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At the opening of this session, it is my
first agreeable duty to introduce to yo
those which are on the rostrum with me:
the vice chairman of this session,Professor

Dusan Krsmanovio,Professor at the Univer­
sity of Sarajevo, and which is universally
known for his outstanding contributionscovering soil-structure nteraotion,not
only in the field of soil mechanics, butalso in the field of rcok mechanics.

the general reporters Professor Gorbounov­
Possadov and Professor Davydcv,which howe­
ver I will introduce to you in more detail
s mewhat later.

the scientific-secretary, lr.Fedorovsky,re­
search engineer at the Research Instituteof Founda ions in losccw, and disciple of
Professor Gorbcunov-Possadov

the representative of the scientific committee
lr.likheev, Science Director at the Re­
search Institute of Bases and Underground
Structures, Gosstroy USSR.
It should have been our privilege that Dr.

Bjerrum, East president of our InternationalSociety s culd have given his comments con­
cerning the subject of this session. In all
sessions we are aware which great loss ourInternational Society has un ergcne by its
premature death.

In this session 46 papers have been intro­duced, and 24 written scussicns were re­ceived. Because of the limitation of time
only 12 contributions have been retained,
which have been chosen by the general repor­ters in accordance with the 5 opics they
proposed for discussion.

The names of the participants chosen for
discussion are written 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 ont.

It is really a great honour for me' to
have been invited by the Russian OrganizingCommittee to take the chair for lain Session
2 devoted tc the problem of the Interactionof soil bases and structures. It can be
stated that this is certainly one of the
most difficult problems in the field of
Soil Iechanics 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 o
the building materials.

The availability of electronic computers
makes it possible to solve problems, which
some years ago could practically not be
treated. One of these problems is the cal­
culation of the gressure distribution under­neath rafts and eams, taking into account
the rigidity of the soil and the super­structure.

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

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

Concerning the soil a distinction has to
be made between immediate settlements, hyd­
rodynamic settlements, and secondary or
secular settlements (creep phenomena). The
properties of the building materials are
also time-dependent (defcrmabillty under
dynamic loading, permanent loading, shrin­
kage snd creep; variability 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 soil can
be illustrated by fig.2, taken from a con­
tribution of Professor Kerisel, and showing
that the modulus of deformability is a func­
tion of the spherical stress and of the de­viatoric stress.
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metrical data. Gver the years several scien­
tists have tried to improve the method of
the modulus of subgrade reaction, which ls
still largely used in practice.

Another approach was to consider the soil
as a medium with a constant modulus of de­
formabillty and a constant Pdisson's ratio.Others have assxmed the soil to be a ma­
terial in which the modulus of deformability
linearly increases with depth. The solution
:found in this way lies somewhere betweenthat of the modu us of su.bgrade reoct1on,and
that of the constant modulus of deformabllity

In recent times Repnikcv, followed by
Schultze, has presented a combination of both
simplified models: the real medium is repla­
ced by a continuum with a constant modulus
of deformability,conta:Ln1ng a system of
springs, with a constant modulus of subgradereaction. This ccmblnation of course also
gives results located between the two extre­ 75mese 7*

It is impossible to enumerate here theU’ -q' names of a 1 the scientists who have made
/’ = -I--3-G, G. substantial contributions to the problm of

l 1' 3 ,BR gressure distribution. We must thouym men­
ion, besides the two very eminent generalreporters Professor Gorbcmov-Posse ov andFIG, 2 Professor Dav-ydov, the work of Ohde-Eany,

The rigidity of the building gradually inc­
reases with time both during md after erec­
tion and also some plastic properties of the
building materials have to be considered.

he cmsequence of these intricate factors
is that, evm now veri :lmsortant si liflca­tions have to be intro use in order'£o solve
the problem.

For solving the problem of the pressure
distribution, Terzaghi and Peck used the old
method of the modulus of subgrade reaction,but gave an indication how to choose the va­
lue of this modulus starting from some me­
chanical properties or the soil and the geo­

Grasshoff and Professor Bchultme in Germany,
Professor Krsmanovic in Yugoslavia, Profes­
sor Vesic in the USA, a group of scientists
of the Germ.sn Democratic Republic, and our
School in Ghent.

In recent times two very interesting sympo­
sia have been held concerning this sul£;ct|
one in Sarajevo in 1969 under the imge e ofProfessor Krsmanovic, organized by t Acade­
Q of Sciences of Bosnia-Hercegovina; thec her in Dresden in 1972, organized by the
Acadesv of Sciences of the German Democratic
Republic.

Both symposia can certainly be considered
as very valuable introductions to this main
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until hcl practically no accidents or damage
have been reported for buildings calculated
by one of these two methods. Therefore it
must be concluded that :Ln some lay or other
there are some hidden margins of safety.

For reason of economy :lt therefore becomes
of the utmost importance to be able to sur­
round better the problan and, nov the diffi­culty of calculat on can be overcome thanks
to comguters, the principal objective mustbe to etter kno' the real properties of all
materials involved and to be able to intro­
duce them correctly into the calculations.
In order to get this knowledge it becmes
imperative to observe and measure, in a still
more scientific wg the behaviour of buil­dings during and ter their construction.

It is a great pleasure for me to introduce
to who general reporters' ProfessorGor unov- ossadcv and Professor Davydov.

Besides many original contributions con­
oerning other important subjects in the fieldof Soi llechanics, Professor Gorbounov-Pos­
sadcv has shown for several years a conti­
nued interest :Ln the problem of the interac­
tim of buildings and soils, and cmtrlbu­

ted very interesting publications on the.
subject. Professor Davydcv is a lorld famous
specialist :Ln the field of the calculationo structures.

Because of the language barrier I0 do not
always have the opportunitzgatc follow theeminent contribut ons of Russian scien­
tists, and therefore we are locking foruard
with the utmost interest to the general re­
ports of Professor Gorbcmov-Pcssadov and
Professor Davgov.lql nov ca on Professor Gcrbounov­
Pcssadov to present his general report.



INTERACTION OP SOIL BASE AND STRUCTURE

(Prediction of Settlementwesign of MassiveFoundations Based on the Limit g State,
Design of Flexible Foundation Beams and Slate)
Prof .\l.I . Gorbunov-Possadov (USSR)

The in ortance of the problem of interac­
tion of gases and foundations requires no
comment. This is the final link in tha chain
of the studies necessary to provide the pro­
per work of bases warranting the pre-ass;Lg­
ned strength and maintainabillty of a buil­
ding or structure. The problem can 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 progressive
methods for designing reinforced-concrete
structures. llany of these problems however,
have been almost completely ignored in the
general reports at the previous conferences.

The discussion of the indicated problems
at a separate session is particularly timely
because the number of investigations in this
field has considerably increased in recent
years. This :ls due to a steady growth ofoads transmitted to the soil coupled with
the need for weak and non-uniform bases.

In designing buses Soviet scientists have
foryhly years proceeded from the assumption
that in most cases buildings and structures
are threatened by non-uniform settlment 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 ccmpu­
ting techniques has opened up new vistas
for solving problems which only recently se­
emed insoluble. Among these are the design
of frame buildings talclng into account thenon-uniform sett ement of supports resting
either on separate foundations or on a con­
tinuous slab. Of great help was the develop­
ment of the finite-element method,which
enables solving base problem with extremely
complex boundary conditions, not only within
the framework of the theory of elasticity,
but also within the framework of more comp­
lex continuum theories, which are more and
more often used in representing the actual
complex properties of soil bases.

At the same time, despite the great amount
of work done; the problem of a soil base
model ensuring sufficient agreement betweencalculation results and actual conditions
has not yet boon brought to a complete and
successful solution. The previous simplified
models the Winkler hypothesis ond tho homo­
geneous elastic weightless half-space ­
are now considered inadequate in many cases.
They are supplanted by solutions based on
models of a conpressi le layrer or elastichalf-space with the deforma on modulus inc­
reasing with depth. .Also,:Lnterestin investi­
gations on the solution of the problan in
the non-linear version have been launched.

I. Settlement Predic ti on
As a rule, when the time factor ls ignored,

final settlement is now calculated by me­
thods of the theory of a linearly deformable
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medium (the theory of elasticity). Conside­rable progress toward simplicat on of calcu­lations in this field has been made in re­
ueui years. For instance, Har-.|;-ison,Ger-ani
and vlordle have compiled an extensive set
of programs for determining stresses and
displacements in a half-plane and a half­
space. The load is assumed to vary widely.

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

In his pqzer suhlitted to the Conferencellilovic describes the results of similar
research carried out for a strip load and
for a load over a circular area on a comp­
ressible layer.

Absy has establidied tilts of a rigid rec­
tanlgular settlement plate on an elasticha -space by the finite-element method. The
magnitudes of these tilts practicall coinci­
de with those incorporated in the USgR State
Standards.

For the compressible-la er model,Giroud
has compiled extremely detailed tables for
det_orm:Lning settlements of rectangular
rigid foundations with a rough footing.Schultze and Sheriff have submitted to the
Conference the results of settlemnt obser­
vatims for 48 civil and inchstrial buil­
dings. These authors conclude that engineers
should no longer calculate settlements on
sand by the methods applied to clays whichused the results of soil tests with triaxial
devices. The best results are obtained by
calculation methods based on static and dy­
namic sounding.

In the case of protracted continuous foun­
dation slabs, theory-of-elasticity settle­
ments are especially grossly over-predicted.According to observat ons, ouch as those
carried out by T.A.!lal ikova, for a wider
(10 to 15m and up) slab, the pressures being
the same the settlement is practically ln­
dependent of the slab width, whereas it
should be proportional to the latter accor­
ding to the theory of a linearly deformablemedium. It can thus be considered 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 asymptoticallyspproacha horizontal line as the width increases
(Fi8e1)e

The divergence between the theory of a
linearly deformable medium and the actual
conditions is caused by the fact 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.1. Some scientists assume that the base is
deformed only when the structural strengthof the soil s affected, and at great depthsthe additional stresses from an external
load are too low for this. Stefanoff and
Krastilov have submitted to tts Conference
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On the basis of the finite-element method
and the bilinear law for deformations llalina
has solved the problem of a rigid strlp foun­
dation on a sandy base. Each element was as­sumed to be elastic until the stresses in :Lt
reached limiting stresses after llohr-Coulomb.
Then the excess was transmitted to the adja­
cent elements oy the iteration process un­
til the stresses proved to be -physically fea­
sible everywhere.

le stated the problem in the same way. But
we used for this purpose a fictitious load
consisting of three-dimensional force coup­
les ap lied to the plastic region, as deso­ribed in our communicatim tc this Cmferenoe.
II. Desi n of Beams and Slabs on Ccmpres­e o
In this field, scientists continue their

search for mechanical soil models which wouldbest reflect the actual conditions. It is
known that design by the Winkler method doesnot yield satis actory results since it neg­
lects the distributive ability of a soil
base. Conversely, the elastic--half-spice
modulus grossly overpredicts this abi ty,
especially in the case of the plane prob em.Besides,_ he elastic half-space leads to st­ress concentration near the beam and slab
edges. Because of these features,the positi­
ve banding moments (Fig5) by the e1ast:Lc-ha­
lf-sgaoe method (curve II) greatly emoeed.the inkler moments (curve I).

