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Specialty Session 5

Session Spéciale 5

Determination of Soil Parameters from In-Situ Tests

Détermination des Parameétres du Sol a Partir d'Essais In Situ

J.Trofimenkov

The problem of determination of soil para-
meters is a very complex and ve®y important
one as s8o0il is quite an unusual material,
properties of which change depending on
stress path,moisture content,degree of dis-
turbance and many other factors.Both relia-
bility and economy of construction depend
on correctness of determination of soil
parameterse.

In recent years the laboratory investigati-
ons have become very sophisticated.But these
investigations are mainly made on small sam-
ples of remoulded soil which are very diffe-

rent from natural soile

Therefore it is not surprising that field
investigations alongside with laboratory in-
vestigations have begun to develop. Develop-
ment in this field has been very active in
recent years:a lot of papers are published
and gonferences are held (ESOPT,1974;ASCE
1975).

At the Executive committee meeting before
this Conference the European Standard on
penetration testing was adopted.

There is no doubt that the combined use of
laboratory and field methods allows to select
more reliable characteristics of soils.

The principles of probability have proved
helpful in this selection of soil parameters.

The following topics approved by the Orga-
nizing Committee are being discussed:

1) Determination of strength of soils

2) Determination of deformability of soils

3) Determination of other soil characteris-
tics for design of foundations.

#hen determining soil characteristics,in
particular strength and deformation parame-
ters,it should be considered that proper
selection of ways of determining soil para-
meters depends on the use to be made of tnem,
on the foundation engineering problems to be
solved.

Comments on this important point by T.wW.
Lambe and R.B.Peck precede discussions on
selected topics.

Lambe's comment is on the determination of

e —— .
so0ll parameters to predict the performance
of a constructed facility. In particular, it
considers the role of in situ measuring de-
vices. Geotechnical engineers have a number
of tools available to predict performance,

Director, “"Fundamentprojekt” Institute, U.S.S.R.

On important and complex problems they fre-
quently nave to use more than one of the va-
rious tools. In general the geotechnical
engineer can employ one or more of the fol-~
lowing approaches which complement each
other:

l, Prediction methods employing soil pa-
rameters.,

2. Physical models,such as centrifuge,and

5. Field tests.,

The foregoing are the ways of determining
soil parameters needed for prediction me-
thods:

a) Stress parth

b) Approximate stress path

¢) Stress

Failure effective stress P, O
Initial effective stress D,,&,, -
Normalized effective stress $ﬂ5w
Initial total stress OB

d) Density - void ratio - water contant-
composition.
Failure water content Ws
Initial water content Wo
Relative water content B,D-

o) Classification: Particle size. Limits

f) In situ measurement (une,Vane,SPT,Pres-

suremeter.

Features of methods of determining soil pa-
rameters are presented in Table 1.

TeW.Lambe states that field devices have
proved very powerful means to measure pre-
sent in situ conditions, i.e.horizontal
stress, pore pressure, porosity etc.

The limited applicability of field devices
for determining soil parameters (such as
shear strength and stress-strain behavior)
results from the fact that field devices ne-
arly always employ stress patn quite unlike
those the soil experiences in an actual
facility.

ReBe.Peck states that in situ tests range in
maznitude from very small ones, such as those
made with vanes, to full-scale tests that
involve the entire mass of soil to be
stressed by the prototype. The latter are
usually so costly as to be rarely used, but
in some instances the physical conditions
at a site permit remarkably inexpensive
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Features of methods of determining soil parameters are presented in Table 1.

(according to "T.N.Lambe)

Table 1

Methods

+

Stress path tests

Can give best values

Fundamentally sound and
conceptually pleasing

Soil disturbance

Sometimes difficult to obtain
field stress path

Sometimes difricult to test
along field stress path

Stress-density~classifica-
tion relationships with
parameters

masy to use

<01l disturopance

Usually involve wrong stress
path and thus may give
grossly wrong values

Non-unique relationships

In situ measurements
tion

Can avoid some so0il distur~

bance

Can indicate subsoil varia-

Usually involve wrong stress
path (orientation) and

Thus may give grossly wrogg
value

large-scale tests. This possibility is mso
attrgctive that it should always be conside-
red.

For example, at the site of a proposed
nuclear reactor the subsoil consisted of
about 50 ft of glacial clays resting on
rock. The upper part of the clay deposit
consisted of till and was obviously highly
overconsolidated. The lower part was of
glacio—=lacustrine origin, was softer than
the till, and might have been the seat of
excessive settlement. The question was whe-
ther the lower part was only slightly or
more strongly overconsolidated. Consolida-
tion tests on samples taken by various
techniques did not permit a definite conc-
lusion, because of suspected disturbance due
to the rather great depth.

