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Ladies and gentlemen,
I have the honour to open the first IlainSession of the Sth International Conference

on Soil llechanics and Foundation zlneering.
I am ve leased to have,by mynside, asthe Vice-Chairman of the Sess on,Professor

C.lleyerhof from Canada, a man of wide inter­
national reputation.

As you know, our General Reporter is Profes­
sor Lambe from the famous Maseachusets Ins­
titute of Technoliymnd I am sure thateve body agrees h me that the Organizing
Comattee oould hardly f:Lnd,for the subjects
of our Session a more ccmpetent expert than

this year hankine-Lecturer.
The delegate of the Organizing Committee

at the lirst Session is Prcf.S.S.Vya1ov, a
distinguished scientist, well known though
his books and papers on frozen soils andviscous soil behaviour.

The presedencirof the Session will kindly
be ass sted b¥ .V.P.Petruk.h.in as the soi­entific Secre ary of the Session ||r.Petruk­
bin is an outstanding representative of the
younger eneration of the soil mechanics
science §n the Soviet Union whose rich tradi­
tion we admire rememberingnwith esteem thenames cf' Gersevanov, Flor , Denissov, Soko­
kovsky and many others.Our Session s devoted to laboratory andfield testing of soils for their strength
and deformabilitz. If the strength is con­sidered as the s ross state at which the
strain speeds become oritica1,the investiga­tion of he stress-strain-t ime relationships
for soils,1.e. of their rhsological proper-­
ties appears the fundamental subject of our
today's discussions. Owing to the two- orthree-phase composition o soil media their
permeability intervenes as a furhter basic
factor determining the soil reactions to
loads. The determination of rheological and
filtration parameters yields physical datafor predicting stress-.and strain states in
soils and earth structures, and for establi­
shing criteria governing the acceptability

of predicted and observed displacements and
their speeds.

The refinement oct experimental techntgueshas contributed to important increase
our knowledge of rheological relationshipsfor soils. ‘Dae simultaneous brillimt de­
velopment of electronic computers and nume­
rical methods fcr solving stress- and strain
problems has opened large possibilities fer
considering complex rheological relation­
ships at arbitrary boundag conditions. Ne­vertheless, our possibili ee remain restric­
ted. 'l‘he limitations are due to the distur­
bance of soils when testing their deformabl­
l1ty,to the imperfections of experimentaldev ces and to the amount of experimental
work needed to establish numerous sets of
parameters that determine the deformabilityof layered soils and earth structures of 1
heterogeneous prof:l.1e.These parameters de­
pend not -only on the mineralogioal composi­tion of soils,on their grain-size distribu­
tion,psrticle arrangement,init1al porosityand saturation degree but also on the stress­
and strain history and on loading interval
and speed. Further limitations are due to
basic assumptions of the theories used to
the amountd’ programing and prograume-tes­
ting when the boundary conditions are comp­licated, and last but not least, to the ca­
pacity of our computers.

Consequently simplifications in geotech­nical computatlons cannot be avoide . They
have to be governed by our knowledge of theeffects of single inf uencing factors as
found by isolated analyses at simple boun­
dary cond:l.t:l.ons, further by comparing simpli­
fied and rigorous solutions with measurements
and observations made on structures, in fo­undation 'soils md on natural slo s. The
deg;-ee of simplifying experiments? and cal­
ou tion methods and procedures d ends onthe nature of the pro lem to be sggved, onthe means that are at our disposal on the
preliminary or final character of decisions
to be taken, on the importance of our deci­
sions eto. 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 search for the most appropriate methods
to determinessoil properties and predict thedisplacement ,their speeds and safety,by
choosing evaluating eliminating and combiningdifferent possibil ties which arise from pre­
vious experimental and theoretical investi­
gaticns,and considering experience obtained
by observations and measurements on structu­
res and in nature.The complexity and combina­
tory character of solutions are the typical
features of our profession.

The papers published subsequent to the fo­
regoing International Conference and those
which appeared among the Proceedings of the
present Conference,reflect important advan­
cement in laboratory equipm nt in establish­
ing rheological relationships for soils and
in improving field devices which facilitate
quick decisions in everyday engineering prac­
tice. Professo Lambe, our general reporter,
has prepared an interesting review of tae
work done. Following the suggestions by the
Organizing Committee he selected,for our to­
day's Session the theme: Soil Parameters for
Predicting Deformations and Stability.He rs­
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 six questions and topics that
Professor Iambe had prepared for discussion,
the Organizing Committee has recommended torestrict our attention to sub'ects concerning:
(B) in situ test devices (bg predictive
techniques based on in situ measurements of
soil param ters, (c) laboratory model testsespec ally the centrifuge test, and (d) use
o probability and decision theory in prac­
tical soil engineering problems.

The schedule of our Session will be accor­
ded with the programme of the Conference as
established by the Organizing Committee. I
am sorry however, to let you know that thePast-President of our Soc ety 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 discussion.

Thus,I am Broposing to start with the dis­cussion of t e topics selected by the General
Reporter immediately after his introductory
speech. After four contributions we shall
have an intermission of 15 minutes.

Following the instructions of the Organizing
Committee given in the Bulletin No.2 54
participants of the Conference have submittedthe 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 dispo­sal does not permit the oral presentation of
all these contributions. Professor Lambs and
mgself have chosen, among them, 16 debatorsw ose com ents 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 safety of soilsand earth gtrugturgg, YOU can find C Sir nameson the blackboard.Eaoh debator will be allo­

L

tted up to five minutes. This time limitation
is rigcrous.The discussion will be followed
by the concluding remarks of the General Re­porter and the c osing speech of the Vice­
Chairman Prof.G.G.Meyerhcf.

General Reporter: Prof.T.W.Lambe,USA
Prof.Lambe's State-of-the-Art Report appears
on p.5 of th vol.III.
Chairman Prof.L.Sukl;]e.
Thank you very much Prof.Lambe.We greatly ap­
preciate your report.We will now hear the
prepared discussion.I would like to invite
Dr.Wroth to give us his discussion.

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

My contribution is in response to theinv tation from the General Reporter to desc­
ribe our attempts,at the University of Camb­
ridge to measure the properties of soils inthe undisturbed in situ condition. The work
has been carried out by Dr.Hughee and has led
to the develognmt of a special instrument
which is described in our pager to this con­ference. Ne have concentrate our efforts on
causing the minimum possible disturbance to
the soil by introducing the instrument into
the ground by a self-drilling action.

A schematic diagram of our instru entqgg­pears as Fig.1 of our paper (No.l/75 P. ).The instrument is in principle very similar
to the autcforeuse pressuremeter developed
independently in France by ||.Jezequel and his
colleagues, which is described in their pa­
per to this conference. The apparatus con­
sists basicallytof a hollow cylinder with asharp lower cu ing edge,wh1c is Jacked ‘
very slowly into the ground. At the same time,sci is excavated by a rotating cutter in­
side the cutting head, md the resulting §
pieces of soil are washed up to the ground F
surface by water which circulates down the
centre of the shaft and gp the annular spacebetween the shaft and the interior of the
walls of the cylinder. Radiographic tests in
the laboratory confirm 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 in la­
ting the rubber membrane, and 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
resistance strain gauges. A pore-pressure
gauge is fitted to the membrane and records
the pore-water-pressure in the defonned sofl.The results of m undrained test on saft
clay at Ellingsrud, in Norway, are shown inFig.l. The upper diagram relates the applied
pressure with the radial strain of the membra­
ne.
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Note that the point K at which movement ofthe membrane is first recorded indicates the
total lateral press\u.~e,from which a value of
the coefficient of earth pressure at rest Ko
can be estimatede The lower diagram shows the
shear stress-shear strain curve for the clay
that can be uniquely derived from the upper
curve due to the analysis presented by Palmer
(19725.I1= must be emphasised 1=_na1= it is poa­
sible to follow completely the unloadigg partof the stress-strain ou.rve,and o n someidea of the so:l.l's sensitlvit and residual
strength.E|he derived stress-szrain curve issensitive to the choice of datum for the stra­
:Ln=ar.‘ls: the lower curve corresponds to point
K and the upper curve to point L.This varia­
tion is discussed in more detail by vlroth and
HIQIIQB (1975)e
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Fig.2 shows the stress-strain curves obtai­ned or tests at _thme different sites of so­
ft claysstwo :Ln England and the one in Nor­
way already ment:|.oned..The diagram shows the
variety of shqne 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 Sq; of the clay.KINGS LYNN ggungggup
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Plg.J Comparison of Undrslned Shear Strengths for 3 Soft Clays
as Measured by Pressureneter and Vane Tests.

The continuous lines represent the re­
F1g.3. provides a comparison of the shear Bl-llti of U19 VBDG S1198-1? #951736 911° in'

strengths Uu measured with the pressurameter dividual bands (parallel to the axis of
and those measured with a conventional vane shear stress) show the range of
shear tests for the 3 sites already mentioned. BDSM' BtI‘°HEth I-'°°°1'd°d by 55° P1‘959u’~‘*'
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meter from ak value (at the right hand end)
to that at E; 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 than the vane test results. In
contrast the peak values are much ghreaterthan the vane test results,particu arly for
the more sensitive clays¢

.Prom the poreypressure measurements theresults of the undrained test can be inter­
preted in terms of effective stress parame­ters, and lead to a value of the ang e of
shearing resistance ¢'.

It is suggested therefore that the instru­ment will g ve a much better indication not
only of the strength of soils,but also of
their stiffness and deformation parameters.
Estimates of the ollowing can be derived:
Ko,G,cu,Bt and '.

There are possibilities for measuring other

u) sErTLEMENr DATA (onvdimensionul)

Pé U'
g dc' ,_<§_

E5 dc _-M R1:
'P ' TP 'afV

,P 0"z pé (virgin)

b) STRENGTH DATA (two-dimensional)

soil parameters in situ by similar techni- Ig ,=_,r.=ques as will be described at Specialty See-  Effecnve if =(a.a’) mn sp'
sim No.5 by Baguelin, Jezequel and Lellehaute- 5;--" It
gndmgnzgrmly congratulate them on these achi- ' Q' pore p,.es5,_,,.,_. ,,
ELI GIGDGOB

PALIER LO. (1972) Undrained plane-strain ex­
pansion oi a cylindrical cavlLy in
clayl a simple interpretation of the
pressuremetertest. Geotechnique 22,
451-457.

IRDIH C.P. and HUGHE J.l.0.(l973) Discuseicn
on above gaper by Palmer. Geotechnique25, 284-2 7.

Chairman Prof . Le Sukvlgle

Thank you very much Dr.Wroth. I would liketo ask l|r.Jan u to present us with his prepa­
red discussion.

lr. Nilnar Janbu /Norwey/

I am pleased to be able to respond to the
General Repcrter's Written request for deli.­
vering a short discussion on his topic 1Io.lx

"Which in situ test devices offer the most
promise for yielding reliable soil para­
meters for predicting stability and defor­mation?"

Initially, I would like to_state that I ag­
ree with the General Reporter's strong empha­
size on the initimate relationship between
methods and data, ani with his general philo­
sophy for the predictive process as a whole.
Required parameters

Conse3uently,the soil parameters to be de­termine by in situ measurements are those
defined by the basic equations of the methods
used for predicting settlements and stability,
see F_1.g.l,

Undrained If- su

Fig.l. Required settlement and strength
parameters

For instance,most settlement predictions
are based on one-dimensional ana1,Zses,:Lnwhich case strain (E ) is a funct on of
stress (6") and time (t) for each -soil ele­
ment. The pertinent parameters are therefore
included in the basic E - 6" - t relation­
ship, expressed in total differential formaf - 95 + 95- (1)u n
where

ll n AG'/08 Stress resistance (modulus)
H = St/D5 Time resistance ("seccndary"

Both parameters, I or R, dqaend on the pre­
consolidation pressure p'. Finally, time
rate predictions are usually based on the
coefficient of consolidation ov.