P P I P 0
Lf

Pig.5. Schematic diagram of bending moments
:ln foundation slab or beam calculated
by: l-Winkler hypothesis, 2-elastic
half-space hypothesis.

After Winkler, the ne ative moments :Ln the
spans are ggprcximateiy equal to the positiveones benea the supports. This :Ls not true,
since measurements mow that as a rule, foun­aatien beams and s1aba e erie do nuarde. one
true bending-moment plot must pass betweencurves I an II.

One of the widespread ways to find a comp­
romise between the two theories is the rigi­dity coefficient method, :L.e.the mthod o
variable modulus of suhgrade reaction so
selected that it roughly corresponds to the
calculated plot of soil surface settlemntunder a uni crm load (Grasszhoff, Klepikov,
Rivkin)e

In the F.R.G., great popularity is enjoyed
3 the Kany method in which the bearing areaa structure is divided into a number of
elements. To determine the settlement of a
soil elenent from a load distributed over it,
the usual Schleicher formula is app1ied,wh1le
the effect of the sa.me load on the neighbou­
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ring elements is established with the aid
of the author's emgirical formula.A calculation me bod using a scheme of a
compressible base in the form of a finite­
thickness layer (Davydov Egorov Bamarin,
Krasheninnikova) is widely applied. On me
basis of the finite-element method,!|il3v16,
Touzot and Tournier have given the numerical
values of the stress components in a finite­
thiclmess compressible lager completel ad­hering to an underlying a solute y rigid
base when a rigid rectangle is loaded with
an inclined, ecoentrioally applied force.
In his paper submitted to our Conference,
lilovié determined displaoments and stres­
ses in a layer under a load uniformly distri­buted over an ennulus.

Of great importance in ce1cu1ations,espe­
cially in plane ocmditions, is taking into
consideration plastic deformations :Ln the
soil beneath the foundation edges.E|:peri­mental determinations of the distribution
of reactive pressures have been carried out
ghy many Soviet awhors, including Evdokimov,iryayev, Lipovetsksya, llurzenko ,I.azebn:Lk,
Krivorotov and others. A survey of tests con­
ducted in other countries was made by Sdxul­
tze as far back as 1961. Here, principal at­
tention should be given to eq>eriments in
actual conditions. The effect of the rigidi­
ty of the superstructure, however,sometimeshinders determination of the actual load
transmitted by the supports.

Interesting investigations on the distribu­
tion of reactive pressures :Ln actual condi­
tions have been ccnduoted by Zeiffert, gar­ticularly in the case of foundation ala s
for silo blocks (the obtained slots for abase of loess-like clay are sa dlesha ed).

The general state of the art of des ning
structures on an elastic base is vivl y ref­
lected in the transactions of the 1969 In­
ternational Symposium convened in Sarajevoon the initiative of Professor Krsmanovio.

Nonvc:L11er's paper submitted to this Cm­
ferenoe makes :Lt possible to account for
many different factors in designing beams on
a compressible base, such as elast c comp­ression and the initial swelling ooeffic ent
of the soil. To this end, curves for soil
compression under pressures areiglctted un­der separate cross-sections of e beam.
The Boussinesq rule or the anisotropic theo­
ry is used to establish the law of transmis­sion of an external load.

A method for designing circular slabs lying
on a Winkler base sub;)ect to a horizontal
Ethermal) load was proposed by B.I.Ko1-enev1971 .

The problem of interaction of the founda­
tion structure and the superstructure is of
exceptional importance :Ln defining the pre­cise stress distribution both :Ln he founda­
tion and in the structure itself. In stripand continuous slab foundations on an elas­
tic ha].f-space or a compressible layer 'dmc
calculated positive moments are then consi­
derably reduced since the rigidity of thesupers ructure increases the oads on the
edge columns and reduces those on the middle
ones. Here we will mention the works of lloy­
erhof and Hametslq for frame structures with
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Schematic diagram for dependence of
settlement on width of square test
plate :IE constant mean pressure e.g.2 kg/c As- section o highly deve­
loped plastic deformations at a Z»0cm;
CD-section of deformations correspon­
dlgi to scheme of linearly defomsdme um at a from 70cm to 5-5m,EF-sec­
tion asymptotically approaching hori­
zontal straight line at a l0m.
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tables and graphs for determining the corres­
ponding compressible layer thickness.2. Other researchers attribute this to the
non-linear strain-stress relationship in ao­
ils. The paper of Lriegel and Wisner subur­
ted to our Conference explains precisely in
this way the results of their measurements
of soil displacements at d.:|_fferent depths
under all buildings, silos and chimneys.
They have established a law for non-linear
deformations shich, :Ln their opinion, ex­
pla:l.ns the results obtained.

5. Klein, Fischer and some other authorsassume that the defomation modulus increa­
ses with depth, even in homogeneous soils.
Experiments with platesin test holes carri­
ed out by Flohultze in 1965. However, failed
to confirm a sufficiently rapid increase .Lnthe deformation modulus. Therefore the use
of the increasing-modulus scheme can mly
be justified by the possibilizy of obtainingclose enough values of calc ated settleme­
nts, snd not by their agreement with the
actual variation in deformation properties
with depth,

4. In my opinion, the explanation lies inthe fact that the :Lnflumce of the soil self­
weight is not restricted to prsoompressicn
but extends to the magnitude of displacementsfrom the external loa , these displacements
are the more hindered, the greater the load
from the soil weight experienced by the base
element. The experimental data obtained by
Cherlmscv, llikheyev et al and the results of
experimental investigations on a centrifuge
submitted to this Conference by Polehin
Rljulnitslcy and others seem to support thisv B'e

The papers submitted to the Conference give
much space to the compressible-la er scheme.
The above-mentioned paper by Maliiowa con­
tains e?rimental data which give an idea
of the t ckness of this layer. The la erdepth may tentatively be es imated at lim.
In his report to this Conference Dalmatcv ln­dicates that inthe case cf _weak soils the
ccmpressible layer is lllnh thicker.

M

lany papers deal with calculation of sett­
lements under loads causing nonlinear soildeformations. Two laws of non-linear strain­
stnuss relationship are crmsirlegvnd, (1H_3,2)

6 A 0
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F:|.g.2. Dependence of deformations E on stress

6' .OAC-in solving mixed problem of
theory of elastic ty and heory ofplast city of soils; OA- section of
elastic deformations; AC- section of
plastic deformations. OBO- 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
curve which coincides in its initial portim
with the linear relationship by the theory
of elasticity and then asymptotically app­roaches a horizontal line correspon ng to
a complete development of plastic defoma­
ticns. According to the second, simplified
approach the strain-stress relationship law
nas a bilinear snapm the initial portion
coincides with the linear relationship by
the theorz of elasticity, end then the lawls desc;-.L ed. by a horizontal line correspon­
ding 'tu plastic deformations. Thus, auuo.|:d.l.ugto the second law each soil element cm be
ezither in an elastic or in a plastic statea one.

In the USSR, a method for solving problems
covered by the smooth non linear law was
first swgested by ‘!1.nc.‘:urcv, :hc made use
of Ilyu.sh:Ln's method of mall elast:Lc-plas­tic deformations.

This solution received a further develop­
ment in the paper by &1:l.rokov,Bolcmin,I|aly­
shev and Zaretsky. They considered various
empirical dependences of the shear modulus
on two stress invariants. They also obtainedplots of nonlinear settlemen s of a rigid
circular plete, contact pressures and equal­shear-modulus lines. The sane authors have
submitted e paper to our Conference coveringa strip plate as well as a circular one.
Desai stated the problem in similar terms.
His results are :Ln good agreement with expe­rimental data.

Later on Desai extended the method to the
case of bilinear relationship, suggesting an
iteration method for this purpose. This
method :Ls described in the paper by Wittke
and Samprich submitted to our Conference.
The authors have applied methods used for
solving a complex three-dimlasional problem
on a rod anchor.

3?
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uprights supported by separate foundations.
Larnach has compiled a computer program for
this case, and the calculation takes only 50
seconds. For the case where the lower girderof a frame is a foundation beam calculation
methods are given in the works of Kiselev,
Zhemoohkin, Sinitsin Simvoulidi,Gorbunov-Pos­
sadov. The same problem has been solved for
tunnel framing by Davydov and Kany. De Beer,
Grasshof, and Kang have published a bookwhere they descri e their methods for desig ­
ni frames on a compresaible base and compa­
rengifferent 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, especially in the
case of weak bases. Continuous-slab designwith the use of various methods is covered
by the paper of Klepikov Bobritsky,Rivkinan Malikova submitted made of the finite-els

ment solution by Hudson and Stoltzer. Using
this method only 20 to 50 seconds is needed
to calculate a slab on 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 deviceplots all the curves.
Prof. S.S.DAV!DOV (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 achievementsin settlement calculation with soil consoli­
dation taken into account,these investiga­
tions have not yet reached a stage at which
the problem of progress of deformation andthe stressed state of both the base and the
structure could be attacked.

A comparison of calculated and actual sett­
lement of structures on watersaturated soil
bases and of their stabilization time shows
that in most cases the theory of filtrat'onconsolidation of a soil mass does not reflect
the actual behaviour of the soil under load.
Various modifications c the consolidation
theory have been advanced which allow for so­me additional factors.

