 

of the .tests. 

,As the pressure il'l: the soil and in the stone equaliz,e~,. the 

measur:eci pressure beiow the stone tends to becorn,e negative. As noted 
. '1. 

above, _·the negative pressure was compensated by increasing the cell 

pressure. This was done at one minute intervals for the fir.st ten 
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minutes, two minute intervals for the next ten minutes, and every 

ten minutes thereafter. In some cases the applied cell pressure 

overshot the trial negative pore-water pressure and a positive 

pressure was recorded in the water below the stone. Care was 

taken not to reduce the cell pressure, except at the end of the test, 

because it was observed during preliminary testing that air bubbles 

formed on reducing the cell pressure, thus introducing undesired air.· 

in the water below the stone. 

Equilibrium was reached whe.n there was no change in cell 

pressure and water pressure below the stone for a period of ten min­

utes or more. At this time the initial negative pore-water pressure 

was computed as the difference between the cell pressure and the 

pressure below the stone if any. 

3. 2. 4 Procedures during consolidation. A loading sequence of 1/2, 

l, 2, 4, 8, 16, and 32 tsf was used for soils at or wetter than a water 

content of 16 percent. The l /2 tsf load was omitted for soils with 

water contents less than 16 percent. The compression of the speci­

men was measured with a 0. 0001-inch dia'l indicator. For each load 

the compression, the cell pressure, and the water pressure below 

the stone were recorded at time intervals of l /2, 1, 2, 4, 8, 15, . 30 

and 60 minutes. At the end of sixty minutes ·the next load was applied. 

Unloading was accomplished by reducing the load from 32 tsf 

to 8, 2, l /2, and 0 tsf. The l /2 tsf step was omitted for the drier 
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soils. When the load was removed, the valves below the stohe were 

opened, the soil pressure reduced to zero, and the cell disassembled. 

The weight of the speeimeh and the ring after the test was recorded. 

The specimen was then removed from the ririg, weighed, and the water 

content determined. 

3. 2. 5 Special tests. In this test series· the water content of the soil 

was increased while the soil was under constant load; during this pro-

cess the compression of the specimen and changes in pore-water 

pressure were measured. The increase in water content was accom-

plished through the use of the back pressure control cylinder shown in 

Fig. 3• L The control cylinder was init:la:lly filied with deaired water. 

' With valv:e B closed and valve A open, water may be forced into the soil 

sample ~y rotating the control cylinder (0. 100 cc of water are displaced 
i 

per rotation). The volume of the water is known from the nu·mber of 

rotations of the control cylinder. Three rotations of the control cylin-

der incre'Ci.sed the water content of the specimen by about O. 25·%. 

TH~· test procedure was similar to that described above. Load-

ing was increased to the desired level with valve A close·d. After equili-

brium was achieved under this load, the water content was increased. 

This was accomplished by first closing valve Band then opening valve 

A. Next the control cylinder was rotated slowly by three ttirhs and the 

soil allo'*ed to absorb the displaced water. After two hours the 

i. - 20 -
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compression dial indicator was read, the cell pressure and water 

pressure were recorded, and then the control cylinder was rotated 

another three turns. This process was repeated until the desired 

number of turns was made to achieve the required water content. 

At this point the pressures were permitted to equalize for 24 hours 

after which period the compression dial reading and pore pressures 

were recorded again. The remaining loading increments were then 

added and the test completed as in the basic series. 

3.2. 6 Test results. The results of the basic and special confined 

compression tests, with various parameters computed at each test 

stage, are presented in Appendix III. The results are shown graphically 

in Figs. 3. 3 to 3. 27. These figures are four-variable plots of void 

ratio, log stress, water content, and negative pore-water pressure. 

The manner in which each of these parameters varies during the tests 

1nay be observed in these figures. 

Certain key parameters from each test have been determined 

and these are summarized in Tables 3. 1 and 3. 2 for the basic and 

special tests respectively. The tables list the initial (a = o) and final 
v 

(a = 444 psi) values of water content, void ratio, degree of saturation, 
v . 

and negative pore-water pressure. In the case of specimens with initial 

water contents less than 10%, the initial negative pore-water pressure 

is for the firE.t load increment rather than for a = o. These values are 
v 
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TABLE 3.1 SUMMARY OF CONFINED COMPRESSION TESTS 

- -~- - . - - - -- - -- -· 

1. Test No. 5 14 24 20 6 4 7 3 -i8 

INITIAL MEASUREMENTS 

2. Water content w.% 4.6 4.6 6. 1 1.4 7.6 8.6 9.4 9.5 12.7 
l 

3. Void ratio e. 0.817 0.762 0.798 0.751 0.801 0.783 0.805 0.780 0.776 
l 

4. Degree of saturation 8 ri % 15.3 16.6 20.8 27.0 25.8 29. 6 31. 8 33. 1 44.5 

5. Pore-water pressure u psi -289 -255 -175 -122 -113 -137 -89.0 -96.5 -18.0 
w 

FINAL MEASUREMENTS ( cr = 444 psi) 
v 

6. Water content w% 4.6 4.6 6. 1 7.4 T.6 8.6 9.4 9.5 12.7 
" 

7. Void ratio e 0.604 0.551 0.574 0.566 0~575 0.530 0.553 0.523 0.525 

8. Degree of saturation s % 20.7 22.9 28.8 35.8 36.0 43.8 46. 2- 49.3 65.8 
r 

9. Pore-water pressure u psi -300 -231 -160 '-98 -95 -110 -86.2 -84.2 -13.5 
w 

STRESS-STRAIN PARAMETERS 

1 o. Maximum compress ion index, c 0.394 o. 296 0.318 0.297 0.305 0.299 0.319 0.279 0.293 
c 

11. (] (Fig. 3.28) L psi 90.5 78.8 71. 7 88.8 93.6 72.4 80.6 76. 1 48.6 
vc 

12. (crv)2 psi 120. 7 86. 1 74.-4- -- 11-3. 3 51. 4 45.3 72.6 45. 7- 70. 1 
-. 



TABLE 3. 1 SUMMARY OF CONFINED COMPRESSION TESTS- (Contd.) 

.. 

1. Test No.· 16 15 21 11 19 23 17 22 13 
., --- - . . - ~·· -- ~- ~- ··--- . ~,. 

INITIAL MEAS.UREMENTS 

2. Water content w. % 12· •. s 15.9 16.6 19.0 21. 3 21. 2 . 23. 8 27.6 28.3 
l 

3. Void ratio e~ o~ 7;71 0.828 0.815 0.756 0.811 0.796 0.812 0.850 0.789 
l 

4. Degree of saturation s 
ri 

% 45. 1 52.4 55.4 68.3 71. 3 72. 4· 79.8 88.4 9;7. 5 

5. Pore-water pressure u psi 
w 

-is.o -12.5 -12.0 -8.0 -7.0 -9.0 -5.4 -3.4 -3.4 
-

FINAL MEASUREMENTS ( cr = 444 psi - I 

v 
6. Water content w % 12 .• 8 15.9 ' lfr •. 6 16.7 18.2 17. 9 18.8 ' l9,, 2 '16 .. 8 

7. Void ratio e 0.517 0.555 0.526 0.4.55 0.494 0. 48·8 o. 5.10 0.522 0.458 

8. Degree of saturation s •% 67.3 ·. 78.2 as·. 7 100 100 : 100 100 ·100 100 
r 

9·. Pore-water pressure .U psi -14. 9 -6.4 -6.2 0 0 (} :0 0 Q 
w 

StRES.S-STRAiN P,AEAMETERS 

io. Maximum compress ion index, c 0.219 o. 309' 0.316 0.340 0.262 o. 33·5 o. 320 o'.248 o. 2:41 
c 

11. d vc (Fig .. 3. 2-8·) psi 51. 1 46.3 so. 0 -44.2 37.8 24.6 .39. 2 20.4 1 7 .1 

12. ( cr,. >2 psi 68.l 58. 9 : 62. 5 43.5 20.0 37.6 3.4. 7 ~5~ 3 . 18. 1 
v . 

-
~ - •' . ._c,, ... ~.• ~ .. ~ ~"" ..... ·~. ' ·- _, ____ " ···- - . -' --....... .--.,.... .. ·--. --~- -., . ,_ ,. , - . ~ - ,. __ .......... .. 

_. - .-~~ - --·- .. .. 



I 

TABLE 3. 2 SUMMARY OF SPECIAL CONSOLIDATION TESTS 

Test No. SI S2 S3 S4 --· S5 S6 S7 

INITIAL MEASUREMENTS 

Water content· w% 5.3 9.0 I5 I I 22.4 I I. 8 I0.7 I0.8 

Void ratio e 0.8I2 0.792 o. 826 0.8II I. OI9 0. 811 0.833 

Degree of saturation s % I7.8 31. 0 49.6 75. I 31. 5 36.0 ·35.2· 
r 

Pore-water pressure u psi -130 -45.0 -21. 0 -4. 6 -30.0 -34.0 -26.0 
w 

AT WETTING 

Vert. str. during wetting, psi 111.I. 27.8 111. l I3 .. 9 55.6 55.6 27.8 111. I 

Water cont. before wetting, % 5.3 9.0 13. 0 I5. I 22.4 I I. 8 I0.7 10. '8 

Water cont. after wetting, % II. 0 I3.0 29. 0 .I 9. 0 25.4 I5.5 I4.5 I4.5 

Void ratio before wetting 0.755 0. 77.6 0.67I 0. 825 0.732 0.978 0.802 0.697 

Void ratio after wetting o._6Io 0.738 0. 597 0. 821 ·0.7IO 0.846 0.787 0.659 

Pore-water pres. before 
wetting psi -I37 -52.0 -I6.2 -20. 7 -3.4 -30.0 -34.0 -28. 6 

Pore-water pres .. after 
wetting psi -I9.5 -I7.0 -0.8 -I9.8 -0.9 -I3.6 -13. 6 -I2.6 

FINAL MEASUREMENTS (cr v :: 444 psi) 

Water content % I I. 0 21.5 I9.0 I8.2 I5.5 I4.5 I4.5 

Void ratio e 0.468 o.-5I6 · 0.597 0.496 0.553 0.54 0.5I7 

Degree of saturation s % 31. 0 IOO 68.7 IOO 58.0 54.0 56.8 
r 

Pore-water pressure u psi ..;22~ 9 0 -I4.7 0 -8.0 -9.6 -10.0 
w 



slightly smaller (rn.9re neg.ative) than tho.Se for a = o·and are 'be­
v 

lieved to be more re-liable because of the improved seating under 

the higher load. 

Table 3. 1 also lists for the basic tests the maximum com-

pression index C , which is the steepest slope of the ,void :ratio :... log 
c ' 

a curve, as well as two other parameters which a-re used in sub-
v ' ' 

sequent an~lys es. These parameters are .a stress :O" defined' on the 
' ' vc 

basis .of the change in comprei;;sion index in Fig. 3'. 28, and the stress 

when the vertical compressive st_rain is 2%, ( J )
2 

~ , v 

Table 3. 2 lists for the special tests the stress levei,ci.t which 

the wat~r ~q;ntent was increas.ed, and the water contents, void ratios, 

and pore-water pressures before and after wetting. 

3. 3 : 'K - Tests 
' 0 

3. 3. 1 Descrigtion. A series of tests designated as K -tests ·was run 
0 ' 

to sup:piement the confined compression tests previously described. 

In thes.¢ tests, the lateral stress was measured during confined com-

pre13sion. Detailed descriptions of the scope, equipment, procedures, 

and results of this supplementary study are included in Appendix IV. 

A brief summary of the pertinent procedures and results is presented 

here. · 

The K - tests were run in a standard triaxial cell on specimens 
0 

having diameters of I. 5 in. and heights of 3 in. Lateral strains were 

- 50 -
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detected by means o·f a spe·cia1ly desig·ned lateral-strain inditator. 

The test was set up in the same rnanner as a standar'd triaxial com-

press ion test with a zero cell pressure. The axial stress was then 

increased and the cell pressure was increased as necessary to main-

tain zero lateral strain. All specimens were undisturbed, and at 

their natural water contents. 

3. 3. 2 Summary of results. The :ratio of the lateral to axial stress 

is defined as K , the lateral stress ratio at rest. Before the collapse 
0 

of the sbil structure, which occur!l."ed at axial strains of 1% to 4%, the 

average value of K was O. 23. After collapse, K increased to 0. 54. 
o. 0 

' Individual test values leading to these averages are given in 

Table .3 ~ 3. 

3. 4 Triaxial Compression Tests 

Consolidated-drained triaxial compression tests were run on 

undisturbed samples at their natural water content and these tests are 

also described in detail in Appendix IV. The pertinent results are 

tabulated. in Table 3. 4 and the modified Mohr ~Coulomb diagram based 

total stresses is shown in Fig. 3. 29. 
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1. Test No. 

INITIAL MEASUREMENTS 

2. Water content % 

3. Void ratio 

4. Degree of saturation % 

LATERAL STRESS RATIO, Ka 
, 

5. Before collapse 

6. After collapse . 

TABLE 3. 3 SUMMARY OF K -TESTS 
0 

1 2 3 
, 

H-1 

22~6 21. 5 22.9 22.6 

0.883 0.862 0.851 I 0.871 

69.3 67.5 73. 1 70.2 

0.25 0.22 o. 15 0.23 

0.52 0.56 0.54 0.54 

H-2 H-3 Average 

22.7 23.0 --
0.848 0.833 --
72.6 74.8 --

0.33 o. 17 o. 23 

0.56 0.50 0.54 



TABLE 3. 4 SUMMARY OF TRIAXIAL COMPRESSION TESTS 

_,' ' Init:j.~l - , -· , . After consolidation 
Water Void Degree of Cell Void Degree of ( cr v - crh)f 

Test Content ratio Saturation Pressure ratio Saturation 
No. % % psi % psi 

(1) (2) (3) (4) (5) (6) (7) (8) 

1 23.4 0.817 77.9 0 0.817 77.9 15.6 

2 23.3 0.841 75.4 5 0.835 76.4 ' 24.4 

3 23.2 0.856 73.6 :to· o. 845· 74.6 2 7. 3 

4 23.5 0.896 71. 3 15 0.887 72. 0 34.8 

5 23. 4 0.842 75.5 20 0.838 75.9 40.0 

6 23.4 0.868 73.2 30 0.838 75.8 5·7. 9 

7 24.0 0.856 76.3 40 0.822 79.5 73.6 

8 23.3 o. 862' 73.5 60 0.757 83. 7 110. 1 

9 23.2 0.819 77 .1 100 o.695 90.9 200.0 

10 23. 5 0.837 76.5 140 o.661 96.9 274.·0 
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CHAPTER 4 

DISCtrssroN OF TEST RESULT'S 

4. 1 Gene:ral Comparisons 

Six specimens have been selected to illustrate the trends in· 

the data. The test results £or these specimens are presented in Fig. 
,. 

4. 1, a four-variable plot of log stress, vo.id ratio, water content, ahd 

negative pore-water pressure. The specimens had initial water con-

tents ranging from 4. 6% ~o 28. 3% and approximately the same initial 

void ratio. 

The void 'ratio-log stres§. plots in Fig~ 4. i (cl,) show that the 
. - l 

> 

wetter specimens were more compressible than, the d:rier specimens 

which is, of course, to be expe¢ted. The st:ress level at which the curve 

steepens for the driest sped.men is nearly ten times that for the wettest 

specimen. 

'The void ratio -water co:n,tent plots in Fig• 4. 1 (b) shb~ lines 

for 50% ~:i:ld 100% saturation and the change in degree of satu,ratibn of the . . . 

sample; during the course of the tests may be ob~erved. The water con-

tent retP.ai,ned constant during the compression of the dry specimens. 

Jtor these specimens the degree of saturation increased as .a '.result of 

the reduced volume of voids but t.he specimens remained partially satu­
; 

rated •. · On the other hand, the .wettest two specimens became 100% satu-
·'· 

rated during compression and the further reduction in voids caµsed water 

r 
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to be expelled from. the 's'pe~ci-irtteh and 'a d:Jnsequent decrea·se in water 

content. 

More detailed compa:rl8ons bf the· sb.-ess ;;:strain and -'-volumetric 

reiations; and the por'e-water press·ures (Fig. 4~ I (c) and {d)), before 

and du.ring comp.ress ion, are c'dnsidered 1h the foll6wirtg sections. 

4. 2 YoltJ,m,e Change~ .aP.d .S.tt!iins 

4. 2. 1 Vo~d :ratio:-log f;t~es$.,.i'.e.iations. The void rado.;.log stress curves 

may be compared by the use of two parameters; the stress at which the 

curve: changes from a flat to a steep slope~ arid the slope of the steepest 
J 

part of the curve~ The latt.ei" slope is designated here as the maximum 

compression index C and values have been listed in Table 3. 1. 
! c 

Fig• 4. 2 {a) shows the maximum C plotted agairist initial water , . . c . -.-... 

content. The points are scattered above and beiow a value of O. 3 with 

values tending ta he higher at lower water contents. 

The stress d . . at whieh the void ratio•iog stress curve changes 
vc ' - . 

-from a_ flat to a steep slope was determined by use of the triteriori given 

in Fig~. 3.28. This criterfon defines the steep slope 11 C" as one with C '' c 

In all cases the flat slopes 11A 11 had C '- valUes 
c 

smalier than o. L The values of a· are listed in Table 3. 1 for each 
' vc 

test and pl6tted against the initial water content in Fig. 4. 2 (b). The 

plot shows a nearly linear decrease in cr with iricreasing initial water 
( vc - . 

content. The least square equation for this line is 
',,.r 

d {psi) = ioo. 5 "" 3. 01 w {%) 
vc 

(Eq. 4. 1) 
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4.2.2 Stress-s.trai:n relatiqns, .. The s·tress:-strain relations are to 

some extent obscured by void ratio-log stress curves. An arithmetic 

plot of strain versus stress for three typical tests is presented in Fig. 

4. 3. The curve for Test 21 a-hows a significant increase in compres -

sibility in the stress inte·.rvaibetween 55 psi and llOpsi. Thereafter 

the soil becomes stiffer with increasing stress. This increased com-

pressibility signifies the collapse of the open structure of the natural 

soil. The K -tests demonstrated a similar collapse occurring between 
' 0 

axial strains of 1 % and 4%. Evidence that a structural change is involved 

was pr6vided by the increase in K -values from O. 23 before. collapse to 
0 

o. 54 after collapse (Table 3'. 3}'. 

The collapse effect is less pronounced for Tests 14 arid 22, which 

are also shown in Fig. 4. 3,, and it is difficult to determine a stress at 

which collapse occurs. The values of cr previously determined are indi­
vc 

cated in the figure and lie either within or immediately ahead of the steep 

part of the curves. The strains which correspond to a are within the 
vc 

1% to· 4% bracket observed for collapse in the K -tests and, for compari­
o 

son with cr , the stresses at 2% strain (cr )
2 

have been determined. 
. vc v 

These values are listed in Table 3. 1 and plotted against water content in 

Fig. 4. 2 (c). It is evident that. a considerably greater scatter exists for 

(cr )
2 

than for cr . 
v, vc 

A direct comparison between crvc and (crv)
2 

is shown in Fig. 4. 4. 

The conclusion from this figure is that cr is representative' of the stress 
vc 
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at a strain of 2% though a wide variation exists. The variation is at 

least in part due to the fact that the strains are based on the original 

thickness and seating errors are included in the determination of (crv)
2

• 

On the other hand cr is based on the incremental slope of the void ratio -
vc 

log stress curve and therefore is independent of seating erro-rs. The use 

of the geometric loading increments is also ill-suited to the detailed study 

of stress -strain relations because of the wide spacing of data points. 

4. 3 Pore-Water Pressures 

The initial pore-water pressures given in Tables 3. 1 and 3. 2 are 

plotted against initial water content in Fig. 4. 5. The curve drawn through 

the data points has the equation 

u (psi) = 
w 

44 2.6 
(-) w% {Eq. 4. 2) 

This equation is limited to the pressure range between 3 psi and 300 psi. 

Twenty of the twenty-five measured pressures are within 33% of the value 

given by this equation. 

For a given water content, the negative pore-water pressure is 

independent of the degree of saturation except when S exceeds 85% or 
r 

90%. This is shown in Fig. 4. 6 where the pore-water pressure is plotted 

against degree of saturation for representative tests. For each test, the 

water content is constant, but the degree of saturation increases as a 

result of the reduction in voids during compression. The approximately 

horizontal curves show that the pore-water pressure does not change 
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during this process. The independence of pore-water pres sure from 

degree of sa,turation may be explained as follows. The clay content is 

distributed as coatings on larger particles or as aggregates of clay 

particles.. The water in the soil is dispersed in the clay vc ids and on 

the surface of the larger particlei;i. The clay voids do not change in 

volume with changes in voids of the whole soil and thus the shapes of the 

menisci, and the pore-water pressures, are independent of the total vol­

ume of voids. When the degree of saturation exceeds 90%, however, 

the volume of air is at a point- where a further reduction in the voids 

causes the larger pores to become saturated and the pore water pressure 

increases. At a degree of saturation of 100%, the water fills the voids 

and further compression is accompanied by the expulsion of water from 

the soil. For this saturated state, the pore-water pressure will be zero 

when consolidation is ~omplete. 

The negative pore-water pressure is also independent of the 

applied vertical stress and the resulting shear stresses. This is shown 

by the plot of pore-water pressure versus vertical stress in -Fig. 4. 7. 

Changes in measured pore-water pressure are not significe1.nt except 

when the vertical stress in the wetter specimens exceeds 110 psi, but 

for these cases the specimens are approaching saturation. 

This behavior was not anticipated. Shearing strains on an un­

drained saturated clay specimen in general will cause a change in pore­

water pressure. In normally-consolidated clays the pore-water pressure 
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increases, whereas in over-co'nsolidated'. clays the pore-water pres -

sure decreases. Since shear strains of significant magnitude are pro-

duced during confined compression and the loess· specimens were 

undrained in that the water content was constant, a change in pore-water 

pressure was to be expected. The reason that no change was observed 

is of interest. It is possible that the measurement system was not re-

sponsive. However, this is believed to be unlikely because of the excel-

lent response observed for different initial water contents and for the 

predictable increase in pore•water pressure as saturation was approached. 

The most likely explanation is that the volume of clay which underwent 

shear strains was only that at the particle contacts and thus was a small 

part ofithe total clay volume. Because .of the slow loading rate, pore-

water pres~ures generated at the contacts could be disipated by drainage 

to or from the remaining saturated clay voids. If this amount of drainage 

is small, as it is believed to be, then little or no pressure change will be 

produced in the pore-water filling the clay voids. 

The relatibn between the pore-water pressure and the collapse 

stress a. is shown in Fig. 4. 8. The collapse stress increases rapidly 
vc 

with decreasing pore-water pres~ure but the rate diminishes when the 

pore-water pressure decreases below -100 psi. The collapse stress 

appears to approach a limiting value of 90 psi to 100 psi at a pore-water 

pressure of about -300 psi. 
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4. 4 Special Tes:ts 

The special confine.cl c0·mpress ion ·tests were run by altering 

the water content of .the specimen by known amounts while the specimen 

was under a vertical stress. The purpose of these ·tests was to inter-

relate two or more of the void ratio-log stress curves in Fig. 4. 1. The 

hypothesis to be tested :w:as that at a lo:w stress level, collapse would not 

occur upon wetting, where~s at a higher l~vel, collapse would occur. 

Three of the special ~ests are c.ompared with appropriate tests 

from the basic series in :Vig. 4. 9. In Fig. 4.-9 (c}, it was necessary to 

adjust the void ratios for Test No. 22 because its initial void ratio (0. 85) 

was significantly higher than the other .two tests (-0. 80 and O. 81 ). The 

curves for the special tests do, j.n general, follow those for the basic tests 

having similar water cor..tents. However the amount of compression that 

occurred upon wetting is greater tha.n that indicated by the basic test 

curves. This may be due to the test procedure whereby the specimen 

was wetted from the bottom s ton~. It is possible that the water content 

of the lower part of the specimen was· greater. than the upper part before 
I 

the water distributed itself uniformly through the specimen.· If this were 

the case, the lower part of the specimen would compress more than the 

amount expected on the basis of the average water content. It was not 

possible to check this independently. 