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

Ilodulus, H
Preconsolidation press., pé la
Coeff. of consolidation,cvCreep resistance, R

Ebpecially,for the estimate of initial set­
tlements in clay,the undrained values lu and
Ru may be required.

Stabilit pred1ctions~are usually based on
two-dimensional ana1ys:Ls,us1.ng the stre th
concepts of a Coulombian material, Fiijib).In terms of effective stress the req red
parameters ares

Friction, tanf'Attraction, a (or atan f ) (2)Pore pressure, u

)



Especially, for short term stability ana­
lysis of saturated, fine-grained soil one
often use one strength parameter only,namely
the undrained shear strength, su.
In situ devices

Some of the best known devices for in situ
tests to determine settlement and strength
girageters are illustrated in principle inSee

K

SCREW STATIC VANE PRESSUREPLATE CONE TEST CELLS

f .p , Q15‘ .fewPL ATE CONE #NE CELL

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

T118 D818 d6ViG6B BIO!
a Elates
b Cones or pointsc Vanes or blades
d Pressure cells

The vane test (c) is strictly speaking li­
mited to undrained, short term stability con­
dition for isotrcpic,saturated cla s of low
plasticity and low sensitivity. Owing to
this limited validity, no comments are re­
quired here.

Pressure cells (d ) of various kinds,used
for in situ pore pressure measurements are
H829
so well-known that no comments are needed

t­The special cell test developed by Menard(c) yie ds horizontal stress-deformation pa
tern, from which one may obtain information
pertaining to settlements assuming elastic,
isotropic conditions. To my know1edge,howe=
ver, no unique two-dimensional strength data
on effective stress basis has yet been ob­
tained. The speaker has no personal exgeri­~enoe with the application of the lenar pres­siometer.

My discussion 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 screw plates one can carry out
load tests at various depths and thereby ob­
tain parameter profiles.

A settlement parameter profile is shown in
principle in Fig.5. For details in design of
the field compresscmeter,the interpretation

Momnus Pmmnwwn. cccrn aurpnsssr|'||-a pé-> Cr# I'-°
LL! _ .|:. .c

E

I

F1g.5 Typical in situ settlement parameter
profiles obtained by screw plate tests
(field compressometer)in homogeneous
sediments along the shores Of thb
Trondheim fjord

The field ccmpresscmeter has hitherto
been used for silt,sand,gravel,overconsolida­
ted clay, and silty clay. So far the maximumenetrutlon depth of the present instrument
is 27 meters into fine sand.Failure loads obtained by plate tests per­
formed at various depths may also yield ef­
fective shear strength parameters (Janbu 75),
When shear strength is expressed in terms of
attraction and friction the net ultimate bea­
rin oapagity q =q -p' at a depth of over­
burden p' is eqggl Eu

qun=Nqn(p'+a) (5)
Hence, by plotting qun as function of p' oneobtains the attraction a as
the ‘-axis while the slope
tan ' from the theorigicalsol tion of Nqn=f(tan ').

the intercept onN determines
a3& experimental

Net ultsmole becrmg
capacnly q MN I me

1* -» Msmzgn d` S L led g'r`C|V¢~|5 Dyn pnelood . A . 0 ureQE In situ results:°' Placed a=4o-95 un/rr?
% tan up =0.77-0.830'-Y

wm»m|aauu\5O--"F“U O _/.\ msrncll
'é (tr|n|..) ton \p ~ 0-B0

5 _p

ZOO*-*'
Fig, L| Strength parameters a and tan¢ obtained
from (drained) in situ plate load tests.
An example is shown in Flg.# which is extrao
ted from e paper by Senneset and Janbu
(19?5).The plate load tests were carried out
by Eresund (1972) on gravel placed in a fieldprocedure and the data obtained see the artic- _

le by Janbu and Senneset in Session l of this gxagtgnA222122iggdbgglgggegfgggmzgg g§:g$¥é_Conference, Vol.1.l pp.l9l-198. ally preloaded ccndition.Drained triaxialtest data are also available for comparison.
1



In short,dynamic preloading with very 115­
tle decrease in porosity lea s to increasedattraction (or cohesion while friction re­
mains roughly the same.Improved particle in­
terlocking probably accounts for increased
attracti n.The overriding question for future
research may seem to be the durability and
reliability of the measured in situ attrac­tion for actual design.
Stat lc C ODS USSUB

If the ultimate net point resistance obtai­
ned by means of drained in situ static cone
tests at various depths are plotted as func­tion of effective overburden one can use the
principle expressed by Eq.(55 to obtain at­
traction and friction. An example is shown
in Fig.5, published by Senneset and Janbu
(75), and based on tests performed by Ere­Bulld.

Net point resistance qw, in MN/n?

‘A~ \_ ° 5 ao _E O ° Monst gravel5 ' Saturated gravel
c_'_ 50 In situ resultn' 2c I a=25 kNln1
§ N,F=45 tan xp = 0.77
é ‘oo because Nqn = 45§' _ _O _ Trmxlal datag 150 a= small§ tan lp' ~ 0.80
W

\,,| ZOO*--_ul-T_ _ _ _, ___ A _L
F ,D Btrengtn pD1‘all9U91‘B H uuu tau 1'-' uf'­ig tained from (drained) in situ Bt8t1c

cone resistance.
With the improved interpretation priD9iP*les drained static point resistance ensue

may now seem considerably more promising forin situ determination of soil parameters,
particularly for shear strength parameters
on effective stress basis. To clarify the ap­plicability of the principle for var oussoil sediments systematic research are en­
couraged.
Summary

In summarizing, in situ load tests on pla­
tes and cones, properly used and pr0P0rI7
interpreted, have already yielded a numberof useful in situ soil parameter profiles

for different soil layers. The crew plate has

sly we must improve the design of the instru­
ments using these dev1ces,and above all we
must learn to interpret the field measurements
within exactly the same frame of reference as
we use in our predictive process. At least,this is the policy we wil follow in our own
efforts in the years to oome.Thank you for
your kind attention.
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Qhairman Prof. L.Suk1;]e
Phank you very much Mr. Janbu . Nov

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

Mr.Trofimenkov Ju.G. (UUDR)

This discussion refers to the first sub­
ject proposed by the General Reporter: the
in-situ determination of reliable soil para­
meters for predicting stability.

During recent years pressuremeter tests are
being widely carried out for determining the
deformation modulus of soils in-situ, The
straight part of the graph u=f(p), obtained
by une preesu-emeuer test is used for the
determination of the modulus of deformation
of soil. #ith the increase of pressure the
zone of plastic deformation aroundmthe bore­
hole is formed 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
easil sheer strength parametars_f and o
(Trofimenkov,l975). This gives way to a wider
use of pressuremeter tests. These 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.

The problem of the expansion of axiall sym­
metrical cavity was solved by Ruppeneit %.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 losses on
the expansion of the pressuremeter, takes

so far been very successful in sandy sediments.th9 form ghgwn in F1g,1,
However,the speaker is finmly convinced

that internationally we can rapidly improve
our skill in obtaining much more reliable in
situ parameter profiles for stability and
settlement predictions. The first step cons­
ists cf learning more about the true action
of plates and points being loaded at the in­terior of various soil sediments. Simultaneou­

I

There is the following relationship bet­
ween pressure and soil deformation developed
by Ruppeneit and Bronstein:

‘lu\l
‘A
Nl



U= Ei!-rosin 59 (Po+c ctgj9)E

____£’_:_s_s§s}i_----.`| lzsin (I)
(1+sin_P) (Po+c ctg ¢)_| BI"
If the function "u" is divided by its de­rivative we shall obtain.:

QL-: 2.§11J_:.s_s.>s9' (2)
u~(P) 1+ any

The right part of the expression (2) is
the half difference of principle stresses,
(5 and EY9 at the borehole and hence is
eqcal to the radius of Mchr's circle:
Q'r_:.Q'.n. , 2-sisY__~:_9_29§i’, R (3)2 1 + siny
where R- radius of Mohr's circle.

As evident from the expressions (2) and (5)the ratio of the function "u" to its deriva­
tive is equal to the radius of Mohr's circle.At the same time it is known 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 graph corresponding to pressu­
re, P . The intersection of the tangent andI
the axis p gives the point that determinesI/._ 1

e
I5

0
4

5

0 '? 4 ,H 7?I R2 3 4 C ‘rn '
WU"

u +‘ `°G l , T6'
Fig.l. Determination ofy and c on the graphof pressuremeter test.

the subtangent,i.e.the radius of Mohr's circ­
le for pressure P . The radius of Mohr's
circle for other pressures (p ,p ) is deter­
mined in the same way. Knowing rgdii (RI,R2)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 shown
that determined in such a manner *g and Care very close to those obtained y the usu­
al laboratory methods on undisturbed samples.

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

Thus,the most important characteristics of
soils for practical use: the modulus of de­
formation,the anglecf 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
tests- they supplement each other,especially
in designing of complex structures.
Reference:

TROFIMENKOV Ju.G. The Practical Method of the
Determination off and C from the
Pressuremeter Test Data. "0snov,
Fund.lechGrunt.", 1975, N 5.

Chairman Prof. L.Suk1j9

Thank you very much Hr.Trofimenkov.Mr. lenard w ll you continue?

lu-.ldenard Louis (France)

Following the various publications rela­
ting to them£§essuremeter,as well as thefriendly re der of President Ganichev on
the utilization of this technique within the
USSR, I feel it is m duty, some fifteen
years after the original presentation at the
London conference, to stress the main points
of this Technique.

l) This Technique cannot be properly ana­
lysed except within the framework of a more
general theor of soil deformation which
involves the zhree basic moduli:

The compression Modulgs EThe Tension Modnlus 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 elementa­
ry cubes dx,dz,dy, as in any conventional
analysis.

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

4) Pressuremeter results are very closelytied 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 ca:



be measured only by the pressuremeter,plays
predominant role in the deformation of a
soil beneath a foundation when the ratio of
the width of foundation to the thickness of
oomgressible soil is less than 1.5 The actual mechanical caracteristics
of the founding material as well as the
modulus and shear strength are de endant on
the strain and the am unt of remogdingg
this requires veg; strict definition andtherefore any wo h-while correlation bet­
ween the measuring instrument and the per­formance of the actual foundation r uires
that the in-situ conditions of remolding and
strain be identical in both cases; as these
conditions vary with the t pos of foundati­ons (driven pi es,bored piles,spread foo­
tings) it is evident that the techniques in
th: placing of the pressuremeter must vary8 O a

6) Further Technological development of
the pressuremeter for practical applicationscan be justified only f a parrellel effort
is made in the analysis and gerbral theories
related to the deformation and strength ofso s.

We should pay particular attention to the
main problem of remolding which in moat ca­
ses is a problem of liquefaction.

Liquefaction occurs 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 penetromeggrs when in this case the va­
lues of N¢ n c vary between 2 and 3 ins­tead of 10 and 15.

