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Div. 3b 

Foundations of Structures-(b) Piling and Piled Foundations 

Fondations de Constructions- (b) Les Pieux et Fondations sur Pieux 

GENERAL REPORT 

General Reporter: P. C. RuTLEDGE, Moran, Proctor, Mueser and Rutledge, Consulting Engineers, New York, U.S.A. 

Introduction 

The use of piles for support of foundations remains one of 
the least rational and most empirical fields in foundation 
engineering. Unfortunately, empiricism in this case frequently 
takes the form of blind faith that the act of driving piles into the 
ground and, in more critical cases, of performing short-term 
load tests on the piles automatically assures adequate founda
tion support. The application of well established concepts of 
soil mechanics to the action of pile foundations has appeared 

only during the last few years. 
The obvious reasons for the slow development of rationaliza

tion in the field of pile foundations are: (1) the early develop
ment, use and reliance on empirical or dynamic pile driving 
formulae; (2) difficulties in and reluctance to secure long-time 
settlement performance records of structures supported on pile 
foundations; and (3) the comparatively easy availability of 
results of short-time load tests on which superficial analyses and 
conclusions could be based. A further complication is, of 
course, the relation between the action of groups of piles to 
single piles with tests and analyses usually restricted to single 
piles by size and cost factors. A distinct trend towards a better 
understanding of the action of piles is the result of a growing 
realization that many pile foundations, even those well con
ceived and executed by conventional engineering standards, 
have experienced large settlements even to magnitudes of 

feet. 
Curiosity concerning the ways in which driven piles transmit 

their loads into the surrounding soils has been evident during 
the last few years in several published results on load testing 
of piles constructed with strain gauges and other instrumen
tation for determination of load distribution in the pile and 
transfer of load to surrounding soils down the length of the pile. 
Unfortunately, many of these test piles have been driven into 
or through clay soils and the load tests on them have been of 
short duration, maximum of two or three weeks. Since both 
disturbance and stress in clay soils cause consolidation, since 
consolidation results in volume change and settlement, and 
since the structural material of a pile is extremely rigid com
pared with the deformations and volume changes of even highly 
pre-consolidated clays, it is obvious that redistribution of load 
transfer from driven piles to clay will take place with time and 
that very long times under full loading may be required to 
reach the eventual equilibrium performance of the pile. For 
these reasons the tests on instrumented piles will help towards 
rational analyses of pile action but are believed to have little 
practical significance in themselves. 

Encouraging trends in pile foundations are a growing use of 
extensive soil borings to establish and delineate the soil stratum 
into which the piles must be driven to develop adequate and 
permanent bearing, exploration of soil strata below the bearing 
stratum to anticipate and estimate settlements, the use of the 
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Dutch cone and other penetration measuring devices in known 
granular strata to establish adequacy of support capacity, and 
the inclusion of concepts of negative or downward skin friction 
of soft clays and organic soils in design considerations. 

Interest in pile driving formulae as a measure of the ability 
of piles to carry loads seems to be declining, at least in number 
of publications. Nevertheless, the eminently practical problems 
of securing adequate and uniform penetration and bearing of all 
piles in a foundation, of deciding when to stop driving and avoid 
overdriving, and field control of pile driving operations cannot 
be divorced from some form of driving criterion. These 
problems deserve further attention even though driving 
formulae are not used to determine bearing capacity. Cases 
of severe localized differential settlements due to inadequate 
penetration of some piles in a foundation are still encountered. 
It is frequently difficult to determine whether the causes are 
inadequate driving, driving with too light a hammer, over
driving causing pile breakage, or simply lack of inspection and 
control. The practices of field control in terms of depth of 
penetration into a bearing stratum fully defined by borings and 
of utilization of driving resistance only after the piles have 
entered the defined bearing stratum are commended. 

The papers presented for this Conference make evident a 
wholesome interest in the soil resistances from which piles 
derive their ability to carry load. This review of the papers 
has grouped them into general headings: (1) Bearing Capacity 
in Sand; (2) Bearing Capacity in Clay; (3) Buckling of Slender 
Piles; and (4) Miscellaneous Topics. The five papers on 
various aspects of bearing in sands add definitely to our under
standing of the phenomena. The papers on bearing capacity 
of piles in clay add to a growing belief that such piles have 
limited value in minimization of settlements. Recent use of 
slender steel rods driven through soft clays to rock for under
pinning and foundation purposes has led to renewed interest in 
the buckling of piles in soft soils and is the major subject of 
three papers. One paper on vibratory driving of piles presents 
significantly new data applicable to driving and extraction of 
steel sheet piles. 

