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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) Ko-tests in which the lateral stress

‘ratio was measured for one-dimensional strain.

Befovre collapse, Ko wés found to average 0.23, an extremely
low value for a loose soil, whereas after collapse, Ko increased to
0.54, which is consistent with values Vfor] othe;' soils. Because of the
low K.o -va}ues before colla.psel the effective_stress ﬁath for loading in
confined compression 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 Ko-value after collapse.

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 1-

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;. collapse of tlr{e loose structure
of the natural soil, The degree of uhcertainty 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 pafticles 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%,




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) the low natural density which permits the occurrence of lairge
volume changes, (2) the bond strength provided by the clay coatings,

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

1

N
water content.

Compression of loess occurs when the stress between parti-
cles exceeds the bond strength prdvided 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. The loss of strength on wetting has been recognized for
some time (e.g. Holz and Gibbs, 1951). Alreceﬂnt description of this
behavior has been given by V. G, Bérenzantzev, et al. (1969). In this
pa.per. the subsidence deformation below 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 existing shear stresses. The amount of settle-
ment depends also on the water content before wetting. Studies by
Bally (1961) demonstrated large compressive strains upon wetting of
air-d?y loess but smallvstrains for the same soil at an initial water con-

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

1.3 _ Behavior of Loess Under Compression

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

nomena are:



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

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;. Intex;pretations in terms of effective stresses normally
separate shear strength and volume change behavior (Bishop and Blight,
1963). In the case ofvbisotropic compression no external shear is applied
and this test has been used in studies of effective stresses for volume‘
change. Actually, -Volumel changes in loess are accompanied by the shift-
ing of particles with respect to each other and shearing stresses between
the particles develop whethef.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 inéreﬁse the pore-
water pressure and thus decrease the effective stress. This would nor-
mally be expected to produce a volume expa;nsion but, as previously noted,

in the case of loess wetting can cause a collapse of the soil structure and




a d'ec;‘ga.se in volume. Because of this, the g’en‘eré.lA applicability of
effecti\;e stresses to the behavior of partly saturated S‘O-ilS has been
question‘t;:d (Bdrland‘, 1965Y,

For.the study of the collapse behavior of loess, a confined c01;n-
preséion test has several .’a.d'va;nt’a.ges over the isotropic compression
test. In the former, shear stresses develop as a result of the differ-
ence bétween the applied vertical and horizontal stresses. The mag-
nitude of these shear stresses can be determined and related to the
measured volume changes and the shear strength. There aré two addi-
tional ddvantages to the confined compression test. First the mechanics
of applying the loads and measuring the volume change are simpler and
second, the stress conditions more nearly duplicate a real fiéldlload‘ing
condition. For these reasons, the confined compression test was chosen

I

for this study.

1.4 '  Scope of this Study

The purpose of this research is to describe the mechanisms in-
volved"ff}‘v‘i'th the confined comptfession of loess before, duringf and after
the collapse of the soil's natural structure. Knowledge of these mech-
anismé”.will assist the soils engineer in arriving at design deéis ions for
foundatiqns on loess. For examplé, it will be possible for %:h"e engineer
to make a reasonable estimate of whether or not large settlements of an
embaniﬁ;ner;t or structure supi)orted §n loess will oceur during loading

or during subsequent natural changes in water content,

-4 .-




To provide the data for interpreting the behavior of the soil,
two special types of te\sts 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 measured in a triaxial compres -
sion cell under a zéro ~lateral-strain condition (Ko -tests),

All of the tests have been run on samples from a single site and
the properties of the soil are presented in Chapter 2. The equipment,
test procedures, and test results for the confined compression tests,

Ko -tests, and strength tests are given in Chapter 3 and the results and
interrelationships among the var_ious measured quantities are discussed
in Chapter 4.

In Cha.pter 5, the mechanical behavior of the soil is analyzed.
The results of this_la.na.lysis lead to quantita;tive effective stress p)aths
for the confined compression tests which provide a new' insight into the
collapse phenomenon. In the final chapter, the work is sumrﬁarized and
the conclusions .are presentejd.

Four appendices are included. In Apf)ehdices I and II, the refer-
ences and notation are listed. The detailed z;esults 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 Ko -tests which were conducted as a separate study. Tl.le

key results from this appendix are summarized in Chapter 3.

-5 -




CHAPTER 2

SOIL INDEX PROPERTIES 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 Iowa, just
west orowa City. Index properties for the O.akd_é.le loess are listed
in Tablé 2.1 and the grain size distribution curve is shown in ‘Fig, 2.1,
‘For comparison, Table 2.1 also lists ‘the range in index prop-
erties fgr loess in Iowa. as summarized by Sheeler (1968). The natural
dry deﬁsitir of the Oakdale loess is relatively high for loessilal soils in
- Iowa. bensities in east-central Iowa from 80 pcf to 90 pcf ha;re been
repbrted by Lyon, Handy, and Davidson (1954) and, as noted-in Tai:le
2.1, densities as low as 66 pcf have heen measured. On the basis of
the comparison to Table 2.1, the Oakdale loess is described as a rel-

atively dense, silty loess of low plasticity.

2.2 . §amp1ing and Preparation of Test Specimens

f'Ifiand;carved blocks of soil, 8 in. by 10 in. by 10 in, \;viere re-
movedffrom the test pit, wrapped in plastic, aﬁd transported directly
to the léboratory by automobile. Upon arrival at the laboratory, the

blocks were divided into smaller samples 2 in. thick by 4 in. in diameter

for the consolidation test specimens, and 5 in. in length by 3 in. in .




TABLE 2,1 SOIL INDEX PROPERTIES

Oakdale
Loess
Liquid Limit 27
Plastic Limit 23
Plasticity Index 4
Specific Gravity 2,72
Percentage Clay
Less than 0.005 mm 17
Less than 0.002 mm 13
Activityb 0.50
Natural Dry Density pcf
Range 90.4 to 92.5
Average ' 91
Natural Void Ratio
Range 0.800 to 0.940
Averége 0.861
Natural Water Content, %
Range 21.2 to 22.9
Average 22

dSheeler (1968)

bActivity = plasticity index/(% 0.002 mm clay - 5%)
(Seed, H,B, et al, 1962)

Range for Loess
in lowa 2

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 speciraens 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 c.ha,mber for several days to permit
the dispersal of the water throughout the soil. This process was repeat-
ed until the water confent of the sample, estimated from the sample's
wet weight and its original weight and water content, was the desired
28%. The sample was then trimmed into the cons olidation ring for testing.

The water contents of the specimen and the trimmings were compared




to che}ck the uniformity of water distribution in the sample and in all ' .
cases the differences were less than 1%.

Water contents below thé natural water content were achieved
by permitting the surfacé of the sample to air-dry for several hours,
during which time the sample was \;veighed periodically to determine
the weight of water evaporated. The sample was then s;,tored in the
moist éhavmbér to permit the remaining soil moisture to redistribute
itself. This process was repeated until the desired water content was
reached. It was found that .a."ir—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 water content.




CHAPTER 3

LABORATORY TESTS

3.1 . Introduction

Four types of testé were run on the undisturbed specimens of
loess to determine the stress-strain and stréngth properties.: These
tests included a basic series of confined compressioﬁ tests with the
measurement of negative pore-water i:ressures}, a special series of
confi1;1ed compression tests in which the water content was altered by
measured amoﬁnfs during the test, confined c'ompression 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. 1I Equipment. Special equipment was designed and coﬁstx_'ucted to
permit the measuremenf of negative pore—Water pressures in the par-
tially saturéted specimens of loess while the soil was undergoing com-
pression under staﬁdard consolidation test loading. The equipment
included three m'ajor"compon'ents: a confined compression cell in which
the specimen was placed during compression, a control panel board
which permitted application apd measurement of nitrogen gas under pres-
sui‘e, and instrumentation for measuring the pressures and deformations

during compression.

-11 -




_'The confined compression cell is shown in Fig. 3.1. The

three fnain parts are the base, the éylfindér, and the top. The" base
and top are machined from stainless steel and the cyiinc‘_ler is a section
of 5-inéh diameter aluminum: pipe. A fine-grained porous st;he with
a rated btibbling pressure of 225 psi is sea-lgd into the ba_sé. Two
small-diameter. ports enter through the bottom of the base td;he qur;zér
surfaeéf of the stone. One port is fitted with a valve and a supply of
deaired water‘ confined in a control cylinder capable .of forcin.g measur -
ed qua.n_%:ities of water through the stone into the soil, A 150-psi pres-
sure t?ansducer is mounted at the other port. . The cell top encloses
the toé of the cylindér. A 1/2-inch diameter loading ram is -éuided
through the top by a ball-bushiﬁg and teflon seals provide a low-friction
seal. The top is connected to the base by four bolts extending from
the base to the top outside the cylinder, ‘Accu‘rate alignmeﬂt c;f the’
loading ram is assured by the machined cylinder ends.

The soil specimen is carved into a standard consolid_a,f:lion ring,
2.5 in, ‘in diameter by 0. 75 in. thick, The ring is located centrally in
the ba‘sg_'a‘by three 1;1gs and held in place by a collar, The loa‘d‘ from the
loading,lyra‘rn is transmitted to the soil by the loading cap and -s‘to_n,e. The
. ring, c‘c‘>11a.r, and loading cap are standard consolidation cell components.

rf‘For applying the cell pressure and for deairing procedures three
additioréal entries to the cell afe provided: a nitrogen co,nnecﬁ_on through

the top for applying pressure during deairing, a similar connection

- 12 -
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| th‘rougil'x the base for fillitig and draining the cylindetr in the deairing -.l

operation. . , . | | . Ib

.‘-‘Nit-r'c’)ge‘n gas under pressure was obtained féofn cylinders of ‘I

the corl;lﬁresse’d--ga.s. IA regulating valve on the cylinder reduced the
press’u%'e to a maxirmumm of 300 psi. This pressure was farther re-
duced "é'..ind.rné.intained at a desired level by a precis jon pressure
regulat;‘)r mounted on a panel board along with a 300-psi bourdon
gage fo; rheasqring fhe Olitplit pressure to the cell.

-.].:Dur'ing operation the stone in the base and the ports Belo‘w the
stone \-x;é‘re saturated with water. The pressure in this water was
measured by a 15"0=-'p'si pressure transdicer mountéd diréctly on the
base. ;Il‘he transdu¢er was read on a Sanborn strip chart récorder.
The cérhpression of the soil §pecimen during loading was rr'ie"ajsured
with a .d'ial indicator reading 0,0001 in.

The cofifined compression cell was mountéd in a cons oliciation

' test machine having dead-weight loadifig at a levér ratio of 10 to 1.

were a’."p”plied to the top of the rami through the lever system.

3.2.2 Deairing. The measurement of the poré-water pres'sti-lre requires
that the':fsyste'm of voids in and below the fine ceramic porous stone be
COmpl‘é’éely saturated and act as a closed systermn. To insuré ‘saturation
it was 1;ecessafy to follow a special deairing procedure béfore each test.

This prbcedure is described in the foiloWing 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 pressure 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 made 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 ~1:he 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.

Howe\.rer, "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 1_.)orous 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 preséure in the cell.

In order to determine the initial negative pore-water pressure,
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 moisturé countent.
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 -




stohe as -a result of evaporation and the formation of menisci on the
surface of the stone. This pressure was monitored 0;1 the Sanborn
recordg_r.. Next the sample was placed on thé stone and the collar
placed around the éonsoli_dat.fmn ring and secured with three nuts. A
circlelof filter paper was Pla_ced on top of the sample and the loading
cap and *s,tone were put into position. Following these steps the cell
was a_ssjembled and the top secured to the b;(ase by means of fhe bolts
extending f.rom' the top to the base. The above work in general took
less thé.‘n two minutes to complete. With the cell assembled it was
then possible to apply nitrogen pregsure in the cell. The applied cell
pre‘ssui-'é tends to cancel the measured negative water pl;'ess.u-i'e and
the cell pressure was continually adjusted to maintain a pressure of
zero i,n(:the water bélow the stone,

| Finally, a seating load lof 1/32 tsf was applied to the s;oil s_péci_
men ap:d, an additional load was applied to the top of the loading ram to

comp_ex;i;s,ate for the cell pressure acting upwards on the bottom of the

Sk
T4

ram., H_-If‘@ese loads were generally in p}g.ce‘.six minutes after the start
of the tests.

J.:As the pressure in the soil and in the stone equalizeg,“thé
measu':x:ed préssure below the stone tends to become ne,gativ.e; As noted
above,‘;t'hé negative pressure was compensated by increasing the cell

pressure. This was done at one minute intervals for the first ten




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
preséure was recorded in the water below the stone. Care W‘as

taken not to reduce the cell pressure, except at the end of the test,
because it was observed during preliminaryl testing that air bubbles
formed on reducing the cell pressure, thus introducing undesired air -~
in the water below the stone.

Equilibrium was reached when there was no change in cell
pressure and water pressure below the stone fo;- 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,

1, 2, 4, 8, 16, and 32 tsf was used for s_()ils at or wetter than a water
content of 16 percent. The 1/2 tsf load was omitted for soils with
water contents less tﬂan 16 percent. The compression of the speci-
men was measured with a 0. 0001-inch dial indicator. For each load
the éompression, the cell pressure, and the water pressure below
the stone were recorded at time intervals of 1/2, 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, 1/2, and 0 tsf. The 1/2 tsf step was omitted for the drier

- 19 -




soils, 'When the load was removed, the valves below the sto'nekver'e -
opened, fhe soil pressure reduced to zero, and the cell disass‘émbled.

The weight of the specimen and the ring after the tést was recorded.

The spe"cimen was then removed from the ring, weighed, and the water

content determined,

3.2.5 S,i)ecial tests. In this test series the water content of the soil
was incrgasied while the soil was under constant load; during this pro-
cess the compression of the specimen and changes in pore-water
pressurev were measured. The increase in water content was accom-
plished t‘hrough the use of the back préssure control cylinder shown in
Fig. 3. 1. The control cylinder Was initially filled with deaired water.
With va.lvze" B closed and valve A open, water ray be forced into the soil
sample Py rotating the control cylinder (0,100 cc of water are displaced
per rotatibn). The volume of the water is known from the number of
rotations of the control cylinder. Three rotations of the control cylin-
der increised the water content of the specimen by about 0. 25%.

The test procedure was similar to that described a;bO'Vé; Load-
ing was increased to the desired level with valve A closed. After equili-
brium was achieved under this load, the water content was increased.
This wa‘s accomplished by first closing valve B and then openiné valve

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

soil allowed to absorb the displaced water, After two hours the




compression dial indicator was read, the cell pressure and water
p;'essure 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 1;0 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 mé.nner in which each of these parameters varies during the tests
may 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 (0V = 0) and final
(0V = 444 psi) valges of water content, void ratio, degree of saturation,
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 first load increment rather than for Ov = 0. These values are

..21..
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- TABLE 3.1 SUMMARY OF CONFINED COMPRESSION TESTS

1. Test No. 14 | 24 | 20 6 4 7 37 g
INITIAL MEASUREMENTS | | | |
2. Water content w, % | 4.6 4.6 6.1 7.4 7.6 8.6 9.4 9.5 12.7
3. Void ratio - e, 0.817 | 0.762 10,798 |0.751 |0,801 |0.783 | 0.8051{ 0.780 0.776
4, Degree of saturation Sp; % | 15.3 16.6 |20,8 -127.0 |25.8 [29.6 31.8 | 33.1 44.5
5. Pore-water pressﬁre u psi | -289 ‘-255 -175 -122 ~-113 -137 -89.0| -96.5 | -18.0
FINAL MEASUREMENTS (0‘V = 444 ési)
6. Water content w%h | 4.6 4,6 6.1 7.4 7.6 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 Sr % |20.7 |22.9 |28.8 |35.8 |36.0 |43.8 |46.2 |49.3 65.8
9. Pore-water pressure u psi | -300 -231 -160 -98 -95 -110 -86.2 | -84.2 -13.5
STRESS-STRAIN PARAMETERS
10, Maximum compressic;ﬁ index, C 7 0.394 | 0.296 | 0,318 {0,297 {0,305 {0,299 {0,319 0.279 | 0.293
11, C)'Vc (Fig., 3.28) : psi | 90.5 78.8 71.7 88.8 93.6 72,4 80.6 76.1 48.6
12, (OV)Z psi | 120.7 74.4 113, 3 45,3 72,6 45, 7

86, 1

51.4

70,1




TARLE 3.1

SUMMARY OF CONFINED COMPRESSION TESTS (Contd. )

22

1, Test No. 16 | 15 21 11 .19 23 17 13
INITIAL MEASUREMENTS
2. Water content w. % | 12,8 15.9 16.6 19.0 A21.3 21.2 23,8 [27.6 |28.3
3. Void ratio _ e 0,771} 0.828 | 0.815 | 0.756 | 0.811 | 0.796 { 0.812 | 0,850 | 0,789
4. Degree of saturation Sri % | 45.1 | 52.4 55.4 | 68,3 71.3 A 72.4 | 79.8 |88.4 |947.5
5. Pore-water pressure u_ psi -18,0 | -12,5| -12,0] -8.0 -7.0 | -9.0 -5.4 -3.4 -3.4
FINAL MEASUREMENTS (crV = 444 psi . | ;
' 6. Water content w% | 12.8 | 15,9 [ 16.6 [16.7 |[18.2 | 17.9 |18.8 {19.2 [16.8
% 7. Void ratio o : e 0.517{ 0.555 | 0,526 | 0.455 ‘0.494 0.488 | 0.510 } 0,522 ;0._458
8. Degree of saturation Sr' % | 67.3 | 78.2 85.7 {100 100 ' 100 100 100 ':1'00
9. Pore-water pressure u psi -14.9 : -6.4 | -6.2 |0 0 0 o) 0 O
STRESS-STRAIN PARAMETERS ' , ,
10, Maxifum compression index, CC .0.279 0.309 | 0.316 0.340 | 0,262 | 0.335 | 0,320 :0:..248 1 0.2i41.
11, évé' (Fig. 3.28) psi | 5l.1 46,3 | 50.0 | 44,2 37.8 |24.6 |39.2 20.4 17.1
12, (OV)Z psi | 68.1 58.9 62.5 |43.5 |20.0 | 37.6 34,7 15,3 |18.1
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rI“ABLE 3.2 SUMMARY OF SPECIAL CONSOLIDATION TESTS

Test No. ' St S2 83 S4 - S5 Sé S7

INITIAL MEASUREMENTS

Water content. " w% | 5.3 9.0 15,1 |22.4 | 11.8 | 10.7 | 10.8

Void ratio | e | o.812|  o0.792 0.826 [ 0.811 | 1.019 | 0.811 | 0.833
Degree of saturation S_% | 17.8 31,0 | 49.6 |75.1 | 315 | 36.0 | 35.2
Pore-water pressure u psi | -130 -45, 0  -21.0 | -4.6 -30.0 | -34.0 | -26.0

AT WETTING _ |
_Vert._st.r. during \';ve'tAting,’ psi 111.1} 27.8 111.1 13.9 55.6 55.6 27.8 111.1

Water cont, before wetting, % | 5.3 - 9.0 13.0 15.1 22.4 11.8 10.7 10.8
Water cont. after wetting, % 11,0 13,0 29.0 19.0 25.4 15.5 - | 14.5 14,5
Void ratio before wetting 0.755 | 0.776 | 0.671 | 0.825 | 0.732 | 0.978 | 0.802 | 0.697

Void ratio after wetting 0.610 | 0.738 { 0.597 0.821 }0.710 0. 846 0.787 0.659

Pore-water pres., before _
wetting psi -137 -52.0 -16.2 -20.7 -3.4 -30.0 -34.0 | -28.6

Pore-water pres. after ‘ : v
wetting psi -19.5 -17.0 -0.8 -19.8 -0.9 -13.6 -13.6 -12.6

FINAL MEASUREMENTS (0 = 444 psi)

Water content % | 11.0 2L 19.0 18.2 15.5 | 14.5 | 14.5
Void ratio | e 0.468 0.516 0.597 | 0.496 | 0.553 | 0.54 0.517
Degree of saturation s, % | 31.0 | 100 68.7 | 100 58.0 | 54.0 | 56.8
Pore-water pressure u_ psi =22.9 0 -14.7 { O " -8.0 -9.6 -10.0




slig‘htly; smaller (more negative) than those fqr O\} = o-and a‘reljfbe—.
lieved to be more reliable because of the imprdved seating under
the higher load.

