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the settlement ratios for the subsoil conditions on which these
buildings ore founded. Finally, Klein reports the influence
of roughness at trre pile shaft and volume displacement on the
load capacity. He also reaches conclusions to estimate the
skin friction for which he proposes a formula.

1.7.- LADANYI (Canada), proposes a theory to estimate the
bearing capacity factor N¢ in sensitive clays taking into con-
sideration the stress- strain behavior of the clay, namely: he
considers important to take into consideration the peak and re
sidual shear strength values of the soil. He Ffinds from the re=
sults of this theory in sensitive clay interesting conclusions,
He proposes to reduce the value of N¢ os a function of the
ratio of residual shear sirength to the peak value, and also
considering the strain- strain characteristics of the soil. To
apply this theory, it will be necessary to determine the shear -
strain behavior and ultimate shear strength properties of the
soil in good undisturbed block samples of the clay.

1.8.- GRESILLON, FORAY, PENCH AND TERRIEZ (France),
propose a semi- empirical method to calculate the ultimate
load of a pile in uniform sand deposits. They based their cal-
culations on abservational results of model test piles, and on
the basis that beyond certain dapth no further increase takes
place on the ultimate point resistance, also on the basis that
the skin friction for unit surface reaches a limiting value for
important depths. They take into account the compressibility
of the soil on the basis of the relative density. They recom-
mend from their investigations, to use Figs. 1 and 2 in their
paper, to find in a uniform sand, the relation between relative
denslty, the angle of internal friction and soil density, reach-
ing to a critical contining pressure considered in their calcu-
lation to determine the point bearing capacity of piles in sand.

1.9.- TOHENG AND PANET (France), report the results of ¢
test in a group of ptles. The tests consisted in pushing a group
of 5 model piles from sand of the Loire, and measuring indi-
vidually the point resistance of each pile as a function of the
depth of penetration. The penetration of the group was per-
formed at constant rate of vertical displacement. The authors
reached interesting conclusions, stating that the spacement of
the piles on their individual loads is important except when
the pile diameter exceeds seven diameters. For close spacing
the group acts as a single element of larger diameter, it is
also concluded that for spacing below 7 diameters the point
resistance is greater than that obtained for an isolated pile.

1.10.- SHERMAN (U. S, A.), The author reports the investi-
gation performed on instrumented piles used to support two
monolithic foundations. The monoliths were supported on bat-
tered piles driven through a stratum about 4 m thick in fine

to medium sand, the end bearing was obtained in stiff clay
interbedded with very dense silt and fine sand strata, in which
they reached a penetration of 6 m. The observational results
showed that practically all the net load was carried by the
piles, a small fraction on the order of 5% was carried at the
soil surface. Furthermore, it was found that the loads on the
piles did not show a planar distribution as usually assumed in
design. The load on the piles showed higher at the outer piles
than those at the center. Undoubtedly, this pile load distri-
bution was obtained because of the monolithic rigid action of
the foundation.
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-1,15.=-GREGESSEN, AAS AND DIBIAGIO (Norway).

1. 11.- GRIGORIAN AND IVANOV, (USSR). The authors
performed extensive field investigations of piles driven in
loess soils, reaching the conclusion that the best method to
install piles in loessial soils is to jet down tube- like concrete
The General Reporter recommends to see the figures

iles.
included in the paper showing the pile design.

1.12.- BUTTERFIELD AND JOHNSTON (England), report the
results of field tests on a model pile 10 ems in diameter and 4
m long, driven in London Clay overlaid by 2 m gravel pre-~
viously excavated in a trench 2 x 2 m. The piles and soil
were instrumented to measure the stresses induced when load-
ing the piles. The measurements were performed during con-
tinuously jacking the piles into the soil, and also exiracting
them. The interpretation of their results was performed on the
basis of the undrained shear strength profile of the soil. How-
ever, they had to take into account small angles of internal
friction in their interpretation. The shear stresses and total
radial stresses during the process of the tests were measured.

1.13.- BEGEMANN, H.K.S. (Holland). The author reports
the results of |oad|ng ancfpullmg quick tests performed on |- -

‘peam piles,Thé author reached the conclusion
that the frictiona orce upon loading an
ulll a single pile 18 appr u-
al,and no recovery o oads was observ
a_f'ber two months rest period.The results are
;compared with the penetration cone device,
‘where the cone and frictional resistance were
‘determined separately,Finally,the author of-
fers in his paper a number of remarks for the
iggerpretation and the use of this type &€
pile.
1.14.- CHIN AND VAIL (Malaysia), report a set of simple
tests performed on precast concrete piles of
50 to 9C feet long driven in alluvium soils .
of high compressibility.They performed pulling
and loading carrying capacity tests.From the
pulling test they determine the skin frictionm.
From tests left to rest up _to 116
drivioz,ne bardenine effects wmere discovered.
They reached interesting conclusions for thias
type of tests,and establish the load-settlem—
ent behavior observed. in the piles under tens-
_ion and compression.