Attention should be given to works dealingwith specific features of consolidation of
preoompacted watersaturated clayey soils.
In consolidation of clayey soils of r:|.gid­
plastic or even plastic consistency the pre­dominant effect s exerted b the viscous
resistance of the soil skeleton. Here,the
compaction times of layers under compression
are not proportional to the squares of theirtheicknesses. The effect of the thickness on
the settlement stabilization time in the
case of the one-dimensional problem was stu­died in detail in the work of Maslcv and
Le Ba Lyong. Using the results of many experi­
ments,they showed the dependence of the con­
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sistency and the plasticity number of a
clayey soil.T e importance of taking into account the
effect of the rhsolcgical properties on the
deformability of watersaturated soils is
also clearly revealed by comparing the por­tion of settlement which has occurred a ter
the dissipation of the pore pressure (se­
condary consolidation) with the magnitude
c filtration consolidation. An analysis
of the experimental data obtained shows
that the process of compression of the pore
liquid occurs in agreement with the filtra­
tion consolidati n theory exclusively for
soils not subjected to precompaction. Pre­
compaction results in the formation of an
ever-increasing number of structural bonds,
which influence the mechanism of transmis­
sion of the external pressure to the pore
liquid.

In Zaretsky's work the dependence bet­ween the ske eton deformation, total stres­
ses and pore pressure is presented in the
general form. It is shown that the given
tensor relations can be generalized to the
case of taking into account the rheclogioal
properties of the soil skeleton.

In their paper submitted to the Conference
Hata, Ohta and Ioshitani make an allowance
for soil dilancy in considering problems
involving the settlement of a soil base.
They also substantiate the expression rela­
ting variations in the porosity coefficient
to the mean effective normal pressure andshear stress over an octahsdral area. These
investigations are closely connected with
the works of Marayami Matsuoka and are based
on the energy theory proposed bzsRoskou.The utilization of the Biot t ory (1941)
is demonstrated in a vgay interesting paperby Yamaguchi and Murak prepared for our
Conference. The authors consider the prob­
lem of consolidation of a layer of limited
thickness 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 Blot 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 Reinforced-Concrete Founda­

tions by the Limiting-Equilibriumvand-States Method
Soviet scientists have advanced and intro­

tuced into bu lding practice a new reinfor­
ced-concrete theory based on taking into
account elastic and plastic properties omaterials.

When applying modern methods for estima­
ting the strained-stressed state of thesci 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 md
are working under limiting oonditione.In a
reinforced-concrete fou dation, on an elas­
tic and elastic-plastic base in bending,
plastic hinges and formed at cross-sections



with maximal bending moments, mainly due tothe development of plastic deformat ons in
the compressed zone of the concrete.

At the sitc of a plastic hinge,an angular
_displacement is imparted to the structure
as a result of which the soil pressure bene­
ath the foundation and the bending moments
at its cross-sections are redistributed-the
bending moment at the cross-section of the
plastic hinge decreases,wh1le the soil pres­
sure increases. Due to the application of
the limiting-equilibrium method,the structu­re of the reinforced-concrete foundation
adapts itself to operation on a yiel
base, and the total expenditure of founsaticn
concrete and reinforcement decreases.(Fig.4).
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F1g.4. Diagram for strength design of flexi­ble'foundaticn
However,the decrease in the bending momentat the cross-section of the plastic hinge

should not exceed 50 per cent as proved by
experience in designing reinforced-concrete
structure (Fig.5)_

The cross-sections of a reinforced-concrete
foundation are selected and the stresses
checked at limiting states- for strength,
stab1l1ty,resistance to deformation and
which is particularly important because ofthe ever- ncreasing corrosivity of ground
'B`U81'e
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Fig.5. Diagram for strength design of mas­sive foundation

ssiva foundations Investigations of
pre a r ca e re oroed-concrete founda­tions for the walls and supports of buil­
dings have revealed new and ver! importantfeatures of their interaction th soil ba­
ses and of elements of composite bases. On
their basis, methods for calculating and
designing reinforce c ncrete foundations
have been worked out in recent years which
take into account the following:

- redistribution of reactive pressures be­
neath the base footing due to inelastic
deformations in the reinforced concrete,

- the forces of friction between the base
footing and the soil directed from the
edges to the centre of the foundation,- the forces of friction between the hori­
zontal contact planes
of the elements of composite foundations

Shell-t e foundations. All over the world,
many pas re orce -concrete shells incon act with the soil are being widely in­
vestlgated,developed and utilized. The shells
take the form of separate structures or are
combined with plane slabs and serve ass

- pillar formdations far frame buildings,
- foundations for tower-type structures ,
- continuous and floating foundations
- shell piles (cylindrical and ¢@nl¢a1§,-anchor fo ndations
- back-pressure walls,
- tank floors,
- tunnels,tanks,hoppers, etc.
The shellis the most rational structu al

form which operates three-dimensionally and
admits of high loads with a minimu expendi­
ture of material; its curved shape enables
reducing the stress concentration at contact
with the soil, decreasing settlements,achie­
ving a more uniform stress distribution in
the base diminishing the soil pressure cn
the retaining walls.

Shells may be made of high-strength mate­rials of small thickness without r sting the
loss of stability;



V. Interaction of Soil with UndergroundStructures

The construction of underground structuresin towns and cities is deve oping at a rapid
pace. Thus, :Ln losoow, experimental construc­
tion of motor-car garages and parkim lots,
approaches to them and other underground
structures is sheduled to e be completed by
1975. In Pauls, France's first "entertainment,
sports and culture city" is to be built at a
depth of 20 to 50 metres in the centre of the
capital. The same site will accomodate the
National Library Fund of l million copies
with an underground railway line leading toit. Tall buildings with mu ti-story basemaits
and other underground facilities are already
under construction. The material submitted to
the Conference includes an interesting paper
by Kerisel and Loupiak on the building of a
huge underground station in Paris in the vi­
cinity of the Grand-Opera under extremely
arduous conditions. In Geneva, an undergro­
und garage for 500 motor-cars has been built,
it has the shape of a cylindrical open oais­
son of diameter 57 metres and depth 28 metres.
Also in Geneva, the world's first underwater
garage 'has been built under the Lake of
Geneva. The garage has four stories and holds
about 5,500 oars,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 11|-story underground building.
Widescale underground work is being conducted
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. his is becaning one of the main
goals of current ccnstrmtzlfon investigations.

The authors deepl appreciate the coopera­
tion of Yu.K.Zarets£y,D.Sc.(Eng.),who has
undertaken the onerous job of elucidating the
problems of consolidation in our report.
They wish to thank Professors N.A.Tsmvich,ll.N.Goldste:Ln B.I.Dalmatov, P.D.Evd.o ov and
also Yu.G,Trofimenkov Cand.Sc.(Eng.) and R.
A.Tokar Cand.Sc.(Eng.) for their valuable
advice during the preparation of the report.

Conclusions and Recomendatims
Development of the theory and methods of

calculation.
l. It is essential to further develop the

theory of a nonlinearly deformable soil me­
dium both on the basis of experimental smo­oth laws of deformation and on the basis of
the simplified bilinear scheme. For this
purpose it is 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 kgft inmind that the aim of these investiga ons is
to work out practical methods of calculationon the basis of strict solutions.

2. It is necessary to extensively develop
the methods of designing foundation beams
and slabs on a compressible base by the means
of electronic oomputers,and to apply these
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methods :Ln buildirg practice. Such design
methods should take the interaction of the
whole complex: superstructu.re,foundation
and base, into account.

5. Further in situ studies are required
of the perfomance of foxmdation beams and
slabs with an integrated study of their ben­
ding, of the distribution of the reaction
pressures, 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 ofcalculation that ta e into account the
stress redistribution due to plastic defor­
mations (formation of fissures) in founda­tion structures.

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.

5. It is necessary to investigate the
joint performance of foundation structures
and saturated soil bases,tak:Lng into account
the ccnsolidation and the creep of the soil
base, and the creep of the material of thefoundation structure.

Desig Practice
1. 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 l?ersinto account by means of the equations o 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 ragiddept ,l1lB°

the compres­
modulus of

the depth.to imp e­

damping of the deformations with
king use of either the schema of
sible layer or the scheme of thedefomation which increases with

5. Every effort should be madement rapi development of algorithms and
programs, by means of which the supperstruc­
ture, the foundation and the soil base can
be computed as an integral unit.4. It is 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 characterizedby me rigidity fac­tor whose law of distribution is determined
from the predicted settlements, 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 develop under
the ends of beams and the edges of slabs betaken into account,and calc ation methods
be applied that take into account the plas­
tic phenomena in reinforced concrete (plas­
tic hinges).

b. Topics for Discussion
l. What model of a soil base more adequate­

ly suits its natural properties in calcula­
ting settlements? Ditto for designing struc­



tures on an elastic base?What changes should
be made in the models for designing continu­
ous foundation slabs of greet length?

Z.What 1B the actual outlook for compiling
programs for computers by means of which the
superstructure the foundation and the soil
base can be calculated as an integral unit?
What features should the algorithm of these
programs have for various types of structu­res

5.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 necessaryto take into account the existence o a zone
of the limiting state and the creep of inesoil? Ditto for the interaction of bases and
superstructures,taking into account the occu­
rance of plastic hinges in the reinforcedconcrete? `

5.What are the most efficient methods for
taking into account the nonlinear character
o base deformation in calculating settle­
ments and designing structures on elastic ba­ses?,

6.What is the outlook for making use of a
soil base model in the form of a ponderable
zcnlincnrly deformable half-space for calcu­lation?

The authors are very sorry that all the ma­terial received by them cou d not be used
in this Report,mainly because much of it wasreceived too late.

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.
lay I now ask Mr.Rochette, to bg 5° kind
as to give us his discussion

lr.P.A.Rochette. University of Birmingham,
England

ggggégl. Interaction with rigid foundationscan e taken into account in foundation de­
sign,by considering it as a superimposed phe­nomenon on the distribution of stresses be­
low the edges of the foundation. It mainlyproduces a horizontal redistribution of the
pore water pressures; in itself, it is then
far less complet and variable than the trans­
mission and dissipation of the pore pressu­
re with depth.In other words the simplicity
of the superimposed interaction is no lon er
apparent when the distribution of the voig
ratios and settlement with depth have been
over-simplified. The purpose of this commu­
nication is to present the mechanisms of set­
tlement and consolidation as bein non-un1­
form and highly dependent on the srainage
conditions: A) The conventional case of ver­
tical drainage (fig.l,a to c)

B)Assumption of radial (Fig.2) or other
drainage pattern (fig.5). It is shown howihs
final distribution of the void ratio, al­
though generally assumed uniform, varies in
fact with the drainage condition. This is
derived from the result (fig.la) of a hydro­
dynamical approach of consolidation estab­
lished in 1969 and to be published separa­B ya

l. Existence of a denser zone in the vicinity
5? an impervious end

(fig.la). For a uniform load p , at the
approach of the ‘lower imperviousend, the theor shows a relative

of pore pressure,constantdecrease
over say a quarter of the layer
thickness. The final void ratio thendecreases progressively with depth a
and takes a lower constant value near §
the impervious boundary. The same trend is
observed for a higher pressure p2 .