"_l"able 3.1 also lists for the basic -t‘_esté the maximum <“:.'om-
pressio;l index CC, which is the -steepest slope of the wvoid ,r‘a?ti~oll’- log
g, cu.rvte,: as well as two other iaarametlerls which é»re‘ used Ki-n:’sub-
sequent analyses. Thgse parameters arg a stress';o ve defined: on the
basis :of the change in compression index in Fig. 3.28, and the .'stress
when the vertical compressiv-e strain is 2%, (IJ V)Z; |

. Table 3.2 lists for the special tests the stress level at whiAch

the water content was increased, and the water contents, wvoid ratios,

and pore-water pressures before and after wetting.

«

3,3 'K - Tests
L —

3.3.1 'DescriBt-ion.' A'series of tests designatéd as Ko—testsvrwas run

to suép]ement the confined compression tests previous 13Ir deécribe_d.
In these tests, fhe lateral stress was measured during confinéd com-
pre_ss;ic:)n. Detailed descriptions of the scope, equipment, ‘prc_'icedures,
and resﬁlts of this sﬁpplementary study are included in Appendi:; 1v.
A briéf summary of the pertinent procedures and results is presented
here.

" The Ko - tests were run in a standard triaxial cell on épecimens
having diameters of 1.5 in. and heights of 3 in. Lateral strains were

L]
3
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detected by means of a specially desig‘ned ’1a-tera;1—st'rfain indicator.
The test was set up in the same manner as a standard triaxial com-
pression 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 definéd as Ko’ the lateral stress ratio at rest. Before the collapse

of the sbil structure, which occurred at axial strains of 1% to 4%, the

average value of Ko, was 0.23. After collapse, K increased to 0.54.
Individugl 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
undistﬁrbed samples at their natural water content and these tests are
also de§cribed in detail in Appendix IV. The pertinent results are
tabulat;ad in Table 3.4 and the modified Mohr -Coulomb diagram based

total stresses is shown in Fig. 3.29. |

- K2 =~
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1, Test No.

1 -3 ~H-1 H-3 Average
INITIAL MEASUREMENTS
2. Water content % 2256 21,5 22.9 22.6 22.7 23.0 --
3. Void ratio 0.883 0,862 0.851 0.871 0. 848 0.833 -~
4, Degree of saturation = % 69.3 67.5 73.1 70.2 72.6 74.8 --
LATERAL STRESS RATIO, K,
5. Before collapse 0.25 0.22 0.15 0.23 0.33 0. 17 0.23
6. After collapse ' 0.52 0.56 0.54 0.54 0.56 0.50 0.54
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TABLE 3,4 SUMMARY OF TRIA.XIAL COMPRESSION TESTS

. . . -Initial . After consolidation .
Water Void Degree of Cell Void Degtee of (o -o0,)
. . . . v h'f
Test Content ratio Saturation Pressure ratio Saturation ‘
No. %o % 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 6.4 24:4
3 23,2 0.856 73.6 10 0. 845 74,6 27.3
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 57.9
7 24,0 0,856 76.3 40 0.822 79.5 73.6
8 23.3 0.862 73.5 60 0.757 83.7 110, 1
9 23.2 0.819 77.1 100 0.695 90.9 1 200.0
10 23.5 0.837 76.5 140 0.661 96.9 274.0
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CHAPTER 4

DISCUSSION OF TEST RESULTS

4.1 ‘General Co mparisons

Six specimens have been 's‘elécted. to i‘.llus.tra.te the tre.;ids.in'
the data. The test results for th’es‘-e specirﬁens are .pres'e’ntAed in Fig.
4.1, a rfour-va.riable plot of log stress, void ré,tio.,, water content, and
negative pore-water pressure. Thé specimens: had initial. water con-
tents ra',,ngi:.'ng from 4.6% to 28. 3% and approximately the sam(; initial
void ratio. |

The void ratio-log stress plots in Fig, 4.1 (a) show that the
wetteJ:' épécimens were more compressible ﬁhan, the dr.ier 'spécimens
which is, of c‘ourse, to be expected. The stress level at which the curve -

steepens for the driest speciinen is nearly ten times that for the wettest

© specimen,

~‘The void ratio-water content plots in Fig. 4.1 (b) show lines

for 50% and 100% saturation and the change in degree of saturation of the

1

_.‘?.a,m’plef during the course of the tests may be observed. The water con-
tent retnained constant during the compression of the dry specimens.
For thése specimens the degree of saturation increased as a ‘result of

the reduced volume of voids but the specimens remained partially satu-

!

tated. - On the other hand, the,Wette‘st two specimens became 100% satu-

i,

rated during compression and the further reduction in voids caused water

¥
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to/ be expelled from the ¥pecirien and & conseguent decreasé in water
' content.

More detailed cotparisons b-f the stress<strain and “volumetric
rela;tajif'oris; and the poré-waééi- pressures (Fig. 4,1 {c) and (d)), before

" and during compression, are considered in the following sections.

4.2 Volume Changes and Strains

4,2.1 Void ratio-log stress relations. The void ratio=log stress curves

may be:' compared by the us‘é_o_f two parameters; the stress att which the
curve. changes from a flat to 4 steép slope, and the ‘slope' of the steelpest
part of the curve: 'i‘he _lattéf s’lo'pé is des ig’na‘,téd hete as fhel‘m.axii‘_num
compx’-e:s‘sion index CC and values havé b“eléh listed in Tab‘ie 3 1.

Fig: 4.2 (a) shows th'eAma'.ximu"m ’c:c plotted ;g"a‘.iﬁst initia.v.l Wavter |
content., The .points a.re"s‘c"a.ttéfed above and below a i;é.lue of 0. 3;v1th
values tending t6 be higher at lower water contents,

A The stress dv;: at wh;ch the void ra‘.tio"'l'og stress curve changes
‘from a;fla;t to a steep slope was determined by iise of the criterion given
in Fig;:‘ 3.28. This criterion defines tlie steep slope ''C'" as one with CC
equdl to 0.2 oFf more: In all cases the flat slopes "A'" had Cc - values
smalié;r than 0.1, The values of GV:C are listed in 'I"'a;ble 3.1 ;fpr each
test and plotted against the initial water content in Fig, 4.2 (llla). The
plot s-‘]?bv'vs a nearly linear decrease in cvc with i;ici reasing in%tial water
COnte;rii’;(.fl'.r Thé least square equation for this line is
dvG (psi) =‘ 100.5 = 3,01 w (%) | (Eq. 4.1)
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4,2,2 Stress-strain relations.. The stress-strain relations are to

some extent obscured by void ratio-log stress curves. An arithmetic
plot of strain versus st-res.s'"fb-r three typical tests is pre'se,nte?d in Fig.
4.3. The curve for Test 21 shows a significant increase in compres-
sibility in the stress interval between 55 psi and 110 psi; Thereafter

the soil Becomes stiffer v(.zith' i-ncr‘ea.siﬁg stress. This increased com-
pressibility signifies the collapse of the open structure of fhe natural
soil. The Ko-tests demonstrated a similar collapse occurring between
axial strains of 1% and 4%. Evidence that a structural change is involved
was provided by the increase in Ko -values from 0.23 before collapse to
0.54 afi:er collapse (Table 3. 3).

The collapse effect is less pronounced for Tests 14 and 22, which
are also shown in Fig. 4. 3, and it is difficult to determine a stress at
which collapse occurs. The values of Coe previously determined are indi-
cated in the figure and lie either within or immédiately ahead of the steep
part of the curves. The strains which correspond to Ovc are within the
1% to 4% bracket observed for collapse in the K -tests and, for compari-
son w‘;'th o‘vc, the stresses at 2% strain (CIV)2 have been determined.
These values are listed in Table 3.1 and plotted against water content in
Fig. ;,2, (c). It is evident that a considerably greater scatter exists for
(Gv_)Z than for O

A direct comparison between e and (OV)2 is ShOWI.l in Fig, 4.4.

The conclusion from this figure is that e is representative of the stress
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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 £he strains are based on the original
thickness and seating errors are included in the determination of (GV)Z.
On the other hand 0‘vc is based on the incremental slope of the void ratio-
log stress curve and therefore is independent of seating errors. 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 thé equation

44 2.6

u (psi) = - (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 Sr exceeds 85% or
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 deg.ree 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 pressure from
degree .of saturation may be explained as follows. The clay content is
distributgd as coatings on larger particles or-as aggregates of clay
particles. The water in the ‘soil is dispersed in the clay vcids and on
the surface of the larger particles. The clay voids do not change in
volume with changes in voids of the whole seil 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 éir 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 6f saturation of 100%, the water fills the voids
and further compression is accompanied by thé expulsion of water from
the sqil. For this saturated state, the pore-water pressure §vi11 be zero
when consolidation is complete.

The r;egative pore-water pressure is also independent of the
applied vertical stress and the resulting shear stresses. This is shown
by the pllot of pore-water pressure versus vertical stress in Fig. 4.7.
Changes in measured pore-water pressure are not significant except
when .t.h'e 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-consolidated clays the pore-water pres-

sure dec;reases. Sirice shear strains of significant magnitude are pro-
duced during confined compreéssion and the loess specimens were
undrained in that the water content was constant, a ghange *n pore-water
pressure was to be expected. The reason that no change was observed

is of interest. It is poss»ibie 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
predicta‘ble increase in pore=water pressure as saturation was approached.
The most likely explanation is that the volume of clay which underwent
shear strains waé only that at the particle contacts and thus was a small
part of'the total clay volume. Because of the slow loading rate, pore-
water presslures 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.

'"f'["he relation between the pore-water pressure and the collapse
stress 6VC is shown in Fig., 4.8. The collapse stress increases rapidly
with decreasing pore-water pressure but the rate diminishes when the
p'ore-wé,ter pressure decreases below -100 psi. The collapse stress
appea;é 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 Speqial Tests ‘ -
'The special confined compression-tests were run bylaltering :
the wafer 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 v<;id ratio-log stress curves in Fig. 4.1, The
hypothesis to be tested was that »a;t a low stress level, collapée would not
occur upon wetting, whereas at a higher level, cellapse would occur.
Three of the special tests are compared with appropriate tests
from the basic series in Fig. 4.9. In Fig. 4.9 (c), it was necessary to
a.djusf 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 0.81). The
curveés for the special tests do, in general, follow those for the basic tests
having similar water cor..téents. However the amount of compression that
occurred upon wetting is greater than that indicated by the basic test
curves, This may be due- to the test procedu?ﬁe whereby the specimen
was wetted from the bottom stone. It is possible that the watér content
of the lower part of the specimen was greé.ter.: than the upper part before
the wg.ter distributed ifself uniformly througi'l 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

- 70 -




Void Ratio

Void Ratio

Void Ratio

0.9

0.8 g hid =5.‘33b70
TS < =6 09*‘%i
. ~ W= 0.
0.7 ; P8 e ———
; 3 “\ Tes o
Test No, 15 \4

0.6 ' >\\

\\ \ 4
w =11, 03% 5\\‘
\

0.5 Test No. S1-]
0.4 @) Tstt No..Sl
5 10 20 50 100 200 500
' Vertical Stress, Gv, psi
0.9
wF 9.02%
. =
0.8 =7 o— -""\\ w = 9,4%
— = {=<F 1— -4
A T - .\:<Test No. 7
Oo > =
T et R RS R
Test No.l S2 ?. T \(ﬁest No.
0.6 . \\ ‘16
w = 29.28% e CO N
Test No. 13 7\\:\3
0.5 . / — 3
w =29.2% SN
0.4 (b) Test No.f S2
5 10 20 50 100 200 500
Vertical Stress, 0, psi
0.9
0. 8 [ fwv=22.4‘70
T Mo—Thst No.|S4
st No,
0.7 | ol
W=27.6%/ \\_Q\w=2>.4%
Test No. 22 N
0.6 es NO \gka‘:&.ﬂ =21.2%
(e adjusted) AN Test
0.5 =%
0.4 (c) Tgst No.| S4 -
5 10 20 50 100 200 . 500

Vertical Stress, o, psi

Fig, 4.9 Comparison of Special with Basic Confined
Compression Tests

- 71 -




acting during the wetting as well 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'vc computed using Eq, 4. l‘. During
wetting, this collapse stress decreases. lLarge compressive strains
occur only when the acting vertical 'ov is approximately equal to the
collapsé stréss S that is, whén dv /ovc =1, This is shcwn in Fig,
4,10 where the increase in strain due to wei:'ting 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 wétting (GV/GVC < 0.5), the additional strains are small. Thé
additional strains are also sinall if the acting stress exceeds the col-
lapse stress before wetting (O‘V/C'rvc >1), In this case, the soil has al-
ready collapsed as evidenced by the lafge strains before wetting. The
maxirmum strain during wetting occurs when the collapse stress is
greater than the acting vertical stress before wetting, but smaller after-
wards,:’that is, when OV/O‘VC = 1 at some point during wetting. This
conditioii 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-

pression index Cc and the collapse stress dvc (Fig. 3,28) decrease.
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TABLE 4,1 STRAINS DUE TO WETTING
Gv: AW
Vertical A €y Increase
Stress Increase in
Test During w Ovc ov/ovc w ovc Ov/cvc in = - Water
No. Wetting Strain Content
psi % psi % psi % %
g1 111.1 5.3 84,6 1,31 8.2 75.8 1.47 4,87 2.9
111,1 8.2 75.8 1,47 11.0. 67.4 1.64 3.16 2.8
! s2a. 27.8 9.0 73.4 0. 38 13.0 61.4 0.45 2.15 4.0
k:o b. 111.1 13.0 61,4 1,81 17.0 49.3 2.27 . 1,82 4,0
Ce 111.1 17,0 49,3 2.27 22.5 32,8 3.39 2.31 - 5,5
S3 13.9 15,1 55.1. 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 1.20 3,0
S5 55.6 11.8 65.0 0. 86 15,5 53.8 1,03 6.53 3.7
S6 27.8 10.7 68.3 0.41 14.5 56.9 0.49 0.80 3.8
S7 111,1 10.8 68.0 1.63 14,5 56,9 1.95 2.10 3.7

Note: The collapse stresses Ovc have been computed using Eq. 4.1,
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b. The stress at a compressive strain of 2% is approximately
equal to the collapse stress, ovc'
c. The pore-water pressure is related to the water content

through the empirical equation

2.6
: 44
i = - \" E . [
u (psi) (&% ) (Eq. 4.2)
d. At a given water content, the pore-water pressure is inde-

pendent of the degxfee of saturatioﬁ Sr except for Sr:>‘90%.

. e. The important parameter describing the sus;:eptibility to
collapse during wetting is the ratio of the ac'ting stress to the collapse
stress ov/c e 2nd not the amoﬁn,t of wetting. |

f. The ma,xinﬁ;.rh collapse strains occur when ov/ovc =1 at
some point during wetting.. If cv/cvc remains less than 1.0 d.uring wetting,
the soil does not collgpse. On the other hand, if Ov/cvc i'sv greater than
1,0 before wetting, the soil has already collapsed and the additional

strains are relatively small,
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CHAPTER 5

ANALYSIS OF MECHANICAL BEHAVIOR

5.1  Introduction

During confined compression, the vertical stress ¢_ is in-
: _ v

creased and the radial or horizontal stress 0, increases sufficiently

h
to maintain the condition of zero lateral strain. The stress path
method of rep-resenting the successive states of stress (Lambe, 1964)
forms the basis for the analysis of the behavior of the soil 1n the fol-
lowing sections. In this method, the state of stress is represented by
a stress point on é. P-9g diagiram’in whichp = (GV +’Gh)/2 and q =

(Ov - Gh)/Z. 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 showp in this figure is the Kf-line', which connects the
effective stress points for failure conditions.

The stress path method is particularly useful in this analysis

4 f
becau.s_e it can show the relationship between the stresses in confined
compreséion and the failure stresses. For example, when the com-

pressic;n illustrated by stress path A B 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 Effe;tive Stresse’

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 expression for

effective stress ¢ is (Bishop, 1960):
6= o- - - Eq. 5.1
o o] [ua x(ua uw) ] ‘ (Eq )

where ois the total stress, u is the pore-air pressure, u. is the pore-

water pressure, and x is an experimentally determined coefficient., If

the expression within the brackets is designated as the equivalent pore

s . _ . th
Eress.u:‘re u (as distinguished from the pore-water pressure uw) then
Eq. 5.1 may be written

o= o-u (Eq. 5.2)
where

= - - . E. .
u u x(ua uw) (Eq. 5.3)

Several special cases are of interest. Ifu =o0, thenu =x u. and
a w

)

0= O-xu ' (Eq. 5.4)
w

The coefficient x depends on the degree of saturation and is not neces -
sarily the same value for volume change and shear strength (Skempton,
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1961). A definition of x, simplifiéd in that surface tension forces are
neglected, is the ratio of the cross-sectional area occupied by water
to the total ar\éa.‘ Thus, when the soil is saturated, x = 1 and o=0- a
and when the soil is dry x = 0 and 0 = 8. 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 incornpr'essible soil, The expression leads to the follc;wing

equation for x whenu =(u ), and S = (S ).:
. w w1l r r'l

- (u_)
_8h s T Eq. 5.5)
X 7 7100 (u ) r w q. 2.
w1 0

The summation term is 'o‘btaine-d from a curve of Sr vs u_ . No other
analytical expressions for x ha;ve been published. The loess under in-
véstigation in this stﬁdy is markedly different from the soil on which
Eq. 5.5 is based, but i_'or comparative purposes, this equation has been
used t§ compute x for the initial values of Sr and u measured in each
of the confined c‘omtpression tests (Table 3.1)., The .resulting x-values
are plotted against Sr in Fig. 5.2 (a) and the parameter x is.»ségn to
exceéd Sr fo? Iall values cﬁ Sr' However, this is inconsistent with
measurements on cohesive sqilé as shown in the fdllowiﬁg pafagraph.
Eishop and Blight (1963) have presented four x vs Sr curves for
compacted specimens with clay contents from 1% to 21%. These experi-
mental cur‘ves are shox.;vn‘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. 5.5 cannot be used for a
soil s:ﬁch as Oakdale loess which has a clay content of 13%. The values
of x in Fig., 5.2 (b) were obtained in the fo}lowing manner. "The Kf-line
(Fig. 5.1) for the soil was determined from triaxial compre’s(sion tests
on saturated samples, Partia.lly‘saturated samples Were tested sim-
'ilarly:' and the pore-water pressure u and total failure stresges P and
qe were measured., For the measured failure stress E P thg gffective

failure stress Ef was found on the Kf-line. Finally, u = P, * P; and

x = u.'/uW were computed.