|
the '
authors report mtereshng results of an investigation performed
in reinforced concrete piles driven in homogeneous loose

sand. The piles were constroated in 8 m long sections instru=
mented and calibrated before driving. The sections were con
nected to make 16 m long piles, The authors were able to ~
measure the skin friction and total load capacity. From their
observations, they found that considerable negative skin fric-
tion developed after pile driving. The load transfer at the
upper part of the piles was small. The bearing capacity was
found to increase linearly with the pile length embedment in
the homogeneous loose sand deposit. They report na signi-
ficant difference in the bearing capacity for a cylindrical

and cone pile of equal length and tip diameter.

1.16.- TROGOL, E. (Turkey), reports tests on natural size
piles 52.8 cms diameter, and 28 to 30 m length driven into
the sea bottom. The subsoil consisted of an upper stratum of
soft, organic and highly plastic silts and clays 6 m thick, fol-
lowed by a series of deposits of low plasticity silty, sandy

silt and gravel underlain by a deep bed of stiff clay with
dense sand- grave! lenses. Some piles were left with their
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‘point one meter above the hard stratum and others permitted
to penetrate into it.Pulling tests were carri-!’
ed out in the first piles to determine. skin-
friction.The author finds good agreement of
the measured pulling force with calculations
.lf;rom a formula he proposes.Hawever,the point

arin

capacity values found were not in good
agreement with co%ute values us:.n% iffe-
rent concepts o e ea;_'ln% cagacl y factors
he discrepancles are attribute o the ne-
cessity of assessing more accurate investiga-
fions of the soil mechanical properties to
be used in the calculations.
i.7.- SHIVASTAVA 'S. P, (India), reports a theoretical
‘analysis of a pile group subjected to vertical and lateral
loads, assuming the piles forming a structural frame and eva-
luating the stress— displacement behavior using Mindlin's solu-
tion for a point load acting in the isotropic infinite elastic
solid. e modulus of elasticity of the soil was assumed in~-
creasing linearly with depth. From field tests on one instru-
mented pile of a group of 9 piles, the author compares results
with_the theoretical analysis. The author reports comparable
results, when the soil parameters are properly assessed, and
when the load imposed gn. the piles induce stresses in the

ground not larger than one third of the ulti-
mate values,

1.18.-"BROMS AND HILL (Sweden)s The authors report an
interesting investigation on long Raymond step- taper piles
made of corrugated steel, constructed in sections 3.6 m long
welded together. The piles were driven with a mandrel with
.the same shape of the shell. The piles had to support Tower
ioundations with very critical tilting spe;ificaﬁons(]/ 1000).
,The subsoil conditions consisted of series of |
deposits of fine non-cohesive materials with
standard penetration resistance increasing
with depth.At the upper part of the deposit
to about 10m depth up to 50 blows/ft were obt-
ained,from 10 to 40m,the minimum standard pe-
netration was of 50 blows/ft,increasing c¢con-
.giderably after 40m depth.The test piles were
inatrumented to investigate point resistance
and skin friction.Pre-drilling was used to
install the piles using circulating water and
bentonite slurry,The authars reached the con-
clusion that a very small vertical displace-
ment mobilized the skin friction, in contrast
with considerably larger displacements neces—
sary to mobilize the maximum point reslstance.
The piles installed using bentonlte SIurry as
a circulating flu showed an appreciable re-—

duction in the skin friction resistance,
e e e SO Te S OLaAN00.

2, BEHAVIOR OF LATERAL LOAD ON PILES, STATIC AND
DYNAMIC

2.1.- ADAMS AND RDHAKRISHNA (Conada). The authors
report tests to investigate the lateral soil stress distribution,
deflections and coefficients of subgrade reaction for rigid pier
foundations subjected to overturning moments. The tests were
performed with instrumented model piers up to 4 inches dia-
meter and 20 inches long, embedded in uniform silica sand in
the loose and dense states, respectively. A field test was
performed on a three feet diameter instrumented pier in the
same manner as the model tests. The authors found from their
experiments that the elastic theory using the numerical me-
thod of ®"coefficient of subgrade reaction®” overestimates the
lateral displacements and rotation of the pier. On the other
hand, the ultimate capacity induced by the overturning mo-
ment was found in reasonable agreement with the earth pres-
sure theory. A method to predict deflections below ultimate
98

conditions is indicated considering the soil mass as a layered
system, and giving to each layer its corresponding modulus of
reaction based on the geometrical dimensions of the pier and
stress level expected, considering non=- linearity in soil be-
havior.