Idquefaction also occurs under large
foundations such as spuds of petroleum Jack­
up barges, oil tanks, or even motorway em ­
bankments when these have been raised too
quickly; it results in a large increase insettlements.

It appears again,but in a beneficial way,
duringmthe process_of Dynamic Consolidationu now xeumuqw wnliah ié hail? siivilbiéd. fini'
the improvement o founding materials.

It has now become indispensable to measure
the parameters controlling this phenomena
and to achieve this purpose we have retained
the pressuremeter tests with rapid cyclicload ngs,

Chairman Prof. L.Sukl3e
Thank you very much Mr.Menard
Ladies and gentlemen, it is time for 20 minu­tes intermission.

Chairman Prof.L.Suklje
I would like to call on Prof.B.Broms of Swe­
dish Geotechnical Institute. Hill he come up
please?

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 is 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 liquidlimit of the soil.
This increase can probably at least partly
be 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 Cl0S€ £0
fha surface was organic. At the bottom the
clay was warved. It can be seen from th1S
figure that the liquid limit of the clayclose 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 dugreas/min (Wiesel. 1973)­
John Olsson, the Secretary of the Geotech­
nical Committee 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 soil is nign.
He suggested that the undrained shear
strength should be reduced when the liquidlimit of the clay exceeds 70, as illustrat­
ed in Fig. 1 (Osterman, 1960). The reduction
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).
Liquid limit Reduction coefficient

wL< B0 1.080-100 0-9100-120 0-B120-150 0-7150-180 -6>180 .5
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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 Prof.L.Sukl5e

Thank you veg much Prof. Broms for yourinteresting scussion,

uoum Lum, Q L

shear strength of clays

New we shall listen to lr Nelson from
Asian Institute o Technology. lr Nel­
son, will you , please.

lr J.D.lielson , Thailand

Professor Lambs has devoted considerable
attention to the problems associated
with embankments on soft ground and has com­
mended the contribution made recently by
Bjerrum (1972) :ln correlating the factor of
safety of an embankment at failure with the
plasticity index of the foundaticn clay.
Bjerrum suggested that the theoretical fac­
tor of safet was often greater than unitybecause of the combined effects of rate of
shear, anisotropy and progressive failure. I
wish to confine my remrks to this correla­
tion, which is shown in Fig.IV-3 of Profes­
sor Lambe's report and to comment cm its
application to Soft Bangkok Clay.

Figure 1 shows some data additional to that
presented by Bjerrum (1972). The dark points
represent the theoretical factors af safety
at failure for flve embankments on Soft Bang­
kok Clay. These new data points can be seen
to fit Bjerrum's straight line correlation
fairly well. It is of some interest to notethe considerable effect on the calculated
safety factor of the shearing resistance ofthe embankment material itself. This data
was available to me only for the Rangsit
and Bam Bo embankments. When the strength of
the Rangsit embankment is neglected, the fac­tor of safety at failure is calculated to be
close to unity which is well below the pm­
posed correlation line. The Bang Bo embank­ment on the other hand gives a actor of'
safety which falls on the correlation line
when the embankment strength is neilectedand well above it when the strsngt is taken
into account. It might be significant thatthe Rangsit and Non haburi embankments were
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constructed of clay while the other threewere of sand.
Data published by Eide and Holmberg (1972)

for the Soft Bangkok Clay from Sunacha show
an appreciable effect of strain rate on the
undrained strength measured in the triarlal
test. B;]erru.m's correlaticn,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 Institute of Tech­
nology indicated only a vary small effegt;of strain rate. These tests were carried
out not too far from Suracha at a location
where the clay has a natual water ccmtmt
of 14075, a liquid limit of 1505, a plasti­
city index of' 70%, an undrained shear
strength of about 1.2 ton/m2 and a sensiti­
viw of ten.

appreciable anisotropy in respect of
strength is known to erlst :Ln the BangkokClay. Figure 2 shows the ratios of \m ained
strengths on me horizontal and vertical
planes as measured by clirect shear tests on
samples from Rangsit. Sum)/Su(v) is greater
than 1.0 only to a dqrth of 5m because df
vertical fissures caused by surface weathe­
ring (lloh et al, 1969), At greater depths,this ratio is considerably less than 1.0, as
is common for normally consolidated clais.The conmonly used fie d vane has a heig t/diameter ratio of 2.0 and measures almost ex­
clusively the strength on a vertical plane
(Cadllng and 0denstad,l950). This fact alone
might be sufficient to account for theore­
tical factors of safety at failure which are
well in excess of mmity. It would be interes­
ting to see the theoretical factors of safe­
fy recalculated on all the embanlcments rep­
resented on Fig.l to take account of strength
anisotropy.

I2

5u(h)Ratio i
su ( v )6355 |.o |_5 2,0

2 Oq t
L
§- 4o

I6 I
!

n

Fig.2. Ratios cf horizontal to' vertical und­
rained shear strength of Soft Bangkok
Clay at Rangsit
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Chairman Prof.L.Suk1Je
Thank you llr Nelson \lr.Burland,please

Mr. J. B. Burland (England)

In recent years we at the Building Research
Station have become increasingly aware of the
limitations of the mutine approach to site
investigations and design methods based on
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the examination and testing of small bore­
hole samples. These limitations have become
apparent as a result of our concentrated
efforts to observe and measure the perfor­mance of full scale structures in the field.
Most of our work has been concerned with
structures founded on or in the stiff, fis­
sured deposits of the Triassic,Jurassic,
Cretaceous and Eocene systems which cover
much of the densely populated middle andsouth east regions of hngland. We have been
startled by the very poor agreement between
the in-situ properties of the ground obtain­
ed by back analysisscale behaviour and
in the laboratory.

An example is thethat we carried out
in 1967 in which we

of the observed full­
the properties measured
full-scale loading test
on the Chalk at Mundford
made very careful mea­

surements of settlements at various depths
beneath and around the loaded area (Ward,
Burland and Ga11ois,l968). when the obser­
vations were analysed we found that the in­situ stiffness of the chalk is between 20
and 100 times 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 oarried out and ver good
agreement with the full-scale results was
obtained (Burland and Lord, 1969; Burland,
Gills and Gibson,l975). 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
retaining wall movements has given stif f­
nesses which are five times greater than
very careful laboratory tests and up to
twenty times greater than routine laboratory
tests (Cole and Burland,l972).

It has become evident that many stiff fis ­
sured clays and soft rocks are extremely sen­
sitive to sample disturbance and labo atory
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 at the bottom of shafts. The equip­
ment we have developed (Fig.l) allows a test
to be completely set up within an hour or
less of boring the shaft (Mars1and,l97la).
In this way softening of the ground beneath
the plate is kept to a minimum and the cost­
ly time el ment of this type of test has
been reduced substantially. Up to three
tests a day can be carried ou . The mea­
sured stiffnesses are within a factor of two
of the stiffneeses obtained by back analy­
sing full-scale observations (larsland, 197lb)
Moreover, very consist nt values of shear
strength are obtained often approaching the
lower limit of the very wide scatter of la­
boratory strengths.

A recent development (Mars1and and Eason,1975) has been to measure the settlement at
various depths beneath the plate as shown
in Fig.2 (Marsland and Eason,l9?5). These
measurements permit the determination of
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stiffness in the almost totally undistrubed
ground remote from the plate and agreementwith the full-scale values is exce lent.
Also the stiffnss of ground immediately be­
neath the plate which has undergone stress
release,can be measured and is found to be
substantially lower than the undisturbed
material lower doln.Measurements of this
type will throw light on the softening eff­ects of stress release as at the base of ex­
cavations or during sampling. The equipment
is now being developed for use in waterfilled shafts.
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Chairman Prof. Suklje .

Thank you very much ||r.Bur1and for your
discussion. llr. Marssl will you continue?

Mr, Raul J.Marsal (lexioo)

As pointed out by the General Reporter,
the f1e1d sirua+1nn, mechanisms 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 l, one can often secure undis­
turbed samples and determine the strength pa­
rameters at the laboratory. Sampling and lab­
oratory work become difficult, ir not impos­
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 determinethe 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
fi11inq them, since the thickness involved
can be of the order of millimeters.

The determination of strength parameters
in case 1 is normally done by means of strain
controlled, triaxial compression or simple
shear tests. Through drained tests one ob­tains parameters EQ and $} (peak values); for
determining the angle of ‘residual friction $r
large_deformations are required, which can be
achieved by repeated direct shear or rotating
shear. with the same type of tests and thor­
oughly remolding the clay, the parameter $5
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is obtained. The selection among the above
parameters depends on the problem on hand. If
small strains during cogstruction and after­
wards are anticipated, c and op are intro­duced in the design of tge 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 (Eb/dr and ¢S/¢r 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 ¢s. This apply to a cut simi­lar to that shown in Fig V-1 of the General
Report. In this example, the factor of safety
varies with time from a maximgn value esti­
mated with parameters Eb and ¢p to a lower
one computed with $§, as deformation of the
soil develops. The residual strength given by
Ef is relevant to problems which may involve
large strains of the mass. The terms small,
moderate or large deformations are intimatelyrelated 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 shea; tests are
run to determine the parameter ¢r. In other
instances, neither 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.Sukl;]e L.
Thank ou very much Prof.Marsal. We greatly
appreciated your report; we will now have as ort break. ~
Recess

Chairman Prof . Suklj e .

We will now hear the prepared discussionof Dr. Craig. ­
nr.w.H.c1~a1g (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 'mechanieml'. The two
are inter-related and the choice of parameter
depends upon the selecti n of a mechanism.

The centrifuge at Simon Engineering Labora­
tories in Manchester described by Rowe (1972)
is currently being used to determine the me­
chanisms of deformation and failure of a
range of structures includin :
A Circular Diaphrggm Walls ?Fig.l)b Flexible Sheet le wane (Fig.2)c Earth Dams
d) Foundations for Oil Rigs in the North Bea0; Excavations in natural soils
Figure 5 shows a simplified model of a verti­
cal trench excavation inna large block sampleof fissured Lower Liae cla obtained from
site following a field failure previously re­
ported by Rowe.This model was brought rapidly
to failure under an increasing Centrifugal ac­
celeration and reproduced at an acceleration
closely approximating the field ecalo a be­
haviour similar to that of the prototype,
where a narrow column of soil adjacent to theface became detached from the mass and fell
forwards into the excavation. The trench was
desiiged to stand open for a short periodon t basis 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 by a mechanismnow attributed to brittle fracture followed
by a buckling failure of the detached soil
column- such a msohania was not visualised
at the design stage.

Given that a model can indicate the mechap
nisms of behaviour,it is possible to use the
results from that model either directly to
make predictions for the particular prototy­
pe modelled, or more generally, to select
and determine those parameters which will fitmethods of analysis or that model in order
to extrapolate predictions which should beaccurate for a ield prototype which may dif­
fer rslightly from the one modelled

Models tested of new reservoir embankmenms
have yielded information (Fig.#) on the shapeand position of critical slip surfaces and
the distribution of pore pressures around
these surfaces, allowing selection of para­
meters which fit particular methods of slope



stability limit amlysis or finite elementdeformat on analysis.
For successful application of the centri­

fuge technique mcdsls must be sufficiczxtl'
large to include representative geological
features of natural strata,to allow the smal­
ler critical features of the prototype to
be modelled reliably and to allow
sufficient time for realistic pore pres­
sure changes to be monitored. Models up to 2
tonnes mass have now been tested at S¢E»L»and while the cost of natural samples inc­luded in models of this size can be relati­
vely high, the cost-benefits to the designer
may be greater than those from extensive
programmes of more conventional laboratory
t0Bti|1Ke

Fig.1. G.|.rcula.r Gi8Ph1‘B@l wall (lm square)
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Chairman Prof. Suklje.

