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In introducing the session dealing with
deep foundations including piles,I would like
to emphasize a few important racﬁs which will
determine,in my opinion,the future fate of
this age-o0ld foundation method.

Here are first the lessons we learmed in
the past decades and which eeem today well-
established amo the members of the praofes—
sion, We know t ag.that,in most cases,there
18 no ultimate load for piles,except for the
oases where the pile itself fails,The process
of failure is almost always a progressive
one and no definlte load velue ocan be glven
as an uiper limit. Then, it is with deep sa-
tiasfaction, that I did not see any paper
amongst the conference oontributions dealing
with any "refinement" or development of dy-
namic pile bearing formulae, Finally,the in-
fluence of the method of installation on the
bearing capacity of a pile is being recog-
nized more and more,

The conclusion we have to draw from these
facts clearly shows that only an investiga-
tion of the behaviour of the whole pile foun-
dation will further our knowledge in this
field,an investigation of the method of const-
ruction, of the response of the soil both
during {natallation and loading,both on short
term and for long term, interaction between
piles themselves in a group on the one hand
and piles and structure on the other, Much
effort was spent on the investigation of the
ultimate load of an individual pile-whioch aB
I said actually does not exist-and apparently
minor detasils,which,however,are in many ins-
tances of decisive lmportanoe, ware neglected.
To apply an old German saying here,it's been
saild that's easy to become father but it's
difficult to be a father-so it's easy to be-
gome a gile but difficult to be a pile.

Accor nf to my bellef,time has come for
the investigation of the above mentioned
complex behaviour. This will be possible,if
we put together the information which is con-

solidated in theories, in comnstruction prac-
®

tice and through the observation of existing
structures,

However,tbere are requirements which have
to be fulfilled before we start this noble
work.

First,we have to improve the methods o
construction in order to make them safe enough
to ensure the anticipated conditions.And
here I wish to mention that many failures
of piled foundations were due to improper
or careless construction work,But even if
it does not come to be a fallure,this way
of handling the problems makes the application
of any theory meaningless,because then,nobo-
dy knows,in what measure Ehs inherent assump-
tions of the theory are fulfilled.In my opi-
nion,the fear from an improper construction
puts the factor of safety rather high causing
unnecessarily high costsa,

Second,we have to find out the ochanges an
installment of a pile or of any other element
of a deep foundation will cause in the soil
and how this will influence its behavioure

Third,a better understanding of group be-
haviour has to be sought. We still miss,for
example,a sultable definition of pile groups
and our knowledge regarding pile behaviour
is rather limited,

Finally,the rational and prudent observati-
on and analysis of exdisting structures on
piles will furnish the basis on’which the as-
sumptions for the new theoretical investigati-
on can be established.

In mz oginion,time is ripe now to accomplish
these tasks properly,us the joint efforts
of the scientists and civlil engineers in many
countries,

Two final remarks will further enhance the
importance of this work.

Proceedinf in the way I proposed,a great
number of piles which are unnecessary today,
can be omitted which will result in a Hg
economic gain. These piles are drivean today
partly for a rather high factor of safety
which is used to balance our limited know-
ledge,and partly faor other reasons,

Then, I would like to point out-and perhaps,



this 18 a point I should have mentioned at
the beginning-the fleld of the deep founda-
tiona 18 today a rapidly changing world. 0ld
methods are dropped and new ones developed.
It is sufficient to mention here the slurry
trenoh walls. If we do not provide the ne=-
cessary tools for their rational design,then
hidden resources cannot be exhausted and they
cannot bo used ‘economically,

With these ideas in mind, I wish the session
a successaful work,

Chairman A.Kezdi (Hungary)

Now I wish to invite Prof,Zeevaert, the
General Reporter of our Session, to give a
brief Summary of his State-of=the-=Art Re_
port on Deep Foundations including Plle
Foundations.

Profe W.lLeZoeevaert, General Reporter (Mexico)

Ladies and Gentlemen,Members of the Board,
old times Friende and Colleagues:

It is an honor to act once more as your
general Heporter on i5e3sion 5.. wish t0o ackno-
wledge my appreoiation for this distinction
to the Orfanizing Comittee,

Many valuable contributions from various
countries have been reported to this Confe-
rence on the behavior of piles,piers and
pile foundations; however, no ?apers on deep
compensated and compensated friction pile fo=-
undations were submitted.

The following is meant to be a brief sum-
mary report of conclusions and recommenda-
tlons,based on findings given in the papers
presented to Svstlian 3,

I found in the contents of the papers
presented, an advancement in the understan-
ding of the behavior of deep foundations
since the last International Conference. The
engineering profession appears to have been
investigating much, an problems that are
8tlll the concern of the foundation engineer,
mostly under field conditions,

The materlial presented deals with the fol=
lowing subjJeots: skin friction and point be-
aring piles, pile tests, statioc and amlc
behavior of piles subjected to lateral loads,
large dlameter special piles and caissons,
anchored plates and plles, plle driving,pene-
tration tests, earth pressire on rigid foun-
dation walls,and the settlement of buildings
on pile foun&ationa. The subjects treated in
the papers my be found briefly explained in
my General Reporte.

Field investigations on natural size piles
and piers are expensive. Therefore,they are
not carrled out as often as desirable.Howe—
ver, when performed,the reward is always pro-
fitable because of the knowledge acquired in
learning more on the mechaniocs of behavlior
of these foundations,and the ability to diag-
nose the problems beﬁter is always Zranala—
ted in economy.Therefore,proper investigati-
ons to dete e the aoii mechanical proper—-
ties, in conjunction with well planned prog-
rams in the field, should be continued and
bhighly enoouraged.

Diffiault subsoil conditions may be,in many
cases,the only si tes available for construc-
tion because of the increasing population
and industry in large cities, In addition to
a poor soll condition, the available zones
may be subjected to environmental forces
such as: ice,high wind,ground surface sub-
sldence and earthquake strong ground motions.
The influence of one or several of these
foroes cannot be overlooked when designing
deep foundations. Under such o rcumstanoces,
the foundation engineer is compelled to
learn on the deformational behavior of deep
foundations by the methods he may have at
his disposal, like perfoming model tests,
field pile tests,theoretical investigations
using the mechanical properties of the soil,
and last but not least,with the experience
galned 1n observing the behavior of construc-
ted foundations,that have been subjected to
these environmental forces throughout several
years of service. The observations should be
compatible with each other,to be able to
reach safe and practical conclusions from
the engineering point of view, leading the
foundation en%ineera to the abllity of de-
signing deep foundations with the best pre-
cision and economy.

Toe use & pils and pler foundatlons ic
increasing considerably, because heavy buil-
ding foundations may prove eoonomic when a
good bearing stratum is not very deep seated.
The problem of negative skin friction indu-
ced by ground surface subsidence,and the
horizontal drifting forces set by strong
ground motions, are two of the most important
environmental forces that cannot be over—
looked,

A deep pile or pier foundation is selected
first,from the point of view of stability by
its bearing oapoocity, given by the soil from
the shear strength parameters or from penstra-
tlon test devices; and second, the behavior
of the foundation should be analyzed for
total and differential wvertical and hordzon-
tal displacements, and rotations, using the
stress~strain-time properties of the subsoil
materials obtained in the laboratory. The
tilt produced either by eccentric loadings,
differential soil properties or overturning
momenta produced by wind or earthquake forces,
should be carefully investigated by the foun-
dation engineer in everg case,but most im-
portant in cases where difficult subsoil
condltions are encountered. A forecast of
the displacements and rotations to be expec-
ted in the foundation, should be performed
for comparison with the 1imiting parmiaihle
or allowable codified values. The forecast
shall be made with reasonable accuracy.

When reviewing the contributions presented
to this Omnference, I have kept in mind these
two aspects of the probfem in designing deep
foundations, mainly: the stability given b
the deformational mechanical behaviar of the
80il sediments,

The stabiliti problem is that of a founda-
tlian breaking lnto the ground,it should be
first fulfilled; and second,one should inves-
tigate the totai and differential settlements
produced by the mass forces of the building,

and environmental forces encountered at the
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site or area under investigation. Proper sta-
bility is assessed for bearing capacity using

adequate factors of safety,however in m
cases, tnis practice is not sufficient if
the vertical and horizontal displacements
and rotations of the foundatiaon cannot be
approximately forecasted,to comply with the
general demands or specifications of the
project in question.
The engineering profeasion up to the pre~

sent, in ita research work, has performed
extensive laboratory investigations in small
models under ideal oconditions, pertaining
single and amall pile groups. #hen the ques—
tion arises of the design of a large founda-
tion, in many oases extrapolation is perfor-
med. One has to keep in mind, however,that
small end medium size scale testa, may be
not representative of the environmental for-
ces involved affecting the prototype, mainly
when the time element and mass forces are
present. Nevertheless the laboratory inves-
tigations performed in model piles, pile

groups or pler like structures are imiortant.

sinoe the academic work of this type ls ins-
truotive to discover under ideal conditions
the trend of behavior to be expected in the
field, and be able to have the basis to set

or calibrate theories and laboratory findings

with field behavior. Unfortunately,there is
no similitude law that may take into account
all the foroes involved in deep pile founda-
tions, permitting prototype correlations,
Therefore,the different aspects of behavior

have to be worked out separately,and then from

the knowledge gained in their understanding,

the foundation engineer has to use approxima-

te theories to set a background on which he
can support his calculations.