The boring lomgs indicated that a thin de-
posit of pervious glacial outwash occurred
discontinuously between the glacial clays
and the bedrock and that the water levels in
the outwash differed slightly from the
groundwater level in the upper part of the
soil profile. This condition suggested the
possibility that the piezometric level at
the base of the clays could be reduced
drastically by pumping a modest amount of wa-
ter from the outwash., The settlement and the
progress of consolidation could be observed
by an array of subsurface settlement refe-
rence points and piezometers at various
depths in the clay. Thus, for a layer of clay
between two successive settlement reference
points, both the vertical strain and the
corresponding increase in effective stréss
could be determined, and the value of the
constrained modulus calculated directly,

The experiment was carried out,with settle-
ment reference points and piezometers loca-
ted at various depths. Pumping at the rate
of only a few hundred gallons per minute was
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found to decrease the piezometric level in
the outwash by about 2 tons per sq £t with-
in a few days and the effect of the draw-
down extended several thousand feet tfrom
the point of pumping. Thus,the stress condi-
tions approximated a nuge one-diumensional
consolidation test. The piezometers at all
depths reacted surprisingly quickly. The
time~lag between drawdown in the outwash
and in the clay was on the order of a week.
This observation alone demonstrated that
all the clays were significantly overconso-
lidated and that, for purposes of settle-
ment calculation, they could be considered
as elastic materials., 4 simple settlement
calculation based on the constrained modulus
calculated directly from the test results
demonstrated that the site was suitable for
the proposed reactor. The results of calcu-
lations based on conventional consolidation
tests of the borehole samples, on the other
hand, led to an unacceptably large range of
predicted settlement,

R.B.Peck points out that a similar test
could, of course, have been made by surchar-
ging the test area with a temporary fill,
but the volume of the fill would have neces-
sarily been so great as to make the test
prohibitively expensive.

In a surprising number of situations, a
careful and imaginative appraisal of the
geologica conditions, as related to the tech-
nical requirements of the project,will sug-
gest the practicability of relatively inex-
pensive full-=scale tests. The concept of
such tests may be very different for diffe-
rent projects and no routine check-list of
the possibilities seems practical. Yet,
the potential benefits are so great that
the possibility should always be given con=
sideration,



Determination of Strength of Soils

B.K.Menzies, NeZ,Simons,M.Roy*’/discuss the
measurement of the undrained shear strength
isotropy of clays using diamond shaped vane
in soft clays and in stiff fissured clays.
Vanes with plates of different orientation
shown in Fig.l have been comnstructed.

Figo l.
In Fig.2 results of different tests in
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\f" o Triomal tests
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Fig.2.

soft clay are represented, The same kind of
isotropy is indicated,but what is far more
important is that one gets completely diffe-
rent test results depending on the type of
tests which is carried out,and it is a
strong confirmation of what Prof.Lambe was
talking aboute.

Three assumptions about the mobilization
of shear strength with the distance from the
axts of rotation of a diamond vane were used:
constant strength,a linear variation and al-
50 parabolic. It does affect the magnitude
of the strength inferred by 25 per cent but
it does not affect the distribution of an
isotropy.30 a diamond plated vane can be a
very good indication of an isotropy.

x/Underlining indicates the speaker

In order to check whether there is a cylin-~
aer of revolution when a vane is twisted or
whether there is some kind of passive failu-
re mechanism in front of the blades,eight
plated vanes were constructed. And the re-
sults of tke tests show very little diffe-
rence between the eight plated vane and the
four plated vane. It shows that there is
a lot to be learned about the vane tests.

Then N.l.Simons passes to Btiff fissured
clays and states that a very good way of
measuring undrained shear strength of stiff
fissured clays is, of course, plate loading
test, but it is rarely possible.

It is interesting to compare the resulcs
of different other ways of testing in London
clay. These tests were: real slip into a cut,
shear mx 2 ft x 2 ft, large samples, 12 in
X 24 in, and small samples, 1 1/2 in x 3 in,
tested in triaxial apparatus. The strength
ratio of these tests was as 1:1, 16:1, 21:1,85
As it is seen, a small scale testing is a
completely erroneous indication of undrained
shear strength.

F.Baguelin, ReFrank, J.F.Jezequel present
an 1nterpretation in terms of stress-strain
relationships in the case of undrained loa-
dings for 3% kinds of self-boring tests in
cohesive soils. iesults obtained in a soft
clay are compared, both for strengths and
for deformation moduli:

Fig.? shows the interpretation developed
by Baguelin et al (1976), for:

- the self-boring pressuremeter, PAF,

- the self-boring friction probe,SOF,acting
like a pile, and providing a side frict on
curve ( T,, Y./r, ) at desired depths.,

- the self-boring shearmeter, SAF, in whiah
a rigid cylinder is rotated. The curve ob-
tained is the shear stress T, at the conto-
ur vs the rotationW,f the cylinder.