The vertical compressive strain that occurred as a result of the 

increase in water content depended on the magnitude of the vertical stress 
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actin~ during the wetting as weli as on the water content before and 

after wetting. Table 4. 1 lists these values and also lists, for each 

water content, a collapse stress d. computed using Eq. 4. 1. During 
vc 

wetting, this collapse stress decreases. Large compressive strains 

occur only when the acting vertical a is approximately equal to the 
v 

collapse stress cr , that is, When d' / cr . = 1. This is shewn in Fig. 
vc v vc 

4. 10 where the increase in strain due to wetting is plotted against the 

initial and final ratios of acting vertical stress to estimated collapse 

stress. When the acting stress is less than half the collapse· stress 

after wetting (cr / cr <: O. 5 ), the additional strains are smail. The 
v vc· 

addition?-1 strains are also striali if the acting stress exceeds the col-

lapse stress before wetting (cr /cr > i). In this case, the soi.l has al-
v vc 

ready c'ollapsed as evidenced by the large strains before wetting. The 

maximum strain during wetting occurs when the collapse str~ss is 

greater than the acting vertical stress before wetting, but smaller after-

wards, that is, when cr /cr = 1 at some point during wetting. This 
' v vc 

condition existed in Test No. S-5 in which the compressive strain in-

creased from 2. 0% to 8. 5% during wetting. 

4.5 Summary 

The conclusions developed in the preceeding discussion are sum-

marized as follows: 

a. With increasing initial water contents, the maximum com-

pressio,n ind~x Cc and the collapse stress d'vc (Fig. 3. 28) decrease. 
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TABLE 4. I STRAINS DUE TO WETTING 

cr v' 6.w 
Vertical 6. €v Increase 
Stress Increase in 

Test During w O' a I a w O' a I a in Water 
No. Wetting 

vc v vc vc v vc 
Strain Content 

psi % psi % psi % % 

c:n ....,_ 111. I 5.3 84.6 I. 31 8.2 75.8 I. 47 4.87 2.9 

111. I 8.2 75.8 I. 47 I I. 0. 67.4 I. 64 3.16 2.8 

S2 a. 27.8 9.0 73.4 0.38 13.0 61. 4 0.45 2. 15 4.0 

b. 111. 1 13.0 - 61. 4 - I. 81 17.0 49.3 2.27 I. 82 4.0 

c. 111. 1 17.0 49.3 2.27 22.5 32.8 3.39 2.31 - 5.5 

S3 13.9 15. I 55. I 0.25 19.0 43.3 0.32 0.25 3.9 

S4 55.6 22.4 33. 1 1.68 25.4 24.1 2.30 I. 20 3.0 

SS 55.6 11. 8 65.0 0.86 15.5 53.8 I. 03 6.53 3.7 

S6 27. 8 10.7 68.3 0.41 14.5 56.9 o.49 o. 80 3.8 

S7 111. I 10.8 68.0 I. 63 14.5 56.9 I. 95 2.10 3.7 

Note: The collapse stresses O' have been computed using Eq. 4. I. - vc 
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b. The stress at a compressive strain of 2% is approximately 

equal to the collapse stress, cr • 
vc 

c. The pore-water pressure is related to the water content 

through the empirical equation 

44 2.6 
u (psi)= - (a;-) 

W W70 
(Eq. 4.2) 

d. At a given water content, the pore-water pressure is inde-

pendent of the degree of saturation S except for S > 90%. 
. r r 

e. The important parameter describing the susceptibility to 

collapse during wetting is the ratio of the acting stress to the collapse 

stress cr /cr and not the amount of wetting. 
v vc -~ 

£. The maximum collapse strains occur when cr /cr = 1 at 
v vc 

some point during wetting. 

the soil does not collapse. 

If cr / cr remains less than 1. 0 during wetting, 
v vc 

On the other hand, if cr /cr is greater than v vc 

1. b before wetting, the soil has already collapsed and the additional 

strains are relatively small. 
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CHAPTER 5 

ANALYSIS GF MECHANICA'L BEHAVIOR 

5. 1 Introduction 

During confined compression, the vertical stress a is in­
v 

creased and the radial or horizontal stress ah increases sufficiently 

to maintain the condition of zero lateral strain. The stress path 

method of representing the successive states of stress (Lambe, 1964) 

forms the basis for the analysis of the behavior of the soil in the fol-

lowing sections. In this method, the state of stress is represented by 

a stress point on a p - q diag:ram'inwhichp =(av +·ah)/2 and q = 

(av - ah)/2. Successive stress points are connected to form the stress 

path for a loading. The stress path may be drawn using either total 

stresses or effective stresses. 

The stress path for the confined compression of a soil with a 

constant negative pore pressure is shown in Fig. 5. 1 to illustrate the 

method. Also shown in this figure is the Kf-line; which connects the 

effective stress points for failure conditions. 

The st:ress path method is particularly useful iii this analysis 
I 

because it can show the relationship between the stresses in confined 

compression and the failure stresses. Fo.r example, wheri the com-

pressi~n illustrated by stress path AB in Fig. 5. 1 is continued, the 

path will intersect the Kf-line at point C. Since this point represents 
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failure conditions, ,the stress path must change direction as the stress 

is increased further. The balance of this chapter is concerned with 

the mechanisms associated with the changes in the stress path before 

and after failure. 

5. 2 Effective St res se13 

The effective stress, in the most general sense, is the stress 

which controls changes in either the volume or the strength of a soil 

(Skempton, 1961 ). For partially saturated soils, the express ion for 

effective stress a is (Bishop, 1960): 

a = a - [ u - x (u - u ) ] 
a a w 

(Eq. 5. 1) 

where cris the total stress, u is the pore-air pressure, u is the pore-
a w 

water pressure, and xis an experimentally determined coefficient. If 

the expression within the brackets is designated as the equivalent pore 

pressure u (as distinguished from the pore-water pressure u ), then 
w 

Eq. 5. 1 may be written 

where 

u = u - x (u - u ) 
a a w 

Several special cases are of interest. 

a = a- x u 
w 

(Eq. 5. 2) 

(Eq. 5. 3) 

If u = o, then u = x u. and 
a w 

(Eq. 5. 4) 

The coefficient x depends on the degree of saturation and is not neces -

sarily the same value for volume ~hange and shear strength (Skempton, 
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1961 ). A definition of x, simplified in that surface tension forces are 

neglected, is the ratio of the cross -sectional area occupied by water 

to the total area. Thus, when the soil is saturated, x = 1 and cr = cr - u , 
w 

and when the soil is dry x = o and cr = 1§1. The determination of x at inter-

mediate degrees of saturation has been the subject of several studies. 

Aitchison (1961) has presented an expression for the pore pres-

sure in a capillary model of cohesionless ideal spherical particles rep-

resenting an incompressible soil. The expression leads to the following 

s u 
r w 

(Eq. 5. 5) 

The summation term is obtained from a curve of S vs u • No other 
r w 

analytical expressions for x have been published. The loess under in-

vestigation in this study is markedly different from the soil on which 

Eq. 5. 5 is based, but for comparative purposes, this equation has been 

used to compute x for the initial values of S and u measured in each 
r w 

of the confined compression tests (Table 3. 1). The resulting x-values 

are plotted against S in Fig. 5. 2 (a) and the parameter x is seen to 
r 

exceed S for all values of S • However, this is inconsistent with 
r r 

measurements on cohesive soils as shown in the following paragraph. 

Bishop and Blight (1963) have presented four x vs S curves for 
. r 

compacted specimens with clay contents from 1% to 21%. These experi-

mental curves are shown in Fig. 5. 2 (b) and it is evident that the clay 
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content has an important influence on the relationship. A compari-

son of Fig. 5. 2 (a) and (b) indicates that Eq. S. 5 cannot be used for a 

soil s,uch as Oakdale. loess which has a clay content of 13%. The values 

of x in Fig. s. 2 (b) were obtained in the following manner. The Kf-line 

(Fig. 5. 1) for the soil was determined from triaxial compression tests 

on saturated samples. Partially saturated samples were tested sim-

. ilarly and the pore-water pressure uw and total failure stresses pf and 

qf were measured. For the measured failure stress qf, the effective 

failure stress pf was found on the Kf-line. Finally, u =pf ~pf and 

x = u/u were computed. 
w 

The procedure for determining the Kf-line from tests on saturated 

samples cannot be used for an undisturbed loess because of the sensitiv-

ity of loess to saturation. The structure of a saturated loess would col-

lapse under a small confining stress and the triaxial failure envelope 

would not be applicable to the loose natural structure. The following 

section describes the procedure used here to overcome this difficulty 

thus leading to the determination of the x vs S relations for the Oakdale 
r 

loess under study. 

5. 3 Effective Stresses at Collapse During Confined Compression 

The understaq.ding of the collapse phenomenon in loess during 

confined compression in terms of effective stresses requires·the know-. 

ledge of the intercept!. and the slope a of the Kf-line (Fig. 5. I). In 
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addition, because the later.al stress. wa·s not measured in the confined 

compression tests, K must be known in order to construct the .stress 
0 

path •. The method for selecting these parameters is presented in the 

next paragraphs. 

The triaxial compression test results (Table 3. 4) were used in 

the determination of a and a. •. Tests 9 and 10 were. eliminated from 

conside·ration because the structure had already collapsed prior to the 

application of the deviator stress~. In these tests,. the volumetric strain 

due to the cell pressure alone was .greater than 7%. The failure enve-

( 

lope therefore is based on the remaining tests, Nos. 1 through 8. The 

total failure stresses, pf and qf, are known for these tests but the pore 

pressure u is· unknown since u is given by the expression u :::;: x u • Two 
w 

assumptions were made in order to determine u. First, since the degree 

of saturation was high (approximately 75%) for all samples, it was as -

sumed 'that x = 1 is a good approximation. The subsequent determination 

of x supports this. Second, u , while not measured for the test samples, w ' 

was dete.rmined using Eq. 4.2 (Fig. 4.5) •. This estimate is valid since 

u is a function of water content rather than degree of saturation for 
w 

S < .90% (Chapter 4). The pore pressure u = x u calculated on the 
r w, 

basis of these assumptions ranged from -4.8 psi to -5. 3 psi. The mea-

sured qf and calculated pf= pf - u are plotted in Fig. 5. 3; a least square 

fit gives the intercept a = 1. 4 psi and the slope 0: = 23. 7°. The corres-. - ' 

pondin'g c- and cp- values are 1.6 psi and 26. 0°. The above 
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/ 

interpretation assumes. that the p'ore·-air pressure is atmospheric, 

that is, that th·ere· is no entrapped air. Sin:ce the air-voids in com-

pacted clay are inter-cortrtectecf fo.r degrees of saturation up to ·about 

90% (Yoshimi and Osterbetg, 196.3), this assumption is certainly 

valid for loess when its natural open strueture is intact. 

··Tests for the lateral stre·ss ratio k were described in Chap­
a 

ter 3 and the results summarized in Table 3. 3. For the following 

analysis, the average measured values of K have been used: K . = 
' 0 01 

O. 2 3 before collapse and K. f = O. 54 afte.r collapse. It should be noted 
0 

that K is defined here on the basis of the total stresses crh /a . 
0 v 

·The method for determining 'x is illustrated in Fig. 5. 4. At 

\, 

the collapse stress a in the confined compression test; the full 
vc 

shear strength of the soil is mobilized •. The corresponding failure 

stresses pf and qf are computed from tJ and K .• The total stress 
, VC Ol 

path during loading is AC in Fig. 5. 4, and the pore pressure u is the 

stress_difference from c to c Ori the Kf-line. The pore wate·r pres­

sure u. · has been taken as the initial value since only small changes 
w 

occurred prior to collapse (Fig. 4. 6a). 

u/u may be computed. 
w ' 

With u and u known; x = 
w 

The test results can be utilized in this method in two different 

ways: 'first, measured cr and u from the individual tests can be 
vc w 

used, and second, the average values of a and u may be computed 
: . vc . w :: . 

from equatiOns 4. 1 and 4. 2 respectively. 
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The x vs S relaHons· based on the individual tests are shown 
r· 

in Fig. 5. 5. For S <: 70%,. the point~ fall on a curve similar to 
r . . 

those for compacted a.oils in Fig· •. 5·. 2 (b). When S > 70%, there is a 
r 

large scatter. This i's due to the small measured pore-water pressures 

I 

(-3 psi to -4 psi) which caus.e the ratio u/u to. be very s.ene.itive to 
w 

small differences in u • It is also possible that positive air pressures 
w 

exist. at the higher S -values.. Neglecting a positive u results in. a 
r a. 

computed x-value lower than it should be. fn spite of the scatter for 

S > 70%, it is clear from the remaining portion of the curve that x is 
r 

approximately equal to unity when S. exceeds 70%. This finding verifies 
r 

the assumption to this effect used above to obtain the Kf-line. 

Fig. 5. 6 shows the x vs S curve determined by the average 
. r 

a - and u · -values. For selected values of S , the water content was 
vc w r · 

' 
calculated (e =. O. 8 was assumed) and then a and u were determined 

vc w 

from Fig. 4. 1 and 4. 2 respectively. The value of x was then found as 

in the preceding case. The curve in Fig. 5. 6 follows that in Fig. 5. 5 

to S 
r 

1 
=· 70%. When S > 70% the curve turns down indicating that the 

r 

average a - and u -values are inconsistent since x must approach 
' vc w . 

unity. The sensitivity of x to small differences in u and u , as in the 
w 

case o
1
f the individual points, precludes an accurate curve in this region 

and the dashed curve is drawn to fit the known end value for x. 
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5. 4 Effective Stress Paths 

In this section, the effective stress paths for representative 

tests are presented. To provide a basis for interpreting these dia-

grams, the general character of effective stress paths for the con-

fined compression of loess is shown in Fig. 5. 7. Four particular 

test conditions are considered in this figure: (a) loading without wet-

ting, (b) wetting before collapse, (c) wetting after collapse and (d) 

collapse due to wetting. The first condition corresponds to the basic 

test series and the last th·ree to conditions which existed during the 

special tests. 

In the case of loading without wetting, Fig. 5. 7 (a), the effec-

tive stress path for loading prior to collapse is AC. This path is the 

same as AC in Fig. 5.4 and its slope is determined by the value of 

K . • At point C, the full shearing resistance at the particle contacts 
01 

is mobilized and a further increase in o causes slippage between 
v 

particles. As a result, the soil compresses and new structural con-

figurations develop. Collapse may be considered to have concluded 

when the particles lock in new stable positions at which point K ::: K f' 
0 0 

point D. The trans it ion from o = K . o to oh = K f a occurs with 
v 01 v 0 v 

b. a = 6 a , that is, the stress path CD is horizontal. This conclusion 
h v 

is based on the measurements obtained from the K -tests, Appendix 
0 

IV. The path for loading after collapse is DF and its slope is deter-

mined by the value of K f" 
' 0 
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If, during the course of the test, the loess is wetted,• the 

stress paths are changed in the manner shown in Figs. 5. 7 (b}, (c }, 

and (d}. Wetting under a constant CJ reduces the negative pore pres -
v 

sure and thus p decreases while q remains constant. The stress path 

during wetting is horizontal (BB 1 and EE'}. If, during wetting, the 

stress path intersects the Kf-line, as for p~th BC' in Fig. 5. 7 (d}, 

collapse occurs as a result of wetting. In this case, CJ· remains con-· 
v 

stant during collapse but CJh increases because K
0 
increas~s fr.om 

K
0

i to K0f" The stress path C'D' slopes downward from the Kf-line 

at a slope of 45 degrees if the pore pressure remains constant during 

collapse. 

The effective stress paths for representative confined compres-

sion tests have been determined by computations based on the data 

obtained from the individual tests: the vertical stress CJ , the pore­
v 

water pressure u , the strain e , the water content w, and the degree . w v 

of saturation S • Two additional parameters were obtained from other 
r 

tests. First, the value of x for use in the expression u = x u was 
. w 

obtained from the average x vs S curve Fig. 5. 6. Second, the values 
r 

.of K for use in the computation of crh = K CJ . are K . = O. 2 3 and 
0 . 0 v 01 

~f = O. 54 before and after colla.pse respectively; this is in accordance 

with the discussion in the preceeding section. The point of collapse has 

been taken as the point at which a disproportionate increase in strain 

occurs either upon the additfon of more stress or upon wetting • 
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Stress paths· for five of tpe bas·ic tests, Nos-. 7, 9, 11, 12, 

and 14, are shown in Figs .• 5. 8 through 5. 12 respectively. The ini­

tial water contents for these tests range from 4. 6% to 25. 1%. The 

stress paths follow the idealized stress path in Fig. 5.7 {a) and the 

corresponding points are sh0wn by the same letter designations. At 

each dat~ point the vertical strain is given. Because of the relatively 

wide spacing of the data poi:pt~. the collapse stress at point C is not 

precisely known. The portion qf the stress path during the collapse of 

the structure is shown by a dashed line and drawn so that either point 

C or D is a data point and the line CD is horizontal. Point C is not on 

the Kf-line in all cases, as it iS! in Fig. 5. 7 (a), because the collapse 

stress is not precisely known and because the Kf-line represents an 

average strength. However, it is evident from these figures that (1) 

there is a disproportionately high increase in strain as the path ex­

tends :from C to D (since the load doubles, doubling the strain is pro­

portionate), indicating a structural collapse, and (2) point C, where 

this collapse initiates, is near the Kf-line. Thus the test data sub­

stantiate the idealized concept for the effective stress path shown in 

Fig. 5. 7 (a). 

Stress paths for three of the special tests, Nos. S2, Sl, and 

S5, are shown in Figs. 5. 13, 5. 14, and 5. 15 respectively. The path 

for S2 follows the.paths in Figs. 5.7 (b) and (c), since it was wetted 

both before and after collapse, and the points are lettered accordingly. 
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The increase in strain during wetting BB' (0. 8% to 3. 0%) is rela-

tively high and, while it has not been taken to indicate collapse, it 

may in fact so indicate. However the subsequent strain due to load-

ing B'C is only an additional O. 5% and it is believed that the high 

strain during BB' is due to non-uniform wetting. The paths for Sl 

and SS follow the path in Fig. 5. 7 (d) which describes collapse due to 

wetting. In both tests, the strain increases to 8. 0% or more (path 

C'D') due to wetting alone with no increase in stress. An anomaly 

exists in Sl during wetting path BC'. The increased x-value after 

wetting, due to the higher degree of saturation, has a greater influ-

ence than the reduced negative pore -water pres sure u on the new 
w 

pore pressure x u . As a result, the computations show a lower 
w 

(more negative) pore pressure after wetting than before and the path 

BC' (Fig. 5. 14) is in the direction of increasing effective stress. This 

implies an increased strength upon wetting which cannot be correct, 

and can only be due to errors in the measured pore-water pressure 

and in the average x vs S curve. 
r 

With the exceptions noted above, the stress paths for the special 

tests agree with and support the concepts illustrated by the stress paths 

in Fig. 5. 7 (b), (c ), and (d). 
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CHAPTER(> 

SUMMARY AND CONCLUSIONS 

6. 1 Swmmary 

The primary purpose of this study is to describe quantitatively 

the mechanisms involved in the confined compression of loess. To 

this end, the pore-water .pressure, void ratio, water content, and 

applied stress have been measured in a basic test series on a soil 

having initial water contents ranging fr.om air -dry to saturation. A 

special series of tests in which the water content was increased by 

known increments while the soil was under a constant stress was also 

run. These tests required the .construction of a special confined com-

press ion cell which permitted the measurement. of negative pore-water 

pressures as small as -300 psi during the course of the confined com-

press ion test. 

Two additional tests were run ,to provide supporting data: K -
0 

tests in ·which the lateral stress ratio was measured, and strength 

tests to determine the failure envelope. 

An effective stress analysis was used to interpret the results. 

This analysis lead to the establishment of a curve showing x vs. S , 
I r 

and to the construction of quantitative effective stress paths for the 

basic tests and for the special tests in which 'the water content was 

increased. 

- 102 -



6. 2 Conclusions 

The discussions and analysis of the test results in Chapters 

4 and 5 lead to the following conclusions: 

a. The collapse stress CY , defined in Fig. 3. 28, is a 
vc 

significant parameter in describing the stress -strain relations for 

the soil. An approximate linear decrease in CY occurs with increas -
vc 

ing initial water contents; that is, the wetter the soil, the lower the. 

stress level at which collapse occurs, which is, of course, to be ex-

pected. The stress CY is approximately equal to the stress causing vc . 

a compressive strain of 2%. 

b. The initial pore-water pressure was related to the 

water content through the empirical equation 

u (psi) 
w 

44 2. 6 
= - ( wo/o ) (Eq. 4. 2) 

During compression, no significant change in the pore water pressure 

occurred except when the degree of saturation S exceeded 85% to 90%. 
r 

Thus, with this exception, the pore -water pres sure is independent of 

the degree of saturation, and Eq. 4. 2 is applicable to more than the 

initial conditions. 

c. For stresSf!S below the collapse stress, the lateral 

stress ratio for confined compression K was found to be small in 
0 

comparison with values commonly measured in other soils. The aver-

age measured value for the loess tested was 0. 23; in contr.ast, sands 
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have K -values from O. 4 t;o. O. 6 for dense to loose densities respec­
o 

tively. After collapse, however, K was fqund to be 0. 54 which 
0 

compares favorably with value.s · fo:r other so.ils. Thus the structural 

change during collapse has a marked effect. on the soil properties. 

d. The interpretation of the test results permitted impor -

tant qualitative conclusions. The collapE..e mechanism of the soil in 

, 

confined compression is a sheq.r phenomenon; that is, the collapse 

stress is determined by the shear strength expressed as a function of 

effective stresses. The beh~.vior of the soil b~fore, during, and after 

collapse can be illustrated by use of effective stress path diagrams 

(Fig. 5. 7). 

Loading in confined compression causes the shear s.tresses to 

increase and, because of the low K -v~lue prior to collapse, the 
0 

stress path approaches the Kf-line. When the path reaches the Kf-line, 

the she.ar stresses equal the strength and collapse occurs. K then 
0 

increases as a result of the structural rearrangemep.t during collapse 

and the stress path for subsequent loading has a flatter slope than the 

Wetting the soil under a constant confined compressive stress 

reduces the negative pore pressure, thereby reducing the vertical 

and horizontal effective stresses and the strength. As a result, the 

stress path for wetting is horizontal and approaches the Kf-line. 

the path intersects the Kf-line, collapse occurs. 
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e. The compressive strains and, the.refore, settlements 

which accompany wetting depend on the amount of wetting and on the 

stress acting at the time of wetting. The strains are small when the 

acting stresses are smaller than the strength as reduced by wetting. 

The strains are also small if the collapse stress has been exceeded 

prior to wetting. Maximum compressive strains occur when the soil 

collapses during wetting, that is, when the strength as reduced by wet-

ting diminishes to the level of the existing stresses. 

f. The quantitative application of the above qualitative 

conclusions requires the knowledge of several soil properties which 

cannot be evaluated by routine soil tests. These properties are ( 1) the 

effective stress strength parameters c and cp, (2) the pore-water 

pressure u expressed as a function of the water content of the soil, 
w 

(3) the parameter x expressed as a function of the degree of saturation, 

and (4) the lateral stress ratio K before and after collapse. When 
. 0 

these properties have been evaluated, the effective stress path for 

compressive loading can be constructed. Further studies may demon-

strate that some of the necessary soil properties have a small variation 

or are related to easily measured quantities. For the present, how-

ever, special tests must be run to evaluate them and the test procedures 

described in this report may be followed. 
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APPENDIX III 

CONFINED COMPRESSION TEST RESULTS 

This ~ppendix contains tabu1ated test data for each of the confined 

compression tests. A description of the tabulated quantities and as sump-

tions used in the computation1:1 follows. 

Column 

1, 2 LOAD 

3 MACH CORR 

4 DIAL READ 

,5 WATER CONTENT 

6 . DEG. SAT. 

'. 
7 DRY DEN. 

',I 

8 NEG. P-.PR 

CHECK ON FINAL 
··w/c MEASURED 

Des c r i pt ion 

Applied vertical stress (units given). 

Compression (in.) in machine due to 
loading without soil specimen. 

Reading (in.) on O. 0001-in. compression 
dial indicator. Add MACH CORR to obtain 
corrected dial reading. 

