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Session 7

Soil Exploration and Sampling — General Report 

Reconnaissance du Sol et Prise d'Echantillons

H. MORI Consulting Engineer, Tokyo, Japan

1. INTRODUCTION

Thirty eight papers have been submitted to 
Session 7 of this conference. The papers were 
classified to three divisions relevant to the 
technical questions to be discussed in Session 
7 and sub-divided into several subjects as 
follows:

Part 1. In Situ Measurement of Deformation and 
Strength of Soils

Undrained Deformation of Soft Cohesive 
Soils

In Situ Lateral Earth Pressure 

Deformation and Strength of Granular Soils 

Dynamic Properties of Cohesionless Soils

Part 2. Quality of Parameters

Influence of Sample Disturbance on Strength 
and Deformation of Soft Cohesive Soils

Cone Penetration Test

Standard Penetration Test

Design Parameters for Fissured Clay

Monitoring Embankments

Miscellaneous Topics

Part 3. New Techniques of Site Investigation

Pore Pressure Probing

Equipment and Procedure of Soil Sampling 

Geophysical Methods 

Offshore Soil Investigation

A few papers treating more than one topic were 
taken up in two categories of subject, and 
papers not falling in the above categories were 
covered under miscellaneous topics in Part 2.

This General Report mainly attempts to summarize 
the contents of the papers so as to assist the 
delegates to find the topics and papers to be 
discussed in this session. The papers are 
identified by underlining the names of authors, 
and references are listed at the end of this 
report.

2. IN SITU MEASUREMENT OF DEFORMATION AND 
STRENGTH OF SOILS

Undrained Deformation of Soft Cohesive Soils

Five papers present studies on the undrained 
behavior of soft cohesive soils as measured by 
either the self-boring pressuremeter tests, 
Menard pressuremeter tests, screw plate tests 
or vane shear tests.

Battaglio^ Ghionnai_Jamiolkowski_and Lancellotta 
present a comprehensive interpretation of 
selected expansion curves obtained from self
boring pressuremeter tests on soft silty clay or 
soft organic clay with shell fragments, using 
the French pressuremeter (PAF), with a length- 
diameter ratio of 2 or 4. The normalized 
strength obtained from different methods of 
interpretation was, in general, practically 
identical. The strength obtained from the 
equation for strain softening materials derived 
by Prévost and Hoeg (19 75) appear over 50 per
cent higher in extreme cases than those obtained 
from the equations of the other investigators 
such as Ladd et al. (1979), Denby and Clough 
(1980) , and Windle and Wroth (1977) , while the 
difference in strength values interpreted by 
the other methods appears less than 20%.

The normalized strength parameters obtained from 
the pressuremeter tests using a probe with a 
length-diameter ratio of 4 appears a little 
lower than those obtained from CK0U triaxial 
compression tests and close to the strength 
measured by CK0U direct shear tests. The 
strength values obtained from pressuremeter 
tests are substantially higher than those 
obtained from vane shear tests as pointed out 
previously (Amar et al., 1975).

The secant modulus Eu varies considerably de
pending on the method of interpretation. The 
authors noted that the reliability of the stiff
ness parameters obtained from pressuremeter 
tests could not be concluded, mainly because of 
disturbance of soil during the insertion of the 
pressuremeter probe.

The significant effect of the length-diameter 
ratio on the parameters was recognized, i.e. 
the strength obtained using a probe with a ratio 
of 2 appears 70 to 80 percent higher than that 
with a ratio of 4. The authors attribute this 
difference to the elliptical deformation of 
soil around a probe of a limited length.
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The effect of pressuremeter length was studied 
by Laier et al. (1975) in model ground of dry 
sand. The study on the Menard pressuremeter 
with the main cell having length equal to one- 
third of the total length concluded that the 
pressuremeter of the total length diameter ratio 
greater than 4 had no significant effect of 
length on the measurement of pressuremeter 
modulus, Ep. Laier et al. suggest that the 
pressuremeter length does have a marked effect 
on a measured limit pressure even if a length 
diameter ratio is greater than 10. For cohesive 
soils, the strength may be overestimated even 
with a length-diameter ratio of 4, but no pub
lished information is available at present.

Laçasse, Ja5)i2i!S2ÏS!Sii._i;§QSëii2ÈÈ§_§SÉ_i;!i22ë 
present the results of self-boring pressure
meter tests on soft cohesive soils at two test 
sites in Norway using the Cambridge type pres
suremeter .

The undrained shear strengths calculated by 
various methods of interpretation (Ladd et al.,
1979)(Prévost and Hoeg, 1975)(Windle and Wroth, 
1977)(Denby and Clough, 1980) appear fairly con
sistent aside from the values calculated by the 
equation of Windle, Wroth (1977), but all these 
values are almost twice as high as those pre
dicted from the results of triaxial tests and 
vane shear tests. The authors assume that the 
strength is overestimated probably due to the 
disturbance of soil during the insertion of a 
pressuremeter probe as pointed out by Prévost 
(1979).

The secant modulus E50 obtained from pressure
meter tests was more than 3 times greater than 
that obtained from laboratory tests. The authors 
assume that the modulus obtained from laboratory 
tests may be underestimated due to sample dis
turbance, but they consider that the reliability 
of the modulus predicted by the pressuremeter 
remains uncertain.

The papers of Battaglio et al. and Laçasse et 
al. yield coincident results as follows:
(1) The in situ horizontal stress of soft 

cohesive soil can be properly evaluated 
by the self-boring pressuremeter.

(2) The undrained shear strengths obtained 
from different methods of interpretation 
are fairly consistent with accuracy 
tolerable in practice.

(3) The undrained shear strength obtained from 
the self-boring pressuremeter is consider
ably higher than that obtained from vane 
shear tests.

(4) The modulus of deformation obtained from 
the self-boring pressuremeter is substan
tially higher than that obtained from 
laboratory tests. However the reliability 
of the modulus has not been confirmed.

Qh t Si . Ha t a ^ Fu k a g a wa ^ On o u e ^ Ya s u d ^ a n d ^ o r i t a  
compared the undrained stress-strain behavior 
of soft cohesive soil in Japan as measured by 
the Menard pressuremeter tests, the vane shear 
tests, and laboratory tests. In the laboratory, 
the undrained behavior was measured by the CK0U- 
test, the CIU-test and uniaxial tests. The re
sults of tests are widely scattered, but, as a 
general trend, the normalized shear stress at
2 percent of strain obtained from pressuremeter 
tests appears approximately coincident with that

obtained from CK0U triaxial compression tests. 
The strengths obtained from vane shear tests 
are substantially lower than those obtained from 
pressuremeter tests or triaxial tests.

Selvadurai_and_Nicholas investigated the defor- 
mablllty and strength of soft sensitive clay in 
Canada by means of the screw plate test. The 
instrument used by the authors is more or less 
the same as the compressometer devised by Janbu 
and Senneset (19 73), but 29 5 mm in diameter, and 
penetrated into the ground by a hydraulic jack 
mounted at the crest of a tripod.

The undrained modulus (initial tangent modulus) 
and the undrained shear strength were determined 
by the following equations derived based on the 
assumed material behavior such as linear elas
ticity and ideal plasticity.

Eu = K - 2^ —  (1)

where q : average stress acting at the soil- 
plate interface 

s : displacement (settlement) of a plate 
r : radius of a plate

The coefficients K or Nc vary in the range:
K = 0.60 to 0.70, Nc = 9.00 to 11.35, to account 
for the uncertainities such as soil disturbance 
around the plate, adhesion at an interface, etc.

