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At the opening of this session, it is my
firat agreeable duty to introduce to you
those which are on the rostrum with me:

the vice chairman of this sesslon,Professor
Dusan Krsmanovic,Professor at the Univer-
sity of Sarajevo, and whioh is universally
known for bis outstand contributions
covering soil=structure interactian,not
only in the field of soil mechanlos, but
also in the field of rook mechanica,

the general reporters Professor Gorbounov-
Possadov and Professor DPavydov,whioh howe-
ver I will introduce to you in more detail
scaewhat later.

the scientific .-secretary, Mr.Fedorovsky,re-
search englneer at the Research Institute
of Poundations in Moscow, and disciple of
Professor Gorbounov=Possadov

the representative of the soclentifioc committee

Mr.Mikheev, Science Director at the Re=
search Institute of Bases and Underground
Structures, Gosstroy USSR.

It should have been our privilege that Dr.
Bjerrum, gast president of our International
Society should bave given his comments con-
cerning the subject of this session. In all
seaslions we are aware whioh great loss our
International Society bas undergone by its
premature death.

In this session 46 papers have been intro-
duced, and 24 written dlscusaslons were re-
ceived. Because of the limitation of time
only 12 contributions have been retained,
which have been chosen by the general repor-
ters in accordance with the 5 topics they
proposed for discusaione

The names of the partioipants chosen for
discussion are writtem on the black-=board,
Each participant will have a maximum time
of 5 minutes. After these 5 minutes the mic-
rophone will automatically be switched out.

It i3 really a great honour for me to
have been invited by the Russian Organizing
Comnittee to take the ohair for Main Session
2, devoted to the problem of the Interaction
o& saoil bases and structures. It can be
stated that this i1s certainly one of the
most difficult problems in the field of
Soil Mechanics and Foundation Engineering,
as its correct solution implies a very
thorough knowledge of the mechanical pro-
perties, not only of the soil layers invol-
ved in the problem, but also of those of
the bullding materials.

The avallability of electronic computers
makes it posaible to solve problems, which
some years ago could practically not be
treated. One of these problems is the cal-
culation of the pressure distribution under-
neath rafts and beams, taldng into account
the rigidity of the soil and the super-
struoture.

In order to get a correct answer from
the computer it is however ssential to be
able to programme the exact geometrical
data, and the exact mechanical properties
of the construotvion materials, and of the
different soil layers involved.

All these factors are very complicated
as indicated on the¢ scheme of fige.l

Concerning the soll a distinction has to
be made between immediate settlements, hyd-
rodynamic settlements, and secandary or
secular settlements (oreep phenomena). The
properties of the bullding materials are
also time-dependent (defarmability under
dynamic loadlng, permanent loading, shrin-
kage and creep; varlability with the age).

Concerning the soils it must be stated
that they are non-linearly deformable media
and that in some parts of the medium plastic
regions can be formed. The complexity of
the deformability properties of the soll can
be 1llustrated by fig.2, takem from a con-
tribution of Prmofessor Kerisel, and showing
that the modulus of deformability is a funo-
tion of the spherical stress and of the de-
viatoric stress,
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The rigidity of the building gradually ino-
reases with time both during snd after erec-
tion, and also sdéme plastic properties of the
buJ.léJ.ng materials have to be considered.

The cansequence of theae intricate factors
is that, even now, very important simplifica-
tions have to be introduced in order to sclve
the problem.

For solving the problem of the pressure
distribution, Terzaeghi and Peok used the old
method of the modulus of subgrade reactian,
but gave an indication how to choose the va-
lue of this modulus starting from some me-
chanical properties of the soil and the geo~

W6LTical data. OVST thoe F&ars 66Veral SGicu—
tists have tried to improve the method of
the modulus of subgrade reaction, which is
8till largely used in practice,

Another approaoch was to oonsider the soil
a8 a medium with a constant modulus of de-
formability and a constant Pdisson's ratio,

Others have assumed the soll to be a ma-
terial in which the modulus of deformability
linearly inoreases with depth. The solution
found in this 'a{ liea somewhore between
that of the modulus of subgrade reaction,and
that of the oonstant modulus of deformability.

In recent times Repnikov, followed by
Schultze, has presented a combination of both
aimplified models: the real medium is repla-
ced by a continuum with a ocanstant modulus
of deformabllity,containing a system of
springs, with a oonstat modulus of subgrade
reaotion. This cambination of course also
gives resuits iocated between the two extre-
mes.

It is impossible to enumerate here the
nawes of all the scientists who have made
substantial contributions to the problem of
grosaum distribution. We must though men-

ion, besides the two very eminent general
reporters Professor Gorbounov-Possadovr and
Professor Davydov, the work of Ohde—Kany,
Grasshoff and Profeasor Bchultze in CGermany,
Professor Krsmanovic 1n Yugoalavia, Profes-
sor Vesic in the USA, a group of scientists
of the Germsn Demooratic Republic, and our
School in Ghent,

In recoent times two very interesting sympo-
sia have been held concerning this sulﬂ:ot;
one in Sarajevo in 1969 under the 1nﬁe e of
Praf essor Kramanovic, organized by the Aoade-

of Soiences of Bosnis-Hercegovinaj the
other in Dresden in 1972, organized by the
Aoademy of Scilences of the German Demoocratio
Republioc.

Both symposia ocan certainly be considered
a8 very valuable introductions to this main

vécr



session of the Moscow Conference,

Although the results obtained from the me-
thods of the modulus of subgrade reaction,
and the oonstant modulus of deformsbllity can
be quite different, as is for instance 1llus-
trated by the tig.i; it must be stressed that
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until now practically no acoidents or damage
have been reported for bulldings calculated
by one of these two methods. Therefore 1t
must be concluded that in some way or other
there are some hidden margins of safety.

For resson of economy it therefore becomes
of the utmost importance to be able to sur-
round better the iroblan and, now the diffi-
culty of caloulation can be overcome thanks
to oonguters. the principal objective must
be to better know the real properties of all
materials involved and to be able to intro-
duoe them correctly into the calculations.
In order to get this lmowledge it becomes
imperative to observe and measure, in a still
more scientifio wg the behaviour of buil-
dings during and er thelr conastruction.

It 18 a great pleasure for me to introduce
to yau the general reporters Professor
Gorbounov=Possadov and Professor Davydov.

Besides many original contributions con-
oern other important subjects in the field
of Soil Mechanics, Professor Gorbounov-~-Posg-
sadov has shown for several years a contkt-
nued interest in the problem of the interace

tion of bulldings and soils, and ocantribu-
4

ted very intereating publications on the.
subject. Professor Davydov i3 a world famous
specialist in the field of the calculation
of structures,

Because of the language barrier we do not
always have the ozportuni $0 follow the
eninent contributions of Rugsian soien-
tiste, and therefore we are looking forward
with the utmost interest to the general re-
ports of Professor Gorbounov-Possadov and
Professor Da ov,

Mgy I now call on Prafesgsor Gorbounowve
Possadov to present his general report.



INTERACTION OP SOIL BASES AND STRUCTURES

(Prediction of Settlement,Design of Massive
Foundetiona Raged on the Limiting S3tate,
Design of Flexible Foundation Beams and Slabs)

Prof .M,I,Gorbunov-Fossadov (USSR)

The importance of the problem of interac-
tion of bases and foundstions requires no
comment. This is the final link in the chain
of the studies neceasary to provide the pro-
per work of bases warranting the pre-assig-
ned strength and maintainability of a buil=
ding or structure. The problem ocan be solved
exclusively by combined utilization of all
achievements in the field of designing foun-
dation settlements, beams and slabs on an
elastic base, and by applying progresaive
methods for &eaisnins reinforced-concrete
structures. of these problems however,
have been almost completely lgnored in the
general reports at the previous conferences,

The discussian of the indlicated prublems
at a separate session is particularly timely
because the number of investigations in this
field bhas considerably increased in receant

ears. This is due to a steady growth of
oads transmitted to the soil coupled with
the need for weak and non-uniform bases.

Iu duoipguiug Lasos, Suviel sGioubisiLy bave
for mny years proceeded from the assumption
that in most cases bulildings and structures
are threatened by non-uniform settlement of
the base rather than by the loss of bearing
capacity. This idea is finding ever-increa-
sing support in the engineering circles of
other countries. Rapid development of oompu-
ting techniques has opened up new vistas
for solving problems which only recently se-
emed insoluble. Among these are the deslgn
of frame buildinfs taking into account the
nan-uniform settlement of supports resting
either on separate foundations or on a can-
tinuous slab. Of great help was the develop-
ment of the finite-element method,which
enables solving base problems with extremely
complex boundary conditions, not only within
the framework of the theory of elasticity,
but also within the framework of more comp-
lex convinuum Theories, wihich are more and
more often used in representing the actual
complex properties of soll bases.

At the same time, despite the great amount
of work done, the problem of a soil base
model ensuring sufficlent agreement between
calculation results and actual conditiona
has not yot boon brought to a complete and
sucoessful solution. The previous simplified
mcdels the Winkler hypothesic and tho homo-
geneous elastic weightless half-space —
are now considered inadequate in many cases.
They are supplanted by solutions based on
models of a compressible layer or elastic
half-space with the deformation modulus ino-
reasing with depth. Also,interesting investi-
gations on the solution of the problem in
the non=linear version have been launched,

I.Settlement Prediction

A8 a rule, when the time factor is lgnored,
final settlement is now calculated by me-
thods of the theory of a linearly deformable
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medium (the theory of elasticity). Conside-
rable progress toward simplication of calcu=-
lations in this field bas been made in re-
vouv yoars. Four iusiance, Hursison,Goracd
and Wordle bhave compiled an extensive set
of programs for determining stressesa and
displacements in a half-plane and a half-
space. The load is assumed to vary widely,

Giroud and Wadowié have elaborated tables
and graphs for finding displacements and
stresses in a homogeneous half-space under
a load distributed linearly over a rectan-
gular area.

In his paper submitted to the Conference
Milovi& describes the results of similar
regearch carried out far a strip load and
for a load over a ¢circular area on a comp-
ressible layer.

Absy has established tilts of a rigid rec-
taggular settlement plate an an elastic
half-gpace by the finite~element method, The
magnitudes of these tilts practicall
de with those incorporated in the USSR State
Standards,

For the compressible-layer model,Glroud
has compiled extremely detailed tables for
determining settlements of rectangular
rigid foundations with a rough footing.

Schultze and Sheriff have submitted to the
Conference the results of settlement obser-
vations for 48 c¢ivil and industrial bulle
dings. These authors conclude that engineers
should no longer calculate settlements on
sand by the methods applied to clays which
used the results of soll tests with triaxial
devices. The best results are obtained by
calculation methods based on astatic and dy-
namic sounding.

In the case of protracted cantinuous foun-
dation slabs, theory-of-elasticity settle-
ments are especially frossly over-predicted.
According to observationo, ocuoh as those
carried out by T,A.Msl ikova, for & wider
(10 to 15m and up) slab, the pressures belng
the same, the settlement is practically in-
dependen£ of the slab width, whereas it
should be proportional to the latter acocor-
ding to the theory of a linearly deformable
medium. It can thus be consldered an estab-
lished fact that the familiar plot relating
the settlement to the width of a square
plate should be continued so that the set-
tlement curve will asymptotically approach
a horizontal line as the width increases
(Fig.l).