From the test curves, various shear curves

can be derived. The formulas shown are for
small strains.

Each type of tests corresponds to a speci-
fic stress system in the soil: horizontal
shearing for PAF and SAF, with no rotation
of principal stresses for PAF,simple shear
for SAF, For SOF, the stress system is ap—
proximately simple shear in vertical direc-
tione

Experimental results obtained in the Cran
soft clay show that for strengths the avera-
ge ratios are:

Cuh, /Cyv = PAF/80F =147

¢ Cuh, [Cuh,= PAF/ SAF =1.27

A comparison with the' ordinary,4-blades
vane tests, (Sc.LCPC) where a progress ve,
if not more complex,failure pattern ocaars,
gives

. Cuk (PAF) / Cu ($.LCPC)=1.01

For moduli the ratios are even more impor-
tant:

: G (PAF) / G (SAF)=146-2.26

either for initial tangent moduli or fa se-
cant moduli corresponding to the peaks

Thus, it can be seen that self-boring Eives
the possibility of determining properties
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of anisotropic soils,first beccause a variety o
of tests is available,second because an in-
terpretation in tersm of stress—-strain rela-
tionship has been provided.

At this point there are two comments by
TeWoLambe:

l. "Let me make a clarifing statement that
when I talked about in situ measurements I
was not including measuring of settlements
and horizontal movements and I fairly support
that and I appreciate very much Professor
Peck's presentation",

2."One comments relative to the two prece-
ding presentations. Vhen I refer to the
stress path I am talking both of total
stress path and effective stress path,and
for a given stress path one may get an infi-
nite range of effective stress paths, and I
would like to maybe shock somebody by saying
I think it is not productive to talk about
drained strength and undrained strength. The
porous soil Jjust has a strength,it may be
undrained, it may be drained or most likely
is partially drained. And the thing that
worries me about many of these in situ tests,
such as the vane test,for example,is that it
is neither undrained or drained,but probably
somewhere in the state partially drained.And
so I would propose that we could not talk
about drained or undrained strength and talk
Just about plain old strength",.

N.Janby is commenting on an effective use
of cone penetration test in a very special
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case. In a large cofferdam an hy draulic fai-
lure took place and it was evident that
there was some leakage of small particles

so that large internal cavities were deve-
loped, And the question was whether this
cofferdam was usable or not, or whether it
should be repaired. So the main problem was
how to identify whether there are internal
erosion cavities, how larges they are and,if
pressure grouting is used, how to check whe~
ther the pressure grouting works. For all
these purposes cone penetration test was
very successfully used. It is difficult to
propose any other tool for quick and ecnno-
mical answer to all these questions.

C.P.Wroth analysis results of the sel f-bo-
ring pressuremeter tests given in the artic-
le by D.¥indle and C.P.#¥roth to this Confe-
rence (vol.l, pp.347-352). Tests were made
in stiff clays and were compared with the
results of a plate load test,cone penetrati-
on tests and triaxial tests. Results of pres-
suremeter tests conducted at three different
rates of strain show that for two investi-
gated stiff clays an average strength deri-
ved from analysis like Gibson and Anderson
appears to agree reasonably well with the
more conventiorml methods of measuring
strength.

Values of undrained moduli derived from the
pressuremeter tests agree closely with those
from large diameter plate tests. Values ob-
tained from laboratory tests,how well carri-



ed out by effective streas path method,are
too low. Results of the K,-value determina-
tion are in the order of magnitude of three,
which is one which is being derived inde-
pendently from laboratory tests.

Regarding future developments in testing
sands there are undoubtedly mechanical dif-
ficulties with drilling instruments.But ha-
ving done that,the test results, it is be-
lieved,are reliable,and it is possible to
carry out drained tests in sand and to ana-
lyse results to obtain an effective angle
of shear resistance which takes account of
the volume change in the sand.This particu-
lar work is to be published in "Geotechni-
que",September,1977.

CePeNroth says also about attempts to
measure consolidation characteristics in
situ by inflating the pressuremeter in an
undrained quick expansion,holding it preci-
sely at that amount of expansion and as the
resulting pore pressure wibl then dissipate,
consolidation wi#ll take place mainly in a
radial direction. By monitoring the change
of total radial stress and pore pressure it
is possible to trace the consolidation and
interpret this to be used for reasonable
measurements of in situ permeability.