2,2.- FRANKE, E. (Germany). The author states that in order
to obtain reliable results on the behavior of laterally loaded
piles, the best procedure is to perform natural scale tests in
situ. He suggests to perform tests in three piles embedded at
different lengths in the soil mass. This procedure will permit
to know the critical embedment, and the pile configuration
under the lateral loading conditions applied at the pile head.
The piles should be instrumented and the lateral displace ~
ments and rotation at the pile cap are measured as the load is
applied. The pile load should not be greater than 1.5 of the
expected working lateral load, The test is performed with
static loading and alternating or repeating loads as the case
may be. The tests should include the time element to deter-
mine the creep effect under sustained loading. From the
analysis of the tests results, differentiation may be made, and

theoretical calculations are perfomed adjus—
ting the foundation moduli for the soll layers
ncouantered until reement 1s met with the
ﬁi uration pille curve observed in the pile
Tests.The metho

i1s illustrated in the paper.

2.3_- KHADILKAR AND COLLABORATORS (India). report a

theoretical investigation for piles subjected
to lateral loads with different embedments in
a stiff stratum underlying an upper soft soil

deposit.Dimensionless parameters are used
changrng frie ratio ot piie stittnéss and soil rigidity, also the

relative rigidity of the two soil media where the piles are sup
posed to be driven.The analysis is based on
the theory of "coefficients of subgrade reac-
tion" using the orthodox differential equation
of bending of beams on elastic supportss
2.4.- PRAKASH, S. (India). The author reports a dynamic
investigation on a Franki pile 40 cms diameter and 28 m long,
driven through a deposit of clay with a tnickness of 23 m, and
average unconfined compressive strength ot 0.32 Kg/em .
The tip of the pile was driven inte a dense sand stratum. The
pile was toraed to vibrate with an oscillator. The dynamic
response of the pile was recorded at the pile head. The
author reports the amplitudes obtained against the frequency
of vibration imposed to the pile. Using the elastic bean
theory and the concept of the modulus of subgrade reaction,
he develops a theory to calculate the behavior of the pile
under such conditions, determining the vibration mode shapes
of the pile.
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2.5.- AGARWAL, S. L. (India), reports the results of a
study of dynamic laterally loaded small model piles. The
piles were embedded in modelled and real clay. From theo-
retical considerations using Winkler's spring beam theory and
introducing damping, theoretical results were obtained and
compared with the results obtained from the tests. The author
reports fair agreement between theory and results obtained
from model tests.

2.6.- BOTEA, E, AND COLLABORATORS (Romania). The
authors report extensive test results carried on instrumented

piles up to 1.27 m diameter. The piles were placed in asilt
and clayey silt deposit and also in series of deposits of fine
and medium sand. The results of the tests are compared with
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values computed on the basis of Winkler's theory and using & j

Soil modulus increasing linearly with depth;
the authors found reasonable good agreement
between measurements and computations,thus
confirming the validity of the assumptions
made.They found also that the value of the
"coefficient of subgrade reaction"used dec-—
creases as the pile deflection increases
due to the non linear behavior of the soil
and concrete of the pile, The author report
that the values of the "coefficient of sub-
grade reaction" agree close with those re-
commended by Terzaghi (1955). Finally, they propose an

empirical method to calculate the conventional depth of em-.

bedment of the pile. Tables are proposed with tentative
values for the embedment in loose, medium and dense sands
for different values of the moment of inertia of the pile.

2.7.- OTEQ, C. (Spain). The author reports the results of
an investigation performed on model piles 0.8 cm diameter
and 28 cms long. The model piles were placed in groups of

3 x 3 piles with different soacings in loose to dense sand. The

plle groups were subjected to aiternative la- _
teral forces up to several cycles.They obser—
ved that when the soil was in a loose state,
a depression at the surface was formed,and
settlement of the pile group took place,The
authars propose a set of practical rules for
the design of such structures,based also on
observations perfarmed in connection with va-
rious dolphines constructed in the harbor of
Ta Coruna,Spain. .
3. LARGE DIAMETER SPECIAL PILES, CAISSONS

3.).- BOLOGNESI AND MORETTO (Argentina). The
authors describe an 1nterest1ng constvruction
method of large diameter caissons to suppart °
bridge piers at the Parana River,to incease
the bearing capacity and reduce settlem.ants.
To achieve this purpose,they used grauting
under high pressures at the base of the pier.
The shaft of the pier is constructed using a
reinforcing shell lowered by boring through
it.The preloading cell with the form of a ba-
squet filled with coarse gravel, is lowe-
red at the time the relnfqrclng steel is
placed.After confining properly the cell,the
gravel basquet is grouted under high I.ressu-
res, thus preloading and compacting the soil
‘at the bearlng stratum,Thereafter,the core of
the pile is filled with concrete.The authors
|obtained important results showing that

using this construction method higher bearing
capacity m e _obtaine the gettlemen
of the pier supported on the bearing stratum
Ts minimized.