Thank you very much for your discussionI woul like to call on rof. Goldstein of
the USSR. Will he come up, please?

Prof. Goldstein ll.N. (USSR)

As is known the origiinal for a mathematicalmodel is not the imme ate nature but its
physical model. Fromexperience follows that
the main source of data which are necessary
for the development of physical models are
fullscale 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 soil mechanics
will inevitably come to the deadlock,as there
sill appear more and zz-.ere theories which are
too far from the real geological conditions
and from the genuine character of the base­structure interaction. It seams to me that
now some gap is being outlined between the
soil mechanics methods and the practice of
engineering design.

This may be seen for example from the appe­
arance of articles, which express some diss.­
ppointment :Ln soil mechanics. Even our dis­
cussion is divided into two parts: one-theo­
retical and the other- practical designs.
This gap is also manifest in the accuracy
of the settlement and stability design being
only slightly increased in the recent 20-30ears.
7 Strictly speaking this increase is due
mainly to empirical methods as for examplethe design o the settlement of large founda­
tions, as shuvn in an exellent work by prof.
Yegorov. So the first and most important con­
clusion that can 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 soil mechanics into proper soil mecha­
nics and the mechanics of dispersed systems.
All pure theoretical investigations, having
no immediate impla entation in practice must
be referred to the mechanics of dispersed
systems which we consider as the science of
the fundamental cycle in distinction of soil
mechanics as an applied science.

From this point of view the applied soil
mechanics should be considered as the mecha­
nics of foundations and soil structures,whi­
le the mechanics of dispersed systems mustbecome a parallel to the medaanics of centi­
nuous media. The best principle method of
soil mechanics development permitting to
link the latter with its base- engineerin
geology is the so called method of oonditgo­
nal design created b Gersevanov and publi­
shed in his distinguished, not aging work
"The application of mathematical logic to
structure design". This method permits us to
use even very simple models,but only if they
satisfy two main requirements: first,takinginto account the most essential factors of
foundation work and, secondly, placing thestructure in less favourable conditions than
in reality.

The results obtained are compared with theobservation and test data and are corrected
by empirical coefficients or factors of sa­
fetg, included in the codes.T e settlement design called the "active
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 more 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 its invalidity for disc­
rete media. As it seems to me the problem o
stress distribution is the problem numberone in soil mechanics.

The investigations conducted in our labcra ­
tory by A.G.Dorfman show the wide prospects
opened by using the variational methods both
in soil mechanics and in the mechanics of
dispersed systems. This trend deserves inten­
sive development.

Chairman Prof. Suklje.
Thank you very much Prcf.Goldstein.
We will hear Pro .J.l.Dunkan fr m University
of California, Berkeley.
Profenunkln Jams
Mr.Chairman,Professor Lambe,ladies and
gentlemen:

On the topic of model1ing,I would like to
address myself to the question of how an en­
gineer should determine parameters for usen mathematical models. In particular, how

I7

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
determine the strength for predicting thestab ity and movements . gf 3 gupported ex.cavatic in clay. I think, in fact, that the
answer to this question is the same as the
answer to another question: "How do you teacha crocodile to shake hands?" The answer is
"Very carefully".

Professo 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 possible to say how one should go about
determining the shear strength of clay for
excavation bracing without saging what proce­
dure will be used to design t e bracing.If one uses an empirica method for estima­
ting movements and strut loads, such as the
method developed by Professor Peok,it is of
course only appropriate to determine the
strength in the same way as it was determinedin the first place. In the case of Peck's
rules the strength should be determined by
the unconfined compression test.

The last contributions 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
as the strength which can be mobilized in the
ground. The strength measured in laboratorytests or vane shear tests should be correc­
ted fcr the effects of rate-of-loading and
anisotropy before they can be applied to pra­
ctical problems. The magnitude of the requi­
red correction must ultimately be determined
by comgaring predicted and ca culated beha­vior. herefore our methods are all partly
empirical because we try to increase the ac­
curacy of our predictions by making correc­
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 aocu ulated. In the case of compacted
sand, experience so far shows that no largecorrections are needed. In the case of
clays, howevnmthe first indications are that
rather large corrections are required in
some cases. We have therefore to analyze asufficient 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.Dunoan for your
discussion. We will hear now Prof. G.Gudehue.

Prof. G.Gudehue (lest Germany)

A few points can be raised concerning the
topics No.5,5 and 6 proposed by the generalreporter.



l. Strength and deformability of soils are
characterized by hardening and so tening.
In clayey soils this is not only plastic,
out also viscous. EXBEPLBB are given in a
forthcoming paper (to be published in "Der
B8UlUE°Ui9Ur"» 1973) two of which are briefly
described here. Hardening: A normally con­solidated soil be loaded in such a manner
that a short-term failure does not occur;
deformations develop with compression and
decreasing rate, i.e.viscosity increases;the amount of deformations is relevant. Sof­
tening: An excavation in overccnsolidatedclay with or without support) be initiallysta le; in the course of time expansive de­
formations may occur; cohesion and viscositydiminish and the rate of deformation increa­
ses;

progressive failure
factor of long-term stability is 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 known 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
dominant factor for time-dependence which is
very promising for the centrifuge technique.It also means that "cohesion" of overconso­
lidated soils is mainly due to suction andcan vanish in the course of time.

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

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

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

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

can be reached; the

Chairman Prof. §uklje.
Thank you very much Mr.Gudehus for your dis­
cussion,I would like to ask Dr.Zlatarev to
present us with his prepared discussion.

Dr. Zlatarev K.A. (B lgaria)

Scils,considered as a dispersed system,rep­
resent in fact a completely suitable field
for the application of mathematical statis­
tics and of the recently developed new trends
of modern mathematics, such as the theory d
random functions, of random fields.

The efficiency and future possibilities cf
these subjects to supply a 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
»prcblems in the fleld of soil mechanics and
engineering geology:

1. Determination of the minimum necessary
number 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 c Scien ­
ces and in the Proceedings of the Sixth In­
ternational Conference on Soil Mechanics and
Foundation Engineering /l/, as well as on
the basis of ncrmed probability and accuracy,
depending on the class of the structure and
the stage of study the necessary minimum
number of samples is established. Thus cor­
responding tables are set up, for example in
the "Provisional Instruction for the Type and
Amount of Geological Investigations in Engine
ering Geological and Hydrogeological Studies"
drawn up in the Study and Design Institute
Vodproekt. The Minimum number of samples is
obligatory for the laboratory tests of the
concrete aggregates, of soils, of stone for
embankmsnts and inverse filters.

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

An essential part of the "Soil Uesign for
Embankments and Compaction lcrks" which we
have introduced in the practice of the Study
and Design Institute Vcdproekt and the other
consulting engineering institutes, is th: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 (con­
fidence interval, coefficient of ncn-unifor­
mity, adjustment by the method of least
squares,etc.)

5. Establishment of correlation between
soil mechanical properties.

The correlation cf some rapidly and easily
determined indices (such as I , W , etc.)
with others which are more difficaft to
evaluate (e.g.compression, shearing strength,
collapse,etc.) is widely applied.

4. Application of the theory of variability
to the methods of engineering geologicalstudies.
_With a view bu reducing the investigationtime and increasing the reliability of the

engineering geological forecasts,new more re­
tional and scientifically based methods are
being introduced also in Bulgaria by using
corresponding means for their realization. Onthe basis of the statistical analysis of the
variability of the engineering geological
properties of soils the working hypothesis is
modified and improved.

Concluding we should say that our long
practice clearly shows that we are nn theright trail.
REFERENCES
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Chairman Prof. L.Suk1Je

Thank you Dr.Zlatarev. ||.1'.°.Pevzncr, please.

|lr.Pevzner ll. Y. (USSR)

"EFFICIENCY AND PROIISES OF IDEAS OF PNBABI­
LITY AND IATHEHATICAL STATISTICS THEORY FOR
ESTIIATING SOIL PROERTIES"

At present there exists a wide range of
methods for estimating soil mechanical pro­
perties with similar acolrancy. In such a si­
tuation the choice of procedure 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 should be noted that in so 1 mechanics
both Probability and Statistical methods are
not widely-used for treatment and estimatinogthe results. Investigators are usually aim
to getting practically reliable data throughthe use o' the theory of safety limits, ca ­culate a variation coefficient and solve some
other elementary problems, the limit of sa­
fety being defined' purely subJect:Lvely. Ex­
perience of large-scaled engneering and geo­
logical research on building sites and mineral
deposits, however, has necessitated a general
technique of statistical estimation an treat­ment o soil and rock characteristics. llaths­
%§§%§%ie2'i”S%§€1S£1£§°B§Bi&%3L“%%°§i 3%$.E°'
loped rather carefully. But stmultaneously,there exist reasons for excessive attention
to mathematical exercises and thus the accura­
c of the results obtained will be much hi­
gher than that of the original data. Therefo­
re it's very important to clarify the rangeof methods or effective solving particular
practical tasks.

We consider that studies of soil properties
involve problems of 2 classes. In class l can
be subclassed. Subclass A presumes operations
over mono-parameter statistical totality: es­tablishing the law of dlstrlbuticm in t e se­
lection, checking the hypothesis of classi­
fyi§ a selection as a particular generaltot ity, calculating the mean value of the
characteristics obtained, eleminating irre­
gular magnitudes and so on. An in subclass B
we analyse multi-parameter statistical tota­
lity with a view to establishing co-re1atlon­
ship among the characteristics. The general
scheme of solvlng tasks of class 2 involves
5-staged checking statistical hypotheses:
Stage l-checldng the hypothesis of randomdistribution of the characteristics in the
selection tested. An alternative-evidence of
trend. Stage 2-checking the hypothesis ofstationary changesbility. An a ternative- un­
stationary changeability. Stage 5-checkig thehypothesis of ergodio model o a stochast c
process. An alternative - an unergodic model.

de have every reason to omit discussing the
technique of solving these problems becmse
the necessary infomation can be obtained
from suitable papers. A particular question

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

Wide use of Probability and statistical me­
thods will undoubtadely result in more care­
ful studying dependenoe of soil Properties
on natural condition and evidently improve
accuracy and reliability of the results ob­
tainade

Chaiman Buxljee Le

Thank you very much Dr.Pevzner.
fe will now hear llr. Kryzhanovsky.

lr. A.L.K.ryzhanovsU (USSR)
ON THE PROBIEII OF DETERIINATION 01' SOIL

STRENGTH

In the USSR, as well as in many laborato­
ries around the world the testing equipment
has recently found a wide application, in

components of stress or
are imposed in a soil sample.
strength studies of a large
using such equipment clear­
parameters of such notorious

which three-four
strain condition

The results of
variety of soils
ly show that the
strength theories as the lore and llises­
Schleicher-Botkin theories largely depend emthe ratio between the stress or strain om­
ponents. In other words, the above mentioned
strength theories, which have found a wide
application in the engineering practice, are
not confined by the experimental data beca­
use they do/not compl with the basic requi­
rement of the stability of the parameters ob­
tained for different types of stress-straincondition. It should be noted that the_diffe­
renee in the parameters amounts to 150% and
greater for certain soils.

