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SYNOPSIS This paper reports some stress-strain relations of "undisturbed" soils obtained
from some of in-situ and laboratory tests as well as from the tests employing a new technique illus
trating just how much some of our sampling and testing techniques can be in error.

INTRODUCTION

Although the problem of the actual in-situ 
stress-strain properties of soils has been 
around for long time and the subject of much re
search, it still remains to be definitively set
tled. While this paper cannot settle this ques
tion either, it reports a new testing technique 
and presents some results illustrating just how 
much some of our testing techniques can be in 
error. The new technique reported here consists 
of a standard undisturbed tube sample which is 
transported to the laboratory under a "locked- 
in" effective stress state and which is removed 
from the tube sampler under conditions estimated 
(by calculation) to be similar to the in-situ 
effective stress state.

IN-SITU TESTS

Two in-situ testing methods, (i) pressure meter 
and (ii) torsion meter, were employed to obtain 
undrained stress-strain relations for clayey de
posits. A torsion meter is a device to measure 
the torque and angle of rotation of a circular 
wall of a vertical bored hole. But, in this in
vestigation, vane testing was used as a substi
tute for a torsion meter. The procedures for 
calculating the undrained stress-strain curves, 
based on the informations from field measure
ments by pressure meter and torsion meter, math
ematically derived by the authors were found to 
be essentially the same as those proposed by 
Palmer (1972), Baguelin, Jezequel, Le Mee and Le 
Mehaute (1972) and Baguelin and Jezequel (1976).

The standard penetration test was employed to 
estimate the undrained strength of sand. The 
number of blows (N-value) obtained from the SPT 
has been considered as an indication of relative 
densities of sands, and hence as a parameter 
closely related to <)>-value obtained from drained 
compression tests on sand. Although this idea 
has been widely accepted for many years and 
seemed to be supported both by a number of ex
periments and by our practical engineering expe
rience, the authors found a new interpretation 
of N-value recently proposed by Nishigaki (1980) 
worthy of examination. Nishigaki (1980) derived 
an interesting relation between N-value and un

drained shear strength of saturated sand based 
on the in-situ SPT and undrained triaxial tests 
on undisturbed sand samples taken from 18 sites.

LABORATORY TESTS

In taking undisturbed samples from the ground, a 
thin-walled sampler with a stationary piston was 
employed. Thin-walled tubes (78.3 mm OD, 75.0 m 
m ID) were pushed into clyev deposits as far as 
700-900 mm from the bottom of bored holes. Be
cause it is not easy to push the above mentioned 
tubes into medium dense or dense sand deposits 
and to keep the loose sand contained in the 
tubes, thin-walled tubes in smaller size (60.3 m 
m OD, 57.0 mm ID) were used in taking sandy sam
ples. In order to extrude the sand samples from 
thin-walled tubes without applying too much 
pressure at the end of the samples and hence to 
avoid the densification of sand during sand ex
trusion, sand samples were taken by pushing thin 
-walled tubes slowly into the sand deposit as 
far as about 300 mm from the bottom of bored 
holes.

Three techniques were employed during the trans
portation and storage of samples contained in 
thin-walled tubes, with the purpose of disturb
ing the samples as little as possible.

(i) Technique SW : Melted sealing wax was 
poured into both ends of a thin-walled tube with 
a soil sample in it, so as to keep the pore 
water remaining as it was in the sample. This 
technique which is very common, was applied to 
all the clayey samples and to some of the sandy 
samples used in this investigation.

(ii) Technique SWF : Some of the sandy samples 
were sealed by pouring melted wax in the same 
way as above after some of the pore water was 
allowed to flow out of the thin-walled tubes.
And then the samples contained in tubes were 
frozen by standard technique commonly used in 
Japan for loose sands.