3.2.- DIAMANTL, R. (ltaly). The author describes a de1
tailed method to install large diameter piles, from 1to 1.8
m diameter. The large diameter piles were constructed un-
der water for the supports of the bridge tower at the Parana
River in Argentina. The subsoil conditions are water laid
medium and fine sands increasing their density with depth.
The casing was placed with precast concrete elements 7 m
long driven with a casing machine and using bentonite

slurry mud to reduce side friction. At the bottom a steel
cage with gravel was lowered to be used as a preloading
cell, thereafter the cell was grouted under high pressure.
The space between soil and casing was also grouted to deve-
lop side friction before subjecting the base to high pressures.
The authors report very satisfactory results as the bearing
capacity of the caisson was increased, and the settlements
reduced,
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3.3.- GOLOMBEK, S. (Brazil). The author describes the
construction of unusually Tong piles of 1.5 m diameter and 70
m long used for bridge supports. They were achieved driving
a reinforced steel casing with a thickness of 1/4" at the upper
part and 1/2" in the lower part, The driving was performed
using in the upper part earth augers assisted by hammers up to
the Delmag D- 22, to introduce the piles throughout a series
of deposits 20 m thick of loose to dense sand interbedded with
thin clay strata. The sand increased its density with depth.
The driving followed into a 40 m thick deposit of very soft or-
ganic silty clay with fine sand overlying weathered sandstone.
In the weathered sandstone, the casing was excavated drilling
about 15 m until reaching sound rock at a depth of 70 m. The
stability of the hole was achieved using bentonite slurry. The
author explains in the paper all the handicaps that had to be
overcome in the construction of this unusual very deen

. foundation.

3.4,-REESE, O'NEILL AND TOUMA, (U.5.A.). The

avthors report an_interesting study of load transfer_in bored __
piles of 75- 90 cms diameter and 13 to 20 m long. The piles
were_constructed in a stiff clay deposit underlain by a water-
bearing sand stratum.The piles were installed
by the slurry method,drilling and casing thr-
ough the stiff clay and then wusing fluid ben-
tonite to stabilize the hole in the water bear-
ing sand.The bentonite slurry was kept to ab-
out 2m above the ground surface to obtain suf-
ficient pressure to avoid caving.The concretd
was placed by the "Tremie'" method,The finishel
pile was extended to certain height abore the .
ground surface to assure that the pile up to
the required elevation was no more contamina-
ted with bentonite in its upper portion.The
measurements an this instrumented pile showed
interesting canclusions,The authars found that
the side friction for the bored piles in stiff
clay imstalled by the sSlurry method,is compa-
rable with those cast by the dry techm.que.
They state that by examination of the m terial
at the interface of soil and pile showed a sta
bilized coating of sand,thus the natural
strength of the soil at the pile shaft prevai-
led.Small displacements on the order aof O.4

to O.5cm mobilized the shear strength in the
stiff clay,and on the order of 0.5 to l.0cm

in the san& deposits.The authors reached the
canclusion that in bored piles using the slu-
rry displacement method

the point resistancs
1s greatly reduced because o? the entrapment
JE 80IT material at the Lip of the plle. )
4. ANCHORED PLATES AND PILES
4,1.- MEYERHOF, G. G. (Canada). The author reports the -

results of an extensive investigation on mode! and field tests
of shallow and deep anchored plates and piles performed in
clays and sands. The anchors were subjected to inclined pul-
ling loads varying from the vertical to the horizontal position.
The author proposes a theory, and formulae based on uplift
coefficients to-estimate the ultimate pulling capacity of these
elements, for clay and sand soils, The investigation showed
that the uplift coefficients change with the inclination of the
pulling load increasing to a maximum value when the pull is
exerted in the horizontal direction. The inclination of the
pull becomes less important with the anchor depth. Most in-
teresting conclusion stated by the author is that: ™for similar
soil conditions and given pull inclination ---- the correspond

ing uplift capacity increases as the inclination of the anchor
plates or pile increases from the verfical direction™.
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4.2.- NUNES, A, J, AND COLLABORATORS (Brazil),re- field driven piles of 30 x 30 cms cross section and lengths up
port the use of pre-stressed anchorages suc- to 6 and 8 m, The authors using a special device were able
cessfully used in numerous jobs,elther in to investigate separately skin friction and point bearing and
rook or soils.The authors reach interesting reached interesting conclusions from their results. The

conclusions,and propose recommendations for
the proper behavior under the pulling loads,
in connection with methods of construction.

authors propose formulae and coefficients to be used in them
to account for deviations obtained from the static penetration

tests, and for different types of soils where the test piles were

4.3.- HARMA AND SPARLES (England), describe the test re- invesfigated.