Bearing Capacity in Sands 

The papers by Van der Veen and Boersma (3b/15) and Van 
Weele (3b/16) are concerned with piles driven into the subsoils 
in the vicinity of Amsterdam where the piles penetrate 1 to 2 m 
of sand fill and about 10 m of soft peat and soft mixtures of 
organic clays, silts and sands to a compact clean sand bearing 
stratum at a depth of about 12 m. This is not an unusual 
type of subsoil condition in many areas of the world where 
industrial and housing developments are now being constructed 
over formerly undesirable marshlands. Hence, the results of 
these papers have application in many localities other than 
Amsterdam. 



Analysis of load test results-Van Weele presents an ingenious 
method for separating out the skin friction support of the soft 
upper soils in a short-duration load test so that the results can 
be analysed in terms of the bearing capacity of the pile in the 
clean sand bearing stratum. This method requires load test 
apparatus and procedure that will permit, after each load 
increment has been held constant for about 20 hours, the re
duction of the load to zero and re-application of the full 
increment load successively about five times within a period of 
less than two hours. Data from such a test with measure
ments only at the top of the pile permit plotting the elastic 
recovery of the top of the pile versus each of the applied loads. 
For removal of any given load, the elastic recovery at the pile 
top is the elastic recovery of the pile itself and of the bearing 
stratum soil minus the effects of skin friction restraining the 
expansion of the pile. On the basis of tests on fully instru
mented piles, Van Weele determined that, for the conditions 
of his tests, the elastic compressions of the bearing stratum 
vary linearly with point load in the bearing stratum and that, 
for loads near failure, skin friction in the upper soils remains 
constant for both loading and unloading of two or more load 
increments in the repeated load cycles. On this basis he de
termines the skin friction resisting elastic recovery of the pile. 
This skin friction is then converted into skin friction resisting 
penetration of the pile by computation methods outlined in 
the paper which also permit estimates for the distribution of 
skin friction along the length of the pile. 

The desired result of these measurements and computations 
is, of course, the relation between load and settlement of that 
portion of the pile in the bearing stratum. In this Reporter's 
opinion the same result can be obtained for practical purposes 
much more easily in test piles. Van Weele's method requires 
knowledge of the dimensions and elastic properties of the pile. 
If these are known, a free-standing, unstressed rod incorporated 
into the test pile and extending to the depth of the top of the 
bearing stratum permits measurement of the settlement of the 
pile at the level of the bearing stratum and determination of 
elastic compression of the pile between the bearing stratum and 
the top of the pile. From these data total skin friction in the 
soils above the bearing stratum can be computed and deducted 
from the total applied load. No special loading equipment 
and procedures are required. However, this relatively simple 
technique does not give indications of distribution of skin 
friction, unless several free-standing rods to different depths are 
used, and cannot be applied to previously driven piles for which 
Van Weele's method has outstanding application. 

Point resistance in sands-Van der Veen and Boersma are 
concerned with the relation between the Dutch cone resistance 
in the sands of the bearing stratum and the point resistance 
bearing capacity of piles with large diameter points. They 
use Van Weele's procedure for reducing load test data to point 
resistance in the bearing stratum. From a study of data on 
test piles, they conclude that the ultimate point resistance of a 
pile in sand depends on the strength of the sand for a depth 
of about one pile diameter below the pile point and about 3 ·75 
diameters above the point. Using the average Dutch cone 
resistance over this depth, they show that, for I4 recent test 
piles, computed ultimate point resistances fall in the range of 
50 to ISO per cent of the test ultimates with the exception of one 
computation which gave 218 per cent of the test ultimate. 