The divergence between the theory of a
linearly deformable medium and the actual
conditions 18 caused by the faot that with
large surface areas deep-lying layers come
into play which remain practically under-
formed under an external load,

The following hypotheses have been advan-
ced to explain the low deformability of
deep-lying layers as compared with the
theory of elasticity.

l. Some scientists assume that the base is
deformad onlz when the structural strength
of the soil 1s affected, and at great depths
the additvional stresaes from an external
load are too low for this. Stefanoff and
Kraetilov have submitted to tke Conference

coinci-
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On the basis of the finite-element method
and the bllinear law for deformations,Malina
has solved the problea of a rigid strip foun-~
dation on a sandy base, Each element was as-
sumed to be elastic until the stresses in it
reached limiting stressea after Mohr=Coulomb.
Then the excess was transmitted to the adja~
cent olements oy the iteration progess un-
til the stresses proved to be physioally fea-
sible everywhere.

We stated the problem in the same way. But
we used for this purpose a fictitious load
conslesting of three-=dimensional force coup-
les apﬂied to the plastic reglon, as desc-
ribed our communication to this Conference.

II, Design of Beams and Slabs on Campres-—
gible Base 220 0 ~Oprog

In this field, scientists continue their
search for mechanical s0il models which would
best refleit the actual conditions, It is
known that design by the Winkler method does
not yield satisfaotory results since it neg-
locts the distributive ability of a salil
base. Conversely, the elastic-.-half-space
modulus grossly overpredicts tiis abi t{.
especially in the case of the plane problem.
Besides, the elastic half=space leads to st-
ress oconcentration near the beam and slab
edges. Because of these features,the positi~-
ve bending moments (Figd) by the elastic~ha-
1f-space method (curve II) greatly exceed
the Winkler moments (ourve I).
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Pig.3., Schematic diagram of bending moments
in foundation slab or beam caloulated
by: l-¥inkler hypcthesis, 2-elastic
balf-space hypothesis,

After Winkler, the negative moménts in the
spans are :Eproxinte equal to the positive
ones beneath the supporta, This is not true,
since measurements show that, as a rule, foun-
dation beams and slabs buckle downwards. The
true ben moment plot must pass between
curves I and IT.

One of the widespread ways to f£ind a comp-
romise between the two theories is the rifi-
dity ocoefficient method, i.e.the method o
variable modulus of subgrade reaction so
selected that it roughly corresponds to the
caloulated plot of soll surface settlement
;inder a uniform load (Graaszhoff, Klepikov,

V. .

In the F.R.G., great popularity is enjoyed
3 the Kany method in which the bearing area
a structure is divided into a number of

elements, To determine the settlement of a

80ll element from a load distributed over it,
the usual Schleicher formula is applied,while
the effect of the same load on the neighbou-

a

ring elements 18 established with the aild
of the author's empirical formula,

A oalculation method using a scheme of a
compressible base in the form of a finite-
thickness layer (Davydov,Bgorov,Samarin,
Krasheninntkova) is wideiy applled. On the
basis of the finite-—element method,Mildvid,
Touzot and Tournier have given the numerical
values of the stress components in a finite-
thickness compreassible lezer completely ad-
hering to an underlying absolutely rin
base when a rigid rectangle is loaded with
an inclined, ecoentrically applied force.

In his paper submitted to our Conference,
Milovil& detormined displacaments and atres-
863 in a layer under a load uniformly distri-
buted over an annulus,

Of great importance in calculations,espe-
oially in plane conditions, is talkdng into
consideration plastic defarmations in the
soil beneath the foundation edges.Experi-
mental determinations of the dlstridution
of reaotive pressures have been carried out
Isvg many Soviet aubhors, including Evdokimov,

ilryayev, Lipovetskaya,Murzenko,Lazebnik,
Erivorotov and others. A survey of tests con-
ducted in other countries was made by Schul-
tze a8 far back as 1961, Here,principal at-
tentian should be given to experiments in
actual conditions. The effect of the rigldi-
ty of the superstructure, however,sometimes
hinders determination of the actual load
tranamitted by the supports,

Interesting investigations on the distribu-
tion of reactive pressures in actual condi-
tions have been canducted by Zeiffert, gar—
ticularly in the case of foundation slabs
for sllo blocks (the ebtained plots for a
base of loess-like olay are saddleshaped).

The goneral state of the art of designing
structures on an elastic base is vividly ref-
lected in the tramsactiona of the 1969 In-
ternational Symposium convened in Sarajevo
cn the initiative of Professor Eremanovii.

Ronveiller's paper submitted to this Con=
ference makes 1t possible to acoount for
many different factors in designing beams on
a compressible base, suoh as elastic com

resslon and the initial swelling coefficlent

of the soil. To this end, curves for soil
compressicn under pressures ar‘etglotted un-
der separate cross-sections of e beam,

The Boussinesq rule or the anisotropic theo-
ry is used to eatablish the law of transmie-
sion of an external load.

A method for designing circular slabs lying
on a Winkler base subject to a horizantal
Ethern):al) load was proposed by B.I.Korenev

1971).

The problem of interaction of the founda=-
tion structure and the superstructure is of
exceptional importance in defin the pre-
cise stress distribution both in the founda-
tion and in the structure itself. In strip
and continuous slab foundations on an elas-
tic half-space or a compressible layer the
calculated positive moments are then consi-
derably reduced, since the rifidity of the
superstructure inoreases the loads an the
odge columns and reduces those on the middle
ones. Here we will mention the works of Mey-
erhof and Hametsky for frame structures with
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Pig.l. Schematic diagram for dependence of
settlement on width of square test
plate ajk constant mean pressure,e.g.
2 kg/cm® AB- section of highly deve—
loped plastic defarmatione at a 30Oom;
CD=geotion of deformations correspon-

to scheme of linearly deformed

modium at a from 70ca to 3-5m,EF-sec-
tion asymptotically approaching hori-
gontal straight line at a 1Om.

tables and graphs for determining the corree-
ponding compressible layer thiclmess,

2. Other researchera attribute this to the
non-linear strain-stress relationship in so-
ils. The pgper of Eriegel and Wisner gubmit-
ted to our Conference explains precisely in
this way the results of thelr measurements
of so0il displacements at different depths
under all buildings, silos and chimneys.
They bave established a law for non-linear
deformations which, in their opinian, ex~
plains the results obtained.

3. Klein, Fischer apd some other authors
assune that the deformation modulus increa-
ses with depth, even in homogeneous solls,
Experiments with plates in test holes carri-
ed out by Sohultze in 1965. However, failed
to confirm u sufflclently rapid inorease in
the deformaticu modulus. Thersfore ths use
of the increasing-modulus scheme can anly
be justified by the possibili:{ of obtaining
close enough values of calculated settleme-
nta, and not by their agreement with the
aotual variation in deformation properties
with dapth.

4, In my opinion, the explanation lies in
the fact that the influence of the soil self-
woight is not restrioted to prscompression
but extends to the magnitude of displacements
from the external load, these displacements
are the more hindered, the greater the load
from the soil weight experienced by the base
element., The experimental data obtained by
Cherkasov, Mikheyev et al and the results of
experimental investigations on a oentrifuge
submitted to this Conferenoce by Polshin
Rt{dnitnlq and others seem to support this
viow.

The papers submitted to the Conference give
much space to the compressible-layer scheme,
The above-mentioned paper by Malikowa o mn-
tains experimental data which give an idea
of the thickness of this layer. The layer
depth may tentatively be estimated at l5m.

In his report to this Conference Dalmatov in-~
dicates that in ‘the case of weak soils the
compressible layer is much thicker,

papers deal with calculation of sett-
lements under loads cawsing nonlinear soil
deformations., Two laws of non=linear strain-
atrass relatiaonship ara conatderad, (lﬂ_g,?_)
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Fig.2. Dependence of deformations E on stress
G .0AC-in solving mixed groblsm of
theory of elasticlty and theory of
plasticity of soils; OA-~ section of
elastic deformations; AC~ seotlon of
plastic deformations. OBC~ in solving
problem with the same smooth law of
stress-strain dependence.

According to the first law, the relation-
ship assumes the shape of a certain smooth
ourve which ocoincides in its initial portion
with the linear relationship by the theory
of elasticity and then esymptotically app-
roaches a horizontal line corresponding to
a complete development of plastic deforma-
tions. Acoording to the second, simplified
approach, the strain-stress relationship law
has a bii:l.near shape: the initial portion
coinoides with the linear relstionship by
the theory of elastloity, snd then the law
ls described by a horizontal line correspon~
ding to plesbiv delormabllous. Thus, acsordlug
to the second law each soil element cem be
éither in an elastic or in a plastic state
alone.

In the USSR, a method for solving problems
covered by the smooth non linear law was
firgt suggested by VYinckurcy, whe mads uss
of Ilyushin's method of small elastioc-plas-
tic deformations,

This solution received a further develop-
ment in the paper by Shirokov,Solomin,lialy-
shev and Zaretsky. They considered various
empirical dependences of the shear modulus
on two ptress invariants, They also obtained
plots of nonlinear settlements of a rigid
oireunlar plate, oontaot pressures and equal-—
shear-modulus lines. The same authors have
submitted a paper to our Conference oovering
a strip plate as well as a cirdular one.
Desal  stated the problem in similar terms,
His results are in good agreement with expe-
rimental data.

Later on, Desal extended the method to the
case of biiinear relationship, suggesting an
iteration method for this purposs. This
method 1s described in the paper by Wittke
end Samprich submitted to our Conforence,
The authors have applied methods used for
solving a complex three-dimemsional problem
on a rod anchor,

3
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uprights supported by separate foundations.
Larnach has compiled a oomputer program for
this case, and the calculation takes only 30
seconds., For the ocase where the lower girder
of a frame is a foundation beam calculation
methods are given in the works of Kiselev,
Zhemoohkin, Sinitsin,Simvoulidi,Gorbunov-Pos-
sadov. The same probiem has been solved for
tunnel framing by Davydov and Kany. De Beer,
Grasshof, and Kang have published a book
where they describe thelr methods for desig -
ning frames on a compressible base and oompa-
re different results, appropriate examples
are given.

Designing continuous slabs for support
networks has recently acquired great impor-
tance. This type of foundation is gaining po-
pularity due to the development of multisto-
ry-building construction, espeoially in the
case of weak bases. Continuous—-slab design
with the use of varlous methods is covered

bz the paper of Klepikov,Bobritsky,Rivkin
and Malikova submitted mad
ment solution by Hudson and Stoltzer. Using
this method only 20 to 30 seconds is needed
to calculate a slab an a powerful computer.
In the algorithm, of interest is the isola-
tion of elements in bending only ('"beams")
and in torque only ("shafts"). The base is
Winklerian, with a variable modulus of sub~
grade reaction, An auxiliary drafting device
plots all the curves.

Prof, S«8.DAVYDOV (USSR)
III. Taking into Account Time Factor

In calculating the interaction of clayey
bases and structures,it is very important to
take into account the nature of progress of
settlement in time. It should first be noted,
however,that despite the great achievements
in settlement calculation with so0il consoli-
dation taken into account,these investiga-
tions have not yet reached a stage at which
the problem of progress of deformatian and
the stressed state of both the base and the
structure could be attacked.

A comparison of calculated and actual sett—~
lement of struotures on watersaturated soll
bases and of their stabilization time shows
that in most cases the theory of filtration
oonsolidation of a soil masse does not reflect
the actual behaviour of the soil under load.
Various modifications of the consolidation
theory bave been advanced which allow for so—
me additional factors.

Attention should be given to works dealing
with specific features of consolidation of
precompacted watersaturated clayey soils.

In cansolidation of clayey soils of rigid-
plastic or even plastic consistency the pre-
dominant effect 1s exerted by the viscous
resistance of the soil skeleton. Here,the
compaction times of layers under c¢ompressian
are not proportional to the squares of theair
thelcknesses. The effest of the thiclmess on
the settlement stabilization time in the
case of the one-dimensional problem was stu-
died in detail in the work of Maslov and

Le Ba Lyong. Using the results of many experi-

ments,they showed the dependence of the ¢on-

L]

e of the finite-ele-

slatency and ths plasticity number of a
clayey soil.