The average values of Eu and cu obtained from 
the statistical analysis of the results of 
screw plate tests were compared to the parameters 
obtained from laboratory tests of block samples 
or tube samples. The authors concluded that 
the parameters Eu and cu calculated by Eq.(1) 
and (2) were coincident with the parameters 
obtained from laboratory tests. That being 
true, the extent of soil disturbance caused by 
the installation of a screw plate may have been 
coincident with the extent of disturbance of 
the samples.

Kirkgatrick_and Khan compare the undrained shear 
strength'obtalnld from the vane shear test of 
normally consolidated clay constituted by 
consolidating slurry of Kaoline and illite with 
that obtained from triaxial compression tests 
on specimens simulated to the ideal samples with 
neither stress release nor mechanical disturb
ance .

The vane shear tests with 12.7 mm d. x 12.7 mm h. 
or 12.7 mm d. x 25.4 mm h. were carried out in 
a specimen of 250 mm in diameter and over 90 mm 
high, consolidated under the maximum consolida
tion pressure of 5 52 kPa. The specimens for 
triaxial compression tests were trimmed out of 
a block of clay consolidated in a cell of 250 mm 
in diameter under the consolidation pressure of 
276 kPa, then K0-consolidated under the maximum 
principal stress of 552 kPa.

The undrained shear strength indicated by the 
vane shear test cv was found to be in close 
agreement with that obtained from the triaxial 
compression test cu on the specimens of the 
same water content. The rate of rotation in
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vane shear tests affected the vane strength, 
and a close agreement between cv and cu was 
found for the rate of 3°/min to 8°/min.

Perlow and Richards (1977) pointed out that, if 
rotated at identical rates, a large size vane 
(50 to 100 mm diameter) produces a larger shear 
velocity than does a small vane of the type 
used for laboratory vane measurement. The rate 
of rotation corresponding to a shear velocity 
of 0.15 mm/s is 10 to 21°/min for the in-situ 
vane and 81°/min for the laboratory vane. The 
relationship between cv and cu obtained by 
Kirkpatrick and Khan may approach Bjerrum's
(1973) correction factors, if cv is measured 
at a higher rate of rotation.

In Situ Lateral Earth Pressure

Since the in situ measurement of lateral earth 
pressure by the hydraulic fracturing method was 
developed by Bjerrum and Andersen (1972), the 
reliability of the lateral earth pressure ob
tained from the in situ test was studied by the 
other investigators. Massarsch et al. (1975) 
concluded from comparative studies of the hy
draulic fracturing method to measurement with 
the Glotzl earth pressure cell (Massarsch, 1974) 
that agreement between the two methods was poor 
compared to a few previously published results. 
The method of the Glotzl earth pressure cell 
yielded more reproducible values than the 
hydraulic fracturing method. A similar study 
conducted by Tavenas et al. (1975) concluded 
that the hydraulic fracturing method contained 
problems caused by disturbance of soil during 
insertion of the piezometer, but the reproduci
bility of test results was shown to be satis
factory .

kefebvre^Philibert^Bozozul^and Pare studied 
the pattern of fracture by the”vlsual examina
tion of fractured soil around a piezometer. 
Undisturbed block samples yfere taken from soil 
fractured by injecting a methylene blue dye to 
mark fissures. Geonor piezometers made of 
porous bronze, 33 mm in diameter, and lengths of 
300 mm (standard), 100 mm and 0 mm were used. 
Vertical and radial fissures expected theoreti
cally for normally consolidated clay were ob
served in the soil around the 300 mm piezometer 
at the test site where marine clay was almost 
normally consolidated with a sensitivity ratio 
of 70 to 100. In addition to the vertical 
fractures, conical shaped fractures having 
angles of inclination from 20 to 35 degrees 
from the horizontal were observed in all the 
blocks of soil above the top of the piezometer. 
When a 100 mm piezometer is used, diagonal 
fractures are more predominant than vertical 
ones. Only conical fractures were observed in 
the soil around the piezometer of zero length.

The authors suggest that fractures other than 
vertical and radial fractures would tend to 
cause overestimation of the in-situ lateral 
earth pressure. As suggested by Tavenas (1975), 
deformation of clay is induced during the frac
turing test, similar to the deformation of clay 
around a pressuremeter probe. Elliptical or 
spherical deformation may result in a mode 
of fractures different from vertical and radial 
fractures. According to the results presented 
in Fig. 5 of the paper of Lefebvre et al., even 
the 300 mm piezometer is not likely to yield

a constant value of k0-coefficient.

The use of the hydraulic fracturing method is 
limited to normally consolidated clay whose k0- 
coefficient is less than unity. The earth pres
sure cell has no limitation due to the stress 
history of clay, but its use is limited to soft 
clay because of its thin and flexible structure. 
Marchetti (1979) (1980) proposed a method to de
rive in-situ horizontal stresses of uncemented 
clay from the results of tests measuring earth 
pressure against a flat blade penetrated to 
ground. Marsland and Randolph (1977) obtained 
the in-situ horizontal stress of stiff clay from 
an iterative method of analysis of the results 
of Menard pressuremeter tests.

Deformation and Strength of Granular Soils

The compressibility of granular soils is 
measured by plate loading tests, screw plate 
tests (Janbu and Senneset, 1973), or pressure
meter tests. The deformation characteristics 
of boulder soils or loess soils have been 
measured by plate loading tests (Ranjan et al.,
1980)(Minkov et al., 1977). The compressibility 
of sand can be indirectly evaluated from the 
cone resistance of the CPT (Schmertmann, 1970) 
(Schmertmann et al., 1978).

The strength parameters of granular soils are 
determined by interpreting the results of in- 
situ tests such as the CPT, pressuremeter tests, 
plate loading tests, borehole loading tests, 
screw plate tests, etc. The interpretation of 
the CPT is mostly based on the theory of plas
ticity assuming an isotropic and incompressible 
medium, which is applicable where qc increases 
linearly with depth. However, large scale ex
periments and field observations have shown that 
the point resistance of a pile below the criti
cal depth remains practically constant in a 
homogeneous sand deposit due to effects of soil 
compressibility, crushing, arching, and other 
factors (Meyerhof, 1976) .

The cone resistance qc is the parameter more or 
less equivalent to the point resistance of a 
pile penetrated below the critical depth. There
fore, more rational interpretation of the results 
of the CPT will require consideration of soil 
compressibility and the non-linear envelope of 
the Mohr-Coulomb failure criteria (Baligh, 1976).

§Sî ii._§2i2i£ii_5i!i2SS2i._i5iDi0i!S2w®!si_SI}S 
fascjuallnl present interisting results of ex
perimental study verifying the validity of 
Vesic's approachs on the interpretation of the 
cone resistance (Vesic, 1972) (Vesic, 1977) based 
on the theory of an expanding cavity.

The cone resistance qc of dry sand uniformly 
compacted in a calibration chamber by means of 
pluvial deposition was determined from the CPT. 
The state of stresses in the model ground was 
simulated by applying a surcharge at the top of 
the model, and the horizontal stress and strain 
were controlled to maintain either constant 
horizontal stresses or zero horizontal strain.

The strength parameters of dense sand were de
termined for the curved envelope of the Mohr- 
Coulomb failure criteria. The secant modulus 
E50 and the volumetric strain was also evaluated 
from triaxial tests on specimens of a density
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equivalent to the model. The ultimate expan
sion pressure of a cylindrical or spherical 
cavity was calculated by the computer program 
EXPAND (Baligh, 1976), then the cone resistance 
was evaluated and compared to the measured 
values.