The pr9cedur§ for determining the Kf-line from tests on saturated
samples cannot be us ed for an undisturbed loess because of the sensvitiv-
ity of loess to satu'ratiion‘. The structure of a saturated loess would col-

- lapse under a small confining stress and the triaxial failure envelope
would not be applicable to thé loose natural 'structur-e. The following
sef.:tion describes thé procedure u.sed here to o%rercome this difficulty

thus leading to the determination of the x vs Sr relations for the Oakdale

loess under study.

5.3 Effective Stresses at Collapse During Confined Cém]gresvsion

The understanding of the collapse phehomenon in loess during
confined compression in terms of effective stresses requires the kno'w- _
-line (Fig. 5.1), In

ledge of the intercept a and the slope a of the Kf
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additi“on,» because thg lateral stress was not measured in the confined
compress ion tests, Ko mus.t be known in order to construct the stress
path. . The method for selecting th‘esé paramgters is presented in the

next paragraphs.

'The triaxial compression test results ;(Table 3.4) we%-é usé-d 1n
the deteffnina.tion of a and @, Testé 9 and 10 were '-elrimina‘ted from
consideration because the structuré had already collabsed p‘rior to the
application of the. deviator stress.  In these tests, th»en volumetric strain
_due to the cell pressure alone was.greater thé.n 7%. The fa;iiufe enve -
lope thérefovre is ba.sgd on the remaining tesf_s, Nos. 1 through 8. The
total fa.iiure stresses, Ps and qe are known f:or these tests but fhe pore
pressure‘u is'unknown since u is given by the expressionu = x u . Two
assumptions were made in order to determine u. F"jrst, since the degree
'. of saturation was high (approximately 75%) for all samples, it was as-
sumedfthat x =1 is a good approximation. The subsequent determination
of x s_u‘pports this. Second, w ‘while not .méasured for the t;est samples,
was determined using Eq. 4.2 (Fig. 4.5). .Th.is estimate is valid since
u is a function of water content rathér than ’;iegx;ee of saturation for
Sr < ;‘;0% (Chapter 4). The pore pressure u=x u ‘calculated on the
basis of these assumptions ranged from -4.8 psito -5.3 psi. The mea-
sured g and calculated _ﬁf =P, -uare plottedb‘in Fig, 5.3; a least square
fit giv‘és the intercept a = 1.4 psi and the slope o =23.7°, The corres-

pondiné c- and ¢ - values are 1.6 psi and 26.0°. The above
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inte r?retatiOn assumes. that the pore-air pressure is atmospheric,
that is, that. there is no éntrapped air. Since the_a-i'r-voids in com-
pacted glay a1.-ve interconnected for degrees of saturation up te about
90% (Yoshimi and Osterbe'z'.fg,_ 1963), this assumption is certginly
va.lid' for loess when its natural open structure is intact. |
'Tests for the 1at‘e"'t'a1‘ stress ratio Ko, were deé c‘ri'bed in Chap-
ter 3 and the results summarized' in Table 3.3, For the following

analysis, the average measured values of Ko have been used: Koi =

0,23 before collapse and K() = 0,54 after col‘lapse.. It should be noted

f
that Ko is defined here on the basis of the total stresses oh/ S
“The method for détermining x is illustrated in Fig. 5. 4 At

the collapse stress G\:c in the cOnf;ned compréssion test, the full
shear strength of the soil is moBiliZed-. ‘ 'fhe corresponding failure
stressés P, and q; are computed from GVC aﬁd Koi' The to‘ta} stress
path (?.q'ring loading is AC in Fig. 5.4, and the pore pressuré‘u is the
stres;sAdifference from C toba on the Kf-line. The pore 'wa‘té‘% pres-
sure uW has beenl taken as the initial value si.nce only small changes
occurred prior to collapse (Fig. 4.6a). WitH u and Liw khOWi;.; x =
u/uwim‘ay be computed.

| ‘The test results can be utilized in this method in two ;lifferent
ways :. 7‘ first, measured cvc and u from the individual tests can be

used, and second, the average values of Gvc and u may be comi)uted

from equations 4.1 and 4.2 respectively.
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The x vs Sr- relations based. on the individual tests .ar.e' shown
in Fig., 5.5. For Sr < 70%,. thg points fall on a cuz:ve simil’a.r to
fhose f;)r_ compacted soils 1n Fig. 5.2 (b). When Sr > 70%,. ;theré is a
large scatter. This is due to the small measured pore-water pressures
(-3 psito -4 psi) which cause the ratio u/uW td be véry sens i'live to
small diff’érences in u e It is a.-iso possible that positive air pressures
exist at the Higher Sr-vaIues., Neglecting'a pos itif/e u results in a
compqt':ed x ~value lerr than it should be. In spite of the sca;tter for
Sr > 70%, it is clear from the remaining portion of the curve that x is
approximately equal to unity when S,r exceeds 70%. This finding verifies
the ass;1mptio.n to this effect usea above to obtain the Kf-line;

F1g 5.6 shows the x vs Sr- curve determined by the average
Coe” and uv-v-values. For selected values of Sr’ the water content was
calculai:ed (e = 0,8 was assumed) and i:hen cvc and uW were determined
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 Sr %)7070' When Sr > 70% the curve turns down indicating that the
averag{e ovc- and uw-va.lues are inconsistent since x mus-t approach
unity, "The sensitivity of x to small differences in u and u “a.s in the
case of 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 three 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 it; slope is determined by the value of
Koi' At point C, the full shearing resistance at the particle contacts
is mobilized and a further increase in 'OV causes slippage between
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 Ko = K

of’

point D, The transition from ¢ =K , 0 to 0, = K
. v oi v o

0 occurs with
h v )

f
A oy = A . that is, the stress path C D is horizontal., This conclusion
is based on the measurements obtained from the Ko-tests, Appendix

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

mined by the value of Ko'f.
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If, during the course of the test, the loess is wetted,j the
stress paths are changed in the manner shown in Figs. 5.7 (b), (c),
and (d). Wetting under a constant ov reduces the negative pore pres-
sure and thus ; decreases while q remains constant. The stress path
during wetting is horizontal (BB' 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, T, remains con-:

stant during collapse but 0, increases because Ko increases from

h
Koi to K{)f' The stress path C'D' slopes downward from thé 'Kf-line
at a slope of 45 degrees if the pore pressure remains constant during
collapse.

The effective stress paths for representative confined corﬂpres—

sion tests have been determined by computations based on the data

obtained from the individual tests: the vertical stress Ov, the pore-

~water prvessure u s the strain €, the water content w, and the degree

of saturation Sr' Two additional parameters were obtained from other
tests. First, the value of x for use in the expressionu = x u_ was
obtained from the average x vs Sr curve Fig. 5.6, Second, the values

of K for use in the computation of o

=K o0 are K ., =0.23 and
h o v S oi

Kof = 0.54 before and after collapse resipectively; 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 addition of more stress or upon wetting.
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Stress paths for five of the basic 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
corresi)onding points are shown by the same letter designat;ons. At
each data point the vertical strain is given. Because of the relatively
wide spacing of the data points, the collap:;ze stress at point C is not
precis e‘ly known. The portion of the stress path duriné the collapse of
the strgcture 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 I‘
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 pa:th ex-
tends,f:rom C to D (since the load dogfples, doubling the strain is pro-
portioﬁate), indicating a structural collapse, and (2) point C, where
this c.ovllapse 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 0,5% and it is believed that the high
strain during BB' is due to non-uniform wetting. The paths for Sl
and S5 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 S1 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 p?essure u_ on the new
pore pressure x u_ . As a result, the computations show a lower
(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 Sr curve,

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 6

SUMMARY AND CONC LUSIONS

6.1 Summary

The primary purpose of this study is to describe quantitatively
the mechaﬁisms 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
havi.ng'initial water contents ranging from air-dry to saturation. A
special_l series of tests in which the water content was increased by
known increments while the soil was under a constant stress was also
run. lThese tests required the construction of a special confined com-
pression cell which permitted the measurement of negative pore-water
pressﬁres as small as -300 psi during the course of the confined com-
pression test.

Two additional tests were run to provide supporting data: Ko—
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 ajnalysis lead to the establishment of a curve showing x vs. Sr’
and to the construction of quantitative effective stress paths for the
basic fests and for the special tests in which the water content was

increased.
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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 S defined in Fig. 3.28, is a
~significant parameter in describing the stress-strain relations for
the soil. An approximate linear decrease in 0, occurs with increas-
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 Ovc is approximately equal to the stress causing
a compressive strain of 2%,

b. The initial pore-water pressure was related to the
water content through the empirical equation

2.6
o 44
u (psi) = - o (Eq. 4.2)

During compression, no significant change in the pore water pressure
occurred except when the degree of saturation Sr exceedecjl 85% to 90%.
Thus, with this exception, the pore-water pressure is independent of
the degree 'of saturation, and Eq. 4.2 is applicable to more than the
initial conditions.

c. For stresses below the collapse stress, the lateral
stress ratio for confined compression Ko was found to be small in
comparison with values commonly measured in other soils. The aver-

age measured value for the loess tested was 0.23; in contrast, sands
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have KO -values from 0.4 to 0.6 for dense to loose densities respec-
tively‘. After collapse, however, Ko was found to be 0.54 which
compares favorably with values for other soils. Thus the structural
change‘ during collapse has a marked effect on the soil properties.

d. The interpretation of the test results permitted impor -
tant qﬁalitative conclusions; The collapse mechanism of the soil in
confined compression is a shear phenomenon; that is, the collapse
stress is determined by the shear strength expressed as a function of
effectiv;e_stresses. The behavior of the soil before, during, and after
collapse can be illustrated by use of effective stress path diagrams
(Fig. SI. 7).

Loading in confined compression causes the shear stresses to
increase and, because of the low K0 -value prior to collapse, the

-line. When the path reaches the K, -line,

stress path approaches the K ¢

f
the she?.r stresses equal the strength and collapse occurs. Ko then
increases as a result of the structural rearrangement during collapse

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

Kf-lme.

§

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. If

the path intersects the Kf-line, collapse occurs,
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e. The compressive strains and, therefore, 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 ¢ and ¢, (2) the pore-water
pressure u_ expi‘essed as a function of the water content of the soil,

(3) the parameter x expressed as a function of the degree of saturation,
and (4) the lateral st;cess ratio KO before and after collapse. When
these properties have been evalﬁated, 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. Fdr 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 II -

NOTATION

The following symbols are used in this report:

a intercept of 9y V8 i;f di@grarﬁ én q-axis
c ‘Co,hAe»s ion intercept based on effective stresses
C Clay content
C, Compression index, Fig. 3,28
e Void ratio
ei ' Initial \_roid ratio
Ko Lateral stress ratio for one-dimensional strain =
A oh/A o
Koi  Initial Ko-value before collapse :
K Final K -value after collapse )
of o - : : :
- +
P (o to)/2
Py | p at failure
P o _+o.)/2
Ef R p at failure
q (o, -0p)/2
q q at failure
_Sr Degree of saturation
Sri Initial degree of saturation ;
u Equivalent pore pressure
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Pore-air pressure

Pore-water pressure

Water content

Initial water content

Coefficient in Eq. 5.1

Slope of 9 Vs Ef diagram

Slope of Ko-line

Change or increment in appended quantity
Vertical strain

Normal stress

Effective norma’ stress

Horizontal normal stress

Vertical normal stress

Collapse stress, Fig. 3.28

o,ate = 2%

Deviator stress at failure in triaxial compression test

Angle of shearing resistance based on effective stresses
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APPENDIX III
CONFINED COMPRESSION TEST RESULTS

This appendix contains tabulated test data for each of the confined
compression tests. A description of the tabulated quantities and assump-

tions used in the computations follows.

) Column . Description
1,2 LOAD Applied vertical stress (units given).
3 MACH CORR Compression (in.) in machine due to

loading without soil specimen.

4 DIAL READ Reading (in.) on 0.0001-in. compression
dial indicator. Add MACH CORR to obtain
corrected dial reading.

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

6 .DEG. SAT. 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.
7 DRY DEN. Dry density (units given). .
8 NEG., P-PR Negative pore-water pressure measured
: (units given). .
CHECK ON FINAL Water content computed from final wet
. *W/C MEASURED weight.

- 110 -




9,10

11

12

13

14

15

Note: (o

Column

CALCULATED FROM
D/R

LOAD

VOID RATIO

STRAIN

COEFF. COMPR,
CONSTR MODULUS

COMPR INDEX

v’ €17 €41

increments,

Des cription

Final water content in column 5.

Applied vertical stress (Ov)°

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

Vertical strain (¢ ) computed from
change in correctéd dial readings and
original specimen height.

= (el - ez) / (Gv2 - le) I‘at ovZ
= o, -0 )/ (e, -¢)) ato
= (e1 - ez) / log (OVZ/OVI) at S

Yand (0 ., e_., € _)are for successive load
v

2 2 v2
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THE UNIVERSITY OF IOWA
SOIL MECHANICS LABORATORY
ONE-D IMENSIONAL CONSOL IDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SPECIMEN NO 3 TYPE NATURAL
DATE REMOVEDOS5-0T7-70  SPaGRe 2072
SPECIMEN -HEIGHT=007521IN -

SAMPLE NO A2-8
DATE PLACEDO5-06-70
SPECIMEN ‘DIAMETER= 2050IN

WTe OF RING + COVER PLATES + WET SOIL 184 3000GMe
WTe OF RING + COVER PLATES 8351200 GMo
D/R WITH SEATING LOAD ON SPECIMEN . 02500
WET WTe OF SPECIMEN + CONTAINER (FINAL) 240079 GMo
DRY WTo OF SPECIMEN + CONTAINER (FINAL) " 23223 GMs
WTe OF CONTAINER FOR W/C TEST - 139,82 GMo»
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD LOAD MACH DIAL WATER. DEGe DRY NEGo
TSF PS1i CORR READ CONTENT SATo DENo "P=PR
GMCC PSIio
0,03 ) Oo%4 05,0000 Ce 2500 9,49 33,07 1,53  .78,0
1. 00 13489 060057 052356 9, 49 33.97 155 9605
20,00 27a 78 040073 002312 9,49 34,27 155 - 97,2
4,00 55¢55 000096 0oc2234 96 49 34,87 1056 96,9
80600 11lo1l1l 0,0111 0-2004 9,49 37445 1., 61 93,0
16,00 222222 00,0156 (1613 90,49 42550 169 89,1
32,00 444045 0a0209 01205 9,49 49532 179 84,2
800 11loll 060116 051526 9,49 44571 172 8452
2:00 27e¢78 000070 051847 9+, 49 40.18 1{ 66 84,8 '
0,03 De 44 0e 0040 Oe 2167 9, 49 36430 1059 8560 "
CHECK ON FINAL W/C MEASURED= 9,263
v CALCULATED FROM D/R= 9,490 N
LOAD LOAD VOolID STRAIN COEFF,. CONSTR COMPR
TSF KGa / RATIO PERCENT COMPR, MODULUS INDEX
,. SQCM ‘ CM2/KG  KG/CM2 ‘
003 ., 0603 0,780 0,060 0, 00000 0, 000 0. 000
1cC0 :: 0698 0o 760 le 157 002177 8le 770 00014
2:00 _f_l1095 0,753 1¢ 529 0, 00679 262,159 00022
4500 N 3.91 Oe 740 20261 Cs 00667 2676018 00,043
8,00 :17.81 Ce 689 50120 0,01303 1366613 0. 169
16-00 15662 00607 9. 721 Co 01049 1690792 0,272
32,060 31625 00523  l4o441  0.00538 3300962 00279
BaCO ' Te81 00577 11,410 0, 00230 772,981 0090
2400 ‘1le95 0e 642 Te 753 0601111 1605 209 0108
0. 03 Qo711 30 896 0, 03572 49,843 0-038

© 0603
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SAMPLE NO A2-5
DATE PLACEDOS5-08-70
: SPECIMEN DIAMETER= 2050IN

LDAD
TSF

0:03
1,60
2,00
4000
8,00
1600
32,00

8500
2000
) 0,03

CHECK

LOAD
TSF

0,03
1,00
2000
4,00
8,00
160GC
32,00

8000
2000
0,03

THE UNIVERSITY OF IOWA
SOIL MECHANICS LABORATORY
ONE~DIMENSIONAL CONSOLIDATION

TEST

WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SPECIMEN NO 4
DATE REMOVEDOS5-09-70
SPECIMEN HEI

TYP

OF RING + COVER PLATES + MWET SOIL

E NATURAL
SPoGRo 2072
GHT=0oT752IN

WTo 183, 2400GMe
WTo OF RING #+ COVER PLATES 83:1100 GMe
D/R WITH SEATING LOAD ON SPECIMEN 0, 2500
WET WTo OF SPECIMEN + CONTAINER {(FINAL) 296099 GMs
DRY WTo OF SPECIMEN + CONTAINER (FINAL? 289,30 GMo
WTo OF CONTAINER FOR W/C TEST 197504 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD MACH DIAL WATER DEGo DRY NEGe
PSI CORR, READ CONTENT SAT. DENs P=PR
GMCC PSIo
Oe44 00,0000 002500 8653 29562 1053 13665
13,89 0-0057 0o2404 80,53 29,97 153 13608
27,78 00,0073 G0 2330 853 30,51 155 137:3
55655 00,0096 052222 8-53 3lc34 le56 13400
111611 0600111 Co 1994 8253 3364 1e61 132,0
222022 00,0156 0o 1657 86553 37:40 168 128,7
444045 00,0209 001224 8,53 4375 1,78 11060
111,11 00,0116 001310 8,53 43,89 1,78 11660
27-78 00,0070 051363 8253 43075 1o78 11760
Oc44 000040 0Ocl4l2 8053 43,38 le 77 117,50
ON FINAL wW/C MEASURED= 8,335
CALCULATED FROM D/R= 80530
LOAD vo1ID STRAIN COEFF. CONSTR COMPR
KGo / RATIO PERCENT COMPRa MODULUS INDEX
SQCM : CM2/KG KG/CM2
0,03 00783 Ce 000 0, 00000 00 000 0,000
0098 0774 Co519 Do 00978 1826 410 0. 006
1.95 0,760 - 1290 0,01409% 1265561 0c 046
3691 0s 740 20420 001032 172, 775 00067
7-.81 00690 56253 0,01293 137,896 00168
15,62 00620 9136 0, 00886 201,192 00230
31025 O0e 530 140,189 0,005T77 309, 188 00299
- TeB1 0e529 14,282 FRFkok ok feardedokk =0,003
1. 95 06 530 14,189 000028 62935543 0,003
0603 ° 00535 13,936 0,00234 760 777 00,002