VanderVeen and Boersma assume that the Dutch cone re
sistance is not affected by the pile driving operations. They 
do not make it clear in their paper whether the cone measure
ments were made before or after the pile driving. In this con
nection the paper by Plantema and Nolet (3b/11) is of interest. 
Plantema and Nolet present results of Dutch cone measure
ments before and after driving pre-cast concrete bulb piles with 
effective bulb diameters of about 62 em. Cone measurements 

below the pile tips after driving were made with a cone device 
inserted through the centre of the pile. The results of these tests 
show increases in cone penetration resistance after the driving 
of 1·5 to 2·0 times the original for a depth of about I m, or 2 
diameters, below the pile tip with maximum increases up to 5 

times the original in the softer sand layers. At a depth of 2 ·5 m, 
or about 4 diameters, below the pile tip no significant change 
was observed. Similarly, at lateral distances of I m only 
modest increases in cone resistance were observed with 
maximum effects in the looser softer sand layers. These results 
confirm the widely held view that pile driving densities and 
increases the strength of sand around and below the pile tip. 
The measurements give evidence concerning the depths below 
pile tips to which densification is effective. It is regretted that 
Plantema did not include data on the pile driving equipment 
and energies used to drive the piles for these tests. 

Skin friction in sand-Ireland (3b/9) reports skin friction 
results from pull-out tests on individual piles driven as parts 
of groups at six different locations in Florida sands. The piles 
tested were straight-sided cylindrical piles with horizontally 
corrugated steel shells, the diameter of which decreased I in. 
at each 8-ft. depth interval. These tests resulted in skin frictions 
in the sand at failure corresponding to lateral pressures equal 
to full passive earth pressure based on angles of internal friction 
in the range from 23·8 to 32·5 degrees. On three out of five 
valid tests the computed angle of internal friction for full 
passive pressure was 32·5 degrees. These results indicate 
significantly higher lateral pressures around driven piles in sand 
than have commonly been assumed and, as more test data 
become available, should lead to more realistic evaluations of 
lateral pressures and skin frictions acting on piles driven into 
sands. 

Theory for bearing capacity in sands-Kezdi (3b/IO) presents 
a theoretical analysis for the static resistance of piles embedded 
in sands which he has substantiated by model-scale loading 
tests on piles so designed that the resistances in point bearing 
and skin friction could be determined independently. He has 
derived expressions for the increases in skin friction and point 
resistance with increasing deformation and displacement of the 
pile under load. Utilizing empirically determined coefficients 
for stress-strain relationships, an excellent agreement is ob
tained between computed and model test load-settlement 
curves. These analyses and tests indicated that, for piles com
pletely embedded in sand, initial resistance to deformation is 
predominately by skin friction but that, for larger settlements of 
the piles as ultimate load is approached, point resistance 
becomes the dominant factor in the total resistance. This 
result is reasonable and can be anticipated on any logical basis. 
However, Kezdi's increasing ratio of point resistance to skin 
friction at failure with increasing depth of embedment of piles 
in sand is not realistic and is believed to be the result of his 
assumptions concerning point resistance, the relatively small 
ratios of length to diameter in his tests, and his test procedures 
in which loads were applied separately to the pile points. 
The test data have indicated to Kezdi that the lateral pressure 
creating skin friction on piles driven into sands is greater than 
earth pressure at rest and approaches passive earth pressure. 
This result conforms with Ireland's observations from pulling 
tests on full scale piles. 

Group action in sands-Kezdi also reports the results of tests 
on model piles driven as a square group of four and as four 
piles in a line for centre to centre spacings in the range of two 
to six times the pile diameter. His results show that at spacings 
of 6D and above the piles act as individual piles. At smaller 
spacings in the range of 2 to 3D, the ultimate resistances of the 
four pile groups approach two times the sum of the resistances 
of the individual piles, with settlements under these increased 
loadings in about the same relationship as those of the 
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individual pile under its smaller load. The increased ultimate 
loads and decreased settlements are attributed to skin friction 
locking the sand into its position between the piles and thus 
creating a rigid footing approximately the size of the outside 
dimensions of the pile group. This concept of the action of 
piles in sand has, of course, been used for many years in the 
practical design of pile foundations. Kezdi's tests bring some 
quantitative values to these concepts and show the range of pile 
spacings over which they can be expected to occur with small 

· pile groups. It seems probable that with larger numbers of 
piles in a pile group, even larger pile spacings will be effective 
in producing interlocking between piles and sand contained 
within the pile group. 