Water content (%)is assumed to remain 
constant until sample becomes saturated 
and is computed from initial wet weight. 
Thereafter sample is ci.ssumed to remain 
saturated and water content is calculated 
from void ratio. 

Degree of saturation (%) is computed for 
initial conditions using initial void ratio 
and water content. The initial water con­
tent is used .with void ratios after loading 
until 100% saturation is achieved, after 
which sample is assumed to remain 
saturated. 

Dry density (units given). 

Negative pore-water pres sure measured 
(units given). 

Water content computed frotn final wet 
weight. 
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Column 

CALCULATED FROM 
D/R 

9, 10 LOAD 

11 VOID RATIO 

12 STRAIN 

13 COE FF. COMPR. 

14 CONSTR MODULUS 

15 COMPR INDEX 

Description 

Final water content in column 5. 

Applied vertical stress (a ). 
v 

Void ratio (e) computed using initial 
volume, volume change found from 
change in corrected dial readings, dry 
weight, and specific gravity. 

Vertical strain (e: ) computed from 
change in correct~d dial readings and 
original specimen height. 

= (el - e2) / (av2 - 0 vl) 

= (av2 - crvl) / (e:2 - e:l) 

= (e 1 - e 2 ) /log (av
2

/crv 1) 

at av2 

Note: (crvl' e 1 , e:v 1 ) and {avz' e
2

, e:v
2

) are for successive load 

increments. 
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THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A2-8 SPECIMEN NO 3 TYPE NATURAL 
DATE PLACE005-06-70 DATE REMOVED05-07-70 ~PoGRo Zo12 
SPECIMEN 1 DI A METER= 2,, 50 lN SPECIMEN ·HE IGHT:::Oo 7 52 l N 

LOAD 
TSF 

Oo03 
loOO 
2o00 
4o00 
8000 
16~00 

32000 

8000 
2o00 
0"03 

WT~ OF RING + COVER PLATf S + WET SOIL 
WT. OF RING + COVER PLATES 
DIR WITH SEATING lOAO ON SPECIMEN 
WET WTo OF SPECIMEN + CONTAINER (FINAL) 
ORY WTo OF SPECIM~N +CONTAINER (~INAL) 
WT• OF CONTAINER FOR W/C TEST · 

LOAD 
PSI 

Oo44 
13. 89 
27e 18 
55. 55 

lilo 11 
22211122 
444e45 

11lo11 
21.1a 

Oe44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

o,, 0000 
o. 0057 
0.0073 
01110096 
Oo 0111 
01110156 
Os0209 

0.0116 
0.0010 
0.0040 

DIAL 
READ 

o. 2500 
Oo 2356 
Oo 2312 
Oo 22.34 
Oc 2004 
Co 1613 
Oo 1205 

Oo 1526. 
Co 1847 
o. 2167 

WATER 
CONTENT 

9o49 
9a49 
9o49 
9o 49 
9o49 
9.,49 
9o49 

9o49 
9('J49 
9o49 

DE Go 
SA Tc 

33007 
3312)97 
34e27 
34{t 8 7 
37.,45 
42'3 50 
490 32 

44<11·71 
40018 
36®30 

184c 3000GMo 
8301200 GM,, 

. o<!) 2500 
240079 GMG 

' 232e 23 GMs 
13qo82 GMo 

NOo 10 l 

ORV 
DE No 
GMCC 

NE Go 
·P-PR 

lo 53 
1055 
l(l) 55'. 
1056 
lo 61 
1069 
lo 79 

PS Io 
78o0 
960 5 
97o2 
96.,9 
9300 
89,,l 
84o2 

84e 2 
8408 
B5e0 

CHECK ON FINAL W/C MEASURED= 90263 
, CALCULATED FROM D/R= 90490 

LOAD 
TSF 

Oe03 
loOO 
2o00 
4e00 
8000 
t6~co 

32000 

.a.co 
2.00 
Oo 03 

LOAD 
KG<> I 

i. SQCM 
~ i o. 03 
, ; o.98 
:·~l.95 

. l J.91 
'1 1. 81 
. 15. 62 
31.25 

~ 1. 81 
·l.95 
0.03 

·.i 

VOID 
RATIO 

Oo780 
Oo 760 
Oo 753 
0.140 
o.689 
Oo 601 
Oo 523 

Oo577 
o.642 
Oo711 

STRAIN 
PERCENT 

OoOOO 
1. 15'7 
lri 52 9 
20261 
s .. 120 
9. 721 

140 441 

11. 410 
1. 753 
3. 896 

COEFF. 
COMPRG 
CM2/KG 

0.00000 
On 02177 
Oo 00679 
0000667 
0001303 
Oo 01049 
Oo 00538 

Oo 00230 
o. 01111 
0003572 
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CONS TR 
MODULUS 
KG/CM2 

OsOOO 
81c 770 

2620 159 
267~018 

1360 613 
l 69ci ·792 
330e 962 

772e 981 
160~ 209 

490843 

COM PR 
INDEX 

o('l ooo 
0'<1014 
OQ 022 
Oo 043 
Oo 169 
Oo212 
Oo 279 

Oe090 
9., 108 
Oo 038 



THE UNIVERSITY OF IOWA 
SOIL MtCHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A2-5 SPECIMEN NO 4 TYPE NATURAL 
DATE PLACED05-08-70 DATE REMOVEOOS-09-70 SPoGRo 2o72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oo03 
loOO 
2o00 
4o00 
8e00 

16000 
32000 

8n00 
2o00 
Oc. 03 

WTo 
WTo 
DIR 
WET 
ORV 
WTo 

OF RING + COVER PLATES + WET SOIL 
OF RING + COVER PLATES 
WITH SE·ATING LOAD ON SPECIMEN 
WTo OF SPECIMEN + CONTAINER (FINAL) 
WTo OF SPECIMEN+ CONTAINER (FINALJ 
OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oe44 
13089 
270 78 
55~55 

1110 11 
222c22 
444e45 

11 loll 
270 78 

Oo44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

o~oooo 

0:1 0057 
000073 
oil oo.96 
OoOlll 
000156 
000209 

Oo 0116 
o!,) 0010 
000040 

DIAL 
READ 

Oo 2500 
002404 
Co 2330 
Oo 2222 
Co 1994 
o<ll 1657 
Oo 1224 

o., 1310 
Oo 1363 
Oe 1412 

WATER 
CONTENT 

8e 53 
Bo 53 
80 53 
8053 
SQ') 53 
80 53 
a,., 53 

80 53 
So 53 
8053 

DE Go 
SATo 

29062 
29;i97 
30.a 51 
3le34 
33e64 
37.,40 
43o!> 75 

43089 
43075 
43038 

1830 2400GM0 
83c 1100 GMe 

Oo 2500 
296099 GM-:. 
289030 GMo 
197;1) 04 GMo 

N00 101 

ORY 
DE No 
GMCC 

l.l) 53 
lo 53 
1.;,55 
lo 56 
lo 61 
1068 
lo 78 

lo 78 
lo 78 
lo 77 

l\IEGe 
P-PR 
PSL.l 
l36o5 
13608 
13 7a 3 
13400 
13200 
1280 7 
l lOQ 0 

ll6o0 
1170 0 
11700 

CHECK ON FINAL W/C MEASURED= 80335 
CALCULATED FROM O/R= 80530 

LOAD 
TSF 

Oo03 
loOO 
2o00 
4., 00 
8s00 

160 00 
32000 

8000 
2o00 
Oo03 

LOAO 
KG., I 
SQCM 
Oo03 
Oo 98 
lc95 
3e91 
1o 81 

150 62 
3le 25 

1c 81 
lo 95 
Oe03 

VOID 
RATIO 

Oe783 
Oo 774 
o,, 760 
Oo740 
Oo690 
Oe620 
Oe 530 

Of}529 
Oo 530 
Oo 535 

STRAIN 
PERCENT 

Oe 000 
Oe519 
l.;.290 
20420 
5e253 
9ci 136 

14ti 189 

l 4o 282 
140189 
130 936 

COEFFo 
COM PR., 
CM2/KG 

OQ) 00000 
Oo 00978 
Oo 01409 
OQ 01032 
o,,, 01293 
Oo 00886 
01') 00577 

******* Oo 00028 
o,,, 00234 
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CONS TR 
MODULUS 
KG/CM2 

Oo 000 
1820) 410 
1260 56 l 
l 720 775 
l.37o 896 
201., 192 
309., 188 

******** 6293e) 543 
7600 171 

COMPR 
INDEX 

OQOOO 
Oe 006 
Oo046 
Oe 067 
Ool68 
0..,230 
0Cll299 

-00003 
Oo003 
Oo002 
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THE UNIVERSITY OF IOWA 
SOIL MEtHAN1CS LABO~ATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A2-2 SP.ECIMEN NO 5 TYPE NATURAL 
SPoGRli) 2o 12 DATE PLACEO 6-10-70 DATE REMOVED 6-11-70 

SPECIMEN DIAMETER= 2~50IN SPECIMEN HEIGHT=00752IN 

WT-0 OF RING + COVER PLAtES + WET SOIL 177#!> 8300GM<11 

WTc OF RING + COVER PLATES 830 1100 GM\') 

DIR WITH SEATING LOAD ON SPECIMEN 002500 

WET WTo OF SPECIMEN + CONTAINER (FINAL) 273050 GM0 

DRY WTl\l OF SPECIMEN + CO~TAINER ( F HJAL) 269.60 GMo 

WT. Of CONTAINER FOR W/C TEST 1796105 GMei 

TEST PERFORMED ON CONSOLIDOMETER N00 101 

LOAD LOAD MACH DIAL WATER DE: Ge DRY NE Go 

TSF PSI CORR READ CONTENT SA To DEN0 P-PR 
GMCC PS Io 

Oe03 Oo 44 0.0000 Oo 2500 4obl 15. 33 lo 50 24200 
loOO 13. 89 o.,oos1 Oo 2433 4~61 l 5o 38 le 50 28900 

2o00 21.10 0() 0073 Co 2412 4o 61 15.., 40 1050 3001110 

4o00 558 55 000096 Oo 2368 4"'61 150 50 L;i50 300a0 

BoOO 11lo11 Oo 0111 Oo 2261 4.61 15.93 Lo52 300<:>0 

16e00 2220 22 000156 O@ 1955 4.,6 l 17032 10 5 8 30000 

32000 444e45 0.0209 Oe 1411 4o61 200 72 le 70 300., 0 . 

So 00 11le11 000116 Oo 1515 4o6l 20063 1069 30000 

2.00 21. 78 000070 Co 1565 4o6l 20@60 1069 300QO 

0~03 o.44 0.0040 Oe 1610 4s6l 20a48 lo69 30000 

CHECK ON FINAL W/C MEASURED= 40307 
CALCULATED FROM D/R= 4111605 

LOAD LOAD VOID STRAIN COEFFo CONS TR COM PR 

TSF KGo I RATIO PERCENT COMP Ro MODULUS INDEX 
' .. SQCM CM2/KG KG/CM2 

Oo03 Oo03 Oe 817 Oc 000 OQOOOOO Ou 000 OcOOO 

.le 00 0098 Oo 815 Oo 133 0000255 7110412 0,,,002 

2o00 l.1195 Oo 813 Oo 199 0000124 14670854 Oo004 

4o00 3~91 Oo808 Oo479 o. 00260 69'ilo 356 o., 0 l 7 

8000 7 C> 8 l Oo 786 h102 o.., 00569 319.., 259 Oo074 

l6e00 15ti62 Oc 723 SQ 173 Oo 00807 225.088 0,,209 

32~00 .3lo25 Oo 604 l lo 702 Oo 00759 23qe 291 Oe394 

BeOO 7c B 1 Oo607 11.o 556 0..,00011 ******** Q.,004 

21:100 le 95 0() 608 11.,503 Q.,00016 ******** Oo002 

Oe03 Oo03 Oo612 l lo 30 3 0000189 9630 640 Oo002 

USAGE OBJECT CODE= 9624 BYTES,ARRAV AREA= 8400 BYTES, TOTAL 

COMP ILE TIME= 1003 SEC,EXECUTION TIME= 6. 56 SEC, WATFOR - VERSION 1 
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THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A2-4 SPECIMEN NO 6 TYPE NATURAL 
DATE PLACEb 6-12-70 DATE REMOVED 6-15-70 SPoGRo 2o72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oo03 
1000 
2o00 
4o00 
8$00 

16000 
32~00 

8000 
2000 
Oo03 

WTo OF RING + COVER PLATES + W~T SOIL 
WTo OF RING + COVER PLATES 
O/R WJTH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN+ CONTAINER (FINAL) 
DRY wr~ OF SPECIMEN +CONTAINER (FINAL) 
WTo OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

00 44 
13c 89 
27e 78 
550 55 

11le11 
2220 22 
4440 45 

111.., 11 
270 78 

Oo 44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

000000 
Oo 0057 
000073 
000096 
Oo 0111 
Oe0l56 
Oo 0209 

Oo 0116 
Oo 0070 
o~ 0040 

DIAL 
READ 

Om 2 500 
Co 2434 
Oo 2391 
00 2233 
OQ 2103 
Ool781 
oil> 1345 

Oo 1429 
OQ 1479 
Oe 1515 

WATER 
CONTENT 

7o6l 
7e 61 
7..,61 
7e6l 
1o 61 
7<) 61 
7o 61 

1o 61 
7,,,61 
1Q 61 

DE Ge 
SA To 

250 83 
250 90 
260 11 
21<r> 22 
28025 
3lo06 
36002 

36015 
36009 
36CD00 

1810 4100GM., 
8301100 GMo 

002500 
2430 59 GM-:i 
236s56 GMo 
l45e 21 GMo 

NOo l 0 l 

DRY 
DE No 
GMCC 

lo 51 
10 51 
lo 52 
lQ 55 
lo 57 
lo 63 
lo 73 

1073 
lo 73 
lo 73 

NEGfl) 
P-PR 
PSI~ 

11200 
ll3o0 
llloO 
llOoO 
10600 
102,.,0 

94(;}7 

95o0 
96.,0 
96-:i 0 

CHECK ON FINAL W/C MEASURED= 70696 
CALCULATED FROM DIR= 70608 

LOAD 
TSF 

Oo03 
le 00 
2000 
4..,00 
SaiCO 

16..., 00 
32G>00 

LOAD 
KGo/ 
SQCM 
o., 03 
Oo98 
le95 
3e91 
1o81 

15e62 
310 25 

1. 81 
lo 95 
Oo03 

VOID 
RATIO 

Oo 801 
o..., 799 
Oo 793 
Oo760 
Oo'733 
00666 
Oo 575 

Oci 57 2 
Oo 573 
Oo575 

STRAIN 
PERCENT 

OoOOO 
Oc 120 
0..,479 
2&274 
3v 803 
10487 

120 5 80 

12~ 699 
120 646 
120 566 

COEFFo 
COMP Ro 
CM2/KG 

OoOOOOO 
0000228 
0000663 
Oo 01656 
OQ 00705 
0;;. 00849 
0000587 

******* Oo 00016 
Co 00075 
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CONS TR 
MODULUS 
KG/CMZ 

OoOOO 
7900 408 
27le 86q 
l OBa 785 
255e 408 
2120 087 
306., 76 7 

******** 
******** 
24090120 

COMPR 
INDEX 

o., 00 0 
Oc 001 
Oo021 
Ool07 
Oo091 
Oo220 
00305 

-Oo004 
Oo002 
Oo 001 



THE ,UNI..VERSIT.Y OF IOWA 
SOIL MECHAltICS LABORATORY 

ONE-DIMENS·IONAL' CON.SOL:ro·ATION TE·ST 
WIT~ NEGATI~~ -~ciRE PR~~su~~· ME~SUR~MENTS 

' . ' ' . . . . . . 

SAMPLE NO A2~6 S·PEC'lME·N NO 1 TYPE NATURAL 
DATE PLACED 6-18-70 DATE .R.EMO\IED 6-19;-70 SPnGRc 2o'72 
SPECIMEN DIAMETER= 2e501N' .. . SPECI~EN HEIGHT=Oo7~2IN 

• • • • •. :I' '" 

LOAD 
TSF 

Oo03 
le>OO 
2.00 
4o00 
8000 

16000 
32e00 

BeOO 
2o00 
Oo03 

CHECK 

LOAD 
TSF 

Oo03 
loOO 
2~00 
4e 00 
8000 

l6oCO 
32.00 

8000 
2oPO 
o~o~ 

WT~ 
WT. 
DIR 
WET 
ORY 
WTo 

OF RING + .COVER ,PLATES + WET SOLL 
OF RING + COVER P[ATfS 
WITH SEATfNG ·LO~Ari' ON .SPECIMJ:N 

182~ 8300GM0 
830 1000 GMo 

WTi> OF SPECIMEN -t ~9NTAINER <FINAL• 
WT" Of SPEC I Mf;N .+ ·C.ON.TA.IN.ER (.FINAL, 
OF CONTAINER FOR W/C ~EST 

00 2500 
238e 48 GMo 
230s96 GMa 
139~ 80 GMo 

TEST PERFORMEQ Of)! .CONSOLlDOMETER NOo · 101 

·LOAD 
PSI 

Oci44 
13. 89 
27. 78 
550 55 

11lo11 
222022 
444045 

MACH 
CORR 

o .. 0000 
000051 
000073 
0.0096 
o. 0111 
.o. 0156· 
Oe0209 

111.ll ( 000116 
27e78 Oe0.070 
. o ... 44 o. 0040 

:~HA.L 
READ 

'' . ' ·~· 

Ce 2500 
0~~~2? 
Oo 2387 
o~ ?3 lf!­
o;, 21.03 
()~ 16?4 
.o! 1,24! 

0.1333 
o~ ,l.392 
0-.149,0 ' .... .,_ 

ON F.INAL W/C MEASUREO~ 

' CALCULATED FRO~ DIR= 

·LOAD VOID STRAI~ 

WATER 
CONTENT 

91!'4,0 
9o~Q 
9~40. 
~.,40 
9.,49 
9o '.tO 
9o4.0 

9., 4.() 
9o40 
9~ ft.9 

a., 249 
91;1401 

.COEFFo 
:· KGo I RATIO PERCf':~T COMP Ro 

DEGo 
SA To 

310 77 
31..,97 
32.., l 5 
32065 
34073 
39041 
4-6· 2 5 

46027 
46., 0 i 
44070 

DRY 
OE No 
GMCC 

lo 51 
lo 51 
lo 52 
lo 53 
lo 57 
lo 65 
ie 75 

lo 75 
l!ll 75 
lo 73 

CONS TR 
MODULUS 

NEG,, 
P-PR 

· PS I~ 
72$0 
89.0 
89o0 
89e4 
8805 
s.qo3 
8602 

90,,0 
90o0 
90~0 

~OMPR 
INDEX 

SQCM CM2/KG' KG/CM2 
Qo03 Oe 805 o.ooo Oo 00000 OoOOO OeOOO 
Oe98 Oo 800 o~ 219 o. 00533 338~ 760 Oo 003 
le95 Oo 795 Oe 532 Oe 00467 3860 333 bo 01 s 
"' I 

,' ~.91 o. 783 1. i97 o. 00614 293.., 722 Oe 040 
'7.81 Oc 736 3~ 803 o!) 01204 1490 856 Oo 156 

. 15. 6? o.649 a. 64ft o. 01118 l?).0395 Oo290 
' 31. 25 0.553 13.963 o. 00614 2930 ·729 Oo 319 

1. 81 o. 553 l.3. 976 ******* ******** ~o.,ooo 

• l. 95 Oo556 13. 803 0~00053 3.389. l03 Oo005 
,0.03 o. 572 12. 899 Oo 00849 212. 56 7 o., 009 
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THE UNIVERSITY Of IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A4-6 SPECIMEN NO 11 TYPE NATURAL 
DATE PLACED 6-26-70 DATE REMOVED 6-26-70 SPoGRo 2072 
SPECIMEN DIAMETER= 20SOIN SPECIMEN HEIGHT=OQ752IN 

LOAD 
TSF 

Oe03 
loOO 
2o00 
4e 00 
8., oo 

16000 
32e00 

8000 
2o00 
Oo03 

WTo OF RING ~ COVER PLATES + WET SOIL 
WTo OF RING + COVER PLATES 
DIR WITH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN+ CONTAINER (FINAL) 
DRY WTo OF SPECIMEN +CONTAINER (FINALJ 
WTo OF CONTAINER fOR W/C TEST 

LOAD 
PSI 

Q,.,44 
130 89 
210 78 
550 55 

11le11 
2220 22 
444045 

11lo11 
270 78 

Oe 44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

000000 
Oo 0057 
000073 
000096 
OeOlll 
000156 
01110209 

Oo0ll6 
0<:> 0070 
o., 004Ci 

DIAL 
READ 

Oa 2500 
Oe 2409 
Oo 2369 
o'll 21a5 
Oo 1731 
o'() 1386 
Oo 1001 

001090 
Co 1149 
Oo 1245 

WATER 
CONTENT 

18097 
18rj) 97 
18097 
18097 
18097 
18rj)97 
16071 

16Q68 
l6e 79 
l 7Q 36 

OE Go 
SA To 

68e 28 
69001 
690 53 
73024 
85<1> 70 
96'-199 

100000 

100<:100 
1 OOo 00 
lOOoOO 

1940 6000GM,.. 
8301100 GMo 

0"2500 
251059 GMo 
233050 GMo 
1390 79 GMo 

NOo 10 l 

ORY 
DE No 
GMCC 

1., 55 
lo 56 
:L. 56 
lo 60 
l'!) 7 0 
lo 78 
l<:> 87 

lo 87 
lo 81 
l.o 85 

NE Go 
P-PR 
PSI() 

800 
BoO 
SE> 0 
7., l 
5.,4 
504 
OoO 

CHECK ON FINAL W/C MEASURED=l9e304 
CALCULATED FROM D/R=l7o357 

LOAD 
TSF 

0.03 
le 00 
2o00 
4o 00 
8e00 

l6GQQ 
32"00 

80 00 
2o00 
Oo03 

LOAD 
KG., I 
SQCM 
Oo03 
Ot198 
lo95 
3.91 
7o81 

150 62 
310 25 

VOID 
RATIO 

Oo 756 
Oo 748 
00742 
Oo705 
Oe602 
Oo 532 
Oo455 

Oo 45.4 
Oe457 
Oe 4 7 2 

STRAIN 
PERCENT 

OcOOO 
Oc 452 
Oe 771 
2e 912 
Bo 750 

120 739 
l 7r;, 154 

170207 
l 7-0 035 
160 157 . 