- 113 -




SAMPLE NO A2-2

THE UNIVERSITY OF IOWA
SOIL MECHANICS LABORATORY
ONE~-DIMENS IONAL CONSOLIDATION TEST

WITH NEGATIVE PORE

DATE PLACED 6-10-70
SPECIMEN DIAMETER= 2,50IN

TSF

0003
1.00
200
4000
Bo00
16.00
32,00

LOAD

8000
2400
0.03

CHECK

LOAD
TSF

0,03
1000
2,00
4000
8000
16, CC
320,00

8000

20,00

0,03
CORE USAGE

COMP ILE TIME=

SPECIMEN NO 5
DATE REMOVED 6-11-70

TYPE
SPoGRoe 2

PRESSURE MEASUREMENTS

NATUR

AL
e T2

SPECIMEN HEIGHT=0o0752IN

WTo OF RING + COVER PLATES + WET SOIL 177 8300GM,
WTo OF RING + COVER PLATES 83,1100 GM»
D/R WITH SEATING LOAD ON SPECIMEN 052500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 273050 GMo
DRY WT, OF SPECIMEN + CONTAINER (FINAL) 269,60 GMo
WTe OF CONTAINER FOR W/C TEST 179,05 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD MACH DIAL WATER DEGe DRY NEGo»
PSI CORR READ CONTENT SAT» DENo P-PR
. GMCC PSIo
0o 44 060000 002500 40,61 15033 150 242,0
13489 000057 Go2433 4061 15-.38 1o50 28960
27678 00,0073 Co2412 4561 15, 40 1650 30000
556455 0060096 002368 4561 15050 150 300-0
l11ls11 00,0111 GCo2261 4461 15493 1,52 300,0
222,22 000156 051955 4061 17032 158 300.0
444045 040209 0ol4ll 4061 20072 1¢7C 300,0
11lell 000116 Gos1515 4,61 20063 1069 30000
27.78 00,0070 Go1565 4061 20, 60 1,69 300.0
O 44 00,0040 0Cel610 4261 20048 169 30000
ON FINAL W/C MEASURED= 40,307
CALCULATED FROM D/R= 45605
LOAD voip STRAIN COEFFs CONSTR COMPR
KGo / RATIO PERCENT COMPRs MODULUS INDEX
SQCM CM2/KG KG/ (M2
0003 00817 00000 0. 00000 0,000 00000
0,98 0, 815 00133 0,00255 T1lo 412 00,002
- 1295 0-813 00199 0.00124 1467,854 0,004
.7 3091 0,808 0o 479 0s 00260 699, 356 0017
. To81 00 786 1702 00 00569 3190 259 0074
15662 0o 723 50173 00 00867 225,088 00209
31025 0o 6C4 11,702 0, 00759 239,291 0394
7081 0607 11.556 0, 00011 ki 0,004
195 00608 11,503 0o CO0L6  X3xdkadkskaok 0-002
0003 00612 11,303 0. 00189 963, 640 0.002
OBJECT CODE= 9624 BYTES, ARRAY AREA= 8400 BYTES,TOTAL AREA
1003 SEC,EXECUTION TIME= 6,56 SEC, WATFOR - VERSION 1 LEV
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THE UNIVERSITY OF IOWA
SOIL MECHANICS LABGORATORY
ONE~-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS
SAMPLE NO A2-4 SPECIMEN NO ) TYPE NATURAL
DATE PLACED 6-12-70 DATE REMOVED 6=15=T70 SPoGRo 25,72
SPECIMEN DIAMETER= 2,501IN SPECIMEN HEIGHT=0o,752IN
WTo OF RING + COVER PLATES + WET SOIL 181, 4100GMe
WTe OF RING + COVER PLATES 83,1100 GM,
D/R WITH SEATING LOAD ON SPECIMEN 002500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 243559 GM»
DRY WT, OF SPECIMEN + CONTAINER (FINAL) 236656 GM,
WTo OF CONTAINER FOR W/C TEST 145021 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD | LOAD MACH DIAL WATER DEGo DRY NEGo
"TSF PSI CORR READ CONTENT SAT. DENo P=PR
GMCC : PSle
00,03 Oc44 0.0000 02500 7061 25083 1s51 112,00
1,00 13,89 00,0057 (52434 Te b6l 25,90 1,51 113,0
2,00 2778 000073 02391 1,61 26011 152 111,0
4000 55055 000096 G;2233 T061 27022 155 110,0
8000 1llo11 0.0111 G52103 7.61 28025 1657 10660
1600 222022 00,0156 0, 1781 1,61 31,06 le63 102,50
32000 444045 000209 001345 1-61 36,02 1073 94,7
8000 11lls1l 000116 001429 7061 36015 173 95,0
2000 27078 000070 001479 7-61 36,09 1. 73 96,0
0603 Ooc44 0.,0040 0s1515 Ta61 360,00 1. 73 96,0
CHECK ON FINAL W/C MEASURED= 7,696
CALCULATED fFROM D/R= T.608
LOAD LOAD VOID STRAIN COEFFo CONSTR COMPR
TSF KGo / RATIO PERCENT COMPR. MODULUS INDEX
SQCM CM2/7KG KG/CM2
0-03 0,03 00 801 0000 0-00000 00000 0,000
1,00 Q098 0. 799 00120 0000228 790, 408 00001
2000 195 0793 0479 0, 00663 2715869 0,021
4,00 3,91 00760 20274 0o 01656 108e 785 00107
8000 7081 06733 3,803 00, 00705 2550408 0,091
16000 15662 00666 Ta487 000849 2120087 00220
32,00 3125 00575 12,580 0000587 3066 767 00305
8,00 Te81 00572 126 699 Tk koA godokdRok Rk -00004
2000 1295 0,573 12, 646 0o 00016  sdkaarscdodk 0-002
0,03 0,03 0575 120566 0o 00075 24096120 0-001




SAMPLE NO A2-6

!

THE UNIVERSITY OF IOWA
SOIL MECHANICS LABQRATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

DATE PLACED 6~-18-70
SPECIMEN DIAMETER= ZoSOIN

LOAD
TSF

0,03
1,00
2400
4000
8000
1600
32,00

80 CO
20,00
0,03

CHECK

LOAD
TSF

0003
1,00
2000
4000
. 8500

16,CO
32,00

8000
2,00
0503

0,03

SPECIMEN NO 7
DATE REMOVED

6=19~

TYPE
70

SPaGRe

NATURAL
2.7

2

SPECIMEN HEIGHT=0,7521IN

0, 00849
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WT, OF RING + COVER PLATES + WET SDIL 182, 8300GM,
WTe OF RING + COVER PLATES 83,1000 GM,
D/R WITH SEATING ‘LOAD ON SPECIMEN 002500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 238,48 GMo
DRY WTo OF SPECIMEN.*»CGNTAINER (F INAL ) 230496 GMs
WTe OF CONTAINER FOR W/C TEST 139,80 GMo
‘ TEST PERFORMED ON CONSOLIDOMETER NOs- 101
- LOAD MACH DIAL WATER DEGo DRY NEG»
PSI CORR READ CONTENT  SAT. DEN, P=PR
GMCC PSI°
O0c44 050000 02500 9,40 31,77 1051 7250
13489 000057 0o2422 9:40 31,97 1051 8940
27478 000073 0, 2387 9540 32515 1652 © 89,0
55655 060096 0a2314 9,40 32065 1053 8904
1liloll 060111 Gs2103 9,40 34073 1.57 88,5
222022 De0156 001694 9,40 39,41 1o 65 8963
444045 000209 (el241 9040 46425 1o 75 8602
11lell ( 000116 0s1333 9,40 46,27 1o75 90,0
2T7e78 060070 001392 9,40 46,01 1o 75 90,0
10044 040040 0o 1490 9,40 44570 1s73 °© 90,0
ON FINAL W/C MEASURED= 8,249
 CALCULATED FROM D/R= 9,401
LOAD vOID STRAIN COEFFo CONSTR  COMPR
‘KGo / RATIO  PERCENT  COMPR. MODULUS INDEX
SQCM CM2/KG ' KG/CM2 :
0003 06805 0. 000 0, 00000 0,000 0000
0098 0, 800 0e 279 0.00533 338, 760 00003
le95 0,795 00532 00 00467 3860333 00015
{3e91 0e 783 1le 197 0600614 293,722 00 040
7481 00736 3,803 0,01204 149, 856 0.156
- 1562 00649 Be64% 0.,01118 1616395 00290
31.25 06553 13,963 0400614 293,729 0,319
Ta81 De 553 13,976 Aokdekokokdk  aokokgokolokok =0,000
‘1695 00556 13,803 0o,00053 3389,103 00005
0e572 124899 2124 567 0,009



THE UNIVERSITY OF I0WA
SOIL MECHANICS LABORATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A4-6 SPECIMEN NO 11
DATE PLACED 6-26-70  DATE REMOVED 6-26~70
SPECIMEN DIAMETER= 26,50IN

TYPE NATURAL
SPaGRo 2072
SPECIMEN HEIGHT=0o752IN

WTe OF RING + COVER PLATES # WET SOIL 194, 6000GM,
WTo OF RING + COVER PLATES 83,1100 GMe
D/R WITH SEATING LOAD ON SPECIMEN 0, 2500
WET Wio OF SPECIMEN + CONTAINER (FINAL)} 251.59 GMo
DRY WTo OF SPECIMEN + CONTAINER (FINAL?} 233550 GMos
WTo OF CONTAINER FOR W/C TEST 129,79 GMe
TEST PERFORMED ON CONSCLIDOMETER N{o 101
LOAD LOAD MACH DIAL WATER DEGo DRY NEGe
TSF PSI CORR READ CONTENT SATo» DENo P~PR
GMCC PSIe
0203 044 000000 GCo2500 18,97 68,28 1. 55 850
1,00 13,89 00,0057 02409 18,97 69,01 1,506 8,0
2,00 2778 000073 ©p2369 18097 690,53 1056 860
4000 5555 000096 0,2185 18,97 73024 1060 To1
8,00 11l1le1! 000111 001731 18,97 85,70 1,70 S5s4
16,00 2220622 0,0156 (1386 18,97 96,99 1,78 5:4
32,00 444045 060209 001001 16,71 100,00 1,87 0.0
8,00 11l1lo1l1 00,0116 00,1090 16,68 100,00 1,87 D00
2,00 27678 00070 ©Coll4a9? 16,79 100,00 1,87 0e 0
0,03 Oc44 00,0040 0o1245 17,36 100,00C Lo 85 Cs0
CHECK ON FINAL W/C MEASURED=19,304
CALCULATED FROM D/R=17,357
LOAD LOAD vOID STRAIN COEFFo CONSTR COMPR
TSF KGo / RATIO PERCENT COMPRo MODULUS INDEX
SQCM CM2/KG KG/CM2
0eC3 003 0. 756 0,000 C. 000C0 0, 000 0,000
1,00 0c98 0748 Oc 452 00, 00839 209,232 0,005
20,00 195 00742 Ce 771 0. 00574 305, 852 0o 019
4,00 3291 0o 705 20912 0001925 91,217 0»125
80 00 T-81 0e602 8750 002624 666906 00340
16600 15662 0532 120739 Co 00897 195, 827 00233
32,00 310 25 06455 17: 154 0, 00496 353, 890 0,258
80 00 781 0o454 170207 Fop A ARE koA KA -06002
20,00 195 O 457 17,035 000052 3389,140 0,005
0,03 00,03 0o 472 16,157 06 C0802 219,009 00009
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THE UNIVERSITY OF I0OWA
SOIL MECHANICS LABORATORY
ONE-DIMENSICONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SPECIMEN NO 13 TYPE NATURAL
DATE REMOVED 6-30-70 SPoGRo 2072
SPECIMEN HEIGHT=0,752IN -

SAMPLE NO A4-8
DATE PLACED 6-12-70 ,
SPECIMEN DIAMETER= 2,501IN

WTe OF RING + COVER PLATES + WET SOIL 201, 0900GMo
WTo OF RING + COVER PLATES 83,1100 GMo
D/R WITH SEATING LOAD ON SPECIMEN 0025007
WET WTo OF SPECIMEN + CONTAINER (FINAL) 259091 GM»
DRY WTe OF SPECIMEN + CONTAINER (FINAL) 240053 GMo
WTo OF CONTAINER FOR W/C TEST 148056 GMs
TEST PERFORMED ON CONSOLIDOMETER NO» 101
LOAD  LOAD MACH DIAL  WATER DEGs DRY NEGe
TSF  PSI CORR READ CONTENT  SATo DENo  P-PR
| GMCC  PSlIs
| 0,03 Oe44 000000 Go2500 28028 97 50 1052 354
| 1o00 13689 000057 (52345 28015 100,00 1o54 268
i 2000 27078 000073 (02127 26,38 100,00 1058 2,2
4000 5555 000096 001824 23,93 100,00 le 65 109
~ 8000 11lell 000111 ©Col504 21027 100000 1o72 la4
16,00 222022 0,0156 001216 19,14 100,00 1. 79 000
32,00 444045 060209 020901 16485 100,00 1o 87 000
8000 11le11l 000116 0,0990 16582 10000 1o 87 060
2000 27678 000070 001048 16092 100000 1. 86 000
0003 0o44 000040 001165 17,68 100000 lo84° 000
| ' CHECK ON FINAL W/C MEASURED=21,072
' CALCULATED FROM D/R=17,681
LOAD  LOAD voID STRAIN COEFFe CONSTR  COMPR
TSF KGo/  RATIO  PERCENT  COMPR,  MODULUS  INDEX
- SQCM CM2/KG  KG/CM2
0,03 * 0.03 0,789 0000  0,00000 0,000 00000
1600 - 0098 0,766 10303 0, 02464 720 592 0. 016
2,00 . 195 00718 3,989  0,04923 360339 00160
4000 @ 3091 00651 70713 0003411 520 450 0,221
8000 7081 00578 1lo769 0.01858° 96, 301 0o 241
16000 15462 0,521 154000 0,00740 241761 00192
32,00 31025 00458 180,484  0,00399 448,442 00207
8000 7081 00457 185537  #fkkiokk  kkdkkkkk  =0,002
2,00 1095 00460 18,378 (000049 36710431 0,005
0,03 0003 0048l 170221  Go 01077 1660144 0,011
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SAMPLE

LOAD
TSF

0:03
1,00
2,C0
4500
8000
16.00
32000

8,00
2000
0,03

CHECK

LOAD
TSF

00,03
1,00
2,00
4000
86 00
16.00
320,00

8000
2000

THE UNIVERSITY OF IOWA

SOIL MECHANICS LABORATORY
ONE-DIMENS IONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

NO A4~-1 SPECIMEN NO 14 TYPE NATURAL
DATE PLACED 7-01-70 DATE REMOVED 7=02-70 SPsGRa 2572
SPECIMEN DIAMETER= 2550IN SPECIMEN HEIGHT=00752IN
WTo OF RING + COVER PLATES + WET SOIL 180, 8500GM,
WTo OF RING + COVER PLATES 83, 1100 GM.
D/R WITH SEATING LOAD ON SPECIMEN 002500
WET WTe OF SPECIMEN + CONTAINER (FINAL) 238033 GMe
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 233220 GM»
WTo OF CONTAINER FOR W/C TEST 139,80 GMo
TEST PERFORMED ON CONSGLIOCMETER NOo . 101
LOAD MACH DIAL WATER DEGo DRY . NEGe
PSI CORR READ CONTENT SAT,. DENs P=PR
GMCC PS1.
Oo44 00,0000 02500 4065 16,60 lo54 248,0
13,89 00057 052440 4,65 16061 154 25540
27,78 02,0073 0o 2404 4,65 16571 152 24555
55655 050096 02344 4.65 16,91 1056 243.3
11111 GoOl1ll 052165 4065 17,82 159 243,0
222022 0-,0156 0o 1826 4065 19,74 1,66 24203
444045 000209 00,1392 4065 22594 1o 75 231,0
11111 00,0116 051485 4065 22094 1075 231.0
27,78 00070 0,1540 4,65 22,85 le 75 231.0
Co44 000040 Gs1720 4565 21049 lo71 23150
ON FINAL W/C MEASURED= 5,493
CALCULATED FROM D/R= 4,647
LOAD voliD STRAIN COEFFo CONSTR COMPR
KGs / RATIO PERCENT COMPR, MODULUS INDEX
SQCM CM27KG KG/CM2
0,03 00762 00000 C» 00000 00000 00000
0.98 0761 0. 040 0, 00074 2371,437 0., 000
195 0- 756 00306 Co 00480 3670022 0. 016
3091 0o 748 00 798 0o 00444 3960913 0029
7681 0709 26973 0. 00984 179, 096 00128
15462 02640 6888 C- 00882 199, 824 06229
31la25 02551 11,955 00 00571 308, 377 0o 296
T7-81 0e551 110955 Co Q0000  Zeaksfeaedecdink 0.000
1. 95 0e 553 110835 Co 00036 4895,520 0s 004
0,03 0-588 9. B40 001828 96, 364 0019

0,03
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SAMPLE NO A4-5

THE UNIVERSITY! OF IOWA

SOIL MECHANICS LABORATORY |
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

DATE PLACED 7-03-70
SPECIMEN DIAMETER= 2,50IN

LOAD
TSF

0,03
1,00
2000
4000
8000
1600
32000

8600

2000

003

CHECK

LOAD
TSF

0.03
1. 00
2,00
4000
8000
160,00
320,00

8000
2,00
0.03

SPECIMEN NO
DATE REMOVED 7-03=70

15

TYPE NATUR

SPoGRo 2

AL
072

SPECIMEN HEIGHT=0,7521IN

WTo OF RING + COVER PLATES + WET SOIL 187 4
WTe OF RING + COVER PLATES ) 83511
D/R WITH SEATING LOAD ON SPECIMEN
WET WToe OF SPECIMEN + CONTAINER (FINAL) 243,
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 229,
WTo OF CONTAINER FOR W/C TEST 139,
TEST PERFORMED ON CONSOLIOOMETER NOo, - 1
LOAD MACH DIAL WATER DEGo DRY
PSI CORR READ CONTENT SATe DENa
_ GMCC
De44 060000 €52500 15594 52037 lo49
13089 000057 052459 15,94 52012 le 48
27¢78 000073 00,2418 15,94 '52051 1049
55655 000096 (,2276 15,94 54,41 1051
111611 000111 00,1878 15,94 6le61 10 60
222022 De 0156 Q¢ 1459 15.94 7075 ls 69
444445 000209 01167 15,94 786 15 1. 75
111611 060116 051272 15:94 7775 1. 75
27478 000070 GCol334 15,94 77,21 lo 74
"Oe44 000040 051409 15,94 75073 1o 73
ON FINAL W/C MEASURED=15,722
CALCULATED FROM D/R=15,944
LOAD vo 1D STRAIN COEFF, CONSTR
KGo / RATIO PERCENT  COMPRs MODULUS
SQCHM CM2/KG KG/CM2
0,03 0e828 00000 0o 00000 06000
" 0e98 00832 =0o213 TEEXERE =444, 634
1l¢95 00826 00120 0, 00623 293,624
3,91 04797 16702  0,01481 123,411
T7e81 Oe 704 66795 0s 02384 766 689
15662 De 613 11,769 0 01164 157, 080
3125 0e 555 140947 0,00372 491,597
Te81 00558 14,787 0s 00012 koo
1e95 0e562 14574 0o 00066 27534538
0+03 0e573 13,976 0. 00569 321,215
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600GMo
00 GMo
0:2500
95 GM»
80 GMg
80 GM»
o1