Pinching off of shell-less concrete piles in sand-Another in
teresting phenomenon in connection with piles driven into sands 
is reported by Hobbs (3b/8). In this case the piles were cast
in-place concrete without shells for which the forming pipes 
were driven through loose to medium dense water bearing sands 
and clayey sands. Excavation around the piles after driving 
and setting of the concrete disclosed moderate to severe 
necking or pinching off of the piles in the loose sand stratum 
which was attributed to artesian flow of water upward through 
the green concrete of the piles delaying initial set of the concrete 
and outward flow of liquid concrete into loose sand layers. 
The latter is attributed to radial compression of the loose sands, 
vibration effects due to withdrawing the forming pipe as the 
concrete was placed and vibrations due to driving adjacent 
piles. In any case, these observations point to the fact that 
necking and pinching off of cast-in-place concrete piles without 
shells can occur in sands as well as in the more commonly 
observed cases in soft plastic soils. The remedy is, of course, 
to cast the piles in shells with sufficient strength to maintain the 
original open hole and to support fully the concrete of the pile. 

Bearing Capacity in Clays 

Settlement observations-Bjerrum, Jonson and Ostenfeld 
(3b/3), have presented settlement records for a bridge abut
ment supported on piles about 16 m long penetrating about 
10 m of fine sand and organic matter stratified with layers of 
silty clay and terminating in the upper 5 m of a 20 m thick 
stratum of soft organic post-glacial marine clay. In 15 years 
following construction the observed settlement is 80 em as 
compared with 48 em computed assuming all pile load at the 
pile tips and 60 em computed assuming load transferred at a 
depth equal to two-thirds of the pile length. It is interesting 
to note that the observed time-settlement curve plotted to a 
logarithmic scale of time is similar in shape to those obtained 
from laboratory consolidation tests on organic clays, indicating 
a large proportion of secondary consolidation. Unfortunately, 
Bjerrurn and his colleagues were unable to present laboratory 
test time-consolidation curves for the silty clay stratum for 
comparison. Likewise it is not clear from which portions of 
the laboratory test time curves the data were obtained on which 
to base the settlement computations. A comparison of interest 
would be computation of settlements on the assumption that 
the piles were not at all effective in downward transfer of load. 
This paper does present graphically one more in a series of cases 
where field performance has shown piles terminating in soft 
clays to be ineffective in the prevention of settlements. 

Skinfriction in clays-Tomlinson (3b/14) presents an analysis 
of the results of 56 load tests made on piles driven wholly within 
clay strata or through relatively thin sand strata and terminating 
in clay. The author states that these tests constitute all of the 
published and unpublished data available to him in which the 
piles were loaded to failure or the failure load could be extra
polated with reasonable certainty. Tomlinson's analyses show 
that the ratio of adhesion to the pile at failure to the full 
cohesive strength of the clay decreases with increasing stiffness 
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and strength of the clay and that the upper limit of skin friction 
or adhesion in clay is relatively constant for all except soft clays. 
Thus, for soft clays his analyses show adhesion approximately 
equal to full undisturbed cohesion, but for all other clays these 
data place the upper limit of adhesion in the range of 0·45 to 
0·65 ton/sq. ft. for concrete and timber piles and at about 
0·38 ton/sq. ft. for steel piles. Tomlinson attributes the low 
ratios of adhesion to undisturbed cohesion in stiff clays to 
vibration and 'whip' of the piles during driving, leaving open 
spaces around the piles, and to heave upward and away from 
the piles due to volume displacement by the pile. He shows 
that decreased adhesion in ratio to cohesion is independent of 
the length of piles and that the low limiting values of adhesion 
apply to both slender piles and to large diameter piles. 