2. Drainage at beth ends produces higher' _ Jvoid ratios but increased settlementfln
T1g.Ib dashed'I1nes reproduce the case of
upper drainage described in fig.la, and
continious lines emphasize the symmetrical
effect of double drainage. This second case,
gives higher values of the void ratio. For
a pressure p2-p , the settlement at each
depth corresponds to the distance Lbetween 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 fig lb.5. Mechanism of consol datiou for vertical

draingge

The initial and final lines (p%) and (p2)for the void ratio have been dra n in fig.lc.
as ADD'A' and CEE'C' respectively. A new me­
chanism of consolidation io portrayed in two
stages: (1) 2E2_rE2§§_f9£!E§l2E_°f_22E§2!
ends (see arrow It oA decreases to eA|; ec
to eC.), due to escape of water from bothends. During this process the density, inl­
tially higher in the middle third soo ADD'C')
becomes uniform within a few days in the
field; see BDD'B'); then it stabilises, in a
matter of weeks at CDD'C',with unchanged den­
sity at the centra1 third. (2) Lon -term pore
prgsgure dissipgtion of th§_cenE£a§:f§;§§:DD'
graduEII§`tEE3s E53 positIon°EE' (see arrow 2)
During this stage the soil, initially denser
at the ends (CDD'C')becomes uniform in a mat­
ter of months (seo CC'); the process of slow
dissipation outward of the pore pressure
reaches stabilisation over years only,afterdensifioation of the centre part (relative­
ly lower pore pressure,so etimes negative;
see CEE'C').
4. Mechanism of horizontal drain e
F1gT2a fllustrates the d1strIbuE§on of the
void ratio, uniform in depth but with denser
central column,since the vertical axis can be
considered as an impervious boundary in the



e' e'

case of a radial drainage.f:Lg.2b snows the
lines of equal void ratio;the mechanism ofconsolidation therefore consists of the suc­
cessive denI;i_f:|.cation of anular r.i.n?s:the ra­id consolidation of the outer zone see arrol
Y) is followed by the slower progress inward
(see arrow2;re1at:I.vel;y short term if the ho­
rizontal permeability ie largegia centralt id tio minimum va

i5.2) and of vertical drainage (see fig 1).
he vo:I.d ratio in fig ja decreases in all di,­
eotions towards a small central zone.'l‘he ma­
banism of consolidation is illustrated by
he lines of equal void ratio in f1§,5b;t|`.l.l‘§
uocessive stages can be distingu:I.shed¢(l\Re­
:ld consolidation from the edges along arrow
;(2) short term consolidation pro ressing

horizontally at a decreasing rate isee arrowcolumn of constan vo ra ­
lue is eventually formed. below the rigid. foun- )5(5) long term ¢°n5°1_j_dB1;j_°n "1-g1¢a]_1 31­dation.
5.|lec sm ggartl vertical and mostly ho­
r:izFn%a§ df:-E'lnageIF 3 shows the combined ef­fects of hor1zontal[§ra:I.nage (emphasized ln

I _ ,
'/FII1/

, f' denser .

ng arrow 3,eince the vertical permeability is
enerally ms.n% times smaller than the hori­ontal permea 111 ty.

Ize _
I
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Chairman Prof. De Beer.

Thank you lrmoehatte. Now we will near
Dr.So1mer from West Germany.

Dr. Ing. s0161‘£¢(w6Bt Germany)
CONTRIHJTION OF 'HIE DIFFERENCE BETWEEN
IEASURED AND PREDICTED SET'I'LElEN1‘S

In Frankfurt/lain we are oonstructing buil­
dings with thirty and fourty stories on the
medium-stiff to stiff clay,cons1stenc inde
Ic=0,9, with the bearing pressure of g.5 ti§l`5 kp/om2. The high-rise buildings are loca­
ted closely next to the existing buildings.

A 100m high building surrounds an ens­
tin building as it :Ls shown on the left side

§ig.l. There is also an existing building7 7of

1/'/ .’. /
;Ol ’ _ ____________ /’2 new "`f’°'"'

T l` 'Eg/Tbuwdi _ 'I 2§ § ' f
__ __ /Eff*l |_,7 bas/s build/ng /»20m/ //9/g/__ /»< 76m s ».

Fig.1. gnoggtion of the new building and old

on the right side. The high-rise buildings
is founded in 15m depth, the existing buil­
dings in 4.5m. During the oonstruotim tne
editing buildings were protected by a con­crete cut-eff we l, anchored in clay. In two
sections (1 and 2) we can see the settlements
of the high-rise building and the existing
buildings during and after the construction.
The high-rise buildings settled to a total
of about 9cm, while the existing buildings
settled only 5.5cm. The step?-change settlement
(section l) was 5.5om 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 seotion (2-2) tm left existing buil­
ding makes a torsion of about 1:1000 towards
the high-rise building (Fig.5).

The steg-change settlement between the high­rise bull ing and the right existing buil­
ding was about 5om and thus very similar to
that ofaghe left side (see longitudinal sec­tion 2' l

The close-in-measurements between the high­
rise building and the right existing building
showed a great difference in settlement.
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If we assume the high-flee building shows a
settlement of 1005, the concrete out-off wall,
located closely between the two buildi shas 50%, and t e existing building hasng0§
(]ig.4). At another site we additionally
test if the soil below these fcotings of the
old building which are close to the high­
rise building settles more than the footingsand causes a void.
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Fig.4. Settlements between new building,cut­
off wall, and old building

According to the half-space calculation on
the right side of the longitudinal section
(2-2) the angular-tilting of the existing
building was larger and the step-change ln
settlement to the high-rise building wassmaller. In the light lines of Fig. one can
see the calculated settlements, in the heavylines the measured settlements. In the calcu­
lated settlements there is a larger
and a smaller step between existing
building;Accor ng tc the calculations the
dings should have cracked; this was
case however. We therefore must modify our

tilting
and new

old buil­
D0t fih0

modell of relation between soil and the struc­
ture in order to have a smaller difference
between prediction and measurement.

Chairman Prof.De Beer.

Thank ou lr.Sommer. The next contribution
will be in charge of Prof.Aleksandar S.Vesio, Duke Univers ty,USL

Prof.Dr.Aleksandar S.Vesic, (USA)
ly comments are related to the topic l pro­

Sl

posed by the General Reporter and deal with
the problem of selection of an appropriate
subgrade model for.lnalysis of mats and c n­
tinuous footings. The general report stresses
the fact 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
compresslble layer of finite thickness. How­
ever the problem of selecting the effective
this knees of soil which is assumed to be com­
pressible remains somewhat unsettled.
- We have in recent years investigated in
some detail the case of slabs resting on acompressible soil of finite thickness. Star­
ting from the basic solutions of this problemder ved 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 deflections,as well as

along the slab
sim ler model of a
co ficient of sub­

other statical influences
are well simulated by the 6Winkler subgrade having a
grade reaction k equal to:

1.58 E.k’ ""'2""'°
(1'vs)H

Here E and v represent, respectively‘themodulus of deformation and the Poisson s ra­
tio and H the thickness of the oompresslble
soil. The above expression is valid as 1
as the thickness H does not exceed 2.5 sgigf­
ness radii lo of the soil or as long as

nel 5 “1"5 ) n' m,(1-#T
where h is the thickness and D,v defamation
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
Gibson soil situation, an average E over the
depth Hw2.5 l and by neglecting tha compres­
sibility of tae underlying soil, one obtains
only 15% higher values o k or only 4% higher
values of bending moments. This comsarisonshows that a representative soil m el in all
situations where Eg is var1able,but generally
increase with depth, can be obtained with
sufficient accuracy by taking an average E ­
value for a depth of influence equal to 2.g
stiffness radii of the slab.Such an approachallows for direct determination of k from re­
sults ct pressuremeter or static oone pene­
tration tests. It is important, however,at
all times,to take into considerati n'the inc­
rease of the modulus frm stresses induced
by slab loads,as well as to consider the stress
historinof loaded soil and construction sequ­
ences order to introduce gppropriate EB­values. Some edge effects si ar to those
found for beams (Vesio,l9él) do enst and new
sometimes to be introduced separately.

For subgrades consisting of distinct hori­
zontal layers of different compressibility wehave deve oped analytical techniques using
high-speed electronic computers. These methods



consider the slah as an assembly of discreteelements and the subgrade as a ayered elast­
ic solid (Saxena,l97O). le find,however,
that a simplified analysis,based on above
mentioned ooncepts,turns out to be satisfac­
tory as long as we are not dealing with struc­
tures of extraordinary importance in soil
conditions uniform enough to justify refined
laboratory testing.

Chairman Prof. De. Beer. Thank you very
much Prof.Vesic for your contribution. The
gggt contribution wi 1 be of Ir.Palatnikcv,R.

lr.Pa1atnikov E.A. (USSR)

The theory of analysis for the constructi­
ons based on soil foundations made a great
step forward due to wide recent research in
many directions. Still the cc prdiension
o 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 is
the creation of a rational computational mo­
del cf foundation that can help to determinethe distribution of contact stresses well
enough for practical purposes and thus helpto estimate strains and stresses in the foun­
dation structure.

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

For a long time the Vinklcr model was the
only one used here and the high safety of
constructions computated with its help has
been confirmed 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 strength of the structures not always
being excessive. If, for example, the slabs
are loaded on the corners and edges,the use of
new models reduce the reliability of thestructure.

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.envircnment 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 scie tists have agreed thatthe contact stresses are distributed under
rigid dies and slabs practically in accor­dance with the linear law which is true to a
wide range of loads. That corresponds to the
Vinkler model. Experimental contact stresses
that occur under flexible slabs and beams are
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approximated with the Vinkler model with
accuracy sufficient in the sense of the
problem,departures from the theory being due
to natural heterogeneity of the
ted in the plane of the slab or
Thus the results of experiments
practice allow to recommend the
as the main computational model

soils loca­
the beam.
and building
Vinkler model
that also

helps to take into account the heterogeneity
of soils located in the plans of the slab.