NEGo

P=-PR

PSIs
12,5
11.6
10.6
11,2
10.9
Bo9
604

9.2
10:5
12.5

COMPR
INDEX

0,000
-0,003
00020
0,096
00 309
00302
0,193

Ve 005
00006
0,006



THE UNIVERSITY OF I0WA
SOIL MECHANICS LABORATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A4-3
DATE PLACED 7=06-70
SPECIMEN DIAMETER=

SPECIMEN NO 16
DATE REMOVED 7-07-T0
2050IN

TYPE NATURAL
SPeGRe 2072
SPECIMEN HEIGHT=0oT752IN

- 121 -

WTe OF RING + COVER PLATES + WET SOIL 187.8700GM,
WTo OF RING + COVER PLATES 83,1100 GMe
D/R WITH SEATING LOAD ON SPECIMEN 05,2500
WET WTe OF SPECIMEN ¢+ CONTAINER (FINAL) 253,06 GMo
DRY WTo. OF SPECIMEN + CONTAINER (FINAL) 241047 GMo
WTo OF CONTAINER FOR W/C TEST 148,58 GMo»
TEST PERFORMED ON CONSOLIDOMETER NG 101
LOAD LOAD MACH DIAL WATER DEGe DRY NEGs
TSF PSI CORR READ CONTENT SATo DENe P=PR
GMCC PSio
0,03 0o%44 000000 0,2500 12,78 45006 le54 1800
1.00 13089 0,0057 0:2432 1278 45,22 le 54 177
2600 2778 000073 0,2395 120,78 45,51 1e54 18,0
4600 55,55 000096 0,2319 12,78 46027 1. 55 1800
8,00 111,11 000111 ©Co2014 12,78 500 89 lo 62 174
16600 222022 06,0156 01619 12,78 57.88 1,70 16,8
" 32600 444045 000209 01210 12,78 67.27 1079 14,9
800 11llell 000116 GCo1302 12.78 67530 1679 15+ 4
2,00 2778 0,0070 001365 12-78 66,79 1.79 1800
00,03 0044 000040 0o1440 12,78 65545 1,78 - 1850
CHECK ON FINAL W/C MEASURED=120,477
CALCULATED FROM D/R=12,778
LCAD LOAD volib STRAIN COEFF,. CONSTR COMPR
TSF KGs / RATIO PERCENT COMPRo MODULUS IMDEX
SQCM CM2/KG KG/CM2
0-03 0003 0771 00000 0. 00000 00 000 0,000
1,00 0,98 06769 Oc 146 0,00274 646, 731 0002
2200 1,95 0e TH4 0c 426 0000507 349, 543 0016
4000 3091 0751 16130 0.00639 277,093 0.041
80,00 7,81 0,683 4,987 0001749 1010282 00227
16,C0 15062 0601 90 641 0., 01055 1670852 0:274
32,00 31,25 00517 146375 00 00537 330,033 00279
8000 TeB1 06516 14,388 Faokdeokdedk ok aoRAK =0.000
2600 1095 00520 140162 000068 2591663 0,007
0,03 0,03 00531 136 564 0o 00551 321213 00006



THE UNIVERSITY OF I0WA
SOIL MECHANICS LABORATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SPECIMEN NO 17 TYPE NATURAL
,DATE REMOVED 7-18-70 SPoGRs 2072
SPECIMEN HEIGHT=00752IN -

SAMPLE NO A6-6
DATE PLACED 7-17-70
SPECIMEN DIAMETER= 2o50IN

WTe OF RING + COVER PLATES + WET SOIL 195, 5200GM»

WTo OF RING + COVER PLATES 83,1000 GMo

D/R WITH SEATING LOAD ON SPECIMEN 0»2500

WET WTo OF SPECIMEN + CONTAINER {(FINAL) 240002 GMo

DRY WTo OF SPECIMEN + CONTAINER (FINAL) 220,88 GMe

WT., OF CONTAINER FOR W/C TEST 130010 GMo

TEST PERFORMED ON CONSOLIDGMETER NOs 101

LOAD LOAD MACH DIAL WATER DEGs DRY NEGo
TSF PSI CORR READ CONTENT SATo DENa P-PR
GMCC PSIs
0,03 0o 44 000000 C-2500 23,84 79,81 1. 50 504
0050 6695 000041 . 0c2452 23,84 79,97 150 561
1,00 13689 000057 002434 23,84 80,02 1,50 5.0
2600 27678 0,0073 0:2337 23,84 82,00 152 - 4ob
4,00 55555 050096 02071 23.84 880,55 157 3.9
8,00 111411 000111 051656 23,37 100000 1. 66 0e9
1600 222622 000156 Col339 20,96 100,00 173 0.0
32000 444045 000209 Go1l036 18.75 100,00 1. 80 0.0
8600 1lloll 0e0l16 GColl28 18074 100,00 180 0,0
20C0C 27,78 000070 Co1186 18,85 100,00 1-.80 00
0250 6595 000055 051235 19015 100,00 179 0.0
00,03 0644 000040 021300 19,59 100,00 1o 77 000

CHECK ON FINAL W/C MEASURED=21,084
CALCULATED FROM D/R=19,591
LOAD LOAD VOID STRAIN COEFFo CONSTR COMPR
TSF KGo / RATIO PERCENT COMPRo MODULUS INDEX
SQCM CM2/KG KG/CM2

0003 : 0003 Cs812 0,000 0, 00000 00000 0. 000
050 V0049 0-811 00093 0., 00369 4916590 0,001
1,00 0098 Go 810 00120 0, 00099 18364599 00002
2000 195 0791 16197 s 02000 90, 624 00 065
4000 3091 00732 bo 428 0, 02999 600436 Col195
80,00 1081 00636 Se T47 0, 02468 735429 00320
16,00 1562 00570 130,364 00, 00839 215,985 00218
32,00 31025 00510 160689 000386 4690967 00200
8600 7081 00510 160702 ARk Xk ddeskolegodokdedk =0,000Q
2000 1695 00513 160543 0000049 36710420 0,005
Q0050 0049 0e521 1560090 0, 00560 323922 0014
00 C3 0.03 00533 150 426 0.02633 680 827 06010
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\
‘ THE UNIVERSITY OF 10WA
SOIL MECHANICS LABORATORY
ONE-DIMENSIUONAL CONSOL IDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS
SAMPLE NO A6-5 SPECIMEN NO 18 TYPE NATURAL
CATE PLACED 7-20-70 DATE REMOVED 7-21-70 SPeGRo 2672
- SPECIMEN DIAMETER= 2,50IN SPECIMEN HEIGHT=0o7521IN
WTo OF RING + COVER PLATES + WET SOIL 187 50006GM.
WTe OF RING + COVER PLATES 8361000 GM,
D/7R WITH SEATING LOAD ON SPECIMEN 0-2500
WET WTe OF SPECIMEN + CONTAINER (FINAL) 266065 GMo
DRY WTo OF SPECIMEN + CONTAINER (FINALJ 255012 GMo
WTo OF CONTAINER FOR W/C TEST 162048 GMo
TEST PERFORMED ON CCONSOLIDOMETER NOo 101
LOAD LOAD MACH DIAL WATER DEGa DRY NEGo
TSF PSI CORR READ CONTENT SAT, DEN. P=PR
GMCC PSIo
0003 Oc44 00,0000 00,2500 12,69 44049 153 18,0
100 1389 0,0057 052440 12,69 44,53 153 177
20,00 27278 0,0073 €52407 12069 44,76 154 1707
45 00 55055 000096 002327 12,69 45656 Le 55 176
8,00 111loll 000111 002032 12,69 490,91 1o 61 17,0
16000 222022 05,0156 Gol614 12,69 57,20 1.7C 1624
32.00 444045 000209 001226 12069 65-.83 lo78 13.5
8000 111e11 0o,0116 01301 12,69 66036 1,79 13,5
20,00 2778 05,0070 001354 12,69 - 66015 lo79 16,5
0,03 Co44 060040 0ol410 12,69 65,39 178 18,0
CHECK ON FINAL W/C MEASURED=12.446
CALCULATED FROM D/R=12,694
LOAD LGOAD vOID STRAIN COEFF, CONSTR COMPR
TSF KGo / RATIO PERCENT COMPR, MODULUS INDEX
SQCM CM2/KG KG/LCM2
0.03 0-03 0. 776 Ce 000 0» 00000 00,000 0000
1,00 0098 0775 00 040 0, 00075 2371,382 0000
2,00 1095 0771 00 266 0, 00411 431, 787 0o 013
40 CC 3691 00,758 10024 0, 00689 257,647 0045
8600 781 00692 4e T4T 0001693 104,899 00220
16:00 15062 00604 9 7107 0-01128 157,502 0s 293
32,00 31625 0525 140162 0000506 3500721 00263
8000 T+81 06520 140402 K I ot -0, 007
2200 16 25 06522 140309 0000028 62930941 0,003
0,03 0,03 0-528 130963 0, 00319 5555950 0,003




THE UNIVERSITY OF I0WA
SOIL MECHANICS LABQORATORY
ONE-DIMENSIONAL CONSOL IDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

NATURAL
2,72

TYPE
SPsGRo

SAMPLE NO A5-2
DATE PLACED 7-21-70

SPECIMEN NO 19
DATE REMOVED 7-22-T0

‘003
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SPECIMEN DIAMETER= 2,501IN SPECIMEN HEIGHT=0o T521IN -
WTo OF RING + COVER PLATES + WET SOIL 193, 2700GM,
Wf, OF RING + COVER PLATES 83,1000 GMs
D/R WITH SEATING LOAD ON SPECIMEN 002500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 272000 GMo
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 253610 GM,
WTo OF CONTAINER FOR W/¢ TEST 162525 GMs
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD  LOAD MACH DIAL  WATER DEGo DRY NEGs
TSF PSI. 'CORR READ CONTENT  SAT. DENo  P=PR
GMCC  PSI.
0003 Oc44 000000 00,2500 21027 71032 1650 740
0050 60695 000041 002450 21427 71051 1,50 609
1600 13.89 00057 002405 21627 72013 151 506
2000 27¢78 00073 062132 21027 78016 1056 607
4¢00 55055 000096 001994 21,27 81,20 1059 7ol
8000 11lell 0e0l111 0,1652 21,27 9130 lo67 450
16000 222422 000156 001334 20,88 100000 1.73 1.0
32,00 444445 000209 000974 18416 100400 1082 000
8400 11lell 0e0116 0o1063 18012 100,00 lo 82 000
2,00 . 27578 0e0070 001125 18,26 100,00 1082 060
0050 6095 000055 0el175 18457 100,00 1,81 000
0003 Oe44 000040 001230 18,93 100,00 1,80 060
CHECK ON FINAL W/C MEASURED=20,803
CALCULATED FROM D/R=18,928
LOAD ;LOAD voiD STRAIN COEFFo CONSTR  COMPR
- TSF , KGo/ RATIO PERCENT COMPRe  MODULUS  INDEX
. SQCM CM2/KG - KG/CM2
0,03 . 0e03 00811 0,000 0, 00000 0e 000 02000
0450 * 0049 0809 00120 000474 382,365 06002
1,00 ; 0098 06802 06505 0s01430 1260642 00023
2,00 1e95  0e 740 34923  0,06341 285,563 0206
4,00 ‘3091 00712 50452 0601418 127,704 0,092
8,00 7481 04634 9801 002016 894 822 00262
160C0 1562 06568 136431 000842 2150195 00218
32400 31425 00494 176513 0400473 3824709 Oe 246
8000 Te8l 06493 170566  *kikdkdr xbkkakikk  =0,002
2600  1e95 06497 176354 0600066 27534557 00006
0050 0e49 00505 164888 0000576  3l4e 666 CaOl4
0003 0e515 166356 0,02105 86 033 0»008




THE UNIVERSITY OF I0WA
SOIL MECHANICS LABORATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A6-~-12 SPECIMEN NO 20
DATE PLACED 7-23-70 DATE REMOVED 7-24~T70
SPECIMEN DIAMETER= 2o50IN

TYPE NATURAL
SPoGRs 2572
SPECIMEN HEIGHT=0,752IN

WTe OF RING + COVER PLATES + WET SOIL 184, 0700GMs
WTe OF RING + COVER PLATES 83, L0000 GM»
D/R WITH SEATING LOAD ON SPECIMEN 02500
WET WTo. OF SPECIMEN + CONTAINER (FINAL) 281070 GMo
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 27464 GMy
WT- OF CONTAINER FOR W/C TEST 1B0s67 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD LOAD MACH DIAL WATER DEGo DRY NEGo
TSF PSI CORR READ CONTENT  SATo DENo P=PR
GMCC PSI,
0-03 Os 44 0,0000 G 2500 1045 260,98 1255 1010
100 13089 000057 002421 7045 27017 1o56 112.0
2000 27,78 00,0073 002393 To45 27,27 1:56 122,00
4000 550655 05,0096 002343 7545 2750 1657 11650
800 11llell 00,0111 0.2244 1045 28025 158 11500
16,00 222622 05,0156 GCr1933 To45 30092 1064 11400
32000 444045 0,0209 051496 7545 35,81 lo 74 38,0
8600 11lo11 000116 ©Col575 . Ta45 36,02 lo74 1000
: 2000 27278 0,0070 051623 7245 35.99 le 74 - 10160
) 003 Oc44 000040 001694 7045 35,39 1s73 101.0
CHECK ON FINAL W/C MEASURED= 7,513
: CALCULATED FROM D/R= 70,449
LOAD LOAD vOID STRAIN COEFF, CONSTR COMPR
TSF KGe /- RATIO PERCENT COMPRo MODULUS INDEX
SQCM CM2/7KG KG/CM2
0,03 0603 0751 00000 0, 00000 0,000 0,000
100 0,928 Co 746 0 293 0o 00541 323,361 0003
2600 195 0:743 0e452 0, 00286 611, 703 0,009
%40 00 3,91 02 737 0.811 000322 5436929 0021
8000 Te81 00717 10928 0, 00501 349, 663 0065
16,00 15062 00 655 50 465 0o 00793 2200857 0c 206
32.00 31625 06566 10572 0, 00572 305,968 00297
8,00 7081 0563 106758 Ao dokkRk  kkEgkkkk 0 =0,005
20,00 1,95 0e 563 10731 0, 00008 rddxsksnsk 0,001
00,03 0503 06573 10.,186 0, 00497 352-553 0,005




THE UNIVERSITY OF I0OWA
SOIL MECHANICS LABORATORY
ONE~-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MIEASUREMENTS

SPECIMEN NO 21 TYPE NATURAL
DATE REMOVED 7-25-70 SPoGRo 2,72
SPECIMEN HEIGHT=0e 752IN . .

SAMPLE NO A6=7
DATE PLACED 7-24-70
SPECIMEN DIAMETER= 2450IN

WTo OF RING + COVER PLATES + WET SOIL 188, 8000GM»
WTo OF RING + COVER PLATES 83,1000 GMo
D/R WITH SEATING LOAD ON SPECIMEN 0, 2500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 277,78 GMo
DRY WT. OF SPECIMEN + CONTAINER (FINAL) 262687 GMo -
WTo OF CONTAINER FOR W/C TEST 172,21 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD  LOAD MACH  .DIAL WATER  DEGe DRY - NEGs
TSF Ps1 CORR READ CONTENT SATo DENo P=PR
GMCC PST»
0003 .~ 0e44 0o0000 ©Co2500 16,59 550,38 1050 12,0
0050 6095 060041 002448 16559 55,56 1la50 . 1004
1,00 13489 060057 Co2417 16,59 55081 1e50 100
2600 27,78 Q60073 002392 16,59 555,96 le51 ° 965
4000 55655 000096 002303 16,59 57,08 152 848
8200 1llell 060111 001894 16059 64,89 1,60 Te9
16,00 2220622 000156 Col460 16,59 75002 170 806
32000 444e45 040209 Co1096 16059 85,71 - 1.78 602
8600 111511 000116 001187 16059 85079 1,78 800
2600 27¢78 00070 001249 16559 85016 1.78 808 -
050 6095 060055 Col1289 16059 844,21 lo77 9,2
00,03 Oo44 000040 001333 16,59 83512 1,76 9.4
CHECK ON FINAL W/C MEASURED=160446
- CALCULATED FROM D/R=16,589
LOAR LOAD voip STRAIN COEFFo CONSTR COMPR
TSF . KGa / RATIO PERCENT COMPR, MCDULUS INDEX
: SQCM CM2/KG- KG/CM2
003 . 0603 0-815 00 000 0, 00000 0. 000 0. 000
050 - 0049 00812 Oe 146 00 00580 312,832 0002
100 . 0,98 00 809 0o 346 0, 00741 2440 848 Co012
2,00 ‘1895 Oe 806 0¢465 0000223 8155589 0,007
4600 3091 00 790 1343 0, 00816 2225515 0053
80,00 Te81 0., 695 66582 0. 02434 T4s 548 0316
160,00 15062 0: 602 11 755 0001202 1510023 Ce 312
32000 31025 0e 526 15891 0- 00480C 377,786 06249
800 : 7681 00526 156918 . #okkokdkk  dokokdedokdkk =-0,001
2000 ‘1095 00530 150705 0. 00066 27530660 0. 006
0050 . 0049 00536 156372 0, 00412 4400 529 0-010
0003 00 543 140987 0,01529 1184 667 0,006