sults of circulor anchored plates tested in the laboratory in

homogeneous normally consolidated sond. The authors propo- The authors propose a formula for the bearing capacity of a
se an interesting method to obtgin more pylling force and less strip pile foundation based on ultimate settlements, taking
vertical displacements. They achieve these results pre-stress into consideration the soil density, including also in the theo
ing strongly the sand between a deep dead anchor plate and retical analysis the creep phenomena. From pile tests, they
another surface plate jacked down strongly against the soil sur: determine the proper parameters for similar subsoil type con-
face, and fixed strongly to the lower plate by means of a ri- ditions and different pile lengths. To calculate settlements
gid steel shoft, This effect produces high lateral compression of this type of foundations, they use the two- dimensional

on the surrounding soil forming a highly compressed sand cy- primary consolidation theory, and propose tables to calculate
linder. They find that the pre- loading has a significant ef- settlements in saturated soils.

fect on the ultimate pulling force and vertical displacements

aof the_anchars, _ln their_investigatian, they have also inclu= 5.3, - TROFIMENKQV, Ju.G. AND COLLABORATORS

ded the relaxation that may be expected after pre- stressing {(USSR) . The authors report tests performed on different

the sand cvlinder betwaen both plates. .ypes of piled foundations. They explain methods developed

to solve either empiricalg or theoretically
4.4,PODSTADLO,H. (Poland )presents a method tode- the problems on skin frictlon and polnt bea-

i i T i . ring capacity from the study of a large num-
termine the ultimate bearing capacity of anchor plates in ber of Pield tosts.The authors investigated

groups. The author investigated the influence of spacing and skin friction and point bearing capacity in
depth, and developed a theory to calculate the effort to mo- relation with the results of cone penetration
bilize the ultimate pulling forces. He proposes a formula tests;they found important deviations,conse-
based on the weight of soil above the plate and depth at /quently,they propose a load capacity formula
which the plates are buried, the geometry of the plat d based on the cone penetration test informmati-
. ’ 9 y of the plate, an on using varlable correction factors to the
the angle af internal friction in cohesion- point cone resistance and to the shaft frio-
less salls.To verify the formula proposed, tion,obtained by means of this pemetration
the author performed model tests in which test device.With this improvement,they f£ind
fairly good agreement was obtained, better agreement with fleld loading tests.
5. PILE DRIVING,PENETRATION TESTS .The authors propose a dymamic formula inclu-

ding a number of factors and coefficlents to
take into consideration all possible influen-

5.1,- FAWCETT, A, [Enpland,, reports an extensive stutly ces affecting driving,The authors report tesu
from results obtained in the use of resonant pile driving ham- for piles with enlarged points to increase
mers. Several jobs were selected by the author to perform point bearing in weak solls,proposing a for-

this investigation in subsoil conditions from sand to gravelly 1:2;2:;{12&5 type of plles,also in case of

soils and clays. The results were studied in conjunction with

parameters of shear strength, relative density and rate of pe- The guthors ipwestigated the behavior of bored piles in clayes,
netration. The author reaches interesting conclusions from collapsible and weak soils with enlarged bases, Investiga-
this statistical study, stating that the performance of the tions were performed installing loading cells to measure dis-
machine is closely related to the nature of the soil conditions; placement along the pile length. In loess deposits, the tests
relative density, diameter, weight and length of pile. He were performed under natural moisfure.soil conditions and
concludes that well graded sand close to its maximum rela- also with saturated soil. They reached interesting conclu-
tive density is very hard to penetrate. On the other hand, sions in this type of soils, stating that frictian forces may
the piles may be driven with the resonant pile driver with re- develop already under settlements on the order of 0.2 - 0.1
lative easiness in sand or gravelly soils with Toose to medium cm, They conclude these displacements are compatible with
density. The author proposes limiting values of grain size the elastic compression of the soil and pile shaft. They pro-
and uniformity coefficients in cohesionless soils, For pile pose a formula aoffected by empirical coefficients to calcu-
diameter spacings of 3D, no special difficulties may be en- late the load capacity of bored piles. They found the pro-
countered. He concludes that the resonant pile driving ham- posed formula corresponds closely to the test results.
mers offer more advantages than other vibratory hammers in
cohesive granular soils, but their efficiency is seriously re- 5.4.- WISEMAN, ZEITLEN AND COLLABORATORS
duced in stiff clays and well graded sand of high relative (Isrcel), report the test results of a study performed during
density. the installation of a great number of piles of various lengths
from 18 to 35 m, some driven to end bearing in sand, others
5.2.- GRUTEMAN, BARTOLOMEY AND COLLABORATORS into a stiff pre- consolidated clay. The piles were used for
(USSR}, The authors have performed tests to investigate the pier construction and driven from a dredge line at 12 m
bearing capacity of piles in relation with penetration tests. depth below the sea level. The piles were jetted and driven
Test piles up to 27.3 ams diameter were used, as well as to end bearing using different types of hammers. The
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heaviest hammer used was the Delmag 44, with which they

were able to reach the highest penetration.
The paper describes the experience gained in
the perfomance of the different hammers used.
The authors compared the numerous loading
pile tests with the dypamic formulae they
propose.They indicate in their conclusions
that invariably the failure loads obtained

from the dynamic formulae overestimated in
about 50% tge E%Ie Zoags in comparison WlE%
results o ned from the loading pile tests.
5.5.- YOSHINARI AND SAKGUCHI (Japan), report a study
on a great number of driven piles. The authors found that the
point resistance is a function of the method to install the pile.
They also conclude that the point bearing capacity of a pile
may be estimated from the (N) values of the soil surrounding

the pile tip. The authors propose a formula for practical use
to estimate the bearing capacity.

