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Chairman: Prof.L.5uklje, Yugoslavia

Ladies and gentlemen,

I have the honour to open the first Main
Seasion of the 8th International Conference

on Soil Meonanios and Foundation ineering.
I am ve leased to have,by my side, as
the Vice=Chairman of the Sesesion,Professor

Ce.Meyerhof from Canada, a man of wide inter-
national reputatiaon,

As you know,our General Reporter is Profes-
sor Lambe from the famous Massachusets Ins-
titute of ‘I‘eohnolﬁg.and I am sure that
everybody agrees h me that the Organizing
Committee could bardly find,for the subjecta
of our Sesslon,a more competent expert tasn

this year l'-!a.nk.tne-l.eoturer.

The delegate of the Organiging Committee
at the Flrat Sesalon is Prof.S.5.Vyalov, a
distingulished soientist, well known though
his books and papers on frozen salls and
visoous soil behaviour.

The reaedonoiraf the Session will kindly
be assisted o VePePotrukhin as the sei-
entifio Secretary of the Session Mr, Petruk-
hin is an outstanding representative of the
younger generation of the soil mechanios
8olence in the Soviet Union whose rich tradi-
tion we admire remembering with esteem the
names of*Gersevanov, Florin, Denisaov, Soko-
kovsky and many othsrs.

Our Bession 18 devoted to laboratory and
field testing of soils for their strength
and deformability. If the strength is con=-
sidered as the stress state at which the
strain speeds become oritical,the investiga-~
tion of the stress-strain-time relatianships
for soils,i.e. of their rheological proper-
ties appears the fundamental subjeot of our
today's discussions, Owing to bthe two- or
three-phase oomposition of soil media, thelr
permeability interwvenes as a furhter f)asio
factor determining the soil reactions to
loads, The determination of rheological and
filtration parameters yields phyaical data
for predicting stress—.and strain states in
80ils and earth structures, and for establi-

shing criteria governing the acceptability

of predioted and observed displacements and
their apeeds.

The refinement of experimental techniques
has contributed to important increase
our konowledge of rheological relationships
for soils. The simultaneous brillimt de-
velopment of electronic computers and nume-
rical methods for solving stress- and strain
problems has opened large possibilities far
considering complex rheological relation=-
ships at arbitrary boundary conditions. Ne-
vertheless, our possibilitles remain restric-
ted. The limitations are due to the distur-
bance of solils when testing their deformabi-
liti,to the imperfeotions of experimental
devices and to the amount of experimental
work needed to establish numerocus sets of
parameters that determine the deformability
of layered soils and earth structures of i
heterogeneous profile.These parameters de-
pend not 'anly on the mineralogical composi-
tion of solls,on their grain-size distribu-
tion,particle arrangement,initial porosity
and saturation degree,but also on the stress-
and strain history ana on loading interval
and speed. Further limitations are due to
basic assumptions of the theories used to
the amount af programming and programme-tes-
ting when the boundary oonditions are comp-
licated, end last but not least, to the ca-
pacity of our computers.

Consequently, simplifications in geotech-
nical computat{ons cannot be avoided. They
have to be governed b{ our knowledge of the
effects of single influencing factors as
found by isolated enalyses at simple boun-
dary condi tions, further by comparing simpli-
fied and rigorous solutions with measurements
and observations made on structures, in fo-
undation ‘soils and on natural slo? 8. The
deﬁ-ee of simplifying experimental and cal-
oulation methods and grocedures depends on
the nature of the problem to be sgg.ved. on
the means that are at our disposal, on the
preliminary or final character of cied.aiona
t0o be taken, on the importance of our deoi-
slons etc. When preparing appropriate inves-
tigation and calculation schemes serving for



quick decisions of the practicing engineer,
we have to define limitations and conditions
under which they can be applied. Outside
these restrictions, the geotechnical expert
must searoch for the most appropriate methnds
to determinea7oil properties and predict the
displacementsqtheir speeds and safety,by
choosing evaluating eliminating and combining
different posaibil ties which arise from pre—
vious exporimental and theoretical investi-
gations,and considering experience obtained
by observations and measurements on structu-
rea and in nature.The complexity and combina-
tory obaracter of solutions are the typical
features of our profession,

The papers published subsequent to the fo -
regoing International Conference and those
whioch appeared among the Proceedings of the
present Conference,reflect important advan-
cement in laboratory equipment,in eatablish-
ing rheological relationshlps for soils and
in improving f£ield devioces whioh faclilitate
quick decisions in everyday engineering prao-
tice. Professor lLambe, our general reporter,
has prepared an interssting review of the
work done. Following the suggestions by the
Organizing Commlittee he selected,for our to-
day's Session the theme: Soil Paramesters for
Predicting Deformations and Stability.He re-
quested that the members taking part in dis-
cussion should present only material of imme-
diate or near-term value to the practicing
engineer. Among slx questions and topilcs that
Professor lambe had prepared for discussion,
the Organizing Committee has recommended to
restrict our attention to subjects concerning:
(a) in situ test devices (bg predictive
teohniques based on in aitu measurements of
soil Earameters, (¢) laboratory model tests,
eapecially the centrifuge test, and (d) use
of probability and decision theory in prac-
tical soll engineering problems,

The sohedule of our Session will be accor-
ded with the programme of the Canference as
established by the Organizing Committee. I
am sorry however, to let iou know that the
Past-President of our Soclety Prof.Casagrande
does not participate at the Conference and
that we shall not have the pleasure to listen
to his comments concerning the topics of
our discusaion.

Thus,I am Eroposing to start with the dia-
cussion of the topics selected by the General
Reporter immediately after his introductory
speech. After four cantributions we shall
have an intermission of 15 minutes,

Following the instructions of the Organizing
Comittee given in the Bulletin No.2 34
participants of the Canference have submitted
the texts for discussion. 22 of those texts
are related to the selected topics. I am sor-
ry to say that the time we have at our dispo-
sal does not permit the oral presentation of
all these contributions. Proféssor Lambe and
mgself bhave chosen, among them, 16 debators
whose comments and ideas have been considered
to complete at best the General Report and to
elucidate the way to further advancement in
determining soil parameters which are used
in predicting deformations and safe of soils
and earth structures, You can find their names

on the blackboard.Eash debator will be allo-

tted up to five minutes. This time limitation
is rigorous.The discussion will be followed
by the oonoludin§ remarks of the General Re-
porter and the closing speech of the Vice=-
Chairman Prof.G.G.Meyerhof.

General Reporter: Prof,T.W,Lambe,USA
Prof .Lambe's State-of=-the-Art Report appears
on p.3 of the vol,III.

Cbairman Prof.L.S5uklje.

Thank you very much Prof.Lambe.We greatly ap-
preociate your report.We will now hear the
prepared discussion.I would like to invite
Dre.¥roth to give us his discussion.

Dr.C.P.Wroth (United Kingdom)
In Situ Measurement of Soil Properties

contribution is in reaponse to the
invitation from the Gemeral Reparter to desc-
ribe our attempts, at the University of Camb-
ridge to measure the properties of soils in
the undisturbed in situ condition. The work
has been carried out by Dr.Hughes and has led
to the development of a special instrument
which 18 described in our paper to this ocon-
ference. Yo have concentrated our efforts on
causing the minimum possibls disturbance to
the soil by introducing the instrument into
the ground by a self-drilling action.

A schematic diagram of our instrunentqgg-
pears as Fig.l of our paper (No.l/75 p.488).
The instrument is in principle very similar
to the autoforeuse pressuremeter developed
independently in France by M.Jezequel and his
colleagues, which is desocribed in their pa-
per to this conference. The apparatus oon-
sists basically of a hollow cylinder with a
sharp lower cutting edge,which 1s jacked ‘
very slowly into the ground. At the same time,
soil 18 excavated by a rotating cutter in-
side the cutting head, and the resulting 3
pileces of soll are washed up to the ground r
surface by water which circulates down the
centre of the shaft and up the annular space
bebween Lhe shult and the interior of the
walls of the oylinder. Radiographio tests in
the laboratory counfirm that the disturbance
of the soil around the instrument.is very
small indeed - perhaps 1/2% radial strain,
or even less,

A conventional pressuremeter test can be
conducted on the surrounding soil by inof la-
ting the rubber membrane, smmd measuring the
applied pressure. The displacement of the
membrane is accurately measured by mechanical
feelers which are spring loaded and follow
the movement of the membrane. The bending of
the leaf springs is monitored by electrical
roesistance straln gauges. A pore-pressure
gauge is fitted to the membrane and records
the pore-water—-pressure in the defomed soil,

The results of an undrained test on =ft
clay at Ellingsrud, in Norway, are shown in
Fig.l. The upper diagram relates the applied
pressure with the radial strain of the membra-
ne,
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Fig.1 Rasults of an Undrained Test on Boft Clay at
Ellingsrud, Horway.

Note that the point K at whioch movement of
the membrane is first recorded indicates the
total lateral pressure,from which a value of
the coeffiolent of earth pressure at rest Ko
oan be estimated. The lower diagram shows the
shear stress~shear strain curve for the olay
that can be uniquely derived from the upper
curve,due to the analysis presented by Palmexr
(1972).It must be emphasised that it is pose-
sible to follow completely the unload part
of the stress-strain curve,and o n some
idea of the soil's sensitivity and residunal
strength, The derived stress-strain curve is
sensitive to the ohoilce of datum for the atra-
inzaxis: the lower ourve corresponds to point
K and the upper ocurve to point L.This varia-
tion i8 disoussed in more detall by Wroth and
Hughes (1973),
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+2 Bhows the stress-strain curves obtai-
ned tor tests at three different sites of so-~
£t clays:two in kngland and the one in Nor-
way already mentioned.The diagram shows the
variety of shepe of curve depending on the
particular clay tested.The curve can indicate
both a value of a shear modulus G pre-peak,and
the degree of sensitivity St of the clay,
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Pig.3 Comparieon of Undrained Shear Strengths for 3 Soft Clays
as Measured by Pressuremeter and Vane Tests.

Fig.3. provides a comparison of the shear
strengths oy, measured with the pressuremeter
and those measured with a conventional vane
shear testa for the 3 sites already mentioned.

1he continuous lines represent the re—
sults of the vane shear tests; the in-
dividual bands (parallel to the axis of
shear stress) show the range of

shear strength recorded by the presaure-



meter from peak value (at the right hand end)
to that at g; strain (at the left hand end).
It should be noted that the final values af-
ter -5% strain are reasonably close but gene-
rally greater then the vane test results. In
ocontrast the peak values are much greater
than the vane test results,particularly for
the more semsitive olays.

from the pore-pressure measuremsents the
results of the undrained test can be inter-
preted in terms of effective stress parame-
ters, and lead to a value of the angle of
shearing resistence '.

It is 8 ested therefore that the instru-
ment will give & much better indication not
anly of the strength of solils,but also of
their stiffness and deformation parameters.
Estimates of the following can be derived:
K1Gy0y48y; and ’

L
There are possibilities for measuring other
8oil parameters in situ by similar techni-
ques as will be described at Speoialty Ses-
sion No.5 by Baguelin, Jezequel and LeMehaute-
and I warmly congratulate them on these achi-
evements,

Bﬂ_f erences

PAIMFR A,C.(1972) Undrained plane-strain ex-
pansion of a cylindrical cavily iu
olay:s a simple interpretation of the
pressuremeter ‘test., Geotechnigue 22,
451-457.

WRO™ C.P. and HUGHES J.M.0,(1973) Discussion
on above gaper by Palmer. Geotechnique
23, 284-287,

Chairman Prof.L.Suklje

Thank you very much Dr.Wroth. I would like
to ask Mr.Janbu to present us with his prepa-
red disoussion.

Mr. Nilmar Janbu /Norway/

I am pleased to be able to respond to the
General Reporter's Written request for deli-
vering a short discussion on his topic No.l:

"Which in gituw test devices offer the most

promise for yieldlng reliable soil para-
metexrs for predioting stability and defor-
matlion?"

Initially, I would like to.state that I ag-
ree with the General Reporter's strong empha-
8ize on the initimate relationship between
methods and data, aod with his general philo-
sophy for the predictive process as a whole.

Required parameters

cgnseguontly,the 80lil parameters to be de-
termined by in situ measurements are those

defined by the basioc equations of the methods
used for predioting settlements and stability,

see Fig,l, 6

a) SETTLEMENT DATA (one * dimensional)

P o
\ . dg’  dt
» € "M R
IS
tP -TP E:
te O'=Pp_ (virgin)
b) STRENGTH DATA (two-dimensional)

Effective

Pore pressure u

Undrained 1f:= S,

Mg.l. Required settlement and strength
parameters

Por instance,most settlement predictions
are based on one-dimensional analyses,in
which case strain (£ ) is a funotion of
stress (G') and time (t) for each -80il ele-
ment, The pertinent parameters are therefore
inoluded in the basic £ - @' - t relation-
ship, expresseg in total differential form

€ « 3¢, 95 (1)

M R
whore )
M = 3¢'/9€ Stress resistance (modulus)
R = 3t/3¢ Time resistance ("secondary")

Both parameters, M or R, depend on the pre-
oconsolidation pressure p'. Flnally, time
rate predictions are u.suglly based on the
coefficient of cansolidation oye.

Altogether, four soil parameters are hence
required for a complete one-dimensional set-
tlement analysis, namely:

Modulus, M
Preconsolidation press., pé
Coeff, of consolidation,c,
Creep resistance, R

Especially,for the estimate of initial set-
tlements in clay, the undrained values M, and
Ry may be required.