0003




THE UNIVERSITY

OF I0wWA

SOIL MECHANICS LABORATORY
ONE=-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A6~9
DATE PLACED

LDAD
TSF

0,03
0650
1,00
2000
4000
80,00
160,00
32000

8- C0
200
0050
0.03

CHECK

LOAD
TSF

0603
0650
1,00
20,00
4000
8000
16,00
32.,0C

8,00
2200
0250
0e03

SPECIMEN DIAMETER= 2,50IN SPECIMEN HEIGHT=0,7521IN
WTo OF RING + COVER PLATES + WET SOIL 1966 6200GMo
WTo OF RING + COVER PLATES 83,1000 GMo
D/R WITH SEATING LOAD ON SPECIMEN 002500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 255,78 GMa
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 237622 GMo
WTo OF CONTAINER FOR #W/C TEST 148,28 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD MACH DIAL WATER DEGo DRY  NEGo
PSI CORR READ CONTENT SATe DENo P=pPR
GMCC PSIe
Oo44 000000 0e2500 27064 88544 1. 47 304
6095 000041 0,2385 27,64 90,38 lo48 350
13:89 00057 002305 27-64% 92,12 1,50 2.8
2778 00073 062132 27564 96, 70 1053 2.8
55655 000096 0,1833 26,08 100,00 159 205
111,11 00111 00,1514 23,33 100,00 1066 202
222022 000156 0a1229 21,16 100,00 173 1e7
444445 0,0209 000959 19,20 100,00 179 0.0
11111 00,0116 01047 19:16 100,00 1. 79 0,0
27,78 0o0070 0c1105 19,26 100,00 178 000
6095 000055 (Coll51 19,54 100,00 178 00
Oc44 000040 061207 19,92 100,00 1o 76 060
ON FINAL W/C MEASURED=20,868
CALCULATED FROM D/R=19,916
LOAD vo10 STRAIN COEFF, CONSTR COMPR
KGo / RATIO PERCENT COMPR, MODULUS INDEX
SQCM CM2/KG KG/CM2
0,03 00850 00 000 0, 00000 00 000 0,000
0049 00832 06984 0003978 460504 00015
0e98 0,816 1,835 0003224 57- 385 05052
1095 o777 36923 0., 03957 46,755 Col28
3291 0o 709 7,593 0003477 530 210 06226
Te81 00635 110636 0-01915 96,618 0,248
15662 00 576 14,827 0, 00756 2440 783 00196
31025 0:522 17,713 0.00342 541, 435 00177
781 0e521 17779 koo ok okakokdokokok -0,002
195 0s 524 17+ 620 0, 00050 3671,632 0,005
0o 49 00532 17,207 0500521 355,260 0cO13
003 06542 160662 002204 83,936 0-008

1=-27-7

SPECIMEN NGO
DATE REMOVED 7-28-70

22

TYPE

SPaGRo

NATURAL
207

2
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THE UNIVERSITY OF ICWA
SOIL MECHANICS LABORATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A6-8

DATE P

SPECIMEN DIAMETER=

LOAD

TSF

003
0050
L.00
2000
4oC0
80,00
160,00
320,00

8000
20,00
0050
0,03

CHECK

LOAD
TSF

00,03
0050
1,00
2000
4000
8,00
16-,CC
32,00

80,00
2000
050
0,03

LACED

WTa
WTe
D/R
WET
DRY
WTs

OF

WTo
WTa

LOAD
PSI

Oo 44
6095
134 89
27.78
55655
111011
222622
444445

111011
27,78
6095
Oc 44

1=28=17

SPECIMEN NO
DATE REMOGVED 7-29=70
2050 IN

23

TYPE

SPoGRe

NATURAL

2072

SPECIMEN HEIGHT=0o752IN

RING + COVER PLATES + WET SOIL
OF RING + COVER PLATES
WITH SEATING LOAD ON SPECIMEN

OF SPECIMEN + CONTAINER (FINAL)
OF SPECIMEN + CONTAINER (FINAL)

MACH
CORR

000000
0, 0041
060057
00073
04 0096
0.0111
06 0156
Oe 0209

OeOll6
0, 0070
00,0055
0. 0040

DIAL
READ C

Ce 2500
Ce.2453
Co 2441
0o 2374
00 20675
G 1638
Qs 1347
0, 0999

Oe1122
Co1186
Co 1230
00 1295

OF CONTAINER FOR W/C TEST
TEST PERFORMED ON CONSOLIDOMETER NOo

WATER
ONTENT

21,18
21.18
21,18
21l.18
21-18
21,18
20052 1
17,93 1

180,19 i
18,35 1
18,6C 1
19.04 1

ON FINAL W/C MEASURED=21:114
. CALCULATED FROM D/R=19,043

+ LOAD
~KGs /
SQCM
1003
. " 0e49
0«98
i 1095
3091
§t 7.81
15062
31e25

Te81
1.95
. 0a 49
0603

vOID
RATIO

0c 796
0e 795
00 796
00784
00718
00617
Co 558
00488

06495
00499
00506
0o 518

STRAIN
PERCENT

00000
0080
06027
06 705
40375
96987
13258
17181

160782
160543
160157
156492

COEFF.,
COMPRo
CM2/KG
0. 00000
00 003173
%o e e ke 3k
0001248
00 03376
0002581
0, 00752
0000451

0. 00031
0, 00073
0, 00473
00, 02610

DEGe
SATe

72,35
72048
72,39
73552
800 27
93,4 39
00,00
00,00

00,00
00.0C
00,00
00,00

194, 100

83,1000
Oe

OGM.
GMo
2500

251628 GMo
231094 GM-»
140634 GM»

101

DRY
DENo
GMCC
1251
152
1251
1.53
1¢58
1,68
1.75 .
1,83

182
1. 81
1,81
1679 ..

NEGa

P=~PR

PSIo
900
304
3,6
3,0
1.8
105
12
000

0.0
0.0
0.0
0,0

CONSTR
MODULUS
KG/CM2

00 000
5736520
=9186 198
1434933

530210

690601
2380 813
3986277

58740578
2447, 661
379, 766

68,828

- COMPR
INDEX

0,000
05001
-0,003
00040
0,219
0+335
00195
Dc234

0.012
00007
00012
0010




THE UNIVERSITY OF IOWA
SOIL MECHANICS LABORATQRY
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 SPoGRo 2072
SPECIMEN DIAMETER= 2,501IN SPECIMEN HEIGHT=0oT752IN
WTo OF RING + COVER PLATES + WET SOIL 1800 2000GM,
WTo OF RING + COVER PLATES 83. 1000 GMs
D/R WITH SEATING LOAD ON SPECIMEN 062500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 245532 GM.
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 239,83 GM,
WT. OF CONTAINER FOR W/C TEST - 148430 GMo
TEST PERFORMED ON CONSOLIDOMETER NO. 101
LOAD  LOAD MACH DIAL  WATER DEGa DRY NEGo
TSF  PSI CORR READ CONTENT  SATe DENo  P=PR
GMCC  PSI.
0003 Oo4%4 000000 Gs2500 6509 20075 1051 17550
1c00 13,89 00,0057 Go2440 6409 20077 1051 17440
2600 27,78 000073 002417 6009 20081 1652 17305
4600 55,55 000096 002319 6,09 21,29 1053 17207
8000 1111l 050111 0c2112 6,09 22,63 1e57 17260
16000 222022 000156 GCo1808 6009 24072 1063 16155
32,00 444045 050209 001355 6009 28,84 1,73 16000
8o00 11loll 00,0116 0,1488 6,09 28037 1672 16000
2000 27,78 0.0070 0o1525 6,09 28,48 1672 160,0
0,03 0o 44 000040 051598 6009 27.98 a7l 16000
CHECK ON FINAL W/C MEASURED= 5,998
CALCULATED FROM D/R= 6,085
LOAD  LOAD VOID STRAIN COEFF, CONSTR  COMPR
TSF KGo/ RATIO PERCENT  COMPRo  MODULUS  INDEX
sacMm CM2/KG  KG/CM2
0003 0.03 00798 0-000 0000000 00 000 00000
1,00 0s98 0,797 0o 040  0,00076 2371,216 00000
2000 1695 00795 00133  0,00171 1048,592 00006
4000 3,91 00777 10130  0,00918 195,812 00060
8000 7e81 00731 3,684 0o01175 1520978 00152
16000 15462 0,669 7128  0.,00793 2260827 00206
32,00 31025 00574 12:447 0,00612 293,729 0,318
8000 Te81 00583 110915  0,00041 4405, 996 00,016
26 00 1095 00581  12.035  #kkxd wxikkskx  =0,006
0003 0003 00592 11o463  0,00535 336,151 00006




THE UNIVERSITY OF I0OWA
SOIL MECHANICS LABORATORY
ONE-DIMENS IONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A2-1 SPECIMEN NO S1 TYPE NATURAL
DATE PLACED 5=27-7 DATE REMOVED 5-=29~70 SP>GRo 2072 A
SPECIMEN DIAMETER= 2,50IN SPECIMEN HEIGHT=0, T52IN" i
WToe OF RING + COVER PLATES + WET SOIL 178, 7200GM»
WTo OF RING + COVER PLATES 83, 1000 GM»
'D/R WITH SEATING LOAD ON SPECIMEN 0. 2500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 249036 GM,
DRY WTo OF SPECIMEN + CONTAINER (FINAL) 239,35 GM>»
WTo OF CONTAINER FOR W/C TEST 148,57 GM,
TEST PERFORMED ON CONSCLIDOMETER NOo 101
LOAD LOAD MACH DIAL WATER DEG- . DRY NEGo
TSF PSI CORR READ CONTENT SATe DENo P-PR
: GMCC PSIs
. 0,03 0o 44 050000 C:2500 5,33 17,85 1,50 109,0
1.00 13,89 0,0057 0o2390 5:33 i8:13 1,51 130,0
2-00 27,78 0,0057 002355 5033 18,33 152 14005
4,00 550,55 000096 02293 5-33 18,46 1,52 13867
8.00 11lo.11 0.0111 0,2151 5033 19021 1655 137,0
8,00 111o,11 00111 0,1785 8,18 33,36 1. 63 6358
8,00 111c11 0,0111 001547 11503 49,22 1,69 19,5
16,00 222,22 000156 051216 11,03 55.50 1.77 2265
32,00 444,45 00,0209 0,0862 1103 64,10 1085 22609
8.0C 11lleoll 000116 0.0965 11,03 63,77 1. 85 29,3 .
2.00 27,78 00,0070 0,1021 11,03 63245 1.85 32,7
0,03 Do44 0,0040 001080 11,03 62052 10 84 36,0
CHECK ON FINAL W/C MEASURED=11.027
CALCULATED FROM D/R=11,030
LOAD LOAD vOoiID STRAIN COEFF, CONSTR COMPR
TSF KGo / RATIO PERCENT COMPRo MODULUS INDEX
SQCM CM2/KG KG/CM2
0,03 0,03 0o 812 0- 000 0, 00000 0, 000 0. 000
le 0O 0098 0. 800 06 705 0, 01350 1340227 0. 009
2,00 1095 0 791 10170 0, 00864 209, 1727 0,028
4000 3,91 0o 786 10 476 0,00284 638,531 0: 018
8. 00 7. 81 0. 755 3,165 0, 00784 231,273 0102
8,00 7.81 00667 80032 0. 00000 0o, 000 0. 000
8, 00 7281 00610 11197 0- 00000 0,000 0,000
16000 15062 0o 541 15000 0, 00882 2050413 00229
32,00 31,25 00 468 19,003 0o 00464 390, 338 0,241
8. 00 7081 0470 18,870 0o 00010  #okdcdesksksk 0,004
2,00 1,95 Oo 4T3 18, 737 0. 00041 4405,555 0- 004
0-.03 0,03 0o 480 186351 0, 00364 498, 440 0,004
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SAMPLE
DATE P

NC
LACED

THE UNIVERSITY CF IGwWA
SOIL MECHANICS LABCRATORY

ONE~DIMENSICNAL CONSOLIDATIUN TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

A6=3

7-13=7

SPECIMEN NO
DATE REMOVED 7=15-70

SPLCIMEN DIAMETER= Zo5GIN

LOAC
TSF

Qo33
1< GC
2s0C
26 G0
4o OC
BeGC
8o GL
83.CC
Bo U0
B8a(QC
16 GG
3200GC

8o GU
2oCC
o3

LCAC
TSF

0oC3
le CC
20CC
2oLC
4ol
8oL C
Bo UG
Be CC
Bo O
8eCC
16€CG
32.CC

Bo il
2o LC
Gu(3

S2

TYPE NATUR
SPaGRe

AL
20172
SPECIMEN HEIGHT=0s 7T521IN

WTe UOF RING + COVER PLATES + WET SOIL 1835 2200GMos
Wie UF RING + COVER PLATES 830 1000 GM,
D/R WITH SEATING LOAD ON SPECIMEN ' 22 250C
WET WTo, OF SPECIMEN + CONTAINER (FINAL) 292a27 GMp
DRY WTo 0OF SPECIMEN + CONTAINER (FINAL) 272551 GH,
WTe UF CONTAINER FOR W/C TEST 18Co 67 GMs

TEST PERFORMED CN CONSCLIOCGMETER NOo 101

LOarD MACH DIAL WATER DEGo DRY NEGo
PS1 CORR READ CCONTENT SATe DENe P=PR
GMCC PSis
Oo44 Do0000 Qs 2500 G002 30,98 lo52 3800
13,89 09@057 C@ZQQZ 9,02 31037 1253 4550
27278 000073 {32363 G502 31la 56 1653 5200
27678 Q0073 (52201 1300 47093 1 57 17,1
5555 00096 o214l 13,00 48051 1,57 16.3
111lell D,0111 Gol882 13,00 52572 le 63 1602
111e11 Qu0L1l Go1745 1700 T2646 lo &6 1204
111011 Qel1lll GColéss 21,00 92023 1,68 405
111511 0o0111 Cel604 24,66 100600 1o 78 1ol
11111 Qo0l11l Col571 24,66 186,00 lo 70 o8
222022 o156 (o1393 2077 10000 lo 74 Un 2
4444545 00209 0o 1109 18575 100 CC 10 B8O Uo
111611 Go0ll6 (1260 19626 1006 CC 1,79 0o
27:78 0,007C Geol4ald 20620  100.0C lo 76 G-G
Co44 U040 001575 21635 100600 lo72 Qo0

ON FINAL W/C MEASURED=21s516
CALCULATED FROM D/R=215349
LCAD voib STRAIN COEFFo CONSTR CCMPR
KGeo / RATIQO PEKCENT COMPRa MCOULUS INDEX
SQCM CM2/KG KG/CM2

Lo 03 G792 Ue UGO Co 20000 0o 000 G000
Ceo 98 Jeo 7182 Go 545 Co01033 173,510 0o 0QOT
1,95 Jo 776 (e 851 Co0561 3190154 Cts018

le 95 o738 305 Ce QOGUC Uo 000G 0000
3091 02729 3467 0,00451 396¢ 921 G029
1081 Geb71 bo 142 Cal1438 1206376 o193
7081 N6 638 Bu 564 Cou 0LUTC 0o 00C e 000
70281 Jo619 Y9614 0o 000QGE Qs 000 0o U0C

e B1 U605 1Ce 439 {lo QU000 00 GO0 UeU0C
181 Ue 597 160,878 Co 00000 (o O0U 0e GOC
155062 00565 120 646 02004906 441,713 Ue 105
3125 Je 510G 15718 Co 00352 508,621 (o183
To81 0@524 14,947 (e QUQO5S 30380 609 Dol323
1,95 Up 549 130511 UJoQO439 4070941 2043
Oul3 e 981 11&769 Colllb24 1100 340 o)l 7
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THE UNIVERSITY

OF 10

WA

SOIL MECHANICS LABORATORY
ONE-DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO A6-4
DATE PLACED:
SPECIMEN DIAMETER= 2.50IN

LOAD
TSF

0,03
100
1,00
2,00
4,00
8,00
16,00
32,00

85,00

2000
0003

CHECK

LOAD
TSF

0,03
1,00
1,00
- 2600
4,00
8,00
16,00
32-0C

8-00
2,00
0,03

8=04-7

SPECIMEN NO S3
DATE REMOVED 8-05-70

TYPE NATUR
SPoGRes 2

AL
12 .

SPECIMEN HEIGHT=0,T752IN

WTo OF RING + COVER PLATES # WET SOIL 1867
WTo OF RING + COVER PLATES 83,10
D/R WITH SEATING LOAD ON SPECIMEN
WET WTo OF SPECIMEN + CONTAINER (FINAL) 255,
DRY WT. OF SPECIMEN + CONTAINER (FINAL) 238,
WT», OF CONTAINER FOR W/C TEST 148,
TEST PERFORMED ON CONSOLIDOMETER NO, 1
LOAD MACH -DIAL WATER DEGe DRY
PST CORR READ CONTENT SAT. DEN.
GMCC
0044 00000 0,25%00 15,08 49, 65 1,49
13,89 000057 002438 15,08 49,73 1. 49
13, 89 0,0057 002419 19,00 625,99 1049
2778 0,0073 (2388 19,00 63,27 1.50
55.55 0., 0096 0: 2336 19-.00 63,82 1-.50
11111 0,.0111 01937 19,00 1212 1,58
222022 000156 0x1631 19,00 ° 79012 1065
444,45 0,0209 0:1348 19,00 86:52 1. 70
11111 00,0116 01446 19,00 86,34 1. 70
27¢ 78 Go0070 051495 19,00 86,24 170
Os44 000040 05,1570 19,00 84,70 1,69
ON FINAL W/C MEASURED=18.,770
CALCULATED FROM D/R=19,000
L OAD voID STRAIN COEFF, CONSTR
KGo / RATIO PERCENT COMPR, MODULUS
SQCM : CM2/KG  KG/CM2
003 0,826 0. 0CO 0; 00000 0. 000
0.98 0. 825 0: 066 0.00128 1422,719
0,98 Ge 821 0,319 0., 00000 0,000
195 0o 817 G- 519 0, 00373 489, 345
3,91 00810 0904  0,00361 5060418
7:81 Oe 717 60011 0. 02388 760 489
150,62 0e 653 90481 0,00811 225,088
31625 06597 12,540 0,00358 510,833
7,81 0e 599 120473 0500005  kkkdkdokkxk
1695 0e 599 120434 Co 00012  Fxxdkkkaiokk
003 0e 610 0., 00569 321,216

11, 835

C =132 -

8C0OGM,
00 GM,
00,2500
26 GMo
35 GM,
26 GM,
01

NEGo
P-=PR
PS1Ia
21:0
2007
1958
19,9
19.8
1905
18,8
l4o 7

1606
18,8
190 0

COMPR
INDEX

0,000
0,001
0. 000
0,012
0,023
D310
0,211
0.186

0,002
0:001
0:006




THE UNIVERSITY OF I0WA
SOIL MECHANICS LABORATORY
ONE~DIMENSIONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO AS5=2
DATE PLACED 8-06-7
SPECIMEN DIAMETER=