In order to solve definitely the problem
of the foundation model it is necessary to
intensify research of foundation structuresin 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 conditionsof foundations as well as measurement of
soil deformations in different layers. Soil
foundation of the experimental structure
should be thouroughly examined, the greatest
attention ba ng paid to tho chongcability of
heterogeneity of soils located in the plane
of the foundation. For the first stages of
investigations it is advisable tc choose
such the objects that will be placed on com­
paratively homogeneous soils and have a hy­
perstatic scheme of loads transmitting out of
the upper structure down to the foundation.
It is absolutely necessary that the temperatu­re conditions of the foundation should be
studied for they quite considerably influe­
nce the contact stress distribution, defor­mation and stressed state of the structure.

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

Chairman Prof. De Beer. Thank you l|r.Palat­
nikov. Now we will hear Hr.Toshkoff of
Bulgaria.

Diplelngg mi mosnxorr, (Bulgaria)

Dear Mr.Chairssn,
Mr.General Lecturer,Dear Delegates, Q

At the contemporary stage of development 3
of building science the designing of raft
foundations /flexible foundation beams and
slabs/ should be subJected to two main requi­
rements:

- taking into consideration the coaotion
of superstructure /at least approximately/

- programming and automation of calculating
process /applying computers/

The model of lineally-deformable space with
a limited depth of the compressive stratum
is indisputably the most appropriate for soil
base. In my opinion, however,ths model ofWinkler could be admitted too with automati­
zed calculating of raft and mat foundations
and only for determining the inner efforts
in thg slab. In this case Winkler's constantK/T/m / ought to be determined in the con­
verse way-through the settlement of a defi­
nite fragment of the whole foundat1on,calcu­



lated in the traditional method.For seismic
effects the constant K is increased 235 times.

The structures lard on common foundations
should be distributed at least in 5 groups:
I-st group- with flexible superstructuref
/for example, wholly columnar buildings buil­
dings with columns and single shear walls andso on/. In this case the rigidity of super­
structure could be ignored or counted by ge­
neral halfenpirical coefficients and the foun­
dation could be considered as a detached slab
on flexible base.

II-nd group- structures with halfrigld su­
perstructure /for instance constructions with
large-size precast panels/. This case is the
lost complicated since the coaction 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,th§ slggsin them and so on,create a lot of not c ear
u problems.That is whg at the present stageog carried out researc 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 coaction of the superstructure.
Only the Joint work of constructors,soil me­
chanics and programists could lead to a more
erfect method of research.

P III-rd grgup -buildingguwigh a rafts super­stru ture or instance nge ea­
ring reinforced walls in both directions
interconnecged ang begégning prazgically fra:the level o the oun on . n s case
definition on the general scheme "slab on a
flexible base"1Lo$es its sense.The spans of
the foundation could be calculated for the
overgurned :gil rggcgion intended as fogoiri i body th t mens ons o e w e
building. 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, laying of sufficient and un­
broken lower and upper reinforcement-nets in
the slabs. Those parts ofafhe fougiatigg whichcome under slots n the w s req re so
additional reinforcement.

The average settlements of the buildings
are dependant on the type and rigidity of the
superstructure and the co gonligundgtgigfi “ltwhich is correct as a tren ,a oug c
to prove theoretically.

In our practice for instance it is not re­
ogrmended that theagvegagedseftlemgngsdoi theb lding laid on r t oun at on s o e
more than:

a/ for structures built gator the lift-slabmethod -st group - cm.
b/ for structures with large-size precast

panels /IInd group/- 8cmc/ for structures built after the "sliding
shattering" method /III-rd group/-15 cm
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Chairman Prof. De Beer.
Thank you lr. Toshkoff. lr.Lasehnik, please.

lr.G.LASEBNIK, (USSR)

we agree that the previous simplified ap­
proaches which consisted in the employment
of W1nk1er's h pothesis or homogeneous elas­
tic half-space as a subsoil analogue are outo keeping with reality. We find t more
proper to apply an experimentally establishedstress-strain non-linear law to all stages of
soil action, which should include comprehen­
sive large-scale and full-scale tests.

The deformity of tae entire system,thatis the structure-footing, and f exibility
should be calculated proceeding from this
mutual deformity in accordance with the con­
struction stages, taking into account thesubsoil characteristics.

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 soil deformity, as well as
on other factors, the charts a distribution
of reactive pressures may vary /1/,/2/,Under full-scale conditions we often encoun­
ter cases which are difficult to rovide forin calculation.

To confirm this we shall provide the re­
sults of full-scale tests of the pressures
under the slat-foundations of two buildings
in Kiev, one having 12 stc gys and the other16 (see F1gs.l and 2). The dth of the slab­
foundations and their flexibilities 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 thedistribut on chart differing, however. This
is due to differences in the uniformity of
the basement. The site on which the building
shown in Fig.I,a was erected, was formerly aravine. The broken dash line shows the con­
tour of the ravine sides. Earth pressure
stressmeters located over the "bedrock" whose
deformity is negligible, shows increased
pressures. The basement of the other edificeconsists of undisturbed-structure loam. Nc
"peaks" were found at the edges of the charto distribution (Fig.lb.)The basement under the slab-foundation o
great length is periodical1y’sub3ected to
loading and unloading in various sections in
the process of construction.

The slab-foundation of building "a",dlmsn­
sioned l06xl5xl m is not rigid in the longitu­
dinal direction. The building is ferected in
parts, rather than over its entire area. In
this case,conatruction loads roduce forces
which deform the solid slab. §ig.2. provh es
a diagram of pressure changes for each of the
seven stressmeters in the rocess of erecting
the building (first year og construction).
The stressmeters record the highest pressureswhen the reatest load is located at the cross
section og their location. If the walls,columnsetc. are erected to one side of the cross­
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Fig. I. Schematic cross-sections of the slab-foundations of two buildingsabuilding "a"­erected on the site of h t 'I a was once a revlne which was subsequently filled up;
building "b" - erected on a basement of undisturbed structure soil.
Charts of distribution of reactive pressures of soil at the following loads:
"a'° I-cellar and ground floor has been built; 2- Ist flooré 3- 5rd floor;4- 7th floor; 5-Iltn floor; 6- building has been arecte to roof.
"b" I- three floors ot monolithic section has been built;

2- four floors _of unit-construction sectiina3- eight floors of unit-construction sect on;
4- twelve floors; 5-frame has been fully erec­
ted; 6- equipment has been inatalled,£in1sn.|.ng
work has been carried out DB1"UiBl1}'.

section with the streesmeters the pressure We would like to make an additl. on to the men
decreases (see F1g.2). When the total load on tion of our works by me authors of the gene­
the structure increases, the undulating ral report. In our opin1on,slab flexibility

:Lncreases not only because of the fracturlng
at the oonorete,but also because of an ino­
rease in the rigidity of the soil basement
under large-area slabs during a load increase.

deflections become increasingly smaller.
Such an observation can be made only infull-scale tests.
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F:I.g.2. Diagram of change of- readings of earth stressmeters in the course of time
depending on the trm sfer of oonstruotion
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The next contribution |111 be in charge of
Dr.Zaretsky, Research Institute of Bases and
Underground Struotures, USSR.

Dr. Se. Yu. K. ZARETSIH , (USSR)

I should like to express my views on the
necessigy to have the time factor oovergge
:Ln oalo ating foundation settlement. U or­tunately, it s precisely the time factor
that prevents me from de aing with this ques­tion n detail. Therefore, a low me to call
your attention only to the folloI:Lhg»The opinion has een rqreatedly stated
that there :ls 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 defomationa
are not permissible. Therefore, in calcula­tions it is sufficient to have available the
stabilized modulus of deformation (or modu­
lus of subgrade reaction). It can easily be
shown tlmt such an opinion runs to an extreme

Let us consider the simplest ease of a
Winkler base sith linearlg viscous propertiesas illustrated :ln 1?i§.l. ere the settlmentof a centrally loade :foundation is- determi­
ned by an expression describing a damped
giooszstof gefogimittgrja. Bu; i1en ue consideresaeoe umo columni the
inclined os on, I8 f1nd"a1at the :Lie
o no a on grows at an increasinglggte
(see Fig.1.) If we conventionally take the
loss of stabilitg as the moment when the foo­of the foun ation breaks BIQ' from thetin
sei? base, we can easily evaluate the criti­
oal time oorresponding to the moment the
stability is lost. It follows from the for­



hula in l2‘ig.l that the critical time for the
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loss of stability depends on the weight ofthe column, init al angle of inclination,
geometry of the column and the rheological
properties of the soil in the base.

Figure 2 gives the result of an elementary
calculation of the stability of the LeaningTower of Pisa. If the settlement of this
famous tower is due to creep :Ln the soil of
its base (or if the course of settlement of
the tower can be interpreted in this manner)
then the stability factor, equal to the ratio
of the critical load to the weight of the
tower, varies with time. The tower will fall
when this factor becomes equal tc unity.
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Calculations indicate that this is to be
expected in the year 2250 if no other factorswill influence 1 s stability.

A special feature of the phenomena beingconsidered is that at a constant external
load, but with an inclined position of the
column, changes occur in the contact stres­ses. This process leads to a loss of stabili­
t of the structure notwithstanding the factthat the settlement would have been inevitab­
ly stabilized if the structure had not beeninclined. The critical time for the loss
of stability of a structure depends essenual­
ly on the rheological parameters of the soil.

Chairaan Prof.De Beer.
Thank you very much Ilr.Zaretsky for your
:Lnteresting contribution.
I pass Lhe wurd bu Prof. Hanibo, Chalmers
University of TechnclogyiProf. Hansbo, will you p ease begin

Prof. Sven HANBBO (Sweden)

In settlement calculations and conventional
design the interaction between building and
subsoil is usually neglected. This in the
desi the footings are considered to Ee
rest§ng on s rigid subsoil, i.e. no settle­
ments are assumed to occur,whereas in thesettlement calculations the column and foo­
flfg Ioads obtlned 5 this method of design
are considered to be uneffected by the cal­
culated settlements. That this might lead to
serious errors has been proven bgJe.g.Cha­mecki and lleyerhof. The reason w this pro­cedure is at ll _accepted is no doubt that it
is hardly possible to make a correct analy­
sis, not even wfth an electronic computer.
However, a big step forward towards a solu­
tion cf thé problem has been taken lately in
Sweden. Thus, S.E.Beig1s r, employee at AB
Jacobson & iidmark and in his free time doc­
tor's student at Chalmers University of Tech­
noloq, has made a computer program for sta­tical y indeterminate frames founded on a
subsoil, having equal geotechnical characte­
ristics in the hcrisontal plane. The program
:Ls made on the following basis. Effectivestresses cr’ in the so l due to the footing
loads are calculated according to Fr8hl:lch's
method which is advantageous since different
soils require only a change of stress concent­ration factor. The deformation modulus ll of
the soil is rormulatmd as suggested by e.g.
Janbu and is thus defined only by the modu­
lus number m, stress exponent up and the

s’1stress level 0'

ll  _JS
where 6 j=lOO EP;

The settlements under a certain load is
calculated by lntegratim of the vertical
strains underneath the load caused by the
stresses previously calculated. .As the foo­
ting loads depend on the settlements ths
stresses in the subsoil will also depend on
the settlements. The same is true also for p
the deformation modulus of the subsoll but
to a lesser extent. Thus the solution has to
be reached by successive iteration. The re­
sult of such an analysis will now be exempli­fied.