COEFFo 
COMP Ro 
CM2/KG 

o" 00000 
Oo 008.39 
Oe 00574 
0001925 
0~02624 
o,;, ooa91 
0000496 

******* Oo 00052 
Os C0802 
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CONS TR 
MODULUS 
KG/CM2 

OeOOO 
20..9\l) 2'32 
3050 852 
91.~ 21 7 
660906 

1950 827 
3530 890 

******** 33890140 
2190009 

COM PR 
INDEX 

0<:11000 
Oo005 
Oo019 
Oo 125 
0\1)340 
Oo233 
Oo 258 

-Oo002 
O.:i005 
Oo009 



THE UNIVERSITY O~ IOWA . 
SOIL MECHANICS LABORATORY 

ONE-DIME~SIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A4-8 SPECIMEN NO 13 TYPE NATURAL 
DATE PLACED 6-12-7-0 DATE REMOVED 6-30-70 SPoGRo 2Q72 
SPECIMEN DIAMETER= 2050IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oo03 
loOO 
2e00 
4QOO 
8000 

l6m00 
32000 

8000 
2o00 
Oo03 

WTe OF RING + COVER PLATES + WET SOIL 
WTo OF RING + COVER PLATES 
DIR WITH SEATING LOAb ON SPECIMEN 
WET WTo OF SPECIMEN+ CONTAINER (FINAL» 
DRY WTe OF SPECIMEN 4 CONTAINER (FINAL) 
WT. OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

o.44 
130 89 
27078 
55. 55 

111. 11 
2220 22 
444045 

11lo11 
270 78 

Oo44 

TEST PERFORMEb ON CONSOL!DOMETER 

MACH 
CORR 

OoOOOO 
Oe 0057 
000073 
Oc0096 
Oo 0111 
OQ 0156 
0.0209 

Oo 0116 
000070 
Oe 0040 

DIAL 
READ 

Qq, 2500 
Om 2345 
Co 2127 
Oo 1824 
Oa 1504 
Oo 1216 
Oo 0901 

Oo 0990 
Co 1048 
Oo 1165 

WATER 
CONTENT 

2Bia 28 
28015 
26038 
230 g3 
210 2 7 
19014 
16.., 85 

16082 
160 92 
170 68 

DE Ge 
SATo 

97e 50 
1000 00 
1000 00 
1000 00 
lOOoOO 
100000 
100000 

100G00 
1000 00 
100000 

20 l"' 0900GM" 
83,,1100 GMo 

Oc 2500~ 
259091 GMo 
240053 GMo 
148056 GMs 

NOo 10 l 

DRY 
DE No 
GMCC 

lo 52 
lo 54 · 
lo 58 
le 65 
lo 72 
lo 79 
le 87 

lo 87 
lo 86 
1084' 

NE Go 
P-PR 
PS Io 

3o4 
208 
2o2. 
lo 9 
li;,4 
OoO 
OoO 

OoO 
OoO 
OoO 

CHECK ON FINAL W/C MEASURE0=2lo072 
CALCULATED FROM O/R=l7o681 

LOAD 
TSF 

Oo03 , 
loOO 
2000 
4o00 
8000 

16000 
32000 

LOAD 
KG0/ 
SQCM 
Oe03 
Oo98 

:1 1095 
' 3ci 91 

1o 81 
15.62 
310 25 

7Gl 81 
lo 95 
Oo03 

VOID 
RATIO 

o!ll 789 
Oo 766 
Oo 718 
Oo 651 
Oo 578 
Oo 521 
Oo458 

Oe457 
Q.,460 
Q., 481 

STRAIN 
PERCENT 

OoOOO 
lei 30 3 
30989 
70713 

l le 769 
15. 000 
l 8c 484 

180 53 7 
l Be 378 
17cr> 221 

COEFFo 
COMP Ro 
CM2/KG 

OoOOOOO 
Oo 02464 
Oo 04923 
Oo 03411 
Q.,. 01858 
o,, 00740 
o. 00399 

******* 
Co 00049 
CG 01077 

- 118 -

CONSTR 
MODULUS 
KG/CM2 

o., 000 
720 592 
360 339 
520 450 
960 301 

2410761 
4480 442 

******** 
367lei 431 

l66r,i 144 

COM PR 
INDEX 

OcOOO 
Oo 016 
Ool60 
0() 22 l 
Oo 241 
Ool92 
Oci 207 

-Oo002 
0<!>005 

. · 00 01 l 



THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A4-l SPECIMEN NO 14 TYPE NATURAL 
DATE PLACED 7-01-70 DATE REMOVED 7-02-70 SP3GRo 2o72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

0~03 
1000 
2o00 
41!}00 
8000 

16000 
32e00 

WT<J> 
WTo 
DIR 
WET 
DRY 
WT a 

OF RING + COVER PLATES + WET SOIL 
OF RING + COVER PLATES 
WITH SEATING LOAD ON SPECIMEN 
WTe OF SPECIMEN +CONTAINER (FINAL, 
WTo OF SPECIMEN + CONTAINER (FINAL) 
Of CONTAINER FOR WIC TEST 

LOAD 
PSI 

Oc44 
l 3e 89 
21018 
550 55 

lllell 
2220 22 
4440 45 

111&11 
270 78 

Oe44 

TEST PERFORMED ON CONSOL!OOMETER 

MACH 
CORR 

OoOOOO 
Oo 0057 
0'1> 0073 
Oe0096 
OG>Olll 
OG 0156 
Oe0209 

o .. 0116 
Oe0070 
Oo 0040 

DIAL 
READ 

OQ 2500 
Co 2440 
Oo 2404 
OQ 2344 
Oo 2165 
Co 1826 
Oo 1392 

Oa 1485 
Oo 1540 
Oo 1720 

WATER 
CONTENT 

4065 
4"'65 
4o65 
4o65 
4o65 
4o65 
4o65 

4o65 
4.:.65 
4'1> 65 

DEG., 
SATo 

16060 
11.60 61 
160 71 
l6,.;i9 l 
17 () 82 
19,,74 
221)94 

22094 
220 8 5 
2lo49 

1800 8500GMo 
83el100 GMo 

Oo 2500 
238033 GMo 
2330 20 GM'!) 
139080 GMo 

NOo 101 

DRY 
OE No 
GMCC 

lo 54 
lo 54 
lo 55 
lo 56 
1.,, 59 
lQ 66 
lo 75 

NEG0 
P-PR 
PS Io 
24800 
255QO 
245$5 
24303 
24300 
24203 
23100 

23lo0 
231~0 

23100 

CHECK ON FINAL WIC MEASURED= 50493 
CALCULATED FROM DIR= 40647 

LOAD 
TSF 

Oo03 
lei 00 
2o00 
4e00 
Be 00 

160 00 
32000 

Bo 00 
2o00 
0003 

LOAD 
KG., I 
SQCM 
Oo03 
Oo98 
lo 95 
3o 91 
7o 81 

15.62 
31. 25 

VOID 
RATIO 

Oo 762 
Oe 761 
o., 756 
Oo748 
Oo709 
0.,640 
Oe 551 

Oo 551 
Oo 553 
Oo588 

STRAIN 
PERCENT 

OoOOO 
0~040 
Oc 306 
Oo 798 
2Q 979 
60 888 

110955 

lle955 
l lt:> 835 

90 840 

COEFFo 
COMP Ro 
CM2/KG 

o<ll 00000 
0'1} 00074 
Oe 00480 
Oa00444 
Oo 00984 
Co 00882 
Oo 00571 

Oe 00000 
OQ 00036 
Oo 01828 

- 119 -

CONS TR 
MODULUS 
KGICM2 

01!)000 
23110437 

3670 022 
3960913 
1 791/} 096 
1990824 
308" 377 

******** 
4895~ 520 

960 364 

COM PR 
INDEX 

0(')000 
Oo 000 
Oo0l6 
0<!)029 
O<!l 128 
Oo 229 
Oci 296 

OoOOO 
Oo 004 
Oo 019 



THE UNI VER S ITYI OF I ciWA 
soil M~CHANIC~ LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A4-5 SPECIMEN NO 15 TYPE NATURAL 
DAT~ PLACED 7-03-70 0A1E REMOV~O 7-03~70 SPoGRo i~72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HElGHT=0~752IN 

LOAD 
TSF 

Oe03 
lcOO 
2ci 00 
4ti00 
8000 

16ci 00 
32000 

8000 
2o00 
Oe03 

WT.., OF RING + COVER PLATES + WET SOIL 
WTQ OF RING + COVER PLATES 
0/R WITH SEATING LOAD ON SPECIM~N 
WET WTe OF SPECIMEN + ~ONTAINER (FINAL) 
DRY WTo OF SPECIMEN ~ CONTAINER (~INAL) 
WTe OF CONTAINER ~OR W/C TEST 

.LOAD 
PSI 

o.44 
130 89 
21. 78 
55e 55 

l•llo 11 
2220 22 
444.45 

lllo 11 
21.1a 
o.44 

TEST PE.RFORMEO ON CONSOL IDOMETER 

MACH 
CORR 

o. 0000 
000057 
Oe0073 
000096 
Oe 0~11 
0.0156 
000209 

0.0116 
000070 
0110040 

DIAL 
READ 

Co 2500 
0$ 2459 
Oo 2418 
O& 2276 
Oo l878 
o. 1459 
Oa 1167 

Os 127 2 
Ci. 1334 
Oo 1409 

WATER 
CONTENT 

15Q94 
15094 
15094 
15094 
15094 
15.94 
151>94 

150 94 
15,,94 
150 94 

DE Go 
SATQ 

52037 
52 .. 12 
52051 
54041 
6le6l 
70.75 
78e 15 

77075 
11<I21 
750 73 

18 7 c 4600GMo 
830 1100 GMo 

Oo 2500 
243095 GMo 
229,, 80 GM!Sl 
139. 80 GMo 

NOo 101 

ORY 
DEN,, 
GMCC 

1049 
1 .. 48 
lo49 
lo 51 
lo 60 
1~ 69 
lo 75 

lo 75 
lo 74 
lo 7.'3 

NEG.., 
P-PR 
PSI& 

12o5 
1196 
1006 
llo 2 
10o9 

809 
604 

CHECK ON FINAL W/C MEASURED=l5o722 
CALCULATED FROM D/R=15c944 

LOAD 
TSF 

Oo03 
leOO 
2c00 
4o00 
8000 

16000 
32000 

8000 
2o00 
Oo03 

LOAD 
KGo I 
SQCM 
Oo03 
o.98 
1.95 
3.91 
1.ai 

15.62 
31.25 

VOID 
RATIO 

o. 8.28 
Oo832 
Oo826 
o. 797 
o. 704 
0.613 
o. 555 

0,,558 
o.562 
o.573 

STRAIN 
PERCENT 

Oci 000 
-o., 213 

Oci 120 
le 702 
6ei 195 

11.769 
14.947 

14. 78 7 
14. 574 
13. 976 

COEFF,, 
COMP Re 
CM2/KG 

Oo 00000 

******* O.a 00623 
Oo O 148 l 
0.02384 
o. 01164 
0000372 

Co 00012 
Oo 00066 
0000569 

- 120 -

CONS TR 
MODULUS 
KG/CM2 

o.,ooo 
-4440634 

2930 624 
123.411 

76. 689 
157e 080 
49lroi 597 

******** 2753. 538 
321~ 215 

COM PR 
INDEX 

OoOOO 
-0,,003 

Oo020 
0,,096 
O.:i309 
Oo302 
O.:i 193 

·04) 005 
Oo 006 
Oo 006 



,-
THE UNIVERSITY OF IOWA 

SOIL MECHANICS LABORATORY 
ONE-DIMENSIONAL CONSOLIDATION TEST 

WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A4-3 SPECIMEN NO 16 TYPE NATURAL 
DATE PLACED 7-06-70 DATE REMOVED 7-07-70 SPeGRo 2o72 
SPECIMEN DIAMETER= 2e50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oe 0.3 
leOO 
2G00 
4e00 
8000 

160 co 
32e00 

WT<ll 
WT.:> 
D/R 
WET 
DRY 
WTo 

OF RING + COVER PLATES + WET SOIL 
OF RING + COVER PLATES 
WITH SEAT1NG LOAD ON SPECIMEN 
WTo Of SPECIMEN + CONTAINER (FINAL) 
WTo OF SPECIMEN +CONTAINER (FINAL) 
OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

0044 
13089 
~no 78 
55055 

l ll<ll 11 
2220 22 
444045 

11le11 
210 78 

011144 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

OoOOOO 
Oo 0057 
000073 
000096 
o~ 0111 
OQ) 0156 
000209 

000116 
Oo 0070 
000040 

DIAL 
READ 

Qqi 2500 
Oo 2432 
Oe 2395 
Oo 2319 
o., 2014 
Oo 1619 
Oci 1210 

Oo 13 02 
Oo 1365 
OQ) 1440 

WATER 
CONTENT 

129 78 
120 78 
l2o 78 
120 78 
12078 
120 78 
120 78 

120 78 
120 78 
12e 78 

DE Ge 
SATo 

45006 
45022 
450 51 
460 27 
50089 
57<.>88 
67027 

67e 30 
66079 
65.ii45 

1870 8700GMo 
830 1100 GMo 

002500 
253006 GMo 
24la47 GMo 
148058 GMo 

NO,., 101 

ORV 
DE No 
GMCC 

lo 54 
lo 54 
lo 54 
lo 55 
lo 62 
lo 70 
lo79 

11:1 79 
lo 79 
lo 78 

NEG\ll 
P-PR 
PSIQ 

180 0 
1701 
1800 
1800 
17o4 
1608 
l4o9 

CHECK ON FINAL W/C MEASURED=l2o477 
CALCULATED FROM D/R:l2o778 

LOAD 
TSF 

0003 
lo 00 
2e00 
4o00 
BQOO 

16ei00 
324) 00 

Sci 00 
21100 
Oe03 

LOAD 
KG$ I 
SQCM 
Oo03 
Oo98 
10 95 
3o 91 
1o 81 

l 5e 62 
3lo25 

1e 81 
le 95 
Oo03 

VOID 
RATIO 

00 77' l 
Oo 769 
QG764 
Oo 751 
00683 
00601 
Oe 517 

Oo 516 
00520 
019531 

STRAIN 
PERCENT 

· Oo 000 
Oc 146 
00426 
lei 130 
4o 98? 
9o 641 

l 4e 375 

l 4e 388 
140162 
l 3ci 564 

COEFFo 
COM PR"' 
CM2/KG 

Oo 00000 
0000274 
Oo 00507 
0000639 
Oo 01749 
O., 01055 
Oo 00537 

******* 
Co 00068 
0000551 

- 121 -

CONS TR 
MODULUS 
KG/CM2 

o .. 000 
6460 731 
3490 543 
277 "1 093 
1010282 
1670852 
330.,033 

******** 
259lo•663 

32le2l3 

COMPR 
INDEX 

OoOOO 
Oe1002 
OG Ol 6 
Oo 041 
0<11221 
o"' 214 
Oo279 

-00 000 
0..,001 
Oe006 



THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-6 SPECIMEN NO 17 TYPE NATURAL 
DATE PLACED 7-17-70 ,DATE REMOVED 7-18-70 SPaGR" 2e 72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo7521N 

LOAD 
TSF 

o., 03 
Oo50 
loOO 
2e00 
4e00 
8000 

16<!>00 
32e00 

8000 
24) co 
0@50 
Oo03 

WT'> OF RING + COVER PLATES + WET SOIL 
WTo OF RING + COVER PLATES 
O/R WITH SEATING LOAD ON SPECIMEN 
WEl" WTo Of SPECIMEN+ CONTAINER (FINAL) 
DRY WTe OF SPECIMEN +CONTAINER (FINAL) 
wr~ OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

0<!>44 
6e95 

13u 89 
i.7G 78 
550 55 

111. 11 
222e 22 
444e 45 

11lo11 
l"lo 18 
.6095 
, Oo44 

TEST PERFORMED ON CONSOLIOOMETER 

MACH 
CORR 

OoOOOO 
000041 
000057 
o.., 0073 
Oo 0096 
Oo 0111 
Ou 0156 
Oca0209 

Oe 0116 
000070 
000055 
000040 

DIAL 
READ 

00 2500 
Oo 2452 
Oo 2434 
Oo 23 37 
Oo 2071 
o.., 1656 
Co 1339 
Co 1036 

Co 1128 
Oo 1186 
Oo 1235 
0.1300 

WATER 
CONTENT 

23084 
23'b 84 
23., 84 
23~ 84 
23" 84 
23037 
20<1>96 
180 75 

180 74 
180 85 
19il) 15 
l9o59 

DE Go 
SATo 

799 81 
79097 
80002 
82..,00 
88055 

lOOo 00 
lOOoOO 
100000 

100000 
lOOoOO 
lOOoOO 
100,,00 

195,,5200GMQ 
8301000 GMo 

0~2soo 

240002 GMa 
220.,88 GMo 
130.,10 GMo 

NO. 101 

DRY 
DE No 
GMCC 
i~so 
la50 
lo 50 
lo 52 
lo 5 7 
10 66 
lo 73 
lo 80 

le80 
i.~ao 
lo 79 
le 77 

NEG a 

P-PR 
PS I.a 

5.,4 
Se l 
500 
4o4 
309 
Oe9 
OoO 
OoO 

OoO 
00) 0 
Oo O 
OeO 

CHECK ON FINAL W/C MEASURED=2lo084 
CALCULATED FROM O/R=l9o59l 

LOAD 
TSF 

Oo03 
Oe 50 
laOO 
2o00 
4o00 
BoOO 

16000 
32000 

8000 
2o00 
Oo 50 
Oo 03 

I-DAO 
KGo I 
SQCM 

, · Oo03 
1 Oo49 

Oo98 
1095 
3o91 

· 7o 81 
15€> 62 
311> 2 5 

7o 81 
lo 95 
Oo49 
Oo 03 

VOID 
RATIO 

OQ812 
Oo 811 
Oo810 
Oe 791 
Oo 732 
Oo636 
Oc 570 
Oo 510 

Oo 510 
Oo 513 
Oo 521 
Oc:i 533 

STRAIN 
PERCENT 

OoOOO 
Oei 093 
Oel20 
le 197 
4e428 
9.., 74 7 

l 3e 364 
16., 689 

160 702 
160 543 
l 6e 090 
l 5o 426 

COEFFo 
COMP Ro 
CM2/KG 

o., 00000 
Oo 00369 
o? 00099 
o., 02000 
o.., 02999 
Oo 02468 
06 00839 
0000386 

******* 
Oo 00049 
0000560 
o..., 02633 

- 122 -

CONS TR 
MODULUS 
KG/CM2 

OoOOO 
4910 590 

1836~ 599 
90e 624 
60Q436 
73..., 429 

2150985 
4690 96 7 

******** 
36710 420 

3 23e 922 
68.a 827 

COMPR 
INDEX 

OoOOO 
OnOOl 
Oo002 
00 065 
Ool95 
Oo320 
Oo 218 
o.., 200 

-OoOOO 
Oo 005 
Oo 014 
Oo 010 



THE UNIVERSITY OF IOWA 
SOIL McCHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-5 SPECIMEN NO 18 TYPE NATURAL 
DATE PLACED 7-20-70 DATE REMOVED 7-21-70 SPeGRo 2c 72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oc03 
1<&00 
2e00 
4e 00 
8ol)OO 

16G00 
32000 

WTG) 
WTo 
DIR 
WET 
ORY 
WT a 

OF RING + COVER PLATES + WET SOIL 
OF RING + COVER PLATES 
WITH SEATING LOAD ON SPECIMEN 
WTG OF SPECIMEN + CONTAINER (FINAL) 
WTo Of SPECIMEN + CONTAINER (FINAL) 
OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oc44 
130 89 
270 78 
55Q) 5 5 

11lo11 
222Q 22 
444ci45 

11lo11 
210 78 

Oo.44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

Oo 0000 
0<)0057 
0:.0073 
Om 0096 
OoOlll 
OQ0156 
000209 

0"0116 
0.0010 
QGQQ4Q 

DIAL 
READ 

Oo 2500 
Oo 2440 
Ce 240 7 
Oo 2327 
Oo 2032 
Oo 1614 
Oo 1226 

Oo 1301 
Oo 1354 
Oo 14 l.0 

WATER 
CONTENT 

l2o69 
12069 
12069 
120 69 
12e69 
12e 69 
12c69 

12¢>69 
120 69 
12i:i 69 

DE Go 
SAT<> 

44049 
440 53 
44076 
45.,56 
49091 
57020 
65083 

66..,36 
661/) 15 
65039 

187o5000GMo 
83c 1000 GMo 

00 2500 
266065 GNlo 
2550 12 GMa 
162.,48 GMo 

NOo 101 

DRY 
DENG! 
GMCC 

lo 5.3 
lo 53 
lo 54 
10 55 
l.11 61 
lo 70 
lo 78 

lo 79 
lc:i 1'9 
lo ·1s 

NEG,., 
P-PR 
PS Io 

181> 0 
l 7ai 1 
17~7 
17.,6 
l 7@0 
16~4 

13C!> 5 

CHECK ON FINAL W/C MEASUREO=l2o446 
CALCULATED FROM D/R=l20694 

LOAD 
TSF 

Oo03 
lcOO 
2&00 
4oCO 
8s 00 

16000 
32000 

LOAD 
KGIJ I 
SQCM 
Oo03 
Oo 98 
1095 
3o91 
1111 81 

15lll62 
31CI 2 5 

1. 81 
lo95 
0003 

VOID 
RATIO 

Oe 776 
0© 775 
Oo771 
Oe 758 
Oci 692 
Oe604 
00 525 

Oe 520 
Oc.522 
Oe 528 

STRAIN 
PERCENT 

Oe.000 
Oo 040 
Oo 266 
le 024 
4e 747 
90 707 

140 162 

14e 402 
140 309 
l 31il 963 

COEFFo 
COMP Ro 
CM2/KG 

a,,, 00000 
Oo 00075 
Oo 00411 
0000689 
Oo 01693 
Oo 01128 
0000506 

******* 0(1! Q,0028 
0000319 

- 123 -

CONS TR 
MODULUS 
KG/CM2 

OoOOO 
23 7lo 382 

4310787 
2 571& 647 
l 040 899 
1570502 
3500721 

******** 
62930 941 

555@ 950 

COM PR 
INDEX 

OeOOO 
OaOOO 
Oe 013 
Oo045 
Oo220 
o~ 293 
Oo 263 

-Oo007 
Oo003 
Oo003 



THE ~NIVERSITY QF IOWA 
SOIL M~CHANlCS LAaORATO~Y 

ONE-DIM~N~IONA~ CON~OLIQATION TEST 
WITH NEGATIVE. P,QRE P.RESSUBE MEASUREMEN.TS 

SAMPLE NO A5-2 SPECIMEN NO 19 TYPE NATURAL 
DATE PLACED 7-21-70 DATf: REM,OVEO 7-2·?-.70 SP9GRo 2c 72 
SPECIMEN DIAMETER= 2o,OIN SPECI~EN HEIGHT=Oo752IN 

LOAD 
TSF 

Q., 03 
0.,50 
loOO 
2o00 
4c00 
8000 

16000 
32.00 

a.oo 
2c00 
Oe50 
Oo03 

WTo OF RING + COVER PLATES + WET SOIL 
wt~ OF RiNG + COVE' PLATES . 
DI~ WITH SEATING L040 ON SPECIMEN 
WET WTo OF SPECIM~N + ~ONTAINER (FINAL) 
DRY WTo OF SPECIM~N + CONTAINER (FINAL) 
WT~ OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oo44 
6095 

f3.., 89 
21.10 
55e 55 

llJ.ell 
222 .. 22 
444, 45-

111. 11 
270 78 
6~95 
Oe44 

. t 

TEST PERFO~ME~ ON eoNSOLJOOMETER 

MACH 
·coRR 

OoOOOO 
0.0041 
000057 
Q.0073. 
000096 
o. 0111 
OoO 156 
Oo 0209 

0.0116 
0.0010 
000055 
000040 

.Q.I.Ai:­
R~AO 

Oo 2500 
o(l) 24~0 
Cc 2405 
OCI ~~32 
Oi!! 1994 
0,.1652 
Oo 1.334 
o,.Q974 

Oo 1063 
Qq, 112 5 
0.1115 
Oo 1230 

WATER 
CONTENT 

21027 
21.?7 
214.)?7 
2le27 
21 .. 21 
21027 
2o~aa 

l~e. ll;i 

18012 
189 26 
18. 57 
18~93 

7lo32 
71051 
720 13 
78016 
Blo 20 
91030 

l 0.0.e 00 
109.00 

100000 
lOOo 00 
ioof) oo 
100., 00 

1930 2700GMo 
83..:ilOOO GM., 

0.,2500 
2 720 00 GM., 
2 53e l 0 GM,, 
162025 GMo 

NOo 101 

DRY 
OEN'll 
GMCC 

le> 50 
1050 
lo 51 
lei 5(? 
lo 59 
lo 67 
1() 73 
lo 82 

le 82 
le 82 
1081 
1080 

NE Go 
P-PR 
PS Io 

7 oO 
609 
506 
607 
701 
4u0 
leiO 
OoO 

OoO 
OoO 
OoO 
OoO 

CHECK ON FINAL W/C MEASURE0=20o803 
CA~CUb~TED FROM 0/R~l8o926 

LOAD 
TSF 

Oe03 
0.50 
le 00 
2c00 
4o00 
8e00 

16oCO 
~?· ()0 

BoOO 
2o00 
0~50 
Oe03 

•LOAD 
; l<Go I 
· SQCM 
.q.03 

, · Qo49 
i 0~98 
' 1.95 

'3c;i9l 
:, 7~81 
15.62 
31. 25 

1. 81 
'1.95 
0.49 

:0.03 

'1 

VOID 
RATIO 

o. 811 
o.ao9 
o.ao2 
o.740 
Oo712 
o.634 
o. 568 
Oe494 

0.493 
0.497 
o. 505 
o. 515 

STRA~N 
PER.CENT 

o.ooo 
Oo 120 
o. 505 
3,.923 
5e452 
9.aoi 

13. 431 
17.513 

17e566 
17. 354 
16. 888 
16. 35~ 

COEFfc 
C9MPRe 
CM2/KG 

o .. ()0000 
o. 00474 
o. 01430 
o. Q(>341 
Oc01418 
o. 02016 
o. 00842 
o. 00473 