The problem of soil strength studies is
complicated in view of the test data obtained
which revealed an important role of the load­
ing history (loading path).Ths loading histo­
ry is determined by the sequence of variation
of the stress oomponents,rate of their varia­
tion,ss 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
famation stage.It should- be noted that new
equations for ultimate equilibrium state were
contemplated in the USSR to cover soil stre th
with similar loading path which are supportgg
by the experimental data(reported by
l.V.|lalyshev, Geniev, G.||.Lem:|.se and the
author). The structure of these equations

does not however, reflect the role of the
loading path. The problem er une efreeu of
the loading path on strength is very impor­
tant, scarcely studied and there is not yet
analytical generalization of this groblan.
The efforts are to be applied to t e study
of the equation for ult mate equilibrium sta­
te eo as to reveal the exgllci dependemeof its parameters on the ceding path.

The above-mmtimed strength regulations
cannot be observed by using conventional



equipment, such as shear test apparatus or
triazlal apparatus. On the other hand, the
opportunities offered by the computer methods
of cal-:£ation: :kc it possible even now to
reveal at least the effect of the type ofthree-dimensional stress condition on soil
strength. Therefore, it is absolutely neces­
sary to introduce the equipment incorpora­ting independant stress control feature into
the practice of determination of soil
strength in developing orltical and large­
scale engineering projects.

A number of studies (cf.ths works reported
by S.S.VJalcv, ll.N.Goldstein, Ju.K.Zaretsk:|.J)revealed the mechanism of the structure for­
mation in soil :Ln the course of plastic de­
formation. In this rgard the destruction
of anisotropic sample should be considered.
Therefore, it appears improper to consider
the angle of internal friction, which re­
mains unchanged for different stress condi­
tions, to be one of the strength characte­ristics. This conclusion restricts the va­
lidity of the data obtained in studying
strength with the employment of shear test
apparatus as applied for their extension to
cover the general case of the thzee-dimen­
sional stress condition. The field of appli­cation of the strength character-I nag.. ¢_
tained in a shear test apparatus should be
limited to those calculaticm methods, where
the slip surface shape is preliminary assume

To summarize, it should be emphasized that
the abovementioned peculiarities of soil
strength, when taken into account in solving
the engineering problems within the limitsof the first u timate equilibrium state, not
only give the quantitative amendment ofcalcu ation results, but in a number of cases
the qualitative differences are obtained as
compared to the cmventional calculation me­
thods. Thus, the computer calculations con­
ducted at tts Chair of Soil llcchanics of the
lc.Bcow Civil Engineering Institute revealedthe formation c the ultimate equilibriumzones at the apex of an "elastic ore" with
a uniformly distritu ted band-shaped loadingof a sand base, and the formation of several
ultimate equilibrium zones in a ccacsit:dam erected from local materials.

d.

P1'dosuk1J.|I|0
Thank you lr. Kryshanovslq for your discussion
lr.'1‘er-lnr'tiros;]an will you please let us
have your disousd. cn?

Ire Z c  05,1311
CDIPRESBIOI-EXTENSION AS A. IEPHOD OF G IVE

SOIL TEST

A method of cohesive soil test under the
condition of compression-extension* and a de­
vice for it have been worked out and intro­
duced into reaearchpractice of the above­

.§\;;hécr°| certificate No 325')05.F:l.led, July 5,

mentioned institutes by the authors of this
report since 1968 and are successfully used
both under field and laboratory conditions.
as present 1536 tests (including more than
700 tests under field conditions) have been
carried out due to easiness and reliabilityof the method.

The method allows to create in a sample
under test complex state of tension which
includes compressive and tensile stress,
and that is 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 is subjected to
hydrostatic head on lateral surfaces through
a flexible rubber casing. Apparentli thatsimultaneous compression and erteu on forces
spring in the sample under such conditions.

Ccmpression stress value is equal to the
inslde chamber £ressure,tens;lon stress value
alog the drum s defined desnding on cross­sec on area ratio of the mi le part and the
face plane of the sample. The main tension
and compression stress ratio is defined from
the equation G' 32 61’2=(S1-S2):S2 where
61 - stress on the lateral surfaces,equalto ’2the inside chamber pressure,6";-tension
sal-ess, S1 and 52- cross-sectlon areas of themiddle part and the face plane of the
sample accordingly. The state of tensioncorrespmds to aday-Lode parameter,eq_ual to
+10

Note that with the certain cross-section
area ratio (5, l,5; l) there are stressed
states which correspond to such cases when
the first, the second and the third stress
tensor in variants acccrdingly,equal to 0,
but with the cross-section area ratio, equal
to 2 the so-called pure shear is observed.,
and that is the case when 6' 1=6‘2=- 65.

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 meth permits also to investigate cohe­sive soil under pure tensile condition isola­
tiag the mddle part of the sample from the
flexible casing effect with the help of herd
cylinder.

Now the authors of the report have worked
out some modifications of the ethod which
permit to test the bobbinlikesamples withnner cylindrical hole and thus to get stres­
sed states with wide range variations of pora­meter, -1.5 /\ S +1.

The compression-ex-tension method pen-_ite toplot ||ohr's circles of stress and strain en­
velope Ln the field of the tensile stress
using the results of soil structural tests
which allow to get the true cohesion value
when6‘n=0 and the value of friction angleat the or in of coordinates without the
approxim on of the envelope.

Chairnn Prcf.§ukl;e L.
Thank you I-1‘eT¢I.‘1'“8.l.'Uil.‘0BJ8.ll.



We sill now hear Prof.B ehop of Imgland
Imperial College of Science and Technology,Department of civil Engineering.
Prof. ‘awe B ahep (England)

The General Reporter has asked me to mn­
trlbute to this Session,and, in particular,
to cem ent on topic 5. This is the question
'Do laboratory model tests,es£ecially thecentrifuge test,have utility or determining

rameters for predicting prototype perfor­
mance

In their paper on centrifugal models Bol­
ton English,Hind & Schofield (1975) (Vol
l-1) 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-dimensional
geometry of the boundaries creates a probl m

also by Dr.Burland).
. The difficulty of re-creating the actual

in-situ stresses,particularly in heavilyoverconsolidated soils and in all soils
having a dried and weathered upper layer.

. The scale effect arisi from the macro­
structure of fissured giays.

. The heterogeneous nature of real soils,which means that no single block of soil
can he taken as representative of even an
apparently uniform stratum (for exam le,
even on the Boston Blue Clay, Lambe €l97l)
reported settlements beneath a uniform
trial embankment of 0.94 metres, 1.54
metres and 1.74 metres at 50 metre inter­
vals along the centre line).

. Time effects due to creep or secondary
consolidation, which can not be accelera­
ted in a model, and which according to
the General Report to Session 4 by Bjor­

of analysis that is outside the presentbounds of theoretical solution'.
If this view is acoepted,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 deformation modulus,strength interms of total or effective stress,and coa ­ficient of consolidation. These would re­
quire a detailed 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 avoid.

In the case of plane strain I do not
share Professor Schofield's pessimism abo\t
the value of mathematical analysis, parti­
cularly the finite element and finite dif­
ference methods. Indeed, centrifuge model­
ling of real situations presents difficul­
ties, some of which are described by Bas­
sett in his paper in Vol 2-2, which may meanthat roto e erformance is better redic­P VFP D _ Pted 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.BuIland. The role of the centrifuge
would then, in my view, be limited to checking
the error in any such predictive method by
applying it to such idealised cases as can
be modelled in the centrifuge without dif­

rum, play a major role in soil strength,
delayed failure and long-term deformation.

6. Problems of progressive failure, which
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
obtained in a model without gross geomet­
rical distortion. Energy considerations
discussed by Palmer and Rice (1972) also
mean that the mechanism of progressive
failure can not be accurately reproducedin small models.

7. 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 strains and lateral stresses,
in particular within the embankment may
be very misleading.

The role of the~model bust 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 relativelyidealised cases.
REFERENCES:

Palerm A.C. & Rice, J.R.(l975). The growth
of slip surfaces in the progressive-failure
of overconsolidated clay. Proc.Roy.Soo.,
Noe 1591, Pe527e

Lambe, T.W., D'Appolonia, D.J., Karlsrud, K.
fioulty. Such checks are necessary since cur­
rent laboratory methods give little informa­tion on the ef ect of the controlled rotation
of the axes of principal stress.

The limitations (referred to also by Pro­

& Kirby, R.C. The performance of the foun­
dation under a high embankm nt. MIT Report
R71-22, 1971.
Chairman Prof. L.Suklje

fessor Goldstein in his discussion) of ap­
plying centrifugal modelling to real situa_ Thank you very much Prof.Bishop for your con­tigng relate to the follgwins problems: tribution. And the last will be Hr.Baguel1n

1. The aifflculuy of obtaining me nana11ng f1‘°m F1‘=°°°- “1‘°3°*8“°1i|1 » 'ill 1011 p1°a»°­large undisturbed samples discussed



lr.Baguelin (France)

Aveo le pressiometre autoforeur ceveloppe
et ses collabora­
Le Hee, Le Mehau­
proprietes des
in-situ. Outre la
non drainee, voici

en France par J.F.Jezeque1
teure (heguelin , Jezequel,
te, 1972, a,b,c), diverses
sols peuyent etre etudiees
resistance eu cisaillement
quelquee exemples: la seneibilite des sole,
le remaniement, la vitesse de consolidation.

La Pi1.l montre le preesiometre autofcreur.
Sur cette photo, il est equips c'une cellule
de mesure de 1a precsion interstitielle.

La Fi5.2 montre une courbe d'expansion non
50%.drainee menee Jusqu'a une deformation de

La courbe de resistance au cisaillement qui
s'en deduit met en evidence une sensibilite
du sol de 1'ordre de 1,5.

Le remaniem nt du sol peut etre etudie gra­
ce a une bague d'epaisseur l mn montee sur la
trousse coupante. On peut voir sur ls Fig.5
la ccmparaison avec les oourbes du sol intact:
courbes pressiometriques et courbes de cisai­
llement non draine. Dans ce cas, mais oe n'est
pas general, la pression initials n'est pas
altereeg elle est le plus souvent accrue
par le remaniement. La valeur de pic de la
resistance au oisaillement est peu alteree,
mais les deformations sont accrues.

Une mesure en place de la vitesse de conso­
lidaticn des sole peut etre effectuee do la
maniere euivante (Fig.4).

1°/ L'expansion est effectuee, du type non
drains, Jusqu'a une valeur predeterminee,

par example ici, 0,94%. Durant cette phase,
on mesure la pressicn interstitialla qui so
develcppe au bord de la sonde. Grace a la the­
orie de 1'expansion cylindrique non drainee,
on en deduit le champ des pressions intersti­
tielles initiales.

2°/ La deformation est bloquee. 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 Jee­

ger (1959), pernet de deduire un coefficient
de consolidation radiale mcyen,qu1, dans ce
cas,vaut respectivement l.l0'2 et 2.1O*2
cm?/seo.