Stabilit{ predioctions -are usually based an
two-dimensional analysis,using the strength
concepta of a Coulombian material, Fig.l(b).

la

In terms of effective stress the required
parameters ares
Priction, ten$
Attraction, a (or atan ) (2)
Pore pressure, u

G =(a+0") tan @’

oL 2
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Especlally, for short term stability ana-
lysis of saturated, fine-grained solil one
often use one strength parameter only,namely
the undrained shear strength, sy.

In situ devices

Some of the best known devices for in situ
tests to determine settlement and strength
ggra;etera are illustrated in principle in

Sece

SCREW
PLATE

STATIC
CONE

VANE
TEST

£
¥
Y

PLATE CONE VANE

Fige.2. Devices for in situ measurements of
settlement and stability parameters

The main devices are:

a) Plates
b) Cones Eor pointag
¢) Vanes (or blades

d) Pressure cells

The vane test (¢) is strictly speaking li-
mited to undrained, short term stability con-
dition for isotroplc,saturated clays of low
plasticity and low sensitivity. Ovzhg to
this limited validity, no comments are re-
quired here.

Pressure colls (d ) of various kinds,used
for in situ pore pressure measurements,are
80 well=known that no comments are nee&ed
here.

The special cell teat developed by Menard
(o) ylelds horizontal stress-deformation pate
tern, from which one may obtain information
pertaining to settlements assuming elastio,
isotropic conditions. To my knowledge ,howe>
ver, no unique two-dimensional strength data
on effective stress basis has yet been ob-
tainged. The speaker has no personal expori-
‘'enc® with the application of the Menard pres-
slometer,

My discusslon will therefore be focused on
the plate and the cone tests, and particula-
rly on their applicability for effective
stress parameter determinations,

Plate tests

By means of sorew plates one can carry out
load testse at various depths and thereby ob-
tein parameter profiles,

A settlement parameter profile 1s shown in
prinoiple in Fig.3. For details in design of
the field compressometer,the interpretation
procedure,and the data obtained,see the artic-
le by Janbu and Senneset in Session 1 of thie
Conference, Vol.l.l pp.191-198,

MODULUS PRECONSOL. COEFF. CREEP RESIST.
m —» P — Cp — " —
}_L! ’ < =
:
|
Mg.3 Typlical in situ settlement parameter

profiles obtained by sorew plate tests
(field compressometer)in homogeneous
sediments along the shores of the
Trondheim fjord

The f£ield compressometer has hitherto
been used for silt,sand,gravel,overconsolida-
ted clay, and silty clay. So far the maximum

enetration depth of the present instrument
8 27 meters into fine sand.

Failure loads obtained by plate tests per-
formed at various depths may also yileld ef-
fective shear strength parsmeters (Janbu 73),
When shear strength is expressed in terms of
attraction and friction the net ultimate bea-
ring capacity qQun=q,~p' at a depth of over-
burﬁen p' 1a equal To
(3

Q.un-'-‘Nqn(p '+a)

Hence, by plotting qup as function of p' one

obtaine the attraction a as the interoept on
the p'-axis while the slope Ny, determines
tan @' from the theoretical aﬂ& experimental

soldtion of Nqn=f(tan ).

] Net ultimate bearing
capacity q,, MN/m

o)

15
“E ‘r i csv Moist gravel
Z Saturoted gravel
z \\ \ Dyn. preload sr Sl
£ sol\ -o\—-Stat. preload  In situ results:
& \\ \ Placed a:40-95 kN/nt
% \ | tan ¢ -0.77-0.83
00 AY —e-Re
1
E \X frioxiol doto:
¢ 5 a-0 _/-\\ * X a: smaoll
'8' (triax) \ ton ¢ ~ 0.80
(3 \
G 200

Fig. 4 Strength parameters a and tan¢ obtained
from (drained) in situ plate load tests.

An example is shown in Fig.4 which 18 axtrac-—
ted from a paper by Senneset and Janbu
(1973).The plate load tests were carried out
by Eresund (1972) on gravel placed in a field
stavion,and tested at the placement conditi-
on,the statically preloaded,and the dynamic-
ally preloaded condition,Drained triamial
test data are also available for comparisons



In short,dynamic preloading with very liv-
tle decrease in porosi leads to increased
attraction (or cohesion) while friotion re-
mains roughly the asame.Improved particle in-
terlocking probably accounts for increased
attraction,The overriding question for future
resegrch may seem to be the durability and
reliability of the measured in sltu attrac-
tion for actual design.

Static cone tests

If the ultimate net point resistance obtai-
ned by means of drained in situ static cone
tests at various depths are plotted as func-
tion of effeotive overburden, one ocan use the
principle expressed by Eq.(3) to obtain at-
traction and friction. An example is shown
in Fig.5, published by Senneset and Janbu
(73, ané based on tests performed by Ere-

L

sund (72

Net point resistance qyn in MN /nt

~ \—rﬂ 5 10 _

E o ° Moist gravel

z \ ¢ Saturated gravel
c

J 50 X In situ resull

o 2

c 1 a:25 kN/m

§ Noes 45 \ tan @ : 0.77

3 100 C because Nqn = 45
[

¢ .

o Triaxial data

g 150 \ a= small

'ﬁ tan ' ~ 0.80

W] 200#-

. . - - 5 o M -

Fig.Y ttrength parameters a sud tai y O~

16 tained from (drained) in situ static
oone resistance.

With the improved interpretation princip-
les drained statlic polnty reslsianvs LusLb
may now seem considerably more promising for
in situ determination of soll parameters,
particularly for shear strength parameters
on effective stress basis. To clarify the ap-
plicability of the principle for varlous
soll sediments systematic research are en-
couraged.

Summary

In summarizing, in situ load tests on pla-
tes and cones, properly used and properly
interpreted, have already ylelded a number
of useful in situ soil parameter profiles

for different soil layers. The orew plate has

80 far been very successful in sandy sediments.

However,the speaker is firmly convinced
that internationally we can rapidly improve
our skill in obtaining much more rellable in
situ paramster profiles for stability and
settlement predictions. The firat step cons-
ists of learning more about the true actiocn
of plates and points being loaded at the in-
terior of various soil sediments. Simultaneou-

8ly we must improve the design of the instru-
ments using these devices,and above all we
must learn to interpret the field measurement:
within exactly the same frame of reference as
we use in our predictive process. At least,
this is the policy we will follow in our own
efforts in the years to come.Thank you for
your kind attentlion.
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phai:man Prof. L.Suklje
Thank you very muych Mr. Janbu . Now

I would like to call on Mr.Trofimenkov Ju.G.
Will he come up,please?

Mr.Trofimenkov Ju.Ge (UQOR)

This discussion refers to the first sub-
Ject proposed by the General Reporter: the
in-situ determination of reliable so0il para-
meters for predicting stability,

During recent years prccsuremeter tests are
being widely carried out for determining the
detformation modulus of s0ils in-situ, The
straight part of the graph, u=f(p), obtained
by the pressuremeter test ia used for the
determination of the modulus of defarmation
of sull, Jllb Lhe lnervase of pressure the
zone of plastic deformatian around the bore-
hole is formwd and the relationship between
pressure and deformation becomes nonlinear.

The use of the nonlinear part of the graph
u=f(p) makes it possible to determine very
6adily Sldal SULeLELL paraidiers ¥y aud ©
(Trofimenkov,1975). This gives way to a wider
use of pressuremeter tests. Thesse tests and
vane tests can compliment each other nicel,
as vane tests are employed more particularly
for soft clay and permit no separate deter-
mination of and c.

''ne problem of the expansion of axially sym-
metrical cavity was solved by Ruppeneit K.V.,
Bronstein M.I.(USSR) and Vesic A, (USA). For
soils with cohesion only this problem was
solved earlier by Menard L,

Soil deformation versus pressure, u=f(p)
after taking into account pressure lousses on

the expansion of the pressuremeter, takes
the form shown in Fig.l.
There is the following relationship bet-

ween pressure and soil deformation deve loped
by Ruppeneit and Bronstein:

vECP
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[ P+ o ctgd lesin (1)
(1+sin®) (P tc ctg )] sin

If the function "u" is divided by its de-
rivative we shall obtain.:

U(P) __ P sinf+ c _cosy (2)
U'(P) 1+ singp

The right part of the expression (2) is
the half difference of principle stresses,
and G'9 at the borehole and henoe is
eqﬁal to the radius of Mohr's circle:

Qr =Qo _psinf + ¢ cosf p 3)
2 1l + siny

where R~ radius of Mohr's circle,

As evident from the expressions (2) and (3)
the ratio of the funotion "u" to its deriva-
tive is equal to the radius of Mohr's circle.
At the same time it is lmown that the ratio
of any function to its derivative is equal
to subtangent. Thus the radius of Morh's
circle is equal to subtangent.

Hence,we obtain a simple method of drawing
Mohr's circles: we draw the tangent to the
point in the grapa corresponding to pressu-

re, Py. The intersection of the tangent and
the axis p gives the point that determines
Yndl e
&,
5
2
/]
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0 . A 2 o
] 3 4 cme
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prest|
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Fig.l. Determination of f and ¢ on the graph
of pressuremeter test.

the subtangent,i.e,the radius of Mohr's oirc-
le for pressure Py. The radius of Mohr's
cirole for other Bressures (p»,pz) is deter-
mined in the same waq. Knowing rgdii (RI'RZ)
we can draw the Mohr's circles and by

drawing the tangent to them we obtain as usual
the angle of internal friction and cohesion.
The use of the described method has showm
that determined in such a manner and C
are very close to those obtained by the usu-
al laboratory methods on undisturbed samples.

It should be emphasized that by use of pres-
suremeter it is possible to run both drained
and undrained tests.

Thus,the most important characteristics of
90ils for practical use: the modulus of de-
formation,the angle af internal friction and
cohesion can be determined on the data of one
pressuremeter test,

In conclusion it should be noted that it
need not oppose field tests to laboratory
teats- they supplement each other,especially
in designing of complex structures,

Reference:

TROFIMENKO&V Ju.G. The Practical Method of the
Determination of ¥ and C from the
Pressuremeter Test Data. "Osnov,
Fund .MechGrunt.", 1973, RN 3,

Chairman Prof. L.Suklje

Thank you very much Mr.Trofimenkov.
Mr. Menard will you continue?

Mr.Menard Louis (France)

Following the various publications rela-
ting to the pressuremeter,as well as the
friendly reminder of President Ganichev on
the utilization of this technique within the
USSR, I feel itV is my duty, some fifteen
yoears after the original presentation at the
London conference, to stress the main points
of this Technique,

1) This Technigue cannot be properly ans-
lysed except within the framework of a more
general theory of soll deformation which
involves the Zhree basic moduli :

The compression Modulus [

The Tension Modulus E

The shear modulus G

The theory of elasticity being a simplified
case of this general theory.

2) This general theory can now be utilized
for the computation of settlement with the
help of a program based on the finits ele-
ments theory but adapted to analyse elamenta~
ry cubes dx,dz,dy, as in any conventional
analysis.

3) This analysis yields strength and settle-
ment values identical to those obtained previ-
ously through experimental Testing and which
were published some years ago.

4) Pressuremeter results are very closely
tied to the shear modulus G and to the shear
resistance of the material in the in-situ
state of stress conditions.

The shear modulus,which practically cen



be measured only by the pressuremeter,plays a
predominant role in the deformation of a

80oil beneatn a foundation when the ratio of
the width of foundation to the thickness of
compressible soll is less than 1,

5) The actual me chanical caracteristics
of the founding material as well as the
modulus and shear strength are dependant on
the strain and the amount of remogdins;
this requires ve striot definition and
therefore any wortbh-while correlation bet-
ween the measuring instrument and the per-
formance of the actual foundation requires
that the in-situ conditions of remoi%ing and
strain be identical in both cases; as these
conditions v with the types of foundati-
ons (driven pilles,bored pi{es,spread f00-
tings) it is evident that the techniques in
t?: placing of the mressuremeter must vary
also .

6) Further Technologlical development of
the pressuremeter for Eractical applications
can be justified only if a parrellel effort
is made in the analysis and gemral theories
re%ited to the deformation and strength of
80118,

We should pay particular attention to the
main problem of remolding which in most ca-
8es8 is a problem of liquefaction,

Liquefaction ocours readily in materials
with a weak structure (loose sands,silts,
clays) and results in a partial or even
complete destruction of it's fabric when
subjected to rapid alternate loadings.

This is why it occurs frequently at the
points of driven piles, split spoon samplers
and penetromefers when in this case the va-
lues of Ng = vary between 2 and 3 ins-

tead of 10 andc 15.

Ligquefaction also ocours under large
foundatlions wuch ay spuds of pelroleum Juck-
up barges, oil tanlss, or even motorway em -
bankments when these have been raised too
quickly; it results in a large increase in
settlements,

It appears ggain,but in a beneficial way,
during the process of Dmamic Consolidation
a Now T1oGLULYuS which w6 Laved 4dvelumwd iLur

the improvement of founding materials.

It has now become indispensable to measure
tha parsmetera contirolling thia phanomena
and to achieve this purpose we have retained
the pressuremeter tests with rapid c¢yclio
loadings,

Chairman Prof. L.Suklje

Thank you very much Mr.Menard

Ladies and gentlemen, it is time for 20 minu-
tes intermission.