The importance of taldng into account the
effect of the rheological properties on the
deformability of watersaturated soils is
alao clearly revealed by comparing the por-
tion of settlement which has occurred atter
the diseipation of the pore pressure (se—
condary oonsolidation) with the magnitude
of filtration consolidation. An analysis
of the experimental data obtained shows
that the process of compression of the pore
liquid ocours in agreement with the filtra-
tion consolidation theory exclusively faor
solls not subjected to precompaction, Pre-
compaction results in the formation of an
ever—-inoreasing number of structural bonds,
which influence the mechanism of transmis-
sion of the external pressure to the pore
liguid,

In Zaretsk{'s work the dependence bet-
ween the skeleton deformation, total stres-
ses and pore preasure is presented in the
general form. It is shown that the given
tensor relations van be generalized to the
case of taking into account the rheologlcal
properties of the solil skeleton,

In thelr paper submitted to the Conference,
Hata, Ohta and Ioshitani make an allowance
for soll dilancy in considering problems
involving the settlement of a 80ll base.
They also substantiate the expression rela=
ting variations in the porosity coefficient
to the mean effective normal pressure and
shear stress over an octahsdral area. These
investigations are clogsely connected with
the works of Marayami Matsuoka and are based
on the energy theory proposed by Roskou,

The utilization of the Biot theory (1941)
is demonstrated in a very interesting paper
by Yamagushi and Murak prepared for our
Conference. The authors comsider the prob-
lem of consolidation of a layer of limited
thiclkness under the effect of a strip and
a circular plate. In Zaretsky's investiga-
tion of 1967 this problem is analyzed not
only under the assumptions of the Biot theo-
ry, but also with an allowance for the ef-
fect of the creep of the soil skeleton on
the strained-stressed states of the layer
under consolidation and on the dissipation
of the pore pressure,

IV. Designing Reinforc¢ed-Concrete Founda-
tions by the Limiting-Equilibrium-and
=States Method

Soviet ascientists have advanced and intro-
tuced into dbuilding practice a new reinf or-
ced-concrete theory based on taking into
account elastic and plastio properties of
materials,

When applying modern methods for estima-~
tin{ the strained-stressed state of the
soil in foundation design we must also use
the new conceptions of the work of concrete
and reinforced-concrete foundations as sys—
tems which are at limiting equilibrium amd
are working under limiting oonditions.In a
reinforced-concrete foundation, on an elas-
tic and elastic~plastic base in bending,
plastic hinges and formed at oross-sections




with maximal bending moments, mainly due to
the development of plastic deformations in
the compressed zone of the conorete.

At the citec of a plastis hinge,arn exgular
displacement is imparted to the structure
as a result of which the soil pressure bene-
ath the foundation and the bending moments
at ite cross-sections are redistributed-the
bending moment at the oross-section of the
plastic hinge decreases,while the soil pres-
sure inoreaBes. Due to the application of
the limiting-equilibrium method,the struotu-
re of the reinforeed-concrete foundation
adapts itself to operation on a yieldinga
base, and the total expenditure of foundation
concrete and reinforoement decreases, (Fig.4).

- -

plastic joint

soil reaction
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X
By

Pige4s Diagram for strength design of flexl-
ble foundatian

However,the decrease in the bending moment
at the cross-section ot the plastic hinge
should not exceed AC poer cent as proved by
experience in designing reinforced-concrete
structure (Fig.5),

The oross-sections of a reinforced-concrete
foundation are selected and the stresses
checked at limiting states~ for strength,
stabllity,resistance to deformation and
which is particularly important because of
the ever-inoreasing corrosivity of ground
water,

| Lﬁ— Plaostic joints 4}1{, '

Moments
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Fig.5. Diagram for strength design of mas-
aive foundation

gfssiva foundations, Investigations of
prefabricated re orced-concrete founda-
tions for the walls and supports of buil-
dings have revealed new and va:g important
features of their imnteraction with soil ba-
ses and of elements of composite bases. On
their basis, methods for calculating and
designing reinforce oconcrete foundations
have been worked out in recent years which
take invo account the foilowing:
= redistribution of reactive pressures be-
neath the base footing due to inelastic
deformations in the reinforced concrete,
- the forces of frigction between the base
footing and the soil directed from the
edges to the oentre of the foundation,
- the forces of friotion between the hori-
zontal contaot planes
of the elements of composite foundations

Shell-type foundations. All over the world,
mﬂnz pes reInforced~concrete shells in
contaot with the soil are being widely in-
vesligated,developad and utilized. The shells
take the form of separate structures or are
combined with plane slabs and serve as:

- pillar foundations far frame buildings,

- foundations for tower-type structures ,

- continuous and floating foundations

~ shell piles (oylindwical and conical),

~-anchor foundations

- back-pressure walis.

- tank floors,

- tunnels,tanks,hoppers, eto.

The shellis the most rational structural
form which operates three-dimensionally and
admits of high loads with a minimum expendi-
ture of m terial; its curved shape enables
reducing the stress concentration at oontact
with the soil, decreasing settlements,achie-
ving a more uniform stress distribution in
the base, diminishing the soil pressure on
the retaining walls,

Shelle may be made of hish-atrenith ma te-
rials of small thickness without risking the
loss of stability.

4
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V. Interaction of Soil with Underground
Structures

The construction of underground structures
in towns and cities is developing at a rapid
pace. Thus, in Moscow, experimental construc—
tion of motor-car garages and parking lots,
approaches to them and other underground
structures is sheduled to be completed by
1975. In Pauis, France's first "entertainment,
sports and oulture city" is to be bullt at a
depth of 20 to 30 metres in the cenmtre of the
capital. The same site will accommodate the
National Library Fund of 1 million copies
with an underground railway line leading to
it. Tall buildings with multi-story basememte
and other underground facilities are already
under construction. The material submitted to
the Conferemce includes an interesting paper
by Kerisel and Loupiak on the building of a
huge underground station in Paris in the vi-
c¢cinity of the Grand-Opera under extremely
arduous conditions. In Geneva, an undergro=-
und garage for 500 motor-cars bas been built,
it has the shape of a cyl indrical open cals-
son of diameter 57 metres and depth 28 metres,
Also in Gemeva, the world's first underwates
garage has been built under the Lake of
Geneva. The garage has four storiese and holds
about 5,500 ocars,The city of Chicago has an
underground garage for 2,000 cars, Los-Angeles
for 5,000, and Canada has a parking lot in
the form of a l4=story underground building.
Widescale underground work 1a being condusted
in Japan,Yugoslavia and other countries.

All this attracts the attention of civil
engineers to the solution of problems invol-
ving the interaction of soil with underground
structures. This i8 becoming one of the main
goals of current comstrustion investigations.

The authors deeply appreciate the coopers—
tion of Yu.K.Zarets .D-SO.(m-).'ho has
undertaken the onerous job of eluocidating the
problems of consolidation in our report.

They wish to thank Professors NeA.Tsytovich,
M.N,Goldstein,B.I.Dalmatov, P.D.LEvdokimov and
alaso Yu.G.Trofimankov Cand.Sc. (Eng.) and R.
A.Tokar,Cand.Sc. (Eng.) for their valuable
advice during the preparation of the resport.

Conclusions and Recommendations

Development of the theory and methods of
calculatian,

l. It is essential to further develop the
theory of a nonlinearly deformable soll me-
dium both on the basis of experimental smo-
oth laws of deformation and on the basis of
the simplified bilinear scheme. For this
purpose it 1s advisable to make use of all
the facilities provided by an electronic com-
puter, the finite element method and the
method of equivalents. It should be kept in
mind that the aim of these investigations is
to work out practical methods of calculation
on the basis of striot solutions,.

2. It 18 necessary to extensively develop
the methods of designing foundation beams
and slabs on a compressible base by the means
of electronic computers,and to apply these

a

methods in building practice. Such design
methods should take the interaction of the
whole complex: superstructure,foundation
and base, into account.

3, Further in situ studies are required
of the performance of foundation beams and
slabe with an integrated study of their ben-
ding, of the distribution of the reaction
pressupes, the stresses in the reinforcem—
ent and the concrete (the bending moments),
the magnitude of the loads transmitted by
the various supports.

4, It is necessary to work out methods of
calculation that take into acecount the
strees redistribution due to plastic defor-
mations (formation of fissures) in founda=
tion struotures,

5. A further development of methods of op-
timal design of foundation structures is re-
quired. Here,the most expedient trend is
the integrated optimization of the parame-
ters of the super-~ and foundation structures
with their performance taken into account.

6. It i8 necessary to investigate the
Joint performance of foundation structures
and saturated soll bases,taking into account
the cansolidation and the creep of the soll
base, and the creep of the material of the
foundation structure.

Design Practice

l. In calculating the foundation settle-
ment under separate supports use should
still be made of the summation method,which
takes the compaction of separate soil layers
into account by means of the equations of a
linearly-deformable medium,.

2. Settlement calculation of long continu=
ous slabs under groups of supports should be
carried out on the basis of actual rapid
damping of the deformations with depth,ma-
king use of either the scheme of the compres-
sible layer or the scheme of the modulus of
defomation which increases with the depth.

3. Everg effart should be made to imple=
ment rapid development of algorithms and
programs, by means of which the supperstruc-
ture, the foundation and the soil base can
be oomputed as an integral unit,

4, It 18 recommended that foundation beams
and slabs on elastic bases be designed on
the basis of the theory of a linearly defor-
mable medium. Use can also be made of methods
where the mechanical properties of the soil
base are characterized by the rigidity fac-
tor whose law of distribution is determined
from the predicted settlementa, or by other
methods, that take into account the distri-
bution properties of soils,

5. In calculating foundations of conside-
rable width it is advisable that the plastic
deformations of the soil which dewelop under
the ends of beame and the edges of slabs be
taken into acoount,and calculation methods
be applied that take into account the plas-
tic phenomena in reinforced concrete (plas-
tic hinges).

b, Topics for Disoussion

1. What model of a s0il base more adequate-
ly sulte its natural properties in calcula-
ting settlements? Ditto for designing atruc-



tures on an elastic basetWhat changes should
be made in the models for designing continu-
ous foundation slabs of great length?

2.¥hat 18 the actual outlook for compiling
programs for computers by means of which the
superstructure,the foundation and the soil
base can be oaiculated as an integral unit?
What features should the algorithm of these
prqgrans have for various types of structu-
res .

3.,In what cases is it necessary in calcula-
ting the foundation settlements to take into
account the time factor and the creep of the
material of the superstructure?

4, How and in what cases is it necessary
to take into account the existence of a zaone
of the limiting state and the creep of the
80117 Ditto for the interaction of bases and
superstructures,taking into account the ocou-
rance of plastic hinges in the reinforced
concrete?

S5.%hat are the most efficient methods for
taking into account the nonlinear character
of base deformation in ocalculating settle-
nongs and designing structures on elastic ba-
ses

6.What 18 the outlook for making use of a
801l base model in the form of a ponderable
zgnlizeorly dcformable kall
lation?

The authors are very sorr{ that all the ma~
terial received by them could not be used
in this Report,mainly because much of it was
recelved too late,
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Chairman Prof,E.De Beer

Thank you Prof .Gorbunov-Possadov and Prof,
Davydov for the report you've made.