The concluding remark of C.P.Wroth is:
"One final comment that 1 may make just to
refer to ideas Prof.Lambe has mentioned. He
stressed very hard that the total stress
parth applied to the soil by some of these
in situ tests may not be an appropriate one.
0f course,that is true,but I hope we are
going to reach the situation where we will
have the required and good model of soil be-
bhaviour and it will be then possible to take
the results of field tests with any approp-
riate stress path to get the parameters,and
then by means of calculations get the para-
meters that will be transferred to different
stress paths,the ones which will be appro-
priate for the field problem.And,of course,
we'll check this transfer of one set of pa-
rameters to another by means of a very care-
fully controlied laboratory test".

Determination of Deformmbility of Soils

A.Co.Vesic comments on the descrepancies
that are observed between the modulus of de-

formtion as measured by a pressuremeter
and modulus of deformation as obtained by
plate-load test or footing test. Putting
aside different directions of loading and
different effects of disturbance in these
two tests,one has to keep in mind that the
overall states of strain around the pressu-
remeter and under vhe plate are distinctly
different. First,all the shear strains aro-
und the pressuremeter acve the very highest
right at the edge and then they decrease
gradually with distance, so that the highest
stressed elements are those right at the ed-
ge whereas in the case of plates or footings
the highest shear strains are found some
distance from the footing therefore they are
concentrated in zones where the di sturbance
of the placing is less pronounced.

Second, the stress paths in the two tests
are also very different.The stress path in
a pressuremeter is essentially deviatoric

and goes almost perpendicular to the isotro-
pic line; whereas the stress path in plates
and in footings follows generally the direc-
tion of the isotropic line. So for these two
reasons alone there should by a considerable
difference in the evaluated so-called pressu-
remeter modulus or plate modulus.

Another comment relates to the relation-
ships between the deformation parameters such
as the modulus and the cone point resistance.
‘'he cone penetration as a phenomenon has
much to do with a phenomenon of compression
and much more then with the phenomenon of
the failure in the traditional strain tests.
Namely,in most media there is very little of
appearance of slip surfaces of any kind and
the phenomenon becomes more like the phenomen
of flow passing an object,the difference be-
ing that, of course,the object moves against
the mass.One can show analytically that since
the movement of the cone evolves very light
strains on the tip of the cone and therefore
that critical state is reached on the sides
of the wedge,there is therefore a unique re-
lationship of the void ratio around the tip
and the penetration resistance of the cone
qce S0 therefore in addition to having the
sowcalled compression line,which is the e vs
logpline,and a critical state line,one can
plot what can be called a penetration line.
And the penetration line lies somewhere bet-
ween the critical state line and the compres-
sion line,out much closer to the compression

line.But the three lines have for deep pe-
netration essentially the same slopee. There-
fore there are good theoretical grounds for
correlating modulus of deformation with cone
penetration resistance,

Here is T../.Lambe's comment:

"Prof .,Wroth has suggested the following phi-
losophy - let's take field measured values
and then we will correct them for stress
path. I would suggest an alternative philo-
sophy - let's get the values by the correct
stress path and then make our corrections

for other factors: disturbance, time, tempe-
rature, composition, and I find that much
more appeailng, to start from that philosophy
and make then any corrections™,.

L.Menard stresses some points concerning
the use of pressuremeters. The theory o a
standard pressuremeter is based on the exis-
vance of the law of similarity between the
pressurcmeter acuion on the soil ana the ac-
tion on that soil of shallow foundations,
Similarity also exists in the disturbance
or remoulding both for pressuremeters and
for foundations. This similar remoulding re-
quires the use of a pressuremeter in a dril-
led hole and it also requires the need of
different kind of pressuremeters.

When a student of Prof.Peck and Prof.Keri-
sel, L.Menard had the choice between using
tne elasticity and plasticity theories for
analysis of the pressuremeter results ar a
direct method which may be called a synthe-
tic method of interpretation, the latter was
prefered. It was twenty years ago and it is
still prefered as L.Menard feels that analy-
tical methods are still insufficient.

But it's not right to mal® the soil mecha-
nics a traditional science on the basis of a
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pressuremeter for which its own place should
be given in the soil science. Attention
should be given to a lot of fundamental prob-
lems such as different characteristics of
different soils including tender rocks,fati-
gue of soils,liquifaction,rate of settle-
ments. These problems should be investigated
by a large number of tests, not by just a

few sophisticated tests.