Chairman Prof,L.Suklje

I would like to call on Prof.B.Broms of Swe-
dish Geotechnical Institute. W¥ill he come up
pleuse?

STABILITY OF EMBANKMENTS AND EXCAVATIONS IN

SOFT CLAYS. Bengt Broms {Sweden)

The following comments are concerned with
the stability of embankments and excavations
in soft clays.

Bjerrum (1972) has shown on the basis of
published data that the stability of em-
bankments on soft clays 1s overestimated

if the analysis is based on the undrained
shear strength evaluated from field vane
tests and the plasticity index or the liquid
limit of the soil is high. In Fig. 1 the
nominal factor of safety at failure for the
cases analyzed by Bjerrum has been plotted
as a function of the liquid limit of the
soil. It can be seen that the nominal factor
of safety increases with increasing liquid
limit of the soil.

This increase can probably at least partly
pe attributed to rate effects. In Fig. 2 is
shown the vane strength as determined at

two different rotation rates, 60 degrees/
min and 0.06 degrees/min. These tests were
carried out in a soft clay which close to
he surface was organic. At the bottom the
clay was warved. It can be seen from this
figure that the liquid limit of the clay
close to the surface was high and that it
decreased with depth. The measured shear
strength decreased with decreasing rotation
rate. At a depth of 2.0 m where the liquid
limit of the soil was 170 the measured shear
strength at a rotation rate of 0.06 degrees/
min was only 60% of that at 60 degrees/min.
The corresponding shear strength at 10:0 m
depth where the liquid limit of the soil
was about 80 was approximately 80% of that
at 60 duyrees/min (Wirrel, 1973).

John Olsson, the Secretary of the Geotech-
nical Committes of the Swedish State Rail-
ways recognized already in 1930 from anal-
ysis of slope failures that the undrained
shearing strength as evaluated by, for ex-
ample, the fall-cone test is overestimated
when the liquid limit of the solil 1s hign.
He suggested that the undrained shear
strength should be reduced when the liquid
limit of the clay exceeds 70, as illustrats
ed in Fig. 1 (Osterman, 1960). The rcduction
coefficients proposed by Olsson have re-
sulted in the stepped curve shown in the
same figure and in Table 1.

Table 1.

Reduction of shear strength as measured by
vane of fall-cone tests (SGI).

Liguid 1limit Reduction coefficient
w
L
< 80
80-100

1.
0.
100-120 0.
130-150 §.

150-180
>180
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Fig. 2. Rate effects as determined by field
vane tests (after Wiesel, 1973)

A reduction has been used in Sweden since
about 1950 in the evaluation of the results
from field vane and fall-cone tests.
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Chairman ProfeL.Suklje

Thank you vegi much Prof. Broms for your
interesting discussion,

YscH

Now we shall listen to Mr Nelson from
Asian Institute of Technology. Mr Nel-
son, will you , please.

Mr J.D.Nelson , Thailand

Professor Lambeé has devoted considerable
attention to the problems associated
with embanlments on soft ground and has com-
mended the ocontribution made recently by
Bjerrum (1972) in correlating the factor of
safety of an embaniment at failure with the
plastiocity index of the foundation claye
Bjerrum suggested that the theoretical fac~
tor of aafetgawas often greater than unity
because of combined effects of rate of
shear,anisotropy and progressive failure, I
wish to confine my remarks to this correla-
tion, which is shown in Fig.IV=3 of Profes—
sor Lambe's report, and to comment on its
application to Soft Bangkok Clay.

Figure 1 shows some data additional to that
presented by Bjerrum (1972). The dark points
represent the theoretical factora aof safety
at fallure for five embankments on Soft Bang-
kok Clay. These new data points can be seen
to £it Bjerrum's Btralght line correlation
fairly well. It is of some lnterest to note
the considerable effect on the calculated
safety factor of the shearing resistance of
the embankment material itself. This data
was avallable to me only for the Rangsit
and Bang Bo embankments. When the strength of
the Rangeit embankment is neglected, the fac-
tor of safety at failure is calculated to be
close to unity,whioh is well below the pro-
posed correlat{on line. The Bang Bo embank-
ment on the other hand gives a factor of
safety which falls on the correlation line
when the embankment strength is neglected
and well above it when the strength is taken
into aoccount. It miiht be significant that
the Rangsit and Nonthaburi embankments were
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oconstructed of clay while the other three
were of sand.

Data published by Eide and Holmberg (1972)
for the Soft Bangkok Clay from Suracha show
an appreciable effect of strain rate on the
undrained strength measured in the triaxial
test. Bjerrum's correlation,however,is ba-
sed on strengths measured by the field va-
ne,and a few tests conducted with a vane bo-
rer recently by the Asian Inatitute of Tech~
nology indicated only a very amall effect
of strain rate. These tests were carried
out not too far from Suracha at a location
whare the ¢lay hag s natural water contemt
of 140%, a liquid limit of 130%, a plasti-
city index of* 70%, an undrained shear
strength of about 1,2 ton/m2 and a sensiti-
vity of ten,

Appreciable anisotropy in respect of
strength is known %o exist in the Bangkok
Clay. Figure 2 shows the ratios of undrained
atrengthd on the horizontal and vertical
planes as measured by direct shear tests an
samples from Rangsit. su(h)/su(v) is greater

than 1.0 only to a depth of 3m because o
vertical fissures caused by surface weathe-
ring (Moh et al, 1969). At greater depths,
this ratio is considerably less than 1,0, as
is common for ncrma].lz consolidated claﬁa.
The commonly used field vane has a bheight/
diameter ratio of 2.0 and measures almost ex-
clusively the strength on a vertical plane
(Cadling and Odenstad,1950). This fact alone
might be sufficient to account for theore-—
tical factors of safety at failure which are
well in excess of unity. It would be interes-
ting to see the theoretical factors of safe-
fy recalculated on all the embankments rep-
resented on Fige.l to take account of strength
anlsotropy.
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Fig.2. Ratios of horizontal to vertical und-
rained shear strength of Soft Bangkok
Clay at Rangsit
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Chsirman Prof.L.Suklje

Thank you Mr Nelson Ur.Burland,please.

Mr.J.B.Burland (England)

In recant years we at the Building Researech
8tation have become increusingly aware of the
limitations of the routine approaoh to site
investigations and design methods based on



the examination and testing of small bore~
hole samples. These limltations have became
apparent as a result of our concentrated
efforts to ohserve and measure the pesrfor-
mance of full scale structures in the field,
Most of our work has been concerned with
struotures founded on or in the stiff, fis-
sured deposits of the Triassic,Jurassic,
Cretaceous and Eocene systems which sover
much of the densely pogulated middle and
south east reglons of lngland. We have been
startled by the very poar agreement between
the in-situ properties of the ground obtain-
ed by back analysis of the observed full-
scale behaviour and the proprties measured
in the laboratory,

An example is the full-scale lcading test
that we carried out on the Chalk at Mundford
in 1967 in which we made very careful mea-—
surements of settlements at various depths
beneath and around the loaded area (Ward,
Burland and Gallois,1968). When the obser—
vations were analysed we found that the in=-
situ stiffness of the chalk is between 20
and 100 timesa greater than measurements
based on laboratory tests and small diameter
plate loading tests. Subsequently very
careful large diameter plate tests at vari-
ous depths were carried out and very good
agreement with the full-scale results was
obtained (Burland and Lord, 1969; Burland,
3ills and Gibson,1973). Already this work
has resulted in the saving of many thousands
of pounds by eliminating piles from most
foundations on Chalk,

Another example is in the London Clay where
the back analysis of heave measurements and
rebaining wall movements has given stif f£-
nessés which are five times greater than
vory careful laboratory tests and up to
twenty times greater than routine laboratory
tests (Cole and Burland,1972).

It has become evident that many stiff fis -
sured clays and soft rocks are extremely sen-

Bitive to sample disturbance and labaratory
determined properties are very unreliable,
In an effort to improve our methods of pre-
diction we have been concentrating on the
development of equipment and techniques for
carrying out large diameter plate loading
tests st the bottom of shafts., The equip-
ment we have developed (Fig.l) allows a test
to be campletely set up within an hour or
less of boring the shaft (Marsland,l197la).
In this wey softening of the ground bemeath
the plate is kept to a minimum and the cost-
ly time element of this type of test has
been reduced substantially. Up to three
tests a day can be carried out. The mea-
sured stiffnesses are within a factor of two
of the stiffnesses obtained by back analy-
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sing full-scale observations (Marsland, 1971b)

Moreover, very consistent values of shear
strength are obtained often approaching the
lower limit of the very wide scatter of la-
boratory strengths.

A recent development (Marsland and Eason,
1973) has been to measure the settlement at
various depths beneath the plate as shown
in Fig.2 (Marsland and Eason,1973). The se
measurements permit the determination of
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stiffness in the almost totally undistrubed
ground remote from the plate and agreement
with the full-scale values is excellent.
Also the stiffnes of ground ilmmediately be-
neath the plate whick has undergone stress
release,can be measured and is found to be
substantially lower than the undisturbed
material lower down.Measurements of this
type will throw light on the sof tening eff-
ects of stress release as at the base of ex-
cavations or during sampling. The equipment
is now being developed for use in water
filled shafts.
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Chairman Prof, Suklje.

Thank you very much Mr.Burland for your
discussion. Mr, Marsal will you coantinue?

Mr, Raul J.Marsal (Mexico)

As pointed out by the General Reporter,
tha fi1eld situation, mechaniams of failure.
methods of analysis and strength parameters
are unseparable components of a predictive
process. For overconsolidated clays in a nat-
ural slope, the geological history of the
formation is of paramount importance, partic-
ularly in relation to the.presence of fis-
sures and fractures caused by tectonic forces,
slides or other. The attached table contains
a simplified classification of these materi-
als. Case 1, designated intact soils, in-
cludes from thin layers to thick deposits of
overconsolidated clays that are neither fis-
sured nor crossed by fractures; most of clay-
ey soils with a small overconsolidation ratio
belong to this group. Case 2 refers to clay
deposits that are from moderately to in-
tensely fissured, due to shear forces devel-
oped close to a fault or by unloading. Final-
ly, case 3 comprises those overconsolidated
clayey formations that are affected by frac-
tures of tectonic origin or slip surfaces in-
duced by old slides.

In case 1, one can often secure undis-
turbed samples and determine the strength pa-
rameters at the laboratory. Sampling and lab-
oratory work become difficult, 1t not 1mpos-
sible, in case 2; therefore, assessment of
the relevant soil conditions by field inves-
tigations (tests and observations of natural
slopes) are necessary. A careful geological
exploration is needed in case 3, to determine
the existence and distribution of fractures
or surfaces of shear failure; however, it is
usually problematic to identify these frac-
tures by standard sampling operations. Test
pits or large diameter boreholes may be re-
quired to detect the above discontinuities of
the mass and recover samples of the material
fi11ing them, since the thickness invalved
can be of the order of millimeters.

The determination of strength parametcrs
in case 1 is normally done by means of strain-
controlled, triaxial compression or simple
shear tests. Through drained tests one ob-
tains parameters Cp and ¢n (peak values); for
determining the angle of tresidual friction
large. deformations are required, which can be
achieved by repeated direct shear or rotating ¥
shear. With the same type of tests and thor-
oughly remoiding the clay, the parameter $g
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is obtained. The selection among the above
parameters depends on the problem on hand. If
amall strains during construction and after-
wards are anticipated, cp and ¢p are intro-
duced in the design of the structure, e.g.,
rigid walls for a deep excavation; expansion
due to unloading could be most important in
this type of problem. Based on considerations
of the stiffness_and the brittleness of the
clay (¢p/¢r and ¢g/¢,y ratios), expansivity,
effects of weathering, variation of water
pressures, etc., as well as the characteris-
tics of the structure proper, one should ex-
pect moderate strains; then, the stability
analisis is performed assuming null cohesion
and a linear strength envelope with an angle
of inclination ¢g. This apply to a cut simi-
lar to that shown in Fig V-1 of the General
Report. In this example, the factor of safety
varies with time from a maximun value esti-
mated with parameters Cp and ¢p to a lower
one computed with $§, as deformation of the
soil develops. The residual strength given by
¢y is relevant to problems which may involve
large strains of the mass. The terms small,
moderate or large deformations are intimately
related to the stress-strain behavior of the
soil as illustrated by Figs V-2 and 3 of the
General Report.

To find out the shear strength of a fis-
sured overconsolidated clay (case 2), large
scale field tests are required. These tests
have been performed in severals projects by
means of direct shear apparatus or rotating
shear devices, and they are carried out
slowly (strain-controlled) so as to have com-
plete dissipation of the induced pore pres-
sure throughout the loading process. The
strength envelopes are usually straight lines
passing through the origin, provided that
large enough displacements are imposed to the
soil. The angles of inclination of these en-
velopes are the residual values ¢, and, since
they are the minimun ones, one should not ex-
pect a further decrease of -the factor of
safety with time.

The mechanism of failure in case 3 is
generally related to the location and orien-
tation of the weak surfaces. Therefore, it is
necessary to determine the shear strength of
the clay contained in the fractures or slip
surfaces. When undisturbed samples that in-
clude these weaknesses are obtained, drained
shear tests (direct or rotating) along the
fracture or slip plane should be performed in
the laboratory. Sometimes sampling is diffi-
cult, but remolded specimens of the material
in the weak surfaces can be secured; then,
drained-rotating or direct shear tests are
run to determine the parameter $}. In other
instances, neitner type of sampling is feasi-
ble and the engineer must evaluate the shear
strength based on field evidence and past ex-
perience.