The measured qc agreed with the calculated qc 
on the basis of the theory of an expanding 
cavity. The cone resistance calculated by the 
procedure proposed by Durgnoglu and Mitchell 
(1975) based on the theory of plasticity largely 
overestimated qc at the equivalent depths below
20 m. According to a communication from Prof. 
Jamiolkowski, the measured qc became agreed 
better with the qc calculated by Vesic's 
approach than shown in Fig. 8 of their paper 
after correcting strength parameters obtained 
from triaxial tests.

Chagman_and_Donald studied the influence of 
stress history and the state of vertical and 
horizontal stresses of dry sand on the cone 
resistance qc . The CPT was conducted with air 
dried sand pluvially deposited in the calibra
tion chamber of 1.2 m diameter and 1.8 m high 
(Chapman, 19 74). The specimen was consolidated 
under k0 conditions to the vertical stress up 
to 600 kPa.

The overconsolidated specimens have higher 
values of lateral stress than normally con
solidated specimens at the same level of the 
vertical stress. Therefore, under the same 
vertical stress, the cone resistance q^ of the 
overconsolidated specimens should be higher 
than that of the normally consolidated speci
mens. This trend appeared in loose sand 
(ID = 63%) , but there was no apparent change 
in qc in overconsolidated dense sand (Iq]>88%) 
whose density increased negligibly during 
consolidation.

The modulus of one directional compressibility 
was significantly affected by the stress his
tory. The initial tangent modulus M0 was 
expressed as, Mq = (3 - 4)qc for normally con
solidated sand, and Mq = (7 — 15)qc for over
consolidated clay in which MQ is largely 
scattered depending on the initial state of 
stress.

The authors conclude that the angle of shearing 
resistance can be determined with reasonable 
accuracy using the relationship established 
by Biarez and Gressillon (1972) or Janbu and 
Senneset (1974). There is some discrepancy 
between the test results and the authors' 
comments for sand having the angle greater 
than 40 degrees. The bearing capacity factor 
Nq varies from 60 to 150 within a narrow range 
of <J> around 41 degrees.

NuYens_and Huergo present the results of the 
CPT and the pressuremeter test on alluvial 
sandy gravel in Belgium which contains over 60% 
of gravel of more than 2 mm grain size. The 
density of ground investigated by borehole 
logging with the gamma rays was relatively 
uniform below a depth of 4 m, but varied widely 
above that depth.

The authors found that the cone resistance was 
independent of the overburden pressure. The 
cone resistance of gravel filled with sandy

matrix to a depth of 6 m was greater than that 
of loose deposits of gravel with open voids. 
Therefore, the cone resistance was affected by 
the configuration of the soil fabric. The 
authors further stress that the theories based 
on a homogeneous and continuous medium can not 
be applied to the interpretation of the CPT on 
gravel.

The values of qc being affected by the local 
heterogeneity of ground, the cone resistance 
can be comparable to the modulus Ep of the 
Menard pressuremeter if extreme values of qc 
be removed. The authors thus obtained a linear 
relationship between qc and the pressuremeter 
modulus, Ep or P¿e (the parameter P£e is the 
yield pressure)(Van Wambeke, 1975).

Because of the unavoidable loosening of gravel 
caused by boring, it is necessary to verify the 
reliability of the pressuremeter moduli as 
reference parameters for evaluating cone resis
tance against sandy gravel.

Ortigosai_Musante_and_Kort studied the shear 
strength of üñcimented Santiago gravel above 
the water table, well graded with a maximum 
size of 250 mm. Triaxial tests in-place were 
performed on large specimens of 80 0 mm in diam
eter and 1.60 m high, hand-carved from gravel 
containing a plastic fine fraction of a few 
percent (Kort et al., 1979). The static and 
dynamic modulus of deformation were measured 
by plate loading tests using loading plates 
of 0.60 to 0.84 m in diameter placed under 
vertical or horizontal forces.

From the in-place triaxial test, the peak cohe
sion of 36.3 kPa was obtained at the strain of
0.7% with an angle of mobilized shear strength 
of 45 degrees. The authors apparently suc
ceeded in preparing specimens of good quality 
despite the difficult nature of gravelly soils.

The modulus of elasticity calculated from the 
plate loading tests increases in proportion 
to depths. Anisotropic properties are not 
observed in the results of plate loading tests 
in vertical and horizontal directions presented 
in this paper.

The creep settlement was expressed by the 
equation : t = log t/t0 , where <t>t : creep
settlement at the time t, <í>est : elastic settle
ment assumed ending in tQ = 2 hours, ma : creep 
coefficient. From the linear correlation between 
the creep coefficient and the static contact 
pressure, ag, the authors expressed the creep 
coefficient of Santiago gravel as : ma = 0.0027 
oe/Pa< Pa : reference pressure. The value of 
ma is about 0.04 for a value of OE/Pa = 15, 
which is several times smaller than the value 
suggested by Schmertmann (19 70), based on the 
investigation of Nonveiler (1963) on sand.

Dynamic Properties of Cohesionless Soils

Only one paper deals solely with the dynamic 
properties of cohesionless soils. Two papers 
include such properties among their findings.

Da_Roiti_Lojeloi_Muzzi_and Sgat investigated 
the intergranular movement of saturated sand 
during the freeze-thaw sequence by measuring 
the displacement of lead shot using X-radio-
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graphs. Artificially produced quartz sand was 
constituted to a cylindrical specimen using the 
wet tamping method (Mulilis, Seed et al., 1977). 
Then, the specimen was saturated with back 
pressure giving the pore pressure coefficient 
B>0.9. The specimen was frozen from bottom 
to top under the confining pressure of 100 kPa.

No descernible relative displacement among lead 
shots was detected visually. From the measure
ment of distance among lead shots using an 
enlarged X-radiograph, the maximum displacement 
was 0.3 mm and 0.1 mm in the axial and radial 
direction respectively, which is equivalent to 
the elastic deformation of about 0.5% in 
volumetric strain. This paper confirms the 
results obtained previously by Yoshimi et al. 
(1977)(1978) that there is no significant 
volume change if the confining pressure is 
maintained and a free drainage on the unfrozen 
side of the freezing interface is provided. 
Singh, Seed and Chan (19 79) found further 
that the cyclic strength characteristics were 
not altered by the freezing and thawing process 
under the confining pressure and with free 
drainage.

A more promising application of X-radiography 
to soil sampling may be to detect the density 
variation or disturbance of soil fabric caused 
when a sampling tube is pushed into soil.

Ohta_et_aXi present a study on the influence 
of the disturbance of silty sand samples during 
transportation and storage on the undrained 
stress-strain relationship under static or 
cyclic loading. Undisturbed samples of silty 
sand (e = 0.85 - 1.05 ; content of fine parti
cles : 12 - 39%) were treated by the following 
three different procedures: ,
(i) applying a pressure equal to the in-situ 

effective overburden pressure at the ends 
of a sample in a 'thin-walled tube prior 
to sealing the sample with wax.

(ii) sealing with melted sealing wax.
(iii) freezing after a free drainage and the 

subsequent sealing with wax.

The undrained stress-strain relationship in 
specimens reconsolidated under a pressure 
equivalent to the mean effective stress in situ 
varied remarkably depending on the procedures 
of sample treatment. The samples subjected to 
pressure at their ends were the most rigid and 
strongest, while the samples sealed with wax 
and those frozen in thin-walled tubes were 
second and third, respectively, both in com
pression and extension tests.