We will now hear the prepared discussion,
May I now ask Mr.Rochette, to be so kind

a8 to give us his discussion

Mr.P.A.Rochette. University of Birmingham,
Englanad

§g!g§51. Interaction with rigid foundations
ocan be taken into account in foundation de-
sign,by considering it as a superimposed phe-
nomenon on the distribution of stresses be-
low tha edges of tha foundation, It mainly
produces a horizontal redistribution of the
pore water pressures; in itself, it is then
far less complex and variable than the trans-
misslon and dissipation of the pore pressu~
re with depth.In other words, the simplicity
of the superimposed interaction is no longer
apparent when the distribution of the voig
ratios and settlement with depth have been
over-simplified. The purpose of this commu-
nication 18 to present the mechaniams of set-
tlement and consolidation as being non-uni-
form and highly dependent on the drainage
conditions: A) The conventional case of ver-
tical drainage (figel,a to ¢)

B)Assumpvion of radial (Fig.2) or other
drainage pattern (fig.3). It is shown how the
final distribution of the void ratio, al=-
though generally assumed uniform, vdries in

fact with the drainage condition. This is

derived from the result (fig.la) of a hydro-

dynamical approach of consolidation estab-

%ighed in 1969 and to be published separa=-
ely.

l. Existence of a denser zone in the vicini
of_an Impervious ggg

(fig.la). For a uniform load p,,
approach of the ‘lower imperv}ous
end, the theor shows a relative
decrease of pore pressure,constant
over say a q.arter of the layer
thickness. The final void ratio then
decreases progressively with depth

and takes a lower constant value neap

the impervious boundary. The same trend is
observed for a higher pressure Po o

at the

TEEP

2. Drainagze st hoth enda prodncea highan
void ratios but Inoreased settlement,ln

Ge 8 @8 reproduce e case of
upper Arainage described in fig.la, and
cantinious lines emphasize the symmetrical
effect of double drainage. This second case,
glves higher values of the vold ratio., For
a pressure p>-p,, the settlement at each
depth correapon&s to the distance
between the continuous lines; it remains
higher for double drainage.The additional
settlement due to the double drainage, is
proportional to the difference between the
two shaded areas of f 1lb,.
3, Mochanism of consolidation for verlical

dralnage

The initial and final lines (pa) and (pp)
for the void ratio have been dra¥n in fig.lec,
as ADD'A' and CEE'C' respectively. A new me-
chanism of consolidation ioc portrayed in two
stages: (1) The_rapid formation of_ denser
ends (see arrow li e, decreases GO ©,4'; €

to oc.). due to escape of water from both
ends. During this process the density, inl-
tially higher in the middle third Eaeo ADD'C')
becomes uniform within a few days (in the
field; see BND'R'); then it mtabilises, in a
matter of weeks at CDD'C',with unchanged den-—
sity at the central third. (2) Long-term pore
pressure dissipation of the_gentral third:DD!
gradually takes tThe positlon EEY (see arrow 2)
During this stage the soil, initially demser
at the ends (CDD'C')becomes uniform in a mat-
ter of months (see CC'); the process of slow
dissipation outward of the pore pressure
reaches stabilisation over {ears only,after
densification of the central part (relative-
1y lower gore pressure,sometimes negative;
see CEE'C!).

4, Mechanism of horizontal draingge

Fig.2a ustrates e stributlon of the
void ratio, uniform in depth but with denser
central column,since the vertical axis can be
considered as an impervi ous boundary in the




oase of a radial drainage.fig.2b shows the
lines of equal void ratio;the mechanism of
consolidation therefore consists of the suc-
cessive dencification of anular rings:the ra-
id consolidation of the outer zone(see arrow
) is followed by the slower progress inward
(Bee arrow2;relatively short term if the ho-
rizontal permeability is larsegéa central
column of constant vold ratio minimun va-
lue is eventually formed below the rigid foun-

dation.
t+1ly vertical and mostly ho-—
e 3 Pl par 3 shows the conbinc’ad of-

rizontal drainage.F d
fects of horizogtal rainage (emphasized in

UNDER PRESSURE P, THEN UNDER PRESSURE R, >

ASSUMING VERTICAL DRAINAGE

ig.2),and of vertical drainage (Bee fig 1).
he vold ratio in fig 5a decreases in all di-
ections towards a small central zone,The me-
banlsm of consolidation is 1llustrated by
he lines of equal vold ratio in fig, 3bgthree
uccessive stages can be distinguished: ())Ra-
id consolidation from the edges along arrow
31 (2) short term consolidation progressing
horizontally at a decreasing rate (see arrow
)i (3) long term consolidation vertically al-
ng arrow 3,since the vertical permeability is
enerally man% times smaller than the hori=-
ility.
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Chairman Prof, De Beer.

Thank you Mr.Rochatte, Now we will hear
Dr.Somner from West Germany.

Dr. Ing, Sommer H{West Germany)

CONTRIBUTION OF THE DIFFERENCE BETWEEN
MEASURED AND PREDICTED SETTLEMERTS

In Prankfurt/Main we are oconstructing buil-
dinge with thirty and fourty stories on the
medium=-atiff to stiff clay,consistenc indef,
1,=0,9, with the bearing pressure of 3.5 till"
5°kp/om2. The high-rise buildings are loca-
ted closely next to the existing builldings.

A 100m high building surrounds an exis-
ting building as it is shown on the left side
of Figel. There is also an existing bullding
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Figel. Location of the new building and old
ones
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on the right side. The high-rise buildings
is founded in 13m depth, the existing buil-
dings in 4.5m, During vhe construction the
existing bulld 8 were protected by a con-
orete cut—-off wall, anchored in clay. In two
sectians (1 and 2) we can see the settlements
of the higherise building and the existing
bulldings during and after the construction,
The high-rise buildings settled to a total

of about 9cm, while the existing buildings
settled only 3.5cm. The step=change settlement
(section 1) was 5.5cm between these two buil=
dings (Fig.2). The angular-tilting of the
left existing building toward the high-rise
building amounts 1:1500 (Fig.2). In longitu-
dinal seoction (2=2) the left exlisting bull=
ding makes a torsion of about 1:1000 towards
the high-rise building (Fig.3).

The step—change settlement between the high-
rise building and the right existing buil-
ding was about Som and thus very similar to
that of the left side (see longitudinal sec-
tion 2-2).

The close~-in-measurements between the high-
rise building and the right existing building

showed a great difference in settlement,

Pig.2. Settlements in crose-section

mimd Oct. 72

Fige3 Settlements in longitudinal section



If we asaume the high-fise building shows a
settlement of 100%, the conerete out-off wall,
located closely between the two buildings

has 50%, and t{e existing building hasngoﬁ
(Fig.4). At another site we additional

test if the soil below these footings ol the
old building which are close to the highm
rise bullding settles more than the footings
and causes a void,

Oct.72

Aug.72
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Pig.4. Settlements between new building;git-
off wall, and old building

According to the half=space calculation on
the right side of the longitudinal section
(2-2) the angular=tilt ing of the existing
bullding was larger ami the step-ochange in
settlement to the higherise building was
smaller. In the light lines of Fig./t one can
see the calculated settlements, in the heavy
lines the measured settlements. In the ocalcu-
lated settlements there is a larger tilting
and a smaller step between existing and new
buildingi

According to the calculations the old buil-
dings should have cracked; this was not the
case, however. We therefore must modify our
modeil of relation between soll and the struc-
ture in order to have a smaller difference
between prediction and measuremente

Chairman Prof,De Beer.

Thank you Mr.Sommer. The next contribution
will be in charge of Prof.Aleksandar S,
Vesic, Duke University,USA

Prof .Dr.Aleksandar S.Vesic, (USh)
My comments are related to the topic 1 pro-

51

posed by the General Reporter and deal with
the problem of selection of am appropriate
subgrade model for.analysls of mats and con-
tinuous footings. The general report stresses
the faot that the effect of rapid decrease

of soil deformability with depth can be ta=
ken into account by either introducing an
ideal soil mass with a modulus increasing
with depth of by considering the, soil as a
compressible layer of finite thickness., How-
ever the problem of selecting the effective
thic kness of 80il which 18 assumed to be com-
pressible remains somewhat unsettled.

- We have in recent years investigated in
some detail the case of slals resting om a
compressible soil of finite thickness. Star-
ting from the basic Bolutions of this problea
derived for an infinite slab by Hogg (1944)
and for a semi-infinite slab by Pickett and
Badaruddin (1955) we have found that the
bendingmoments and defleotions,am well as
other statical influences along the slab

are well simulated by the simpler model of a
winkler subgrade having a coefficient of sub-
grade reaction k equal to:

1.38 Eg
S p— —_—
(l-vg)H
Here E_ and v_ represent, respectivoly'tho
moduluf of dePormation and the Poisson's ra-

tio and H the thickness of the compressible
s8oil, The above expression is valid as 1

as the thickness H does not exceed 2.5 stiff-
ness radii l° of the soll or as long as

H<L 3&/ B-q-vﬁ ) .
* Es(l-vz_;

where h is the thickness and D,v deformation
parameters of the slab.

Comparisons of this solution with the Gib-
son (1967) solution for modulus increasing
linearly with depth show that, by taking, for
Gibsan soil situation, an average E., over the
depth He2,5 1 . and by neglecting thé compres-
8ibility of the underlying soil, one obtains
only 15% higher values of k or only 4% higher
values of bending moments. This comparisan
shows that a representative soll model in all
situations where Eg is variable,but generally
increase with depth, can be obtained with
sufficient accuracy by taking an average Eg-
value for a depth of influence equal to 2.;
stiffnese radii of the slab.Such an approach
allows for direot determination of k from re-
sults o pressuremeter or static cone pene-
tration tests. It is important, however,at
all times,to take into consideration’ the ino-
rease of the modulus from stresses induced
by slab loads,as well as to consider the stress
aistory of loaded soil and comstruction sequ-
ences order to introduse a gropriate Eg-
values. Some edge effeots,si ar to those
found for beams (Vesioc,1951) do exist ani hawe
aometimes to be introduced separately.

Por subgrades consisting of distinct hori-
zontal la{ers of different compressibllity we
have developed analytical techniques uaing
high-speed electranic computers. These methods



oonsider the slah as an assemblz of discrete
elements and the subgrade as a layered elast-
ic solid (Saxena,1970). We find,however,
that a simplified analysis,based on above
mentioned concepts,turns out to be satiafac-
tory as long a8 we are not dealing with struc-
tures of extraordinary lmportance in soil
conditions uniform enough to Justify refined
laboratory testing.

Chairman Prof. De. Beer. Thank you very

much Prof.Veslic for your contributiocn. The

3§gt contribution will be of Mr.Palatnikov,
R.

Mr.Palatnikov E.A., (USSR)

The theory of analysis for the constructi-
ons based on soll foundations made a great
atep forward due to wide recent research in
many directions. Still the comprehension
of this important part of mecanics continues
to be far from satisfactory from the practi-
cal point of view let alone complete,

One of the main problems in this field 1s
the croation of a rational computatianal wo-
del of 2coundaticn that can Lelp 60 dstermius
the distribution of contact stresses well
enough for practical purposes and thus help
to estimate strains and stresses in the foun-
dation structure.

It is hardly reasonable to want a model of
80il foundation to simulate exactly all the
mecanical properties of the environment, Up
to now we cannot yet take into account all
the effects of the loading of soil foundati-
ons that usually are not homogensous either
in the plane or throughout the depth,

For a long time the Vinklor model was the
only one used here and the high safety of
constructions computated with its help has
been oonfirmed by the world building practice
for a century. Any attempts to replace this
model by others result in heavier foundations
and waste of materials sometimes rather great,
the gtrength of the struoctures not always

cing cxcessivae., If, for example, Liw 3lavs
are loaded on the corners and edges,the use of
new models reduce the reliability of the
structure,

The analyses based on any combinations of
the new models lead to contact pressure con-
centration near the edges of rigid dies,beams
and slabs, This main feature of such analyses
has not been confirmed with direct experiments
on contact stresses, conducted by different
researchers in natural. environment on fairly
homogeneous sands and sandy loams using large-
scale models,

The hypothesis suggesting early development
of plastic deformations near the edges of fo-
undations has not been confirmed either, The
majority of the scientists have agreed that
the contact stresses are distributed under
rigid dies and slabs practically in accor-
dance with the linear law which is true to a
wide range of loads. That corresponds to Ghe
Vinkler model. Experimental contact stresses
that occur under flexible slabs and beams are
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approximated with the Vinkler model with
aocuracy sufficient in the sense of the
problem,departures from the theory being due
to natural heterogeneity of the soils loca-
ted in the plane of the slab or the beam.
Thus the results of experiments and building
practice allow to recommend the Vinkler model
as the main computational model that also
helps to take into account the heterogeneity
of soils located in the plare of the slab.