Special reported tests on pile groups cap-
ped with a rigid foundation have indicated
that pile loads are higher at the edge pilea
than at the centér plles of the group. This
fact is sustained also by theoretical inves-
tigations,

The investigations performed on skin fric-

tion in piles have yielded interesting conclu-

sions. It has been found that negative skin
friction may be estimated with reasonable
accuracy for single pile tests. I think,how-
ever,that the main concern of the foundation
engineer 1s to translate these results to
large pile groups,since the diameter,point
shape and geometrical layout of the piles,
may invalidate the results of a single pile
test, if applied to a large group.

The importence to reduce the negative skin
friction forces to gain economy in deep pile
foundation design ahs besn investigated, and
reported 1n several papers presented. This
phenomenon is present when point bearing pi-
les aré driven through oconsollidating soft
soll strata. The use of coatings with bitu~
men or bentonite to reduce the negative skin
friction bas been performed by different in-
vestligators. Nevertheless, no established
quantitative recommendations can be given
in the present,because of different methods
employed. It appears that the redustion in
negative skin friction when using coatings,
is a matter of specific investigations and
procedures, acoording to the individual ex-

n

perience gained in natural Bizodfile tests,
from observations performed in fferent
countries., Laboratory investigations with
coating materials and application techniques,
appears to be necessary,to establish definite
correlations with field tests‘to determine,
in advance,using laboratory tests, the skin
friction angle between the pile coating and
soll. Learning on these mechanical properti-
es a forecast at low cost can be made in
usual foundation design practice. Also, from
field experience, it is necessary to learn

to what extent 1s the ocoating preserved du-
ring pile driving and afterwards, that is

to say, if this beneficlal effect is not re-
d?oed or lost during the life of the founda-
tion,

I found general agreement on the phenome-
non of heave produced when driving pile
groups. The s0il mass heaves ¢orresponding ,
to a fraction of the volume displaced by the
piles, and high exocess pore water pressures
are induced in the impervi ous or semi-imper-
vious 80il mass within the piles. The excess
pore water pressures, dissipate rapidly and
the ground surface has the tendency to rega-
in its initial elevation. The result is that
the piles in the group work under negative
skin friction forces immediately after pile
driving. Observations reported have shown
also that heave at the bottom of deep exca-
vations 1s reduced, if the piles are driven
before the excavation 18 performed.

The phenomenological observations just
mentioned, are important to consider in
current foundation design practice. The ra-
tio of the volume per unit surface displaced
by the pile group to the surface heave
should be recorded for different subaoil
conditions, and correlated with the average
permeability of the solil mass.

From the papers reportinininvestigations
in model pile groups and single piles sub-
Jeoted to lateral loadings, conclusions are
reached in the direction that the horizontal
displacements of these piles may be caloula-
ted satisfactorily using theoretical methods
of subgrade reaction, when the foundation
modull are properly assessed. It has been
also proposed to assume a solil modulus vary-
ing linearly with depth. I think, however,
that the aocuracy obtained in these cases do-
pends greatly on the experience of the foun-
dation engineer to select the proper founda-
tion moduli along the depth of the pile for
the different atrata emncountered, #hen the
problem is critical, probably the best me-
thod, suggested by one of the authors, is
to perform natural size pile tests wi%h at
least three piles with different embedment
lengths. From the plile deflection configura-
tion observed in the tests, the real avera=-
ge foundation moduli for the different stra-
ta where the plles are embedded may be ocal-
culated.

_Conoerning soil interactiaon problems, I
find neces to clarify certaln discrepan-
cies I found in the papers concerning the
use of the horizontal "coefficient of sub-
grade reaction", in contrast with the hori-
zontal soll foundation modulus which is a

function of the stress distribution al ong



the plle shaft and of the end conditions.
This concept may be clarified for future use
in the literature and practical applications
in foundation design, as already treated in
Session 2,

Dynami¢ tests on actual size piles have
been-regorted to learn on the behavior of
these elements when subjected to vibration
and alternating loads at their heads., Corre-
lations have been proposed, and theories de-
veloped to learn on the modes of vibration
of the piles when subjeoted to this type of
dynamic loading. In connection with dynamic
or kinematic loads on piles in foundation
design, it is important to consider the envi-
roomental forcee producing shear forces in
these elements, like those induced by high
wind and mass forces by earthquake strong
ground motions, the latter inducing drift in
the total length of the piles or piers, as
the mass displaces horizantally by the seis-
nic shaar wavesa. To foresee in the foundatiaon
design the influence of these environmental
forces, in the present state of our knowledge,
the best procedure may be,according to my ex-
perience in those problems, to find theoreti-
cal solutions based on rat{onal methods,using
the mochanical proporties of the subsoi

- d a7 Mhd~n AP A 11 no
tcrials, Thic of course,czlls for precse

laboratory testing on good undisturbed samples,

In dymanic problems, the determination of the
shear modulus of elasticity is important,since
this is the only way to calculate approxima-
tely the response of the soll mass to strong
ground motions, and by the same token, the
response of piie or pler elements to dynamic
loadings.

Great interest was given to problems c¢on-
cerning the ultimate loads of anchored piles
and plates from model testing. Nevertheless,
more information is necessary before reaching

to final conclusions on the load displace-
ment characteristics of anchors, used in dif-
ferent subsoil conditions.

Concerning the investigation reported on
point bearins resistance,it appears that the
general trend in the present state of our
knowledge,ls to take into account the compres-
8ibility of the so0il, and rocducc accordingly
the bearing cagacit? factors appearing in our
orthodax formulas, This has been done for the
time being' relating the angle of internal
friction with the relative density of the
soil affeocted by the stresses induced under
the pile points, When testing piles,it ias
generally agreed that a small vertical dis-
placement mobilizes the skin frioction along
the pile shaft, in contrast with the vertiaal
displacement necessary to mobilize the point
bearing resistance. Nevertheleas, my personal
opinion in this matter, is that this pheno-
menon depends highly on the compressibili
and shear strength of the s0il of the bearing
stratum, in cantrast with the rigidity of the
801l mass producing skin friction. The case
may be that positive skin friction may not
develop before certain point penetration has
taken place.

I found very interesting the observations
reported by our Russian colleagues, concer-
ning the standard cone penetratlon tests, in

connection with the necessity of calibrating

n

the cone test device by means of correctigf
factors for different soil types,thus obtai-
ning more acourate results when assigning
point bearing capasovlty Lo dlfferenl disweler
8ize piles, and also,on the lateral skin
friction capacity to be carriod by natural
size pile foundations,

The use of pre-bored piles or plers using
the slurrﬁ displacement method has been re-
ported. The point resistance 1s greatly re-
duced because of soft material trapped at
the bottom of the hole. The procedures re-
ported in two papers dealing with grouting
under high pressure to enlarge the base and
compact the soll at the bearing stratum
thus increasing the point bearing capac{ty
and reducing vertical displacements, may
provide a solution to this problem,

In connection with the stamiard cane pe-
netration test to perform settlement fore~
casts, the conclusions appear not to sup-
port a reliable empirical correlation to
ascertain reasonable accuracy. Therefore,
in such cases, it appears that the onl
means to forecast more accurately settlements
and tilting of structures under eccentrio
loadings, is to learn on the compressibility
and consolidation properties of the suhsoil
atrata affactad hy the atrarsas induced in
the soil mass, where the piles transfer their
skin friction and point loads,

Concerning settlement reports on single
plle tests, I will etress the fact,that
the results obtained in one file will be only
useful to learn on the behavior of the pile-
80il interaction of that individual pile.
Under the same working load condition, howe
ever, one pile in a group of piles does not
necessarily comply with the behavior of an
isolated pile, as performed in the natural
size test pile condition. Moreover, soil pro-
perties under different subscil conditions
may invalidate the practice of using the
results of a pile test at other sites,

Most interesting I <find, the reports on
the use of thixotropic jackets to install
large caissons reducing side friction during
installation and achieving waterproaof ing.

I wish to invite kindly our Russian collea=

gues, to l1llustrate in more detail the pro-

cedures they have used to achieve this inte-
resting heavy foundatian,.

Caoncerning papers on pile driving equip-
ment, which has been always the conceran of
the construction foundation engineer, to
obtain more efficiency and save time during
driving, the reports indicate that single
and vibratory haemmers are still useful and
efticlent. Nevertheless, in sand and gravelly
solls, jetting may be necessary to speed up
the work, and be able to reach the necessary
plle depth. In this connection, the reports
show that the resanant pile driving hammers
are specially useful for certain limiti
values of grain size in cohesionless soils.

Finally, concerning deep compensated foun-
dations, I wish to stress the point that
there are many places where deep soft end co-
mpressible soil deposits are encountered.