Tomlinson's results are significant to all engineers concerned 
with pile foundations and are fully confirmed by the General 
Reporter's experience with piles and pile performance. The 
tests used as the basis for these analyses were performed on the 
piles within periods of five days to three years after driving. 
The failure loadings on the piles, however, were determined by 
short duration load tests. Such tests cannot include the effects 
of re-distribution of load transfer down the lengths of the piles 
caused by consolidation of clay soils under the stresses created 
by the initial load transfer or of slow plastic or secondary 
consolidation yielding of the clay soils during long-time load
ings. Conclusive data on such effects and the long-time 
performance of piles terminating in clays can only be obtained 
from performance records over many years of structures sup
ported on such piles. While the data required to complete 
and substantiate such records are difficult to obtain, field in
vestigations of older structures do occasionally yield the required 
data. It is hoped that all such records will be published and be 
available for future analyses as are Tomlinson's. On the basis 
of currently available information, Tomlinson's paper points 
to the need for extreme caution in estimating the supporting 
capacity of piles terminating in clay soils. 

Bergfelt (3b/2) reports briefly on a comparison between load 
test results and computed adhesion which confirms Tomlinson's 
results that, in the soft clays of Gothenburg, the adhesion is 
approximately equal to the undisturbed cohesion. 

Load test results-Dos Santos and Gomes (3b/6) report the 
results of soil tests, pile driving and pile load tests at three 
locations in Portuguese East Africa. At two locations where 
many of the piles terminated in clay or clayey marl, the load 
test results had little relation to bearing capacity computed by 
the Hiley driving formula but agreed moderately well with 
results computed with the Meyerhof static formula using values 
of undisturbed cohesion in the range 0·3 to 1·0 tonJsq. ft. At 
the third location where the piles were driven entirely in sands, 
results computed by both driving and static formulae are 
reasonable in comparison with the load test results. In fact, 
the agreement between load test results and driving formulae is 
startlingly good due, perhaps, to the fact that the entire soil 
profile consists of sands. The paper does not include data on 
performance of the structures. 

Unusual friction pile design-Zeevaert (3b/17) reports an 
unusual and daring use of friction piles driven into clays for 
the purpose of reducing settlements. The building in question 
is located in Mexico City on the deep and highly compressible 
clay deposits familiar to all engineers who have studied soil 
mechanics. For reasons discussed in the paper it was not 
considered feasible to support the building on piles driven to a 
sand stratum at a depth of 42 m or to excavate for the building 
foundations a weight of soil equal to the total weight of the 
building. Therefore, a design was selected in which the weight 
of the excavated soils was approximately 75 per cent of the 
weight of the building and widely spaced friction piles were 
driven to penetrate only through the upper and most com-



pressible of the clay strata. The piles were driven after partial 
excavation of the foundation and, as stated by the author, 'had 
the purpose to reinforce the clay deposits between 6 and 24 m 
depth and to reduce expansion during excavation andre-com
pression of the highly compressible clay in the total length of 
the piles'. The piles were designed on the basis that only that 
portion of the weight of the building not compensated for by 
excavation would be carried by the piles. On the design basis 
the load per pile was 26 tons but under total weight of the 
building the load per pile would be 96 tons. 

Zeevaert includes settlement observations on the structure 
up to a time of eight months after completion of loading which 
show remarkably close agreement with computed settlements 
based on the design assumptions. The General Reporter is 
inclined to believe, however, that the reported results may not 
represent the ultimate answer on the performance of this design. 
It is difficult to believe that the distribution of total building 
load between relatively non-compressible structural piles sup
ported only by skin friction in clay and the highly compressible 
clays between the piles will remain such that consolidation of 
the clays will not throw increasing loads on the piles causing 
the piles and foundation to move downward to an extent greater 
than that anticipated by the design assumptions. In view of 
the interesting and unusual nature of the foundation design for 
this building, it is hoped that Zeevaert will continue to report 
the results of settlement observations to the engineering 
profession. 

Buckling of Slender Piles in Clay 

Recent use of long slender steel rods driven or pushed 
through soft clays to rock for underpinning and foundation 
purposes has caused renewed interest in the buckling of piles 
in soft soils. Brandtzaeg and Harboe (3b/4) have shown by 
field load tests that buckling can occur in slender rods and rail 
sections with long lengths in soft clay. The buckling is a plastic 
phenomenon resulting in stresses above the yield point and 
permanent deformation in the pile material. The paper by 
Golder and Skipp (3b/7) attacks the buckling problem on the 
basis of laboratory tests under very carefully controlled con
ditions and shows that, for these conditions, buckling results 
in permanent deformations in all except extremely soft clays 
near the liquid limit consistency. The field tests described by 
Brandtzaeg and Harboe show that initial straightness of the 
slender pile, particularly where sections are welded together, 
causes major deviations from carefully controlled laboratory 
conditions and that buckling in the field occurs over restricted 
lengths of the slender piles which are located in the softest and 
weakest strata of soils. 