In S.Marchetti's discussion some test re-
sults obtained with the flat dilatomer are
summarized and commented (Marchetti,l975).
The device consists of a stainless steel
blade, which carries,flush with one side, a
steel circular membrane,having a diameter
of 6em (fig.4). The tip is advanced by pu—

Fige4e

shing penetrometric rods into the soil at 20
cm depth intervals. The device is aimed at
the determination of soil deformability. Du~
ring a test the pressure p, (horizontal to-
tal stress against the flag side of the tip
after penctration) and of the gas pressure
increment ap=p,-p, required behind the
tlexible membrane to produce a pre-establi-
shed inflection of the membrane centre aga-—
inst the soil { 1 mm) are measured. The mea-
sured increment of pressure enables to obta-
in,through elastic theory,the soil modulus
of deformability BA1l- 4%). The auration of a
single membrane dilatation is about 30sec.
Test results have proven to be nighly rep-
roducible and independent from an operator.
For cohesive soils a close correlation has
been found to exist petween moduli obtained
by dilatometer tests and moduli obtained by
laboratory oedometer tests. An example is
shown in f£ig.5.

Due to its sharpened shape,soil disturban-
ce caused by penetration of the dilLatometric
tip 1s much less severe than that of the
80il penetrated by static and dynamic pene-
trometric tips. The flat dilatometer can be
used in offshore investigations too. In
this case pre-drilling is needed.

M.Maugeri reports on the results of in si-
tu measurement of undrained modulus Ey in a
clay with a new dilatometer described by the
previous speaker-S.Marchetti,

The tests were run on a layer of normally
or sligtly overconsolidated homogeneous clay
in Catania,Italy,that lay under an approxi-
mately 8m layer of silt,sand and clay.

The dilatometric modulus was calculated on
the basis of the theory of elasticity.The

arithmetical mean value of _EY_  was equal to
132 4
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about 50 kg/mna.
The undrained tests (fig.6) were performed
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with cell pressure values close to the p,
values observed in situ.

Driving of the dilatometer generates a de-—
viating force in the soil in the tip of the
blade. As the dilatometer is symmetrical,the
deformation due to driving is known and is
equal to half its thickness.Once,this is es-
tablished the strain characteristics of the
material is known and its representative
point can be included on the ideal farce-de-
formation diagram for the soil (fig.7),ob-
tained by averaging the undrained test graphs
in fig.6.

As soon as the soil moves round the cutting
edge of the dilatometer,distortion and hence
the deviating force cease,so that there is
an unloading cycle in fig.?7. The second loa-
ding cycle in fig.7 is obtained by applying
pressure to the membrane to measure p, and pI-

Blastic behaviour on the part of the clay
during the reloading stage can reasonably
be assumed (Skempton & Sowa,l1963);this means
that the unloading line in fig.?7 also repre-
sentes the reloading line,on which lies the
dilatometric¢c modulus obtained by averaging
the deformations noted at different points
of the membrane.



Comparison of undrained modulus of deforma-
tion determined by different procedures shovs
good agreement in results (mean values from
six tests): by dilatometer tip measurement
-27 kg/cm<,by dllatometer membrane measure-
ment - 38kg/cm » in triaxial tests (at 1/3
of failure strain) - 37 kg/cm2.

Y.N.Murzenko points out that only simulta-
neous measurements of stress amd strain of
foundation soil give complete picture of
foundation behaviour. Results of his experi-
ments carried out with the assistance of
V.Revenko, Y.Galyshev and V.Dyba are presen-
ted.

In these experiments interaction of rigid
plates and soil base was studied. The stres-
ses were measured by tensor load cells enab-
ling to control simultaneously three normal
and three uvangential components of stress
tensor, Strain tensor was measured by remote
control devices along the plate axis.The tests

were performed by means of tne automatic
control complex.

The experiments permitted to reveal new
peculiarities of soil base deformation. For
example, it is established that in the zone
of plastic deformations the minor principal
stress is tensile one. The distribution of
tangential stresses in the massif of soil
was studied, and the tangential stresses al-
ong the core verge are established to be equ-~
al to zero. fxperimental slip lines in the
zone of limiting state and trajectowy of va-
riation of all six stress tensors under inc-
reasing load were determined. Connection bet-
ween invariants of stressed and deformed con-
ditions in the massif of goil is established.

Results of experiments with a plate 280mm
in diameter on dense sand are shown in fig.8.
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A-the zone of base in which the components
of stresses (figures show their number)pass
over the m Ximum at the precritical load;

B-zones of development of tensile minor
principal stresses;this zone coincides with
the zone of dilatation of soil; C-curves of
horizontal strain; D-curves of vertival
strain.

Maximums of horizontal and vertical strains
are situated at the depth of the plate diame-~

ter. Performance of such experiments permits
to study more deeply complex processes which
were judged oefore only by indirect indica-
tions,.