Ortigosa_et_ali calculated the cyclic shear 
modulus of Santiago gravel from the results of 
plate loading tests under cyclic loading. The 
shear modulus at the strain level of 10_1*% was 
obtained from a seismic refraction survey.

The authors report that the shear modulus of 
gravel obtained from the cyclic plate loading 
tests is lower than that of dense sand through 
laboratory test (Seed and Idriss, 1970). It is 
hard to evaluate the reliability of the shear 
modulus obtained by the authors from the simpli
fied description of the testing procedure and 
interpretation of the test results.

3. QUALITY OF PARAMETERS

Influence of Sample Disturbance on Strength and 
Deformation of Soft Cohesive Soils

Four papers present studies on the influence of 
sample disturbance on the undrained stress- 
strain and/or strength behavior of soft cohesive 
soils. Most specialists in soil sampling are 
familiar with the current techniques of sampling 
soft cohesive soils, as such techniques have 
been in use for over twenty years. However, 
specialists do not always recognize sources of 
sample disturbance and the influence of such 
disturbance on the results of laboratory tests.

"International Manual on the Sampling of Soft 
Cohesive Soils" recently produced by the Sub
committee on Soil Sampling, ISSMFE, is intended 
as a guide for practicing engineers to obtain 
samples of good and uniform quality by minimiz
ing the diversity of sampling techniques in 
various countries. Because of the importance 
for engineers to understand the influence of 
sample disturbance on the results of laboratory 
tests, the quality evaluation of soil samples 
is described in the first part of this manual.

Adachii_Todo_and Mizuno present an interesting 
experience concerning with the influence of 
sample disturbance on the undrained shear 
strength of Singapore marine clay. The site 
investigation for a reclamation project in six 
years was classified into the following three 
stages:

No.of boring sampling
stage

1. percussion boring open drive sampler 
from a pontoon

The equivalent undrained modulus of deformation 
under cyclic loading (1 Hertz) was obtained for 
samples treated by the three different proce
dures. The modulus of deformation was largest 
in samples subjected to pressure. Samples 
sealed directly with melted wax yielded the 
second largest modulus. The smallest modulus 
occured in frozen samples.

Singh, Seed and Chan (1979) suggest that the 
technique of freezing all around a tube sample 
may be ineffective in preserving the structure 
of undisturbed samples which contains a large 
percentage of fines because of insufficient 
drainage.

2. percussion boring 
from a pontoon

rotary boring from 
a fixed platform

rotary boring from 
a fixed platform

thin-walled sampler 
with free piston

thin-walled sampler 
with fixed piston

thin-walled sampler 
with fixed piston
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The average values of undrained shear strength 
determined from the UU triaxial tests carried 
out in stage 1 were almost one-half of those 
measured in stage 3. The authors report that 
the difference in the strength parameters 
caused by sample disturbance resulted in a dis
parity in construction cost of easily several 
million dollars.

It was also found that the undrained shear 
strength of soft clay underestimated by the 
unconfined compression tests was less than the 
strength measured by the UU triaxial tests.
At a depth of 3.8 m (upper marine clay), the 
undrained shear strength defined as q u / 2 from 
the unconfined compression tests was equivalent 
to cu from the UU triaxial tests only in samples 
whose strain at failure was less than 2%. At a 
depth of 9.5 m (lower marine clay), qu/2 was 
appreciably smaller than cu from the UU triaxial 
tests.

Ai22®2 ' present a study on 
the influence of stress release upon the un
drained modulus of deformation of saturated 
clay. Cylindrical samples prepared by consoli
dating slurry of clay (Lw = 27%, P.I. = 8.5%) 
either isotropically or anisotropically, were 
regarded as representative of the in-situ 
stress-strain behavior. Such samples unloaded 
and reloaded under undrained cycles were defined 
as "perfect samples". The samples unloaded and 
reloaded under full drainage were defined as 
"reconsolidated perfect samples".

The secant modulus of the perfect samples was 
25% smaller than the modulus of the in-situ 
samples prepared by isotropic consolidation, 
whereas the secant modulus of the reconsolidated 
samples was 25% larger than that of the in-situ 
samples. In the case of anisotropically cbn- 
solidated (kQ = 0.5) samples, the reloaded 
samples yielded a secant modulus 50% smaller 
than that of the in-situ samples, and the secant 
modulus of reconsolidated samples was 50% larger 
than that of in-situ samples. The secant moduli 
of the anisotropically consolidated samples were
2 to 3 times greater than those of the iso
tropically consolidated samples.

Atkinson_and_Kubba present a study on the 
effect of stress relief and mechanical dis
turbance caused in association with the sampling 
of soft clay. Virgin samples to represent the 
in-situ behavior of saturated clay were pre
pared from slurries of Kaolin by anisotropic 
consolidation to ctv* = 276 kPa with kQ = 0.63. 
Perfect samples were prepared from virgin 
samples by reducing the total stress to zero 
without drainage. Tube samples of 38 mm in 
diameter were taken from 100 mm samples pre
pared under the same anisotropic consolidation 
as applied to the virgin samples. The undrain
ed stress-strain behavior of the perfect samples 
and the tubed samples were compared with that 
of the virgin samples.

The stress paths for perfect samples were 
different to those for virgin samples, even 
though the perfect samples were free from dis
turbance by definition. None of the paths for 
tubed samples were similar to those for virgin 
samples. The stress paths for samples recon
solidated beyond the consolidation pressure 
of virgin samples appeared similar to those for

virgin samples. However the stiffness repre
sented by the secant moduli of such reconsoli
dated samples were appreciably less than that 
of virgin samples.

The latter two papers make valuable observations 
about the effect of sample disturbance on the 
stress-strain behavior of clay. The aniso
tropically consolidated perfect sample prepared 
by Alonso et al. is subjected to variation in 
the state of stress, i.e. from anisotropic to 
isotropic and vice-versa, while the sample is 
unloaded and reloaded without drainage or is 
reconsolidated. The shear strain due to such 
a variation in the state of stress can cause 
alteration of soil fabric, which will make the 
stress-strain behavior of perfect samples or 
reconsolidated samples different from that of 
virgin samples.

The findings of Atkinson and Kubba suggest a 
possible reduction of stiffness when samples 
are consolidated beyond the in-situ effective 
stress. Such reduction in stiffness and strength 
due to destruction of soil fabric was found by 
Tavenas (1979) for sensitive clay of a highly 
collapsible structure in Canada. Jamiolkowski 
et al. (1979) suggest that the majority of 
natural deposits, when subject to stress larger 
than the critical stress, do not undergo be
havioral changes to any significant degree, but 
they recommend intensive research into the 
problem of destruction.

The paper of Atkinson and Kubba also suggests 
that tube samples obtained by their procedure 
contain serious disturbance which can not be 
compensated by reconsolidation of the samples.
It is considered essential to prepare undis
turbed samples of very high quality in order to 
obtain meaningful parameters of the deformation 
of clay, even though the influence of disturb
ance can be reduced by reconsolidation.

Dalmatovi_Ghollii_Gabdrakhmanov_and_Kulachkin_ 
Studied the reduction of shear strength and 
the variation of deformability and porosity of 
soil at the bottom of a trench as it is loosened 
by excavation. Upward movement of highly plas
tic loam was observed to depths 2 to 3 m below 
the bottom of trench 4 m deep, and the shear 
strength of this loam decreased with time after 
excavation, becoming 1/2.5 of the original 
strength at the center of the trench 22 days 
after excavation. The authors derived an 
equation to determine the depth of excavation 
beyond which the soil beneath the bottom of 
a trench reduces its strength.