******* 
o. 00066 
011 00576 
Oo 02105 

- 124 -

CONS TR 
MODULUS 
KG/CM2 

o.ooo 
3820365 
126(1 642 

280 5,63 
1270704 

89. 822 
2150 195 
3.82. 709 

*****"'** 
2753. 557 

314. 666 
86. 033 

C8MPR 
lNDEX 

OeOOO 
Oo002 
Oo 02·3 
O.c 206 
0009? 
Oo262 
011> 218 
0.246 

-Oo002 
Oo006 
Oo014 
o., 00 8 



THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-l2 SPECIMEN NO 20 TYPE NATURAL 
DATE PLACED 7-23-70 DATE REMOVED 7-24-70 SPoGR" 2o 72 
SPECIMEN DIAMETER= 2e50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oo03 
lsOO 
2o00 
4o 00 
SeOO 

16000 
32ci00 

a.,oo 
2o00 
Oo03 

WT0 Of RING + COVER PLATES + WET SOIL 
WT0 OF RING + COVER PLATES 
O/R WITH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN + CONTAINER <FINAL) 
DRY WTe OF SPECIMEN+ CONTAINER (FINAL» 
WT9 Of CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oe 44 
l3Cll 89 
210 78 
55c 5 5 

11lo11 
222. 22 
444e45 

111<11 l l 
270 78 

04144 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

Oe 0000 
Oo 0057 
Oo 0073 
000096 
OeOlll 
0@0156 
000209 

000116 
000070 
OQ004.0 

DIAL 
READ 

00 2500 
0® 2421 
Oo 2393 
0'0 2343 
OQ 2244 
Oe 1933 
o.., 1496 

Oo 1575 
Oo 1623 
Oo 1694 

WATER 
CONTENT 

7o45 
7ci 45 
7o45 
7ti 45 
7045 
7o45 
7o45 

OE Go 
SATo 

26e98 
210 l 7 
21021 
27e50 
280 2 5 
30092 
35081 

36®02 
35.,99 
35039 

1840 0700GMo 
830 l 000 GM,) 

002500 
28lo70 GM\ll 
274e64 GMio 
180e67 GMo 

NO~ 10 l 

DRY 
DEN., 
GMCC 

10 55 
lr.i 56 
lo 56 
lo 57 
lo 58 
1<>64 
i~ 74 

le 74 
le 74 
lo 73 

NE Go 
P-PR 
PS I'.!) 
lOloO 
11200 
122..,0 
ll6o0 
l l 5e0 
l14e0 
98e0 

10000 
lOleO 
lOloO 

CHECK ON FINAL W/C MEASURED= 70513 
CALCULATED FROM DIR= 70449 

LOAD 
TSF 

Oo 0.3 
loOO 
2e00 
4o00 
8e00 

16000 
32000 

811 00 
2o00 
Oo03 

LOAD 
KG<ll / 
SQCM 
Oo 03 
0098 
10 95 
3o 91 
1.01 

15<!)62 
31Lo 2 5 

VOID 
RATIO 

Oo 75 l 
Oo 746 
0'111743 
o~ 131 
00717 
Oo655 
0&566 

Oe563 
00 563 
Oo573 

STRAIN 
PERCENT 

OcOOO 
o., 293 
0&452 
0-G 811 
le 928 
50465 

1Oe572 

10s 758 
100131 
lOe 186 

COEFFo 
COMPRo 
CM2/KG 

Oe 00000 
Oo 00541 
0000286 
Oo 00322 
Oa 00501 
Oo 00793 
o~ oos12 

******* Oo 00008 
Ooi:> 00497 

- 125 -

CONS TR 
MODULUS 
KG/CM2 

OoOOO 
323.,361 
6 lls 703 
5430 929 
3490 663 
2200 857 
305@ 968 

******** 
******** 3520 553 

COM PR 
INDEX 

Q.,000 
Oo003 
o., 009 
Oe02 l 
Oo065 
Oe 206 
00297 

-Oe005 
00001 
Oo005 



,. 

THE UN I VE RS IT Y ( OF I 0 WA. 
SOIL MECHANICS LA&ORATO~Y 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-7 SPECIMEN NO 21 TYPE NATURA( 
DATE PLACED 7-24-70 DATE R~MOVED 7-25-70 SP@GRo 2e72 
SPECIMEN DIAMETER= 2e50IN SPECIMEN HEIGHT=Oe752IN 

LOAD 
TSF 

Oo03 
Oo50 
leOO 
2o00 
4e00 
8000 

16000 
32.00 

8000 
2e00 
o" 50 
Os03 

WT~ OF RING + COVER PLATES + WET SOIL 
WT~ OF RING + COVER PLATES 
D/R WITH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN + CONTAINER (FINAL) 
ORY WTo OF SPECI~EN +CONTAINER (FINAL> 
WTo OF CONTAINER FOR W/C TEST 

LOAD 
PSi 

o.44 
,6095 
13.89 
27Q 78 
55.55 

111 .• 11 
2220 22 
44J~4' 45 

11lo11 
2..7. 78 

6e 95 
Oo44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

OoOOOO 
0.0041 
0.0057 
Q.0073 
Oe0096 
0.0111 
Oo 0156 
0.0209 

0.,0116 
0.0010 
o.oos5 
000040 

. DIAL 
READ 

Oo 2500 
Oo 2448 
Oc 2417 
Oc 2392 
Oe 2303 
Oo 1894 
Co 1460 
Oo 1096 

Oo 1187 
Oo 1249 
Co 1289 
Oo 1333 

WATER 
CONTENT 

160 59 
16m 59 
16</)59 
16,. 59 
161!)59 
16e59 
16., 59 
16059 

16059 
16059 
16059 
16e59 

DEG • 
SATo 

550 38 
55 .. 56 
550 81 
55., 96 
57008 
64., 89 
75002 
850 71 

850 79 
85016 
84 .. 21 
830 12 

1880 8000GMe 
83cl000 GMo 

o,, 2500 
277078 GMo 
262e 8 7 GM., 
172021 GM<1> 

NOo 101 

ORY 
DE No 
GMCC 

lo 50 
lo 50. 
le50 
le 51 
lo 52 
1060 
lo 70 
1.78 

le 78 
le 78 
lo 77 
lo 76 

NE Go 
P-PR 
PSJ19 

12rt0 
10.,4 
io.o 

9o 5 
a. a 
7,,9 
806 
602 

CHECK ON FINAL W/C MEASURED=l6o446 
CALCU~ATED FROM D/R=l6o589 

LOAD 
TSF 

Oo03 
Oo50 
loOO 
2o00 
4o00 
8000 

l be 00 
32000 

8000 
2o00 
Oo50 
Oo03 

,LOAD 
! , KGs / 
; SQCM 

: 0.03 
Oo49 

.Oo98 
'lo95 
3o91 
7e81 

15062 
310 25 

1 7ci81 
'lo 95 

.: Oo49 
'.011)03 

J' 

VOID 
RATIO 

Oe 815 
Oo 812 
o., 809 
o., 806 
Oo 790 
Oo695 
Oci 602 
o. 526 

Oo 526 
Oo 530 
0111536 
Oo543 

STRAIN 
P.ERCENT 

OeOOO 
Oe 146 
Oc346 
Oo 465 
10343 
6e582 

11. 755 
150 891 

150 918 
l 5o 705 
15e 372 
14e 981 

COEFFo 
COMPRo 
CM2/KG 

00 00000 
Oe 00580 
0000741 
0000223 
Oo 00816 
Co 02434 
O.i:. 01202 
Q., 00480 

******* 0000066 
Oo 00412 
0001529 

- 126 -

CONS TR 
MODULUS 
KG/CM2 

00000 
3120 8.32 
2440 848 
8151!) 589 
222e515 

74e 548 
1510023 
3770786 

******** 2753. 660 
4400 529 
118. 667 

COM PR 
INDEX 

OoOOO 
0,..,002 
Oo 012 
Oo 007 
Oo 053 
Oc 316 
Oc 312 
Oo249 

-OoOO 1 
Oo006 
OoOlO 
0(')006 



THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-9 SPECIMEN NO 22 TYPE NATURAL 
DATE PLACED 7-27-7 DATE REMOVED 7-28-70 SP~GR~ 2o72 
SPECIMEN DIAMETER= 2a50IN SPECIMEN HEIGHT=Oe752IN 

LOAD 
TSF 

Oo03 
Oci 50 
111100 
2C> 00 
4., 00 
BeOO 

l6e00 
32e00 

811100 
24'>00 
Oo50 
0003 

WTo 
WTo 
DIR 
WET 
ORY 
WTQ 

OF RING + COVER PLATES + WET SOIL 
OF RING + COVER PLATES 
WITH SEATING LOAD ON SPECIMEN 
WTo OF SPECIMEN +CONTAINER (FINALJ 
WTo OF SPECIMEN+ CONTAINER CfINAl) 
Of CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oo44 
6095 

13., 89 
270 78 
55055 

11lo11 
2220 22 
444045 

11lo11 
21018 

6Q95 
Oo44 

TEST PERFORMED ON CONSOLIOOMETER 

MACH 
CORR 

OoOOOO 
000041 
0.0051 
Oe0073 
Oo 0096 
OQOlll 
000156 
o., 0209 

Oe0ll6 
O&i 0070 
Oe 0055 
Oe0040 

DIAL 
READ 

of) 2soo 
Oo 2385 
Oo 2305 
Oc 2132 
Oe 1833 
Oo 1514 
Oe1 1229 
Oo 0959 

Oe 1047 
Oo 1105 
cfil) 1151 
0$1207 

WATER 
CONTENT 

21064 
27t;>64 
27064 
27064 
260 0.8 
23033 
21016 
19020 

19016 
19026 
19054 
19092 

DE Go 
SATe 

88044 
90038 
920 12 
96070 

100000 
100000 
lOOaOC 
100000 

l OOo 00 
100@00 
100., 00 
100000 

l96o6200GMo 
83al000 GMo 

Oo 2500 
255a78 GMo 
237022 GM/I) 
148028 GMo 

NOo 10 l 

DRY 
DE No 
GMCC 
i~ 47. 
le 48 
l., 50 
lo 53 
1059 
11!>66 
lo 73 
1079 

Li> 79 
lo 78 
ltl> 78 
ll!l 76 

NE Go 
P-PR 
PS I <!I 

3Q4 
3o0 
208 
208 
2o5 
2<tJ2 
le 7 
o<llo 

OoO 
o., 0 
OoO 
OoO 

CHECK ON FINAL W/C MEASURED=20o868 
CALCULATED FROM D/R=l9o9l6 

LOAD 
TSF 

OG 03 
Oo50 
1000 
2000 
4o00 
8000 

16000 
32"'00 

BoOO 
2000 
o .. 50 
o., 03 

LOAD 
KGo I 
SQCM 
o'° 03 
0049 
Oe98 
le95 
3o 91 
1. 81 

15e62 
3lo 25 

1~ 81 
le 95 
Oo49 
Oo03 

VOID 
RATIO 

Oe850 
Oo 832 
OQ8l6 
0& 171 
Oe709 
Oa1635 
Oc 576 
Oc;i 522 

o~ s21 
Oe 524 
Oo532 
Oo542 

STRAIN 
PERCENT 

O«> 000 
Oo 984 
lo 835 
3e923 
1o 593 

l lo 63 6 
1411 827 
l7e713 

l 7o "779 
l 7= 620 
l 7c 207 
l6e662 

COEFF0 
COMPRo 
CM2/KG 

0-0 00000 
0003978 
0003224 
o',I 03q57 
Oo 034 77 
Oo 01915 
0@00756 
0000342 

******* 0<.> 00050 
0000521 
0002204 

- 12 7 -

CONS TR 
MODULUS 
KG/CM2 

OeOOO 
46(!) 504 
570 385 
460 755 
53e 210 
960 618 

2440 783 
541€) 435 

******** 36710 632 
3550 260 

83a 936 

COM PR 
INDEX 

OoOOO 
Oo0l5 
Oo052 
Oo 128 
Oo226 
o., 248 
Oo 196 
Ool77 

-Oo002 
Oo005 
Oe0l3 
Oo008 



THE UNIVERSITY Of IOWA 
S·OI L MECHANICS LABORATORY 

ONE-0,IMENS.IONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-8 SPECIMEN NO 23 TYPE NATURAL 
DATE. PLACED 7-28-7 DATE REMOVED 7-29-:-70 SPoGRo 2. 72 
SPECIMEN DIAMETER= 2e50IN SPEClMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oo03 
Oo50 
loOO 
2e00 
4e00 
BoOO 

160 00 
32e 00 

8000 
2o00 
Oo50 
Oe03 

WTo OF RING + COVER PLATES + WET SOIL 
wr. OF RING + COVER PLA~ES 
DIR WITH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN + CONTAINER (FINAL) 
DRY WT. OF SPECIMEN +CONTAINER (FINAL) 
WT& OF CONTAINER FOR W/C TEST 

~OAO 
PSI 

Oo44 
6.95 

13. 89 
21. 78 
55.55 

11lo11 
2220 22 
444.45 

11lo11 
270 78 

6., 95 
Oe44 

TEST PERFORMED ON CONSOLlDOMETER 

MACH 
CORR 

OoOOOO 
Oo 0041 
o. 0057 
0.0013 
0.0096 
o. 0111 
0.0156 
0.0209 

Oe 0116 
Oo 0070 
000055 
Oe 0040 

DIAL 
READ 

Oo 2500 
Oe2453 
Ce2441 
Oo 2374 
Oa 2075 
Oo 1638 
Oo 134 7 
Oo 0999 

o. 1122 
Oo 1186 
Oo 1230 
0.a 1295 

WATER 
CONTENT 

210 18 
2lo 18 
210 18 
2lo 18 
21,, 18 
21018 
20052 
17093 

18019 
18035 
18060 
19004 

DE Go 
SATo 

721:135 
72~48 
72039 
73052 
800 27 
930 39 

lOOo 00 
100000 

100000 
lOOeOC 
100000 
100000 

·194olOOOGMe 
830.1000 GMo 

Oo 2500 
25le28 GMo 
2311194 GMe 
140., 34 G~fl) 

NOQ 101 

DRY 
DE No 
GMCC 

11» 51 
lo 52 
14) 51 
le 53 
le 58 
lo 68 
lo 75 
1083 

lo a2 
lo 81 
lo 81 
lo 79 .. 

NE Go 
P-PR 
PSlo 

9o 0 
304 
31l16 
390 
108 
le 5 
lo2 
0<!10 

OoO 
OoO 
OoO 
o., 0 

CHECK ON FINAL W/C MEASURED=2loll4 
.CALCULATED FROM O/R=l9o043 

LOAD 
TSF 

Oo03 
Oo50 
leOO 
2.00· 
4o00 
8000 

16000 
3 2., 00 

8000 
2o00 
Oo 50 
Oo03 

1LOAO 
. KGe I 

SQCM 
1 Oo03 

. 'Oo49 
o.9s 

'1.95 
3o91 

"1.a1 
15062 
31.25 

7., Bl 
1095 

. Oo49 
0.03 

VOID 
RATIO 

Oc796 
Oo795 
Oo 796 
Oo 784 
Oo718 
Oo617 
Oc 558 
o,, 488 

0.495 
Oo 499 
Oo 506 
o. 518 

STRAIN 
PEHCENT 

OoOOO 
Oe 080 
Oe027 
0.105 
40375 
9e987 

l 3e 258 
17c181 

16. 782 
16c 543 
l6cl57 
15.492 

COEFFQ 
COMP Ro 
CM2/KG 

Oa 00000 
0000313 

******* Oo 01248 
Oo 03.376 
0002581 
0~00752 
0000451 

Oo 00031 
Oa 00073 
0000473 
Oo 02610 

- 128 -

CONS TR 
MODULUS 
KG/CM2 

OQOOO 
573e 520 

-918.198 
143. 933 

530 210 
690 601 

238., 813 
3980 277 

5874.578 
2447..,661 

3 790 766 
680828 

. COMPR 
.INDEX 

OoOOO 
oil) 001 

-0$003 
Oo040 
0~219 
0.,335 
Oo 195 
Oc234 

Oc012 
Oc007 
Oo012 
OoOlO 



THE UNIVERSITY OF IOWA 
SOil MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-2 SPECIMEN NO 24 TYPE NATURAL 
DATE PLACED 7-29-70 DATE REMOVED 7-30-70 SPoGRe 2o12 
SPECIMEN DIAMETER= 2e50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

Oci 03 
lQ 00 
2o 00 
4111 00 
8e00 

16000 
3 2e 00 

a~oo 

2o00 
0-0 03 

WTo OF RING + COVER PLATES + WET SOIL 
WTo OF RING + COVER PLATES 
DIR WITH SEATING LOAD ON SPECIMEN 
WET WT~ OF SPECIMEN +CONTAINER (FINAL) 
ORV WTe OF SPECIMEN + CONTAINER <FINAL) 
WTo OF CONTAINER FOR WIC TEST 

LOAD 
PSI 

0044 
130 89 
27e 78 
55a 55 

111(111 
222022 
444..,45 

11 loll 
21Q 78 

Oe 44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

OoOOOO 
o., 005 7 
000073 
Oe0096 
OeOlll 
Oo 0156 
Os0209 

0.,0116 
Oo 0070 
000040 

DIAL 
READ 

Oe 2500 
Oo 2440 
Oo 2417 
Oo 2319 
o(ll 2112 
Co 1808 
Oo 1355 

ot) 1488 
Oo 1525 
Oo 1598 

6009 
6009 
6., 09 
6Gl 09 
6009 
6009 
6009 

6009 
6009 
6009 

DEG,... 
SATo 

20a 75 
20077 
20G8l 
21029 
22'1 63 
24072 
28084 

28e37 
280 48 
27098 

180o2000GM., 
830 1000 GMo 

OQ2500 
2450 3.2 GMQ 
239083 GM<!! 
148030 GMo 

NOG 101 

DRY 
DE Ne 
GMCC 

lo 51 
lo 51 
lo 52 
lo 53 
lo 57 
le 63 
le 73 

NEGe 
P-PR 
PSI.a 
175(/)0 
l74o0 
l ?3o5 
172(/J 7 
1721110 
16lo5 
16000 

160c0 
16000 
l60o0 

CHECK ON FINAL W/C MEASURED= 50998 
CALCULATED FROM DIR= 60085 

LOAD 
TS.F 

QC> 03 
loOO 
2c00 
4GQQ 
8C!OO 

160 00 
32e00 

LOAD 
KGe I 
SQCM 
0.03 
o.qe 
le95 
3.91 
1.01 

15. 62 
31025 

7e 81 
1095 
Oe 03 

VOID 
RATIO 

Oo 798 
OQI 797 
Oo 795 
Oe 777 
Oo 73 l 
0@669 
Oo 574 

STRAIN 
PERCENT 

OoOOO 
Oe 040 
Oel33 
le 130 
3111684 
7o 128 

120 44 7 

l le 915 
120035 
l lo 463 

COEFFo 
COMP Re 
CM2/KG 

Oo 00000 
Oo 00076 
0000171 
0000918 
Oo 0117 5 
Oo 00-193 
Oo 00612 

0000041 

******* Oe 00535 

- 12.9 -

CONS TR 
MODULUS 
KG/CM2 

Oe 000 
23710 216 
1048e 592 

1950 812 
1520 978 
2260 827 
2930 729 

4405(<) 996 

******** 
3360 151 

COM PR 
INDEX 

OoOOO 
OoOOO 
Oo006 
Oc;,060 
Ool52 
Oo206 
Oo318 

00016 
-Oo004 

Oe006 



THE UNIVERSITY OF lOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL £0NSOL1DATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUR~MENTS 

SAMPLE NO A2-l SPECI~EN NO Sl TYPE NATURAL 
DATE PLACED 5-27-7 DATE REMOVED 5-29-70 SP~GRo 2o72 
SPECIMEN DIAMETER= 2e50IN SPECIMEN HEI~HT=Oo7521N 

LOAD 
TSF 

Oo 03 
lt> 00 
2.,,00 
4,,00 
80 00 
Sc 00 
8e00 

16,., 00 
32~00 

8r.OO 
2c00 
Oa03 

WTc OF RING + COVER PLATES + WET SOIL 
WT c OF RING + COVER .PLATES 
DIR WITH SEATING LOA:O ON SPECIMEN 
WET WTo OF SPECIMEN + CONTAINER (FINAL) 
DRY WT@ OF SPECIMEN +CONTAINER (flNAll 
WTe OF CONTAINER FOR W/C TEST 

TEST PERFORMED ON CONSOL IDOMET·ER 

LOAD 
PSI 

Oo 44 
130 89 
21; 78 
550 55 

11 le 11 
1110 11 
l llo 11 
222., 22 
4440 45 

11 le 11 
270 78 

Oo 44 

MACH 
CORR 

Oo 0000 
Oo005 7 
000057 
000096 
o., 0111 
Oo 0111 
OaOlll 
0(1)0156 
000209 

000116 
oil> 0010 
OG0040 

DIAL 
READ 

Ca 2500 
Oe 2390 
Oc 2355 
Oe 2293 
Oo 2151 
Oo 1785 
Oo 1547 
00 1216 
Oo 0862 

Oo 0965 
Oo 1021 
Oo 1080 

WATER 
CONTENT 

So 33 
5o33 
5@33 
511)33 
5o 33 
a,, is 

l lo 03 
llo03 
lle03 

llo03 
l L::i 03 
llo03 

DEGo. 
SA.T () 

17085 
180 13 
18~ 33 
18046 
190 21 
33~ 36 
49022 
55~50 
64010 

630 77 
63e45 
620 52 

17 Bw 1 ZOO GM,~ 
830 1000 GMo 

Oo 2500 
2490 36 GM., 
239<.> 35 GM:i 
148057 GM,, 

NO," 101 

DRY 
DE No 
GMCC 
liu50 
lo 51 
lo 52 
lr, 52 
lo 55 
lo 63 
lo 69 
l.i, 77 
lo 85 

le 85 
le 8 5 
ll!l 84 

NE Go 
P-PR 
PSI m 

10900 
130,,0 
140,, 5 
13801 
1370 0 

631!> 8 
190 5 
220 5 
22®9 

CHECK ON FINAL W/C MEASURED=ll0027 
CALCULATED FROM D/R=llo030 

LOAD 
TSF 

Oo03 
lo 00 
2a00 
4o00 
Be· 00 
RoOO 
a.., oo 

16000 
32000 

LOAD 
KGo I 
SQCM 
Oo03 
0() 98 
lo 95 
3o 91 
1o 81 
1o 81 
1~ 81 

150 62 
3 lv 2 5 

7o 81 
h95 
Oo03 

VOID 
RATIO 

Oc 812 
00 800 
Oe 791 
o<I> 786 
Oo755 
Oc667 

. Oo 610 
Oo 541 
Oe468 

Oo470 
Oo473 
Oo480 

STRAIN 
PERCENT 

OoOOO 
Oe705 
lo 170 
le 4 76 
3o 165 
Bo 032 

l lo 197 
l5e 000 
190003 

180 870 
180 73 7 
18c 351 

COEFF" 
COMPR(l 
CM2/KG 

Oo 00000 
Oo 01350 
0000864 
0000284 
0000784 
Oo 00000 
OoOOOOO 
Oo 00882 
0000464 

o.., 00010 
o'.) 00041 
0,,00364 

- 130 -

CONS TR 
MODULUS 
KG/CM2 

0"'000 
134e 227 
2090 727 
6380 531 
2310273 

Oo 000 
OoOOO 

2050 413 
390e 338 

******** 
4405~555 

4980 440 

COM PR 
INDEX 

OoOOO 
Oc~ 009 
o,~ 020 
Oo Ol 8 
Oo 102 
Oo 000 
o.,, 000 
0~229 
Oo 241 

o.~ 004 
0"'004 
o{:J 004 



THE UNIVERSITY CF IOWA 
SOIL MECHANICS LABCRATORY 

ONE-O!MENSlONAL CONSOLIDATIGN TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A6-3 SPECIMEN NO S2 TYPE NATURAL 
DATE PLACEU 7-13-7 OATf. RE~OVEU 7-15-70 SPQGR~ 2o72 
SPtCIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo752IN 