Determination of other Soil Characteristics

Presentation of Y.Esashi. Y.Yoshida and
K.Nishi is devoted To the determination of
dynamic properties of soils. For this purpo-
se the ad hors have developed a new equip-
ment for in situ test, which can generate
dynamic pressure on borehole wall through

rubber tube at arbitrary depth with a wide
range of radial strain amplitude.

The squipment is composed of aynamic loading
part through the rubber tube,a driving ana
controlling part adjoining the loading part,
an oil power supply, a load setting instru-
ment and a recorder part, as shown in Fig, 9.
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The driving and controlling part is composed
of a piston cylinder and a servo valve.

The performance of the equipment is illust-
rated in ‘table 2. Table 2

Pressure ability (kg/cmd) O ~5u
Kinds of pressure waves Sin,trian,rectan

Frequency apiLity (Hp) 0.5 ~ 20

Maximum depth (m) 50

Size of a ruober membrane L type ¢80 x 800
(mm) s type;dBO x 400

K, By and'he' are defined by the loop of mres-
sure and displacement of the wall. Namely
ko, Eq and "he" are given by following equations.

T . np vk eoergy loss of _
K h~p’ 1 Ba= (l+ﬁ‘) TO-kp, h "2 elastic enecrgy

one_cyele

of one cycle

The radial strain at the borehole wall is
determined for undrained conditions.

From the test results on alluvial deposit
and dredged soil the following conclusions
are drawn:

The test result with this equipment is com-
pared with that of an exciting test on steel
piles,

The dynamic characteristics of the groum

are consistent with those by Seed at al.(Fig.l0)
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Namely, regarding Ej, a nonlinear relation is
obtained if the relation between Ej and E

is plotted on a logarithmic graph. Also a
linear relation is obtained if N-value and
Ed are plotted on semi-logarithmic graph by
using a parameter Enp. As to the "hg'"it is
influenced by a depth mut not oy N-valuse,.

In the light of above mentioned results of
the test, it is concluded that this equip-
ment 1s practical for in situ test.

S.Prakash states that on the basis of a
large number of field tests carried out,the
first Indian Standard on in situ determina-
tion of dynamic properties of soils has been
devised in 1977. The methods recommended in
this Standard for the determination of in
situ dynamic properties are:cycling plate
load test,the various tests on a standard
block,the wave propagation test,and the
shear modulus test.

The standard block which is recommended in
this test is l.5m x 0.75m in plan and 0.70m
highe The oscillator is mounted on this
block and the block is excited in vertical
as well as in horizontal directions and the
frequency of oscillations is increased till
resonance is reached. From the frequency de-
termined in this test and the geometry of
the block the elastic properties of soil are
determined - cy,the coefficient of elastic
uniform compression and wg-damped natural
frequency.

The wave propagation tests are performed
in an usual way using small charges (0.5 to
1l kg) in o reholes. Strains at which shear
moduli are determined are not the same as in
working conditions. There is no universally
agreed relationship for correctinz the shear
modulus with strains. In Fig.ll results of

1

® ste o

Fig.ll.
tests are shown on the influence of strains
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on shear modulus received at some sites
(shear modulus at Y =10~© was taken as unity).

F.H.Hughes and S.Buttling uescribe methods
for in situ determination of permeability.

The main limitation of the simple pumping
or well test is that,for a given hydraulic
head,the rate of inflow is governed mainly
oy the region of the formation very close to
the borehole where the pores and fissures may
be blocked by mud and detritus from the dril-
ling operation.

The alternative drill stem test overcomes
this problem by allowing flow into an empty
drill string by the operation of the shut-in
valve,causing a reduction in reservolr pres-
sure,and then monitoring the pressure recove-
ry with time after the reclosure of the shut-
in valve. This test has operational limita-
tions on its accuracy for the depths and per-
meabilities associated with shaft sinking
and tunnelling. For this reason,a modifi ed
system,known as the borehole Pressure Reco-
very Test, has been devel oped by Cementation
Research Ltd.which is specifically aimed at
depths up to 230m and permeabiliti es in the
range 10-3 to 10-5 cm/sec.

The equipment comprises a submersible pump,
pressure transducer and hydraulic packer all
suitably prepared with its own control cir-
cuitry and cable reeling drum mounted on a
4 wheel trailer. The equipment is lowered to
depth in a borehole of appropriate size (ap-
proximately 160 to 200mm diameter) and the
pressure noted. The packer is seated aml the
pressure in the test section is then reduced
by pumping. Several readings of steady state
discharge for various head reductions can by
obtained to give a measure of permeability
On reaching the maximum steady drawdown,the
paomp is switched off and the recovery of
pressure is monitored.