Enfin nous avons developpe d'autres appli­
cations, le piezometre autcforeur en parti­
culier. Ces resultats seront presentes en
Session Speciale no.5.
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Chairman Prof. L.Sukl3e
Thank you very much lr»B8SU°11n fOr Y°“r
contribution .
Coming to the end of this session I want
to pass the word to Prof.Meyerhof to B1V°
the closing speech on the work of our
session

Prof. Dr.G.G.leyerhof (Canada)
As Vice-Chairman of this first lain Session

of the Conference, I have been asked to give
the closing speech and summarize the mainconclusions o our discussion. The subject
of this session on the investigation of the
strength and deformation proper-; , of soils
in the laboratory and field is still a most
important one in soil mechanics and founda­
tion engineerlng. For planning, design, con­
struction and operation of civil engineeringIorks a knemledge of the in-situ or field be­
haviour o large soil masses under load is
required. Since even elaborate laboratory
tests on large undisturbed soil samples can
at best only approximate the field conditions,in-situ tes s are often preferable. However,
field tests are also inevitably simplifies
and have a margin of uncertainty because they
generally give properties of soil masses ofimited extent under short-time loading,
vhioh may differ considerably from the beha­

of large soil masses under long-termof eng neering structures in practice.
topics for discussion of this Sessionwith four main areas: in-situ test de­

viour
loads

The
dealt
vices, predictive techniques based on field
measurements, laboratory model tests and
probability approaches to soil engineering
problems. Regarding the discussions on fieldtests and their evaluation it should be re­
membered that the initial in-situ stresses
in the horizontal and vertical directions are
often required in addlLlun_to the stress­
strain-time and strength relationships mea­
sured under the applied test leading. Further,
pressuremeter measurements give only "hori­zontal" soil parameters, mh:|.la onnn passer;­
tion and plate loading tests are governedmainly by "vertical" soil propert es. lore­
over, all these devices inform us only aboutsoil behaviour under axial symmetric oading,
and the corresponding properties may differ
considerably from the plane strain case of
many soil engineering grcblems.T e discussion on a oratory model tests,
especially the centrifuge test,showed that
they can glve useful information about soil
parameters and the mechanism o soil failure
under load for the design of prototypes. lhiletests on s all models y eld results cf a qua­
litative nature only,even large scale labora­
tory model tests cannot fully represent theactual geology, initial in-s tu stresses
construction operations, time effects and
other important factors. Aceordingly,thecorrelation of such model tests with the be­
haviour of fullscale structures by performan­
ce observations during and after construoti n
is essential and cannot be cveremphasized.
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Hmnmwedmwnmsmpmmmhwand decision theories indicated that these
methods can assist us by delineating margins
of SIIG: and Bhoiiig ions approaches to the
solution of simplified soil engineering
problems. However, such analyses are only
useful lf the statistical parameters of thesoil properties at the particular site are
kncin in some detail. It should always beremembered that the successful and economi­
cal solution of soil engineering problems
is.both an art and a science. Our sem1-emp1­
rical methods of |x~edJ.ct:Lon based on analy­
ses and the results of soil tests require
mature engineering Judgement,sound experien­
ce and some good uck!In conclus cn, I should like to express
our warmest thanks to the General Reporter,
Professor T.N.Lambe, for his stimulatingGeneral Report and his detailed revies of
77 papers, which account for about one-third
of all papers submitted to this Conference.
I should also like to thank the Organizing
Committee of this Conference and our Russian
colleagues for the excellent arrangements
for this Session and their kind hospitality.
Thank you all for your interesting contribu­tlo s to the discussion. We look crward to
seeing you tomorrow.

Cnacuoo M no csunasus. Hp aasrpa.The first Session is closed.

Written contributions

H.JOSSEAUlE et B.lANDAGARAN (Francs)

Les tassements,mesures sous un remblai
construit sur une oouohe d'argile organlquemolle (vase) et caracterise par un coeff ci­
ent de securite assez faible,sont generals­
ment tres superieurs aux tassements calcules.
Ceci est du essentlellemcnt au deplacements
lateraux du sol de fondation,dont le calcul
olassique ne tient compte que partiellement
(lore du oaloul du tassement lmmediat). p §Pour apprecier l'influenoe de ces deplace-‘a
ments lateraux,une etude du tassement des
vases,basee sur des essais triaxiaux a char­
gement controls a ete antreprise au B.C.P.C.
La methods utilises proche de cells preconi­
see par KERIBEL(1) tents de reproduire e la­
boratoiro loo conditions do chargement du sol
en place. Elle consists a appllquer a des
eprcuvctts: prclcvcos dans la oouohe a stu­
dier et reconsolidees dans l'appare1l tria­
xial sous les ccntraintes en place (contrain­
te verticaleC& contrainte horizontale K¢6Z)
les supplements de contraintes AG) et A63apportes par le remblai au niveau ­
de prelevement, A61 et A63 etant calculessur l'axe de 1 ouvrage

J.KERISEL,l.QUATRE-Tass ments sous les
fcndat1ons.lethods de provision a partir
de l'appareil triaxial. Annales des Ponta
et Chaussees- n° 3- mai-Juin 1966



On donne oi-spree des resultats obtenus
lore de 1'etude du teesement immediat.

L'etude a ete faite pour diverees hauteurs
d'un remblai 'large de 70m a sa base et repo­
sant sur une oouche de vase normalement con­
solidee d'epaisssur 16m. Lee caracteristiques
mcyennes de cette vase etaient les suivantes:
Limits de liquidite _ : 1L=7B
Indice de plastioite : IPA2Teneur en eau z w =70
Teneur sn matiere organique: 5%
Tsneur en 0030s : 4-0%
Cohesion non drainee : Cun27,5 kPa.
A64 et A63 ont ete oalcules pour des_haute­

ure de remblai correspondent a dee valeurs
du coefficient de securite comprises entre
F-1,8 et F=1,2O. Le caloul s ste fait en
elasticite et tient compte d'un substratum
rugueuz a la bass ds la couche compressibls
dont le coefficient de Poisson a ste pris
egal a Q =O,5.

On a conetate une rupture plus on moins ra­
pids des eprouvettss seeayees (entre un jour
et plusieurs Jours), sauf dans ls cas ou F=1,8»
Cos rupturss ss sont produitee mslgrs que le
dsviateur 61 - 63 sit ete inferieur a deux
foie la cohesion non drainee Ou mesuree apartir d‘sssais triaxiaux UU effectues
sur des eprouvsttes reconsolidees aux cont­
raintss en place (Vitesse de deformation:
5,55 par heurs). Ces observations ont conduit
a etudier le ocmportement non drains d'eprou­vsttes de vase soumises a des contraintes
conetantes 62, et 6‘_1 correspondent a dif­
ferentes valeure des parametrse

ns  et K.: él. L'etude a nontre2 cu 62
1'existsncs d'un seuil de flusge corres cndsnt
pour le sol considers a la valeur nf=0,g5.
En effet,en deia de cette valeur, 1a defor­
mation vertica e do §'eprouvette se stabilisedans le temps (fiiil , alors qu'au dela ladeformation e'smp fie et le sol se rompt
(f1g.2). Les ruptures qui se produieent pour
des veleurs de n supsrieures a n =O»75 ont
pu eggs igterpretess en contrain£es effecti­ves 1 . .

L'etu§e de 1a deformation d'eprouvettes
caracterisees par un niveau de cisaillement
infsrieur a 0,75 mst en evidence une forte
deoroiseance du module non drains Eu dans letemps (fi5.4). On rsmsrque on particulier que,

du tassement imediat doit alors etre faite
par un calcul tenant compte d'un comportement
elastoplastiqus du sol compressibls. Pour le
choix de la valeur de ‘la resistance au cisail
lement definissant le seuil de plasticite,
il est necessaire de tenir compte du pheno­
mens de rupture par "flusgs" qui se produit
pour des contraintes de cisaillement bien inf­erieures a C . Le choix du module non drains
caracterisang 1s comgortement ds la zone slastique devra egalemen tmir compte de la
Eorteldecroiesance de Eu apres chargementll B0 |
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une minute apres l'appl:Lcation dee ccmtrain- Fi5»1. Variations do la deformation et do 1a
tes, Eu est egal a snviron la moitie du modu­le non drains mesure dans 1'essa1 UU classi­
‘1“° P°‘“` '§1-cl-‘5f-\-- . o,es. Au bout ae deuxu _
eemaines (20 000 mn), la velour de Eu n'est
plus que de 1'ord§;Ld5Udi1:Lsms de la valeurobtenue dans 1'ee »

En conclusion il agparait que, pour les va­leure usuelles du coe fioient de seourite une
none plastique se developpe dans la fondation
d'un remblai pour pau que la couche compres­
sible alt une certaine epaieseur. La provision
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pression :Lnterstitielle en fonction
du temps au cours d'un essai de char­
gement triexial non drains pour
ng  _ 0,56

2°u
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Lunir Pruika (Czechoslovakia)

Effect of itial Stress on the Stress­ra 8 GD
%a§% %§2"'?~@E3%13n§’£2£ <'§'€§§%*}‘i I§°2i$éX°“ °°when tm pressure is at rest and the control­1.|.._ A. ._ »-J' . ._ .~....lab strata 9, :aries fr... zero tc a certain
mBlL`I.m\m6; mygnd again back to zero, by the
well-lmown closed hysteresis loop. The hys­
teresis loop has been ascertained and proved
experimentally. F1g.l shows the hysteresis
loops measured by three authors in different
countries (Fyod0rov,l|alyshev l959,Plehm 1965
lach 1970) on samples of sand having almost
the same mechanical properties. The :paci­mens, too, 'rare similar,cyl1ndr1,ca`l, th a
2:1 height-to-diameter ratio.

2. Under other boundary conditions, for
example for a cube-shaped specimen (Kjell­msn 93é) the hysteresis loop, though not
the same, is of a similar shape. An analysis
of this case leads to the conclusion (Prulka
1973) that the unloading bramh of the hys­
teresis loop is given by the equation' o  I/ll '6' = lk I *Y ql I 6' {

’ ci(/-/<,f)+/nf, -GLIMX ' U
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'sm A- =f,, (1 - ff) (Pruéka 1972)W ‘I
67' mu - maximum cverconsolidation stress.
A comparison of the experimentally ascer­

tained hysteresis loop with the theoretically
deduced one is shown in F1g.2»
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arises at a support displacement frm tl:
original poaiticm of about 0.002 H. The
passive pressure originates at a displace­
ment greater by a factor cf about 10.

lleasurements made at "Cent:|:e_ Expeerimental
de Recherches et d'Etudes des Batiment et
des Travaux Public-Paris" (Tcheng,Iseuz 1972)

have proved this dependence to be not unique,
for the passive pressure arises also under
other deformations and the displacements
mobilizing me passive pressure are not mere­
ly a function of the supporting wall height.

4. Let us introduce the relationships set
forth in paragraphs l and 2 into the problems

rein? outlined in par raph 3 in accordance with

//' | ' r A/ I/1/ ; 7 V| - `_ /J - + YS ­
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CALCULATED BY AUTHDRIH FIG 2

As equation (1) suggests, the coefficient
of pressure at rest is a function of stress
history. at the first overconsolidationstress 5' and the spbsequsnt first unloa­ding to ' “I stress 6’, the coefficient
of pressure at rest is defined by the equati­°° .E 1 ~ P1'.._ (2)

x°`12K2°1(1-Pr)

where Pru6;'M:/6, - cverconsolidation ratio
3. The de endence of the limiting stresses

in soils, og the active and passive pressures,is frequently stated on the asis of Terzgsd. sstudies by help of the well-known curve ( g.Ze)
indicating that :Ln the modelling of soil pres­sures on a vertical wall the ac ive pressure U

,';Fig.5a in whichaéhe initial state of stress
at zero strains denotes the pressure at rest
defined by a single value, EO. Since thepressure at rest is not a constant
(Pruska 1972), it is necessary to consider­
rather than a single value of the pressure
at rest- a whole set of pressures at rest
lying in the interval bounded by the lover
and the upper coefficient of pressure at
rest, lol, and I°2»

What the introduction of this procedure in­
to the schematic diagram in figéa means isthat for zero strain there app ies the line
segment AB (F:l.g.5b) expressing the variousstresses from which one can set out when exa­
mining the origin of the active or passive
pressure. It then follows from the continuity
of strains that tlnre erlst various wa s-gi­
ven by the initial conditions-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.5b. What'we
know of this zone are points A and B and,ba­
sing on Terzaghi's tests, probably also the
lower limit given by the results of studies
of Terzaghi and his school.