LOAC 
TSF 

OoC3 
1 c ()( 

Zill UC 
ZeOO 
4ofJC 
8oOC 
80 (\(:: 
s .. cc 
8.:.UO 
80CC 

16eCC 
32eOC 

8eCO 
2~cc 

U©03 

WTe OF RING + COVER PLATES + WET SOIL 
wr~ Uf RING + COVER PLATES 
D/R WITH SfATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN + CONTAINER (flNAll 
DRY WTo OF SPECIMEN + CO~TAINER (FINALI 
WTe OF CONTAINtK FOR W/C TlST 

LOPD 
PSI 

Oe 44 
130 89 
21@ 78 
21-D 78 
550 5 5 

lllell 
11 lo 1 1 
11le11 
11 l<ll 11 
11lo11 
2220 2 2 
444tl) 45 

llLdl 
21~ 18 

Oe44 

TEST PERFORMED C~ CO~SCL!OOMET~R 

M.ACH 
CORk 

0.,0000 
o".) 0051 
000073 
0000-/3 
Oo 0096 
0(110111 
Ou 0111 
01i> 0111 
OoOlll 
OaOlll 
00015 6 
(),,, 0209 

Ou.0116 
iJ,.> 00 70 
o"' 004v 

DIAL 
RLAD 

o<!l 2500 
c<il 2402 
O" 2363 
c.., 2201 
o., 2141 
Co 1882 
Co l 745 
o., 16 66 
o~ 1604 
O@ 1571 
Co 1393 
Oo 1109 

Co 1260 
Oo 1414 
Oo 1575 

WATER 
CCNTEf\!T 

9o02 
9o02 
'9<!> 02 

13000 
13000 
13000 
17""00 
2 loOO 
24066 
2411166 
2Co 77 
180 75 

l 9s 26 
2Cm ZC 
21035 

DE Go 
SAL'l 

30~98 
3lo37 
310 5S 
47&93 
48..a51 
52c 72 
72046 
92023 

100(,)00 
100,o 00 
loo~oo 

100000 

lOOoOC 
lOOo 00 
llJOoOC 

1 8 3 0 2 2 0 0 GM·~ 
83s 1000 GMo 

iJ"'250C 
2920 21 GM\l) 
272051 Gf"1o 
180067 GMo 

NO<> 101 

DRY 
DE No 
GMCC 

1<1> 52 
lo 53 
1.o 53 
i.~ 5 7 
lo 5 7 
le 63 
1066 
i~ 68 
lo 70 
lo 70 
lo 74 
lo 80 

l" 79 
1<1> 76 
lo 72 

NEG·;i 
P·-PR 
PSI,, 
38~0 
45,,0 
sz.~ c 
l 7 Q l 
16,, 3 
16.., 2 
12o4 

4.,5 
lo l 
008 
O<l>2 
0() (J 

OoO 
OoO 
\) 0 tJ 

CHECK ON FINAL W/C MEASURE0=2lo5lo 
CALCULATED FROM O/R=21.349 

LOAC 
TSF 

OoC3 
lf>l cc 
2o C'C 
2o l C 
4o0C 
8-0 ( c 
Be GC 
811 CC 
80 oc 
Be CC 

l6oCO 
32/;)CC 

B ·i no 
2&> c ( 
OaC3 

LOAD 
KGe/ 
SQCM 

· OQD3 
00 98 
lm 95 
l,,d5 
3.., 91 
7e 81 
7e a 1 
7c 81 
7e 81 
70 81 

15a 62 
31.., 2 5 

1e 81 
lo 95 
Oo 03 

V01D 
RA T'I 0 

Oo792 
00 782 
Oo 7l6 
o(l) 138 
o .. 72g 
Oo67 l 
0e638 
Oo619 
Oo605 
Oill 597 
Do 565 
Oo 51 (; 

oj)> 524 
()., :>49 
l)w ~8 l 

STRAIN 
PER.CENT 

Ge. 000 
0e>545 
C•c.851 
3<:D GOS 
3" 4 S7 
60 742 
8'" 564 
9c614 

1Ce439 
lOo 878 
120 646 
l 5e 718 

l4c 94 7 
13<!) 511 
l l.1> 769 

COEFFo 
COMPR111 
CM2/KG 

Co 00000 
Coo 1033 
Co 00561 
C@ 00000 
0000451 
Ce01488 
c(~ ocuoo 
Oo OOOOC 
OoOOOOO 
Ca 00000 
O.:i 00406 
Oo 00 3 s·2 

C@0005S 
0oG0439 
Go.;iCl624 

- 131 -

CONS TR 
MODULUS 
KG/CM2 

OoOOO 
173()510 
3190154 

O<r>OOO 
396<;> 921 
1200 3 76 

OoOOO 
00000 
0@000 
Oo 000 

4410713 
508i;i621 

30380 609 
4070941 
l lOo ·340 

COMP~ 

INDEX 

CoOOO 
Oo 007 
Oe018 
()i;,000 
OG 029 
0©193 
0()000 
OoOOO 
DoOOO 
o~ooc 

Oc 105 
oil) is 3 

Oo 0 2 3 
0.,043 
00 01 7 



THE UNJ~ERSITY OF IOWA 
SOIL MECHaNICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENT~ 

SAMPLE NO A6-4 SPECIMEN NO S3 TYPE NATURAL 
DATE PLACED: B-04-7 DATE REMOVED B-05-70 SPaGRo 2o72 · 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo7521N 

LOAD 
TSF 

Oo03 
1.,00 
lo 00 
2c00 
41;100 
Bo 00 

16-0 00 
3 2-o 00 

WTo a·F F:ING +COVER PLATES+ ·WET SOIL 
WTe OF RING·+ COVER ~LATES 
DIR WITH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN+ CONTAINER (fINALl 
ORV WTe OF SPECIMEN +CONTAINER (F1NALl 
WTo OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oo44 
13.o 89 
130 89 
27~ 78 
55e 55 

111,Q 11 
2220 22 
444045 

11lo11 
21. 78 

Oe44 

T"EST PERFORMED ON CONSOLlDOMETER 

MACH 
CORR 

0.0000 
000057 
Oo 0057 
0'!10073 
000096 
Oa 0111 
0.,0156 
Oo 0209 

Oo 0116 
000070 
Oia 0040 

·DIAL 
READ 

Oo 2500 
Oo 2438 
Oo 2419 
Oo 2388 
002336 
Oo 1937 
o., 16 31 
O"' 1348 

Oo 1446 
Oo 1495 
Oo 1570 

WATER 
CONTENT 

l5oOB 
15008 
19.:iOO 
19.,,,00 
19000 
l 9o 00 
19000 
19000 

19000 
191) 00 
19000 

OE Ge 
SATo 

49065 
49,-., 73 
62099 
630 27 
63,.,82 
72ol2 
79012 
860 52 

86 ... 34 
860 24 
84070 

' 
186o7800GMo 
830 1000 GM!.) 

o"' 2500 
2550 26 GMo 
238035 GMo 
1480 26 GMo 

NO~ 101 

ORY 
DE No 
GMCC 

lo 49 
lo 49 
1049 
lo 50 
lo 50 
lo 58 
lQ 65 
lo 70 

lo 70 
leJ 70 
lo69 

NE Go 
P-PR 
i>Slo 
2lo0 
200 7 
1911118 
19o9 
19e 8 
l 9o 5 
lBo 8 
l4o 1 

1606 
18., 8 
19<!)0· 

CHECK ON FINAL W/C MEASURED=l8a770 
CALCULATED FROM D/R=l9o000 

LOAD 
TSF 

Oo03 
lf) 00 
loOO 
2o00 
4., 00 
8000 

16000 
320 oc 

8000 
2o00 
Oo03 

LOAD 
KGo/ 
S,QCM 
Oo03 
O,o98 
Oo98 
l,o .95 
3..,,91 
1o 81 

15@62 
31~25 

7(1 81 
le 95 
Oe:03 

VOID 
RATIO 

Oo 826 
olil 025 
o. 821 
Oo 817 
Oe 810 
o. 717 
o. 653 
o. 597 

0.599 
Oe599 
0.610 

STRAIN 
PERCENT 

01;000 
Oo066 
Oo319 
Oo 519 
Oe 904 
60011 
9e 48 l 

12.., 540 

12c 473 
120 434 
l lo 835 

COEFFo 
COMPRo 
CM2/KG 

OQ 00000 
Oo 00128 
Oo 00000 
Oo 00373 
Oo 00361 
Oo 02388 
0'1)00811 
Oo 00358 

Oo 00005 
Oo 00012 
Oo 00569 

' - 132 -

CONS TR 
MODULUS 
KG/CM2 

OoOOO 
14220 719 

o,, 000 
4890 345 
5060 418 

760 489 
2250 088 
5100 833 

******** 
******** 3210216 

COM PR 
INDEX 

o,, o'oo 
0<> 001 
OoOOO 
Oo012 
Oc 023 
o., 310 
Q,, 211 
Oo 186 

Oo002 
Oci 001 
0~006 
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THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A5-2 SPECIMEN NO S4 TYPE NATURAL 
DA TE PLACED 8-06-7 OAT E REMOVED 8-07-70 S Po GRo 2., 72 
SPECIMEN DIAMETER= 2o50IN SPECIMEN HEIGHT=Oo752IN 

LOAD 
TSF 

On 03 
Oo 50 
leOO 
2& 00 
4,} (10 
4o00 
$,., 00 

16m00 
32;;; 00 

a,, oo 
2o 00 
Oc: 50 
Oo03 

WT@ OF RING + COVER PLATES + WET SOIL 
WTo OF RING + COVER PLATES 
D/R WITH SEATING LOAD ON SPECIMEN 
WET WTo OF SPECIMEN+ CONTAINER (FINAL) 
ORY WTa OF SPECIMEN + CONTAINER (FINAL) 
WT0 OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oo44 
6.o 95 

13a 89 
270 78 
55e 55 
551!) 55 

l l lo 11 
222e 22 
444045 

11lo11 
27<:>78 

60 95 
Oo44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

o.') 0000 
000041 
0.1 0057 
Oo 0073 
I).., 0096 
0©0096 
o~ 0111 
Q,,,0156 
o:!l 0209 

000116 
000070 
Ou 0055 
000040 

DIAL 
READ 

Oo 2500 
o,J 2450 
Oo 2411 
o., 23 73 
Oo 2078 
Ot:i 1988 
o,~ 1588 
Oe 1286 
Q,, 0984 

00 1081 
Oo 1144 
Co 1205 
Oo 1264 

WATER 
CONTENT 

22-G .39 
220 .39 
220 3~ 
22,.,39 
22.::i 39 
25.,40 
22071 
20$44 
18023 

18"' 27 
180 42 
18e 83 
190 22 

DE Go 
SATo 

75014 
751!)34 
75086 
76f1j37 
830 20 
970 24 

l OOo 00 
lOOei 00 
100.~ 00 

lOOo 00 
100.a 00 
100.:.00 
100@ 00 

194,) 3200GMo 
830 1000 GM"' 

o,, 2 500 
266ci.62 GMe 
2Lt1o 44 GMo 
1560 57 GM0 

NOo 101 

ORV 
DE No 
GMCC 

lo 50 
lo 50 
le 51 
1., 51 
le 57 
lo 59 
1068 
lQ 75 
lo 82 

lo 82 
lo 81 
l>t> 80 
1,, 79 

NE Go 
P-PR 
PSie 

41,)6 
4.:)6 
4@6 
4o 5 
3o 4 
0.;,9 
Oe7 
o,., 0 
000 

CHECK ON FINAL W/C MEASURED=210107 
CALCULATED FROM D/R=l9a216 

LOAD 
TSF 

Oo03 
0:.:. 50 
L:iOO 
2ci 00 
4·o 00 
4,oOO 
Be 00 

l6o 00 
320 00 

8e00 
2o00 
0'9 50 
Oo03 

LOAD 
KG.:. I 
SQCM 
Oo 03 
Oo 49 
OG98 
lai 9 5 
3e 91 
3.,91 
1o 81 

150 62 
3lo 25 

1o 81 
1G95 
Oo49 
Oo03 

VOID 
RATIO 

Oo Bl l 
Oe 808 
Oo 803 
Oo 798 
Oo 732 
00710 
Oe618 
Oo556 
Oo 496 

Oe497 
Oo 50 l 
Oo512 
00 523 

STRAIN 
PERCENT 

OeOOO 
Oc 120 
Oc 426 
Oo 718 
4o 335 
5o 532 

l Oc 652 
l4c 069 
170380 

17e327 
170 10 l 
16<0 489 
15a 904 

COEFF,, 
COMP Ro 
CM2/KG 

o.~ 00000 
Oo 00474 
0001134 
o., 00543 
Oi~ 03354 

. Oo 00000 
Oe 02373 
00 00792 
o~ 00384 

Oo 00004 
00 00070 
Oo 00756 
Oa 02315 

- 133 -

CONS TR 
MODULUS 
KG/CM2 

OoOOO 
3820365 
1590 682 
3330 653 

530 992 
OmOOO 

76-0 290 
228 ... 591 
47Li. 854 

******** 2591,, 562 
2390 419 

78{) 213 

COMPR 
INDEX 

Oo 000 
Oe002 
0\) 018 
Oo 018 
Oo 218 
04' 000 
Oo 308 
0,,206 
o~, 199 

Oo002 
Oc 007 
Oo 018 
Oo009 



! 
THE UNIVfRSITV O~ IOWA 

SOIL MECHANICS LABORATORY 
ONE-DIMENSIONAL CONSOLIDATION TEST 

WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO; A5-3 S PECl MEN NO S5 TYPE NATURA.L 
DATE PLACED 8-10-7 DATE RE.MOVEO 9 ... 11-10 SP<>GRo 2o 72 
SPECIMEN DIAMETER= 211150IN SPECIMEN HEIGHT=Oo.7521N 

LOAD 
TSF 

Oo03 
loOO 
2n00 
4o00 
46> 00 
8©00 

16e00 
32000 

811100 
2., 00 
Oo03 

WTe QF ~ING + COVER PLATES + WET SOIL 
WTo OF RING + COVER PLATES 
DIR WITH SEATING LOAD ON SPECIMEN 
WET WT6 -Of SPECIMEN + CONTAINER (FINAL) 
ORV WTo OF SPECIMEN + CONT~INER (FINAL) 
WTo OF CONTAINER FOR W/C TEST 

TEST PERFORMED ON CONSOLIDOMETER 

LO~D 
PSI 

Oo44 
130 89 
27~ 78 
550 5.5 
55e 55 

11lo11 
222e 22 
444045 

MACH 
CORR 

OoOOOO 
0,1)0051 
0(1) 0073 
OQ) 0096 
Oo 0096 
0;)0111 
Oo 0156 
000209 

llloll Oe0116 
27078 0.,0010 

Oo 44 · Oo 0040 

DIAL 
READ 

Oe 2500 
O.a 2440 
Q,, 2395 
Oc 2252 
Oo 1761 
Oo 1320 
Oo 1010 
Oo 0557 

Oo 0658 
Om 0708 
Oo 0782 

WATER 
.CONTENT 

llo 80 
llo 80 
llo 80 
lh80 
150 50 
150 50 
15050 
150 50 

15050 
15050 
15050 

DE Go 
SAT<& 

3lo51 
3lo54 
31., 78 
32083 
490 82 
57.,;61 
630 81 
760 l q 

75090 
75075 
74018 

174'" 2200GM,, 
83<> 1000 GMo 

O., 2500 
242043 GM,) 
2290 76 GMe 
1480 26 GMo 

N0.3 101 

DRY 
DEN,) 
GMCC 

l'i> 35 
le 35 
lo 35 
lo 38 
lo 47 
Jo 57 
llll 64 
lo 75 

lo 75 
le 75 
lo 73 

NEGo . 
p.:.pR 
PS Io 

30o0 
30e0 
29© 7 
30o0 

. 130 6~ 
12e 2 
10e4 
. 800 

12o5 
14o3 
16" 8 

CHECK·ON FINAL W/C MEASURED=l5o546 
tALCULATED FROM D/R=l5~soo 

LOAD 
TSF 

Oo 03 
10 00 
2o00 
4() 00 
4000 
Bo 00 

16a 00 
32000 

So 00 
2o00 
Oo03 

LOAD 
KGt:> I 
SQCM 
Oo03 
Oo 98 
lo95 
3o 91 
3o 91 
1o 81 

15.s62' 
3~o 25 

1c 81 
~() 95 
Oo03 

VOID 
RATIO 

le019 
10018 
10010 
0$978 
Oo846 
Oo132 
Oe661 

·Oc 553 

·oo 555 
Oc557 
Oa568 

·STRAIN 
PERCENT 

06)000 
Oo040 
Oo426 
21!1021 
8c 551 

140 215 
l 7e 739 
2.3c 059 

22., 952 
22e 899 
220 314 

COE FF.:) 
COMP Ro 
CM2/KG 

Oo 00000 
Oo 00085 
Oo 00798 
Oa 01650 
Oo 00000 
Oo 02928 
0;:; 00911 
Oo 00687 

o~ 00009 
Co 00018 
OG 00615 

- 134 -

CONS TR 
MODULUS 
KG/CM2 

0.:..000 
23690 944 
253~ 110 
1220 385 

Oo ooo· 
68'1'! 948 

221,_, 691 
2930 729 

******** 
******** 

328.-, 515 

COM PR 
INDEX 

OoOOO 
0.,001 
Oo 026 
Ool07 
OeOOO 
Oc 380 
Oo236 
Qq; 35 7 

OQ004 
Oo002 
0{1007 



THE UNIVERSITY OF IOWA 
SOIL MECHANICS LABORATORY 

ONE-DIMENSIONAL· CONSOLIDATION TEST 
WITH NEGATIVE PORE PRESSURE MEASUREMENTS 

SAMPLE NO A4-9 SPECIMEN NO S6 TYPE NATURAL 
DATE PLACED 8-12-7 DATE REMOVED 8-13-70 SPoGRo 2o72 
SPECIMEN DIAMETER= 2a50IN SPECIMEN HEIGHT=Oo752I~ 

LOAD 
TSF 

Oo03 
lo 00 
2o00 
2<0 00 
4o 00 
8() 00 

l6o00 
32000 

8-()00 
2,,,00 
0003 

WTo OF RING + COVER PLATES + WET SOIL 
WTa DF RING + COVER PLATES 
DIR ~ITH SEATING LOAD ON SPECIMEN 
WET WTc OF SPECIMEN + CONTAINER (FINAL) 
DRY wr. OF SPECIMEN +CONTAINER (FINAL) 
wr~ OF CONTAINER FOR W/C TEST 

LOAD 
PSI 

Oc44 
13Q 89 
270 78 
27078 
55e 55 

111., 11 
222022 
4440 4.5 

11 lo 11 
21c 78 

Oo44 

TEST PERFORMED ON CONSOLIDOMETER 

MACH 
CORR 

OoOOOO 
000057 
00 0073 
000073 
000096 
Oo 011 l 
Oe0156 
Oo 0209 

Oo O 116 
0q;0070 
000040 

DIAL 
READ 

Oo 2500 
Oo 2429 
c~ 2389 
Oo 2329 
Oo 2224 
Oo 1890 
Oo 1514 
0<:> 1165 

Oo 1280 
Oo 1345 
Q,;D 1425 

WATER 
CONTENT 

lOo 72 
lOo 72 
lOo 72 
140 50 
14050 
14a 50 
14m 50 
140 50 

14e 50 
14<e> 50 
140 50 

DE Go 
SA To 

350 96 
36,, 11 
36037 
50"' ro 
510 39 
57010 
64,,55 
73f) 08 

72037 
7lo 76 
10322 

!83c 7000GMo 
83e 1000 GMo 

002500 
2440 05 GMo 
231021 GMd 
140e35 GMo 

NOo 101 

ORV 
DE No 
GMCC 

l<'.ll 50 
lo 50 
b5l 
i~ 52 
lo 54 
lo 61 
1069 
le 77 

lo 76 
lo 76 
l<e 74 

NE Go 
P-PR 
PSIQ 

3100 
34o0 
3400 
1306 
13o4 
13o3 
12., l 

9a6 

lOo 2 
12o4 
13</)6 

CHECK ON FINAL W/C MEASUREO=l4ol32 
CALCULATED FROM D/R=l4o500 

LOAD 
TSF 

Oo03 
loOO 
2o00 
2000 
4c 00 
80 00 

160 co 
32{) oc 

a., oo 
2o00 
o,, 03 

LOAD 
KG...,/ 
SQCM 
Oo03 
Oo 98 
L.)95 
1 ... 95 
3;, 91 
1ci 81 

150 62 
3 lo 2 5 

1o 81 
lo 95 
o.., 03 

VOID 
RATIO 

Oo 811 
Oo 807 
00 802 
Oo787 
Oo 768 
Oo69l 
Oo6ll 
Oc 540 

Oo 545 
00 550 
Oo 562 

STP.AIN 
PERCENT 

OcOOO 
Oo 186 
Oo 505 
lo 303 
2e 394 
6e 636 

l le 03 7 
l 4o 973 

l4o 681 
14Q 428 
l 3o 763 

COEFFo 
COM PR,, 
CM2/KG 

Oo 00000 
0000356 
Oo.00592 
0-!l 00000 
0001011 
o;!} 01967 
Oo 01020 
o., 00456 

O,o 00023 
01!) 00078 
o<> 00626 

- 135 -

CONS TR 
MODULUS 
KG/CM2 

o,, 000 
5080) 148 
3050 852 

OoOOO 
l 79c, 096 
92v074 

1770 487 
3960931 

80100 906 
2318c. 792 

2890 095 

COM PR 
INDEX 

OoOOO 
Oo 002 
Oo0l9 
o., 000 
Oo 066 
0(\ 255 
O,, 26 5 
Oo237 

0..,009 
o., 008 
Oc007 



THE UNJVERSITV OF IO~A 
SOIL ME.CH~flllC·S LABORATORY 

ONE-DIMENSIONAL CONSO~ID~TION TE$T 
W·ITH NEGATIVE P.ORE PRESSURE MEASUREMENTS 

SAMPLE NO ; A5-4 SPECIMEN NO S7 TYPE NATURAL 
DATE PLACED· 8-14-7 DATE.8tMOVED 8~17-70 SP©GRo 2~12 
SPECIMEN Dl~METER= 2e59IN $PEC1MEN HEIGHT=Oo752IN. 