The above considerations discard the
possibility of a straight forward procedure
‘of analysis; sound engineering judgement is
‘thus essential when dealing with overconsoli-
dated clays.

Chairman Prof.Suklje L,

Thank you very much Prof,Mursal. We greatly
appreciated your report; we will now bave a
short break. -

Recess
Chairman Prof,.Suklje.

We will now hear the prepared diecussion
of Dr, Crailg. :

Dr.WeH.Craig (England)

The General Reporter has asked for discus-
sion on the utility of centrifuge model
tests for determining parameters for predicti-
on., He has pointed to a need to determine
both 'parameters’ and 'mechaniemw'. The two
are inter-related and the choice of parameter
depends upon the selection of a mechanism,.

The centrifuge at Simon Engineering Iabora-
tories in Manchester desoribed by Rowe (1972)
is currently being used to determine the me=
chanisms of deformation and failure of a
range of structures including:

a) Circular Diaphr Walls %Fig.l)

b) Flexible Sheet Pile Walls (Fig.2)

¢) Barth Dams

d) Foundations for Oil Rigs in the North Sea
¢, Excavations in natural soils

Figure 3 shows a simplified model of a verti-
cal trench excavation in a large block sample
of fissured Lower lias clay obtalned from
a8ite following a field failure previously re-
ported by Rowe.This model was brought rapidly
to failure under an increasing Centrifugal ac-
oeleration and reproduced at an acceleration
closely approximating the field scalo a be-
haviour similar to that of the prototype,
where a narrow column of soil adjacent to the
face became detached from the mass and fell
forwards into the excavation. The trench was
des;i:ed to stand open for a short period

on the baais of particular shear strengths and
an implicit mechanism of rotational shear
failure. The actual failure both in the model
and in the field,took place Ly a mechaniam
now attributed to brittle fracture followed
by a buckling failure of the detached soil
column~ such & mechanism was not visualised
at the design stage.

Glven that a model can indicate the mecha-
nisms of behaviour,it is poassible to use the
results from that model either directly, to
make predictions for the particular proéotyb
pe modelled, or more generally, to seleoct
and determine those parameters which will fit
methods of analysis for that model in order
to extrapolate prediotions which should be
accurate for a field prototype which may dif-
fer ‘.8lightly from the one modelled

Models tested of new reservoir embankments
bhave yielded informstion (Fig.4) on the shepe
and position of oritical slip surfaces and
the distribution of pore pressures around
these surfaces, allowlng seleotion of para-

meters which fit particular methods of slope



atabilitz limit analysis or finite element
deformation analysis.

Por sucoessful application of the centri-
fuge technigue models muct be cufficicontly
large to include representative geologloca
features of natural strata,to allow the smal-
ler critical features of the prototype to
be modelled reliably and to allow
suffioclent tim for realistic pore pres-
sure changes to be monitored. Models up to 2
tonnes mass have now been tested at SeEeLe
and while the cost of matural samples ino-
luded in models of this size can be relati-
vely high, the cost-bemefits to the designar
may be greater than those from extensive
programmes - of more conventional laboratory
teating,
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Pige2. Anchored flexible wall after tie rod
failure. (model langth 0,65a)
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Pig.3. Exoavation in stiff fissured clay
(model width 0.67m)
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Chairman Prof. 3Suklje.

Thanlk zou very much for gour discussion
I would like to call on Prof,Goldstein of
the USSR. Will he oome up, please?

Prof, Goldstein M.N, (USSR)

A3 is known the original for a mathematical
model is not the immediate nature but its
physical model, From experience follows that
the main source of data which are necessary
for the development of physicul woduls uve
fullacale experiments. Our congress shows
that the quantity of such experiments is
steadily declining. That may be explained but
not justified by their complexity and expen -~
sivness. But without them soll mechanics
will inevitably come to the deadlock,as there
will appsaw more and more thegrieg whichk are
too far from the real geological conditions
and from the genuine character of the base-
structure interaction., It seams to me that
now some gap is belng outlined between the
8oil mechanics methods and the praotioce of
engineering design.

This may be seen for example from the appe-
arance of articles, whioh express some disa-
ppointment in soil mechanics. Even our dis-
cussion is divided into two parts: ane-theo~
retical and the other- practical designs.
This gap is also manifest in the accuracy
of the settlement and stability design being
anly slightly increased in the recent 20-30

ears,
v Strictly spealdng this increase is due
mainly to empirical methods as for example
the design of the settlement of large founda-
tions, as shown in an exellent work by prof,
Yegorov. So thé first and most important con=-
clusion that cen be drawn at our congress is,
in my opinion, the necessity of an intensive

development of fullscale experimentation,



Now about the necessity of dividing pre-
sent so0il mechanics into proper soil mecha-
nics and the mechanics of dispersed systems.
All pure theoretical investigations, having
no immediate implementation in practice must
be referred to the mechanics of dispersed
systems which we consider as the sclence of
the fundamental cycle in distinction of soil
mechanlcs as an applied science.

From this point of view the applied soil
mechanics should be considered as the mecha-—
nics of foundations and soll structures,whi-
le the mechanics of dispersed systems must
become a parallel to the mechanics of canti-
nuous media. The best principle method of
801l mechanics development permitting to
link the latter with 1ts base-~ engineerin
geology 18 tre so called method of canditio-
nal design oreated by Gersevanov and publi-
shed in his distinguished, not aging, work
"The application of mathematical loglo to
structure design". This method permits us to
use even very simple models,but only if they
satisfy two main requirements: first,taking
into account the most essential factors of
foundation work and, secondly, placing the
structure in less favourable comnditions than
in reality.

The results obtained are compared with the
observation and test data and are corrected
by empirical coefficients or factors of Ba—
fety, included in thes codes,

The settlement design called the "aotlve
layer method" fully comply with this idea.
This method is to my mind the best of all the
existing for settlement design.

Some think the appearance of computers re-
quires the transition to mare complicated
design methods. It is not so. Not the compli-
cation but the simplification of mathematical
models with the simultaneous improvement of
physical ones is the call of modern time. The
rapid propagation of the finite elements me-
thod is a convincing proof of this,

The wide accepted model of stress distribu-
tion borrowed from the theory of elasticity
has already proved 1ts invalidity for disc-
rete media. As it seems to me the problem of
stress distribution is the problem number
one in soil mechanics,

The investigations conducted in our labora
tory by A.G.Dorfman sh ow the wide prospects
opened by using the variational methods both
in s0il mechanics and in the mechanics of
dispersed systems. This trend deserves inten-
sive development,

Chairman Prof. Suklje.

Thank you very much Prof.Goldstein.

We will hear Prof.J.MsDunkan from University
of California, Berkeley.

Prof.Dunkan J.M. (USA)

Mr,Chairman,Professor Lambe,ladies and
gentlemen:

On the topic of modelling,I would like to
address myself to the question of how an en-
ﬁ}neer should determine parameters for use

n mathematical models., In partioular, how

7

should an engineer determine the strength
for designing excavations in clay?

"I am very glad to have an opportunity to
comment on the question of how one should
dete e the strength for predicting the
etabllity and movements . of a supported ex-
cavation in clay. I think, in fact, that the
answer to this question is the same as the
answer %o another question: "How do you teach
a crocodile to shake hands?"™ The answer is
"VYery carefully".

Professor Lambe has pointed out clearly in
his report that we cannot separate the data
we use from our method for using it. It is
not posslble to say how one should go abcut
determining the shear etrength of clay for
excavation bracing without aaging what proce-
dure will be used to design the bracing.

If one uses an empirical method for estima-
ting movements and strut loads, such as the
method developed by Praofessor Peck,it is of
course only appropriate to determine the
strength in the same way as it was determined
in the first place. In the case of Peck's
rules the strength should be determined by
the unconfined compression test.

The last ocontributions of Dr.Bjerrum of
Norway emphasized the fact that the strength
of clay measured in laboratory tests or in
vane shear tests is not necessarily the same
a3 the strength which can be mobilized in the
ground. The atrength measnred in laboratory
tests or vane shear tests should be correc-
ted for the effects of rate-of-loading and
anisotropy before they can be applied to pra-
ctical problems. The magnitude of the requi=
red correctiaon must ultimate be determlined
by comgarins predicted and calculated beha-
vior. Therefore our methods are all partly
empirical because we try to increase the ac-
curaocy of our predictions by making ocorrec-
tions to our data based on experience.

When we use a new method, for example the
finite element method, we don't know in the
beginning what corrections we should make,
Such a method should not be used by itself
for design until the necessary experience has
been accumulated. In the case of compacted
sand, experience 8o far shows that no large
corrections are needed. In the case of
clays, howevar,the first indications are that
rather large corrections are required in
some cases. We have therefore to analyze a
sufficient number of cases to determine what
corrections we should make before any new
method is used by itself for design.

Chairman Prof. L.Suklje

Thank you very much Prof,Duncen for your
discussion, We will hear now Prof, G,Gudehus.

Prof. G.Gudebus (West Germany)

A few points can be raised concerning the
toplos No.3,5 and 6 proposed by the general
reporter.



1. Strength and deformability of Boils are
characterized by hardening and sof tening,.
In clayey soils this 1s not only plastic,
put also viscous. kxamples &re given in a
forthcoming paper (to be published in "Der
Bauingenieur", 1973) two of which are briefly
described here. Hardening: A normally con-—
solidated soil be loaded in such a manner
that a short-term failure does not occur;
deformations develop with compression and
decreasing rate, 1.e.viscoslty increases;
the amount of deformations is relevant. Sof-
tenin%: An excavation in overconsolidated
clay (with or without support) be initially
8table; in the course of time expansive de-
formations may occur; cohesion and viscosity
diminish and the rate of deformation increa-
ses;

progressive failure can be reached; the
factor of long-term stability 1s relevant,

2) In centrifuge tests the time-scale laws
for shear viscosity and for pore pressure
dissipation (Terzaghi's law) cannot be sa-
tisfied simultaneously. However, from the
reports on centrifuge tests it is kmown that
the time lapse up to failure in some clay mo-
dels obeyed Terzaghi's law. This means that

at least in some cases dissipation is the
Aaminant fackor for timamdenendance which io
very promising for the centrifuge technique,
It also means that "cohesion" of overconso-
lidated soils is mainly due to suction and
can vanish in the course of time,

3. Concerning finite element methods three
comments can be made:

a)As yet no allowance was made for viscous
hardening or softening.

o) Some solutions allowing for strain-sof-
tening (contritution by Lee and Lo to this
conference,0.g) are generally not kinemati-
cally correct. In the "initial-stress™ ite-
ration the flow role (including dilulunoy)
is not allowed for. If the o tained soluti-
ons are statically admissible these are not
necessarily on the safe side as the lower
bound theorem of plasticity does not hold.

¢) As yet no allowance was made for the dif-
ference between critical and residual angles

) Dl md ]
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Chairman Prof. Suklje.

Thank you very much Mr.Gudehus for your dis-
cussion,I would liko to ask Dr.Zlatarev to
present us with his prepared discussion.

Dr. Zlatarev K.A. (Pulgaria)

Soils,considered as a dispersed system,rep-—
resent in fact a completely suitable field
for the application of mathematical statis-
tice and of the recently developed new trends
of modern mathematics, such as {he theory of
random functions, of random fields.

The efficiency and future possibilities of
these subjects to supply & more reliable and
most economic appraisal of the building pro-
perties of soils are doubtless to our opinion.

In Bulgaria these sections of mathematics
are applied for the solution of the following
iproblems in the fleld of soil mechanics and
engineering geology:

1. Determination of the minimum necessary
pumber of samples and of laboratory tests.

On the basis of our studies published in
1964 in the Transactions of the Geological
Institute of the Bulgarian Academy of Scien -
ces and in the Proceedings of the Sixth In-
ternational Conference on Soil Mechanics and
Foundation Engineering /1/, as well as on
the basis of normed probability and accuracy,
depending on the class of the structure and
the stage of study the necessary minimum
number of samples is estahblished. Thus cor-
responding tables are set up, for exapple in
the "Provisional Instruction for the Type and
Amount of Geolopical Investigations in Engine-
ering Geological and Hydrogeological Studies"
drawn up in the Study and Design Instltute
Vodproekt. The Minimum number of samples is
obligatory for the laboratory tests of the
concrete aggregates, of soils, of stone for
embankments and inverse filters.

2. Determination of calculation data of
soil mechanics indices for the solution of
geotechnical problems.

An essential part of the ''Soil Oesign for
Embankments and Compaction Works" which we
bave introduced in the practice of the Study
and Design Institute Vodproekt and the other
sunsuliving sagincoriag imstitutec, ic the
section for calculation data. These are de-
termined in compliance with the instructions
and codes of practice /e.g.2/ by applying
the methods of mathematical statistics (ocan=-
fidence interval, coefficient of nan-unifor-
mity, adjustment by the method of least
squaresa,etc. )

3. Establishment of correlation betwoeen
s8o0il mechanical properties.

The correlation of some rapidly and easily
determined indioces (such as I,, , 0tc.)
with others which are more di?ficSEE to
evaluate (e.g.compression, shearing strength,
collapse,etc.) is widely applied.