The firm ground is deep seated and the water
table may be found close to the ground surfa-
ce. In such cases and depending on the slen-—

Yosw
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derness of the bullding,it may be indicated
from the economy point of wview, to design a
compensated foundation. This solution is
speclially suitable in areas where ground
surface subsidence 1s taking place. The use
of deep pile foundatians using point bearing
piles, will introduce undesirable problems.
One of them, 18 that long piles cannot be
driven straight. Furthermore,and most impor-
tant, in cases of ground surface subsidence,
the buildings will emerge strongly from the
ground surface, because of the relative ver—
tical displacement between soil and piles.
Furthermore, very large negative skin fric-
tion forces and generated at the shaft of
these elements, increasing considerably their
cost because of larger necessary safe point
bearing resistance. In such cases, I have
used for mang years with satisfactory results,
a compensated friction pile foundation,al-
lowing the friction piles to work under their
ultimate load capacity, and permitting the
piles to penetrate the soft soil masa, as

the ground surface subsidence takes place,
The structure of the foundation is designed
as a rigid mat, permitting the foundation
slab to take subgrade reactions corresponding
to a fraction of the total load of the bulil=-
ding. The balance of the load of the building
is taken by the friction piles under full
capacity, thus obtalning a stable elasto-
plastic design. The stress ocondltions indu-
coed in the soil mass should oomply with the
permisible vertical displacements. N#ith the
use of this type of foundation, one can re-
duce total and differential settlements and
produce an economical design. Moreover, on a
long time basis, the foundation will follow.
the ground surface subsidence, and the pheno-
menon of the building emerging from the ground
surface 1s eliminated.

Finally, I wish to make the announcement
that because point 4 of accepted topics for
contributions has been treated with amplitu-
de in Session 2, it has been substituted by
"Optimum Methods of Construction of Open
Caissons and Trench Walls in Thyxotropic
Clay Jackets", I thank you very much for your
kind attention.

Chairman Prof.Arpad Kezdl

Thank you very much Prof,Zeevuert for your

interesting summary of the State-of-the-Art

paper. Now I wish to invite the delegates to
take part in the discussion wish to
call upon Prof.R.Peck to make sume comments

before the beginning of the discuesion,

Prof.Ralph B.Peck (USA)

In past Confesences, most of the papers om
deep foundations have been concerned with
theories of deep foundations,methods of com-
put bearing oapacity and settlement, types
of piles and their bebavior as individuals
under test loadings,and occasional compari-
sons of computed and observed settlements.

All these subjects have an important place
in our profession. Yet,there are other aspects
that demand our attention as foundation engi-

n

neers, not so readily subject to calculation
but vital to the success of our installations.

Among these are techniques of canstruction
to assure that the foundatioo units will ac-
tually have integrity and will perform as
we anticipate. Drilled-in piers, driven plles,
and cast-in-place piles are all subject to
defects due to faulty construction, often
aggravated by the choice of a type of foun-
dation poorly suited to the subsoil and
groundwater ¢onditions. I believe it 1is safe
to say that most of the foundation failures
in the last ten years-and there have been
many-have not been caused by erroneous esti=
mates of bearing capacity or settlement,but
by defects in the foundation units themsel-
ves, There are all too many examples of
drilled piers and cast-in-place piles with
discontinuous concrete,of steel H-piles def-
leoted by boulders and other obstructions to
positions and shapes in which they are inca-
pable of supporting the design loads, and of
other similar faults.

Most of the construction defects of dril-
led plers have their origin in the presence
of water. Various methods have been devised
to cope with the water; most of them are
simple in principle but depend acutely
details of procedure and axecution. Most
published descriptions of successful methods
have been lacking in details. I am pleased
to see that several of the Conference pagera
cwntain detailed descriptions of successful
methods of installing deep foundations, This
trend should be encouraged. These so -called
practical matters should not be disdained
because they are not scientific. Unless they
are properly considered and dealt with,the
endproducts of our profesaion, the foundati-
ons themselves, will be unsatisfactory and
our scientific advances will be of no avail.

Theoretical congiderations and fundamental
knowledge of s0il behavior also can suggest
improvements in construction. It has long
been realized, for example,that larger settl-
ements are required to develoi the base re-
sistance than the shaft friction on drilled
plers. The ingenious pressure-grouting pro-
cedure for prestressing the sand at the base
of such pilers, described in two papers pre-
sented for this session, is a striking exam-
ple of a canstruction detall designed to ta-
ke advantage of fundamental behaviore.

Our profession has been a leader in publi-
shing information about failures for the
good of all our colleagues, This willingness
to publicize our errors has permitted us to
improve practice. It is not enough, however,
to describe what went wrong. Ve need more
information, such as that contained in seve-
ral papers to this Conference, about proce-
dures devised specifically and success-
fully to prevent such errors.

Nor can we separate from our practlce the
training and supervision of workmen and ins-
peotors. Better, more refined,or more rugged
machines are not enough.,¥hen we install a
foundation by a machine working at a depth
below which we can actually see what is being
done,the smallest misjudgment on the part of
the operator may have the most serious con-
sequences.Hence,these matters,too,deserve re-
porting and discussion in our literature,

on



Chairman Prof,A.Kezdi

Thank you very much Prof,Peck for your ¢om-
ments, Now wa have an interval after which

I would like to call upon Praf.Tomlinson .
from the United Kingdom to make his discussion

Prof. M.J.Tomlinson (United Kingdom)

The general reporter has suggesteéd that the
subject of coatings to reduce negative skin
friction should be discussed. I would like to
mention the more important matter of coatings
of soil on the shafts of driven piles which
reduce the positive skin friction. That is
the skin fricfion which acts in support of
the pile. In most pracvical cases of piling
for structural foundations we are concerned
with piles driven through an overburden of
weak compressible soil to obtain thelr requi-
red carrying oapucity in skin friction and
end=bearing in the underlying stratum of
dense or stiff soil,

¥hen piles are driven through an overbur-
den of soft clay a coating of this material
is picked up by the pile shaft and is carried
down into the Lower Dearing stravum. Because
the soft clay coating is weaker than the soil
around the pile in the lower stratum the avai-
lable skin friction is reduced in the same
way as a soft bitumen coating reduces the ne-
gative skin friction. As the pile penetrates
more deeply into the bearlng stratum,the soft
clay skin is rubbed off. However,if the bea-
ring stratum is a stiff clay a coating of
this material 1s formed on the pile. This is
beneficial to skin friction since the stiff
olay skin 1s drier and more compact than the
surroundiné clay, and il alsvu increases the
effective diameter or width of the pile.

Fig.(x) shows the effect of driving a 452mm
steel tube through a soft olay into

e e A

a stratum of graveilLy sand. It will be seen
that a coating of soft clay is adhering to
the middle part of the pile shaft but this
coating had rubbed off wbere it had penetra-
ted the gravelly sand. Comparison of the
length of the cleaned-off portion of the tu-
be with the measured penetration into the
gravelly sand showed that the soft clay skin
had been carried down some four or five shaft
diameters into the sand stratum.

Fig (Y) shows a coating of soft clay about
S mm thick which had been carried down adhe-
ring to the trough of a steel sheet pile.
This skin bad bsen carried down 3 metres or
more into a stiff boulder clay.

The beneficial effect of a stiff clay coa-
ting on a pile shaft has been meationed. A
skin of sand carried down by a pile into a
firm or stiff clay can also increase the
unit skin friction on the shaft.

It must be recognised that when we attempt
to evaluate the skin frictian on a pile
driven into clay we are concerned with a
failure condition which is not one of rela-
tive movement between the pile and the ad-
Jacent soil but it is one of slipping bet-
ween a skin of soil carried down by the pile
and the adjacent soil whioh io itoolf hoa-
vily sheared and ccompacted.

‘'he ettects of soft clay and sand coating
on steel tube plles driven into stiff
London Clay were studied in a research pro-
Ject undertaken for the Construction Indust-
ry Research an? Snformntion Asscacliation
(CIRIA) in UK (1), The resulta of this re-

search and studies of published records of
piles driven through different overburden
soils into stiff clay have been embodied in
a set of design curves relating adhesion
factors 53 the undrained shear strength

of clay( .

¥ imen i
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(1) Tomlinson, M.J.,The Adhesion of Piles in
Stiff Clay, CIRIA Research Report No 26,
London, 1970.

Tomlinson, M.J. "Some effects of pile
driving on skin friction",Conference on
behaviour of Piles,Institution of Civil
Engineers, London i970 and Author's rep-
ly to the Discussion,

()

Chairman Prof. A Kezdli

Thank you Prof.Tomlinson. Now I invite
Mr. van Weele from the Netherlands.
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MroA.Fevan Weele (The Netherlands)

A large percentage of all foundation plles
in the western part of the Netherlands are
subject to negative skinfriction. Several
pile foundations have been installed in which
use was made of precast concrete piles coa=-
ted with a special bitumen layer of approx,
10 mm thickness to reduce this negative
friction to only a few tons per pild instead
of over 50 tons without coating. One of the
questions raised for discussion is to what
extent such a layer can be preserved during
driving.

It is a fact that in general during driving
the stresses between pile and #0il are a ma-
xXimum and therefore higher than during actual
loading. As,however,the negative frictionalxg
the upper parts of the pile reaches its ul-~
timate value rather soon after the pile's
installation, the shearstresses during dri-
ving as well as during the pile's use are
practically the same, The onlg difference is
the rate of deformation. The bitumen used
for coating should act as a s0lid material
during fast deformation and as much as pos-
sible as a fluid during slow deformation,

This has proven to be not too difficult
to solve. An entirely different behaviour can
be expected when the piles are not driven
by impact but by vibration. It is well lknown
that during vibratory driving the characte-
ristics of manz soils are changed in such a
way that much less friction is developed
along the plle's surface. Under such condi-
tions the risk of damage to the pile's coa-
ting is much less.