6. EARTH PRESSURE ON RIGID FOUNDATION WALLS

6;].- (;ZARNOTA AND RYMSA (Poland), discuss the use of

arfferent rormulae that have been applied in
the past to calculate the horizontal stres-—
ses inducédd by strip footings loads on rigid
retaining walls of deep foundations.The au-
thors oompared their results with model re-
search,They reached the conclusion that the
stresses on a riglid wall structure limiting

a 80il medium because of neighboring founda-
tione remain so far theoretically unsolved,
The horizontal stresses depend on the mecha-
nical properties of the so0il medium,Therefore,
there i8 need of more comprehensive research
under different soil conditions to find better
correlations,in cannection with the proper
s80il parameters.

6+2.~JOSKE AND PRZEDEGCKI,(Poland).The authors

report a theoretical analysis to find the

possibility of earrelating a kinematical so-

lution to that of the Rankine assumption for

the pressures exerted an retaining walls,on

the basis that the soil suffers negl:lsibie

changes in volume during the motion of the
.retaining wall. From their theoretical considerations, they
calculate the pressure distribution on the wall, and find simi-
lar results from large scale model tests, They conclude that
the solution based on kinematical considerations gives smaller
pressures on the wall than those obtained using the Rankine
Theory. Apparently, the wall friction was not included in
their theoretical assumptions.

7. SETTLEMENT OF BUILDINGS ON PILE FOUNDATIONS

7.1.- VAN DER VEEN AND HORVAT (Holland), report in-
teresting observations and loading tests measurements for the
foundation of a building. The results obtained from end bear-
ing loading tests driven into sand deposits overlain by soft

soil are compored with penetration tests results. For many
years in Holland, great practical experience has been gained
in the use of the cone penetration test with very satisfactory
results to decide on side skin friction, and point bearing
capacity to be assigned to the piles. The authors state, how-
ever, that using the cone penefration tests, the predicted
settlements have not still come to the point of obtaining satis-
factory results. Settlement estimates usually have to be
acertained by the experience of the foundation engineer . The
authors state in their conclusions to have obtained, however,
tolerable settlements for the structure. Most of the settle-
ment occured during the construction period. For the build- 01

ing investigated, the observed settlemenis showed two times
larger than those obtained on single piles for equal loads,

The authors report interesting results on coated piles with a 1
cm thick bitumen layer, obtaining a considerably reduction in
the negative skin friction in the upper soft and compressible
soil layers overlying the bearing stratum.

7.2,-DIAZ, B. E. (Brazil). The author offers an interesting
numerical method that may be used in a computer program, tc
solve the problem of vertical and horizontal displacements,
and soil reactions of pile groups. The method is based on
elasticity considerations of the soil. The group of piles are
assumed fixed at their heads with a rigid slab.

7.3.- HLAVACEK AND PETRASCK (Czechoslovakia), report
settlement observations for several buildings. Their results
give measured settlements versus calculated settlements. A
Table with conclusions is given showing the average settle-
ment ratios for the subsoil conditions on which these buildings
are founded.

COMMENTS AND CONCLUSIONS

found a great step forward in the understan-
ding of the behavfor of deep foundations sin-
ce the last International Canference .The en=
glneering profession appears to have been
aware in the last years to investigate the
answers to these problems, mostly under field
sonditions. Pleld investigations are expensive,
but the reward is always profitable because of
the mowledge acquired,and the ability to dia-
gnose the problems better.This effort is tran-~-
slated in economy,mostly in large and medium
size Jobs.Therefore,proper investigations on
the s0il mechanical properties in conjunction
with well planned programs of tests in the fi-
eld should be continued and highly encouraged.

The laboratory investigations carried on in s
small and medium size model piles,pile groups
and pier-like structures are important,since
the academic wark is always instructive todis-
cover under ideal conditions, the trend of the behavior to be

expected in the field, and be able to have the basis to cali-
brate theories and laboratory findings with field behavior.
Most profitable is when compoarisons are performed following
as close as possible, those aspects of behavior that may fol-
low similitude laws between model and prototype. The time
element is extremely important to consider in cases of imper-
vious soils; the granulometry and grains shape, relative den-
sity and uniformity in case of cohesionless soils. The mass
forces are important when correlating model tests with field
conditions.