(iii) Technique PSW : Some of the sandy 
samples were compressed with a pressure equal to 
the in-situ effective overburden pressure 
through circular plates facing both ends of the 
sample contained in a thin-walled tube. Both 
ends of the sample were sealed by wax with the 
circular plates being left between the sample
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and the sealing wax, after the pressure was ap
plied by use of a simple device with a spring, 
the length of which was controlled by an adjust
able screw so as to produce a pressure roughly 
equal to the in-situ effective overburden pres
sure.

All the clayey samples tested in this investiga
tion were treated by employing the technique SW, 
while the sandy samples were divided into three 
groups treated by use of the techniques SW, SWF 
and PSW respectively so as to investigate the 
effect of each of these techniques.

Undrained stress-strain relations of undisturbed 
samples of clayey and sandy soils were investi
gated experimentally by use of the following 
equipment for laboratory testing of soil:

(i) Uniaxial testing apparatus was used only 
for clayey specimens.

(ii) Conventional triaxial testing apparatus 
was used for clayey and sandy specimens isotrop- 
ically consolidated with hydrostatic pressure 
equal to the in-situ effective overburden pres
sure .

(iii) Triaxial testing apparatus with cyclic 
loading device was used to obtain the equivalent 
modulus of deformation of sandy specimens under 
cyclic loading.

(iv) A new Ko triaxial testing apparatus (Fig. 
1) developed by Wroth, Ohta and Shibata (to ap
pear) was used for clayey and sandy specimens. 
This new Ko triaxial apparatus makes it possible 
to set the effective stress state of a specimen 
as, probably, it was in the ground.

The sample in a tube is pushed into the contain
er without being allowed to deform laterally and 
then is set on the Ko triaxial testing apparatus 
with the container. The top surface of the 
specimen is contacted by the rod. The rubber 
membrane and O-rings are set outside. The esti
mated in-situ effective overburden pressure is 
applied on the top of the specimen through the 
rod in order to reconsolidate the specimen while

(7) bellofram  cylinder 

@  arresting device 
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©  load cell 

©  cell 
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Fig.1 Newly-developed Kq Triaxial Testing Apparatus

the cell pressure is applied so as to compress 
the rubber membrane against the surface of the 
rod and the container, preventing pore water 
from escaping the container. After finishing 
the reconsolidation, the rod is arrested and the 
drainage line is closed preventing further 
changes in the length and the volume of the 
specimen and then the container is withdrawn 
leaving the specimen, rubber membrane and O-rings 
at the position as they were. Because changes 

both in volume and length of the specimen are not 
permitted to occur in this stage, no lateral 
displacement is possible, i.e. the specimen does 
not deform at all and remains in the anisotropic 
effective stress state after reconsolidation. 
From the reaction of the specimen against the 
rod and pore water pressure after the withdrawal 
of the container, we can determine the effective 
stress state in the specimen, which should be 
close to the in-situ effective stress state of 
the specimen, only having been subjected to a 
very short term stress release at both ends dur
ing setting the specimen. After measuring the 
initial effective stress state, the specimen can 
undergo compression or extension tests under any 
drainage conditions.

DEFORMABILITY OF A CLAYEY DEPOSIT

A series of in-situ and laboratory tests were 
carried on an alluvial clayey deposit (depth 6- 
10 m) at Kanaoka aiming at the comparison of un
drained stress-strain curves measured by various 
type of testing methods. The clay (IJJ=70%, PL=30% 
) is slightly overconsolidated in terms of ratio 
of pre-consolidation pressure to in-situ effec
tive overburden pressure, but geological survey 
indicates that the clayey deposit should be a 
normally consolidated one.

A series of vane and pressure meter tests were 
performed at the site, resulting in the stress- 
strain curves as shown in Fig.2. In the inter
pretation of the test results, it is assumed 
that the clay deforms under undrained condition. 
The difference in overconsolidation ratio is 
converted into 0CR=1 by employing the experimen
tal data on Lagunillas clay introduced by Ladd 
and Lambe (1963), with an additional assumption 
that the undrained stress-strain curve of a clay 
with a specified overconsolidation ratio can be 
converted into the stress-strain curve of the 
normally consolidated clay by multiplying the 
principal stress deviator by the ratio of un
drained strength of NC clay to that of OC clay. 
This is an acceptable assumption when the OCR is 
not large.