I also like to draw your attention to ano=
ther problem. In our country during mare
than 30 years all kinds of piles lave been
used which are equipped with enlarged bases.
For prefabricated conoretepiles these en-
larged bases have a projected area which is
usually up to a maximum 3 times the crose-
seotion of the plleshaft. Such piles are
ideal in situations where the soft compres-
sible top layers are underlain by the bea-
ring stratum. The large shoe may have a dec-
reasing effect on the shear between soil and
pileshaft, but its maln advantage is the sub-
stantial inoreaeo in the gile'e endbearing
capaclity. This design enables us in many
cases to utilize the full strength of the
pileshaft and not to overstress the bearin
layers. A disadvantage is its more diffic
driving than that of a normal pile,especial=-
ly when driving raking piles.

For vibratory installation of prefabrica-
ted piles a special pileshoe has been deve-
loped which can bave any size and needs not
to be limited to 3 times the shaft's bross-
sectional area. This pileshoe which in its
form loohs like a lattice acts as if it is
fully oyen during dynamic loading,but shall
act as 3f fully closed during static loading.
By a correct cholce of size of each compart-
ment 1n relation to tts height and eventually
the inclination of its outside such a "oclo-
sed behaviour" is obtainable in all kinds of
bearing layerse.

During vibratory driving the lattice shoe

benaves muoch better than the c¢losed shoes



during impact driving,thus eleminating the
known disadvantages.

Such piles can be compared with columns
founded on isolated rootings. The only dif-
ference 18 the depth of foundation. Such
piles can be installed as easlly as traditi-
onal piles without enlarged bases and are
very suitable to withstand negative friction.

Chairman Prof. A.Kezdl.

Thank you Mr. van Weele for your discussion
Now Mr, Horvat, please, deliever your
contribution.

Ir.B.Horvat (Netherlands)

Theoretical studies and field investigatl-
ons have demonstrated that negative skin
friction on foundation piles can be reduced
if the piles are provided with a slip layer
of bitumen. The grade of reduction is deter-
minod by the material properties and the
thicknese ¢f the bitumen,

For the foundation of new Shell plants near
Moerdijk around 5000 of this kind of piles
were used. Prefabricated oconcrete piles,
38x38 sq.centimetres, 19 meter long,were pro-—
vided with a bitumen layer along the upper
10 metres. The bearing oapacity of these piles
is delivered mainly by positive skin friction
along the part of the pile whioh is not coa-
ted (sse fig.l).

The practicing engineering requirements
concerning these piles can be summarized as
follows:

1) The nagative skin friction must be redu-
oced to a neglectable value,

2) The slip layer must be reasonably cheap
and it must be possible to apply 1t in a
simple and reliable way,also on prefabri-
cated piles pefore these are brought into
the soil by driving,pushing or turning.

During a few days' storage of the coated
pilg the slip layer must not flow too
muche.

During driving the slip layer must not
crack or shear off from the plles as a
result of lmpacts and shear torces,

The 8lip layer must not be forced upwards
or downwards by differences in horizontal
soll pressure,

Coarse grained soil layers must not pene-
trate into the slip layer,.

In the development of a ggecial t{ e of bl-
tumen for this purpose at KSLA (Shell Rese-—
arch Laboratory Amsterdam) optimum use has
been made of a specific relation between me-
chanical properties,loading time and tempera=-
ture of this visco~-elustic material, It is
thin-liquid at high temperatures (easy to ap-
Ply), flows very slowly at ambient tempera-
ture and medium loading times (storage), it
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is almost elastic at average outdoor tem
ratures and short loading times (driving
and has a low viscosity at soil temperature
and very long loading times (low frictional
resistance against soil settlements).

In establishing the requirements the bltu=
men of the slip layer has to meet a layer
thickness of 1 cm was taken. Thinner layers
(<0.5¢m) will often be t 00 vulnerable and
thicker layers (~ l.5cm) will flow too
much during storage of the plles. Besides,
the following general assumptions were made:

- The permissible negative friction on a pile

having a length of about 40 m and a cross-
section of abgut 50x50 cm is assumed to

be about 5x104N(5 tons) if the average rate
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v+ of settlement of the soil along the entire +59C, The stiffness modulus of the bi une,
: pile is about 10 cm/yr.Hence, the viscosity unde; these oconditions must then go:it °
of the bitumen at :bout 100C (Soil tempera- 8 2
ture)s 9 ) approx,10° R/m
approx. 2x107 Ns/m' With the ald of Van der Poel's nomograph®
- The maximum flow of the bitumen after about U065 requirements oan be expressed in terms
3 dais storage of the pile at 209C is ta- of the conventional bitumen specifications;
ken to amount to 0.5-1 cm. The minimum per~ Penotration and softening point R & B, It

missible viscosity of the bitumen is then: ®Van der Foel,C,"A general system desoribin

2
approx,Z.BxlO? Ns/m the visco-elastic properties of bitumens an

- It 1s assumed that during pile driving the its relation to routine test data",Journal
bitumen must able to w ghstand a strain Appl.Chem. 4 (1954), 221, !
< approxe. 10™¢ due to 10”7 loads at approxe.

0,02 8 applied at a temperature of approx,

n



then appears that none of the current grades
of bitumen meet these specifications. The
requirements mantioned above are mat by a
bitumeh grade which is =roughly - characte—
rized by:

Penetration at 25°0:40-50 O.lmm
Softening point R&B: 60-70°C

T?is type of bitumen has the following proper-
tiess

Viscosity at 10°C : approx,1.5x10° Ns/m®

nn L. 20% : approx.loB Ns/m2
Stifness modulus at 5°C and 0.02 s: approx,
9x10/ N/m2

It has been found that such a bitumen is
not forced upwards or downwards by differen—
ces in horizontal soll pressure (order of
magnitude of displacements 1 mm/yr) and that
layers of coarse-grained soil hardly penetra-
te into the bitumen layer (the penetration
is only 1 cm after as long as about 130 years,
the K value of the soil being 5x10=% m/s{.

Naturally the specifications of the bitumen
can be modified to meet the spetial oconditi-
ons of a garticular agplication as regards
narmisaible friction forces on the pile,rate
of settlement of the solil,temperature of the
80il, temperature during driving,manner in
whioch the pile is brought into the soll, tem-
perature during driving, manner in whioh the
pile is brought into the scil, eto,.

In order to check the assumptions and cal=-
oculations a number of giles was test-loaded
and the shear 1n the slip layer was measured.
For the measurement of shear in the slip lay-
er sets of shear plates were mounted at dis-
tances of O and 8 millimetres from the pile
shaft, and at locations corresponding to
depthe of 2,5 and 7 metres below groundlevel.
On one of the piles thermocouplea were ins-—
talled to measure the soll temperature,

The vertical displacement of the shear
plates at the various levels was measured at
intervals of about fourteen days over a period
of about four months after pile driving. At
the baginning shorber inbervela wapra takene
At this time the piles wers not yet loaded,

Fig.2 shows for one pile the vertioal disp-
lacement of the various shear plates as well
as the settlement of the ground surface,both
expressed as a function of time. After a
short period all shear plates shear at an app-
roximately uniform rate, which decreases with
depth. Also, the shear rate at the surface
of the bitumen layer at different depths can
be derived from fig.2. From the shear rate
and the viscosity of the bitumen the shear
stress acting on the surface of the slip
layer can be oalculated accarding to

T = 7 x v/h
in which
uva viacoslty,
=shear rate at the surface of the
8lip layer,
h= thickness of the slip layer.
In this way the shear stress along the alip
layer was caloulated for three plles from the
shear rates measured at various depths. By
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integration over the surface of the bitumen
layer the shear torce-in other words, the
residual negative ekin friction-was calcula-
ted for each of the test piles,The values ob-
tained vary between 2,5 to 3 tons; this
means a reduction of the negative skin fric-
tion by 90% to 95%.

The results of the test loads ahowed an
averaize settlement of the (individual) loa-
ded piles of 4 millimetres under the working
load qf 60 tons. One of the test loaded piles
was extracted for the purpose of inspecting
the bitumen slip lager. The bitumen slip
layer proved to be in good condition; the
thiockness of the layer varied from 8 to 11
millimetres.

Furthermore the settlements of a number
of constructions were measured during the
construction period and the following 2 years.
The average settlement of these comnstruc-
tions was 9 millimetres during the consatruc-
tion period and 3 millimetres in the follo-
wing 2 years. The settlement of the ground-
levei was 150 millimetres in the same period
of time.

Chaiman Prof.A.Kezdl.