In order to solve defitlitely the problem
of the foundation model it is necessary to
intensify research of foundation strustures
in real conditions and in different soils,
The experiments must be integrated and last
long enough. They should include determina-
tion of contact stress, study of deformati-
on, stressed state and temperature oconditions
of foundations as well as measurement of
8oll deformations in different layers. Soil
foundation of the experimental structure
should be thouroughly examined, the greatest
attention balng paid to tho chongcability of
heterogeneity of soils located in the plane
of the foundation. For the first stages of
investigations it 18 advisable to choose
such the objects that will be placed on com-
paratively homogeneous soils and have a hy-
perstatic socheme of loads transmitting out of
W6 uppur siLruciure down to the Ifoundation,.
It is absolutely necessary that the temperatu-
re conditions of the foundation should be
studied for they quite considerably influe-—
nce the contact stress distribution, defor-
mation and stressed state of the structure.

The best is to make a coordinated plam of
research and to have a special report on the
results at the next Caongress.

Chairmsn Prof. De Beer, Thank you Mr.Palate
nikov. Now we will hear Mr.Toshkoff of
Bulsaria.

Dipl.Ing, &nil TOSHEOFF, (Bulgaria)

Doar Mr.Chairmsso,
Mr.General Iecturer,
Dear Delegates,

At the contemporary stage of development
of building science the designing of raft
foundations /flexible foundation beams and
slabs/ should be subjected to two maln requi-
rements:

- taking into consideration the cosction

of superstructure /at least approximately/

- programming and automation of calculating

process /applying computers/

The model of lineally-defommable space with
a limited depth of the compressive stratum
is indisputably the most appropriate for soil
base, In my opinion, however,the model of
Winkler could be admitted too with automati-
zed calculating of mft and mat foundations
and only for determining the inner efforts
in the slab. In this case Winkler's constant
K/T/mg/ ought to be determined in the con-
verse way-through the settlement of a defi-
nite fragment of the whole foundation,calcu-
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lated in the traditional method.For seismic

effects the constant K is increased 3+5 times.
The structures laid on common foundations

should be distributed at least im 3 groups:

I-st group— with flexible superstruoture’

/for example, wholly columnar buildings,buil-
dings with columns and single shear walis and
so on/. In this case the rigidity of super-
structure could be ignored or oounted by ge-
neral halfempirical coefficients and the foun-
dation could be considered as a detached alab
on flexible base.

II-nd groupw struotures with halfrigid su-
perstructure /for instance constructions with
large-size precast panels/. This case is the
most oomplicated since the coactlon of the
superstructure is indisputable but is no
susceptible to schematizing especially as re-
gards to programming of calculating method.

The joints between the panels,the speed and
the method of making them monollthic,the slots
in them and so on,create a lot of not cleared
up problems.That ie why at the present atage
og carrled out research on the problem we
could content ourselves to take into conside-
ration wholly the rigidity of cellar monoli-
thic walls and very cautiously and with appro-
ximation- the coaotion of the superstructure,
Only the joint work of canstructors,soil me-
chanios and programists could lead to a more
perfeoct method of research.

III-rd group -buildings with a rifid super-
structure /for instance buildings with bea-
ring reinforced walls in both directions
interconnected and beginning practically from
the level of the foundatiogﬁ.In this case the
definition on the general scheme "slab on a
flexible base" lowses its sense.The spans of
the foundation could be calculated for the
overturned soil reaction intended as for a
rtgid body with the dimeneions of the whole
bullding, The walls of the building are re-
garded as fixed supports of the foundation.
Nevertheless some experimental observations
show that such buildings give certain deflec-
tions in the building period which is explai-
nable. Some constructional measures are requi-
red for the purpose, the most important being
in our opinion, laylng of sufficient and un-
broken lower and upper reinforcement-nets in
the slabs. Those parts of the foundation which
come under slots in the walls require also
additionul reinforcement,

The average settlements of the bulldings
are dependant on the type and rigldity of the
superstructure and the common foundation
which is correct as a trend,although difficult
to prove theoreticallye

In our practice for instance it is not re-
commended that the average settlements of the
building laid on raft foundation should be
more than:

a/ for structures built after the lift-slab
method /l=-st group/- 10 om,

b/ for strustureas with large-size precast
panels /IInd group/~ 8om

¢/ for structures built after the "sliding
shuttering" method /III-rd group/-15 cm
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Chairman Prof.De Beer.
Thank you Mr. Toshkoff. Mr.Lasebnik, please.

Mr.G.LASEBNIK, (USSR)

We agree that the previous simplified ap-
proaches which consisted in the employment
of Winkler's hypothesis or homogeneous elas-—
tic half-space as a subsoll analogue are out
of keeping with reality. W#e find it more
proper to apply an experimentally established
stress-strain non-linear law to all stages of
Boil action, which should include comprehen—
sive large-scals and full-scale testa.

The deformity of the entire sgatem.th&t
is the structure-footing, and flexibility
should be calculated proceeding from this
mutual deformity in accordanoe with the con-
struction stages, taking into account the
subsecil characteriatics,

Depending on the mode of application of
loads to the slab-foundation, on the rigi-
dity of the system, i.e. structure-~basement,
on the degree of deformity and homogeneity
with regard to solil deformity, as well as
on other factors, the charts of distribution
of reactive pressures may vary /1/,/2/-

Under full=-scale conditions we often encoun-
ter cases which are diffioult to provide for
in calculation,

To confirm this we shall provide the re-
sults of fullescale tests of the pressures
under the slab=-foundations of two bulldings
in Kiev, one having 12 stareys and the other
16 (see Figs.l and 2). The width of the alab-
foundations and their flexibllities are app~
roximately the same¢. The depth of each is 5
metres and more. The weight of the edifice
is applied to the slab via four columns which
are arranged similarly, The shape of the
distribution chart differing, however. This
is due to differences in the uniformity of
the basement. The site on which the bullding
shown in Fig.I,a was erected, was formerly a
ravine. The broken dash line shows the con=-
tour of the ravine sides. Earth pressure
stressmeters located over the "bedrook" whose
deformity is negligible, shows lncreased
pressures. The basement of the other edifice
consists of undisturbed-structure loam. No
"seakn" were found at the edges of the ciart
of distribution (Fig.lb.)

The basement under the slab-foundation of
great length is periodically subjected to
loading and unloading in various sections in
the process of oconatruotion.

The gl ab-foundation of building "a",dimen-
sioned 106x13x]1 m is not rigid in the longitu-
dinal direction. The bullding 1s .erected in
parts, rather than over its entire area. In
this case,canstruction loads produce forces
which deform the solid slab. Fig.2. provides
a diagram of pressure changes for each of the
seven stressmeters in the groceas of ereoting
the building (first year of construction).
The stressmeters record the highest pressures
when the greatest load is located at the ordss-
section of their location. If the walls,columns
etc. are erected to one side of the cross-
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Fig. I. Schematic cross—sections of the slab-foundations of two bulldings:building '"a"e
erected on the sive of what was once a revine which was subsequently filled up;
bullding "b" - erected on a basement of undisturbed struocture soil.

Charts of distribution of reactive pressures of soll at the following loadss

"a™ I=cellar and ground floor bas been built; 2~ Ist floor; 3= 3rd floor;
4= ?th floor; 5-IIth floor; 6~ building has been erected to roof.

"p" I- three floors of monolithic section has been built;
2= four floors ¢f unit-construction aectign;
3~ eight floors of uhit-construction sectliom;
4— twelve floors; S=frame has been fully erec-
tod; 6~ equipment has been installed,finlsning
work has been carried out partially.

sgction with the stressmeters the pressure We would like to make an additi on to the men-
deoreases (see Fig,2), When the total load on tion of our works by the authors of the gene-
the struoture increases, the undulating ral report., In our opinlion,slab flexibility
deflections become increasingly amaller. inoreases not only because of the fracturing
Such an observation can be made only in of the conmorete,but also because of an ino-
full-scale testa. rease in the rigldity of the soil basement
under large-area slabs durling a load increase.
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fhasigeu et Ba.oBatk,

The next coantribution will be in charge of
Dr.Zaretsky, Researoh Institute of Basea and
Underground Struotures, USSR.

DreSo. Yu.K,ZARETSKY, (USSR)

I should like to express my views on the
necessity to have the time factor coverage
in oalouZatin foundation settlement. Unfoxr-
tunately, it i8 precisely the time factor
that prevents me from delaing with this ques-
tion 1n detail. Therefore, allow me to call
your attention onlg to the followihg,

The opinion has been repeatedly stated
that there is no necessity for using the
theory of soil creep in foundation base de-
sign. This opinion is based on the fact that

loads leading to unstabilizable deformations
are not permissible. Therefore, in calcula-
tions it is sufficient to have available the
stabilized modulus of deformation (or modu-
lus of subgrade reaction). It can easily be
shown that such an opinion runs to an extreme
Let us caonsider the simplest case of a
Winkler base with linearly viscous properties
a8 illustrated in Fig.l. Here the settlement
of a centrally loaded foundation is- determi-
ned by an expresalon desoribing a damped
process of deformation. But when we consider

the state of equilibrium of g column in the
inclined goazﬁion, we find &af the angle
atlon grows at an inoreasing rate

of Inc

(see Fig.l.) If we conventionally take the
loss of sBtability as the moment when the foo-
tinf of the foundation breaks away from the
8oil base, we can easily evaluate the oriti-
oal time corresponding to the moment the

stabllity is lost. It follows from the for-
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loss of ntabilitz depends on the weight of
the column, initial angle of inclination,
geometry of the column and the rheological
propertiea of the aoil in the bage.

Figure 2 gives the result of an elementary
calculation of the stability of the Leaning
Tower of Plsa. If the settlement of this
famous tower is due to creep in the soil of
its base (or 1f the course of Bettlement of
the tower can be interpreted in this manner)
then the stabillity factor, equal to the ratio
of the oritical load to the weight of the
tower, varies with time. The tower will fall
when this factor becomes equal to unity.

Oalculationa indicate that this 18 to be
expeocted in the zear 2250 if no other factors
will influence its stability.

A speclal feature of the phenomena being
oonsidered is that at a constant external
load, but with an inclined position of the
oolumn, ochanges ocour in the contact stres-
ses. This process leads to a loss of stabili-
ty of the structure notwithstanding the faot
that the settlement would have been inevitab-
ly stabilized if the structure had not been
inclined. The critical time for the luss
of stability of a structure depends essentlal-
ly on the rheological parameters of the soil,

Chairman Prof.De Beer.

Thank you very much Mr.Zaretsky for your
interesating contribution.