4, Application of the theory of variability
to the mathods of engineering geological
Btudies.

,Wilhh 8 viow LU rodudiilg ULe invesiigavivn
time and increasing the reliability of the
engineering geological forecasts,new more re-
tional and scientifically based me¢thods are
being introduced also in Bulgaria by using
ocarresponding means for Lhelr reulization. On
the basis of the statistical anulysis of the
variability of the engineering geologlcal
properties of soils the working hypothesis is
modified and improved.

Concluding we should say that our long
practice clearly shows that we are nn the
right trail.
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Chairman Prof. L.3Suklje

Thank you Dr.Zlatarev. Mr.Pevzner, please.
Mr.Pevzner M.Y. (USSR)

"EFFICIENCY AND PROMISES OF IDEAS OF PROBABI-

LITY AND MATHEMATICAL STATISTICS THEORY FOR
ESTIMATING SOIL PROPERTIES"

At present there exists a wide range of
methods for estimating soil mechanical pro-
perties with similar accurancy. In such a si-
tuation the cholce of proocedure for treat-
ment and estimating the data is finding inc~
reasing importance and Respectable General
Reporter Professor Lamb has undoubtedly put
under discussion a very urgent problem,

It sbhould be noted that in soll mechanios
both Probability and Statistical methods are
not widely-used for treatment and estinatigg
the results. Investigators are usually aim
to gettin; praotioally reliable data thro
the use of the theory of safety limits, cal-
culate a variation coefficient and solve some
other elementary problems, the limit of sa-
fety being defined purely subjectively. Ex-
perience of large-scaled englneering and geo—
logical researoh on building sites and mineral
deposits, however, has necessitated a general
technique of statistical estimation and treat-
nenf of soil and rogk gh:raz:er%gtie:. lgtho-

tic ects 00 -
%ﬁom%ioﬂp statiggicgoageillinok to El Sgn‘l"
loped rather carefully. But s multaneously,
there exist reasons for excesslve attention
to mathematlical exercises and thus the accura-
cy of the results obtained will be much hi-

er than that of the original data. Therefo=-

re it's verg important to clarify the range
of methods for effeotive solving partioular
practical tasks.

3 #e consider that studies of soll properties

¢ involve problems of 2 classes. In class 1 can

~ be subclassed. Subclass A presumes operations
over mono-parameter statistiocal totality: es-
tabl ishing the law of distribution in the se-
leotion, checking the bhypothesis of classi-
fyi:f a selection as a particular general
totality, caloulating the mean value of the
charaoteristios obtained, eleminating irre-
gular magnitudes and so on. An in subolass B
we analyse multi-parameter statistical tota-
lity with a view to establishing co-relati on-
ship among the characteristios. The general
scheme of solving tasks of class 2 involves
Z.gtaged checking statistical hypothesss:
Stage l-checldng the hypothesis of random
distribution of the characteristios in the
selection tested. An alternative-evidence of
trend. Stage 2-cheoking the hyrothosis of
stationary changeability. An alternative- un-
stationary ohangeability. Stage 3-checid the
hypotheais of ergodic model of a stochastio
process. An alternative -~ an unergodic model,

de have every reason to omit discussing the

technique of solving these problems because
the necessary information can be obtained
from sultable papers. A particular question

on the accurancy of the characteristics ne-
cessitates considering peculiarities, impor-
tance and useful life of an engineering con-
struction. Recommendations on this subject
avallable are not well-grounded.

Wide use of Probabllity and statistical me-
thods will undoubtadely result in more care-
ful studying dependence of soil Properties
on natural condition and evidently improve
accuracy and reliability of the results ob-
tained.

Chairman Buclje, Le

Thank you very much Dr.Pevzner.
We will now hear Mr, Kryszhanovsky.

Mr, A.L.Kryzhanoveky (USSR)
ON THE PROBLEM OF DETERMINATIOR OF SOIL
STRENGTH

In the USSR, as well as in many laborato-
ries arcund the world the testing equipment
has recently found a wide application, in
which three-four oomponents of stress or
strain condition are imposed in a soil =sample.

The results of strength studies of a large
variety of soils using such equipment oclear-
ly show that the parameters of such notorious
strongth theories as the More and Mises-
Schleicher-Botkin theories largely depend on
the ratio between the stress or strain com-
ponents. In other words, the above mentioned
strength theories, which have found a wide
application in the engineering practice, are
not confirmed by the experimental data beca-
use they do not oomply with the basic requi-
rement of the stabiliiy of the parameters ob-
tained for different types of stress-strain
condition. It should be noted that the diffe-
rence in the parameters amounts to 150% and
greater for certain soils,

The problem of s0il strength studles is
complicated in view of the test data obtained
which revealed an iLmportant role of the load-
ing history (loading path).The loading hiato-
ry is determined by the sequence of variation
of the stress oomponents,rabte of their varia-
tion,as well as by the rotation of the princi-
pal stress axes relative to their original po-
sition in the course of the pre-ultimate de-
formation stage.It should be noted that new
equations for ultimate equilibrium state were
ocontemplated in the USSR to cover solil stre
with similar loading path which are support
by the experimental data(reported by
M.V,Malyshev, Genlev, G.M.Lomize and the
author). The structure of these esquations

doces not, however, reflect the role of the
loading paéh. The problem of the effect of
the loading path on strength is very impor-
tant, scarcely studied, and there is not yet
analytical seneralization of this problem.
The efforts are to be afpliod to the study
of the equation for ultimate equilibrium sta-
te s0 as to reveal the explicit dependence
of its parameters on the loading path,

The above-mentioned strength regulations
cannot Dbe observed by using conventional

th



oquipment, such as shear test apparatus or
triaxial apparatus. On the other hand, the
opportunities offered by the computer methods
of eolonletions mmks 4% possibie uven now Go
reveal at least the effeot of the type of
three-dimensional stress condition on soil
strength. Therefore, it is absolutely neces-
sary to introduce the equipment incorpora-
ting independent stress ocontrol feature into
the practice of determination of soil
strength in developing orltical and large-
scale engineering projeots.

A number of studies (of.the works reported
by S.S.Vjalov, M.N.Goldstein, Ju.K.Zaretsid.j)
revealed the mechanism of the stmcture for-
mation in soil in the course of plastic de-
formation. In this regard the destruction
of anisotroplc sample should be considered.
Therefore, it appears improper to consider
the angle of internal friction, whioh re-
malns unchanged for different stress condi~
tians, to be one of the strength characte-
ristics. This conclusion restricts the va-
1lidity of the data obtained in studying
strength with the employment of shear test
apparatus as applied for their extemsion to
cover the general case of the three-dimen-
sional stress condition., The field of apgii—
oation of the strength characteriatica ah
tained in a shear test apparatus should be
limited to those caloulation methods, where
the 8lip surface shape is preliminary assumed.

To summarize, it should be emphasized that
the abovementioned peculiarities of soil
strength, when taken into account in solving
the engineering problems within the limits
af the first ultimate equilibrium state, not
only give the quantitative amendment of
calculation results, but in a number of cases
the qualitative differences are obtained as
compared to the canventional caloculation me-
thods. Thus, the computer calculations ocon-
dueted at the Chair of Soll Mechanics of Ghe
Mosoow Civil ineering Institute revealed
the formation of the ultimate equilibrium
zones at the apex of an "elastic ore™ with
a uniformly distribated band-shaped loading
of a sand base, and the formation of several
ultimate eauilibrinm zones in o
dan erected from local material s,

— A d
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Chairman Prof.Suklje,L.

Thank you Mr. Eryzhanovsky for your discussion
Mr,Ter~Mortirosjan will you please let us
have your discusd on?

My, Z.G.Tor-lartirosJan (UBSR)

COMPRESSI ON=-EXTENSION AS A METHOD OF COHESIVE
SOIL TEST

A mathod of cohesive 80ll test under the
condition of compression-extension®and a de~
vice for it have been worked out and intro-
duced into researchpractice of the above-

'{t;etgor'l certificate No 323705.Filed,July5,

mentioned institutes by the authors of this
report since 1968 and are successfully used
both under flield and laboratory conditions.
A% prsssnt 1500 Uests (iucliuding more than

700 tests under field conditions) have been
carried out due to easiness and reliability
of the method.

The method allows to create in a sample
under test complex state of tension which
includes compressive and temsile stress,
and that 1s of interest to the engineer and
research practice,

The principle of the method is: a special
form sample (basing bobbinlike) is placed in-
to a squeezing chamber, and 18 subjeoted to
hydrostatio head on latersl surfaces through
a flexible rubber casing. Apparently that
simultaneous compression and extension forces
spring in the sample under such conditions,

Compression stress value i8 equal to the
inslde chamber fresaure,tenaion stress value
al the drum is defined daggnding on oross—
8ectlon area ratlio of the middle part and the
face plane of the sample. The main tension
and compression strese ratio i1s defined from
the equation 3:6112=(81-82):Sa where

6 1,p~ 8tress on the lateral surfaces,equal
to 'athe inside chamber pressure,S z~tensian
ourono, S) und Hp- oross-seoctian ardas of the
middle part and the face plane of the
sample accordingly. The state of tension
corresponds to Naday-Lode parameter,equal to

+1.

Rote that with the certain cross-section
area ratio (3; 1,5; 1) there are streesed
states which correspond to such cases when
the first, the second and the third stress
tensor in variants accordingly,equal to O,
but with the oross-seotion area ratio, equal
to 2 the so-called pure shear is observed,
and that is the case when 6 1=6,=— G 30

This way created stressed states in the
sample are of importance for strain and

strength properties test of cohesive soil
under complex state of tension conditions.
The method permits also to investigate cohe-
aive s¢il under pure tensile oondition isola-
ting the middle ~oxt of the sampls £ovR buo
flexible casing effect with the help of hard
cylinder.

Now the authors of the report have worked
out some modifications of the method which
{ermit %0 test the bobbinlike samples with

nner oylindrical hole and thus to get stres-
sed states with wide range variations of para-
meter, -1 ,.£ A £ +1,

The compreasian-extension method permits to
plot Mohr's circles of stress and strain en-
velope in the field of the tensile stress
using the results of soll structural testa
which allow to get the true cohesion value
whenG =0, and the value of friotion angle
at the origin of coordinates without the
approximation of the envelope.

Chairwan Prof,Suklje L,
Thank you Mr.TerwiMartirosjan.



We will now hear Prof.Bishop of England
Imperial Colleqe of Science and Technology,
Department of Civil Engincering.

Prof. A.¥. Bishop (EBngland)

The General Reporter haa asked me to con-
tribute to this Session,and, in particular,
to comment on topic 3. This i3 the question
'Do laboratory model tests,esgecially the

centrifuge test,have utility for determining
or-

parameters for predicting prototype pe
mance

In their paper on centrifugal models Bol-
ton,inglish,Hind & Schofield (1973) (Vol

1-15 indicate that much of the value of cent-
rifugal testing lies in its complete indepen-
dence from mathematical or computer models.
They further say that 'the three-dimensioml
geometry of the boundaries creates a problem
of analysis that is outside the present
bounds of theoretical solution'.

If this view is accepted,then the model,
and the centrifuge model in particular, may
predict prototype performance,but it can
not be used to evaluate the basic parameters
such as defofmation modulus,strength in
terms of total or effective stress,and coef~
ficlent of consolidation. These would re-
quire a detalled knowledge of the stress
pattern, either from direct observation,
which is difficult and subject to cell fac-
tor errors, or from a theoretical predic-
tion based on mathematical analysis , which
Professor Schofield wishes to avoild.

In the ocase of plane strain I do not
share Professor Schofield's pesaimism aboub
the value of mathematical analysis, parti-
cularly the finite element and finite dif-
ference methods. Indeed, centrifuge model-
ling of real situations presents diffioul-
ties, some of which are described by Bas-
sett in his paper in Vol 2-2, which may mean
that prototype performance is better predic-
ted by finite element analysis based on pa-
rameters measured in the laboratory on un-
disturbed samples with proper regard to
stress-history, stress-path, stress-system,
rate of testing and anisotropy and on para-
meters from special field tests, as described
by Dr.Bupland., The role of the centrifuge

would then, in my view, be limited to checking

the ermr in any such predictive method by
applying it to such idealised cases as can

be modelled in the centrifuge without dif-
fioulty. Such checks are necessary since cur-
rent laboratory methods give little informa-
tion on the effect of the cantrolled rotation
of the axes of principal stress,

The limitations (referred to also by Pro-
fessor Goldstein in his discussion) of ap-
Plying centrifugal modelling to real situa-
tions relate to the following problems:

l. The difficulty of obtain and handling
large undisturbed samples (discussed

also by Dr.Burland),.

2. The difficulty of re~creating the actual
in-situ stresses,particularly in heavily
overconsolidated soils hnd in all soils
having a dried and weathered upper layer.

The scale effect arisini from the macro=
struocture of fissured clays.

The heterogeneous nature of real soils,
which means that no single block of soil
can be taken as representative of even an
apparently uniform stratum (for example,
even on the Boston Blue Clay, Lambe 51971)
reported settlements beneath a uniform
trial embankment of 0.94 metres, l.34
metres and 1l.74 metres at 30 metre inter-
vals along the centre line).

Time effects due to creep or secondary
cansolidation, which can not be accelera-
ted in a model, and which according to
the General Report to Session 4 by Bjer-
rum, play a major role in soil strength,
delayed failure and long-term deformation.