Consider a five-story,three-bay frame made
cf concrete. The loading conditions and the
moments of inertia of the frame are given inFig.1. The concrete is assumed non-f ssuregand has a modulus of elasticity of l4,2.l0
kPa. The regarded frame is situated somewhere
in the centre of the building. The influence
of secondary walls and constructions is dis­
regarded,

5
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The frame is assumed to rest on 2m of sand
in loose state underlaid by 8m of normally
consolidated soft clay. The sand has a densi­
ty 'x' of 1 8 t/m3 and a deformation (oedo-I
,~°a;“‘~1°f '»LT5°°° 122 05- <2 111561in a . e o ay s = , an ­
The ground water eurfag; is just below me
base of the footings. Permissible load on
the sand ;<<;co§l.’ingTl1;o the uizediéh building iscode is 0 5. e res s the ana s
without and with regard to interaction are
given in Tab1e.'l.
Table l
a) Average load on footings in kPa

m0161 2225 2325 361c°nveBc1¢na1 104 232 202 164Interaction 155 206 206 155
b) Settlements of footings, in mFooting 1 2 5 4
Conventional 0.105 0,188 0,188 0,105interaction 0,129 0,157 0,157 0,129
c) Bending moments in columns at bottom of

lst floor, in kPaColumn 1 2 3 4
Conventiom 1 -52 9 -9 52Interaction -206 -125 123 206
d) Bending moments in the bottom beams of the

lst floor (left of columns), in kPaColumn 1 2 3 4
Conventional -220 -198 -120Int eracti on 113 -142 -428
As ou can see the difference between the
footing loads has decreased due to interac­tion and also the differential settlements
whereas the change in bending moments has no
specific trend.

Obviously, the errors in a conventional
analysis can be serious and should not be
neglected in sound building destgn. The di­rection of bending m ments some mes have
changed and the absolute magnitude has inc­
reased by several hundreds of percents.The effect of interaction is also essential
when evaluating settlement data obtained in
the f1e1d,,

23,3 kN/m| II6 In [6
{7 nr? 33,3 |{7 V -LI?13 Ig IQf’ .fy  .fI5 fs I5
{L 'fa 33. 3 'fn ‘faI5 fe 15[L ll. 1.0.0 [L L.| Il ll IIz Ia fzf1 L L _

.4 mm __ __jf zqsm . zsam1 f
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Ig: Z5-10`3m"
L_: 25-n"m‘
I,= 10_0~1O'3 m‘
Ie: 5,0-1O'3 m‘
I7: 1,0~`\0'3 m'­
I,= 2,5'10'3 m‘
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Chairman Prof.De Beer.
Thank you very much llrdiansoo ror your dis­
agesagnaill hear Prof. Klein, on the subject:
"The main problems on the improvements of
flexible beam and slab design on soil footing"

Prof. Klein G»Ke (USSR)

Dear colleagues,

At present this problem is being carried onin our ways:
a) different calculated footing model creation;

b) the same for constructions;
c) the analysis of the interaction effect of

a structure and a footing;
d) experimental research.
éi At present there is a great variety cfferent design footing models at our dis­
posal: locsllg def0rmed,so1id media,oombined,granulated an etc. Along with some pr0p9r~
ties suoh as non-uniformity,anisotropy,non­
linear deformation, singledralued reaction,
§§§gp1ng,stgchasticity and etc.are takenaocoun .

2. For structures the corresponding proper­
ties of the materials they are made of may be



taken into consideration as well.
5. To consider interaction of a structure

and a footing different mechanico-mathemati­
cal methods are used: methods of forces of
displacements and a mixed one a final diffe­
rence method and a final el ment method,va­
riation method and an iteration one,etc.

4. General regularities of soil deformation
research are included into the experimental
analysis together with the measurements ofsett emsnt under rigid and flexible stamps
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 is tc
continue experimental research with different
soil footings,with different structures and
to compare the results obtained to the calcu­lation results for different models. At the
camo time it is necessary to improve; simpli­
fy and make more exact the calculation me­ods and to obtain data for the regulation
of design mechanical characteristics of
footings.

Chairman Prof. De Beer
Thank you very much Prof, Klein.
The next contribution belongs to Prof.Korenev.
Prof. B.G.KORENEV (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 o m­
bined with theoretical ones. Of importance
here should be not only the direct measure­
ment of base settlements and resulting experi­
mental equations of cores but also the de­termination of the latter in terms of measu­
rements of equations of deflections and
stresses of girders and slabs on a natural
base and a subsequent solution of a reverse
contact problem consisting in finding Fourletransformations of the model core as it was
proposed by the author at the session of one
of the natural congresses in mechanics in
the USSR. The ag roach should be based on theknown solution the problems of unrestric­ted slabs. Let an unrestricted slab of cons­
tant thickness be supported by a solid homo­
geneous bane, which properties are described
by the core K(r) and if the fu ction c(J‘)in dotorminod by,

C(]q ’2zf1f2»K(&) go(J'z)‘%2»
where jLQf?)l1s the Bassel function sithzero index, than to find the core equation
one can use,e.g. the equation of the elastic
slab surface when loaded by a unit force
which has the form (r) and is obtained fromthe experiment, _

<L(J)=ZxEzw('¢)~7°f)'2) dz,_ '( J
then (YT) _ 13, ua Iand the core I(r) has the form

Dencte

5|

K/2) = I J./ye; 0/7,
where D- is the cylindrical slab stiffness.The final result should be corrected in
terms of the design purposes as a result of
some compromise and certain averagings since
though the diversity of models is inevitable
for practical purposes it_should be restric­ted.

It would be reasonable to comple on an in­
ternational scale a general research prog­
ramme in order to jointly conduct experimen­
tal investigations of grounds,beams and
elastic slabs with a subsequent complex pro­
cessing of the results. It would be neces­
sary to find out also the field of applica­tion 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
account crack formation in concrete and plas­
tic deformations in reinforoement,for ana­
lizing temperature effects for detail des­
cription of the way of load application,etc.
It would perhaps be reasonable to form a
working Rrouo on this problem.

I would like to illustrate the practical
importance of a well advanced problem of
calculating an unrestricted slab. If allowsto introduce discontinuous solutions on the
basis of relevant limit transitions to ao­
oount of crack formation and plastic defor­
mations. The same solutions permit to calcu­
late in a comparatively simple day non-iso­lated slabs which are obtained from non­
figtricted ones by sectioning them along thees.

Rather convenient methods of calculating
elastic isolated slabs can be built up interms of the above solutions. Ie shall
describe in brief a possible design scheme.
As a first asproximation a non-isolated slabis considers 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 it is necessary to
construct integral equations of the firstorder. There is a number of works on calcu­
lating slabs with account of plastic defor­
mations and calculating slabs with sections.
The works show the efficiency of the methods.
However the application of these methods for
calculating non-isolated slabs is not duely
developed the contents of the method is gi­ven in (IS §mvsnsncss ‘
l. B.G.Korenev. Nekotorye zadachi teorii up­

rugosti i teploprnvcdnosti,reshaemye v
bgggelevykh funkctiiakh. M.,Ph1zmatg1z,I

2. B.G.Korencv. Kcnstrukctii lezhashchie na
uprugom osnovanii. "Storoltel'naia mecha­
nika v SSR, 1917-l967". Collection of ar­
ticles editted by I.l.Rabinovioh.l.,
Stroiizdat, 1969

Chairman Prof.De Beer
Thank you very much Prof. Korenev for yourdiscussion.



Mr.Ohta will you,please
Mr.Hidek1 OHTA (Japan)

I would like to talk about the analyses
of the deformation cf loaded ground.
Generally speaking, the fields of stres­ses and strains should be deter­
mined throughout the ground by solving the
equations of equilibrimn with the stress­
strain relations.The most important subject
in the deformation analyses of soil structu­re is to find out the stress-strain charac­
teristics of soil. In the common way of prac­tical design, the stress-strain relation for
soil 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 tosay, the non-linear relation. A lot of non­linear stress-strain relations for soils have
been proposed. Some of them are the empiricalrelations and some of them are those derived
from logically self-consistent theories. lostof the theoretical stress-strain relations
are in forms of inzremental relations. 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 givenusing the incremental stress-strain relations
derived from the theory of volume change cha­
racteristics of soils. In the computation, I
assumed the stress field is approximately
given by the theory of elasticity in orderto simp ify the process of computation. The
obtained results seat to be acceptable in the
practical engineering sense. But I could notfind the fai ure zone located in the way sug­
gested by the theory of slip line. In some
reports of the observation of ground failure,
the existence of the slip surface or slip
zone is confirmed. Then I made a computation
without any help of the theory of elasticity,that is, the stress and strain fields were

co puted with the incremental stress-strain
relations by the finite element method. The
results were not so far from those of prior
one. Actively 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 foundit in the field observations. The failure
zone was found only beneath the loaded area.
These results were similar in their tendency
to the results obtained by the other resear­
chers who used non-linear stress-strain rela­
tions, The discrepancy between the computed
results and field observations suggests the
w§ak point of our techniques in computingthe stress and strain fields with the nonéhrnear stress-strain relation which includes
the perfectly plastic state.
Chairman Prof.De Beer.
Thank you lr. Ohta. The next contribution
belongs to Prof.Gircud.
Prof. J.P.GIROUD (France)

Cette discussion concerne la provision des
tassements a l'elde de l'essai oedometrique.
Cette methods presents au moirs deux incon­venients.

19 Le Fait de negliger les deformations
laterales conduit a une erreur systema­
t1qU6

2° L'oedometre ne mesure que_le tassement
du au depart de l‘eau et.P°r consequ­
ent,la provision du tassement instan­
tane d'un sol sature /volome constant/
est impossible.