5. The limit values of the pressure at rest
are functi ns of the angle cf internal fric­
tion. For ¢'=O the two values become identi­
cal and that is why they are represented by
a single point C in fig.5b. It follows from
this statement that the magnitude of displa­cements and hence also the whole zone of
transition from the pressure at rest to the
active or passive pressure depend equally onthe angle of internal friction.

The problems of cohesion have not been con­sidered so far.
6. The aim of this contribution is to point

out the necessity of following the initial
state of stress and the stress history in so­
il tests. Respecting this reality leads to
surprising conclusions as demonstrated, for
example, by Broms (l972) in his studies of
soil pressures on supporting walls.E:
BROIS B. (1971) "Lateral Earth Pressures due

to Compaction of Cohesionlese So11a".Pro­
ceedinfrs 4th Budapest Conference cn SIFE,
BtI‘e57}"5B4e

mrononov I.v., mmrssv Lv. (1959) "0 bokovom
davleniji v pescanych gruntachf, Gidrotech ­niceskoje strojite stvo, roé.25,é.6,
Btrc 18-2.2¢

KJELIIAN W.(l956) "Report on an Apparatus for
Consumate Investigation of the lechanical
Properties of Soils". Proceedings ICSITE,
Cambridge, lass. Vo1.II, str.l6-20.

IACH V.(l97D) "Laboratorni zkoumani vlivu
opakovaneho zateicvani sypkych zemin nahodnotu gejich soubinitele oéniho tlaku vklidu“. tavebnicky casopis, roé.XVIII,é e5| str.  0

PLIEBI H. (1965)- "Rohrdruclcversuche mit sandi­
gen und kiesigen Erdstoffen", litteilungen
der Forschungsanstalt fur Schiffahrt, Was­
ser- und Grundbau, Berlin, Schriftenreihe
Wasser-und Grundbau, Heft 14, s.l04-157.

PRU§KA L.(l972). "Basic Equations of Pressu­re at Rest of Granular Materials". Procee­
dings 5th European CSMTE, Iadrid, vol.I,p.6 76e

PRUSKA L. (1975). "Hysterese napeti v zrnitych
latkach pri tlaku v klidu". Stavebnickyéasopis (v tisku),

TCHENG Y., ISEUX J. (1972), "Essais de Butee
en Vraie Grandeur et Contraintee Engendrees
par une Surcharge Rectangulaire sur un Hur
Vertical". Proceedings 5th European CSHTE,
lladrid, vol.1» P.207-214.

J.EEDA (Czechoslovakia)

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

and deformability of soile"- is to providesoil mechanicians with the most reliable
constitutive relations of soils. The reliable
stress-strain relations, especially if inten­
ded to be extrapolated beyond the experimental
range, seem to me to require a reasonable
structural interpretation, i.e. their under­
standing on the basis of the mechanism of
structural changes. Such a task is certainly
a difficult one and whatever help is most
invited. Such a help may yield,according to
my opinion, some disciplines related to soilmechanics. The deal with materials like
coal, ore,metallic powders, grain kaolin etc.
which may be expected to behave similarlylike soils. All these materials fcrm there­
fore different parts of the synthetic mecha­nics of particulate matter. 7

Fig. 1 presents the position of the mecha­
mrslcs ---- ------- nrowrcs
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Fig.l. The position and subdivia on of the
mechanics of particulate matter

nice of particulate matter in the frame of
the general mechanics. Soil mechanics trea­
ting dry or wet cohesive and cohesionlessooilo at different stress levels is doubtless
the most general of all the branches of the
mechanics of particulate matter. Its con­
cepts therefore are understandingly most sfruitful for those branches. This contribu- ­
tion however aims toward an opposite ques- ”
tion: how the related subjects may contribu­
te to n more profound understanding cf thcmechanical behaviour of soils. In the follo­
wing I will present some examples to prove
that they may.

One of the present problems of soil mecha­nics is the behaviour of cchesionless materi­
als like rockfill undergoing grain crushing
at the engineering stress level. F;f.2 (Feds,1971) suggests the effect of the a al strain(at he 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
grains. The application of the theory of grin­ing of the ceramics may therefore prove to
be useful when analysing the structural chan­
ges at large displacements.

Another soil mechanics problem is the ana­
lgsis of reversible deformations relevant fort e definition of the yield surface. Se e in­
teresting knowledge may be deduced from theelectrical resistance measurements of elect­
rically conducting powders. Fig.5 shows one
of Kantorowicz's (1952) tests-graphite powder
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Fi-6.5. The measurement of the electrical re­
sistance of the gulverized graphite (par­ticle size 9 to 5 m) at the cyclic one­
dimsnsicnal loading. (Kantorowioz, 1952)

was oyclically loaded and unloaded (cyclicpressure range O to 2000 kg/cm ) at one1d:lnen­
sional (oedometric) deformation. At first
densification takes place (as proved by the
decrease of the electrical resistance). Gra­

dual increase of residual stresses at me
higher cycles leads to the disturbance
(loosening) of the structure both at the
complete unloading (when this structural
destruction was sometimes accompanied "mit
deutlich hiirbarer Knacks") and at reloading.
These and similar tests indicate me possi­
bility of studying the effect of residualstresses which are in soil mechanics still
rather underestimated.

The theory of press:Lng,bcth one-dimensional
and hydrostatical is highly dsvelo ed in po'­
der metalurg and ceramics. Fig.l+ ¥Bali:Ln,
1972) presents an example of one-axial
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Fig.4. One-dimensional compression of the
electnolytioally pulverized copper
(Baliin, 1972).

(oedometric) compression of the electroly­
ticalli pulverized coppen. Terzaghi's semi­logari hmic law is valid for tm fir st and
second loading stage its compresslbilitiicoefficient changes in the third stage.T _s
follows from the compression curve trans­
fomed to the semilogarithmic scale. Oomp­
ression through the first and second stages
results from the mutual displacement of gra­ins and the local deformation of their con­
tacts. In the third stage the contacts cn.
sed to move and a total deformation of gra­
ins takes place.

This compression process allows an _appro­
priate definition of the particulate matter:it is a material whose deformations result
from the individual grain (or structural
unit) displacements. One may well imagine
materials which get into a particulate state
during a deforma ion process (owing to brea­kage of 'l'he:Lr origins structure) and those
or other materials which after leaving some
working range cease . to bear the nature ofa part culate matter. Such state (structural)
changgs exert doubtless a strong influenceon t mechanical behaviour (constitutive
relations) of soils,

The number of such examples may be incre­
ased but perhaps those presented may mffice



to illustrate the proposed thesis:considering
some contemporary problems of soil mechanics
frgm 5 standpoint of n more general mechanics
of particulate matter is useful not only from
the philosophical(synthetic)view but as well
for its practical value.
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A.P.Alexiev (Bulgaria)
The fact that most of the soils represent

solid-liquid-gaseous systems is wellknown,yet not recognized rea ly in mechanical termsAs stated McClintock and Ar on l thebi s ( 966).mechanical ehaviour of materials from

l0'4m down to l0°7m grain size is virtuallyan unknown land,and he middle part of this
range is laid beyond themetall and materials scope both of thescience and fractu­
re mecanics, on Tetelman-lcEvlly's sheme
(l967). Since almost all
soils fall in this range clayey and silty

it is quite impor­
tant to find a basic general characteristic
for them, dlfrering from those of the othersoils. So it is assumed that the basic struc­
tural feature, from a mechanical point of
vie! of claygy and silty soils is the high­ly discrete ( spersed) distribution of the
two fluid phases too. Expressed in quantita­
tive tcrms,ths mechanical (or strength) cha­
racteristic mentioned is determined by the
following ratio:

(w /w1)°((")--5 ------ -- = Temperature (l)

where W , I , and W are mean volumetric ga­
seous, fiquld, and solid contmts of soil
phases, respectlveky on the "fracture surfa­oe", and -1s °((e)s 1, -1 ap (t) > 1 are
composite time functions determining the frac­
ture surface development and topograshy in
dependence on solid particle size an shape,so d-liquid-gas phenomena,eto. It was shown
on this basis (Alexiev,1970) that only four
different types of structural mechanical be­
haviour are possible for three-phase disper­
sed systems (soils), and an experimental me­
thod for study them is described in brief
here, in another place (Alexiev, 1975).
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B.LADANYI /0ene4l/

Since the last international conference an
increasing interest has been shown 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
that can be measured by such an instrument.

Thus,as an example,in l972,three indepen­
dent papers appeared almost simultaneouslyin three different countries, describing
how the ordinary short-term pressuremeter
information can be used for finding the whole
undrained stress-strain curve,and the cor­
responding vector curve for a saturated clay.

In addition to this,two papers present at
this Conference show some modified designs
of the instrument and consider also prob­
lem cf 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

ggesenved at this conference /Bronstein,kheev Huppenneit and Shvets/ gives an
improved method for determining the elas­
tic anisotropy of the soil.

On my part, 1 would like 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
creep properties of ice-saturated frozen
soils and a paper about it was presented by
myself and Gh.Johnston at the recont 2nd
Int.Conference on Permafrost in Yakutsk~

For that purpose, a stage-loaded test,with
about 15 minutes per stage,has been found
convenient. The fest information is then
processed in a manner similar to that used
in the creep testing of metals within the
primary creep domain. As a result, each such
pressuremeter creep test yields a generalcreep equation as well as a time- ependent
strength equation of the tested frozen soil.

The method covers up to now only one devi­
atoric creep problem, which is sufficientfor ice-rlo frozen soils. Its use in unfro­
zen saturated clays would require the know­
ledge of the generated pore pressure varia­
tion, in order to be able to the volume creep
from the total measured creep deformations.
The method for pore pressure measurement in



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

Dr.R.H.
Conventional stability analysis and centri­

fuge model tests have been made on river
walls about 4m high which have sligped. as aresult of dredging lm or so from t e river
bed. The purpose of the dredging was to inc­rease flood low.

The conventional analyses were made using
effective stress c' , D' values measured in
the laboratory and pore pressures measured
:Ln the field. These analyses showed the sta­
bility tc be marginal, but the value of F
was very sensitive to c' which is difficultto measure to say 2 to 5 E/ll

Centrifuge models were made to l/46 scale.
a) with kaolin consolidated to the same un­

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

Dredging and drawdown were simulated.The kao :Ln model failed very much likethe field case with a distinct failure sur­
f8C9b

The natural soil model did not show a dis­
tinct failure, but because careful observa­
tions were made of deformations by photogra­
phing surface markers it was possible to
dist.'Lngu.'l.sh a zone of high shear deformaticm.Without such careful observations the cent­
rifuge tests might have been misleading. From
the observations the boundary of the highly
deformed zone was delinearted and using thisas the failure surface further convent onal
analyses made. These lei to a lower calcula­
ted factor of safety than previously.