While it is difficult to form generalized conclusions from the 
results of buckling tests reported in these papers, and in that 
by Bergfelt (3b/2), the results seem to indicate remarkably high 
stresses in the structural material of the piles at buckling failure 
when the clay surrounding the piles has a shear strength greater 
than 0·10 kg/cm2• Thus, even with extremely slender piles, 
buckling does not seem to present a serious problem if loadings 
are restricted to normally permitted design stresses. Golder 
and Skipp and Bergfelt present recommended design solutions 
for buckling loads in terms of the shear strengths of the 
clays. 

da Costa Nunes (3b/5) describes a combination of Franki and 
pipe-encased concrete pile used for a bridge foundation where 
scour was anticipated. Buckling considerations seem to have 
been the basis for the design but it is not clear why buckling 
was considered to be a problem and no soil data or soil profiles 
are included hi the paper to indicate the horizontal resistance 
of the soil or a bearing stratum which could carry the axial 
loads of the piles. 

Miscellaneous 
Theories for combined axial and lateral /oads-Radosavljevic 

(3b/l2) presents a mathematical analysis for the deformations 
of piles under axial, lateral and rotational loads applied at their 
heads, assuming that the resistance of the soil to all forces will 
be in direct proportion to displacement. The solution is 
applied to the case of a pair of batter piles subjected to a 
horizontal load. Bergfelt also discusses lateral loading of piles 
in clay and the case of lateral loads applied to a pile bent 
consisting of a vertical and batter pile. He concludes that long 
slender piles in soft clay under horizontal loads act reasonably 
in accordance with the theories based on beams on elastic 
foundations and that a considerable portion of the resistance 
of a two pile bent to lateral loading is due to resistance of the 
clay to lateral deformation. Bergfelt points out that, in the 
case of the bent, lateral deformations and forces may cause 
bending or breaking of the piles before full axial loads are 
developed. 

Pile-driving formulae-SflJrensen and Hansen (3b/13) present 
a comparison of pile driving formulae in which terms for 
dimensions and properties of the pile and the hammer and the 
permanent penetration into the soil are expressed as dimension
less ratios. Dimensionless coefficients for impact energy loss 
and for elastic compressions of the cushion driving block and 
of the soil are added. By this means the well known pile 
driving formulae can be reduced to single dimensionless curves 
which can be compared with the results of load tests. In the 
comparisons only load tests were used in which the bearing 
capacity could be determined as the load at a settlement equal 
to 10 per cent of the pile diameter. Seventy-eight such load 
tests were utilized in most of which the pile tips were in granular 
soils although a few of the test piles had their tips in hard glacial 
clay. 

This ingenious procedure for comparing driving formulae 
with load test results shows that the most significant energy loss 
expressed in the formulae is that due to elastic compression of 
the pile and that inclusion of other energy losses is not warranted 
by the reliability of any driving formula. Thus, simple pile 
driving formulae give as good results as any. The authors 
propose a modification of the Engineering News formula in 
which the constant term is replaced by an expression for 
dynamic compression of a pile with a fixed point. The result, 
called the 'Danish formula', is similar to a number of such 
modifications previously proposed. The authors' comparisons 
show specifically that, for the data they have analysed, the ratio 
of weight of pile to weight of hammer is not a significant 
variable in a comparison between load test results and driving 
formulae. This result is, of course, restricted to those cases 
where there is a reasonable relation between weights of pile 
and hammer, and in such cases means that other inaccuracies 
in the application of dynamic driving formulae to static load 
carrying capacity overshadow the effects of the weight ratio. 
The comparison methods of S0rensen and Hansen are com
mended to all those who may wish to make further comparisons 
between the results of driving formulae and load tests. 