Nontrons cem ent pallier ces deux diffi­
cultes. Con iderons, par exemple,uns 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 ds l'essai oedo­
metrique est compare a celui calcule par la
theorie de l'elasticite en tenant compte de
la deformation laterale de sul. q

Le rapport de ces deux courbes donno un
coefficient qui permet de corriger l'erreur
commise lorsque l'on ne tient pas compte dela deformation laterale. Nous avons o tenu
des coefficients analogues pour les Fondati­
ons reotangulaires.
Pour le second point /provision du tasse­

ment immediat/, nous avous etabli par la
theorie ds l'elasticite,des relations entre
les proprietes du sol dans l'etat drains etnon dra e.

Ces relations nous nt permis d'etablier
le rapport entre tassement immediat et Final.

Associons maintenant les deu resultats
presentes dans cette discussion:

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

2° Rapport du tassement immediat au tasse­
ment Final

On obtient ainsi un abaque permettant la
provision du tassement_immediat directement
a partir de l'oedometre /photo 6/.

Les traits plains representent notre coef­
ficient et les tirets oelui propose en 1957
par difference vient du falt~;ue,grace aux
progre des methodes numeriques de calcul,
nous n'avons pas ete obliges de Faire des
approximations comme SKEI TON et BJERRUI.
Nous avons stendu ces calculs au Fondation!
rectangulaires.
Chairman Prcf.De Beer.
Thank you very much Prof. Geroud.
Coming to the end of the sessd n allow me
to pass the word to Prof.Davidov (General
Reporter). He will make some concluding
remarks on the General Report.
Prof. S.S»Davidov (USSR)

Allow me first to deal with the discussion.
Twelve specialists took the floor,a11 o them
presented serious and valuable material that
developed the topic of the General Report,
and made concrete suggestions.



Prof.Giroud (France) discussed the inves­
tigation and comparison of characteristics
o drained and_undrained soils.Dr.Rochette (Great Britain) dealt with
problems of compaction and settlement of soil
by means of a hydromechanical method. He es­
tablished a variation of the pore pressurein soils and of their void ratio with time.

Pro . 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
ence with multi-storey and other buildings,
whose prediction was made by means of the
theory of the half-space.

Prof. Vesic (U.S.A.) dealt with the
lem of choosing a model of a base for
ning strip foundations and continuous
foundations. He recommended a base to be
adopted in the form of a compressed layer of
finite height and to take into account the
influence of the edge effect.

Prof. Palatnikov, Lenin prize-winner (USSR)
pointed out that in seleutingna model of aase, all means should be ta n to achieve
a precise solution of the problem which
would comply with the precision which theinitial data is determined and recommended
the accumulation and generalization of expe­rimental data.

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

For the case of a Ninkler base, he recoup
mended that the modulus of subgrade reaction
be determined in reverse order by dealing
with the layer being compressed b means of
the theor of elasticity.Lazebnii, Cand.of Tec .Science (USSR)
proposed that use be made of experimental
data in choosing the model of the base. He
presented data on the measurement of pressu­res and settlements of two buildings in
Kiev as the basis of his suggestion.

Dr.Zaretsky (USSR) substantiated the ne­
cessity of taking into account the time
factor in evaluating the deformations of the
base, citing a linearly viscous model as an
example.

Prof Hansbo (Sweden) reported on the ln­
teraction of the base and the superstructure
and on-the changes cf the soil reaction and
the bending moment depending on the settle­
ment distribution. He presented programs for
calculation by comguters.Prof. Klein (USS ) spoke on the design of
building elements based on yielding bases.
Various base models and mathematical methods
of their design were considered. A short
assessment of dnese methods was glven.le re­
commended the conduction of further experi­
mental investigations and the comparison
of experimental data with that of theoreti­cal calculations.

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

prob­
desig­slab

Prof. Ohta (Japan) presented an analysisof linear and nonlinear deformations of a
loaded base. Illustrations were given inan example of the deformations o a light
clay: actual deformations and those deter­
mined by means of the finite-element method.

Allow me now to present the conclusions
and recommendations of the General Report,
taking the discussion into account.

Chairman Prof. De Beer.
Thank you very much Prof. Davidov.
In closing this session I want to call on
Prof. Krsmanovid for making concluding ad­
dress. Prof. Krsmanovié, will you
Prof. Duian Krsmancvié (Yugoslavia)

In the papers distributed for this session,
as well as during the discussion that had been
held,separate or group test and research
results uf pressure distribution and m6th0dB
of estimations of civil engineering structu­
res reposing on semi-space have been produ­ced. That was dona in a theoretical as well
as in a practical way.

I think, however, that there is no uniform
division of civil engineering structures re­
garding the reposlng and pressure distributi­
on below and surrounding civil engineering
structures that for the present moment could
be appli d on soil media as well as on rock
media.

Therefore, I shall try with these comments,
to give the only possib e division re ardingthe support in pressure distribution for al
kinds of civil engineering objects.

As for my understanding there is no prin­
cipal difference in treating the problems of
reposing, whether cn soil or rock, thereforeI think that it is valid for both media (con­
tinunms and discontinuums).

Grouping or some kind of systemization of
can be done according to the kind of struc­
tures and according to the way of theirraposing on media. ,

I consider that all cases can be comprisedin five groups that will be discussed here in
general.
l. Group
Natural slopes without structures

If a slope is unstable,generally it comes
to sliding and to the formation of a sliding 3
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 c lindric sha e, there isno interaction if s oca ons are not vast.
This is not the case, however,with sliding
areas of undefined shape,becsuse than for
the different positions of the sliding bodyappear different pressure distributions on
contact areas. The change of pressure distri­
butions may be very important depending on
the rngidity 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.

0\
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The whole process happens in the limit sta­
te of equilibrium and that in the vicinity
c sliding areas. If it is in cylindricalshape (case a.Figure 1) :Lnterao ion does nor
exist, as for limited movements there are no
major changes in pressure distribution oncontact.

If the sliding area is not of cylindrical
shape,but of undefined shape (figure l.b)
to every position of the sliding body corres­ponds a different pressure distribut on. In­
teraction exists between the sliding body and
the base.as a result of different kinds cf
supporting of the sliding body cn the base
major changes of stresses appear in the slid­
ing body on occasion of each of its movements,
even the slightest.
In the first case,sliding areas may be trea­
ted as relatively well defined @)and in the
second case as badky defined in regard to
theég way of reposing.2. cup
Direct or suserficiall re osed structures.Eiagrams o rcgresengative structures ofthis group are s own on figure 2.

mllh
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F ug 2
,As regards the stress state in the base as

well as on the contact surface,we are usually
far from the limit state. Usually we are inthe area of elastic behaviour of the semi­
space and only somewhere in the ares of elas­

tcplastic stage,that means the structures
are :|.n the state of equilibriumgfar fromfailure.

As such structures have their cl: rigidity
which according to its deformation characte­
ristics, for separate load oases,dces not
correspond to the deformation characterl. stics
of the base, nearly always interaction appears

This kind of structures are lost frequently
well defined as regards their support,thms
the 11.nes;or surfaces of distribution may be
calculated relatively exactly and the influ­ence of interaction should be taken into
account.3a
Laterall ressed etructuregaand structures,
super o a 1 regosed

I Fa. b. '
-- DFFERENT CASESOF
___ LoAmNe

Fig 3

Typical repgisentagivis gi sucgistrmtweeare s own on g-ure . e se -space sur­
rgulgqng the];g§uoture;s,?§r:sse§ are pgrti­a n the t sta e a era parte and
partially in elastic or elastoplastic state.
The lateral pressure diagrams may be of dif­
ferent shapes,primarily Spending on initialstate of stress, on the d crmtional charac­
teristics and the method of work execution. .
Pressurediagrams below the base dqaend main­
ly gn thezsame parameters as the structureso rcup

Therefore interaction always exists md
soxgetzlges it ‘iii ‘iariable gpeniing og timean o er con t ons. App cat ons c more
exact estimates are sometimes possible, and
often have to be accepted assumptions of si­
mplification. Then the defining of etmctu­
re regarding the repceing is ccnaiderably
weaker.
Group 1|­
Structures supported in the media by threesides
Characteristic diagrams of such structures
are sholn on Figure 4.

Stress states in media surrounding the
structure may be very different. Partiallythere my exist at .1 mit state and partia ly
:Ln 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 parameters.

Interaction exists, but the kinds of calcu­
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lations taking into consideration interaction
are often very complex and complicated. Es­
pecially regarding rocks,

This kind of structures are,because of their
complexity _regarding the manner of the sup­
gort,badly de ined. Pressure distributionspends on a very great number of parameters.In these cases it is convenient to lmow in
advance the primary stress state of the me­
dium that is surrounding the structure 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 cn
the type of material, on the kind of work and
on weather oond_1_tions,pro\r1ded that such ph?
nomena appear. ln some cases,there may also
appear a commencement of local floiings,Therefore the estimates of such structures
are loaded with various assumptions of simpli­
fication that lead us to very approximate so­lutions.
5 Group
Structures entirely encircled b media

Such structures are mainly tT°§fT'i.o or hydrc
technical tunnels as shown on figure 5.
Concerning stress states,structures of this

group are very similar to structures of group4 if there is the question of structures ni­
milar to those shown ln figure 5u.
Concerning structures shown on figure 5b,if

there still appears an inner pressure,tl:ny
have to be treated in a two different way.
lhile at structures 5a interaction appears ir
the same way as at the other groups,at struc­
tures Sbione has to taxa onto accoxmt still

/’

i  a' Fig. 5 b­
the inner pressure. The result of such inte­
raction is then doubled, depending on the man­ner hcw the tunnel is loade by Inter.

Such structures are verL;omplex,aspeciallybecause very often with t , as well as
Iith the structures-of group 4, loads are not
knoln, which among others depends, on many

On the basis of the above-mentioned, you
can see the multitude of problsns which still
have not found an approximate solution and
which we should analyse and solve in the fu­
t\l.I'9e

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

your kind attention which
misccmments and want tot rather bad reproduc­
diagrams.

I thank you for
you have given to
excuse qself fortion of the shown

Written Contributions

L.SUH.JE (Yugoslavia)
On the pq: er “A Unifed Theory for the Con­
solidation of Clays” by J.G.Howley and
D.l~Bor:l.n, Prof.Vol.1, Part 5, pp.l07-119.

The "unified theory" as developed in the
paper represents the numerical solution of
the well knoln Terzaghi differential equa­tion of one-dimensional consolidation of sa­
turated soils accounting for a certain de­
pendence cf the coefficient of permeability
on void ratio k=k(e) and for a given rheolo­
gical repationship R(e,d,6' )=O.