Thank you very much Mr.Horvat for your
information. Now I wish to call upon Praof,
ﬁé:ksandar S.VESIC, from Duke University,

Prof.Dr.Aleksandar S;Vesio, (USA)

I snould like to present some comments re-
lative to the topic 2 proposed by the Gene-
ral Reporter.- It has been reeognized for a
long time that the penetration resistance
in sand depends on its angle of shearing
resistance o and on the vertical ground
stress q. Over the last decade we have come
to full realization of the faoct that the
penetration resistance is also greatly de-
pendent on the modulus of deformation and
ths volume change charactsristics of Ghoc ma-
terial. Finally, we started assembling some
evidence that the horizontal ground atress
or the coefficient of earth presure at rest
Ko also may have an effect totally unaccoun-
ted for in classical theories,

For the last two years we have been engaged
at Duke in a study aimed primarily on investi-
gating the effect of K, and separate evalua-
tioa of effects of strength and compressibie
lity of sand on its bearing capacity at
great depth. Our researoh includes laboratory
nodel studies, correlation with field data,
as well as the development of appropriate
theories. The following slides show the
experimental set up developed for this pur-
pose and eome of prinocipal results,

vsp
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Conclusions:

Significant factors influenoing penetrati-
on phenomena include horizontal and vertical
ground streas, as well as strength, deforma-
tion and volume change characteristics of
the soile

Penetration resistance of Chattahoochee
sand increases roughly as the O.6=power of
mean normal ground stress. The phenomenon
of vertical arching around the pile tip has
an additional effect on this relationship.

The attempts to correlate relative density
of sand with penetration soundings without
regard to the K_-value of the natural deposit
do not offer muSh promise. A preconsolidated
deposit will always indicate higher penetra-
tion resistances for the same void ratio than
a normally coansolidated deposit,

The results obtained so far indicate a uni-
que relationships between penetration resis-—
tance and the meéan normal ground stress.
Unique relationships exist also between the
skin resistances of the friction sleeve and
the conventional Dutch cone shaft and the
mean normal stress; the former being about
twice as large as the latter.

Chairman A.Kezdi. ( Hingary)

Thank you very mucih Prof. Vesic for your
discussion. Now we will hear Mr.Mariupolsky
from the USSR

Mr.Mariupolsky L.G. (USSR)

"Transition coefficlents from the data of
static sounding to bearing capacity of piles"

The analysis of 153 load tests of driven
piles made concurrentlv with sounding tests
allowed to introduce corrections to the re-
commendations of the Building Standards of
1967 for the determining the bearing capacity

tions the bearing capacity afa pile (P,) was
determined by using two constant coeff}cients.
For determining the soil resistance under a
pile point the ocoefficient of 0.5 to the
specific resistance of the soil under a cone
was taken. When determining skin friction
of a plle,specifio friction along the pile
and the sounding tube was assumed to be equ-
al, 1.e. the transitlaon coefficient was ta~
ken to be unity. The correction to that re-
commendations was made by assuming that both
coefficients are variable and depend on soil
gtgfﬁggg)(Trofimenkov Ju.G.and Mariupolsky

L ] @, ®

This allowed the bearing capacity of a pile
(P,) determined by the data of the static
sofinding to be very close to the bearing ca-
pacity (Pgt) determined by load tests (Fig.l)

An analogy of physical phenomena in pene-
trating a sounding tube and settling a pile
under the load gave impetus. to search a di=
rect relationship between the total solil re-
sistance in sounding and the ultimate resis-
tance of the pile,

The analogy mentioned above allows the re-

lationship between the sounding (P_.) and the
pile resistance (P,) to be expressgd as
PyakPg, whore (1)

k- transition coefficient from the total
sounding resistance to the pile resistance

The comparison of the data of the sounding
and She load tests of piles and their mo-
dels®)shows that the transition coefficlents
k, is directly proportional to the ratio of
perimeters of a pile and a sounding tube and
that it depends on the strength of the soil
around the tube. The soll resistance, fgt,
1s determined by the ratio of the totaf
penetration resistance to the surface area
of the sounding tube as the first approxima-

of the driven piles by the data of static tion: Py
sounding. According to previous recommenda- fgt = —=—==—- ’ (2)
u
d) -p t(tnns) 8 B)
%,
9‘,“?
.‘{‘(‘?:
S i R R TR TR RN R R i

L)}

P %
%)a model pile is a steel tube with conical

polnt driven at the same depth as a pile but
smaller in cross section



where
g - sounding tube perimeter
h®— depth of penetration of a sounding
tube at the lLevel of the design
pile point

The design formula may be expressed ae fol-
lows:

The evaluation of the results of load tests
and deep sounding hae shown that the coeffi-
c:iem:‘i kg, is within 1 to 2 and may be ac-

a

cepte
k=2-0, lfsti “)

when £_.>10 t/m°, it should be assumed
thﬂt °=lo

1]
P=k 2 P, ) The values of the pllp resistance calcula-
u, ted by the formula (3) are compared with
the values determined by the results o
wbereko - coefficient depending on the soil ggeblﬁogd tests and are given in Fig.2h and
reslistance £ __. ¢
st
Table I

The results *  Deviations from the results of the load

The method of the determi- = bests

nat.:lon of the bearing ca- ' Deviation more: The mean value of devia-

pacity of a plle . ‘than 30% i__ . tion in %

: ;above nominal below
value toominal value

_______________ e o e e e A o

When using constant ocoeffi-

olents 70 (46%) 40 25

when using two variable

coefficlents 23 (15%) 20 16

By total tube resistance 37 (24%) 28 21

Pt (tons) )]

Seéd

FI {tenz) o 0 0 [ [i] [

A8 it can be seen from Figs.l,2, and Tab-
le I, the plle resistance determined by the
totai tube resistance is more accurate than
that determined as a sum of a pile point and
skin friction resistance with two constant
coefficient,

It 18 expected that further increase of
the experimental data will allow the propo-
sed recommendations of the pile resistance .
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Fig 2

by the total soil resistance to make more ac-—
ourate.It gives a prospect of simplifing gre-
atly the sounding apparatus as in this ocase
the need of separate determination of the so-
11 resistance under a cone and along a soun-
ding tube 1s eliminated.

REFERENCE

The Proceedings of the VIII International Con-
ference on Soil Mechanics and Foundation En-
gineering,v.II-1, 1975, Moscow,



Chairman. A.Kezdi

Thank you Mr.Mariupolsky for your contribu-
tion. Now I call Prof, Veder.

Prof. Christian Veder (Austria)

In Vienna the construction of an "Interna-
tional Offlce- and Conference Center" (IAKW)
is under way. The building area is situated
close ©o the Danube River. As there is an
old river bed with Lmose sediments and rub-
ble £i11 of irregular depth, the design of
the foundations bhad to enoounter some diffi=
oulties. The whole oomplex consists of several
Y-shaped towers of different height ( up to
II0 m) which are arranged round a circular
conference hall (Fig I). Four towers of the
first stage are in construction. In order
to make bhe foundation rather rigid, the de-
sign of my oolleague Borowicka and myself
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wap estimated to be a good solution, that is
to form a rectangular pattern of slurry tre-
nch walls. Size and centerline distance we-
re caloculated from the vertical loads so
that the epecifiec logd for I m runs 350 t/m
(in oross seotion) corresponding with that
which leads IO mm total settlement in the
load test. The centerline distanoes were big
enough as to avold- owing to the test' results-
@ direot influence from one panel to the
other. The total settlements considering the
roup effect are by expsrience supposed to

e amall enough to eusure that the differen-
tial settlements for the max. extension will
not exceed the limit value of 2 dm. The fou=
ndation depth was designed at the 25 m be=
low ground level so that the first layer of
fine silty sand would be penetrated in any
case. The pattern of slurry tremch walls for
the IIO m-building is shown in Fig.2,

Chairman A.Kezdl.

Thank yoy Mr.Veder for your discuesion.
Now, Mr.Chernak, please.

Eng. Boris (ernak. (Czechoslovakia)

On the basis of strain gauge measurements
an analysis of behaviour of a pile far the
new Danube bridge in Bratislava,Czecchoslova-
kia, was made, The pile of rectangular sec-
tion of 0,6x3,0 m and 25,7m long was made by
the "slurry trench construction' method. The
shaft was excavated witha grab in water sa-
turated gravels /left side in Fig '.1/
/@'=389/, stiff silty clays /depzh 6 to 13 m,
I1,=21,7, 15=0,98, ¢,=0,57 kg.cm™<, depth 19
ub to'25 m; Ip=34,2) 130,88, c,=0,41 kg.cm-2/,
fine clayey sands and silty sands /@'=28°/.
Bentonite suspension affected the shaft walls
in the region of the pile head for 126h, in
that of the pile base far 30 h. The shaft
width was determined with a lever cavernome-
ter before concreting /left side in Fig.l/.
In a gravel lsyer in depth from 2 to 5m was
found a shaft enlargement up to 160 cm.

The pile was loaded in four loading cyoles
up to 2.040 tons. The distribution of pile
load in the 4-th loading cycle /Fig.l./
showe a high load transfer into the gravel
layer in the region of the pile shaft enlar-
gement. The load transfer in clays and sands
increased up to 1.020 tons. For the higher
loads a decrease in load transfer occured in
clays and sands, and the load increment was
transferred prevallingly through the pile
shaft enlargement into gravel and through
the pille base into sand.