Block samples hand carved from the bottom of 
a pit or a trench, in general, are of better 
quality than tubed samples. However the depth 
of a trench is restricted since the heave at 
the bottom of a trench affects the quality of 
the soil to be sampled. The authors suggest 
investigation of the physico-chemical properties 
of soil beneath a site of excavation since these 
properties may change during and after excava
tion.

Cone Penetration Test

Three papers ; two papers presenting studies 
mainly on dynamic penetration tests and one 
paper describing measurement on displacement
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of sand around a cone penetrometer, are classi
fied into this subject.

Standard Penetration Test

5®E2^ahl_and_Moller devised a dynamic cone 
penetrometer with slip coupling and evaluated 
the skin friction resistance along the rod 
expressed by the number of blows per 0.2 m of 
penetration of the slip coupling. The authors 
also built a static and dynamic penetrometer 
using a friction sleeve to eliminate skin 
friction of the point during static penetration.

From the study on the performance of the DPA and 
the DPB, (Bergdahl, 1979) recommended by the 
Sub-Committee on the Penetration Test for use 
in Europe (1977), the authors recognized the 
significance of skin friction in dynamic cone 
resistance, and developed a method to evaluate 
dynamic friction with the slip coupling. The 
skin friction thus evaluated was far greater 
than that expected from the torque required for 
the rotation of the penetrometer rods. The 
authors note that skin friction may form a sig
nificant part of the total driving resistance.

B o r o w c z p r e s e n t  the results 
of experimental studies on the correlation among 
various methods of dynamic penetration tests 
such as the DPA, DPB, DPL (DIN 4094) and the 
SPT.

From the penetration tests in model ground of
4 m diameter and 4 m high, the authors derived 
regression equations expressing the relations 
between the density index and blow counts ob
tained from various penetration tests for 
cohesionless soils with uniformity coefficients 
of not less than 3 in 32 places in Poland. It 
was found that the N20 obtained from the DPA 
was in close agreement with the N30 of the SPT.

Mohan et al. (1970) concluded from studies on 
naturally deposited granular soils in India 
that the dynamic penetration tests using a cone 
of 62.5 mm was in the best correlation with 
the SPT. The N value for a 51 mm cone was in 
close agreement with that of the SPT but Nc/Ns 
varied widely with depth.

DaYi^§oni_Mortensen_and_Barreiro present inter- 
isting measurements of the displacement of sand 
around a cone penetrometer by means of a stereo- 
photogrammetric method pioneered at the Uni
versity of Southampton (Butterfield et al.,
1970). The contour of volumetric strain was 
obtained from the computer analysis of the 
stereo-image.

The penetration probe of 35.7 mm in diameter, 
with an apex angle of 60°, cut longitudinally 
in half was pushed along a glass plate into 
well graded dry sand placed in a wooden con
tainer with one glass wall. The analysis 
yielded qualitative but valuable information 
on the behavior of sand in the vicinity of a 
probe. Loose sand beneath the cone was densi- 
fied during penetration, but it was loosened 
at immediately above the cone. This loosening 
of sand agrees with the inducement of negative 
pore pressure above the base of a cone pene
trated in sandy clay (Schmertmann, 1974) .
Dense sand immediately below the cone was 
loosened.

Two papers describe problems related to the SPT; 
one about the influence of mechanical variables 
in the SPT, and the other about the influence 
of the state of stresses on the N-value.

A large variation in impact velocity was recog
nized by Kovacs et al. (1977) depending on the 
operation techniques and the age of a rope when 
a hammer attached to a rope turning around a 
cathead is dropped. Kovacs (1979) suggests 
that the use of automatic free-fall hammers 
would probably eliminate much of the variation 
in the N-value. Schmertmann and Palacios (19 79) 
measured the impact forces by load cells, and 
concluded that the N-value varies inversely 
with the hammer energy that actually enters the 
rods; the N-value could vary by a factor of 
three in the same soil for a variety of drill 
rigs and hammers. They also concluded that the 
type of rods, from A-rod to Nw-rod and the 
tightness of the rod joints, have a negligible 
effect on the N-value at depths up to 34 m.
The negligible effect of rod type was also 
reported by Brown (1977) from his field study 
of type A (40 mm dia.) and type N (60 mm dia.) 
tested in alluvial deposits of sand and gravel 
to a depth of 30 m.

According to the investigation and experience 
in Japan, the attenuation of the impact energy 
in a rod is small. A correction of N-value for 
a rod longer than 20 m is suggested in the code 
of practice with the equation :

N = N 1 (1.06 - 0.0031)

where N is the corrected N-value, N' is the 
measured N-value and l is the length of rod in 
m. The correction of N-values for rods within 
a length of 30 m is considered negligible accord
ing to the above equation (Mori, 1979).

Methods to determine the strength parameter, $', 
and the liquefaction potential from the N-value 
have been devised taking relative density as 
an intermediate parameter. But, N-value is not 
only correlated to the relative density, but 
sensitively affected by overburden pressure, 
lateral stress conditions and the stress history 
(Marcuson and Bieganousky, 1977). Marcuson and 
Bieganousky confirmed that the N-value was in
fluenced by density and overburden pressure, 
but the relations among these parameters may be 
influenced by the other factors such as soil 
structure, cementation, etc. Schmertmann (19 75) 
suggested that the N-value depends almost 
certainly on the complete in-situ effective 
stress environment and prestress conditions and 
not simply on the overburden pressure.

§292§§i§!i_aQd_Fernando_Dias_Machado describe 
the Influence of rod length on the N-value 
measured in layers of dense sand and calcareous 
concretions to a depth of 76 m. The N-value 
obtained from the SPT carried out in a diving 
bell (submersible platform) was compared to 
that measured from a jack-up platform, using 
drill rods of 68 m in length inserted inside 
a guide pipe of 270 mm in diameter. The N-value 
measured in a diving bell (N = 20 - 40) was 
appreciably smaller than that measured from 
a jack-up platform (N = 40 - 100).
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In both cases the hammer was attached to a rope 
turning around a cathead. The rods used in both 
cases were 33 mm in diameter and 2.75 kg/m in 
weight (according to a personal communication 
from Mr. Bogossian) which are lighter than A- 
rod (40 mm dia. and 5.8 kg/m). The difference 
in N-value noted in this experiment is thought 
to result from the whipping of rods of a small 
diameter with an unsupported length of over 60 m.

Kilker_and_Lucks present interesting field 
measurements of the effect of variation in the 
overburden pressure on the N-value. The authors 
carried out a series of the SPT in an area 
underlain by granular soils of the Pleistocene 
epoch where the ground water level was lowered 
by about 6 m. The median N-value was lowered 
or almost unchanged, aside from an area of 
loose sand, with the increase of the effective 
overburden pressure by about 6 0 kPa. The 
authors explain that the increase in the N- 
value of loose sand at a shallow depth is 
caused not only by the increase in effective 
overburden pressure, but by the variation of 
drainage conditions during the penetration of 
a sampler, since the loose sand changed from 
a fully saturated to partly saturated state 
after being dewatered.

The median N-values, corrected by Gibs and Holtz 
(1957) data, were reduced by 5 to 7 in most 
soils after dewatered. The SPT was carried out 
in areas neighboring a pumping facility where 
soil was excavated to a depth of about 13 m 
within a sheetpile cofferdam. Most borings for 
the SPT appear to be located within 15 m from 
the cofferdam. Therefore, the soil at least 
to the elevation -9 to -10 m should have been 
subjected to the reduced lateral effective 
stress, which might have affected to the N-value 
more seriously than an increase of vertical 
stress in the order of 60 kPa.