Examples of such solutions have been given
:Ln the paper by Suklje and Kogovéek (1968),
:Ln the bogk Rheologcal Aspects of Soil Ile­
ghanics ( uklje 19 9) and ih the paper byuklje (1969). In further publications t e
numerical procedure has been applied to the
radial consolidation (éuklje and Simondic
1972) as well as to the radially symmetric
space consolidation (Sukl,je and Kozak 1972).
For references see the paper by D.Battelino
ln vc1.1, part 1, ¥p.25-BO of the Proceedings
of the present Con erence and min short re­port on the "Use of Isotaches the Conso­
lidation Analysis” in tm Specialty Session
No.2 of the present Conference. Some results
of a recent study on the "One-dimensional
Consolidation of Parly Saturated Viscous
Soils" have been presented in m oral discus­
sion in the same Specialty Session.In all above solutions the coefficient of
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 had been al­
lowed because the main purpose of the solu­
tions was to clear up the influence of other
factors upon the consolidation process, such
as the length of the seepage path (layerthiclmess), the magnitude an the speed of
the load inorease,the initial void ratio (the
rate of volume change respectivel ),the or­
der of magnitude of the permeability and the
saturation degree. The dependence of the per­
meability on the void ratio can, of course,
fully be cmsidered; some difficulties do
appear, however,they are not essential.

Bailey and Borin have cited my paper pre­sented n 1957 to the 4th International Con­
ference where tm suggestion had been given

parameters,time and other factors, ‘Z to represent the experimentally obtained
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stress-volume strain-time relationships by
isotachs sets and where the isotaches had
been applied for the one-dimensional consoli­
dation analysis of saturated soils (later­
Suklje 1964 and 1966- also for partly satura­ted soils). The analysis was related to the
average void ratio change and pore pressure
dissipation by using an appropriate assumg­tion concerning the form of isochrones. T e
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 duringsampling, after sampling and during the loa
application, as well as by the need of extra­
polating the consolidation curves beyond thetime of the laboratory observation. ll we
can do ls to make use of a good sampling
technique, to transport and keep samples
with care, to apply a slow, continuous loa­
ding interrupted by long intervals of the ob­servation of the secondary consolidation,
and to extrapolate the settlement versus
time plots gy taking into account the densi­
E and the story of the soil in the depthsampling and in greater depths. If even
when doing so, the initial volume change spe­
ed of the "undlstrubed" sample at the "na­
tural" water content is observed to be ra­
ther high, we shall approach the real consoll
daticn process in a better way by starting
at a lower void ratio corresponding to the
probable speed at the end of the previous
secondary consolidation than by starting atthe "natural" void ratlo at a greater speed
which is 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 1ayers,though in a diffe­
rent manner. The importance of the distur­
bance is only more evident when analysing
the consolidation of a thick layer by takinginto account its viscous behaviour.

G.Bar1a, G.Celoria and ll.J’ami'olkoIsl:l
Polytechnic of Turin Italy

In recent years sox e attention was given
by many Authors to tm determine tion of the
influence, in the general problem of soil­structure interact on, of the inhomoganeiqon the vertical surface settlements of the
isotropic linearly elastic half s ce, see
for ample Brown and Gibson (1972g? In par­
ticular, consideration was given to the case
of a constant Poisson's ratio (1) and a
Young's modulus (E) increasing linearly with
depth according to

E(z)=E°+Enz¢ E°(l+ Ia) (1)
where

E5 '!oung's modulus at the surface (z=0)
En= ragte of increase of E with depth s
*Q m E-§- = inhonogeneity indexn
b a width of loaded area

B

The numerical results allow one to recog­nize ths following main patterns of behav ­
cr:

1. for p=0 and 9=0,5 the surface settle­
ment profile corresponds exactly to that
predicted by the Winkler subgrade reaction
theory, Gibson (1967).

2. for _p'iO and v<O.5, the surface set­
tlement is quite com letely confined under
the loaded area (b.c§ (Figure 1). In this
case, the Winkler theory will still remain
valid, for soil-structure interaction studi­
es, at least as long as the surface displa­cement is of interest.

5. for_/.\> 5 and all values of u , thesurface settlement nearly approximates that
predicted on the basis of the Bouss:Lnesq's
theory for the ideal homogeneoue,isotrop:l.c,
and linearly elastic half spacesIn view of the above remarkable influence
of inhomogeneity upon the magnitude and
shape of surface settlements of the half
space the problem of evaluating the stress­es and disp acements due to the excavation
of a vertical out, in similar conditionsfor the soil was examined. me to the lack
of a o1<>aea fem solution, the finite ele­
ment method was used according to the geo­
metry illustrated in Figure 2. Plane strain
conditions are assumed throughout the calcu­
lations with a Poisson's rati equal to 0.35.
The specific gravity is 2 t/mg and the mo­dulus E 1500 t/m .

The Y8u.ng's modulus increase with depth
is now defingg as

E(z)=E°+ TI- z=E°(l+-5-) (2)
where
E: :Increment in the value of E,with respect
to EO, at z=HE

Jga ig- n inhomogeneity index
H-= height of vertical cut

The results obtained demonstrate the in­
fluence of soil inhomogsneity of the displa­cements and stresses due to the excavation
of the vertical cut. The following prelimi­
nary observations oan be mdea

1. the horizontal disillacements are influ­enced by the de ree of hcmogepeity (:|..e.
the value ofj §. In particular forjul thepoint C at the crest of the out moves toward
the excavation; further,the ratio of the ho­
rizontal to the corresponding vertical dis­
placement is affected by the value of B; .similar trend of behavior is follow by
the point D, located along the wall (Flg.3).

2. for _BS l, both the vertical and hori­
zontal displacements of the point C,whsn
compared to the corresponding displacements
for the homogeneous medium (_A zoo), are
quite small, Further, for _p> 100 the numeri­cal results ahow that the behavior is similar:
to that predicted under the assumptions of
homogeneiw (Figure 4),

5. the displacements in the soil are depio
ted ln Figure 5, where different scale factors
have been used so that the phenomenologlcal
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‘p , referred tocements for the

and vertical displacementsD for different values of
the corresponding displa­
homogeneous medium (,p= °°)

aspects cf the solution can be properly evi­
denced. The :Influence of_p on the values ob­
tained for the displacements is quite apparent.

64

it :Ls thozght mac the results reported
deserve some attention :Ln the analysis of
flexible sheet-piles mainly when considera­tion is to be given to the soil-e tructure in­
teraction problem. It should however be noti­
ced that me assumptions of linear elasticity
and isotropy,:Lntroduced :ln the present study,might limit the practical relevance of the
above remarks.
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Schematic representation of the dis­
placements due to the excavation for
different values of# (notice that
different scales are used for displa­
oements)
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Fig.6. Change in stress Of, due to excavationof vertical out
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R»S.CHELIAPINE (URSS),

"L':Lnfluonce de la composant peripheriquede la resistance reactive du fcndement sur
les tensions et le deformations des pont­res de fondation”

Les experiences faites sous la d_irectionde l'auteur par l':Lngenieur Knlouguine P.J.
sur la mesure des tensions dans le corps du
modele d'une haute poutre et des tensions
de contact sous sa seme1le,ont semis d'etab­lir une distinction importante e la repar­tition des valeurs mesurees des tensions ho­
rizontales dj; de celles calculees theorique­
ment comme on le voit sur la figure 1.
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L'influenoe de la composant perishe­rique de la resistance reactive u
foundement sur les tensions et les
deformations des pontres de fcmdation"

Si on ne tient compte que de la oompmante
verticale de la reaction du fondement G2
presentee sur la figure 1 selon les donnees
de l'experience, les tensions horl zontale
61; d'apres les conditions de l'equ:|.libre doi­
vent former un couple N dans la section axl­
ale car les charges vertioales appliquees a
la poutre Q et _ ferment aussi lm couple.
La oaloul theorique des tensions 6; execute
par 1'ordinateu.r electronique dont on voit
les donnees sur la figure l satisfait a cettecondition. Pourtant les tensions reelles me­
surees GQ; ne formsnt auoun couple-et parcela meme les cmditions de l'eq libre ne
sont plus observees. Elles sercnt satisfai­tes s on introduit dans le calcul une for­
ce hcrizcntale supplementaire qui n'est 3u'unresultante des tensions de cisaillement e
contact sous la semelle de la poutre. On e.
au la pcssibilite de mesurer ces tensions
pour le modele d'une haute poutre ayant
place dans la zone de contact de la peutre

Figele



des "rosettes" tensometriques (sous l'an51e45 ). Comme on voit sur la figure 1 on peutconsiderer ces tensions de oisaillement de
contact reparties avec une precision sui’1`i­
santa sur la sinuscicle - {;=Q°.3in(§;)ouf=E

Llcrs en portant de la resolution apprcxim
tive du problems ils est possible de deter­
m.'|.ner les tensions supplementaires qui sun­
gissent dans la poutre a condition de tenir
compte de l'ex:|.stence des tensions de cisail­
lement de contact reiaarties sous la semellede la putre suivant a loi sinusoidsle. Con­
formement a cette resolution les tensions ho­
rizontales 6) peuvent etre determinees
d'apres la formula suivantes= +c s if) l _dx ‘=~  fmt <»»<~f~~»<»~~u

ou `§=§-;r(=% ef' m=g~

La plus grande valeur de cette tension 6'x
est sur la seme e de la poutre le long de
son exe qusnd =0 of /7 = 1

ou le coefficient dm dependant de m a lesvaleurs.
m=2,0 o( s=1,159 n=o,5 dm=1,727m=1,5 ¢n=1,212 m=o,3 dms2,419
m=l,0 .,¢m=1,522 m=o,1 ¢m=6,47o

Sur ls figure 2 sont presentes les r;Bu1­
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Fig.2. L'inf1uence de la composant perighe-»rique do la resistance reactive ufoundement sur les tensions et les de­
formations dee poutres de fondstion“

tats des calculs effectues pour la poutre qui
s etc eprouvee par 1':l.nien1eu.r Kalouguine.Ges resultats confirmen une influence im­
portante de la oompoeante peripherique de la
resistance reactive du fondement sur les

tensions et les deformations des poutres defondation. _
Le materiel experimental presente et son

interpretation attestent qu'on ne peut pas
negligerpla composante peripherique des ten­
sions de contact pour le calcul des const­ructions sur le sol.

Cette resistance influe non seulenent
sur les tensions dans la. poutre meme mais
sur ses deformations et par consequent sur
la repartition de la composante verticale
de le reaction du fondement¢