For the recovery period:KL_ Qu &)[tmt
_4r]'(AP 9 at J,
By plotting the pressure recovery s p against

FJ_A*.;A £ on semilog paper,the gradient m is

given by: m=Jgiﬁ—— hence the formation perme-

po
ability ko 7D

Where:

Ap -pressure drop, Q-flow rate, t-flow period
k -formation permeability, L-length of the
test section, at-a time increment.

In clean uniform deposits and given a clear
borehole,the two methods- simple well test
and pressure recovery test-produce good ag-
reement. However,where there is either:-~

a)Drilling detritus,lost circulation mate-
rial or a filter cake at the wall of the bo-
rehole (which could produce a large and un-—
known extra hydraulic resi stance), or

b) a network of broad passages in a fissu-
red rock,through which the small and random-
ly placed vorehole has no more than a margi-
nal connection with ¢he main Ifissure stmuc-
ture,the simple well test is at a disadvanta-
g€

The pressure recovery test is then fawo ured
as it overcomes the fomer by relying on
flow into the hole,and the latter by being
a measure of flow within the farmation at
all distances up to the radius of imf luence



of the test,which is a function of permeabi-
lity and test period.

The apparatus has now been used on a num-—
ber of tests and has worked well even in
mud filled boreholes.

TedNosLambe's concluding remarks:

"I feel that in slitu devices are very power-
ful tools,amd I think they are particularly
useful in indicating of spatial variation

of soil properties in given in situ condi-
tions,particularly horizontal stress and
pore pressure. My reservation and my cauti-
on result in attempting to use these devi-
ces for getting parameters which directly
will pe put in the design of the facility
under consideration.

I want to close on the very important po-
int that geotechnical engineers must consi-
der all the tools available,and frequently we
have to use several of these approaches.
Laboratory tests and in situ devices are al-
ternative or competent approaches,but they
are complementary,and selection of soil
parameters should be made from a combining
use of both laboratory testing and in situ
testing"e

R.B.Peck's concluding remarks:

"We've heard this afternoon quite a few des-
criptions of equipment;have heard claims
and counter-claims about very sophisticated
devices; and have learned about some studi-
es of very complex stress states,of the ef-
fect of disturvance,and so on.ie've heard
these things not only in this afternoon's
session,but in many other sessions also.

All this diversity may seem a bit confusing.
It wouldn't be confusing,perhaps,if we made
a fairly clear distinction between enginee-
ring science and engineering practice.They
are not quite the same thing.

When we are about to do a job in which we
are considering the use of in situ measure-
ments,we first go in the field and measure
something.#Ve have to start somehow, so we
use some convenient, suitable available me-
thod that may not be the best one that
exists out is perhaps the vest one that we
can get., Ne use this method,or,as Professor
Lambe suggested,several methods,and we get
some numbers. And then we try to operate
with those numbers. But if we are good geo-
technical engineers,we don't use those num-
bers directly as the basis for design.de tem-
per the results with everything we do know
and with everything that we can know about
the job and the equipment. This information
with which we temper the results may be
geological; it may have to do with the his-
tory of construction and behavior of struc-
tures in the locality; it should include
all the applicable statistical relationships
we know; and it should include the results
of any scientific data we have.

Some people have more experience tied up
in one kind of an in situ test than another,
so some people may prefer one type of an in
situ test to another.But, on any job, what
we are doing is checking the data chat we
have in all possible ways,making all the
comparisons we can. This is really what we
call judgment.

Having done all that,we reach a conclusion,
and that conclusion is the beginning of de-
sign. 30 I think it is correct to say that
no one,or no several,of these in situ me-
thods is the best or is one that should not
be used. They all have a place,there is ex-
perience tied with many of tnem,and all of
them produce numbers that require careful
consideration and interpretation before
they are used in design".

In closing remarks Ge.Stefanoff points out
that the example shown Dy Prof.Peck gives
the opportunity to support his view adding
a few words concerning another example-also
a nuclear power svation in the vicinity of
the Danube or exactly the large water supply
canals for the reactor.

The canals are very large with a depth of
more than 6 m and entirely in a collapsi ple
loess soil. The large-scale test consisted
in wetting the_loess by much water- more
than 6m5 per m®. The wetting was done 1 year
before excavating the canal.5o the overbur-
den pressure remained, ana the loess structu-
re collapsed under this pressure,the soil
settled and consolidated. Tonis was the large-
scale test. After this the canals were ex-
cavated. This large-scale test was very inex-
pensive because all the wetted test area
was used for the canals. Tihe nuclear power
station is already 6 years in operation and
no subsidences and damage have occurred.