I pass ihe word Lo Prof. Haeosbo, Cuaisers
University of Teohnologyi

Prof. Hanabo, will you please begin

Prof, Sven HANSBO (Sweden)

In settlement caloulations and conveantional
design the interaction between bullding and
subsoil 18 usually neglected. This, in the
desifg the footings are considered To be
resting on a rigid subsoil, i.e. no settle-
ments are assumed to occur,whereas in the
settlement calculations the column and foo-

oads o ne thia metbod of design
are considered to be uneffected by the cal-
culated settlements. That this might lead to
serious errors has been mraven bgye.g.Cha-
mecki and Meyerhof. The reason why this pro-—
cedure is s8tlll accepted is no doubt that it
is hardly possible to make a correct analy-
8is, not even with an electronic computer,
However, a big step forward towards a solu=-
tion of the problem has been taken lately in
Sweden., Thus, S.E,Beigler, employee at AB
Jacobpson & Widmark and in nis iree vime doc-
tor's atudent at Chalmers University of Tech-
nolog{. haa made a oomputer program for sta=-
tically indeterminate frames founded on a
subsoil, having equal geotechnical characte-
ristios in the borisontal plane. The program
is made on the following basis. Effective
stresses o’ in the soil due to the footing
loads are calculated according to Frdhlich's
method which is advantageous since different
80ils require only a change of stress concent-
ration factor. The deformation modulus M of
the soil is formuluted ag suggested by e.g.
Janbu and is thus defined only by the modu-
lus number m, stress exponent .pJ3 and tis
stress level &~

M mGJ(—g:;-)l"J"

where G ;=100 kPa

The settlements under a certain load is
caloulated by integration of the vertical
ptrains underneath the load caused by the
stresses previously calculated. As the foo-
ting loads depend on the settlements the
stresses in the subsoil will also depend on
the settlements. The same is true also for
the deformation modulus of the subaocil but
to a leasser extent., Thus the solution has to
be reached by successive iteration. The re-
gult of such an analysis will now be exempli-

1ed.

Consider a five-story,three~bay frame made
of concrete. The loading conditions and the
moments of inertia of the frame are fiven in
Fig.l. The concrete is assumed non-~fissure
and has a modulus of elasticity of 14,2.10
kPa. The regarded frame is situated somewhere
in the centre of the building. The influence
of secondary walls and constructions is dis-
regarded,
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The frame is essumed to rest on 2m of sand
in loose state underlaid by 8m of normally
consolidated soft_clay. The sand has a deasi-

Y of 1,8 t/m> and a deformation (oedo-
meter) moduius of M=3000 V& :;a ,
in kPa). The olay has Y =1,6 t/m” and M=106
The ground water surfade is jJust below the
base of the footings. Permissible load on
the sand according to the Swedisb building

code is 500 kPa. The results of the analysis
without and with regard to interaction are
glven in Table. ‘1l

Table 1

a) Average load on footings in kPa

gggtlji 0161 2225 2325 861
\7 o

Convemtional 108 262 262 104

Interaotion 155 206 206 155

b) Settlements of footings, in m

Footing 1 2 3 4

Conventional 0,105 0,188 0,188 0,105

Interaotion 0,129 0,157 0,157 0,129

¢) Bending moments in columns at bottom of
lst floor, in kPa

Column 1l 2 3 4
Coaventional =52 9 -9 52
Interaction =206 =123 123 206

d) Bending moments in the bottom beams of the
lat floor (left of ocolumns), in kPa

Column 1 2 3 4
Conventional =220 =198 -120
Interaction 113 =142 -428
As you can see the difference between the

footing loads has decreased due to interac—
tion and also the differential settlements
whereas the change in bending moments has no
specific trend.

Obviously, the errars in a conventional
analysis can be serious and should not be
neglected in sound building design. The di-
rectiaon of bending moments sometimes have
ohanged and the absolute magnitule has inc-
reased by several hundreds of percents.

The effect of interaction is also essential
when evaluating settlement data obtaimed in
the fieldy
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Chaiman Prof.De Beer.
Thank you very mucsh Mr.Hansovo ror your dis-

ugssion
ﬁow we will hear Prof, Klein, on the subject:
"The main problems on the improvements of
flexible beam and slab design on soil footing"

Prof, Klein G.K, (USSR)

Dear colleagues,

At gresent this problem is belng ocarried on
in four ways:

b) the same for comstructionsj

c) the analysis of the .interaction effect of
a8 struocture and a footing;

d) experimental research,

&i At present there 1s a great variety of
fferent design footing models at our dis-
posal: locally deformed,solid media,combined,
granulated and etc. Along wth some proper-
ties such as non-uniformity,anisotropy,non-
linear deformation, single-valued reaction,
oreeping,stochasticity and etc.are taken
into account,

2. For structures the corresponding proper-

a) different calculated footing model creation ; U168 of the materials they are made of may be
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taken into consideration as well,

3. To consider interaction of a structure
and a footing different mechanico-mathemati-
cal methods are used: methods of forces of
displaocements and a mixed one a final diffe-
rence method and & final element method,va-
riatlion method and an iteration one,eto,

4, General regularities of soil deformation
research are included into the experimental
analysis together with the measurements of
aett{ement under rigid and flexible stemps
and the measurements of settlements,deforma-
tion and supporting reactions of beams and
slabs. The results of the experiments are
rather variable and up to how it makes it
difficult to chose any definite model,

The main objective for to-day 1is to
continue experimental research with different
soil footings,with different structures and
to compare the results obtained to the calcu-
lation results for different models. At the
gamo timo it is necessary to improve; simpli-
ig and make more exact the calculation me-

ods and o obtain data for the regulation
of design mechanical charaoteristics of
footings,

Chairman Prof. De Beer
Thank you very much Prof, Klein.
The next contribution belongs to Prof.Korenev.

Prof, B.G,EORENEV (USSR)

There is still much to be done in solving
the problem of modelling the ground base.
Extensive and coordinated research is needed
in which experimental methods should be com-
bined with theoretical ones, Of importance
here should be not only the direct measure—
ment of base settlements and resulting experi-
mental equations of cares but also the de-
termination of the latter in terms of measu-
rements of equations of deflections and
streases of girders and slabs on a matural
base and a subsequent solution of a reverse
contact problem consisting in finding Fourie
traosformations of the model core as it was
proposed by the author at the aession of one
of the natural congresses ln mechanics in
the USSR. The approach should be based on the
known solution the problems of unrestrio-
ted slabd. Let an unrestricted alab of cons-
tant thickness be supported by a solid homo-
gencous baoce, whioh properties are desoribed
by the core K(r) and if the funetion c(J‘)
is dotcrmined by,

C(T) =27 Je k(@) Jo (F2) d2,
where  Jo(J?) <18 the Bassel function with
zero index, “then to find the core equation
one can use,e.g. the equatian of the elastie
slab surface when loaded by a unit force
whioh has the form (r) and is obtained from
the experiment,
Denote

w(7T) =Zf;f2w('z)Jo (ye)de,

th _ ()
=y = 1‘-1),7;75?2')

and the ocore K(r) has the form

k@) -£ (Tl————“_*}};{ L g.72)d7,

where D= is the cylindriocal slab stiffness,

The final result should be corrected in
terms of the design purposes as a result of
some compromize and certain averagings since
though the diversity of models 1s inevitable
for practical purposes it, should be restric-
ted.

It would be reasonable to ocomple on an in-
ternational scale a general research prog-
ramme in order to jolntly conduost experimen-
tal investigationa of grounds,beams and
elastic slabs with a subsequent ocomplex pro-
cesging of the results. It would be neces-
sary to find out also the field of applica-
tion of linear and deterministic models as
Just these models provide great possibilities
for detail description of the structural
behaviour and, in partioular,for taking into
acoount crack formation in concrete and plas—
tic deformations in reinforoement,for aa-
lizing temperature effects,for detail des-
cription of the way of loa& application,etc.
It would perhaps be reasonable to form a
working group on this problem.

I would like tu illustrute the pruclical
importance of a well advanced problem of
calculating an unrestrioted slab. If allows
to introduce discontinuous solutions on the
basis of relevant limit transitions to ac-
count of crack formation and plastic defor-
mations. The same solutions psrmit to calou-~
late in a comparatively simple way non-iso-
lated slabs which are obtained from non-
restricted ones by Bectioning them along the
lines.

Rather convenient methods of calculating
elastic isolated slabs can be built up in
terms of the above solutions. We shall
describe in brief a possible deaign echems,
As a first approximation a non~isolated slab
is oonsidereﬁ instead of an isolated one and
thereby some error is introduced due to the
increase in the base stiffness near edges.

To correct the error 1t is nucessary to
construct integral equations of the first
order. There is a number of works on calcu~
lating slabs with account of plastic defor-
mations and calculating slabs with .seotions.
The works show the effioiency of the methods,
However the application of these methods for
calculating non=-isolated slabs is not duely
developed,the contemts of the method is gi-
ven in (IS
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Chairman Prof,De Baser
Thank you very much Prof. Korenev for your
discussion,

Yiie
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Mr.Ohta will you,please
Mr.Hideki OHTA (Japan)

I would like to talk about the analyses
of the deformation o loaded ground.
Generally sapeaking, the fields of stres-
ses and strains should be deter-

mined throughout the ground by solving the
equations of equilibrium with the stress-
strain relations.The most important subjsct
in the deformation analyses of soll Btructu-
ro is to find out the stress-strain charac-
teristics of soil. In the common way of prac-
tical design, the stress-strain relation for
polil is assumed to be linearly elastic one.
But if we need more likely feature of the
stress and strain fields,we should use more
realistic stress-strain relation,that is to
say, the non~linear relation. A )ot of non-
linear stress-strain relations for soils have
been proposed. Some of them are the empirical
relations and some of them are those derived
from logically self-consistent theories, Most
of the theoretical stress-strain relations
are in faorme of imc remental relationse At
this session I presented a paper entitled.
"Immediate and consolidation deformations
of soft clay stressed by uniform strip load"”
in which the results of numerical computation
on the deformation of clay layer are given
using the incremental stress-strain relations
derived from the theory of volume change cha-
raoteristics of soils, In the computation, I
assumed the stress field is approximately
glven by the theory of elasticity in order
to simplify the process of computation. The
obtained results seet to be acceptable in the
practical engineering sense. But I could not
find the failure zone located in the way sug-
gosted by the theory of slip line. In some
reports of the observation of ground faillure,
the existence of the slip surface or slip
zone is oconfirmed. Then I made a computation
without any help of the theory of elasticity,
that is, the stress and strain fields were
computed with the inorememtal stress—strain
relations by the finite element method. The
results were not so far from those of prior
one. Aotively stressed zone and passively
stressed zone were clearly separated, but
any zone corresponding to the slip surface
was not located at the position that we found
it in the field observations. The failure
zone was found only beneath the loaded area.
These results were simllar in their tendency
to the results obtained by the other resear-
chers who used non-linear stress-strain rels-
tlionse The discrepancy between the computed
results and field observations suggests the
wpak point of our techniques in computing
the stress and strain fields with the non-li-
near stress-strain relation which includes
the perfectly plastic state.

Chaiman Prof.De Beer.
Thank you Mr. Ohta. The next contributien
belonga to Praf,Giroud.

Prof. J.P.GIROUD (France)

Cette discussion concerne la prevision des
tassements a l'aide de l'essai oedometrique.
Cette methode presente au moirs deux incon-
venients.

1° Le Fait de negliger les deformations
laterales condult a une erreur systema-
tique

2° Lt'oedometre ne mesure que, le tassement
du au depart de l'eau et,par consequ-
enbt,la prevision du tassement instan-
tane d'un sol sature /volome constant/
est impossible.

Nontrons comment pallier ces deux diffi-
cultes, Considerons, par exemple,une Fonda-
tion circulaire de rayon R,reposant sur une
couche de sol homogene d*epaisseur Fisnie H.

Pour plusieurs valeurs du rapport H/R, le
tassement calcule a partir de l'essai oedo=
metrique est compare a celui calcule par la
theorie de l'elastioite en tenant compte de
la deformation laterale de sul, )

Le rapport de ceB deux courbes donne un
coefficient qui permet de corriger l'erreur
comnise lorsque l'on ne tlent pas compte de
la deformation laterale. Nous avons obtenu
dee coefficients analogues pour les Fondati-

ona rectangulaires,

Pour le second point /prevision du tasse—~
ment immediat/, nous avous etabli,par la
theorie de l'elasticite,des relationa entre
les proprietes du sol dans l'etat draine et
nan draine.