Problems of progressive fallure, whioch
depend on the absolute displacement bet-
ween two sliding blocks rather than on
average shear strain; these displacements
being of a magnitude which can not be
obtalned in a model without gross geomet-
rical distortion. linergy considerations
discussed by Palmer and Rice (1972) also
mean that the mechanism of progressive
failure can not be accurately reproduced
in small models,

Any change in profile, such as the ma-
king of a out or the construction of an
embankment, should be made under the

full scaled-up gravitational acceleration
or else the straims and lateral stresses,
in particular within the embankment may
be very misleading.

S

4,

6.

The role of the model test may therefore
be more restricted than is sometimes suppo-
sed. It may be used with a caution about
progressive failure for checking mechanisms
in complex cases, and may be used for che-
cking quantitative predictions in relatively
idealised cases,
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Chairman Prof. L.Suklje

Thank you very much Prof.Bishop for your con-
tribution. And the last will be Mr.Baguelin

from France. Mr.Baguelin , will you please.



Mr.Baguelin (France)

Aveo le pressiometre autoforeur developpe
en Prance par J.P.Jezequel et ses collabora—
teurs (Baguelin, Jezequel, Le Mee, Le iehau-
te, 1972, a,b,c), diverses proprietes des
sols peuvent etre etudiees in-situ. Outre la
resistance au cisaillement non drainee, voici
quelqgues exemples: la seneilbilite des sols,
le remaniement, la vitesse de consolidation.

La ®#il.l montre le pressiometre autofareur.
Sur cette photo, 11 est equipe a'une c¢ellule
de mesure de la pression interstitielle,

Ia Fig.2 montre une courbe d'expansion non
drainee menee jusqu'a une deformation de 30%.
La courbe de resistance au cisalllement qQui
8'en deduit met en evidence une sensibilite
du sol de 1l'ordre de 1,5.

Le remaniement du sol peut etre etudie gra-
ce a une bague d'epaisseur 1 mm montee sur la
trousse coupante. On peut voir sur la Fig.3
la comparaison avec les oourbes du scl intaot:
courbes pressiometriques et courbes de cisal-
llement non draine. Dans ce oas, mais ce n'eat
pas general, la pression initiale n'est pes
alteree; elle est le plus souvent accrue
par le remaniement. La valeur de pic de la
real stance au cisaillement eat peu alteree,
maie les deformations sont accrues.

Une mesure en place de la vitesse de conso-
lidation des sols peut etre errecvuee de ia
maniere sulvante (Fig.4).

19/ L'expansion est effectuee, du type non
draine, jusqu'a une valaur predeterminee,
par exemple ici, 0,94%. Durant cette phase,

mid s
Jua S

on mesure la pressioi iatersvitislls
developpe au bord de la gonde. Grace a la the-
orie de l'expansion cylindrique non drainee,
on en deduit le champ des pressions interati-
tielles initiales,

29/ La deformation est bloguee. On mesure
alors la chute de la pression interstitielle
au bord de la sonde. Une interpretation simp-

lifiee, d'apres le travail de Carslow et Jae-

ger (1Y59), permet de deduire un coefficlent
de consolidation radisle moyen,qul, dans ce
cas,vaut respectivemnt L.1U 2 et 2,107
on2/sec.

Enfin nous avons developpe d'autres appli-
cations, le pilezometre autoforeur en parti-
culier. Ces resultats seront presentes en
Seasion Speciale no.5.

Y649
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Chairman Prof. L.5uklje

Thank you very much Mr,Baguelin for your
contribution.

Coming to the end of this session I want
to pass the word to Prof.Meyerhof to give
the closing speech on the work of our
session

Prof, Dr.G.G.Meyerhof (Canada)

A8 Vice-Chairman of this firast Main Seasion
of the Conference, I have been asked to give
the olosing speech and summarize the main
conclusions of our discussion. The subject
of this session on the investigatior of the
strength and deformation proper.. . of soils
in the laboratory and field is still a most
important one in soil mechanios and founds-
tion engineering. For planning, design, con-
struction and operation of oivil engineering
works a knowledge of the in-situ or field be-
haviour of large soil masses under load is
required. Since even elaborate laboratory
tests on large undisturbed soil gamples can
at best on approximate the field conditions,
in-situ tests are often preferable, However,
field tests are also inevitably simplifiad
and have a margin of uncertainty because they
fenerally give properties of 30ll masses of

imited extent under short~times loading,
whioh may differ oonsiderably from the beha-
viour of 1 e 80il masses under long-term
loads of engineering struoctures in practice,

The topios for discussion of this Bession
denlt with four main areas: in-situ test de-
vices, predictive techniquas based on field
measurements, laboratory model tests and
probablility approaches to soll engineering
problems, Regarding the discussions on field
tests and tholr ovaluation, it should be su-
membered that the initisgl in—situ strosaes
in the horizontal and vertical directioms are
often required in addltlumn Lo the stress-
strain-time and strength relationships mea-~
sured under the applied teat loading. Further,
pressuremeter measurements give only "hori-
gzontal" soil parameters. while cone nanatra-
tion and plate loading tests are governed
mainly by "vertiocal" soil properties. More-
over, all these devices inform us only about
801l behaviour under axial symmetric loading,
and the correspanding properties may differ
cansiderably from the plane strain case of
nani soil engineerinf groblems.

The discussion on lsboratory model tests,
especially the centrifuge test,showed that
they can give usetul information about soil
parameters and the mechanism of soil failure
under load for the des of prototypes. While
tests on swmall models yileld results of a qua-
litative nature only,even large scale labora-
tory model tests cannot fully represent the
aotual geology, lnitial in-situ stresses
oconstruction operations, time effects una
other important faotors. Aocordingly,the
correlation of such model tests with the be-
haviour of fullscale structures by performan-
ce observations during and after construction
i8 essential and cannot be overemphasized,

U

Finally,the discussions on probability
and decision theoriles indicated that these
methods can assist us by delineating margins
& orror and showing 50mv appruscihes o tne
solution of simplified soil engineering
problems. However, such analyses are only
useful 1f the statistical parameters of the
80ll properties at the particular site are
known 1o soms detail. It should always be
remembered that the successful and economi-
cal solution of soil enginearing problems
i8.both an art and a science, Our semi-empi-
rical methods of prediction based on analy-
868 and the results of soll tests require
mature engineering Jjudgement,sound experien-~
ce and some good luck!

In conclusion, I should like to express
our warmest thanks to the General Reporter,
Professor T.¥.Lambe, for his stimulating
General Report and his detailed review of
77 papers, which account for about ome~third
of all papers submitted to this Conference.
I should also like to thank the Organizing
Comaittee of this Conference and our Russian
colleagues for the excellent arrangemants
for this Session and their kind hospitality.
Thank you all for your interesting contribu-
tions to the disoussion. We look forward to
seeing you tomorrow.

Coacu6o n mo ceupasusa. Jo sasTpa.

The first Session is closed.

Written contributions

H.JOSSEAUME et B.MANDAGARAN (France)

Les tassements,mesures sous un remblai
construit sur une couche d'argile organique
molle (vase) et caracterise par un coeffici-
oent de securlte assez faible,sont generale-
ment tres superieurs aux tassements calcules.
Cecl est du essentlellement aux deplacements
lateraux du 8ol de fondation,dont le calcul
classique ne tient compte que partiellement
{(iors du calcul Ju Caspewoni luwediai).

Pour apprecier l1'influence de ces deplace-
ments lateraux,une etude du tassement des
vases,basee sur des essais triaxiaux a char-
gement controle,a ete entreprise au L.C.P.C.
La methode uuilisee proche de celle preooni-
see par KERISEL(l) tente de reproduire en la-
boratoiro loo oonditions de chargement du sol
en place. Elle conaiste a appliquer a des
gpreuvettes prelevess dans la couchs a otu=-
dier et reconsolidees dans l'appareil tria—
xial sous les contraintes en place (contrain-
te verticale 6, contrainte horizontale KoGo)
les supplements de ocontraintes AG, et 463
apportes par le remblal au niveau .
de prelevement, AGy et MGy etant calcules
sur l’axe de l'ouvrage

yes p

CI)J.KERISEL.l.QUATRE-Tasaenents sous les
fondations.Methode de prevision a partir
de l'appareil triasxial, Annales des Ponts
et Chaussees- n° 3- mai=-juin 1966



On donne ol-apres des resultats obtenus
lors de l'etude du tessement immediat.

L'etude a ete falte pour diverses hautseurs
d'un remblal large de 70m a sa base et repo-
sant sur une couche de vase normalement oon-—
solidee d'epaisseur 16m. Les caracteristiques
moyennes de cette vase etaient les sulvantes:

Limite de liquidite : 'L=?B
Indice de plastiocite : IP-42
Teneur en éau s w =70
Teneur en matiere organique: 5%

Teneur en CO,Ca :  40%
Cohesion non drainee : C,=27,5 kPa

A€54 et AG3 ont ete calcules pour des haute-
urs de remblal correspondant a des valeurs
du coefficient de securite compriseg eantre
Fal,8 et F=1,20, Le calcul a ete fait en
elasticite et tient compte d'un substratum
rugueux a la base de la couche compressible
dont le coefficient de Poisson a ete pris
egal a 3 =0,5.

On a constate une rupture plus on moins ra-
pide des eprouvettes essayees (entre un jour
et plusieurs jours), sauf dans le cas ou Fal,8.
Ces ruptures se sont produlites malgre que le
deviateur Gy = 63 ait ete inferieur a deux
fols la cohesion non drainee O mesuree a
partir d'essaie triaxiaux UU effectues
sur des eprouvettes reconsolidees aux cont-
raintes en place (vitesse de deformation:
3,5% par heure)., Ces observations ont conduit
a etutiier le ocomportement non draine d4'eprou-~
vettea de vase soumises a des contraintes
constantes 6y et G, correspondant a dif-

ferentes valeurs des parametres

n= G -6 ot K= 51. L'etude a montre
2 ¢y S,

l'exlstence d'un seull de fluage correspondant
pour le sol considere a la valeur ng=0,75.

En effet,en dega de cette valeur, la defor-
mation verticale de l'eprouvette se stabilise
dans le temps (fig.l), alors qu'au dela la
deformation s'amplifie et le sol se rompt
(£figes2). Les ruptures qui se produisent pour
des valeurs de n superieures a ng=0,75 ont

pu etre lnterpretees en contraintes effeocti-
ves (fig.}).

Ltetude de la deformatian d'eprouvettes
caraoterisees par un niveau de cisaillement
inferieur a 0,75 met en evidence une forte
deoroissance du module non draine E, dans le
temps (fig.4). On remarque enm particdullier que,
une minute apres l'application des ¢ontrain-
tes, B, est egal a environ la moitie du modu-
le non draine mesure dans l'essal UU classi-

que pour gtc'— = 0,66. Au bout de deux
- .

semaines (20 000 ®n), la valeur de E, n'est
plus que de l'ordre du dixieme de la valeur
obtenue dans l'essai UU,

En oonolusion, il agparait que, pour les va-
leurs usuelles du coefficlent de securite,une
zone plastique se developpe dans la fonda%ion
d'un remblal pour peu que la couche compres—

8ible alit une certaine epaisseur. La prevision
25

du tassement immediat doit alors etre faite
par un calcul tenant compte d'un comportement
elastoplastique du sol compressible. Pour le
choix de la valeur de la resistance au cisall-
lement definissant le seull de plasticite,

11 est necessaire de tenir compte du pheno-
mene de rupture par "fluage'" qui se produit
pour des contraintes de clisaillement blen inf-
oerieures a Cye Le choix du module non draine
oaracterisang le comportement de la zone elas-
tique devra egalement tenir compte de la
Eorteldecroissance de E, apres chargement

u 80l

mps | min)
L]

o

y - ———1

P

Fig.l, Variations de la defomation et de la
pression interstitielle en fonotion
du temps au cours d'un essai de char-
goment triaxial non draime pour

D= §:‘L:..§.L = 0,56
2 0y



Tompa (ein]
]

—_———— e

20.

Yomps jmin)

o ) 0 0? o* 1ot

Pige2.Variations de la deformation et de la
pression interstitielle en fonction du tempa
au cours d'un essal de chargement triaxial

non draine pour , ©71-03 0,76
ZCu

oy (bar)

K-
ol

\

A _~ e
02 — /_J;’*holﬁ" idrolte de
o) / rupture
’I/ EaLARN

=
— A 07 (bar)
o o1 02 03 04 05 06 07 08 09 1

A ETAT DE CONTRAINTES (NITIALES

B ETAT OE CONTRAINTES TOTALES FINALES

B| ETAT DE CONTRAINTES EFFECTIVES APRES 2 HEURES
B, ETAT Of COWTAAWTES EFFECTIVES APAES 1 JOURS
B, ETAT DE CONTRAINTES CEFFECTIVES APRES 20 JOURS

Fig.3_-Chemin de contraintes obtenu dans un
essal de chargement triaxial non drainé

VALEUR MOYERINE DOTENUE A PARTIR D'ESSAIS
TRIAXIAUX UU POUR Oi-O3 . oo (VITESSE 3,5%P.h.)
2Cy ’

3
20
o-:u,sr,
0 -03
S0,56; 0 —2
or 5, T
e n=x068
- 15
-
a
F3 +
<o
| & +
“ 2 10 H
i .
: 1
+*
[
3 ? +
° 1
° ‘s
oo
° 0 L]
0 !
' 10 1o? 10° 104 0l
PGP L SHBUILDY

Fig.4 - Variations du module non drainé
réduit en fonclion du tzmps.