The base resistance versis base displace-
ment curve /Fig.2, ocurve a/ shows that the
contact between the pile base and the sand
was close. The skin friction in clays and
sands /Fig.2, curves ¢/ through f/ reaches
the meximum value already for a 2-3mm displa-
oement and decreases later up to the residual
value. The skin friction reduction to zero
value in the segment close above the pile ba-

se /Fige2 ourve £/ can be related to the
83
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base resistance mobilization. The irregular
skin friction curve in gravel in the depth
0-2,4 m /Pig.2, curve b/ may be occasioned by
the pile surface unevenness and the change
in the pile width in that segment as well as
by the nature of concrete /bentonite/ gravel
interface. The skin friction in gravel still
inoreased in the region of displacement from
27 to 62 mm.

In Fig.3 is shown the portion of load tran-
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sferred by the skin, the base and by the
pile shaft enlargement. The skin friction
portion influences in an important way the
behaviour of the pile in the region of small
displacements. It decreases with inoreasing
displacement while the portion of the shaft
enlargement and the portion of the base re~
sistance augments. The portion of load trans-
ferred by the skin, the base and by the pile
shaft enlargement &oes not change for the
displacements exceeding 20 mm.
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On the basis of strain gauge measurements
it i8s possible to explain the load/displace-
ment curve /Fig.4/ as follows:

a/ the course of the first branch of the
curve is affected by skin friction,mainly
in clays and sands,

b/ the linking intermediate part is curved
owing to the decrease of the skin fric-
tion in clays and sands to the residual
value. This decrease reduces the skin
friction in gravels which increases up
to 10 mm displacemsnt,

¢/ the course of the obliquely bent branch
of the curve is given by the load trans-
fer by shaft enlargement as well as by
base resiastance. Secondarily in this part
of the curve applies the akin friction in
gravel while the skin friction in olays
and sands after the decrease to the resi-
dual value does not change any more with
displacement,

This strain gauge measurements were carried
out and evaluated by the Reasearch Institute
of Civil Engineering in Bratislava,the loa=
ding test was organized by the Chalr of conc-
rete structures and bridges of the Technical
Universibty in Bratislava,

Chairman A.Kezdl.(Hungary)

Thank you verz much for your interesting
remarks, Mr, Cernak, now,pleaae’Irof.littko
of Karlsruhe University.

Prof. DI_‘.-IDS +Wittke W. (GFR)

Acoording to the subject 4 proposed by the
General Reporter we want to present briefly
the results of a large scale in situ test
on a horizontally loaded large diameter bo—
red pile and a corresponding Finite Element
calculation (Wittke et al., 1973).

In an in situ test performed by the German
Railways an 8m long reinforced concrete pile
with 1,2m diameter was horizontally loaded
by 100 metric tons (fig.l). The subsoil can-
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sisted of an upper layer of a clayey,silty
sand and gravel and a lower layer of clayey,
8llty fine to medium sand,



The mechanical constants of these two lay-
ers have been selected on the basis of in
situ and laboratory tests as well by experi-
ence gained from other projects constructed
under Jimilar conditions. For the upper lay-
er Young's modulus and Poisson's ratio were:

E«400 kp/ma. ¥=0,3. For comparative calou=
lation & Eeduction of Young's modulus to E=
300 kp/on< was.assumed. The adoited angle of
internal friction and the cohesion are:
=379, 020,05 kp/om=, The parameters assumed
or the lower layer as well as for the conc~
rete axe also compiled in fig,l,

The Anstrumentation of the in situ test
oonsisted of Gloetsl pressure cells installed
along the interface between conorete and
gsubsoil and in two horizontal sections with-
in the upper solil layer in frant of the pile.
In these sections also devices for measuring
the resulting displacements have been loca-
ted (£ig.2)

—
@ STRESSES

8 STRESSES AND
DISPLACEMENTS

Within the Finite element caloulatians,
due to the symmetry of the problem, anly one
balf of the pile and the corresponding sub-
soil was to be investigated (fig.3). The
Pinite element mesh consists of 3=dimensian.
al, eight cornered elements aubdivided into
tetrahedrons (fiE.Zo).Tho procedure applies
a bilinear relationship for the stress strain
behavior ¢f the subsoll as described in pa-
per 45 .0f session 2.

The calculated pressure distributicn in
the vertical section of symmetry at distances
of 0,2m and 1,7m from the interface is plot-
ted in fige.4. The results of the in situ mea-
surements in the two horizontal sections men-
tioned above coincide with the results of
the calculationse. .

In the right hand side of fig.4 tk@ hori-
zontal displacements of the pile axis measu-
red after the l-st and the 4-th loading cyo-
le as well as the calculated displacements
(E=400 and 300 kp/om=/ are represented. Also
here coincidence between measurement and cal=-
culations 13 reasonable.

In £ig.5 the measured and calculated dis-
placements in the horizontal seotion abt 1,6m
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depth are given. The left hand side of the
figure shows the radial and the right side
the displacements parallel to the load

H. Also here a good agreement could be achie-
ved.

In oalculation we like to state,that this
method seems to reveal reasonable results at
reasonable coste and after our opinion it
should be applied mainly for evaluation and
extrapolation of results of large scale in
situ tests as well as for the design of ho-
rizontally loaded piles,

It will however be difficult in practiocal
cases to provide reliable input data. There-
fore we intend to reexasmine other in situ
tests applying the same procedure in order
to gain more experience on the determination
of input  data. On this line we also may have
to improve the applied bilinear stress strain
relationship and especially for vertically
loaded piles include the influence of volume
changee of soil during shear,
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Chairman Prof.,A.Kezdl.
Thank you Prof, Wittke. Now I would like
to invite Prof. Prakash.

Prof. Shamsher Prakash (1ndia)

1.I shall confine my remarks to the item "5"
proposed by the General Reporter,i.e. on tﬁe

uestion of additional soil tests for ea -
quake IgaIEE.

2. We in India, are very much concerned
with this problem. In coastal regions, which
are seismic too heavy structures are sup-
ported on piles. Also we know earthquakes in-
duce random motion. Therefore,the problem is
a complex one.

3. We attacked this problem from 2 direc-
tions (1). Development of analytical method
to predict the response of the pile. By
response we understand the displacements,
strains and stresses (i1 ) use field data
to verify this analytical method,

4, In the course of this solution, we were
confronted with the question of the "rele-—
vant soil properties" and the "relevant soil
plle constants",.

These are at present to be determined by
Performins a field test on a 'working' or a
'test pile", A similarity may be drawn with
the load test on a pile,.

5. This essentially is an in=situ test and
is certainly in line with the recommendations
of the main session 1,

Chairman Prof. A.Kezdi.
Thank you Prof.Prakash for your remarks.
Now Mr.Klestchev , please.

Eng. P.E.Klestohev (USSR)

As a rule experimental investigations in
natural conditions are the basis of const-
ructing rated models of beddings and foun-
dations.

The All-Union Research Institute of Mining
Geomechanios and Mine-Surveying (AURIM) with
the partioipation of the author, has carried
out extensiyve experimental investigations on
the interactian between the beddings with
the foundations and the constructions of bu~
1ldiongs of various constructive schemes de~
formating under the influence of underground
mine workings.

Specifically,in order to substantiate the
possibility and expediency of adopting pile
foundations when constructing buildings upon
coal-bearing territories and to define theo-
retical notions and methods of estimations
of plle foundations under complicated condi-
tions of deformations of beddings in the Ka~
raganda Coal Basin (in Karaganda) such inves-
tigations have besen carried out on two expe-
rimental buildings,equipped with various mea-
suring instruments,

Thus, in order to estimate the vertical
loads from the weight of the building and
their redistribution in the process of une-
ven settlinga of the base caused by the dis-
placement of the earth surface over the wor-
ked up apaceizion the head of each pile
within the 1 te of three compartments of
the buildings, 277 qtrinﬁed dynamometers had
been installed (Fig.l). iAbout 10% of the piles

Figel. Part of installation of stringed dy-
namometers upon the heads of piles of
the experimental houses in the Kara-~
ganda coal basin.

forming part of pile foundations of the buil-
dings were equipped with low-ohmed tensor—
meters to measure the exertion in various
sections of the piles and with stringed me-
ters of contact pressure in order to deter—



mine the side pressure of the soil upon the
piles. About 750 high-ohmed tensometrical
plates had been installed at the ties bet-
ween the steel frame works and the joint
ties of wall panels and overlapgings. Besides
thia, in order to investigate the interac-
tion of deformations of pile foundations and
the soil, a ocomplex mine geodesic surve{ins
observstion station ocomposed of 364 wal '
and 470 soil bench-marks, 850 photogrametri-
cal mark, etc. had been set up at their base.

Following the construotion, the coal-bed
New Kjg with a complete setting of the roof
haa been worked up under the experimenta
bulldings at a depth of the workings H=410m,
exocavated thickness of the coal vein m=l.,4m
and the angle of descent o =80,

Evoked by the mine workings,the process of
displacement of the earth surface on the plot
of the experimental bulldings is characte-
rized by the diagrams in Fig.2.
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Pig.2. The development of settings of foun-
dation (1) and the rate of their in-
tensification (2) on the plot of the
experimental houses in the process
of their working up

In the process of the construction and the
subsequent working up of the houses,the mag-
nitude of vertical and horizontal deformations
of the buildings and the soil at their bases,
exertions on various sections of the piles,
the forces of side pressure of the soll upon
the piles, longitudinal load upon the piles,
exertions in steel frame works tles, ferro-
conorete belts and joint ties between sepa-
rate constructions of the buildings,generali-
zation of the defarmation of the elevated
parts of the bulldings within the limits of
each storey,etc.were measured,

The information obtained,allowed us to
disclose Lhe character of work of pile foun=
dations above mine workings,consisting of
that equally with the longitudinal pressing
loads from the weight of the building and
the horizontal loads,applied at the corners
of the plles,the latﬁer experience simulta-
neously the exertion of additional longitu-
dinal locads resulting from the crooking of
bases and the exertions arising from the ocur-
ving of the piles under the influence of the
slde pressure of the displaocing soil, The phy-
8ico-mechanical and deformatory characteris-
tics of soil foundations in the process of

working up of the territory do not remain
constant, exerting vital influence upon the
tensed state of the 80il massive around the
piles and the carrying capacity of the piles.