Conventional triaxial tests were conducted to
gether with uniaxial tests on undisturbed clayey 
samples (80 mm in length, 35 mm in diameter).
As the pore water pressure was not measured, the 
axial strain rate was chosen to be rather fast,
2 %/min. and 2.5 %/min. respectively for uniaxial 
and consolidation undrained triaxial test, in 
which the cell pressure during consolidation was 
equal to the in-situ effective overburden pres
sure. The undrained stress-strain curves thus 
obtained are also shown in Fig.2, with the OCR 
correction exactly the same as mentioned previ
ously .

The new Ko triaxial apparatus was used to obtain
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Fig.2 Undrained Stress-strain Curves for Kanaoka Clay

the undrained stress-strain relations of undis
turbed clayey specimens reconsolidated anisotrop- 
ically in the container with the vertical pres
sure equal to the in-situ effective overburden 
pressure and then subjected to undrained ccrapres- 
sion or extension, with the axial strain incre
mentally (9-10 steps) increased until failure 
state. On each of these, the axial strain in
crements were kept unchanged (mostly for two 
hours) allowing the occurence of axial stress 
relaxation and the development of pore water 
pressure, while the cell pressure and back pres
sure were kept constant. The size of the speci
mens was 17.24-18.54 mm in length for most spec
imens and 35 mm in diameter. The obtained un
drained stress-strain relations are shown in 
Fig.2 with the previously mentioned OCR correc
tion being adopted.

DEFORMABILITY OF A SANDY DEPOSIT

In-situ and laboratory testings were performed 
on loose sandy deposits at Urayasu, where the 
ground water level is at 0.5 m below the ground 
surface. Undisturbed silty sand samples were 
taken from a depth of 6-9 m. Some of parameters 
of this sandy deposit are as follows: Gs=2.65-2. 
75, e=0.85-1.05, number of blows in SPT=11-12,
P^ in pressure meter test=288-315 kN/m2, content

of fine particles (d<0.1 mm)=12-39 %.

Undrained stress-strain responses of the undis
turbed samples isotropically consolidated with 
cell pressure equal to the in-situ effective 
overburden pressure were tested by employing a 
conventional triaxial apparatus. During the un
drained tests, the back pressure was chosen be
tween 300-450 kN/m2 and the axial strain was in
crementally (36 steps) increased up to 15% while 
leaving the specimens for 5 minutes at each 
strain level, so as to get stable measurement of 
axial stress and pore water pressure. During 
the loading process, the cell pressure was kept 
constant. The size of specimen was 70 mm in 
length and 35 mm in diameter. Thus obtained un
drained stress-strain curves (CIU) for sand are 
shown in Fig.3 where the principal stress devia
tor q is normalized by the consolidation pres
sure p^. The effect of the three different

Fig.3 Undrained Stress-strain Curves for Urayasu Sand

treatments of the samples during transportation 
from the site to the laboratory and during stor
age at the laboratory is clearly seen, i.e. the 
samples subjected to pressure at the ends of the 
samples in thin-walled tubes are the most rigid 
and strongest while the samples simply sealed in 
thin-walled tubes with wax and the samples frozen 
in thin-walled tubes are second and third respec
tively both in compression and in extension 
tests. It is noteworthy that the scatter of the 
initial void ratios does not suggest any clear 
difference between these three treatments.