LOAD 
TSF 

Oo03 
loOO 
2o00 
4o 00 
8(1)00 
8000 

16e00 
32000 

8c00 
2o00 
0003 

WTo OF RING + COV~R PLATE$ + WET SOIL 
WTo OF RING + COVER PL~T~S 
O/R WITH SEATING ~OAD ON SPEClME~ 
WET WTo OF SPECIMEN* CONTAINER CFlNALt 
DRY .WTei OF .SPECY.MEN ;t- CONT~INER (FINAL) 
WTe OF CONTAINER FOR ~IC TEST 

TEST PERFORMED ON COf\ISOLIDOMETER 

LOAO 
P~I 

Oe44 
130 89 
270 78 
551!155 

11le11 
11 loll 
222. 22 
4440 4~ 

11lo11 
270 78 

Oo.44 

MACH 
CORR 

Oi. 0000 
000057 
000073 
Oo 0096 
Oo 0111 
OoOlll 
o. 0156 
.OQI 0209 

Oo0ll6 
000070 
0.0040 

DIM­
READ 

Oo 2~QO 
Oo 2~23 
Oo 2380 
Pe 2~~~ 
OCI) 18 ~l 
Oo 1673 
P0 i~19 
.Oe 09.9.4 

Oo 109Q 
o" 1148 
o~ I?~S 

~ATER 
~O.NTENT 

lQ,, 78 
l()~ 78 
lOe 78 
H>o 1a . 
10& 78 
l4o 50 
Htc 50 

l"o 5P 

l.40 50 
140 5Q 
1~4) 50 

OE Go 
SATe 

~5m21 
35042 
350 7.0 
3711107 
42008 
590 89 
f:).11a 63 
76s30 

76019 
15011 
730 69 

1820 5400GMo 
83e 1000 GMi:i 

Oo 2500 
299038 GMo 
2860 75 GM,, 
i. 96~ 99 GMo 

NOo 101 

DRY 
DE No 
GMCC 
. 1048 

le 49 
lo 49 
lo 52 
1., 60 
111164 
lo 72 
lo 79 

l.o 79 
le 79 
lo 77 

·NE Go 
P-PR 
PS Io 

22o0 
26o0 
21~0 
2930 
2806 
1206 
11~ 8 
103 0 

10o5 
iloO 
l l<a 5 

CHECK ON FINAL W/C MEASUREO=l4o071 
CALCULATED FROM O/R=l~o50Q 

LOAD 
TSF 

Oo03 
loOO 
2o00 
4o00 
8000 
8000 

l 6c 00 
32c- 00 

80 OG 
2o O,Q 
04)Q3. 

LOAD 
KGo I 
sg¢M 
Oot03 
Oor98 
1;!~? 
3" 91 
7e~l 
?~ 81 

15.~·6~ 
31;0 2 5 

1e 81 
l~ ?s 
Oo03 

VOID 
RATIO 

Oo833 
Oo 828 
Oc;i822 
Oo 791 
Oe697 
Oe659 
o. 58.3 
0.511 

o. 518 
Oo521 
Oo 535 

STRAIN 
PERCENT 

Oo 000 
Oc 266 
Oe 62 5 
2c274 
7.420 
9o 521 

130 630 
17e247 

l ?e 207 
170048 
16. 250 

COE Ff.., 
COMP~(~ 

CM2/K.G 
. o') 00000 

Oo 0051~ 
01:! 00674 
Oo 01 ~48 
O::t 02415 
o~ 00000 
o., 00964 
0000424 

o;, 00003 
o.,oooso 
Oo 00761 
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MODULUS 
KG/CM2 

OoOOO 
3550 691 
2710 871 
1180435 

750 89(:, 
o~OQO 

1900 123 
43L, 954. 

***~**** 367L., 601 
2400 9io 

COM PR 
INDEX 

o"' ooo 
()<P 003 
Oe 0~2 
0-e 100 
Oo 313 
0.:>000 
0¢250 
Oo 220 

o.~ oo i 
0(\ 005 
Oa- 008 
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APPENDIX IV 

K - TEST REPORT 
0 

The K -testing program was conducted as a separate study 
0 

to provide special measurements for the interpretations presented 

in the body of this report. The pertinent results from this study 

have been summarized in Chapter 3. 

The following report, which describes the K - tests in detail,· 
0 

was written as a thesis by Mr. Bharat Mathur in partial fulfillment 

of the requirements for the degree of Master of Science in Civil Engi-

neering at the University of Iowa. 

- .137 -



APPENDIX IV 

AN EXPERIMENTAL STUDY OF STRESS-STRAIN 
,PARAMETERS FOR AN UNDISTURBED LOESS 

by 

Bharat Mathur 

A th es is s ubniitted in partial fulfillment of the 
requirements for the degree of Master of Science 

in the Department of Civil Engineering 
in the Graduate College of 

The University of Iowa 

August, 197 o 

Thesis supervisor: Professor Harrison Kane 

- 138 -

.. 



APPENDIX IV 

ACKNOWLEDGMENTS 

The work described in this thesis was supported by the Iowa 

State Highway Commission under research project HR-144, Consolida­

tion of Lo es s. 

I wish to express my sincere appreciation and gratitude to my 

advisor, Professor Harrison Kane, for his guidance and patience 

throughout the undertaking of this research. 

I am also extremely grateful to Mr. Bruce Bailey and Mr. Alta£ 

Rahman for their constant assistance, suggestions and encouragement. 

Finally, I thank Mrs. Bonnie Browning for her indefatigable and 

meticulous typing of this thesis in a very short time. 

IV-ii 

- 139 -



APPENDIX IV 

TABLE OF CONTENTS 

Chapter 

1. 

2. 

3. 

List of Tables 

List of Figures 

Notation 

INTRODUCTION 

1. 1 Statement of Problem 

lo 2 Review of Literature 

1. 3 Objective and Scope 

DESCRIPTION OF TEST PROCEDURE 

2. 1 

2.2 

2.3 

2.4 

2.5 

Field Sampling and :Preparation of 
Triaxial Test Samples 

Types of Tests Conducted 

Test Equipment 

2. 3. 1 Calibration of Strain Gages 

Test Conditions and Procedures 

2. 4. 1 Confined Compression Tests-K Tests 
0 

2. 4. 2 Triaxial Compression Tests 

Important Precautions During Tes ting 

TESTS RESULTS AND INTERPRETATION 

3. 1 Test Results 

IV-iii 

- 140 -

.. 

Page 

IV- v 

IV-vi 

IV-x 

IV-1 

IV-1 

IV-2 

IV-5 

IV-7 

IV-7 

IV-9 

IV-9 

IV-10 

IV-13 

IV-13 

IV-16 

IV-17 

IV-19 

IV-19 



Chapter 

3.2 

APPENDIX IV 

TABLE OF CONTENTS (cont'd.) 

3. 1. 1 Confined Compression Tests -
K Tests 

0 

3. 1. 2 Triaxial Compression Tests 

Interpretation of Data 

4. SUMMARY AND CONCLUSIONS 

4. 1 Summary 

4.2 Conclusions 

REFERENCES 

IV-iv 

- 141 -

Page 

IV-19 

IV-46 

IV-72 

IV-84 

IV-84 

IV-85 

IV-87 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

APPENDIX IV 

LIST OF TABLES 

SOIL INDEX PROPER TIES FOR OAKDALE 
LOE SS 

SUMMARY OF CONFINED COMPRESSION 
TESTS 

s'uMMAR y OF TRIAXIAL TES TS 

STRESS-STRAIN PARAMETERS FROM 
TRIAXIAL COMPRESSION TESTS 

STRESS-STRAIN PARAMETERS FROM 
TRIAXIAL COMPRESSION TESTS 

CALCULATED VALUES OF K FROM 

TRIAXIAL TES TS 
0 

VALUES OF CONSTRAINED MODULII 
(D) FROM K TESTS 

0 

CONSTRAINED MOD UL US CALCULATED 
FROM TRIAXIAL TESTS 

IV- 'v 

- 142 -

Page 

IV- 8 

IV- 20 

IV- 47 

IV- 73 

IV- 74 

IV- 79 

IV- 82 

IV- 82 



Figure 

2. 1 

2.2 

2.3 

2.4 

3. 1 

3.2 

3. 3 

APPENDIX IV 

LIST OF FIGURES 

Lateral Strain Indicator - Assembly 

Lateral Strain Indicator - Parts 

Calibration Curve for Lateral Strain Indicator 

Explanation of Sample Orientation 

Definitions of Parameters K
0

i and K
0

f 

Lateral Stress versus Axial Stress, 
K

0
-Test No. 1 

Lateral Stress versus Axial Stress, 
K

0 
-Test No. 2 

3. 4 Lateral Stress versus Axial Stress, 
K

0
-Test No. 3 

3.5 

3.6 

3. 7 

3. 8 

3.9 

La.teral Stress versus Axial Stress, 
K

0 
-Test No. H-1 

Lateral Stress versus Axial Stress, 
K

0 
-Test No. H-2 

Lateral Stress versus Axial Stress, 
K

0 
-Test No. H-3 

Lateral Stress versus Axial Stress, 
up to 2% Strain, K0 -Test No. 1 

Lateral Stress versus Axial Stress, 
up to 2% Strain, K

0 
-Test No. 2 

IV-vi 

- 143 -

Page 

IV-11 

IV-12 

IV-14 

IV-15 

IV-21 

IV-22 

IV-23 

IV-24 

IV-25 

IV-26 

IV-27 

IV-28 

IV-29 



Figure 

3. 10 

3. 11 

3. 12 

3. 13 

3. 14 

3. 15 

3. 16 

3. 17 

3. 18 

3. 19 

3.20 

3. 21. 

3.22 

3.23 

3.24 

3.25 

APPENDIX IV 

LIST OF FIGURES (cont'd.) 

Lateral Stress versus Axial Stress, 
up to 2% Strain, K

0 
-Test No. 3 

Lateral Stress. versus Axial Stress, 
up to 2% Strain, K0 -Test No. H-1 

Lateral Stress versus Axia,l Stress, 
up to 2% Strain, K

0
-Test No. I:I-.2 

Lateral Stress versus A.xial Stress, 
up to 2% Strain, K

0 
-Test No. H-3 

Stress-Stafain Relations, K
0

-Test No. 1 

Stress-Strain Relations, K
0
.-Test No. 2 

Stress-Strain Relations, K
0

-Test No. 3 

Stress-Strain Relatio.ns, KQ-Test No. H-1 

Stress -Strain Relations, K -Test No. H-2 
0 

Stress -Strain Relatio~s, K
0 

-Test No. H-3 

Stress-Strain Relations up to 2% Strain, 
K 0 -Test No. 2 

Stress-Strain Relations up to 2% Strain, 
K

0 
-Test No. 3 

Stress -Strain Relations up to 2% Strain, 
K -Test No. H-1 

0 

Stress -Strain Relations up to 2 % Strain, 
K

0 
-Test No. H-2 

Stress-Strain Relations up to 2% Strain, 
K

0 
-Test No. H-3 

Stress -Strain Relations, Test Nos. 1 to 5 

IV-vii 

- 144 -

Page 

IV-30 

IV-31 

IV-32 

IV-33 

IV-34 

IV-35 

IV-36 

IV-37 

IV-38 

IV-39 

IV-40 

IV-41 

IV-42 

IV-43 

IV-44 

IV-50 



,-

APPENDIX IV 

LIST OF FIGURES (cont'd.) 

Figure Page 

3.26 Stress -Strain Relations, Test Nos. 6 to 8 IV-51 

3.27 Stress -Strain Relations, Test Nos. 9 and 10 IV-52 

3.28 Stress -Strain Relations, Test Nos. 12 to 17 IV-53 

3.29 Axial Strain versus Lateral Strain, 'Fest <No., 1 IV-54 

3.30 Axial Strain versus Lateral Strain, Test No. 2 IV-55 

3. 31 Axial Strain versus Lateral Strain, Test No. 3 IV-56 

3. 32 Axial Strain versus Lateral Strain, Test No. 4 IV-57 

3.33 Axial Strain ¥ersus Lateral Strain, Test No. 5 IV-58 

3.34 Axial Strain versus Lateral Strain, Test No. 6 IV-59 

3.35 Axial Strain versus Lateral Strain, Test No. 7 IV-60 

3.36 Axial Strain versus Lateral Strain, Test No. 8 IV-61 

3.37 Axial Strain versus Lateral Strain, Test No. 9 IV-62 

3.38 Axial Strain versus Lateral Strain, Test Noa 10 IV-63 

3.39 Axial Strain versus Lateral Strain, Test No. 12 IV-64 

3.40 Axial Strain versus Lateral Strain, Test No. 13 IV-65 

3.41 Axial Strain versus Lateral Strain, Test No. 14 IV-66 

3.42 Axial Strain versus Lateral Strain, Test No. 15 IV-67 

3.43 Axial Strain versus Lateral Strain, Test No. 16 IV..;68 

3.44 Axial Strain versus Lateral Strain, Test No. 17 IV-69 

3.45 Definition of Parameters (cr1-cr3)f' (cr l-cr3)50• 
E., € o' € 50• €£ IV-70 

1 

IV-viii 

:.. 145 -



Figures 

3.46 

3.47 

3.48 

3.49 

3.50 

APPENDIX IV 

LIST OF FIGURES (cont'd. ) 

Definition of Parameters Va, Vb' e ab' € oa 

Modified Mohr-Coulomb Diagram 
Triaxial Tests Nos. I to 10 

Stress paths for 'trtaxial Tests Nos• 1 to 3 

Initial Tangent Modulus versus Cell 
Pressure, Triaxial Tests 

Definition of Parameters Di, Dc and Df 

IV-ix 

- 146 -

Page 

IV-71 

IV- 75 

IV- 76 

IV- 80 

IV- 81 



a 

-c 

D. 
1 

D 
c 

Df 

e • 0 

e 
c 

E. 
1 

K 
0 

K 
oi 

Kof 

S, s 

s 
re 

w. 
1 

w 
n 

a 

€ 
a 

e. 
1 

ri 

APPENDIX IV 

NOTATION 

== intercept on y-axis of the Modified Mohr-Coulomb 
failure envelope 

== cohesion intercept of Conventional Mohr-Coulomb 
failure envelope 

== constrained modulus before collapse or initial con­
s trained modulus 

::: constrained modulus at collapse 

::: constrained modulus after collapse or final constrained 
modulus 

::: initial void ratio 

- . consolidat~d void ratio 

= initial tangent modulus 

= coefficient of earth pressure at rest 

::: coefficient of earth pressure at rest before collapse 

= coefficient of earth pressure at rest after collapse 

= initial degree of saturation 

= consolidated degree of saturation 

== initial water content 

::: natural water content 

::: slope of modified Mohr-Coulomb envelope 

::: axial strain 
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APPENDIX lV 

= strain.corresponding to maximum deviator stress 

= lateral strain 

= axial strain at zero deviator stress in triaxial tests 

' 
= strain corresponding to half the maximum deviator 

stress 

= axial strain at which lateral strain begins to increase 
from zero, triaxial tests 

= axial stra.in at which the graph of axial strain versus 
lateral strain changes slope 

= axial stress 

= lateral stress or cell pressure 

= deviator stress 

(cr 
1 

cr 
3

}f = maximum deviator stress 

(cr.!l ··~ cr·
3

>
50 

= half the maximum deviator stress 

\) 

\) 
a 

= natural dry density 

- angle of shearing resistance,slope of Mohr.,.Coulomb 
failure envelope 

= Poisson's ratio 

= initial Poisson's ratio 

= final Poisson's ratio 

IV-xi 
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Chapter 1 

INTRODUCTION 

1. 1 Statement of Problem 

IV-1 

The Midwestern region of the United States including.more than 

half of Iowa is abundantly covered with loess, a wind deposited, silt­

sized material. The physical properties of loess in its natural undis­

turbed state are of immense interest to engineers who are engaged in 

the design and study of foundations, slopes, excavations and other engi­

neering works with the in-situ soil. Since the properties of loess and 

the variations in these properties is not completely known, this soil 

presents innumerable problems to engineers. This uncertainty often 

results in uneconomical designs, failure of structures or both. 

This investigation has been undertaken to determine and study 

some stress-strain parameters for an undisturbed loess. Two para­

meters of particular interest here are, ( 1) the coefficient of earth 

pressure at rest K
0

, defined as the ratio of the lateral to axial stress 

during one-dimensional compression (i.e., axial compression with 

zero lateral strain) and (2) Poisson's ratio \I, the ratio of lateral to 

axial strain during uni-axial compression. The importance of the 

coefficient of earth pressure at rest in the study of foundation 
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-

settlement, press,µre::i against retaining walls and in the determination 

of Poisson's ratio which is used to determine stresses, is well known. 

Both parameters have been measured in this work and their relation-

ship to other stress-strain paramete;rs is discussed. 

1. 2 Review of Lit1erature 

In this section the w.ork of earlier investigators has been listed 

chronologically. 

The importance of K
0

, the coefficient of earth pressure at rest, 
,J 

has been recognized from the beginning of the science of Soil Mechanics. 

It is said that it was Donath who in 1891 introduced the term 'earth 

pressure at rest', and since then many investigators have designed 

various types of apparatus and conducted numerous experiments to 

measure and study this parameter for various types of soils. 

OI1e pf Jhe earliest experiments to measure K
0 

was conducted 

by Terzaghi (1920) who determiiled K
0 

to find pressures against re-

training walls. In his set-up Terzaghi had thin metal strips placed 

horizontally and vertically in two different consolidation samples w 

which were vertically loaded. After consolidation was completed the 

strips were pulled out and the forces required to do so measured. 

K
0 

was then calculated as the ratio of the force required to pull out 

the strip horizontally orie;nted to the force required to pull out the 

vertically oriented strip. In further investigations Terzaghi showe.d 
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that K depends on the relative density of the soil and the process by 
0 

which the deposit was formed. He came up with a value of O. 42 for 

sands and for remoulded and reconsolidated clays his value for K 
0 

varied from O. 7 to 0. 75. 

In a series of 'one axial' compression tests with no lateral 

expansion, Kjellman (1936) determined K
0 

for standard sand as vary-

ing from O. 5 during loading to 1. 5 during unloading. 

Ts chii~botarioff ( 1951), claimed by his experiments that Ter-

zaghi's values were low for sand and high for clays. He tested sam-

ples 30 cm. in diameter arid 45 cm. in height in his earth-pressure 

meter, by applying normal load at top and measuring corresponding 

lateral pressure and displacements at small increments throughout 

its depth. Experimenting with clay he obtained K
0 

equal to O. 5. 

Because of the size of his sample his apparatus was not suited for 

undisturbed samples. 

The next piece of research reported is that of Kjellman and 

Jackobson (1955) in Sweden. They used a big cylindrical soil sample 

50 cm. in diameter and 100 cm. in height (to permit a grain size as 

big as 5 cm.). The specimen was applied a vertical pressure and 

was confined laterally by a wall which consisted of steel rings placed 

one above the other with gaps to allow axial strain. They conducted 

tests on pebbles and macadam and their determined value for K was . 0 

·about O. 44. They showed that K
0 

is constant during loading and 
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increasing in the unloading. st~ge. 

That K
0 

increases with. ini:tial poros i.ty was exhibited by 

Chi-in (1957) and Bjerrum, Kringstad and Kunmenejee (1961). The 

latter conducted consolid~tion tests with zero lateral strain. K as 
0 

determined by them varied from O. 25 for dense sand to O. 65 for sand 

in a loose state. 

Tests using a modified consolidation cell were also done by 

Komornik and Zeitlin (1965),., They introduced a thin wall section in 

the central portion of a consolidation apparatus and used electric 

strain wires to detect applied internal pressure. 

A new type of apparatus was used by Kenney ( 196 7) to deter -

mine the in-situ value of the coefficient of earth pressure at rest. 

He used a large hollow pipe fitted with earth pres sure and water pre-

sure gages. He experimented wi.th different types of clays in differ-

ent regions and concluded that: ( 1} K
0 

increases owing to the decrease 

in the thickness of the disturbed clay layer with depth, and (2) K
0 

decreases with decreasing depth. 

At the same time, experimenting with swelling clays Ho (1967) 

found that K
0 

exceeds unity if swell is permitted or on rebound after 

compression. 

A significant contribution to the study of K
0 

has been' made by 

Bishop (1958). He studied this parameter at length and suggested in 

his work the various essential parts of an apparatus to r:peas.ure K
0

• 
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He also designed a mechanical apparatus, a lateral strain indicator 

-3 
using mercury, and observed changes in diameter to the order of 10 

inches, (Bishop, 1957). His apparatus is, however, limited to 4 in, 

samples. Bishop also experimentally confirmed that K can be accur­
o 

ately predicted by the relation K = 1 - Sin cp (where cp is the angle of 
0 

shearing resistance) am empirical expression proposed by Jaky. After 

a more recent review of measurement of K , Morgenstern and Eisen­
o 

stein (1970) concluded that the Jaky equation "no longer appears to be 

a matter of contention. 11 

1. 3 Objective and Scope 

The principal objective of this investigation was to determine 

experimentally the values of the coefficient of earth pres sure at rest 

(K ) and Poisson's ratio (v ), All the tests were performed on Oak­
o 

dale loes s at its natural water content. 

Other stress -strain parameters were calculated and studied 

to understand the behavior of the soil more fully. Two types of tests 

were conducted:. a) Confined or one-dimensional compression tests 

and, b) Triaxial compression tests with the measurement of lateral 

strain. 

In the previous section a survey has been presented of the 

existing literature on the coefficient of earth pressure at rest. Chapter 

2 deals with the procedures and conditions of actual experimental 
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Chapter 2 

DESCRIPTION OF TEST PROCEDURE 

2. 1 Field Sampling and Preparation of Triaxial Test Samples 

IV-7 

Undisturbed samples, 8 in. by 10 in. by 10 in. were hand­

carved from a test pit in Oakdale, near Iowa City in Iowa. These 

were packed in boxes and at that time some loose soil was collected 

from each sample for moisture content determination •. 

In the laboratory these samples were broken down into smaller 

samples about 5 in. in length and 3 in. in diameter, suitable for 1-1/2 

in. by 3 in. triaxial test samples. Kane ( 1968) has dealt with sampling 

procedures in detail. These small samples were wrapped in alumi­

num foil and sealed with wax, after some soil was taken off for mois -

ture content determination. Each sample was weighed, appropriately 

labelled and stored in a humid chamber. The in-situ orientation of 

each sample was recorded. 

The soil index properties for this Oakdale loes s in the undis -

turbed state have been d~:termined previously (Kane, 1969) and are 

listed in Table 1. 
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TABLE 1 

SOIL INDEX PROPER TIES FO:El OAKDALE LOESS 

a. Whole Soil 

Liquid Limit 

Plastic Limit 

Pla~ticity Index 

Specific Gravity 

Percentage Clay: 
Less than O. 005 mm 
Less than O. 002 mm 

Natural Dry Deni;;ity, pcf 
RC!-nge 
Average 

Natural Water Content, % 
Range 
Average 

b. Clay Fraction Less than O. 002 mm 

Liquid Limit 

Plastic Limit 

Plasticity Index 

Percentage of Clay: 
Less than O. 002 mm 

- 156 -

27 

23 

4 

2.72 

17 
13 

89. 5 to 93. 5 
91. 5 

21. 5 to 23. 5 
22!5 

120 

39 

81 

100 
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2.2 Types of Tests Conducted 

Essentially, two series of tests were conducted on this soil. 

In the first series of tests the samples were subjected to vertical 

compression in a triaxial test machine. No lateral strain was allowed 

by controlling the cell pressure. These tests were drained and con­

ducted on samples vertically and horizontally oriented in the cell. 

They have been called K
0 

tests. 

The second series consisted of consolidated-drained triaxial 

tests, together with the measurement of lateral strain. The pattern 

of sample orientation was as above. 

2. 3 Test Equipment 

The equipment was the same for all the tests conducted. The 

two main items were the triaxial testing machine and the lateral 

strain indicator. The major elements of the former, manufactured 

by Wykeham Farrance Engineering Ltd •• England, are: 

a. 5-ton capacity gear drivien compression test machine 

b. Self-compensating constant pressure apparatus for 

applying cell pressures to 140 psi. 

c. Cell volume change measuring apparatus 

d. Triaxial cells for 1-1/2 in. diameter specimens with 

working pressure of 150 psi. 
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e. Load rings f.or axial load measur·ement, of high 

strength ste.el with capacities of 500 and 1000 lbs. 

Iv-10 

The lateral strain indicator was used to detect lateral strains 

owing to axial compression. 1t was designed in the Soil Mechanics 

laboratory at the University of Iowa, and is shown in Figures 2. 1 and 

2. 2. Two curved pads .are pressed gently against .the sample by a 

clock spring segment. The spring was selected to provide a pressure 

between the pads and the sample, of approximately 1. 0 psi. On the 

inside and outside of the clock spring segment are glued strain gages 

with the following specifications: 

SR-4 Strain Gages: Type FAE-25-12S6 

G.age Factor (G. F.) = 2.04 ±. 1% 

Resistance (Ohms) = 120. 0 + O. 2 

Serial Number 3-A-GA, Lot Number 252 

·Manufactured by Baldwin-Lima-Hamilton, Massachusetts. 

The wires from these strain gages (two from each) are passed through 

a watertight connection in the base of the triaxial cell. Strains were 

read on a Baldwin-Lima-Hamilton Type N strain indicator. 

2. 3. 1 Calibration of Strain Gages 

It was necessary to calibrate the strain gages so that lateral 

strain .in per cent could be obtained from the strain reading (in micro 

inches per inch) on the B-L-H strain indicator. Fol- this purpose, the 
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pads of the lateral strain indicator were initially.separated by 1-1/2 

in. (the diameter of a test sample). The distance between the pads 

was then increased by a known amount and the gage strain read off 

from the strain indicator. A curve was plotted between this gage 

strain and percentage lateral strain (obtained by dividing the change 

in distance between the pads by 1-1/2 in). This calibration curve is 

shown in Figure 2. 3. 