SPECIMEN NO S4
DATE REMOVED 8~07-70
2:501IN

TYPE NATURAL
SPaGRs 2072
SPECIMEN HEIGHT=0,T752IN

WTo OF RING + COVER PLATES + WET SOIL 194, 3200GM»
WTo OF RING + COVER PLATES 83,1000 GMe
D/R WITH SEATING LOAD ON SPECIMEN 0, 2500
WET W7o OF SPECIMEN + CONTAINER (FINAL) 266062 GMao
DRY WT. OF SPECIMEN 4 CONTAINER (FINAL} 247544 GMs
WT», OF CONTAINER FOR W/C TEST 1560557 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD LOAD MACH DIAL WATER DEGa DRY NEGeo
TSF PSI CORR READ CONTENT SAT. DEN» P-=PR
GMCC PS1a
06,03 O 44 00,0000 0,2500 22,39 7514 150 426
0.50 6595 000041 052450 22-.39 75034 1o 50 456
100 13,89 00,0057 Gc2411 22539 75. 86 151 406
2500 27. 78 0,0073 0,2373 22.39 T6, 37 151 4a5
4. O0C 55,55 0,0096 0o2078 22,39 83, 20 1657 304
4,00 55055 00096 051988 25,40 97 24 1659 059
8-00 111s11 0.0111 0.1588 22,71 100,00 168 007
16,00 222,22 00,0156 051286 2044 100-,00 1675 0:-0
32.00 444,45 00,0209 00984 18,23 10000 1,82 0.0
8,00 111.11 00,0116 0,1081 18,27 100,00 1. 82 00
2,00 27,78 020070 Goll4s 18,42 100,00 1. 81 0.0
- 0. 50 6,95 0,0055 (1205 18:83 160,00 1-.80 000
N 0,03 Dc44 000040 00,1264 19,22 100, G0 1,79 0.0
CHECK ON FINAL ®W/C MEASURED=21,107
CALCULATED FROM D/R=19,216
LOAD LOAD voiIbD STRAIN COEFF. CONSTR COMPR
TSF - KGs / RATIO PERCENT COMPRe MODULUS INDEX
SQCM CM2/KG KG/CM2
003 003 00811 0. 000 0, 00000 0, 000 0= GO0
0: 50 Do 49 Oe 808 0120 0. 00474 3820365 0-002
1,00 0-,98 00,803 0c 426 0, 01134 159. 682 0,018
2,00 1,95 0. 798 0718 0,00543 333, 653 0,018
4,00 3091 0,732 40 335 0. 03354 53,992 0.218
4500 . 3,91 0710 50532 0, 00000 0, GO0 0. 000
8- 00 7,81 00618 10652  0.,02373 76, 29C 0. 308
16-, 00 15,62 0e 556 140 069 0. 00792 2285591 0. 206
32.00 31025 0o 496 17,380 0, 00384 471 854 0,199
8¢ 00 Te 81 Ue 497 17.327 0, 00004  F&xdoksidkk 0,002
2,00 1,95 00501 17,101 0, 00070 2591,562 0: 007
: 0. 5C 0249 0a512 16, 489 0, 00756 239419 0,018
0,03 0.03 00523 155 904 0. 02315 78,213 0,009
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|
THE UNIVERSITY OF I0WA :
 SOIL MECHANICS LABORATORY !
; ONE~DIMENS IONAL CONSOLIDATION TEST -
. WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SPECIMEN NO S5 TYPE NATURAL
DATE REMOVED 8-11-T0 SP.GRo 2072
SPECIMEN HEIGHT=00752IN

SAMPLE NO: A5-3
DATE PLACED 8-10-7
SPECIMEN DIAMETER= 2050 1IN

WTe OF RING + COVER PLATES + WET SOIL 174 2200GM.
WTo ‘OF RING + COVER PLATES 83,1000 GM.
D/R WITH SEATING ILOAD ON SPECIMEN 0, 2500
WET WTo OF SPECIMEN + CONTAINER (FINAL) 242243 GM,
"DRY WTo OF SPECIMEN + CONTAINER (FINAL) 229,76 GMo
"WTo OF CONTAINER FOR W/C TEST 148,26 GM,
o TEST PERFORMED ON CONSOCLIDOMETER NO, = 101
LOAD LOAD MACH DIAL WATER DEGo DRY NEGs
TSF PSI CORR READ CONTENT SAT» DEN. P=PR
' _ : GMCC PSlo
0,03 Oo44 000000 0c2500 11,80 31,51 1. 35 30,0
1. 00 13,89 0,0057 02440 11,80 31,54 1035 30,0
20,00 27.78 0,0073 0,2395 11,80 31,78 1,35 29,7
4,00 55055 000096 002252 11.80 32,83 1:38 30,0
4600 55,55 000096 0,1761 15,50 49,82 1l 47 13,6,
. 8,00 111011 0.0111 0,1320 15,50 57561 1.57 12- 2
1600 222522 000156 01010 15550 63,81 le64 104
32,00 444045 000209 0.0557 15,50 76019 1o 75 -850
8000 11lell 000116 00,0658 15,50 75090 1. 75 12,5
2000 2778 0,0070 00,0708 15,50 75,75 175 14,3 - ' .
0,03  Oo44 000040 00,0782 15,50  T4-18 1.73 16,8
CHECK -ON FINAL W/C MEASURED=15,546 ~ o
CALCULATED FROM D/R=15,500 '
LOAD LOAD VoID .STRAIN COEFF» CONSTR COMPR
TSF KGo / RATIO PERCENT COMPR, MODULUS INDEX
SQCM CM2/KG KG/CM2
0003 0,03 1,019 0, 000 0, 00000 0,000 00000
100 0,98 1,018 0o 040 0, 00085 2369, 944 0.001
2,00 1,95 lo010 05426 0. 00798 253,110 0. 026
4,00 3591 0,978 2:021 0001650 122,385 0.107
4000 3:91 Oo 846 80551 0. 00000 0. 000 0,000
86 00 7-.81 00732 14,215 0,02928 68, 948 O- 380
16000 15562 06661 17,739 0, 00911 221,691 0.236
32500 3].;9= 25 '00 553 23e 059 Oa 00687\ 293@ 129 Oe\ 357
8s 00 7,81 06555 22,952 Co 00009 Sk 0.004 .
2,00 1o 95 00 557 22 899 Co 00018 ek 0,002
0,03 00568 22:314 0, 00615 328, 515 0. 007

0,03

t



THE UNIVERSITY OF IOWA
SOIL MECHANICS LABORATORY

DNE-DIMENSIONAL  CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

AL

SAMPLE NGO A4-9 SPECIMEN NO Sé6 TYPE NATUR
DATE PLACED 8-12-7 DATE REMOVED 8-13-70 SPoGRs 2,72
SPECIMEN DIAMETER= 2,501IN SPECIMEN HEIGHT=0,752IN
WTo DF RING + COVER PLATES + WET SOIL 183, TO00CGGMo
WT-. OF RING + COVER PLATES 83, 1000 GMso
D/R WITH SEATING LOAD ON SPECIMEN 0-,2500
WET WT. OF SPECIMEN + CONTAINER (FINAL) 244005 GMo
DRY WT. OF SPECIMEN + CONTAINER ({(FINAL) 231,21 GM»
WTo OF CONTAINER FOR W/C TEST 140535 GMo
TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD LOAD MACH DIAL WATER DEG. DRY NEGo
TSF PSI CORR READ CONTENT SATo DEN, P=PR
GMCC PSIo
0-03 Do44 00,0000 Go2500 16,72 35,96 1.50 3100
1,00 1389 0,0057 002429 10,72 36011 1,50 3400
2,00 27.78 00073 0:2389 10,72 36037 1,51 3400
2500 27,78 (Qo,0073 02329 14,50 50,10 152 1306
%0 00 55655 00,0096 002224 14050 51,39 l.54 1304
800 111511 00,0111 G, 1890 14,50 57.10 1061 13,3
16,00 222022 10,0156 Go1514 14250 64555 1.69 1251
3200 444045 00,0209 05,1165 14,50 73,08 177 9.6
800 11lloll 0,016 01280 14650 12537 1,76 10-2
2,00 27: 78 0o0070 0,1345 14050 176 1,76 1204
003 044 00040 00,1425 14050 70,22 1. T4 13,6
CHECK ON FINAL W/C MEASURED=14,132
CALCULATED FROM D/R=14,500
LOAD LCAD vOID STRAIN COEFFo CONSTR COMPR
TSF KGo / RATIO PERCENT COMPR, MOOULUS INDEX
SQCM CM2/KG KG/ CM2
0,03 0:93 00811 0. 000 0, 00000 0, 000 0,000
1,00 0. 98 00807 00 186 0,0035¢%6 508- 148 0,002
2,00 1,95 0,802 06505 0, 00592 305,852 0,019
200 1. 95 00 787 1,303 0» 00000 0- 000 0,000
4,00 3591 00768 26394 0>, 01011 179,096 0, 066
B-0C 7,81 0,691 60 636 0, 01967 92,074 0: 255
16.C0O 150,62 00611 116037 0-01020 177, 487 0. 265
32,0C 31,25 O0c 540 14,973 0, 00456 396,931 00237
8,00 7.81 0: 545 140681 0, 00023 8010, 906 0,009
2000 195 00 550 14,428 0, 00078 2318792 0,008
0,03 003 00562 130,763 0, 00626 289,095 0007
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THE UNIVERSITY OF IOWA

SOIL MECHANICS LABORATORY
ONE=-DIMENS IONAL CONSOLIDATION TEST
WITH NEGATIVE PORE PRESSURE MEASUREMENTS

SAMPLE NO ° A5-4 SPECIMEN NO S7 TYPE NATURAL
DATE PLACED 8-14-7  DATE REMOVED 8=17-T0 SPsGRo 2072
SPECIMEN DIAMETER= 2,50IN SPECIMEN HEIGHT=0o07521IN.
WTo OF RING + COVER PLATES # WET SOIL 182. 5400GM,
WTo OF RING + COVER PLATES 83, 1000 GM,
D/R WITH SEATING LOAD ON SPECIMEN 0. 2500
WET WTo OF SPECIMEN # CONTAINER (FINAL) 299538 GM,
DRY WTo OF SPECIMEN + CONTAINER {(FINAL) 286075 GM,
WTe OF CONTAINER FOR W/C TEST 196099 GMo
* TEST PERFORMED ON CONSOLIDOMETER NOo 101
LOAD  LOAD MACH DIAL WATER DEGo DRY NEGo
TSF  PSI CORR READ CONTENT  SAT. DEN. P-PR
' GMCC  PSIo
Ne 03 Os 44 00000 0,2500 10,78 35521 1048 2200
1,00 13089 000057 002423 10,78 35042 1049 26,00
2000 27078 000073 0o2380 10,78 3570 1049 27,0
4,00 55,55 000096 002233 10,78. 3707 1652 290
8000 11l1lell 000111 ©C,1831 10,78 42,08 16 60 2806
800 11111 0,011l 051673 14,50 59, 89 1. 64 1256
16600 222422 060156 01319 140,50 67063 1672 11-8
32.00 444045 000209 000994 14050 T64 30 1o 79 10,0
8000 111011 000116 ©0-1090 14,50 76019 1,79 10,5
2000 2778 0,0070 051148 14,50 75077 1,79 11,0
0:03 = Q0044 040040 051238 14,50 73,69 1o 77 11,5
CHECK ON FINAL W/C MEASURED=14,071
CALCULATED FROM D/R=14,500
LOAD  LDAD VBID STRAIN COEFF,» CONSTR  COMPR
TSF KG»/ RATIO  PERCENT  COMPRo, . MODULUS INDEX
SQCM CM2/KG  KG/CM2 ‘
0,03 0,03 00833 0. 000 . 0, 00000 0. 000 00000
1,00 0098 0,828 0c 266  0,00515 355, 691 0-.003
2:00 1,95 00822 00625 0,00674 271,871 0,022
4, 00 3091 00791 20274 0,01548 118,435 0,100
80,00 To81 04697 Te 420 0502415 75, 896 0-313
8000 7081 06659 9,521 0. 00000 0,000 0,000
- 16600 15062 04583 13,630 0,00964 190,123 0,250
3200 31025 06517 17,247 0,00424 431,954 0, 220
808 . Te8l 04518 17207  0,00003 #ck¥kdkkkk 0.001
2,00 1095 00521 17,048 0,00050 3671,601 0. 005
0,03 0,03 00535 16250 0,00761 240,910 0. 008




APPENDIX IV
Ko - TEST REPORT

The KO -testing program was conducted as a separate study
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 KO- tests in detail,’
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.
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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-
strained modulus

constrained modulus at collapse

constrained modulus after collapse or final constrained
modulus

initial void ratio

. consolidated 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




50

I
APPENDIX IV

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 strain at which the graph of axial strain versus
lateral strain changes slope

axial stress

lateral stress or cell pressure
deviator stress

maximum deviator stress

half the maximum deyiator stress
natural dry density

angle of shearing resistance,slope of Mohr-Coulomb
failure envelope

Poisson's ratio
initial Poisson's ratio

final Poisson's ratio

IVv-xi
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Chapter 1

INTRODUCTION

1,1 Statement of Problem

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 uncerta,ini:y 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 Ko’ defined as the ratio of the lateral to axial stress
during one-dimensional compression (i.e., é,xial compression with
zero lateral strain) and (2) Poisson's ratio v, 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

..]_49..
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settlement, pressures 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 parameters is discussed.

1,2 _ Review of Litferatupe

In this section the work of earlier investigators has been listed
chronologically.,

The importance of K, the coefficient of earth pressure at rest,
has been recognized from the beginﬁiﬁg 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.

One of the earliest experiments to measure KO was conducted
by Terzaghi (1920) who determined K, to find pressures against re-
training walls. Inhis 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
stripé' were pulled out and the forces required to do so mea'sured.

K, was then calculated as the ratio of the force required to pull out

the strip horizontally oriemted to the force required to pull out the

vertically oriented strip. In further investigations Terzaghi showéd
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APPENDIX IV Iv-3

that Ko depends on the rela.éive density of the soil and the process by
which the deposit was formed. He came up with a value of 0.42 for
sands and for remoulded and reconsolidated clays his value for Ko
varied from 0.7 to 0.75.

In a series of 'one axial' compression tests with no lateral
expansion, Kjellman (1936) determined K for standard sand as vary-
ing from 0.5 during loading to 1.5 during unloading.

Tschebotarioff (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 and 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  equal to 0.5.
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

‘about 0.44. They showed that K, is constant during loading and
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increé.sing in the unloading stage.

- That Ko increases with initial porosity was exhibited by
Chi-in (1957) and Bjerrum, Kringstad and Kunmenejee (1961). The
latter conducted consolidation tests with zero lateral strain.‘l Ko as
determined by them varied from 0,25 for dense sand to 0. 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 (1967) to deter-
mine the in-situ value of the coefficient of earth pressure at rest.

He us-_ed a large hollow pipe fitted with earth pressure and water pre-
sure gages. He experimented with different types of clays in differ-
ent zjegions and concluded that: (1) Ko increases owing to the‘ decrease
in the thickness of the disturbed clay layer with depth, and (2) K
decreases with decreasing depth.

At the same time, experimenting with swelling clays Ho (1967)
founa that K  exceeds unity if swell is permitted or on rebound after
compression.

| A significant contribution to the study of K 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 measure K.
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He also designed a mechanical apparatus, a lateral strain indicator
using mercury, and observed changes in diameter to the order of 10-3
inches, (Bishop, 1957). His apparatus is, however, limited to 4 in,
samples. Bishop aléo experimentally confirmed that Ko can be accur-
ately predicted by the relation Ko =1 ~ Sin @ (where @ is the angle of
shearing resistance) am empirical expression proposed by Jaky. After
a more recent review of measurement of Ko, Morgenstern and Eisen-

stein (1970) concluded that the Jaky equation ''no longer appears to be

a matter of contention., '

1.3 Objective and Scope

The principal objective of this investigation was to determine
experimentally the values of the coefficient of earth pressure at rest
(KO) and Poisson's ratio (v). All the tests were pe;rformed on Oak-
dale loess 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 prévious 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

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 loess in the undis -~
turbed state have been determined previously (Kan&, 1969) and are

listed in Table 1.
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TABLE 1

SOIL INDEX PROPERTIES FOR OAKDALE LOESS

a. Whole Soil
| Liquid Limit 27
‘ Plastic Limit | 23
Plasticity Index : 4
Specific Gravity 2,72
Pefcenta,ge Clay:
Less than 0,005 mm 17

Natural Dry Density, pcf

Range 89.5 to 93.5
Average 91.5
Natural Water Content, %
Range 21,5 to 23.5
Average 22,5 -
b. Clay Fraction Less than 0.002 mm
Liquid Limit 120
Plastic Limit 39
Plasticity Index 81

Percentage of Clay:
Less than 0.002 mm 100

- 156 -

|
i
|
|
Less than 0.002 mm 13




APPENDIX IV ' IV-9

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 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 driven compression test machine

b. Self -compensating constant pressure apparatus for

ipplying cell pressures to 140 psi,

c. Cell volume change measuring appdratus

d. Triaxial cells for 1-1/2 in. diameter specimens with

working pressure of 150 psi.
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e. Load rings for axial load measurement, of high
strength steel with capacities of 500 and 1000 1bs.

. The 1a£era1 strain indicator was used to detect lateral strains
owing to axial compression, It wasb designed in the Soil Mechanics
1abora.‘tory at the University of Towa, and. is showﬁ in Figures 2.1 and
2.2, T\';vo 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 gaées_
with the following specifications:

SR -4 Strain Gages: Type FAE-25-12S6

Gage Factor (G.F.) = 2.04 + 1%
Resistance (Ohms) = 120.0+ 0,2

Serial Number 3-A-GA, Lot Number 252

‘Manufactured by Bald‘win-Lima:-Har‘nilton, Massachusetts.
The wires from these strain gages (two from each) are pass‘e.d through
a watértight 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. For this purpose, the
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> Strain gages Segment of
/ clock spring
(Curved length
= 4", section
1/2!! < . 019||)

- Bracket

o /-\\ | ¢_____ Pih

Cover plate

Loading cap

—— Rod

L : . T,r_ia.xia'l. 1
. Sample.
1-1/2" dia.
; - 1" <
r V . x-3 : S J
]
Elevation

Fig, 2.1 Lateral Strain Indicator - Assembly
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1:1/2" 1.D, -
| - }.§.£4"»’_.-| | ' : ‘L 1/ g
T T Bracket - 2 reqd.

3/4"

|

1/4” o)

Pad - 2 reqd,

9 16||(p

RN

R .

—-.—_’ v
1]

3?;/4u

'3/3"

. . L
e ?J‘,l/ 8"

* Rod - 2 reqd, NOTE; All parts are of lucite,

Fig, 2,2 Lateral Strain Indicator - Parts

N
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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 procédures
adopted, separately for the Ko tests and Triaxial tests. The orienta-
tion of the samplé in-situ and in the cell is shown in Figure 2.4. The
soil during field sampling was as in Figure 2.4 (a). Testihg was done
with the sample verticé.lly and horizontally oriented as in Figure
2.4 (b). The pads were oriented along the x-axis for the vvertical ‘sam-
ples, and along the z- or y-axis for the horizontal samples. The
orientations have been called Pl’ P, and P3 respectively and will be

referred to as such throughout this work.

2.4.1 Confined Compression Tests - K  Tests
The K, 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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=
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Fig. 2.3 Calibration Curve for Lateral Strain Indicator
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Sample in Triaxial Cell

Z z X
. 1 y
T / .
(a) S Y. (b) | P z
A1 ‘
In Situ
z-axis is vertical axis Vertically Oriented Horizontally Oriented
Sample Axial Orientation
Orientation Axis of Pads
Vertical z-axis x-axis (Pl)
Horizontal x-axis z-axis (PZ)
Horizontal x-axis y -axis (P3)

Fig. 2.4 Explanation of Sample Orientation
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3 in, Ain height, were trimmed from _s:a.mvp_les previously carved out of
field blocks. (See Section 2.1). During the trimming some soil was
collecéed in tins for moisture content determination. Immediately
after trimming the sample was weighed and placed on a porous stone
on the Apedes tal of the tri_a;xja.;l cell, The sample was enclosed by a
rubbef membrane and a loading cap was placed on the top. A good
seal bétween the membrane and the loading cap and pedestal \I;va.s en-
sured by using 'O'-rings. The lateral strain indicator was then put
around the sample with tf;e Pads oriented along the desired axis. The
cell was then assembl_ed .;}pd filled with water. The load riné (the 500
1b. ring was used here) and axial strain dial indic#tor were then fixed
to the triaxial machine frame and a good seating accomplished between
the lqé.ding ram and the top of the loading cap. With all the components
adjustéd the machine was started at a s-tr‘a.:inv rate of 0,006 1ri per min-~
ute, ,'Ih.e cell pressure 'wa,.s increased constantly to maintain zero
late.rla.l strain. This was ensured by applying an increas ing cell pre-
sure when the B-L-H strain indicator needle moved from its null

pos i;_ion. In each case the test was stopped when the c§11 pressure
reaci‘lf{ad 150 psi. The parameters recorded were the axial strain,

axial load and the cell pressure,2all at one instant of time.