Closing the 3ession, G.Stefanoff states
that at tue main Session I the General nre-
porter made the conclusion that all the ap-
proaches to soil parameter evaluation are
complemenvary. At this Specialty Session the
main idea of Prof.Lambe's and Prof.Peck's
concluding remarks was the same,and we
really should use all the ways in evaluating
so0il parameters.

X X X

Now,looking back at the work of the Speci-
alty Session 5 of the Tokyo Conference,the
following conclusions can be drawn:

l. Depending upon the structure under
design and soil conditions at the site,
several or all the possible methods and
ways of soil evaluation should be used.

2. S0il has no absolute properties. That
is why it is impossible to evaluate the re-
liability of any new device or method stric-
tly on its own merits. The reliable way is
that used by Le.Bjerrum for the vane test,

%, Soil speclalists are very active in
their work and there is no doubt that real
solil properties will be used more and
more effectively.
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Written contributions

J.Jamiolkowski's, Re.Lancellotti's (Italy)
contribution is on the use of self-boring
pressuremeter test in three Italian clays
ranging from recent deposit of soft silty
clay to overconsolidated very stiff slight-
ly fissured clay. All 82 tests have Deen
carried out by French and partly linglish
equipment. The results of these tests are
compared with those obtained from in situ
vane tests anu conventional laboratory
tests runned on very good quality undis-
turved samples with the aim to investigate
the possibility to get from the pressure-
meter tests the stress-strain relationship
directly applicable to the solution of <the
foundation engineering probleme

The following tentative conclusions have
been drawn:

l. The self-boring equipment allows the
execution of tests in soil appreciably less
disturbed in comparison %o tests in augered
holes, but even with a very carefull self-
Boring technique some disturbance, which
seems to be unavoidable, may lead to large
errors in evaluating p, , Ey and Cy.

2. All existed methods of derivation of
the undrained soil stress-strain curves give
substantially identical results, but the
shape of the derived curves and related soil
parameters are substantially different from
those resulting from laboratory and vane
tests.

Main reasons of sucn differences are:

-erroneous estimation of p,

- strain rate effect,

— influence of the followed total stress

path,

A.van Wambeke (Belgique) resume le resul=-
tat de plusieurs annees de recherche sur les
essails in situ.

Les appareillages utilises sont essentiel-
lement le pressiometre lienard, le penetro-
metre statique type belft et aiffcrents
penetrometres dynamiques,

En ce qui concerne le pressiometre Menard,
1'interpretation de la courbe pressiometri-
yue obtenue se trouve grandement facilitee
par l'utilisation d'une courve dite "inverse"
obtenue en porcant en abscisses les pressi-
ons et en ordonnees l'inverse des volumes,

L'intersection ae la courbe inverse avec
ltaxe des pressions donne la pression limi-
te theorique /correspondant a une deforma-
tion infinie/ qui est de 10 a 20% superieure
a la pression limite pressiometrique /cor-
respondant a un doublemen ¥ de volume du
trou/.

Les correlations existant entre les carac-—
teristiques pressiometriques et les resis-
tances en pointe du penetrometre statique
sont donnees, en moyenne, dans le tableau.

La correlation la plus etroite est celle
qui unit p) et q,. Les correlations entre &
et q¢ sont moins etroites,
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sols Q. B
Py %o
sables 9 1.5
limons 6 3
argiles 3 4 a 5

M.M.HoAl-Shaikh-Ali (U.K.), A.G.Davis
(France), M.J.Lloyd (U.K.) present data on
in situ measurement of the coefficient of
the effective earth pressure at rest, K,
in the Cheshire, GB, Lodgement till, by
hydraulic fracture,

The in situ "EKg" was computed using an
apparatus modified from that used by
Bjerrum and Andersen (1972). The ovsrconsoli-
dationratio "OCR" was computed using Janbu
(1963) method. The relationship for K,
which was suggested by Wroth (1975) for
lightly overconsolidated plastic materials
was also investigated. K_ was also computed
in the laboratory by hydfaulic tests.

The following permeability tests were
carried out: falling head tests using water,
using paraffin and constamt head tests
using water.K, was gomputed airectly using
Bjertum,Nash 8t al (1972 echnigue” ,

J%he méasured valugsgngKEVare %%gher than

those predicted from plastfcity data by

Wroth when the OCR exceeds l.2,this differen-
ce is probably due to the mode of formati on
of the till,since W#roth's relationship was
estapnlished for sedimented clays only.Due to
the open fissures,the measured in situ pgT-
meability was high,of the order of 1x10~
mm/sec,with similar results when either
paratfin or water was used as the test

fluid.
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x;‘I.‘he values of K, were 0,72 down to 1,5m,

exceeded unity between 2-3m,decreased to
0,67 at 6,5 m.