Design Parameters for Fissured Clay

The parameters reipresenting the stress-strain 
behavior of fissured or slickensided clay are 
affected by the orientation and frequency of 
discontinuities contained in an intact mass of 
clay. The materials coating fissures and the 
weathering of intact clay around fissures may 
also influence the strength of fissured clay.
The stress-strain anisotropy causes variation 
of the parameters obtained from laboratory tests 
depending on the spatial orientation of tested 
specimens.

The size of specimens for laboratory tests is 
a factor affecting seriously to the undrained 
strength of fissured clay. Large scatter of 
the strength parameters measured from small 
specimens is expected, since the undrained 
shear strength of the fissures may be much 
less than that of intact clay. McGown et al.
(1977) found that the strength of intact clay 
measured by a laboratory vane was more than
5 times greater than that of fissures. The 
variability of the undrained strength parameter 
was reduced to 10 percent for the specimens 
whose diameters were 6 to 4 0 times the minimum 
fissure spacing. A minimum specimen diameter 
of 20 times the minimum fissure spacing was 
recommended by McKinlay et al. (1975).

Williams (1980) found from experimental study 
on slickensided clay in South Africa that the 
drained shear strength of a slickenside in the 
plane of shear failure in direct shear tests 
was very near the residual strength of intact 
samples.

The disturbance of samples of fissured clay 
will result in destruction of soil fabric, and 
the strength and compressibility may be seri
ously altered. Therefore, it is very important 
although difficult to obtain samples of very 
high quality and of sufficient size in order to 
obtain reliable design parameters of fissured 
clay. Frydman et al. (1979) pointed out that 
the in-situ vane shear test did not give a 
reasonable measure of shear strength of normally 
or overconsolidated fissured clay in the coast 
of Israel. The peak strength obtained from vane 
shear tests was significantly (1.5 to 2 times) 
greater than the undrained strength measured 
by the triaxial compression test for specimens 
isotropically reconsolidated under the pressure 
equivalent to the effective overburden pressure.

Ml^narek_and_San2lerat studied the strength 
parameter of the Pleistocene clay in Poland 
produced by a glacio-tectonic process, and 
containing discontinuities which the authors 
call the 'attenuation surfaces'. The shear 
strength parameters obtained from laboratory 
tests were not satisfactory to interprete the 
strength of the whole layer of clay. The authors 
state that the static cone penetration test is 
a useful way to evaluate the strength of clay. 
The cone resistance calculated according to the 
bearing capacity theories using the undrained 
strength parameters, cu, and 0, was much less 
than the measured value. The authors conclude 
that the method of Durgunoglu and Mitchell(1975) 
can not be applied to the interpretation of the 
cone penetration test, because the failure 
mechanism of clay with attenuation surfaces is 
different from that of sandy soils or homo
geneous clays.

The values of qc increase with overburden pres
sure, while the values of cu obtained from 
laboratory tests are widely scattered and no 
functional relation to the overburden pressure 
is evident. The resistance to the penetration 
of a cone of 35 mm diameter may vary depending 
on the orientation and frequency of the attenu
ation surfaces.

present relations 
between the orientation and distribution of 
fissures in tertiary fissured clays. From the 
field observation of fissures in overconsoli
dated clay in West Germany, it was found that 
the fissures produced in association with 
tectonic or glacio-tectonic movement were 
related to the compressive or extensive stresses 
induced during such movement. Irregularly 
arranged fissures are produced by the internal 
state of stresses due to the variation of tem
perature, moisture, etc.

The authors compare the shear strength of 
fissures measured by box shear tests to the 
peak strength obtained from triaxial tests of 
specimens containing fissures, and to the 
residual strength obtained from ring shear 
tests. It is concluded that the strength of 
fissures is greater than the residual strength
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The angle of shear resistance, 0', for the 
shear strength of fissures is almost the same 
as that for the residual strength of intact 
clay, but the cohesion intercepts of the two 
are different. The low rate of shearing dis
placement as 0.03 mm/min in the box shear test 
confirms that the drained strength was obtained, 
but drainage conditions in other tests are not 
very clearly indicated in the paper.

Monitoring Embankments

Monitoring structures or embankments, as well 
as full scale loading tests of foundations, 
offer the tremendous advantage of enabling 
the evaluation of the quality of parameters 
obtained from laboratory or in-situ tests. 
However, the monitoring often requires sophisti
cated techniques to measure effective stresses 
and strain in situ. Parameters back-calculated 
from the performance of structures can vary 
depending on the method of analysis and on the 
simplified ground model. The state of stresses 
and/or stress history of soil during monitoring 
may be different from that was assumed in situ 
investigation and design. Three papers cover
ing this subject are interesting, because they 
highlight advantage and difficulties in monitor
ing and in the analysis of monitored data.

Ordemir_and_Biriand monitored the settlement 
of a test embankment 12.8 m high on overcon
solidated sandy or silty clay in Izmir, Turkey. 
The authors derived the following conclusions 
from the results of monitoring and laboratory 
testing. The settlement characteristics of 
the test fill placed on slightly overconsoli
dated clay yielded the compressibility index 
about 70% of that obtained from oedometer tests. 
The coefficient of consolidation cv calculated 
from the settlement of the fill was 100 times 
greater than the lab cv . There was no appreci
able difference in the field vane strength 
before and after building the fill. ‘

The soil described in-this paper appears over
consolidated to the OCR more than 3 (300 to 600 
kPa of preconsolidation pressure). Therefore, 
the vertical effective stress in situ including 
the stress induced by the fill was less than 
the preconsolidation pressure. The coefficient 
of consolidation for overconsolidated clay for 
pressure below the preconsolidation pressure 
can be much greater than that for pressure 
beyond the preconsolidation pressure. The 
monitoring of settlement not only on the ground 
surface but at some depths below the ground 
surface may yield a more consistent correlation 
between field performance and laboratory test 
results, because considerable variation in 
strength and, probably, in stress history is 
conceivable within a depth of 12 m (See Fig. 2 
of this paper).

R2!D®i!2 5Q^_52^E-’-2ii2z present an interesting 
method of field testing to monitor the defor
mation of compacted clays under tensile 
stresses. The authors generated tensile 
stresses in a test embankment by inflating 
flexible cylindrical tubes placed horizontally 
across the bottom of the embankment. The first 
crack appeared at a tensile strain of 0.24% for 
a jack pressure of 333 kPa. The mean elastic

of intact material. modulus back-calculated by the finite element 
method, assuming linear stress strain behavior, 
was 24-40 MPa in the tensile zone and 13-31 MPa 
in the compressive zone.

The method of field measurement devised by the 
authors has the advantage of monitoring tensile 
strain to failure of the same material as the 
actual core materials of a fill dam, compacted 
in the manner that the dam is compacted. How
ever, because the stress-strain and strength 
of compacted clay under tensile stress is sensi
tively affected by the variation of water con
tent, studies on the relations between tensile 
strain and water content will be required. 
Krishnaya et al. (1974) suggested that, for com
pacted fill of low plasticity, the rate of load
ing has a significant influence on the tensile 
stress mobilized at failure and the associated 
tensile strain.