Lumir Prudka (Czechoslovakia)

Effect of Laitial Stress on the Stress-
ra atlon

1 oose golls the est themselves so
tﬁi% %he re a&onamg é‘ﬂjf(a;) 8 glven
when the pressure is at rest

ling abvrcss o, varlcs £xom zorc ¢S
mu.tm\mG',' maxand again back to zero, by the
well=known closed hysteresis loop. The hys-
teresis loop has been ascertained and proved
experimentally. Fig.l shows the hysteresis
loops measured by three authors in differont
countries (Fyodorov,Malyshev 1959,Plehm 1965
Mach 1970) on samples of sand having almost
the same mechanical properties. The speci-
mens, too, mere gimilar,cylindrical,with a
2:1 height-to~diamebter ratio.

2. Under other boundary conditioms, for
examfle for a cube-shaped specimen (Kjell-
man 19 é) the hysteresis loop, though not
the same, 18 of & similar shape. An analysis
of this case leads to the conclusion (Prulka
1973) that the unloading branch of the hys=
teresis loop 18 given by the equation

! Ko 6.‘ ’In !
6‘ = - 1 4 ax ; R 6’ s
> 6,(1-kt)+kS -6, max ! ®

Y6c o

and the control-
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FiG. 1

’
where Ko’=th (_‘7_' - g) (Pruska 1972)
6’ 4 - maximum overconsolidation stress.

¢ max
A comparisan of the experimentally ascer-

tained hysteresis loop with the theoretically
deduced one is shown in Fig.2e

HYSTERES'S LOOP OF SAND IN A CUBIC SAMPLE AS MEASURED By KJUELLMAN 16086) AND
CALCULATED BY AUTHOR(4)
FiG. 2
As equation (1) suggests, the coefficient

of pressure at rest is a function of stress
history. ,xt the first overconsolidation
stress @ and the spbsequent first unloa-
ding to 7 "% gtrees Gy  the coefficient
of pressure at rest 1s defined by the equati-
aon K Pr

K =—0l % =S (2)

° 1-x§l(1-rr)

where Pr-6;'nax/6;l - overconsolidation ratio

3. The dependence of the limitlng stresses
in soils, of the aotive and gaasive pressures
is frequently stated on the baslis of Terz
studies by help of the well-known curve (
indicating that in the modelling of soll pres-
sures on a vertical wall the active preasure
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Fi¢ 3

arises at a support displacement from the
original position of about 0,002 H. The
paseive pressure originates at a displace-
ment greater by a factor of about 10,
Measurements made at "Centre Expeerimental
de Recherches et d'Btudes des Batiment et
des Travaux Public-Paris" (Tcheng,Iseux 1972)
have proved this dependence to be not unique,
for the passive pressure arises also under
other deformations and the displacements
mobilizing the passive pressure are not mere-
ly a function of the supporting wall height,
4. Let us introduce the relationships set
forth in paragraphs 1 and 2 into the problems
outlined in paragraph 3 in accordance with

wFige3a in which the initial state of stress

at gzero strains denotes the pressure at rest
defined by a single value, E,. Since the
pressure at rest 1s not a constant
(Pruska 1972), it is necessary to oonsider-
rather than a single value of the pressure
at rest- a whole set of pressures at rest
lying in the interval bounded by the lower
and the upper coefficient 0f pressure at
rest, Ky), and K,

What the introduction of this prooedure in-
to the schematic dlagram in fig.3%s moans, 18
that for zero strain there applies the line
segment AB (Fig.3b) expressing the various
stresses from which one can set out when exa-
mining the orligin of the active or passive
pressure. It then follows from the continuity
of stralns that thare exist various ways-gi-
ven by the initial conditlions—of reaching the
limit stress and therefore, that it is neces-
sary to introduce in place of a single curve

according to Fig.3a, some unknown, not closely



defined zone according to Fig,35b. What we
know of this zone are points A and B and,ba-
sing on Terzaghl's tests, probably also the
lgeer 1imit given Uy tihe ivsults of siudios
of Terzaghi and his school,

5. The limit values of the pressure at rest
are functions of the angle of internal fric-
tion. For @§'=0 the two values become ldenti-
cal and that 1s why they are represented by
a single point C in fig.3b. It follows from
this statement that the magnitude of displa-
cements and hence alaso the whole zone of
transition from the pressure at rest to the
active or passive pressure depend equally on
the angle of internal friction,

The problems of coheslon have mot been con-
sidered so far.

6. The aim of this contribution is to point
out the necessity of following the initial
state of stress and the atress history in so-
il tests. Respecting this reality leads to
surprising conolusiaons as demonstrated, for
example, by Broms (1972) in his studies of
soil pressures on supporting walls,
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J.FEDA (Czeohoslovakia)

The aim of the theme of thia Session-"up-
to-date methods of investigating the strength

and deformability of soils"- is to provide
80il mechanicians with the most reliable
constitutive relations of soils, The reliable

A~ Pundtew wmalandda Tl 48 -y

ctreso-octrain rolatiscas, cocpecially 4if igbtsa-
ded to be extrapolated beyond the experimental
range, seem to me to require a reasonable
structural interpretation, i.e. thsir under-
standing on the basis of the mechanism of
struotural changes. Such a task is certainly
a difficult one and whatever help is most
invited. Such a help may yleld,according to
my opinion, some disciplines related to soil
mechanics. The{ deal with materials like
coal, ore,metallic powders, grailn,kaolin eto,
which may be expected to behave aimilarly
like solls. All these materials form tbhe re=-
fore different parts of the synthetic mecha=-
niecs of particulate mattar, )

Fig, 1 presents the position of the mecha-
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Pig.1l, The position and subdivielon of the
mechanios of particulate matter

nics of particulate matter in the frame of
the general mechanics. Soil mechanics trea-
ting dry or wet coheslve and cohesionless
ooilo at different otress levels is doubtless
the most general of all the branches of the
mechanics of particulste matter. Its ocon-
cepts therefore are understandingly most
fruitful for those branches. This contribu-
tion however aims toward an opposite ques-
tion: how the related subjects may contribu-
te tc 2 more profound undsrctanding of the
mechanical behaviour of soils. In the fpllo=
winog I will present some examples to prove
that they may.

One of the present problems of soil mecha-
nics is the behaviour of cohesionless materi-
als like rockfill undergoing grain orushing
at the engineering streas level., Fig.2 (Feda,
1971) suggests the effect of the axial strain
(at the constant stress level) on the extent
of grain crushing of a residual granitic sand
triaxially tested. This effect may be explai-
ned by the assumption of "grinding" the sand

rains. The application of the theory of grin-
ing of the ceramics may therefore prove to

be useful when analysing the struotural chan-
ges at large displacements,

Apother soll mechanics problem is the ana-
lysis of reversible deformations relevant for
the definition of the yield surface. Some in-
teresting knowledge may be deduced from the
oleotrical resistance measurements of elect-
rically conducting powders. Fige.3 shows one

of Kantorowicz's (1932) tests-graphite powder

Y568
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l-orli 1 granulomptrio curve,2-the
granulometric ¢ e at the cell pres-
sure @ .,.=5 kg/om< and axial strain

Ea=‘7,£5%. 3-the granulometric ourve
at @ =5 kg/on” and E = 24%,
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NUMBER OF LOADING CYCLES
Fig.3e The measurement of the eleotrical re-
slstance of the gglverized graphite (par—-

ticle eize 9 to m) at the oyclic one-
dimeneional loadilé‘ (Eantorowicz, 1932)

was oyclically loaded and unlogded (cyeclia
pressure range 0 to 2000 kg/cm<) at one-dimen-
sional (oedometrio) deformation. At first
densification takese place (as proved by the

decrease of the eleotrical resistance), Gra-

dual inorease of residual stresges at the
higher c¢cyoles leads to the disturbanoe®
(loosening) of the struoture both at the
complete unloading (when this structural
destruction wae sometimes accompanied "mit
deutlich hdrbarer Knacks") and at reloading.
These and similar tests indicate the possi-
bility of studying the effect of residual
stresses which are in soll mechanica still
rather underestimated,

The theory of pressing,both one-dimensional
and hydrostatical is bighly developed in pow-
der metalurgy snd ceramios. Fig.4 (Baléin,
1972) presents an example of one-axial
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Fig.%¢ One-dimsnsional campreasion of the
electrolytioally pulverized copper
(Baléin, 1972).

(ocedometric) campression of the electroly-
tically pulverized coppen Terzaghi's semi-
logarithmic law is wvalid for the first and
second loading stage, its compreaaibilitii
coefficient changes :[n the third stage.This
follows from the compression ocurve trans-
formed to the semilogarithmic scale. Comp-
ression through the first and second stages
results from the mutual displacement of gra-
ins and the local deformation of their con-
taots. In the third stage the contacts cea-
sed to move and a total deformation of gra=-
ins tekes place.

Thia oompression process allows an appro-
priate definition of the particulate matter:
it i8 a material whose defomations result
from the indivicual grain (or structural
unit) displacements. One may well imaglne
materials which get into a partioculate state
during a deformation Yrocoss (owing to brea—
kage of their orliginal structure) and those
or other materials whioch after leaving some
working range cease. to bear the nature of
a particulate matter, Such state (structural)
ochanges exert doubtless a strong influence
on the mechanical behaviour (constitutive
relations) of soils,

The number of such examples may be inore=-
ased but perhaps those presemted may suffice



%o illustrate the proposed thesis:considering
some contemporary problems of soil meohanics
from a atandpaint of a more general mechanlics
of particulate matter is useful not only from
the philosophical(synthetic)view but as well
for ite practical value,
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AePsAloxiey (Bulgaria)

The faot that moet of the sovils reprusent
80lid-liquid-gaseous systems is welllknown,
yet not recognized rea{

As stated McClintock and Argon (1966),the
mechanical behaviour of materials from

10~*n down to 10~’m grain size is virtually
an unknown land,and the middle part of this
range is laid beyond the scope both of the
metall and materials science'and fraotu-
re mecanics, oa Tetelman-~-McEvily's sheme
(1967). Since almost all clayey and silty
80ils fall in this range it is quite impor-
tant to find a basio general characteristic
for them, dliffering from those of the other
soils. So it 1s assumed that the basio struc-
tural feature, from a mechanical point of
view, of clayey and silty soils i3 the high-

dlsorete (dispersed) distribution of the
two fluld phases too. Expressed in quantita-
tive tomms,tvhs mechanical {(or atrsiugbth) cha-
racteristl ¢ mentioned is determined by the
following ratio:

Temperature (1)

where W _, W., and W_ are mean volumetric ga=-
seous, fiquj:d, and 8oiid contents of soil
phases, respectively,on the "fracture surfa-
oe", and 1S A()< 1, -1 2 A (t) > 1 are

composite time functions determining the frac-

ture surface development and topogra in
dependance on solid particle size and shape,
s0lid-liquid-gas phenomena,etc. It was shown
on this basis (Alexiev,1970) thst only four
different types of structural mechanical be-
haviour are possible for three-phase disper-
sed systems (solls), and an experimental me-
thod for study them is described in brief
here, in another place (Alexiev, 1973),

ly in mechanical terms.
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B.LADANYI /Canada/

Since the last international conference an
inoreasing interest has been showm in seve-
ral parts of the ‘world in extending the tes-
ting potential of the Menard Pressuremeter
and in enlarging the scope of soil properties
(AL oan Ve measurea Dy Such an 1nstrument,

Thus,as an example,in 1972,three indepen-
dent papers appeared almost simul taneously
in three different ocountries, describing
how the ordinary short-term pressuremeter
information can be used for finding the whole
undralned stress-strain ourve,and the cor-
responding veotor curve for a saturated clay.

In addition to thie,two papers present at
this Conference show some modified designs
of the instrument and oonsider also prob-
lem of a draine pressuremeter test in clay
/Wroth and Hughes/, and the pore pressures
that are generated by such a test /Baquelin,
Jezequel and Le Mehaute/. A third paper,also

Efesenved at this conference /Bronstein,
kheev, huppenneit and Shvets/ gives an
1lprovea method for determining the elas-
tic anisotropy of the soil,

On my part, | wonid Jike to mention hare
that the field of application of the pressu=-
remeter has recently been extended to cover
also the problem of in-situ measurement of
ocreep properties of ice-saturated frozen
solls and a paper about it was presented by
myself and Gh.Johnston at the recont 2nd
Int.Conference on Permafrost in Yakutske

For that purpose, a stage-loaded test,with
about 15 minutes per stage,has besen found
convenient. The fest inf armation is then
processed in a manner similar to that used
in the creep testing of metals within the
primary creep domain., A8 a result, each such
pressuremeter creep test yields a ﬁenoral
oreep equation, as well as a time~dependent
strength equation of the tested frozen soil.

The method covers up to now only the devi-
atorio creep problem, which is sufficient
for ice~rich frozen soils. Its use in unfro-
zen saturated clays would require the know-
ledge of the gonerated pore pressure varia-
tion, in order to be able to the volume oreep
from the total measured creep deformatione,
The method for pore pressure measurement in



Ye6c,

a pressuremeter test described by Baquelin
et al. gives hope that this goal may soaon
be achieved,

Dre.R.H.G.PARRY /England/

Conventional stability analysis and centri-
fuge model tests have been made on river
walls about 4m nigh which have sligped as a
result of dredging lm or so from the river
bed. The purpose of the dredging was to inc-
rease flood flow.