Ces relations nous ont permis d'etablier
le rapport entre tassement immediat et Final,

Associons maintenant les deux resultats
presentes dams cette discussion:

1° Correction du tassement calcule a par-
tir de 1l'essai oedometrique.

2° Rapport du tassement immediat au tasse-
ment Final

On obtient ainsi un abaque permettamt la
previaion du tassement immediat directement
a partir de l'oedometre /photo 6/.

Les traits pleins representent notre coef-
ficient et les tirets celui propose en 1957
par difference vient du fait que,grace aux
progres des methodes numeriques de calcul,
nous n'avons pas ete obliges de Falre des
approximations comme SKEMPTON et BJERRUM.
Nous avons etendu ces calculs au Fondations
rectangulalires,

Chairman Praf .De Beer.

Thank you very much Praf. Geroud.

Coming to the end of the sesalon allow me
to pass the word to Prof.Davidov (General
Reporter). He will make same concluding
remarks on the General Report.

Prof. SeSeDavidov (USSR)

Allow me first to deal with the discussion.
Twelve speolalists took the floor,all of them
presented serious and valuable material that
developed the topic of the Gemeral Report,
and made concrete suggestions.



Prof.Giroud (France) discussed the inves-
tigation and comparison of characteristics
of drained and undrained soils.

Dr.Rochette (Great Britain) dealt with
problems of compaction and settlement of soil
by means of a hydromschanical method. He es-
tablished a variation of the pore presaure
in soile and of their void ratio with time.

Prof. Zommer (F.R.G.) reported on the dive-
rgence between the assumed and actual settle-
ments of buildings and structures, and illust-
rated his assumption on the basis of experi-
enoe with multi-storey and other buildings,
whose prediction was made by means of the
theory of the half-space.

Praf. Vesic (U.S.A.) dealt with the prob-
lem of choosing & model of a base for desig-
ning strip foundations and continuous slab
foundations. He recommended a base to be
adopted in the form of a oompressed layer of
finite height and to take into account the
influenne of the edge effeot.

Prof. Palatnikov, Lenin prize-winner (USSR)
olnted out that in selecting a model of a
ase, all means should be taken to achieve

a precise solution of the problem which
would comply with the precision which the
initial data is detsrmined and recommended
the accumulation and generalization of expe-
rimental data.

Prof,Toshkov (Bulgaria) spoke on the emp-
loyment of computers and the caloulation of
preliminary settlements, regarding the base
as a compressible layer of finite thickness.

For the case of a dinkler base, he recom-
mended that the modulus of subgrade reaction
be determined in reverse order by dealing
with the layer being compressed by means of
the theory of elasticitg.

Lazebnii. Cand.of Tech.Sciemce (USSR)
proposud Lhal use Le made of expurlmental
data in choosing the model of the base, He
presented data on the measurement of pressu-
res and settlements of two buildings in
Kiev as the basis of his suggestion.

Dr.Zaretsky (USSR) substantiated the ne-
cessity of bteking into accomat the time
faotor in evaluating the deformations of the
base, citing a iinearly viscous model as an
example.

Prof. Hansbo (Sweden) reported on the in-
teraoction of the base and the superatruoture
and on-the changes of the s0il reaotion and
the bending moment depending on the settle-—
ment distribution. He presented programs for
calculation by comgutera.

Prof. Klein (USSR) spoke on the dealgn of
building clemonts based on yiolding bagos.
Various base models' and mathematical methods
of thelr design were considered. A short
assessment of these methods was given.He re-
commended the conduction of further experi-
mental investigations and the comparison
of experimental data with that of theoreti-
cal calculations,

Prof .Korenev (USSR) discussed the selec-
tion of a design model for a base and pointed
out that the problem of seleoting an optimal
model is still not clear. He illustrated his
ideas by an example of a contact problem.

- to give the only possi

Prof. Ohta (Japan) presented an analysis
of linear and nonlinear deformations of a
loaded base. Illustrations were given in
an example of the defurmatious of a light
clay: actual deformations and those deter-
mined Dby means of the finite-~element method.
Allow me now to present the conclusions
and recommendations of the General Report,
vaking the discussion into account,

Chairman Prof. De Beer.

Thank you very much Prof. Davidov.

In closing this session I want to call on
Prof, Krsmenovid for making ooncluding ad-
dress, Prof. Krsmanovi&, will you

Prof. Dulian Krsmanovié (Yugoslavia)

In the papers distributed for this session,
as well as during the discussion that had been
held,separate or group test and research
resulls ol prvssury distribution and methods
of estimations of civil engineering atructu-
res reposing on semi-space have been produ-
ced. That was dom9 in a theoretical as well
a8 in a practical way.

I think, however, that there is no uniform
division of civil engineering structures re-
garaing the reposing and prossure distributi-
on below and surrounding civil engineering
struotures that for the present moment could
be applied on s0il media as well as on rock
media.

Thersfore, I shall tr{ with these comments,

ble division regar
the support in pressure distribution for al
kinds of civil engineering objecta.

As for my understanding, thers is no prin-
cipal difference in treating the problems of
reposing, whether on soil or rock, therefore
I Lhink that it is valid for both media (con-
tinuums and discontinuums),

Grouping or some kind of systemization of
can be done accarding to the lind of atruc-
tur?s and according to the way of their
reposing on media. ,

I consider that all cases can be comprised
in five groups that will be discussed here in
generale

1. Group
Natural slopes without structures

If a slope is unstable,generally it oomes
to sliding and to the formation of a sliding
body (except the cases of flowing). Then we
can treat the sliding body as an structure
on the base on which it slides. Tf a sliding
area or zone has a cylindric shape, there is
no interaction if alocatlons are not vast.
This is not the case, however,with sliding
areas of undefined shape,because then for
the different positions of the sliding body
appear different pressure distributions on
contact areas. The change of pressure distri-
butions may be very important depending on
the rigidity of the sliding body, the shape
of sliding area, type and properties of ma-
terial, as well as of other factors. These
influences could be partly or entirely neglec~
ted in the cases of shallow slidings.
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POSSIBLE PRESSURE DISTR-
BUTION AFTER SMALL SLi -
DING DISPLACEMENT

SLIDING SURFACE ~ _ -
ZONE

GRAVITATIONAL PRESSURE
DISTRIBUTION

Fig 1

The whole process happens in the limit sta-
te of equilibrium and that in the vicinity
of s8liding areas. If it is in cylindrical
shape (case a.Figure 1) interaotion does nor
exist, as for limited movements there are no
major changes in pressure distribution on
coantact,

If the sliding area is not of oylindriocal
shape,but of undefined shape, (figure 1l.b)
to every position of the aliaing body oorres-
ponds a different pressure distribution, In-
teraction exists between the sliding body and

the base,as a result of different kinda of

supporting of the sliding body on the base

major changes of stresses appear in the slid-

ing body an occasion of each of its movements,

oeven the slightest,

In the first case,sliding areas may be trea-

ted as relatively well defined (lm)and in the

second case as badly defined inm regard to

their way of reposing.

2 oup

Direot or superficially reposed struotures.
agrams of ropresentative structures o

this group are shown on figure 2.

T T T

Fig 2
A regards the stress state in the base as
woell as on the contact surface,we are usually
far from the limit state. Usually we are in
the area of elastioc behaviour of the semi=
space and only somewhere in the area of elas-

toplastic atage,that means the structures
are in the state of equilibrium,far from
failure,

As such structures have their owm rigidity
whioh according to its deformation obaracte-
ristics, for separate load cases,does not
correspond to the deformation characterd stics
of the base, nearly always interaction appears.

This kind of structures are most frequently
woll defined as regards their support,thus
the lines. or surfaces of distribution may be
caloulated relatively exactly and the influ-
ence of interaction should be taken into
aocount,

30 G’.‘og
Latera11¥ Ereased structures,and structures,
superticially repose

DIFFERENT CASES OF
LOADING

—J

Fig 3

Typlcal representatives of such stru tures
are shown on figure 3. In the s emi-space sur-
rounding the strustures,stresses are parti-
ally in the limit state (lateral parts) and
partially in elastic or elastoplastic state,
The lateral preesure di may be of difw
ferent shapes,primarily :fending on initial
state of stress, on the deformational charao-
teristics and the method of work executionm, .
Pregsure diagrams below the base depend main-
ly on the same parameters as the struotures
of Group 2.

Therefore lnteraction always exists and
sometimes it is variable depending on time
and other conditions. Applications of more
exaot estimates are sometimes possible, and
often have to be acoepted assumptions of si-
mplification. Then the defining of struotu-
re iosarding the reposing is canasiderably
weaker,

Group &

Struotures supported in the media by three
aides

Charadteris tic diagrams of such structures
are shown on Figure 4,

Stress states in medla surrounding the
strucsture may be very dif feremt. Partial
there may exist at limit state and partially
in a state of equilibrium,. That depends on
the kind and hardness of the media materials,
on the structures' shape, its strength, as
well as on many other parametera,

Interaction exists, but the kinds of calou=-
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lations taking into oonsideration interactionm
are often very complex and complicated, Es-
pecially regarding rocks,

This kind of structures are,because of their

complexity regarding the manner of the s
gort,badly defined., Pressure distribution
epends on a very great number of parameters.
In these cases it 1e convenient to know in
advance the primary stress state of the me-
dium that is surrounding the struocture as
well as the stress state during the construc=-
tion and execution and later on,too. Then, to
fix the zones of stress release depending on
the type of material, on the kind of work and
on westher conditione. provided thet such phe-
nomena appear. in some cases,there may also
appear a ocommenooment of local flowlngs,
Therefore the estimates of suoh struotures

are loaded witb various assumptions of simpli-

fication that lead us to very approximate so-
lutions,

5 Group

Structures euntirely enciroled by media

uoch struotures are mainly trarffic or hydr¢

technical tunnels as shown on figure 5.
Concerning stress states,structures of this
group are very similar to structwres of growp
4,1f there is the question of structures ai-
m.{lar to those suown Lo Ligure Su.
Concerning structures shown on figure 5b,if
there still appears an inner pressure,they
have to be treated in a two different way.
While at struotures 5a lnteraction appears ir
the same way as at the other groups,at struo-
tures 5b,one has to kake onto sccount atill

@ /

a- Fig.5 b.

the inner pressure. The result of such inte-

raotion is then doubled, dogend.ins on the man~

ner how the tunnel is loade
Such structures are ve complex,aspecially

because very often with t s 88 well as

with the structures of group 4, loads are not

known, which among others depends, on many

parameters,time and other factors,

by water,

62

On the basis of the above-mentioned, you
can 566 the multitude of problems wbich still
have not found an approximate solution and
whiclhi we sbLould anuiysv uwud 80lve in tie fu-
ture,.

The given structure division may however
serve as a signpost far further work.

I thank you for your kind attention which
you have given to comments and want to
excuse myself for the rather bad reproduc-
tion of the shown diagramsa.

Written Contributions

L.SUKLJE (Yugoslavia)

On the psper “A Unifed Theory for the Con-
solidation of Clays”™ by J.G.Howley and
D.Le¢Borin, Prof.Vol.l, Part 3, pp.107-119.

The "unified theory" as developed in the
paper represents the numerical solution of
the well lmown Terzaghi differential equa-
tion of one-dimensional consolidation of sa-
turated soils acoounting for a certain de-
pendence of the coefficient of permeability
on void ratio k=-k(e) and ifor a given rneoio—
glcal repationship R(e,é,S’ )=0.