0stlid presents interesting studies on the in 
situ stress paths of elements in a high motor
way embankment in Norway compared to the ex
pected stress paths at failure obtained from 
stress path triaxial tests on dry crust clay 
used as barrow materials. The variation of 
strengths of compacted materials due to variable 
moisture content was represented by a range of 
stress paths at failure for the moisture content 
from 23 to 26%, the field moisture content 
during construction. The triaxial components 
of the in situ effective stresses were measured 
by earth pressure cells installed along the 
surfaces of a cubic block and by a piezometer 
placed in the vicinity of earth pressure cells.

0stlid confirmed that in situ stress paths 
during and after construction fell within the 
limits of stresses adopted for design. He also 
found that the stress paths obtained from tri
axial tests on undisturbed samples taken from 
the embankment two years after construction 
took place within the band of stress paths 
adopted for design.

The in-situ stresses were measured successfully 
by an instrument consisting of a rigid cube, 
presumably due to the fact that the compacted 
clay was rigid enough to make the arching 
effect between soil and an instrument negligi
ble .

Miscellaneous Topics

Maugeri,_Costa_and_Randazzo concluded from ex
perimental studies on the inclinometer in the 
field and laboratory that proper casing in
stallation and proper recording through 180° 
observation is much more important than the 
accuracy of the inclinometer itself.

Saarelainen presents a correlation between the 
compressibility of Finnish fine grained soil 
and its index properties and strength. The 
author stresses that the compressibility of 
clay is influenced by the topographic conditions 
of a basin in the process of sedimentation.
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4. NEW TECHNIQUES OF SITE INVESTIGATION 

Pore Pressure Probing

An instrument to obtain a continuous profile 
of the variation of pore water pressure during 
penetration of a conical point was devised by 
Wissa et al. (1975) and Torstensson (1975). 
Utilizing this instrument, the variation of 
permeability of multi-layered soils or cohesive 
soils containing thin laminations of pervious 
soil was well identified. The time for dissi
pation of pore pressure when a piezometer probe 
is held at a constant depth is supposed to be 
useful for the estimation of the in-situ coeffi
cient of consolidation of soil. Torstensson 
(1975) found that the pore pressure built up 
in normally consolidated clay was different 
depending on whether a filter is placed at the 
bottom of probe or above the cone. Schmertmann
(1974) found negative pore pressure from a 
filter placed immediate above the cone pene
trated to loose sand.

Baligh et al. (1980) pointed out that the 
intensity of pore pressure varied depending on 
the geometrical dimensions of a cone. The cone 
with apex angle of 60° produced appreciably 
higher pore pressure than 18° cone. Parez et 
al. (19 76) stressed the importance of the de- 
formability of the membrane used in a piezom
eter, and, using a membrane of very low de- 
formability, they obtained the same pore pres
sure of clay at the bottom of a cone and at 
distances above the cone of up to twice the 
cone diameter.

Three papers in Session 7 deal with this 
relatively new technique, and the fourth paper 
includes the technique as a topic.

Franklin_and_Cooger present interesting simul
taneous measurements of pore pressure and cone 
resistance using an instrument called the PQS 
probe developed by the WES, U.S. Army. The 
pore pressure built up during the penetration 
of a probe in sands of medium density varied 
in proportion to the cone resistance, while 
the parallelism between pore pressure and cone 
resistance was not observed in loose sand.
In general, the pore pressure is inversely 
related to relative density. The ratio of the 
induced pore pressure to the cone resistance 
in sand was in the order of a few percent.

Jones_and_Van_ZYl present interesting case 
Studies on the pore pressure probing at the 
sites of seven tailing dams in South Africa 
using a piezometer-penetrometer probe devised 
by the authors.

The authors conceive that the ratio, u/qc , of 
the pore pressure, u, to the cone resistance, 
qc , is a parameter indicating soil properties 
as suggested by Baligh et al. (1980), but, in 
some cases, in a layer which appeared to be 
very consistent, the pore pressure increased 
much more rapidly than the cone resistance so 
that there was no unique u/qc value. The 
authors also stress difficulties in selecting 
representative values of u/qc from the field 
results in a multi layered subsoil because of 
rapidly changing values of both pore pressure 
and cone resistance. From the correlation 
between the elapsed time tsg obtained from

field dissipation tests and consolidation tests 
in a laboratory, the authors derived an empiri
cal relationship between t^g and the coefficient 
of consolidation.

Parez_and Bachelier present studies on the 
variation of pore pressure and cone resistance 
while a penetrometer probe equipped with a 
piezometer is held at a depth in saturated cohe
sive soils. The authors calculated the coeffi
cient of consolidation, Cr , in radial direction 
from the elapsed time t50 required for 5 0% 
dissipation of the excess pore pressure measured 
by a piezometer with a ring filter installed 
above the cone. The time factor Tr was deter
mined based on the assumption that pore water 
flows within the plastic zone whose radius R is 
equal to 4r, where r is the radius of a probe.
The values of Cr thus calculated were in the 
same order as those estimated from the observed 
settlement at test sites treated with sand drain. 
The authors also observed an increase of cone 
resistance coincident with dissipation of pore 
pressure while the probe was held at a constant 
depth. The authors calculated the undrained 
strength parameter <|>cu from the relation between 
pore pressure and cone resistance.

More systematic correlation on the values of 
Cr measured by pore pressure probing, oedometer 
tests and/or field observation is advisable in 
order to confirm the reliability of Cr values 
obtained from pore pressure probing.

In the paper of Lacasse_et_al^ are shown results 
of pore pressure probing of clay in the North 
Sea. The parallelism between pore pressure and 
cone resistance is observed within limited 
ranges of depth, although there are deviations 
from this pattern. The ratio u/qc is inversely 
correlated to the OCR, as suggested by Baligh 
et al. (1980).

Equipment and Procedure of Soil Sampling

Three papers present new techniques of undis
turbed soil sampling ; two for soft cohesive 
soils and one for soft, stiff and hard clay.

Adestam presents studies on a portable equipment 
with which one person can perform both soil 
sampling and vane shear tests. The equipment 
consists of a thin-walled piston sampler of
21 mm in diameter and 200 mm in length (sample 
size) to be pushed down to a desired depth, 
and a vane shear test equipment with vanes of 
25 x 50 mm, 40 x 80 mm and 55 x 110 mm in 
dimension.

The author obtained the undrained shear strength, 
within 30 kPa with the vane of the above dimen
sions in good agreement with the values obtained 
from ordinary vane shear tests or fall cone 
tests. The author indicates that the undrained 
shear strength and compressibility of 21 mm 
samples is comparable to that of 50 mm samples.

Further investigation is needed for verifying 
the quality of 21 mm samples. This device has 
the advantage that it can be carried and 
operated manually, although the mechanism of 
the sampler and the vane are not very much 
different from ordinary instruments.

Eriksson presents an interesting idea to elimi
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nate the tensile stress in a sample due to 
suction developed while a sampler is withdrawn.
A special spherical shutter is installed at 
the bottom of a sampling tube (See Fig. 2).
This shutter prevents the loss of a sample and 
reduce negative stress in a sample.

Using a free piston sampler with this shutter, 
the author could obtain undisturbed samples of 
soft and sensitive clay which were often lost 
when sampled with the Swedish standard sampler. 
The author shows that the average undrained 
shear strength and preconsolidation pressure 
of samples taken by this sampler are a little 
higher than those of samples taken by the 
standard sampler.

The shutter devised by Eriksson should be a 
promising technique in sampling of soft clay 
if it is operated without causing disturbance 
of a sample. However, it should be noted that 
a thin-walled sampler with a free piston often 
causes serious disturbance of a sample, because 
a down-drag force acting on a free piston 
during the penetration of a sampling tube de
stroys the soil fabric of a sample.