The papers dealing with friction have yielded interesting con-
clusions. In general, it has been found that negative skin
friction may be estimated with reasonable accuracy for single
pile tests; however, the main concern has been to reduce these
forces fo gain economy in pile foundation design. This phe-
nomenon is present when point bearing piles are driven through
consolidating soft layers. It is agreed, in general, that the
use of coatings with bitumen or bentonite, reduces the nega-
tive skin friction considerably; however, no established va-
Jues can be given because of the different methods employed.
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So far it appears that the reduction in nega-
tive skin friction is a matter of specific in-
vestigations,and procedures accarding to the
individual experience gained in natural pile
tests from observations performed by investi-
gators in different countries,Laboratory in-
vestigations with different coating materials
and application techniques appear to be neces-

in large diameter pre- bored piles, the use of grouting under
high pressure to enlarge the base and compact the soil at the
bearing stratum has proved satisfactory to increase point bear-
ing capacity and reduce vertical displacements. The special
technique described by BOLOGNESI, MORETTO and
DIAMANTI may be used in pre- bored piles or piers. In pre-

sary to establish definite correlations with
field tests,to determine in advance by means
of laboratorv tests,the skin friction angle
between the pile coating and soil.The refore,
forecasting at low cast the approximate ne-
gative skin friction forces in usual foun-
dation design practice,and verifying the de-~

aign by conventional natural size pile test.

Very important is the general agreement that when driving pile
groups, the soil mass heaves corresponding to a fraction of the
volume displaced by the piles, and high excess pore water
pressures are induced within the soil mass of the groups. How:
ever, the excess pore water pressures appear to dissipate rapid
ly, and the ground surface has the tendency to regain its ini-
tiol elevatian, therefore setting on the piles negative skin
friction forces immediately after pile driving, as reported by
observations performed by BROMS and HILL,
GREGESSEN and COLLABORATORS,and TORSTENSSON
and VAN DER VEEN and HORVAT.Observations have
shown also that heave is considerably redu-
ced if the piles are driven before the exca-
vation is performed.The General Reporter con-
siders that these phenomenological observa-
tions are important to consider in foundati-
on design practice.

Numerous tests on model pile groups have bea
performed by authors in different countries,
finding that when the groups are capped by a
rigid foundation,the plle loads are higher

at the edges than at the cemter of the groups.

This fact is sustained by field investigati-
ons performed by SHERMAN on natural size pile
groups loaded with a rigid foundation,.

In general, it is vyreed \het to determine the point bearing re-

sistance, the compressibility of the soil has to be taken into
account. This has been done for the time being, relating the
angle of internal friction with the relative density in the soil
mass affected by the stresses induced under the pile points.
LADANY | proposes in case of sensitive clays to reduce the
(N.) bearing capacity factor taking into consideration the ra-
tio of residual to peak strengths. Also it is recommended to
learn more accurately on the mechanical soil properties under
the pile points, to be able to obtain by means of the usual
bearing capacity formulae more accurate values for the point
resistance,

General agreement is obtained that small vertical displace-
ments mobilize skin friction along the pile shaft, in contrast
with the vertical displacement necessary to mobilize the point
bearing resistance. Nevertheless, the General Reporter's
opinion in this matter is that this phenomenon depends highly
on the compressibility and strength of the point bearing stratum.

The USSR investigators: GRUTEMAN, TROFIMENKOV and

COLLABORATORS found that the standard cone penetration
tests have to be calibrated with parameters pertaining to the
different types of soils, to obtain more accurate results when
assigning the point bearing capacity, and the lateral skin fric

tion capacity 1o the real loads carried by natural size pile
foundations,
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bored piles, when using the slurry displacement method, the
point resistance is greatly reduced because of the soft material
trapped at the bottom of the hole, as reported by REESE and
COLLABORATORS. Therefore, in these cases, the method pro
posed above of pre- loading the base by grouting under pres-

‘sure provides a solution to this problem.

Extensive tests are reported on model pile groups and single
piles subjected to lateral loadings. In general, it is agreed
that when lateral displacements are not large, the theoretical
methods of subgrade reaction may give satisfactory results, and
when the foundation moduli are properly assessed. These re-
sults have been confirmed in BOTEA'S paper, where he found
good ogreement testing a natural size pile driven in fine and