Examplea of such solutions have been given
in the paper by Suklje and Kogovdek (1968),
in the bogk Rheologioal Aspects of Soil Me-
ghanics (Suklje 1969) and ih the paper

uklje (1969)., In further publications the
numeriocal procedure has been applied to the
radial consolidation (Suklje and Simondid
1972) as well as to the radially symmetric
space consolidation (Suklje and Kozak 1972).
For references see the paper by D.Battelino
Lo vol.l, part 1, pp.25=30 of the Proveedings
of the present Confereance and short re-
port on the "Use of Isotaches the Conso-
lidation Analysis™ in the Specialty Session
No.2 of the present Conference. Some results
of a recent study on the "One-dimensional
Consolidation of Parly Saturated Viscous
Soila" have been presented in my oral disous-
sion in the same Specislty 3ession.

In all above solutions the coefficient aof
permeability has either been taken constant
or the terms containing the differential quo-~
tients of the coefficient of permeability
with respect to the space-~coordinates have
been consciously neglected. This simplifica-
tion of the numerical procedure hud been al-
lowed because the main purpose of the s50lue-
tions was to clear up the influence of other
factors upon the consolidution process, such
as the length of the Beepage gath ( layer
thickness), the magnitude and the speed of
the load inorease,the initial void ratio (the
rate of volume change respectively),the or-
der of megnitude of the permeability and the
saturation degree. The dependence of the per-
meability on the void ratio can, of course,
fully be samsidered; some difficulties do
appear, however,they are not esesentiale

Hawley and Borin have oited my paper pre-
sented in 1957 to the 4th International Con-
ference where the suggestion had been given
to represent the experimentally obtained
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stress-volume strain-time relationships by
isotache sets end where the isotaches had
been applied for the one—-dimensional consoli~-
dation analysis of saturated solls (later-
Suklje 1964 and 1966— also for partly satura-
ted soils). The analysis was related to the
average void ratio change and pore pressure
dissipation by using an appropriate assum
tion concerning the form of isochrones. The
authors do not seem to be acquainted with
further development of the isotache method
as described in the previously mentioned
publications.

The construction of a reliable isotache set
is hindered by the sample disturbance during
sampling, after sampling and during the loa
application, aa well as by the need of extra-
polating the consolidation curves beZond the
time of the labaratory observation. All we
can do is to make use of a good sampling
teohnique, to transport and keep samples
with oare, to apply a slow, continuous loa-
ding interrupted by long intervals of the ob-
servation of the secondary consolidation,
and to extrapolate the settlement versus
time plots gg taking into account the densi-

and the story of the Boil in the depth

sampling and in greater depths. If even
when doing 8o, the initial volume change spe-
ed of the "undistrubed"” sample at the "na-
tural" water content is observed to be ra-

ther high, we shall approach the real consoli-

dation process in a better way by starting
at a lower volid ratio corresponding to the
probable speed at the end of the previous
secondary consolidation than by starting at
the "natural" void ratio at a greater speed
whioch 18 due to disturbing effects. The con-
sequences of the disturbance affect the re-~
liability of any consolidation analysis

and influence the consolidation process of
thin and of thick laysrs,though in a diffe-
rent manner. The importance of the distur-
bance is only more evident when analysing
the oonsolidation of a thick layer by taking
into aocount its viscous behaviour.

G.Barla, G.Celoria and M.Jamiollkowski
Polytechnic of Turln Italy

In recent years sore attention was given
by many Authora to tLe determina tion of the
influence, in the feneral problem of soil-
structure interaotion, of the inhomogenei ty
on the vertical surface settlemants of the
isotropic, linearly elastioc half apace, see
for example Brown and Gibson (1972). In par-
ticular, consideration was given to the case
of a constant Poisson's ratio (Vv ) and a
Young's modulus (E) increasing linearly with
depth according to

E(2)=E +E 2= E (1+ }’_b) (1)
where
Eg Young's modulus at the surface (z2=0)
En.-. rate of increase of E with depth 3

E

A= gt~ = inbomogeneity index
n

b = width of loaded ares

The numeriocal results allow one o recog-
nize the following main patterns of behavi-
or:

l. for #=0 and y=0,5, the surface settle~
ment profile corresponds exactly to that
predicted by the Winkler subgrade reaotion
theory, Gibason (1967).

2. for AW and ¥<0.5, the surface set-
tlement is quite completely confined under
the loaded area (b.cg (Figure 1). In this
ocase, the Winkler theory will still remain
valid, for soil-struoture interaction studi-
o8, at least as long a8 the surface displa-
cement is of interest,

3. for p> 5 and all values of J , the
surface settlement nearly approximates that
predioted on the basis of the Boussinesqg's
theory for the ideal homogeneous,isotropic,
and linearly elastio half space,

In view of the above remarkable influence
of inhomogeneity upon the magnitude and
shape of surface setilements of the half
space, the groblem of evaluating the streas-
es8 an& displacements due to the excavation
of a vertical out, in similar conditions
for the soil, was examined. Due to the lack
of a olosed form solutian, the finite ele—
ment method was used according to the geo-
metry illustrated in Figure 2. Plane strain
oonditions are assumed throughout the calcu-
lations with a Poisson's ratig equal to 0.33.
The specifio 3rav§ty i8 2 t/m” and the mo-
dulus E, 1500 t/m<,

The Y8ung'a modulus increase with depth
is now defined as

B(z)=Bgr =~ 2B (1+-3-) @

B
whers
E= increment in the value of E,with respeot
to go. at z=H

A ig— = inhomogeneity index

Be= bheight of vertical cut

The results obtained demonstrate the in-
fluence of sall inhomogeneity of the displa-
cement s and stresses due to the excavation
of the vertical ocut. The following prelimi-
nary observations can be mades

l, the horizontal displacements are influ-
enced by the degree of inhomogeneity (l.e.
the value of 8 ). In particular for <l the
point C at the orest of the cut moves toward
the excavatian; further,the ratio of the ho=-
rizontal to the ocorresponding vertical dis-
Klaoement is affected by the value of ef .

similar trend of behavior is followel by
the point D, loocated along the wall (Fig.3).

2. for B4 1, both thé vertical and hori-
zontal displacements of the point C,whan
compared to the carresponding displacements
for the homogeneous medium (8 =xen), are
quite small, Further, far > 100 the numeri-~
cal results show that the behavior is similer
to that predicted under the assumptions of
homogeneity (Figure 4),

3. the displacements in the soil are depio-
ted in Figure 5, where different scale factors
have been used so that the phenomenologlcal
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aspects of the solution can be properly evi-
The influence of 4

denced.

on the values ob-

flexible sheet-piles,mainly when considera-
tion is to be given 1’;0 the soil-s tructure in-
teraction problem. It should however be noti-
ced that the assumptions of linear elasticity
and isotropy,introduced in the present study,
might limit the practical relevance of the
above remarks,

tained for the displacements is quite apparent,
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R.S.CHELIAPINE (URSS),

"L'influence de la composant peripherique
de la resistance reactive du fondement sur
les tensions et le deformations des pont-
res de fondation"

Les experiences faites sous la direotion
de l'suteur par l'ingenieur Kalouguine P.J.
sur la nesure des tensions dans le ocorps du
modele d'une haute poutre et des temsions
de contact sous sa semelle,ont germis d'etab-
lir une distinotion importante de la repar-
tition des valeurs mesurees des tensions ho-
rizontales Ox de celles calcllees theorique-

R ment comme on le volt sur la figure 1,
_""_".l’_.\._LL s E-GOcm Q-c‘-ﬁ.
ST ~4Ocn g 220 s
. NN 5~ mem (LI x
3 L Lom n p-onb2F® 8 o ' '
—-THEORIQU L —
Pige5. Schematio representation of the dis— Tewsions S N
placements due to the excavation for —
different values of B (notice that u
different scales are used for displa- T aaions 6x \
coments) ,,
T
(W [} 'd'.a
— 216 [\74
57
{ ReQ
VB LA me¥ 15 } .
f _,«6.'-'.“,,;.'./495!.:1:}.@}\; Au., E- ¥ l T-'-'ﬁﬁbeﬂ sin(831) 41N

[77] NO CHANGE IN STRESS Sz Flg.l. L*influence de la camposant perighe-
rique de la resistance reactive du

ES vchEASE IN STRESS S= foundement sur les tensions et les
”
aays (xly - (G deformations des pontres de fandation
iH Si on ne tlient compte que de la composante
verticale de la reaction du fondement &
Y o BEFORE presentee sur la figure 1 selon les donnees
2 « SUBSEQUENT m}‘” de l'’experience, les tensions horl zontale

6x d'apres les conditions de l'equilibre doi-
vent former un couple N dans la section axi-
ale car les charges verticales appliquees a

¢) B .00
Fig.6. Change in stress 0; due to excavation
of vertical cut

la poutre @ et . <forment aussi un couple,
REFERENCES La calcul theorique des tensions Gx execute

par l'ordinateur elsctronique dont on voit
BROWN,P.T.and GIBSON,R.EM”Surface settlemsnt les donnees sur la figure 1 satisfait a cette

of a deep stratum whoss modulus increases condition. Pourtant les tensions reelles me-
linearly with depth",Canadian Geotechnical 8urees Gx_  ne forment aucun couple.et par

Journal,9,1972. cola meme les canditions de l'equilibre ne
" sont plus observees. Elles seront satisfai-
Gmsfgaﬁ;f; aﬁgmgt:::gizsicm“g:iﬁgm diﬂgg-g:m tes si on introduit dans le calcul une for-

D a non-homo ce borizantale supplementaire qui n'est qu'une

elastic half-space”, G°°t°°hni‘1“°-fg-1967 resultante des teggiona de cisgillement de

oontact Bous la semelle de la poutre. On a

au la possibilite de mesurer ces tensions

pour le modele d'une haute poutre ayant

place dans la zone de contaot de la poutre



des "rosettes" tensometriques (sous l'angle
45°). Comme on voit sur la figure 1 on peut
considerer ces tensions de ocisalllement de
cantact rspartvies aveo ume precision sulli-
sante sur la einuscide - T =f,-sin($r)ou§=§

Alors en partant de la resolution approxima-
tive du probleme ils est possible de deter-
miner les tensions supplementaires qui sur-
glssent dans la poutre a condition de tenir
compte de l'existence des tensions de cisall-
lement de contact re ties sous la semelle
de la putre suivent la loi sinusoidale. Con-
formement a cette resolution les tensions ho-
rizontales i peuvent etre determinees
d'apres la formule sulvante:

O= o LECSOR [ ro chinag) 4 h (maq)]

m7 -sh(m7)
H

ou f=}-;q=% et m=g

La plus grande valeur de cette tension Gx
est sur la semelle de la poutre le long de

son axe quand =0 et H= 1
- _td_a arch(mz')+ 4 1_na RN
Ox (x=0,4y=f1=0e & | 1 Tmm * ) ~To < %m

ou le coefficient ol dependant de m a lea
valeurs.

p=2,0 dm=1,19 20,5 o n=1,727
m=1,5 ol m=l,212 mx0,3 of mo2,419
m=1,0 of m=1l,322 n=0,1 of ma6,470
Sur la figure 2 sont presentes lea resul-
O8 Os Oa Oz O O2 Oa O St
A
od
< = |
1”1
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®  — EXPERIMENTALE DIMTNSIONS Sx

Fig.2, L'influence de la composant perighe-
rique de la resistance reactive du
foundement sur les temsions et les de-
formations des poutres de fondation™

tats des calouls effectues pour la poutre qui
a ete oprouvee par l'ingenieur Kalouguine.
Ces resultats confirment une influence im-
portante de la ocomposante peripherique de la

resistance reactive du fondement sur les
&

tensions et les deformations des poutres de
fondation, .

Le materiel experimental presente et son
interpretation attesteat qu*on ne peut
negliger la composante peripherique des ten~
sions de contact pour le calcul des const-~
ructions sur le sol.

Cette resistance influe non seulament
sur les tensions dans la poutre meme mais
sur ses deformations et par comsequent sur
la repartition de la composante verticale
de la reaction du fondement,
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