Santo^oi_Jaime_and_Montanez present three 
Innovative devices for soil sampling ; a PVC 
sampling tube jointed with a steel shoe, a 
sampler with saw teeth at its lower end, and 
a sliding valve installed at the head of a 
sampler.

The first device is an open drive thin-walled 
sampler consisting of a PVC sampling tube 
(70.6 mm inside dia., 2.2 mm thick, 750 mm in 
length) jointed with a steel shoe (70 mm in
side dia., 1.7 mm thick, 49 mm in length), and 
4 fin-like steel pieces (See Fig. 1 in the 
paper) are welded at the joint between the PVC 
tube and the shoe. The fins breaks up the 
soil around the sampler when the sampler is 
rotated prior to withdrawal, and reduce the 
suction developed during the extraction of the 
sampler, as drilling fluid is able to flow 
through the broken soil.

The second device is a thin-walled open drive 
sampler with saw-teeth at the lower end of a 
sampling tube. The saw teeth are folded a 
little outwards. The sampler is penetrated 
by pushing and rotating, it at the same time 
without pumping drilling fluid. The authors 
use this sampler for stiff to hard clay and 
soft rock. The third device is a valve in
stalled inside the sampler head (See Fig. 4).
The valve is opened or closed by sliding a 
square rod supporting the valve against the 
sampler head.

The authors evaluate the quality of the samples 
taken by their devices on the basis of the 
recovery ratio and visual inspection. The 
recovery ratio presented in the paper is less 
than 9 5% for soft clay, i.e. lower than the 
recovery ratio obtainable by a thin-walled 
sampler with fixed piston. Evaluation of 
sample quality based on the results of labora
tory tests is suggested in order to verify the 
advantage of the authors' innovations.

Geophysical Methods

Two papers present studies on recently developed

geophysical methods applied to geotechnical 
investigation : one describes the subsurface 
interface radar, and the other the accoustic 
emission.

An impulse radar system radiates electromagnetic 
pulses into the earth by means of an antenna 
town across the ground along a predetermined 
route. The signals reflected at the subsurface 
interfaces are received by the same antenna or 
by a separate antenna, amplified, translated, 
and profile data are displayed on a graphic 
recorder identical to those used in marine- 
bottom profiling (Morey, 1974). The paper of 
B^elm describes three case records of site 
invistigation in Sweden with the subsurface 
interface radar. Tests have shown that the 
radar can be used to identify layer boundaries, 
the rock surface and the ground water table 
with resolution as high as 0.1 to 0.5 m. The 
penetration depth of the subsurface interface 
radar is dependent upon the conductivity of the 
earth material, i.e. only 2 - 3 m in clay and
20 - 50 m in gravel, sand, moraine and granite.

The accoustic emission (AE) is the stress wave 
emission generated by the release of energy in 
the process of the plastic deformation or 
failure of materials. The AE associated with 
the plastic deformation of a material is not 
observed, once it is unloaded, until it is 
reloaded to the previously applied stress.
This phenomenon is called the Kaiser effect 
in honor of its discoverer.

Koerner et al. (1976) concluded from the cor
relation between the stress-strain behavior 
of granular soils and the generated AE counts 
that accoustic emissions respond to the stress 
level in soil, and are directly comparable to 
strain or deformation. Tanimoto and Noda (1977) 
found that the AE counts are closely related to 
the stress-strain behavior of sandy soils, 
although the AE behavior measured by stress- 
controlled tests varies from that measured by 
strain-controlled tests. Koerner et al. (1978) 
used the AE technique for monitoring the 
stability and deformation of embankments, and 
indicated the empirical relationship between 
accoustic emission counts and the stability 
of a slope.

TanimotoL_Nakamura_and_Fudo verified the 
validity of the Kaiser effect on decomposed 
granite by performing repeated loading triaxial 
tests. The authors found an interesting cor
relation between the results of pressuremeter 
tests and the AE tests in compacted fill of 
crushed sand-stone and mud-stone. The relation 
between accoustic emission counts and the radius 
of a pressuremeter probe was comparable to the 
relations between applied pressure and radius 
of a pressuremeter probe. Parameters such as 
in-situ lateral pressure and yield pressure 
obtained from the AE technique was in good 
agreement with those measured by a pressure
meter.

Offshore Soil Investigation

Numerous techniques of offshore soil investi
gation have been developed in the last decade 
to meet the demand from the installation of 
various offshore structures. Experience in 
offshore soil sampling and testing in North
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America was summarized by Noorany (1972). 
Schjetne and Brylawski (1979) summarized tech
niques of offshore soil sampling in the North 
Sea for the development of oil and gas fields. 
Okusa (1979) reviewed soil sampling techniques 
developed in Japan for the construction of 
inter-island bridges, harbours and reclamation 
projects.

Soil sampling at a depth of water exceeding 
100 m is difficult and expensive. Samples 
taken from the deep sea bed tend to be dis
turbed by stress relief and expansion of gases. 
Therefore, the properties of deposits in the 
ocean floor are frequently measured by in-situ 
tests such as cone penetration tests, vane 
shear tests, or pressuremeter tests.

Le_Tiranti_FaYi_Bruc^_and_Jezegual present 
studies on the equipment required for self
boring pressuremeter tests in the ocean floor 
at a water depth of 300 m. The equipment 
developed by the Institute Français de Pétrole 
and Laboratoire Central des Ponts et Chaussées 
consists of a self-boring pressuremeter which 
can be penetrated to a depth of 60 m, and a 
submersible platform tethered to and remote- 
controlled from a positioned ship.

During penetration of a pressuremeter probe of 
160 mm in diameter, the total lateral earth 
pressure, pQ , pushing forces, and the frictional 
resistance of soil are automatically recorded, 
and the soil profile is displayed on a graphic 
recorder. The submersible platform and the 
other instruments are still prototypes, but the 
data measured by the new instruments were found 
comparable to those measured by the self-boring 
pressuremeter (PAF)(Amar and Magnan, 1980).

Okumura_and_Matsumoto present an outline of 
a tethered submersible platform developed by 
the Port and Harbour Research Institute,
Ministry of Transport, Japan. The platform 
equipped with the instruments with a thin- 
walled piston sampler for undisturbed sampling 
and for the standard penetration test, can be 
operated at the depth of water 80 m, and it 
can explore the soil to a depth of 50 m by 
remote-control from a positioned boat.

The authors confirmed that the quality of 
samples of soft cohesive soils taken from the 
submersible platform was not inferior to the 
quality of samples taken from a fixed platform. 
The authors compared the undrained strength 
of soft clay sample taken by a thin-walled 
fixed-piston samplers (method suggested by 
Japanese Society) to that of samples taken 
with the Osterberg samplers modified by the 
authors and thin-walled free piston samplers.
The samples taken with modified Osterberg 
samplers yielded the highest values, the 
samples taken with ordinary fixed-piston 
samplers yielded the second highest, and the 
lowest values were measured in samples taken 
with free-piston samplers.

The inferior quality of samples taken with free- 
piston samplers is evident from Fig. 7 in the 
paper, but it is hard to distinguish difference 
in sample quality between the ordinary piston 
samplers and modified Osterberg samplers 
because of widely scattered values of the un
confined compressive strength. The undrained

strength measured by CK0U tests or UU tests of 
samples at the same elevation in boreholes 
spaced at short distances may be more consistent.
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