2. 4 Test Conditions and Procedures 

The test conditions were more or less the same for both series 

of tests. They have been described, along with various procedures 

adopted, separately for the K
0 

tests and Triaxial tests. The orienta­

tion of the sample in-situ and in the cell is shown in Figure 2. 4. The 

soil during field sampling was as in Figure 2. 4 (a). Testing was done 

with the sample vertically and horizontally oriented as in Figure 

2. 4 (b). The pads were oriented along the x-axis for the vertical ·sam­

ples, and along the z - or y-axis for the horizontal samples. The 

orientations have been called P 1, P 2 and P 3 respectively and will be 

referred to as such throughout this work. 

2. 4. 1 Confined Compression Tests - K
0 

Tests 

The K
0 

tests were conducted on the standard triaxial test 

machine. They were drained tests and no lateral expansion of the 

soil was allowed. Triaxial samples, 1-1/2 in. in diameter and 
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3 in. in height, we.re trii:n;1:~1ed from s ;;i.rriples pr eyious ly carved out of 

field blocks. (See Se.ctio;t} ~ 1 ),- During ~he trimming some soil was 

collected in tins for moistur,e content determ.ination. Immed;iately 

after t:imm~ng the sample y.ras weighed a..nd placed on a porous stone 

on the pedestal of the triaxial ceU. The sample was enclosed by a 

rubber membrane and a ~()c;i..ding ,cap was placed on the top~ A good 

seal between the membr;;i.n,e and th~ loading cap and pedestal was en-

sured by using 10 1 -rings .• ;I:'h.e la.teral strain in.c:licator was then put 

around the sample wit.h the pa..ds oriented a~ong the desir.ed axis. The 

cell wa.s then assembled .c;i.p.d filled wit.h ;water. The load ring (the 500 

lb. ri~g was used here) ancl axi.t;tl straii;t .dial indicator were then f;ixed 
. . 

to the tria~ial machine f;r;;tµ:i.e .and .a gopd I? eat~n,g accomplishe¢l betw.een 

the lc>.ading ram and the top of the loadin.g cap. With all th.e components 

- ' 
adjusted :the machine wa.s started at a str.ain rate of O. 006 irl. per min-

ute. The cell pressure was incr.eased constantly to ma;intain zero 

lateral strain. This was ensu;rep by (ipply;ing ap. increasing cell pre-

' 
sure wJ:J.en the B-L-H strain indicator needle mqved from its null 

position. In each case the test was ~topped when th.e cell pressure 

reach¢d 150 psL The parameters recqrded were the axial strain, 

axial loa.d and the cell pres sur~,aa!J.l at one instant of time. 

2. 4. 2 Triaxial Compres s~on Tests 

The t!iaxial compr~ssion tests also incorporated the.measure-

ment of lateral strain. They we;re consoUdated-drained triaxial tests; 
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the samples were allowed to consolidate for a certain duration of time 

before application of any vertical load. The drainage was accomplished 

by inserting a porous stone between the pedestal and the sample. Tests 

were run with cell pressures varying from 0 to 140 psi for samples 

vertically oriented in the cell and from 0 to 20 psi for samples hori­

zontally oriented (with pad orientation P 2 and P3) in the cell. The 

trimming and setting up of the sample and the assembling of the appara­

tus was done in the same way as for the K
0 

tests. 

After the initial consolidation was completed the axial load was 

applied using a strain rate of O. 006 in per minute. The test was con­

tinued until the axial load dropped or, in the absence of any drop in 

the axial load, up to 20% axial strain. Gage strain readings on the 

B-L-H indicator were recorded at intervals of axial strain, Simul­

taneously, the axial load was also recorded. The percentage lateral 

strain in the sample corresponding to the gage strain readings was 

obtained from the calibration curve, Figure 2. 3. 

2. 5 Important Precautions During Testing 

Since the soil specimen is very sensitive certain precautions 

must be observed to achieve accuracy in the experimental results. 

The main precautions are listed below: 

a. There should be no air in the system. This can be 

achieved to a certaf,n extent by pouring water on the 10' rings, between 
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the top surface of the loading cap.and the bottom of the plate of the 

lateral strain indicator and .all over the membrane. The valves of 

the triaxial cell must be flushed with water to expel air. 

b.. . The pads of the lateral strain indicator must be dia-

metrically opposite e.ach other and the rods must be vertical. 

c. Proper seating ;must be .·ensured beti.veen the loading 

ram and the top of the loading cap~ 
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Chapter 3 

TEST RESULTS AND INTER PRE TA TION 

3. 1 Test Results 

The results of the confined compression tests and the triaxial 

tests are presented first. 

3. 1. 1 Confined Compression Tests - K Tests 
0 

The results of the confined compression tests have been sum-

marized in Table 2. For each test Table 2 gives the orientation of 

the sample and the pads, the natural water content, dry density, de-

gree of saturation, the initial void ratio and the coefficient of earth 

pressure at rest in the initial and final stages. K . and K £ have been 
01 0 . 

defined in Figure 3. 1. 

The data from the confined compression tests are plotted in 

Figures 3.2 to 3.24. In Figures 3.2 to 3,7 lateral stress has been 

plotted against axial stress for each test for the entire duration of 

the test. In Figures 3. 8 to 3. 13 the lateral stress is plotted against 

the axial stress up to 2% axial strain. 

From Table 2 it is seen that all the samples are at more or 

less the same water content, the maximum variation being 1. 5%. 

All the samples are nearly of the same density. The computed values 
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Test No. 
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3 

H-1 

H-2 

H-3 

Test No. 

1 

2 

3 

H-1 

H-2 

H-3 

TABLE 2 

SUMMARY OF .CONFINED COMPRESSION TESTS 

Orientation Natural Water Dry 

of Sample Orientation Content Density 

in Cell of Pads ~ yd pcf 

Vertical P1 22.6 89.86 

Vertical pl 21. 5 90;.48 

Vertical pl 22.9 91. 42 
> 

Horizontal p. 22.6 90.36 ft) 
ft) 

Horizontal P2 22.7 91. 69 
tr1 z 
~ 
H 

Horizontal P3 23.0 92. 29 x 
H 

<: 

Degree of Initial Coefficient of Earth Pressure 

Saturation Void Ratio at Rest 

S, % eo Initial K 0 i Final K 0 f 

69.3 0.883 0.25 0.52 

67.5 0.862 0.22 0.56 

73. 1 o. 851 o. 15 o.54 

70.2 0.871 0.23 0.54 

72.6 0.848 0.33 0,56 
H 

74.8 0.833 o. 17 0.50 
<: 
~ 
0 

Average 0.23 0.54 
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of all the other parameters are also very nearly the same. Thus, it 

is evident that there is little or no variation in the samples and it is 

natural to expect similar values for the coefficient of earth pressure 

at rest in each case. The initial values of the coefficient of earth 

pressure at rest (K . }, computed from Figures 3. 8 to 3. 13 have a 
01 

maximum variation of O. 18. From Figures 3. 2 to 3. 7 it is seen that 

the K graph is curved in the initial stages and is a straight line in 
0 

the final stages of loading. In each case a slight break in the curve 

is noticed between a lateral stress of 20 and 60 psi. It was noted 

during the experiment that within this range of confining pressure the 

sample underwent a compressive lateral strain. When this happened 

the confining pressure was maintained constant until the sample dia-

meter increased to its original dimensions. A maximum variation of 

O. 06 in K
0

f suggests that the samples behaved in the same manner in 

the final loading stages. 

unloading. 

As expected, K has a higher value during 
0 

Axial stress has been plotted against axial strain for the 

entire duration of the test in Figures 3. 14 to 3. 19. Figures 3. 20 

to 3. 24 show the same parameters plotted up to 2% axial strain. In 

these curves too, there is an obvious change in behavior at an axial 

stress rangi:r;i.g from 30 to 60 psi, (which corresponds approximately 

to a lateral stress between 20 and 40 psi}. In the beginning of these 
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graphs there is a slight curve which may be attributed to improper 

seating between the loading ram and the top of the· loading cap. 

3. 1. 2 Triaxial Compression Tests 

The results of the triaxial compression tests have been sum-

marized in Table 3. The data from these tests have been plotted in 

Figures 3. 25 to 3. 44. The deviator stress (cr 
1 

- cr
3

) has been plotted 

against axial strain in Figures 3. 25 to 3. 28. The axial strain is 

plotted against lateral strain in Figures 3. 29 to 3. 44. All the para-

meters measured in these tests have been defined in Figures 3. 45 

and 3. 46 •. 

The deviator stress-strain curves follow a set pattern, with 

the maximum deviator stress increasing with cell pressure; The 

pairs of curves with equal cell pressure are close. Figure ·3. 45 is 

a typical deviator stress -strain cruve. By extending back the 

straight line portion of the graph, the magnitude of the axial strain, 

e , at zero stress is obtained as the intercept on the strain 1axis. 
0 

The iriitial curvature and the strain, € , are not apparent iri Figures 
0 

3. 25 to 3. 28 because of the scale. They may be attributed to faulty 

seating between the ram and the loading cap. 

' The graphs between axial strain and lateral strain have the 

same shape for all the tests. A typical shape of the initial portion 

of these graphs, greatly enlarged, is shown in Figure 3. 46. The 
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TABLE 3 

SUMMARY OF TRIAXIAL TESTS 

Cell Orientation Rate of 
Test No. Pressure of Sample Orientation Loading 

psi in Cell of Pads in/min 

1 0 Vertical pl 
2 5 Vertical 
3 10 Vertical up to test 
4 15 Vertieal No. 10 

> 5 20 Vertical ftj 
6 30 Vertical ftj - Verticai trJ '° 7 40 z \,11 

8 60 Vertical 0.006 tj 
H 

9 100 Vertical :x 
10 140 Vertical p for all 

H 

1 < 
12 0 Horizontal Pz tests 
13 0 Horizontal P3 
14 10 Horizontal Pz 
15 10 Horizontal P3 
16 .20 Horizontal Pz 
17 20 Horizontal P3 



TABLE 3 (cont'd.) 
Initial 

Initial Consolidated n:ry Tangent .. 
Void Ra:tio Void·Ratio Density Modulus 

Test No. ei ·e. in.pc£ -E- in psi c 1 

1 0.-811 93.4 3'foo 
2 0.841 o.·835 92 .• 2· 6140 
3 o .• 856 0.845 91.4 5900 
4 o. 896 6~ 887 89. 5. '6200 
5 0.842 0.838 ·92. 2 06730 
06- .o .• 868 o.·838 <j'O~ ·9 6t?b :i:.. ·7 0.856 0.822 ·9i. 4 8°2'00 ·~ .. 8 o .• 862 0.757 91.1 6680 ·.'tJ 

...... 
o •. 819 o. '6«J,5 93-. 3 11400 

ttl 

'° 9 z O' 10 0.837 o .• 661 92 .• 4 i5900 b .H :I 

92: .• 4 3·030 x 12 o .• 837 
1'3 o .• 87'8 9b.4 f<JZD '""' < 
14. o •. 846 0:~.837 ·92,. 0 5450 
rs 0 .• 845 ·o. 836 92. 0 4250 
16 o. 8:53 o.:842 91. 6 4850 
17 o •. a.28 o. 8.17 92.:9 5150 

1-f 

<: 
I 



TABLE 3 (cont'd.) 

Initial Initial Degree Consolidated 
Water Content of Saturation Degree of Saturation Test No. W· % Sri % src % 1 

1 23.4 77.9 
2 23.3 75.4 76.4 3 23.2 73.6 74.6 4 23.5 71. 3 72.0 5 23.4 75.5 75.9 6 23.4 73.2 75.8 

!l> 7 24.0 76.3 
1::J 8 23.3 73.5 1::J ..... 
M '° 9 23.2 77. 1 z -J 

10 23.5 76.5 ti 
1-1 12 22.8 74.2 :><: 

22.7 70.4 1-1 
13 

<: 14 23. 1 74.2 74.9 15 22.5 72.5 73.2 16 22.7 72.4 73.3 17 22.9 75.2 76. 1 
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two straight lines with differerft ·sfopes have beeri approxilnated and do 

not necessarily .pass thr6·ugh each and every data point. From Figure· 

3. 46 it is seen that the la"teral ·strain begins to increase ·after axial 

strain has reached a ·certfu.in ±ha:.gnitU:de (e
0

a_). eab is that value of 

axial strain at whith the sldpe 61 th'e g:taph changes. Poisson's ratio, 

which is the ratio of the fatEii-a.l st:raih to the axial strain, has been 

calculated for both straight line regions. All the parameters. shown 

in Figures 3. 45 and 3. 46 have been tabulated in Tables 4 and 5> 

respectively. 

3. 2 Interpretation of Data 

Interpretations have beeh made using data from both types of 

tests simultaneously• 

Figure 3. 47 is a modified Mohr-Coulomb diagram. Through 

the data poirl:ts two straight lines have been fitted having intercepts 

a 
1 

arid a
2

, and slopes a. 
1 

and ti 
2

, res pectiveiy. The intercept a and 

the slope 0. of these straight lines are related dfr'ectly to the cohesion 

intercept c and slope cp of the conventional Mohr-Coulomb failure 

envelope. 

Figure 3. 48 is a plot of the stress paths for K tests Nos. 1 
0 

to 3. The heavy straight line is the failure envelope obtairied by 
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TABLE 4 

STRESS-STRAIN PARAMETERS FROM TRIAXIAL COMPRESSION TESTS 

{ cr 1 - .0 3) f {al - .0 3)50 €0 e: 50 e:f 
Test No •. psi psi in% in% in% 

1 15.60 7.80 0.02 0.25 o. 68 
2 24.40 12. 20 0,08 0.30 0.83 
3 27.30 13.65 o. 16 0.39 1. 00 
4 34.80 17.40 0,24 0.55 20.00 

5 40.00 20.00 o. 02 0.30 15.80 
:> 
ltJ 

6 57.90 28.90 0.25 2.45 20.00 ltJ 
N tr.1 
N 7 73.60 36.80 -0.02 3.80 20.00 z 
t-' ~ 8 110. 10 55.05 o. 02 5.25 20.00 x 

9 200.00 100.00 o. 10 4.70 20.00 
H 

< 
10 274.00 137.00 o.oo 4.95 20.00 
12 11. 50 5.75 0.01 o. 19 1. 00 
13 10.50 5.25 o. 02 0.26 1. 00 

14 26.80 13.40 o. 00 0.40 20.00 
15 26.20 13. 10 0.03 0,50 20.00 
16 43.40 21. 70 o. 02 3. 10 20.00 
17 40. 50 20.25 0.03 1. 95 20.00 

Note: Parameters are defined in Figure 3. 45. 

H 

< 
I 

-.J 
VJ 
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TABLE .5 

STRESS-STRAIN PARAMETERS FROM TRIAXIAL TESTS 
" 

€ e 
ab oa 

Test No. in% in % 
\) \)b a 

1 o. 16 0.53 0.45 2.20 

2 0.22 0.54 

3 0.22 o.67 0.35 0.57 

4 0.37 1. 12 0.38 0.38 

5 o. 10 0.40 0.77 0.30 

6 0.50 3.00 o. 14 0.50 

7 1. 17 4. 15 0.08 o. 23 

8 1. 50 4. 10 0.22 0.62 

9 1. 00 3.40 o. 11 0.32 

10 o. 10 3.68 o. 10 0.38 

12 0.04 0.44 0.70 1. 2 0 

13 o. 15 o.66 0.50 1. 13 

14 o. 10 0.73 0.39 0.80 

15 0.05 1. 33 o. 21 0.44 

16 o. 17 o. 23 0.23 

17 o.oo o. 18 o. 18 

Note: Parameters are defined in Figure 3. 46. 
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extending the line joining the data points for the triaxial tests 1 to 4. 

This is, therefore, only the initial portion of the envelope in Figure 

3. 4 7. The plot for each K test is known as the K -line and the failure 
0 0 

envelope is the Kf-lin~~ (Lambe and Whitman, 1969). 

rises up from the origin and approaches the Kf- line. 

The K -line 
0 

This region cor-

responds to K
0

i. When the K
0 

-line intersects the Kf-line (or comes 

very close to it), K approaches unity, and the K -line becomes approx-
o 0 

imately horizontal between p = 20 and 30 psi. This represents a plas -

tic behavior as the soil collapses. 

slope corresponding to K
0
f° 

The K -line then increases to a 
0 

The study of the soil can, therefore, be divided into three 

stag es: 1) Before Collapse, 

2) At Collapse and 

3) After Collapse 

Before Collapse 

Before collapse of the soil occurs the average value of the 

coefficient of earth pressure at rest, K ., is O. 23 from Table 2. K . 
01 01 

has been measured in that stage of behavior of the soil where the 

stress -strain curve is linear. Thus, the application of the elastic 

theory for any computations may be appropriate. Using the elastic 

\) 
theory K may be computed from the relation K = _....___, where \! 

0 0 1-\) 

is Poisson's ratio in the elastic region, that is, in that stage of behav-

ior where the stress -strain curve is linear. \!a has been measured 

·_ 225 -
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in the region betwe<:!n e: and e:· b.· (Figure 3.46). From Tables 4 and 
oa a 

5 it is seen that the values for' e: ab are only slightly higher than, and 

in some cases less than, the corresponding values of e: 50 . It. may 

thus be inferred that\) has been measured in the region of linearity 
a 

of the stress -strain curve arid thus may be used iri the above relation 

to compute K , the values for which have been listed in Table 6. The 
0 

values range from O. 09 to 3. 35. Excluding values ·of K equal to and 
0 

greater than 1. 0, average K . from Table 6 is 0,'34, which agrees 
01· . 

fairly well with the values from K tests. For most soils, good agree­
o 

ment exists between measured· K. values and those computed from 
0 

Jaky's empirical expression K = 1-Siri "¢. 
0 

In this case, for cp = 29 °, 

the computed K is O. 52, aimost double the measured value. Thus the 
0 

behavior of loess before collapse is unlike that of other soils. 

Figure 3, 49 is a plot between the initial tangent modulus (E.) 
1 

and the cell pressure. The increase iri E. with cell pressure is con-
. 1 

sistentiwith the behavior of othe·r soils. 

From the axial stress -strain curves for the confined compres -

sion tests, the constrained modulii ·n., D and Df (defined in Figure 
1 c 

3. 50) were measured. These are 'listed in Table 7. Taking advantage 

df the application of the elastic theory D. was also calculated using the 
1 

' E·(l-v) 
relation: Di= (1 + ~ )(l _ 

2
v) (Lambe and Whitman, 1969). The values 

for D. are listed in Table 8. The values marked >:<indicate excessive 
1 

lateral strain which may be due to irregularities and weak spots in 
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TABLE 6 

CALCULATED VALUES OF K FROM TRIAXIAL TESTS 
0 

Test No. Initial Value of K , K 
oi 0 

I 0.82 

2 I. 17>:' 

3 0.54 

4 o. 61 

5 3. 35>:' 

6 0.16 

7 0.09 

8 0.28 

9 o. 12 

10 o. 11 

12 2. 33>:' 

13 1. OO>:' 

14 0.64 

15 0.27 

16 0.29 

17 0.22 

IV- 79 

Average value of K . from above (excluding >:<) is equal to O. 34. 
01 

Average value of K . measured from K tests is equal to O. 23. 
01 0 
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'FABLE T 

VALUES OF CONSTRA:INEI)" MODULII (D) FROM K TESTS 
0 

Initial Constrained Final 
Cons trained Modulus at Cons trained 
Modulus Collapse Modulus 

Test No. Di• psi De:•_ psi Df• psi 

1 ~-~. ·~, 480 3810 

2 2.155 900 4190 

3 5833 850 4286 

H-1 1563 770 4000 

H-2 4667 883 4000 

H-3 3200 843 4286 

Average 3484 787 4095 

TABLE 8 

CONSTRAr\\JED MODULUS CALCULATED FROM TRIAXIAL TESTS 

Initial 
Cons trained 
Modulus 

Test No. Di• psi 

1 11759 
2 -22 925>i'< 
3 9469 
4 11613 
5 -162l>i'< 
6 6471 
7 8382 

Test No. 

9 
10 
12 
13 
14 
15 
16 

Initial 
Cons trained 
Modulus 
Di, psi 

11716 
16261 
;_ 1337~:< 

10726 
4797 

-'5646 

5593 

Average value of Di from above (excluding >:<) is equal to 9174 psi. 

8 7662 17 
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the sample. The average D. from Table 8, excluding values marked >:<, 
l 

is 9122 psi., which is much higher than the D. measured from the K 
l 0 

tests. The difference may be due to the fact that calculated D. is 
l 

extremely sensitive to changes in Poisson's ratio. 

At Collapse 

Collapse of the sample occurred at about 30 to 60 psi axial 

stress, about 3. 5 tsf on an average. This corresponds to an axial 

strain of 1 to 4%. The average value of the constrained modulus at 

collapse, D , was calculated to be 787 psi or 55 Kg/cm
2

• From an 
c 

earlier investigation conducted in this laboratory the constrained mod-

ulus determined at 4 tsf during a conventional consolidation test was 

2 
found to be 56 Kg/cm , at the same water content. Since there is a 

considerable difference in the test conditions, the closeness in the 

values is very significant. As mentioned earlier, just before collapse 

the coefficient of earth pressure approaches unity and K == 1 at collapse. 
0 

After Collapse 

The behavior of the s1oil changed after collapse. The con-

strained modulus increased as can be seen from Table 7. In this 

stage the value of the coefficient of earth pressure at rest K
0

f was ob-

tained as O. 54. Using the angle of shearing resistance to determine 

K (from Jaky's empirical equation K == 1-Sin '(p }, the value for the 
0 0 

coefficient is 0. 52, showing an excellent agreement. ' The behavior of 

loess in this stage is consistent with the behavior of most other soils. 
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Chapter 4 

SUMMARY AND CON CL US IONS 

4. 1 Summary 

The primary purpose of this study on an undisturbed loess was 

to measure the coefficient of earth pressure at rest and the Poisson's 

ratio. A single deposit was used and the soil in all the tests was at 

its natural water content. 

Drained confined compression tests and drained t:daxial com-

pression tests were conducted and their results are summp.rized in 

Tables 2 and 3 respectively. One of the original hypothesis was that 

the soil might behave differently depending upon the orientation of the 

pads of the lateral strain indicator. Thus, the experiments were con­

ducted with the soil sample oriented vertically and hori~ont;ally in the 

cell and the pads oriented along each of the directions P 1, P 2 and P 3 

(see Figure 2. 4). 

Various other stress -strain parameters were measured and 

calculated and the data from the confined compression tests was 

compared with the data from the triaxial compression tests. Com­

parisons of data were also made with results from outside sources. 

All these data are tabulated in Tables 4 to 8. 
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4.2 Cone 1 us ions 

The conclusions that follow are based on test results and 

interpretations given in Chapter 3. It must be borne in mind that 

only one loess deposit was used and all the tests were conducted at 

natural water content in which there was little variation. These con-

clusions are, therefore, drawn from tests on only one typical soil 

and any generalizations must be made with care. It is also signifi-

cant to note that this work is a pilot study in this field and the number 

and type of tests conducted are not enough to make any narrow and 

definite conclusions. 

1. Three stages of behavior could be observed. They 

were a) Before collapse, 

b) At collapse and 

c) After collapse, 

and the behavior was distinctly different in each stage. 

2. Before collapse the average measured value of K was 
0 

O. 23. This value compared well with a calculated value based on the 

elastic equation K. = 
1 

\J , where \J was measured in triaxial tests. 
0 - \) . 

On the other hand, the Jaky empirical equation K = 1-Sin cp predicted 
0 

a value double the measured value. 

3. At collapse K = 1. In the later stage, after collapse, 
0 

K = O. 54. This compared well with the value O. 52 predicted by 
0 
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Jaky's empirical e'quation. Thus, Jaky 1s equation is valid for loess, 

but only after collapse; that is, when axial strains are in excess of 

4%. 

4. The measured values of \J before collapse show a very 

wide scatter, the average value being O. 33. Because of this scatter 

there is poor agreement between the measured values of constrained 

modulus D., and those computed using E. and \J , measured in the 
i i a 

triaxial tests. 
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