On the basis of analytical and experimen-
tal investigations carried out,it became
poasible to construct a calculated model of
the system of "Pile foundation-deformed un-
der the influence of working up of the base",
in accordance with which the horizontal
strain on the pile can be determined in con-
formiti with the well-known determination
by Schleicher, applied to a quarter of line-
ar deformated sfsce, possessing a high plia=-
bi%ity, under side cutting into it of the
plle,

At the same time the experimental data
obtained permits us to consider that the
Piles are in their way a sort of shock-ab-
sorbers when transmitting strain coercion
from deformed base upon the tuilding, due
to which the damaie of the latter from ho-
rizontal deformations and uneven settlings
of beddings sharply diminishes. The latter
indicates the indisputable advantages of pi-
le foundations when building under specific
801l conditions and on territories above
mine workings,

It should be further noted,that the const-
ruction of bulldings of foundations,deformed
by underground mine workings, is an important
and pressing problem of today in many count-
ries and it would be expedient to discuss
the state of this problem att the next in
turn congress on the mechanics of the soils
and the foundation bulilding,

Chairman Prof.A.Kezdi
Thank you very much Mr.Klestchev; Prof.
Taseios, please.

Prof, Th.Tassios (Greece)

Following the suggestions of our General
Reporter of this theme (§ 5 of his report)
the present discussion comprises additionai
information concerning the design load and
deformational behaviour of vertical piles,
subjected to horizontal cyolic loading,

Twenty-four piles have horlzontally tested,
under various conditions, in fullscale.

The piles éFrankipiles,SZ'cm in diameter),
were driven (down to a depth of 10,00 m),
through soft silty and clayey material,ha-
ving an average coefficient of hor zon%al
reaction of the order of 0,3 kg/cm”.

On the basis of results of horizontal loa-
ding under various test-rates (Fig.l), a
considerable increase (of the order of 300%)
of bearing capacity of the pile 1s expected,
for a rate corresponding to an earthquake.

gn fact, by extrapolating to a value of
10° t/h approximately, one could find an
inorease of at least 300%. Nevertheless, cyc-
lic loading results in a reduction of the
critical value of load (i.e.the strength )
of the pile, of the order of magnitude of
50% in the case of our investigation,

Consequently,it remains a clear increase

Y568



of its usual value), corresponds to a per-
missible horizontal load twice as high as
the conventional static load.

Anyhow, further reductions of this allow-
able load are expected, due to the vibrati-
ns onal shearing of alluvia and the strength
— loosening of them, under earthquake loading
induced from the bedrock up to the alluvia
- — themselves. From this aspect, the remarkab-

ly complete method of seismic response of
— piles presented by Pralkash (paper 3,3l) at
He this Congress, should possibly be modified

- accordingly, in order to take into account
these relative movements of alluvia layers.
- = Finally, related to the necessary dynamio

computations, an average damping ratio equal
o p— o oo p— - to 4% have been found for various levels of
Rote of loading Vi(t/m) l(:giéfgz)xt.:al, fully reversible, loading
The order oi magxiitxe of thisldamp%ng,d
s . equals approximate 1f the values foun
Fig1: LimIt loads of horizontal by Agarwal (paper 3,2) and disgrams offersd
loading of vertical piles,as by Oteo (paper 3.285 at this Congress. This
a function of the rate of is probably due to the fact that, in our
loading: case onlg extreme values of deformation were
note&. underestimating the real area of each
HY =23 [1100 ], H',q- a.4fteg VW) 100pe
fo:r;ious]%,this i% a relat%{ely ne;lbrgnch "
o . O e prafession.Consequently,compilation o
f,’g :2:0353)1801;8222;"‘70%522%e:l;igg:m](.t:o 3/4 further dield data related to the horizontal
repeatitive loading of piles will be needed
in the near future,

(mm)

1p *

Fig 2: Hysteretic loops of horizontal
loading and un ioading cyc les
trom +6%, to 0!, to -6

Hmin =-61




Chairman Prof, A.Kezdi.

Thank you very much Prof.Tassios for your
interesting cantribution, The next contribu-~
tion will be in charge of Prof,Dinesh Mohan.

Prof.Dinesh Mohan (India)

I have hoard with great interest the remarks
of the General Reporter and I have also bene-
fitted greatly from the discussions that
have taken place on the subject of deep foun—
dations,

In spite of various advancements made in
the field of pile foundations over the last
four years we have still to find a suitable
answer to two maln problems (1) the settle-
ment of pile foundations in cohesionless
soils, and (2) bearing capacity of piles from
simple field or laboratory tests. Cumbersome
pile load test is still required,and here ag-
ain it is doubtful if load on a single pile
predicts the behaviour of a pile group which
support most of the heavy structures,

I will also like to take this opportunity
to briefly mention our work in India on mul-
ti~under-reamed piles which have been a deve~-
logment of single under-reamed piles origi-
nally designed by us for foundations in Indi-
an black cotton soils, which, as som of you
know, are very expansive in nature, These
plles are suitable for heavy structures,both
for sandy and clayey soils,and are very much
more economical than uniform large diameter
bored piles. They have also been successfully
used in foundations for electric Uransmission
line towers, microwave antenna towers. Recent-
ly we have used them in a sattelite tracking
tower foundation and also in hydraulic struc-
gur;o as anchor piles for a floor of a dry

OoC K,

A foew months back we carried out a load
test on a multi-under-reamed pile in clay-45
om shaft diameter,?,6 m long,with four bulbs
of 112 cws. The reaction was also obtained
through a framework anchored down to 12 doub-
le under-reamed batter piles. The pile took
a load of 300 tons and had not reached ulti-
mate when anchors yielded. This was against
an ultimate load of 320 tons worked out
from soll properties,

Under-reame gilea have thus come to be
used in a very large manner in India and a
very large economy has been effected in foun-
dations with their use. I will be glad to
furnish full details of oconstruction and de~
8ign to any one who is interested.

lThhnkins you Mr,Chairman,for giving me the
floor.

Chairman Prof.A.Kezdl.

Thank you very much Prof.Mohan for your inte~
resting cantribution., The next contribution
Eééi be in charge of Mr,Bartolomey of the

AJA,Bartolomey (USSR)

Dear Chairman,ladies and gentlemen,
colleagues}

It should be noted that general apealker
Professor Zeevaert's conclusion that the
further rising of the efficiency of deep
foundations 1s possible due to the calculae
tion of foundations on bearing capacity but
not on permissible deformation of construc-
tion is of an esceptional importance. The
detailed complex field test results of piles
soll interaction and settlements of diffe-
rent pile foundations. Accomplished by us
showed that when determining bearing capaci-
ty of pile foundations according to the ul-
timate permissible deformation of construc-
tiona and buildings, loads may be increased
by 20=50% but in some cases more than twlice
if grillage contacts with soil. (Bartolomey
1971,1972a).

Reiiable data are neaded on settlements
and their time dependence when designing
plle foundations on permissible deformatioms
of buildings and constructions,

On the grounds of experimental designing
of more than 20 bulildings taking into ac-
oount the ultimate allowable settlement,
settlement observation, the deformation of
these buildings,it 18 established that the
closest results between the predicted and
actual settlements of buildings are given by
the methods accoraing to the load depth and
the shgpe of its transmission along the la=-
teral surface and in the plane of the piles,
changing of soil characterlstics in the
result of the sinking of piles (Bartolomey,
1972b).

Fig.l shows the results of settlement ob-
servation of a ninestory building,the type
l=-p=44'7C~-25/65 and gives comparison of
time dependence of designed and real settle-
ments. The foundations were designed accor—
ding to the ultimate allowable settlements
of a tullding. It gave possibility to cut
piles twice. The allowable design load on
piles is 80 tons. The basic load on piles
according to the data of wmeasurements with
the help of tensometric hoops happened to
be of about 64 tons. #hen designing pile fo-
undation on the ultimate deformations the es=-
tablishment of modulus of deformation of
80ll inm active zone is of great importance.
Investigations accomplished by B,I.Dalmatov
El968§. N.M-Doroshkevitch and V.V.Znamenskey

1972) demonstrated that Bussinesco-Shleyhor
formula is of no use for determination of the
modulus of deformation under the pile founda-
tions as bthis formula does not take into
account the depth aof load and the character
of its transmission to the soll by piles.On
the basis of analytical solving of space and
plane problems and on the basis of using the
results of the static tests of piles,we sug-

gest the calculation formula of modulus of
deformation of soil under the pile foundati-
ons according to the character of the trans-
mission of the load along the lateral surfa-
ce of the piles and in the plane of the tip
of the pille and the phisico-chemical chan-
gings of the properties of soils in the re-
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Fig.l. Results Settlement Observations of nine-story bullding,the type 1=P=4470-25/65.

a) vertical section; b) plan of the foundation and the settlement of sings
settlements for the period of construction, -
observation; ¢) the chart of an average rate of the load on pile
gile aocording to the data of measurements with  the help

) the chart of settlement time dependence

actual load on
of tensometric hoops; ]
average and minimum settlement of singns,
settlement of foundation

sults of the sinking piles and the inorease
of settlements for a definite period of time
(Bartolomey,1972).