Undrained stress-strain curves for sand speci
mens, treated in three different techniques dur
ing transportation and storage and reconsoli
dated anisotropically in the sample container 
with vertical stress equal to the in-situ effec
tive overburden pressure, were investigated, 
employing the new Ko triaxial testing apparatus, 
which can hopefully preserve or recover the in- 
situ anisotropic effective stress states in the 
specimens prior to the start of compression or 
extension tests. The axial strain was increased 
incrementally (29 steps, 5 min/step) up to 151, 
unless the axial stress did not exceed the maxi
mum capacity 400 kN/m2 of the load cell. The 
back pressure was in the range of 200-300 kN/m2. 
The length and the diameter of specimens were 45 
mm and 35 mm respectively. The cell pressure 
was kept constant during compression and exten
sion tests. The test results are shown in Fig.3 
as a band together with the results for isotrop
ically consolidated specimens. The stress- 
strain responses of the specimens tested in the 
new Ko triaxial apparatus are much narrower in 
range than for isotropically consolidated speci
mens. It is also noteworthy that the difference 
in the three treatments in transporting and 
storing samples is not appreciable for the tests 
in the new Ko triaxial apparatus. The range of 
stress-strain curves for isotropically consoli
dated specimens might have overlapped the range 
for KoU tests if the isotropic consolidation 
pressure was chosen to be equal to the in-situ 
effective mean principal stress, which could be 
estimated by assuming proper Ko-value.

Although it is not possible to derive the stress 
-strain relations from the data of standard pen
etration tests, the undrained strengths of un-
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disturbed sand consolidated with hydrostatic 
pressure equal to the in-situ effective over
burden pressure is reasonably estimated with the 
information from the investigation of Nishigaki 
(1980). According to the Nishigaki's diagram, 
the number of blows N is uniquely related to the 
undrained strength of sand if N<35 and effective 
overburden pressure is less than 150 kN/m2, i.e. 
q/p.=5.03-7.77 for sand deposit of N=ll-12.
This range is also shown in Fig.3 indicating 
that results from standard penetration tests are 
roughly same as those obtained from tests em
ploying the new Ko triaxial apparatus.

Undisturbed sand samples, treated in the three 
different ways during transportation and storage 
of samples, were subjected to isotropic consoli
dation with the pressure equal to the in-situ 
effective overburden pressure and then underwent 
cyclic loading. Undrained cyclic load (1 Herz) 
was conducted. At the end of every 10 cycles of 
loading under undrained conditions, a few min
utes' drainage time was allowed, and then the 
loading amplitude was increased in the next 10 
cycles. This sequence was continued until the 
specimen failed, resulting in a decreasing 
equivalent modulus of deformation for the stress 
-strain loop of every 10 cycles of undrained 
loading. The results are shown in Fig.4 where 
the effect of scatter in the initial void ratio 
is corrected, using the findings of Iwasaki, 
Tatsuoka and Takagi (19 78) that the equivalent 
modulus of deformation is propotional to 
(2.17-e)2/(1+e) for wide range of shear strain. 
The measured modulus of deformation is highest 
for samples with the pressure applied at the 
ends of samples in thin-walled tubes, and is 
second highest and lowest for samples sealed 
with wax in tubes and frozen samples respective
ly. This ordering was already found in the 
tests employing the conventional triaxial appa
ratus (Fig.3), although the difference due to 
sample transportation and storage was not appre
ciable in the tests conducted employing the new 
Ko triaxial apparatus. The results of the con
ventional tests and cyclic triaxial tests seem 
to suggest the same conclusion as those of 
Ishihara (1977), that freezing the samples may 
cause unfavorable changes in the mechanical 
state of sand.
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The undrained stress-strain curves for clayey 
and sandy soils measured by employing various 
types of in-situ and laboratory tests are found 
to differ very much from each other. The scatter 
in each testing method is also considerable, al
though further investigation should be made 
before choosing the best method for estimating 
the deformability of soils. The range of deform- 
ability (tangent of stress-strain curves) is 
much wider than the undrained strength, measured 
by these testing methods, so that the estimation 
of deformation of soft foundations based on the 
measured deformability parameters cannot be as 
reliable as stability analyses, in which only 
the strength is employed.

CONCLUSIONS
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