A. G.A.nam:ostopoulos /Greece/

SYNOPSIS

Several penetration tests were made in
Patrss soft silty clay in order to extend
the interpretation of cone penetration resis­
tance for evaluating the undrained shear
strength of this material.Resu1ts are pre-‘sented in relation to the undrained shear
strength of the soil penetrated.Based on these tests a tentative relati­
onship between cone penetration resistance
(gg) and undrained shear strength (Cu) ofPa ras silty clay is proposed.
1. GENERALRHIARKS

In easier to evaluate static penetrationtests using a Dutch cone penetrometer) :Lnrespect to he estimsticm of the shear
strength characteristics of so:Lls,various
authors suggested formulas for the correla­
tion between static cone penetration resis­
tance q¢ and shear strength of the pene­
trated scil; some of the given formulas
correlate for undrained (quick) conditions
(gP=O) the cohesion Cu to the static coneresistance q .

From the egisting literature some corre­
lations between q¢ and Cu are given herebelel

3|

a) Begeman : Cu= (;-:- for clayey soils

5) Thqmgg g cu= .EE. for London clqy18

c) Sanglerat x 0u=-%§- for Annecy softolsys

d) goighttnd C q° f Arabi G lfor e : -- or an ou 16 soft clays
Taking under consideration the above far­

mnlas and in order to derive Cu from qc, a
theoretical approach was attempted,accor­
dingBJaky's and |leyerhof's computation me­tho for a deep foundstion,w:Lth a base in
a shape of equilateral triangle. This took
place during the geotechnical investigation
in the construction field for a multi storey
building at the seashore of the city of
Patras, located in the NW part of Pelopon­
nesus (Greece).

The geotechnical investigation consisted
of bore holes drilled to depths of 55-50
meters. Near the bore holes static penetra­

.
PATFAS ATHLN

O

Z"i.j\:\‘1; 1.

tion tests have been carried out,w1th a
Gouda engine driven hydraulic deep sounding
apparatus. A regular con8 has been used,
with anmgpex angle of 60 and a section areaof 10 c . The used driving speed was 2cm/sec
Undisturbed samples have been taken from the
desirable depths by mans of a thin wall
sampler. Soil classification and characte­
ristics have been determined from laboratory
tests. The undrained shear strength (C ) has
been determined from unconfined canpregsion
tests and some quick! undrained triaxial test
on a consolidated sample at the geostatic
pressure,

The soil profile consists geolcgicaly of
recent alluvial deposits (fine to medium
grained sands with silt and clay). A rqure­sentative description of the so l formationis as follows.
O-Sm Random man made f:|.ll including gravel,sand and stones
5-10m Gr silty fine sand (HL) cmtaininglocgly fine gravel
10-55m Gray inorganic silty clay of mediplasticity (CL), soft to medium stgff
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From the depth of 351| down to the final ex­
plored depth of 50m the soil becomes more andmore stiff. The characteristics of the stra­
ta under consideration (10-}5m) are given be­UWe

Percentage Passing W IL I Sof Clay tnrough p
D 4 0,002.mm eggs No

40% 96% 30% 55% 18% 1.5-5

2. CORRELATION BETWEEN qc-Cu

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

Following the assumptions of Jalcy and layer­hof the failure conditions are considered as
in figure 2.

F /I
'c

Ac
Fig¢2.

Taking into account the width of the strip
foundation equal to D,diameter of the cone
point,the development of the failure line Lcan be derived:

L=2'D + n tang 5o°=n(z'+ o,5a>
From the equilibrium condition of the dri­

ving to the resisting moments around the
point B we obtain:

Driving moment:  3 .TIF but P=q°.D and'Dag' EE (a)
nesisung moment: ||R=cu.D.<z‘ +o,5s)=5,7zcur>2
equating (8) and (b): (b)

q°=5,72 1 4 x cu.14,es cu (e)
The above relation is valid for strip foun­dation. Because of the circular cross-section

of the cone base, it is necessary to convert

the derived relation for the circular case.
In this respect it is considered to oe a
good approximation the correlation givm by
Meyerhof far the coefficient Nc for bothcircular and strip foundation. This leeds
to the figure:

Nc circular _c, s r p ' gig" L15 (d)
According to the shove equation (c) isconverted or the circular case:

qcir°=1,l5 qst1_ip=1.13 x 14,88 cus' 17 Cu (e)
This relation expresses the dependance of

the cone resistance q with the undrained
shear strength Cu. Tha contribution of the
overlying soil loads has not been take: in­
to account due to the rather moderate depthsand the compensating influence of the Ie ghtof the rods.
5. 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 fran different depths.

It can be seen from figure 5 that the line­
ar relationship between cone penetration re­
sistance and shear strength is in good ag­
reement with the values determined from un­
cicfiaed compression tests, for the exploredOpt eThe scatter of results is acceptable.

In consequence the author considers that
e relationship cnt qg= 17 0 is applicablefor the examined ca e ani xoes not differ
considerably from the proposals of other
authors.
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Sven Kanebo (Sweden)

Determination of the creep strength of high­
plastio.normally consolidated clays _ _

The empirical reduction factors ggi( withreference to shear strength cf hi -plastic
clays, if based on liquid limit as in Sweden
or on plasticity index as recently suggestedby Bjerrum, mig t yield results on the un­
safe side. This has been shown by me in anarticle delivered to the Nordic eotechnical
meeting in Trondheim in August lg72 (Hansbo,
1975). Therefore it seems necessary to deter­
mine by some proper testing technique what I
would call the creep strength»f§,_

One method,sg§gested by Singh & Mitchell,is to make tri al tests with constant devi­
atoric stresses at different stress levels
below failure (as determined by conventional
tests) but this is time-consuming and it is
difficult to find by this method the exact va­
lue of creep strength. An alternative method,e.g. used a the Norwegian Geotechnical Ins­titute, is to make triaxial tests with diffe­
rent axial strain rates. Although this is a
much quicker method it is still time-consuming
and requires (as the previous method) many
samples with "identical" geotechnical proper­
Ll6i»¢BuLh iheéu muihuia are Lhuu lean unable
from a practical point of view.

A third method, which seems very promising,
is to use pressuremeter tests. Thus the creep
strength seems to correspond to the yield
pressure p 1 (pression fluage), determinedwith loner; s pressuremeter» If the modulus
of elasticity cf the clay is assumed equal
to 250 (gr to 500 'Car (an estimate that is
based on loading tests), then the creep
strength can be calculated from

--1;-2' ----- - 5,f» to 6.1
Pfl'po

where p°= horizontal Ln-situ pressure
in the soil at the level in
qusstlo

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

DETERIINATION THE MODULES OF GENERAL DEFOR­
NATION BY DYNAMIC PENETROUETERS.CORHELATING

DEPENDANCES

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

The nodules calculated in this way are
compared tc the determined modules by meansof a settlement plate /5000 cm /. On the
other hand the experiment with the settlement
plate is difficult 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 Ck d which is defined much easier bymeans’of state penetrometera

The linear correlating dependence, estab­
lished by means of n=5O parallel experiments
/correlating coefficient r=0.755/ :Eos cha-no (1)

In the process of work we have searchedfor an easier method of defining the
module of general deformation and we began
working by means of a dynamic penetrometer.
The mass of the striking part is 2QiO,2kg,
the falling height is 25+0,Zbcn and use
solid rods diameter is 22mm. Then we deter­
m:|.ne the number of strokes necessary for
penetrating of the terminal 10 cm-N10. Toavoid the effect of the critical depth
we use the data obtained under it and to
exclude the effect of rods length we don't
take dats from depth more than 6-7 meters.Mlmmmnmdmtmewmmmcwnhnm
dependances C d=fN10/apply to similarcases. For th§' values of N10 withdifferent effects it is necessary_ first
to make the corresponding corrections.
We f.cund out the following dependances:

1/ Sand with gravel
ck_d=5‘fo' +1o,5 (2)/n=5o| r=

2/ Sand

Ck.d=4¥o +7 (3)
/n=50» r=0»793/

3/ Clayey sand

/n=78, r= 0,9061
4/ Sandy cl§“"u_

/n=50, T: o,817/
5/ Clay

Ck’d=2|4N1o_2’ 2/n=56|
By means of the values for Ck'd obtained

in this way we could define the module
of general deformation by formula(l}
T e modules o deformation as well an the



angle c inner friction respectively the
angle of cutting strength and other quali­
ties of soil could be calculated using also
the existing dependances of Buisman- de
Beer, Sanglerlx and others.

Jezequel J.(France )
Une nouvelle methode pour l'etude des sole:
l ' auto-forage
Au congres de Madrid aussi que dans notre

c mmunication a la presents seance,nous vous
avonc presents le pressiometre auto-foreur.
Principe

Un carottier a prees1on.portant lateralement
la sonde pressiometrique,est introduite par
verinage dans le sol.

Au fur et a mesure de la penetrat1on,la ca­
rotte est detruite grace a un outil desegre­
gateur actionne en rotation depuis la surfa­ce.

S1multanement,les sediments sont remontes a
la surface grace a une injection de fluide
sous pression.

Arrive a la cote d'essai voulue,la penetra­
tion est stopee et,apres une procedure spe­
oiale permettant de ccnnaitre la pression
naturelle des taux,cn peut prcceder a l'es­
sai d'expans1cn.

Cette methode permet de tester un sol vi­
erge et son rendement dans des scls meubles
est bien superieur a celui de la methods
classique.

On peut aussi determiner la resistance auoisai lament non draine 3usqu'a des deforma­
tions de 50 a 40%.

L'appareil presente est cependant limite
a des prof ndeurs de penetration de 20 mst­
res environ; la rotation des tises de fora­
ge pcuvant sectionner des file e commandopressiometre.

Pour palier cet inconvenient nous avons
constru t un ncuvel appareil dit "§ress1cme­tre auto-foreur-hydraulique". Imme iatement
au dessus de la sonde est place un moteur
hydraulique entrainant l'outil en rotation.

0'est ainsi possible d'atteindre des profo­
ndeures de 100 metres et plus,1a mise en
place stent egalement de meilleure quslite.

Sur le meme principe d'autoforng§ nous avcns
egalement construit de nombreux autres appa­rails:
- la sonde frottante

Elle permet de mesurer le frottement late­
ral mobilise lors du verinage et ce-ci sur
un sol vierge puisque l'effet de pointe
n'existe pas.
- le piezometre autoforeur

Il permet de mesurer la permeabilite k-et
le coefficient de consolidation Cv en place.

Outre le dispositif d'autoforage, l'appa­
reil comporte:
- une partie filtrante bornee par deu cellu­

les de garde gon lables.
- un cache utilisable pour le desae rage et

ur la penetration dans le sol au dessusgg la DRPPOQ as

On a ainsi pu mettre en evidence l'inf1uen­
oe tres importante du remaniement sur la
permeabilite et le coefficient de ccnsili­dation: la mise en place de l'appareil sans
autc orage a mcntre par exemple une chuted'une puissunce de 10 sur la permeabilite
et une chute plus grande encore pour le coef­
ficient de consolidation.
Conclusions.

L'autoforage est une methode nouvelle pourl'etude des sole au
tages ou des essais

Elle permet seuleetat natural en lui
perturbation.Son domaine d'avenir est certainement tres
grand en particulier pour l'etude des sols
en sites aquatiquese

meme titre que des carot­
de paroie de foragel.d'etudier le sol dans son
apportant le minimum de