2.4.2 Triaxial Compression Tests ,
' The triaxial compression tests also incorporated the measure-

ment of lateral strain. They were consolidated-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, and P3) in the cell. The
trimming and setting up of the sample and the assembling of the apiaa.ra-
tus was done in the same way as for the Ko tests.

After the initial consolidation was completed the axial load was
applied using a strain rate of 0.006 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 recor.ded 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 certain extent by pouring water on the 'O' rings, between
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the tép surface of the loading cé.pia.nd the bottorm 4of_.'the plate of the
| lateral strain indicator and all over the membrane. The 'valveAs of
the triaxial cell must be flushed with water to expel air.

b. ‘The pads of the lateral strain indic.ator must be dia-
metrically.oppc.)svite é,ach other az}d th'e_rods must be vertical.

C. Proper seating must be .'ens ured between the loading

ram and the top of the loading cap.
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Chapter 3

TEST RESULTS AND INTERPRE 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 - Ko Tests

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 Kof have been

oi
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

.~ 167 -




TABLE 2
oo SUMMARY OF CONFINED COMPRESSION TESTS

Orientation Natural Water Dry

of Sample Orientation Content Dens ity
Test No, in Cell of Pads E Wﬁ‘:% _ Yq Pcf
1 Vertical Py 22.6 89. 86
2 Vertical P, 21.5 90. 48
3 Vertical Py 22.9 91.42 o
. H-1 Horizontal o8 22.6 90. 36 ;*g
= H-2 Horizontal PZ 22.7 91.69 ;j
@ w]
' H-3 Horizontal P, 23.0 92.29 X
<
Degree of Initial Coefficient of Earth Pressure
Saturation Void Ratio v at Rest 7
Test No. S, % eo Initial K, | Final K
1 69.3 0.883 0.25 0.52
2 67.5 0, 862 0.22 0.56
3 73.1 0.851 0. 15 0.54
H-1 70.2 0.871 0.23 0.54
H-2 72.6 0,848 0,33 0.56 L
H-3 74.8 0.833 0.17 0.50 <
o
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 re‘st in each case. The initial values of the coefficient of earth
pressure at rest (Koi)’ computed from Figures 3.8 to 3. 13 have a
maximum variation of 0. 18, From Figures 3.2 to 3,7 it is seen that
the Ko graph is curved in the initial stages and is a straight line in
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
0. 06 in Kof suggests that the éamples behaved in the same manner in
the final loading sta.g'es. As expected, Ko has a higher value during
unloading.

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 ranging 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 comipression 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 (o, - 03)- has been plotted

1
against axial strain in Figures 3.25 to 3.28. The axial strain is

‘ plotted agaiﬁst 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 patter’n, with

the maximum deviator stress increasing with cell pressure. The

pairs of curves with equal cell pressure are close. f‘igure 3,45 is

a typical devidtor stress-strain cruve, By e#tending back the

straight line portion of the graph, the magnitude of the axial strain,

€ at zero stress is obtained as the intercept on the strain ."axis.

The initial curvature and the strain, € o’ are notapparent in Figures

3.25 to 3.28 because of fhe 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 I;ortion

of these graphs, greatly enlarged, is shown in Figure 3.46. The
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Test No,

W~ WIINY

Cell
Pressure

psi

0

5
10
15
20
30
40
60
100
140

10
10
.20
20

TABLE 3

SUMMARY OF TRIAXIAL TESTS

Orientation

of Sample Orientation
in Cell of Pads
Vertical P1
Vertical

Vertical up to test
Vertical No. 10
Vertical

Vertical

Vertical

Vertical

Vertical

Vertical P1
Horizontal P,
Horizontal P,
Horizontal P2
Horizontal P3
Horizontal PZ
Horizontal P3

Rate of
Loading

in/min

0.006

for all
tests
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Test No.

o JIES I NC, BT FURY S I

Initial .
Void Ratio
ej

0.817
0. 841
0.856
0.896
0.842
0.868
0.856
0. 862
0.819
0.837
0. 837
0.878
0.846
0.845
0.853
0.828

TABLE 3 (cont'd.)

Consolidated
Void-Ratio

c

0,835
0, 845
0. 887
0.838
0,822
0,757
0.695
0.661
0,837
0, 836
0,842
0,817

Dry
Density

in pcf

93.4
92.2-
91.4
89.5.
90.9
91,4
91,1
93..3
92. 4

90. 4

92,0
. 92,0
91,6
92.9

Initial

Tangent
Modulus

E; in ps i

3100
6140
5900
6200
6730
6170
8200
6680
11400
15900
3030
1920
5450
4250
4850
5150

ATl XIANIZIIAV
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TABLE 3 (cont'd.)
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Initial Initial Degree Consolidated
Water Content of Saturation Degree of Saturation
Test No, w; % Se; % Spe B

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

7 24,0 76.3 -

8 23.3 73.5 -

9 23,2 77.1 -
10 23.5 76.5 -
12 22,8 74,2 -
13 22,7 70. 4 -
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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Fig. 3.30 Axial Strain versus Lateral Strain, Test No. 2
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Fig. 3.34 Axial Strain versus Lateral Strain, Test No. 6
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Fig. 3.35. Axial Strain versus Lateral Strain, Test No. 7
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Fig. 3.36 Axial Strain versus Lateral Strain, Test No, 8
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3,40 Axial Strain versus Lateral Strain, Test No. 13
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Fig. 3.43 Axial Strain versus Lateral Strain, Test No. 16




APPENDIX IV Iv-69

20

Axial Strain, %

0 1 |

0 4 8 12
Lateral Strain, %

Fig, 3.44 Axial Strain versus Lateral Strain, Test No. 17
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€ ! See Figure 3, 45
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two straight lines with different slopes have been approximated and do
not neces sarily pass through each and every data po‘int. From Figure-
3. 46 it is seen that the lateral Strain begins to increase after axial
strain has reached a certain rhagnitude (eoa). Cab is that vaiue of
axial strain at which the slope of the graph changes. Poisson's ratio,
which is the ratio of the lateral strain to the axi‘al strain, has been
calculated for both straight line regions. All the parametérs shown

in Figures 3.45 and 3.46 have béen tabulated in Tables 4 and 5;

respectively.

3.2 Interpretation of Data

‘Interpreta.tions have been made using data from both types of
tests sirpultaneous ly.

Figure 3. 47 is a modified Mohr-Coulomb diagram. Through
the data poifits two straight lines have been fitted Having intércepts
;1 and EZ" and slopes o 1 and EZ’ respectively. The intercept a and
the slope @ of these straight lines ‘aré related directly to the cohesion
intercept ¢ and slope ¢ of the conventional Mohr -Coulomb failure
envelope.

Figure 3,48 is a plot of the streéss paths for Ko tests Nos. 1

to 3. The heavy straight line is the failure envelope obtained by
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Test No,

[T NN SV | Ry

0 -3 o~

9
10
12
13

14
15
16
17

STRESS-STRAIN PARAME.TERS FROM TRIAXIAL COMPRESSION TESTS

(0, - 05)

_ Esi

15.60
24.40
27.30
34,80

40,00
57.90
73.60
110.10

200,00
274,00
11,50
10,50

26,80
26.20
43,40
40.50

TABLE 4

(o) = 93)g

ps1

7.80
12,20
13.65
17.40

20,00
28.90
36.80
55, 05

100,00
137.00
5.75
5.25

13.40
13,10
21.70
20,25

Note: Parameters are defined in Figure 3,45,

€o
in %

0.02
0.08
0.16
0.24

0.02
0.25
-0, 02
0.02

0.10
0. 00
0.01
0.02

0,00
0,03
0, 02
0.03

€50

in %

0.25
0.30
0.39
0.55

0.30
2.45
3.80
5.25

4.70
4.95
0.19
0.26

0.40
0.50
3.10
1.95

in %

0.68
0.83
1.00
20,00

15,80
20,00
20.00
20,00

20,00
20.00
1.00
1,00

20,00
20,00
20,00
20,00
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TABLE 5

STRESS-STRAIN PARAMETERS FROM TRIAXIAL TESTS

: € oa eab
Test No, in % in % _\_)_a_,_ :)__13.

1 0. 16 0.53 0.45 2.20

2 0.22 | - 0.54 - |

3 0.22 0.67 0.35 0.57

4 0. 37 1.12 0.38 0.38

5 0. 10 0.40 0.77 0.30 |
6 0.50 3.00 0.14 0.50 1
7 1,17 4,15 0.08 0.23

8 1.50 4,10 0.22 0.62

9 1. 00 3.40 0.11 0. 32
10 0.10 3.68 0.10 0.38 )
12 0. 04 0.44 0.70 1,20
13 0. 15 ' 0.66 0.50 1.13
14 0.10 0.73 0. 39 0.80
15 0. 05 1,33 | 0.21 0.44
16 0.17 - 0.23 0.23
17 0.00 - 0.18 0.18

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
'3,47. The plot for each Ko test is known as the Ko—line and the failure
envelope is the Kf-linq., (Lambe and Whitman, 1969). The Ko-line
rises up from the origin and approaches the K_-line. This region cor-

f

responds to Koi' When the Ko—line intersects the K_-line (or comes

f
very close to it), K0 approaches unity, and the Ko-line becomes approx-
imately horizontal between p = 20 and 30 psi. This represents a plas- ’
tic behavior as the soil collapses. The Ko-line then increases to a
slope corresponding to Kof'

The study of the soil can, therefore, be divided into three
stages: 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, Koi’ is 0.23 from Table 2. Koi
has been measured in that stage of behavior of the soil where the
stress -strain curve is linear. Thus, the application of the eiastic
theory for any computations may be appropriate. Using the elastic
theory KO may be computed from the relation K0 = —l-y:—;' » where v

is Poisson's ratio in the elastic region, that is, in that stage of behav-

ior where the stress-strain curve is linear, Va has been measured

- 225 -



APPENDIX IV ' IV- 78

in the region beétween € oa and e'aB (Figure 3. 46). From Tables 4 and .

are only slightly higher than, and

5 it is seen that the values for ¢
ab [

in some cases less than, the corresponding values of 656. It: may

thus be inferred that v, has béen measured in the region of linearity
of the stress-strain curve and thus fna’y’ be used in the above relation
to cofnpute KO, the values for which have beé‘n listed in Tabie 6. The
values range from 0,09 to 3. 35, E'x'cluvding valvues of Ko equal to and
greatér than 1.0, average Ko‘i: from Table 6 is O.‘34f which agrees
fairly well with the values from Ko tests. For most soils, good agree-
ment exists between measured Ko v‘alues and those computed from
Jaky's empirical expression KO- = 1'.'-S'iri'(,'—o. In this case, for ¢ = 29°,
the computed Ko is 0,52, almost double the measured value. Thus the
behavior of loess befofe collapse is unlike that of other soils.

Figure 3.49 is a plot between the initia.l tangent mo‘duius (Ei)
and the cell pressure. The increase in Ei with cell pressure is con-
sistent with the behavior of other soils.

From the axial stress-strain curves for the confined ‘compres-

sion tests, the constrained modulii 'Di, Dc and D_ (defined in Figure

f

3,50) were measured. These are listed in Table 7. Taking advantage

of the application of the elastic theory Di was also calculated using the

' Ei(l—\))

relation: Di = TN (Lambe and Whitman, 1969).. The values

for Di are listed in Table 8. The values marked *indicate excessive

lateral strain which may be due to irregularities and weak spots in
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TABLE 6
v CALCULATED VALUES OF K_FROM TRIAXIAL TESTS
Test No. Initial Value of K , K .
1 0.82
2 1.17%
3 0.54
4 0.61
5 | 3.35%
6 0.16
7 0.09
. 8 0.28
9 o; 12
4
10 0.11
12 2.33%
13 1.00%
14 | - 0.64
15 ' 0.27
16 0.29
17 0.22

Average value of Koi from above (excluding *) is equal to 0.34.

A Average value of Koi measured from K0 tests is equal to 0,23,
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Fig. 3.50 Definition of Parameters, Di' Dc and D
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TABLE 7

VALUES OF CONSTRAINED MODULII (D) FROM Ko TESTS

Initial Constrained Final
Constrained Modulus at Constrained
. Modulus Collapse Modulus
Test No., Dy, psi Dg, psi D¢, psi
1 ) 480 3810
2 2155 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 .

CONSTRAINED MODULUS CALCULATED FROM TRIAXIAIL TESTS

Initial Initial
Constrained Constrained
Modulus Modulus
Test No. Dj, psi Test No. D;, psi
1 11759 9 11716
2 -22925% 10 16261
3 9469 12 -1337%
4 11613 13 © *
5 -162 1% 14 : 10726 ‘
6 6471 15 4797 )
7 8382 16 ‘5646
8 7662 17 ;5593

.

|1
Average value of D; from above (excluding *) is equal to 9174 psi. )
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the sample. The average Di from Table 8, excluding values marked *,
is 9122 psi., which is much higher than the Di measured from the Ko
tests. The difference may be due to the fact that calculated Di is
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, DC, was calculated to be 787 psi or 55 Kg/cmz., From an
earlier investigation conducted in this laboratory the constrained mod-
ulus determined at 4 tsf during a conventional consolidation test was
found to be 56 Kg/cmz, 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 Ko = 1 at collapse,

After Collapse

The behavior of the sioil 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 Kof was ob-
tained as 0.54, Using the angle of shearing resistance to determine
KO (from Jaky's empirical equation Ko = 1-Sin ¢ ), the value for the
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 CONCLUSIONS

4.1 Summary

The primary purpose of this study on an undisturbed loess was
to measuré 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 triaxial com~
pression tests were conducted and their results are summarized in
Tables 2 and 3 respectively. One of the original hypothesis was that
the soil might behave differently depending upon the orientatrion of the -
pads of the lateral strain indicator. Thus, the e:;periments were con-
ducted with the soil sample oriented vertically and horizontally in the
cell and the pads oriented along each of the directions Pl’ P2 and P3
(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-

i

parisons of data were also made with results from outside sources.

e

All these data are tabulated in Tables 4 to 8.

3
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4,2 Conclusions ‘

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 'lchat this work is a pilot study in this field and the number
and type of tests conducted are not enouéh 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 Ko was

0.23. This value compared well with a calculated value based on the

elastic equation KO. = » where v was measured in triaxial tests.

1-v
On the other hand, the Jaky empirical equation KO = 1-Sin @ predicted
a value double the measured value.

3. At collapse Ko = 1. In the later stage, after collapse,

Ko = 0.54. This compared well with the value 0.52 predicted by
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Jaky's empirical equation. Thus, Jaky's equation is valid for loess, Y
but only after collapse; that is, when axial strains are in excess of
4%.

4. The measured values of v before collapse show a very
wide scatter, the average value being 0. 33. Be;:ause of this scatter
there is poor agreement between the measured values of constrained
modulus Di’ and those computed using Ei and \)a, measured in the

triaxial tests.

- 234 -



APPENDIX IV Iv- 87

REFERENCES

Bishop, A. W., and Henkel, D, J., (1957), "The Measurement
of Soil Properties in the Triaxial Test,'" Edward Arnold,
London, 190 pp.

Bishop, A. W., (1958), "The Test Requirements for Measuring
the Coefficient of Earth Pressure at Rest, ! Brussels
Conference on Earth Pressure Problems, Vol, 1,
pp. 2-14,

Bjerrum, L., Kringstad, S., and Kunmeneje, O., (1961),
"The Shear Strength of a Fine Sand,' Proceedings of
the Fifth International Conference on Soil Mechanics
and Foundation Engineering, Vol. 1, pp. 29-37.

Chi-In, H., (1957), "A New Apparatus for the Determination
of the Coefficient of Lateral Earth Pressure at Rest, "
Scientia Sinica, Vol. VII, No, 6.

Ho, M. M. K., (1967), '"The Effect of Swelling on Swelling
Pressures, " Proceedings, Third Asian Regional Con-
ference on Soil Mechanics and Foundation Engineering,
Haifa, pp. 90-93.

Kane, H., (1968), "A Mechanistic Explanation of the Physical
Properties of Undisturbed Loess,' Final Report,
Research Project HR~126, lowa State Highway Commis -
sion, February 1968, 113 pp.

Kane, H., (1969), '"Consolidation of Two Loessial Soils, "
Highway Research Record, Highway Research Board.

Kenney, T. C., (1967), '""Field Measurement of In-Situ Stresses
in Quick Clays, ' Proceedings, Geotechnical Conference,

Oslo, Norwegian Geotechnical Institute, Publication No.
76, pp. B3-2k. '




10.

11,

12,

13.

14,

15,

APPENDIX IV ‘ A IV- 88

Kjellman, W., (1936), "Report on an Apparatus for Consum-
mate Investigation of the Mechanical Properties of
Soils, '"" Proceedings, First International Conference
on Soil Mechanics and Foundation Engineering,
Cambridge, Vol. II, pp. 16-20.

Kjellman, W., and Jackobson, B., (1955), '""Some Relations
Between Stress and Strain in Coarse-Grained Cohesion-
less Materials, " Bulletin No. 9, Proceedings of the
Royal Swedish Geotechnical Institute, Stockholm.

Komornik, A., and Zeitlin, J. G., (1965), ""An Apparatus
for Measuring Lateral Soil Swelling Pressure in the
Laboratory, " Proceedings, Sixth International Con-
ference on Soil Mechanics and Foundation Engineering,
Vol. I, pp. 278-281,

Lambe, T. W., and Whitman, R. V., (1969), '""Soil Mechanics,"
John Wiley and Sons, Inc., New York, 553 pp.

Morgenstern, N. R. , and Eisenstein, Z., (1970), '""Methods
of Estimating Lateral Loads and Deformations, ' 1970
Specialty Conference, Lateral Stresses in the Ground
and Design of Earth Retaining Structures, Sponsored
by Soil Mechanics and Foundations Division, A.S.C.E.,
Ithaca, New York.

Terzaghi, K., (1920), '"Old Earth-Pressure Theories and New
Test Results, " Engineering News Record, Vol. 85,
No. 14, September 30, pp. 632-637.

Tschebotarioff, G, P., (1951), '"Soil Mechanics, Foundations
and Earth Structures,'" McGraw-Hill Book Co., Inc.,
New York, 655 pp.

- 236 -