Now some words about the transitional coef-
ficiences as the result of static and dyna-
mlc sounding to the bearing capacity of piles.
From our polnt of view it 1s better to use
the results of group sounding or to use when
examining data of individual tests coetfici-
ences of mutual influence of piles according
to the length and distance between them as
the data of individual teats and sounding do
not refleot the real work 'of the piles in
the system of fouhdations,

The working out of more effective and well=
grounded methods of designing of the pile
Toundations on the ultimate permissible de-
formations of bulldings and constructions
demands reliable methods of determination
of the phisico-chemical propertie of soils

in the active 2zone,the solving problems on
”

the same for the peri od of
designed load,

ma ximum,
time dependence of the designed

. 8011 mechanics for the calculation of sett—

lements of pile foundation taking into ac-
count non-linear dependence between stresses
and deformation of soil medium,soil oreep,
filter fenomena,compression of void water,
the initial water table gradient,the trans-
mition of the .load along the lateral sur—
face and in the flane of the tip of the pi-
le. It gave poseibility to cut down expen—
ses when designing pile foundations, -
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Chairmman Prof.i.Kezdi.

Thank you Mr,Bartolomey.

In closing this session I want to call on
Prof.Zeevaert to make concluding remarks.

Prof.Zeevaert L, (Mexico)

Ladies and Gentlemen}

Concerning concluding remarks on the topics
for discussion,I may s that our colleagues
today,have submitted valuable contributions
to Session % regardless of the short time gi-
ven for their reports on bhe acvepled Lopica
proposed in my General Report. )

I think,that in spite of the excellent in-
vestigations reported on negative skin fric-
tion using coatings of different materials
it is still necessary to classify the results
of tests pertormed to fined in the laboratory
the soil-coating friction coefficients and
techniques,for different types of coatingse.
It is also important to investigate the time

element and driving effects for different coa-

ting products that may be used economically.
Negative friction forcys may reach high pro-
portions if the coatling fails to work as ex-
pected, .

There are still several uncertainties in
the use of bearing capaclity factors in deep

‘oundations when the pile or pier base is sup-

ported on soil showing compressibility. The
compressibility under the pile tip has a two
fold action: first,to reduce the angle of in-
ternal friction and,second,to shorten the
length of the poteantial surface of rupture
under the pile point,.Thus,the bearing capaci-
ty factors may be considerably reduced,

The cone standard penetration tests results

92

to determine point bearing and lateral skin
friction,are proposed to be affeoted by cor-
relating factors for different soils.However
further investigations are necessary to
to establish fixed values. It is my personal
impression that this procedure has good pos-—
pibilities for areas with well defined sub-
s0il conditlons. is one may visuallize,the
correcting factors may be different for the
same relative density soils having different
confining conditions,and grain strength and
shape, as volcanic giaases,high content mica
solls @ coral sands,etc.

The method of construction of open caisaons
and trench walls using thyxotroplc clay ja=-
ckets offers a very valuable tool for the so-
lution of foundation probloms,from oompapa-
ted foundations in deep compressible soil
deposits,to those encountered when the bea-

ring stratum 18 not deep seated. These methods

may provide economiocal solutions in speocifie
cases, They should be better known and en-
couraged.

Finally,it appears that the only means in
the present to solve problems connected with
environmental forces,is t0 leam as precise
as possible, on the static and dynamical me-
chanical properties of the subsoil materials
for the different soil strata encountered
affecting the foundation design.

One the problem is diagnosed,and soil me-
chanical properties known, theoretical wor-
king assumptions may be established compa-
tible with the statice and deformational
behavior of the problem in question.

I wish to end stating that future field
tests and meawurements and their correlation
with calculations,based on working hypothesis
using well determined mechanical soil para-
meters,as discussed in Session 1, will bring
us closer to a better understanding in the
economical and practical design of deep foun-
dations. I thank you very much,

Wrilbten contributions

Prof.Toheng Yo CoE.BeTWPo
Eng. Bolle G. .SOP. I.E.Bat

FONDATIONS PROFONDES Y COMPRIS FONDATIONS
SUR PIEUX

Notre intervention porte sur un procede
particulier de fondation profonde. Il s'agit
des tubes creux mis en oeuvre par battage
sans obturation a leur base,

Dans la premiere partie nous preseantons les
resultats d'essais en semi-grandeur dans une
Station d*'Essais,et ensuite,nous citerons
les travaux reallses a 1'aide de ce procede.

a) Experience:

Nous avons rempli soigneusement a 1'aide
de sable une cuve de 6.40 m de diametre et
de 10,40m de profondeur.

La compacite du sable etait rigouregseme t
constante; elle etait egale a l.41 107 N/m

Nous avons introduit dans ce milieu un
certain nombre de tubes ouverts dont les ca=-

Paris,France
{gnolle, C.I.T.Reds



racteristiques sont les sulvantes: CONCLUSION:

Diametre exterieur en om:
Les experiences en laboratoire et les

26,7; 21,65 10; 6; 4. observations faites lors des travaux sur
Diametre interieur en cm: ghg:étier ont bfou.rni doairesultata tout a
. . J ait comparables. Lee pleux creux posse-
25,4; 16,4; 6,8; 3,93; 1,96. dent pratiquement le mgmo pouvolr gorta.nt
Sur le graphique ci-jotnt nouws pouvons que celui des pleux pleins pour les dimensi-
constater que,avec les dimensions de tubes on8 etudiess, sous reserve que le bouchon
utilisess et dans les conditions particuli- interieur soit stabllise lars de la mise en

eres de l'experience le pouvoir portant d'un oOeuvre.
pleu creux est absolument identique a celui Ce procede est appele a un avenir pramett-
d'un pieu de meme diametre muni d'une pointe eur car il presente des avantages du point
fermee a sa base. Cette observation n'es evi- de vue economigque et de la facilite de mise
demment valable que pour les dimensiona des en oeuvre.
pleux utilises. On constate qu'au fur et a H
mesure du fongage des pleux il se forme un
bouchon a l'interieur de ces derniers. La
hauteur de ce bouohan croit d'abord lineai-
rement a partir de la surface Jjusqu'a une
certaine profondeur au-dela de laquelle elle
reste constante,Ce bouchon compense donc ef-
ficacement 1'absence de la pointe.

b) Travaux executes:

Les pieux tubulaires utilises pour la cons
truotion d'ouvrages,en general maritimes,sont
rattaches a deux types mrincipaux:

1%- tuxs metalliques
2 = tubes en beton precontraint,prefabri-

ques par elements. ’ — T avec poinidpieu de 216 mm)
Les chantiers executes avec le premier

sans pointe(pey de 216 mm)

type de pieux sont nombreux et nous ne les T~ —.—sans pointe(pi

detaillerons pas. 2 \ pantelpieu de 267mmi
Les principaux chantiers executes par notre N

Societe,avec le‘second type de pieux sont 3 \

les suivants: E

~ Quai a TANDJUNG FRIOK (Port de Jakarta) 4§ .
-Indonesie-et M

-Quai a SEMARANG (Indonesie) ou le terrain ~
est constitue par 24m de vase surmontent une 3 *
argile plus consistante,

-Qual a BANJERMASIN (Indone®mie) ou ltan &)
rencontre une couche de sable suffisamment
epaisse vers 32m de profondeur sous la vase 5

Pour ces trois ouvrages les pieux sont des resistance lotale en bars
tubes de diametre 70/90cm battus. ] 0

-Quai mineralier a SETE (France)

Cet ouvrage est fonde sur des pleux tubes
de 80/110cm de diametre et 27m de long bat-
tus ave¢ un marteau D 44 vers 26m de profon-
deur, Ils sont anores d'environ 6m dans des
marnes calcaires,

Dans le cas des ouvrages de SEMARMANG et
surtout de SETE, la force portante des pieux
tubulaires,comparee a celle d'un pieu plein
equivalent a ete etudiee theoriquement puis
controlee par des essals de charge en gran-
deur, sur le chantier. A SETE, les charges
appllquees ont atteint 460 tonnes.Nous avons
constate que la hauteur du bouchon reste
constante a partir d'une hauter de 15 a 16
fois le diametre interiesur du tube; la force
portante est alors equivalente a celle d'un
Bieu plein (voir Annales I,Te¢B.T.P.n® 290~

evrier 1972-BOLIE et CASSAN),

D'autre part,des essais faits a SEMARANG
avec des pieux de meme dlametre a pointe ou-
verte et avec sabot conique ont confirme la
plus grande facilite de mise en place des
premiers,

enfoncement n
/
/ -