The conventional analyses wore made using
effective stress ¢!, @' values measured in
the laboratory and pore pressures measured
in the field. These analyses showed the sta-
bility to be marginal, but the value of F
was very sensitive to o' which is difficult
to measure to say 2 to 3 W /m

Coentrifuge models were made to 1/46 scale.
a) with kaolin consolidated to the same un-

drained shear strength as field soil
b) with natural undisturbed field soil.

Dredgin€ and drawdown were simulated.

The kaolin model failed very much like

}:he field case with a distinot failure sur-
aceoe,

The natural soil model did not show a dis-
tinet failure, but because careful observa-
tions were made of deformations by photogra-
phing surface markers it was possible to
dis sh a zone of high shear deformatiom,
Without such oareful observations the cent-
rifuge tests might have been misleading. From
the observatlons the boundary of the highly
deformed zone was delineated and using this
a8 the failure surface further conventional
analyses made. These lelto a lower calcula-
ted factor of safety than previously.

AsGeAnagnostopoulos /Greece/

SYNOPSIS

Several pemetration tests were made in
Patras soft silty clay in order to extend
the interpretation of cone penetration reais-
tance for evaluating the undrained shear
strength of this material,Results are pre-*
seuted in relation to the undralned shear
strength of the soil penetrated.

Based on these tests a tentative relati-
onship between cone penetration resistance
(qg) and undrained shear strength (Cy) of
Patras sllty clay is proposed,

1. GENERAL REMARKS

In order to evaluate static penetration
tests (using a Dutch cone penetrometer) in
respect to the estimation of the shear

strength ocharacteristios of soils,various
authors suggested formulas for the correla=-
tion between static cone penetration resis-
tance qg and shear strength of the pene-
trated 8o0lil; some of the given formulas
correlate for undrained (quick) conditiomns
(¥ =0) the cohesion C, to the static cone
reasistance q_..

Prom the ehsting literature some corre-
lations between q¢ and C, are given herebelaw:

n

a) Begeman : C= :—Z—— for clayey solils

b) Thomas 1 Cy= IEE- for London clay

¢) Sanglerat 3 O, = for Annecy soft
& WIs  olays Y
d) Meigh and
Corbett : Cu -——— for Arabian Golf
16 soft olays

Taking under consideration the above far~
mulas and in order to derive Cy from g4, a

theoretical approach was attempted,accor-
ding Jaky's and Meyerhof's computation me=-
thods for a deep foundation,with a base in
a shape of equilateral triangle. This took
place during the geotechnical investigation
in the construction fleld for a multi storey
building at the seashore of the ocity of
Patras, located in the NW part of Pelopon-
nesus (Greece).

The geotechnical investigation consisted
of bore holes drilied to depths of 35-50
meters., Near the bore holes static penatra-

riouve 0.

tion tests have been carried out,with a
Gouda engine driven hydraulio deep sounding
apparatus. A regular cong has been used,
with anmepex angle of 60" and a sectlion area
of 10 om=. The used driving speed was 2cm/sec,
Undisturbed samples have been taken from the
desirable depths by means of a thin wall
sampler. Soil classification and characte-
ristics have been determined from laboratory
tests. The undrained shear strength (C,.) has
been determined £rom unconfined canpregsion
teats and some quick! undrained triaxial test
on a consolidated sample at the geostatic
pressure,

The soil profile oconsists geologicaly of
recent alluvial deposits (fine to medium
grained sands with silt and olay). A rere-
sentative description of the soll farmation
is as follows,

O-5m Random man made f£111 including grave}l,
sand and stones

5-10m Gray silty fine sand (ML) cantaining
localy fine gravel

10-35m Gray inorganic silty olay of medi
plasticity (CL), soft to medium stiff
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From the depth of 355m down to the final ex-
plored depth of 50m the scil becomes more and
more sviff, The characteristics of the stra-
Ea under consideration (10-35m) are given be-

owWe

Percentage Paseing W VL I s

of Clay tarough P
D £ 0,002nm aégge No

40% 96% 30% 35% 18% 1,5-3

2. CORRELATION BETWEBEN q.-C,

In order to correlate the undrained shea-
ring strength C, with the static cone resis-
tance q,, the miterial is considered to be
purely Sohesive (¥ =0) and the failure con=
ditions of a deep strip foundation with a
smooth shaft and a triangular equilateral
base are examined,

PFollowing the assumptions of Jaky and Meyer-
hof the failure conditions are considered as

in figure 2.

Fige2.

Taking into account the width of the strip

foundation equal to D,diameter of the cone
point,the development of the failure line L
can be derived:

L=7D + D tang 30°=D(T + 0,58)

From the equilibrium condition of the dri-
ving to the resisting moments around the
point B we obtain:

Driving moment: Inal; ED ..-? but P=q°.D and
2
e E‘ (a)
Resisting moment: Mp=C,.D. (X +0,58)=3,72C D2
equating (a) and (b): (b)
953,72 x 4 x Cy=l4,88 C,  (c)

The above relation is valid for strip foun-
dation. Because of the circular cross-~section

of the cone base, it 18 necessary to coavert

the derived relation for the circular case.
In this respect it is considered to ve a
good approximation the correlation given by
Meyerhof for the coefficient N, for both
circular and strip foundation. This leeds
to the figure:

Nc, oircular _ E'Z‘ﬁ
Ne, SErIP R 1 1,15
According to the above equation (¢) is
converted for the circular case:

Qejpotel3 qstripd']‘} X 14,88 CuZ 17 Cy (e)

This relation expresses the dependance of
the cone resistance q, with the undrained
shear strength C,. Th8 contribution of the
overlying soll loads has not been taken in-
to acoount due to the rather moderate depths
and the ocompensating influence of the welght
of the rods,

3, TESTS RESULTS

According to the relation (e) the undrained
shear strength of the soil has been calcula=—
ted from the penetrometer readings and is
plotted on figure 3 together with the re-
sults of laboratory shear strength tests an
undisturbed samples from different depths,

It can be seen from figure 3 that the line-
ar relationship between cone penetration re-
sistance and shear strength is in good ag-
reement with the values determined from un-
gofiged compression tests, for the explored

epth,

The scatter of results is acceptable.

In consequence the author considers that
a relationship of = 17 C,, 1e applicable
for the examined casSe and 8o0es not differ
conslderably from the proposals of other
authors.

(d)
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Sven Hansbo (Sweden)

Determination of the creep strength of high=
plastic ,normally consolidated clays

The empirical reduction factors with
reference to shear strength of bhigh-plastic
clays, 1f baeed on liquid limit as in Sweden
or on plasticity index as recently suggested
by Bjerrum, might yield results on the un-
safe slde. This has been shown by me in an
article delivered to the Nordic geotechmnical
meeting in Trondheim in August 1572 (Hansbo,
1973). Therefore it seems necessary to deter-
mine by some proper testing technique what I
would call the creep strength T,p,

One method,s:ggested by Singh & Mitchell,
is to make tri al teats with constant devi-
atoric atresses at different stress levels
below failure (as determined by conventional
tests) but this is time-consuming end it 1s
difficult to find by this method the exaot va-
lue of creeg strength. An alternative method,
e.g. used at the Norweglan Geotechnical Ins-
titute, is to make trlaxial tests with diffe=
rent axial strain rates. Although this is a

ruch quicker method it is still time-consuming
and requires (as the previous method) many
ggmpleg y;bh "jdentical" geotechmical proper-
LLBE .o DULL LLOBE MULUWKIL are LLUUS 1us5 USHULW
from a prastical polint of view,

A third method, which seems very promising,
is to use pressuremeter tests, Thus the oreep
strength seems to correspond to the yield
pressure pey (pression fluage), determined
with Henara 8 pressuremeter, If the modulus
of elastiolty of the clay is assumed equal
te 250 T oy to 500 Tor (an estimate that is

based on loading tests), then the creep
strength can be calculated from

T or

Pe1-Po

5." to 6.1

where Po= horizontal in -8itu pressure

in the soll at the level in
question

The creep strength determined in this way
has agreed well with both plate loading
tosts and triaxial creep tests,
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Dipl.enge Beikaff, (Bulgaria)

DETERMINATION THE MODULES OFP GENERAL DEFOR-
MATION BY DYNAMIC PENEFROMETERS.CORRELATING
DEPENDANCES

In the course of several years speolalists
have been working on determination the de-
formation modules of different soils through
calculations of measured settlings.

M

The nodules calculated in this way are
compared to the determined moduées by means
of a settlement plate /5000 om=/. On the
other hand the experimeant with the settlement
plate is difficultv to carry out.

For that reason as an initial step was es-
tablished the correlating dependance between
the deformation modules, obtained by means
of a settlement plate and the cone resistan-
ce Cy which is defined much easier by
nmeans’of state penetrometer,

The linear co rrelating dependance, estab-
lished by means of n=50 parallel experiments
/correlating coefficient r=0,753/ :

E,=4 Ck'd-40 (1)

In the process of work we have searched
for an easier method of defining the
module of general deformation and we began
working by means of a dynamic penetromster.
The mass of the striking part is 20+0,2kg,
the falling height is 25+0,25cm and the
solid rods dlameter is mm. Then we deter-
mine the number of strokes necesaary for
penetrating of the terminal 10 on—NlO. To
avold the effect of the critical depth
we use the data obtained under it and to
exclude the effeot of rods length we don't
take data from depth more than 6~7 metora,
All this means that the obtalned correlating
dependances C d=£N10/apply to similar
cases. For th¥’ values of N, with
different effects it is necessary  first
to make the corresponding corrections.

We found out the following dependances:
1/ Sand with gravel

Cy,a=510 +1045
/n=50. = 0.9"‘5/

Sand

c, =Y. 47
k,d=*10

/n=50, r=0,793/

Clayey sand

(2)

2/
€))

3/
/n=78, r= 0,908/
Sandy ol
Ckpu =2';§o' 2

/n=50, r= 0,817/

5/ Clay

4/
¢))

o uN =2,2
Cy,a=204 10 "

/n=56, r=0,952)

(6)

By means of the values for ck.d obtained
in this way we could define the module
of general deformation by formula(l}
The modules of deformation as well a: the
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angle of inner friction respectively the
angle of cutting strength and other quali=
ties of soil could be calculated using also
the existing dependances of Bulsman- de
Beer, Sanglerat aml others.

Jezequel J.(France )

Une nouvelle me thode pour l'etude des sols:
1tauto=forage

Au ocongres de Madrid aussi que dms notre
communication a la presente seance,nous vous
avons presente le pressiometre auto—foreur,
Principe

Un carottier a pressionyportant lateralement
la sonde pressiometrique,est introdulte par
verinage dans le sol,

Au fur et a mesure de la penetration,la ca-
rotte est detruite grace a un outil desagre-
gateur actionne en rotation depuis la surfa-
ce.

Simultanement,les sediments sont remontes a
la surface grace a une inJection de fluide
sous pression,

Arrive a la cote d'essal voulue,la penetra-
tion est stopee et,apres une procedure spe-
oiale permettant de connaitre la pression
naturelle des taux,on peut proceder a l'es-
sal d'expanaion,

Cette methode permet de tester un sol vi-
erge ot son rendement dans des 8ols meubles
est blen superleur a celul de la methode
classique,

On geut aussl determiner la resistance au
oisalllement non draine Jusqu'a des deforma-
tions de 30 a 40%,

L'eppareil presente est cependant limite
a des profandeurs de penetration de 20 met-
res onviron: la rotation des tiges de fora-
g: pouvant sectionner des fils de commande

pressiometre.
Pour palier cet inconvenient nous avons
construit un nouvel appareil dit "pressiome-
tre auto=foreur=-hydraulique', Immediatement
au dessus de la sonde est place un moteur
hydraulique entrainant l'outil en rotaticn,
C'est ainsl possible d'atteindre des profo-
ndeures de 100 metr¢s ot plus,la mise en
place etant egalement de mellleure qualite,

Sur le meme principe d4'autoforage nous avons
egalement construit de noambreux autres appa-
reils:

- la sonde frottante

Elle permet de mesurer le frottement late-
ral mobilise lors du verinage et ce—ocl sur
un sol vierge pulsque l'effet de pointe
n'existe pas.
= le_plezometre autoforeur

Il permet de mesurer la permeabilite k et
le coefficlent de consolidation Cy en place,

Outre le dispositif 4'autoforage, l'appa=~
reil comporte:

- une partie filtrante bormee par deux cellu=
les de garde gonflables,
= un ¢aohe utilisable pour le desae rage et
gour la penetration dans le 80l au dessus
e la nappe.

On a alnsi pu mettre en evidence 1l'influen—
ce tres importante du remaniement sur la
permeabilite et le coefficient de consili-
dation: la mise en place de l'appareil sans
autoforage a montre par exemple une chute
d'une puissance de 10 sur la permeabilite
et une chute plus grande encore pour le coef=—
ficient de consolidation,

Conclusions.

L'autof orage est une methode nouvelle pour
1'etude des sols au meme titre que des carot—
tages ou des essais de parole de forages.

Elle permet seule d'etudier le sol dans son
otat naturel en lul apportant le minimum de
perturbations.

Son domaine d'avenir est certainement tres
grand en particulier pour 1l'etude des sols

en sites aquatiques,