-medium sand. He assumed the soil modulus varying linearly

with depth.On the other hend ,ADAMS and RDHAK- -
RISHNA report from model tests that using the
"coefficient of subgrade reaction",the late-
ral displacements and rotations may be over-
.ostimated.To overcome this action,they propo-
ise to conalder each layer contributing to the
lateral pier or pile with its proper moduli.
FRANKE suggests that in order to obtaim pro-
per results in piles subjected to lateral lo=-
ads and to determined properly the soil foun-
dation moduli,natural size plle tests should
be performed with at least three piles with
‘different embedment lengths.From the piles
ideflection canfiguration obtained in the tests,
one may investigate the real average founda-
‘tlon moduli for the different strata where

lthe piles are embedded.The General Reporter
'finds necessary to clarify discrepancies in
the definition of the "coefficient of subgra-
de reaction",in contrast with the unit soil
Ifoundation modulus,since the lateral loading
distribution in tl® pile shaft,and induced
stresses distribution in the soil mass should
be considered when one refers to the unit fou=-
ndation modulus,

Dynamic tests have been made on actual size
piles as those reported by FRAKASH,in order
to learn on the behavior of piles when sub-
jected to vibration and alternating loads at
the pile head,and fraom there establishing

theories learn on the modes of vibration of

the piles subjected to the dynamic load acti-

on at their head,

Great inferest has been given to problems concerning the ul-
timate loads of anchored piles and plates, mostly by means of
model tests using plates. Interesting conclusions are reported
in the authors' papers. More information, however, appears
to be necessary to learn on the load- displacement characteris
tics of anchors used in different soil conditions.

Pile driving equipment has been always the concern of the
practical construction engineer to obtain more efficiency and
save time during pile driving. The reports indicate that single
and vibratory hammers are still useful and efficient. Never-
theless, in sand and gravelly soils, jetting may be necessary
to speed up the work and be able to reach the necessary pile
depth. On this subject, an extensive study was presented by
FAWCETT on resonant pile driving hammers, which are special
ly useful for certain limiting values of grain size in cohesion=
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less soils where great efficiency may be achieved; however,
the efficiency reduces in compact well graded
cohesionless soils and stiff clays.

The earth pressure on deep rigid foundation walls appears to
be still in the light of discussion and research, to calibrate
theories and improve practical empirical rules. The horizon-
tal pressures obtained in mode! tests under these conditions,
appear to be smaller than those obtained by the RANKINE
Theory. CZARNOTA and RYMSA propose to study this pro-
blem learning more on the stress- strain- time mechanical
characteristics of the soils pushing against a rigid non- yield
ing wall as indicated by their model tests; obviously also the
friction angle between wall and soil should be considered.

Concerning settlements forecasts, the standard cone penetra-
tion tests still do no give reliable empirical correlations to
ascertain with reasonable accuracy the settlement to be ex-
pected in different types of soils, as stated by VAN DER
VEEN and HORVAT, Therefore, it appears that the only
means to calculate and forecast settlements and tilting of

stiyctures under eccentric loadings is by learning with more
r Ty

precision,the compressibility properties of

the s0il layers affected by the estimated
stress induced in the sall mass where the
piles are embedded,and in the soil mass where
the piles trausfer their point loads.The Gene-
ral Reporter should add that the settlement
igiven by one single pile tested under the same
working loed as the ones used in a pile group,
does not necessarily camply with the use of an
established efficiency factor.Soil properties

under different subsoll conditions may invali-
date this pragtice. )

-Finally, TROFIMENEKOV reports the work perfor-
med and under way on deep foundations in the
USSR.The use of pilefoundations in most cases
of foundation problems has been achieved more
economically against other type of foundatiina.
Methods have been developed to solve either empirically or
theoretically the problems on skin friction and point bearing
capacity from large number of tests and field cases. The in-
vestigations have been carried out by the Soviet research or-
ganizations of specialists sponsored by the government. Prac
tical rules have been set forth, compatible with practice and
have been formulated in Building Codes and Standards, The

use of specially designed boring machines have permitted to
install large diameter bored piles, enlarging the bearing base

up to 3.7 m diameter, and reaching depths up to 28m. Most
interesting is the work mentioned, using thyxotropic jackets

to install large caissons reducing side friction during instal-
lation, and achieving waterproofing,

PROPOSED SUBJECTS FOR PANEL DISCUSSIONS

1. - Coatings to reduce negative skin friction. Typical labo-
ratory tests to determine the angle of internal friction be-
tween soil and pile coating. In case piles coated before
driving, to what extent is the coating preserved during
driving.

2.~ The necessity of determining by means of laboratory tests,
the shear strength and relative density related with the
soil compressibility under the pile tips, to learn more ac-
curately on the bearing capacity factors for point bearing
piles or piers in soils where the penetration standard de-
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vices may give erratic values.

3.- The necessity of calibrating the cone or standard penetra-
tion test device by means of correcting factors for different
soil types.

4, - The difference of the “coefficient of subgrade reaction ",
against the unit foundation modulus should be clarified for
future use in the literature, and practical application in
foundation design.

5.- In case of environmental forces like: high winds, earth-
quakes and ground surface subsidence, what would be the
general recommendations for additional soil testing and
theories to be able to foresee in the foundation design the
influence of these forces in the deformational behavior of
deep foundations.
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