Vibratory driving of piles-Barkan (3b/1) discusses extensive 
work done in the Soviet Union on the vibratory driving of piles 
and the effects of variables such as frequency, amplitude, 
eccentric moment and ratio of vibrating to static weight on 
frictional and point resistance of piles. It is pointed out that 
vibration driving is most effective in overcoming the frictional 
resistance of sands and that high amplitude vibrations are 
necessary to overcome the point resistance. In view of these 
factors, vibration driving of steel sheet piles seems to be the 
most practical application of this procedure. Apparently, 
vibration driving and extraction of steel sheet piles has been 
widely applied with much success in the Soviet Union. 
Barkan states that both light and heavy sections of sheet piles 
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have been driven to depths of 14 to 16 m in saturated sands 
cutting through medium strength clay strata up to 4 m thick. 
The vibrator used for this driving had a speed of 800 r.p.m., an 
eccentric moment of 3000 kg em or about 300 ft. lb., and an 
unbalanced force of about 20 ton with an amplitude of 8 to 
10 mm. The total weight of this vibrator is 1·8 ton with 
maximum motor output of 28 kW. It is claimed that pene
tration of sheet piles under this type of driving reaches a speed 
of 10m per minute, that as many as 53 sheet piles 16m long are 
driven per shift, and that the sheet piles can be extracted in an 

·undamaged condition for re-use. 
It is entirely logical that high frequency and low energy im

pacts, as compared with pile driving hammers, should be 
successful in driving sheet piles in which interlock and skin 
friction are major factors in resistance to driving. The experi
ences with this procedure, as described by Barkan, are com
mended to all engineers and contractors concerned with this 
relatively common problem in heavy construction. This 
Reporter believes that manufacturers of construction equipment 
and contractors in all parts of the world would do well to 
investigate the possibilities of driving and extracting sheet piles 
with vibratory equipment. The potentialities of vibratory 
driving for piles and for soil sampling equipment are believed 
to be considerably Jess attractive, although high frequency low 
amplitude vibration in conjunction with rotary drilling has 
worked well in rock drilling and coring operations. 

Conclusions and Items for Discussion 

The present status of piles and pile foundations seems to be 
a growing reliability of prediction of load capacity for piles 
wholly embedded in sands or driven through other soils to 
good penetration in a granular bearing stratum. Static 
bearing capacity computations seem to be reaching towards a 
sound basis by utilizing a gradually increasing body of know
ledge concerning magnitudes of lateral pressures, depths affected 
by point bearing, effects of diameter of point and measures of 
relative density of sand. The opposite is the situation for piles 
in clays. Data based on short duration load tests show re
latively small ratios of adhesion to cohesion for all but the soft 
clays and the ability of soft clays to support loaded piles of 
long-time periods without major settlement is open to serious 
question. 

Among other matters in connection with pile foundations, the 
danger of buckling of very long and slender piles passing 
through soft soils is real but can be overcome by analysis and 
reasonably conservative design. A method for evaluation of 
pile driving formulae has been presented which permits direct 
evaluation of significant variables in terms of load test results. 
Finally, concepts of vibratory driving of piles have been intro
duced that show promise of great practical importance in the 
driving and extracting of steel sheet piles. 

It is suggested that maximum value from discussions can be 
obtained by concentration on the following points: 
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(I) Test evaluations of effects of point diameter on bearing 
capacity of piles in sands. 

(2) Data on the group action of piles in sands. 
(3) Observations on the settlements of structures supported 

on piles embedded wholly in clay soils. 
(4) Methods for the selection of adequate bearing strata for 

pile foundations. 
(5) Methods for the field control of pile driving operations 

to prevent under- or over-driving, to give adequate penetration 
into the bearing stratum and uniformity of results over an 
entire foundation. 

Propositions pour Ia Discussion 

En l'etat actuel de nos connaissances, il semble que !'on 
puisse prevoir avec une approximation de plus en plus satis
faisante, Ia charge portante des pieux entoures d'un milieu 
sableux ou fiches suffisamment dans un milieu pulverulent 
recouvert par un autre sol. Les estimations dites statiques de 
Ia force portante evoluent dans un sens interessant grace aux 
informations complementaires reunies concernant les reactions 
laterales, Ia variation de la resistance de pointe en fonction de 
la profondeur, !'influence du diametre et la mesure de densite 
relative de table. 11 en va tout autrement pour les argiles: les 
donnees concernant les essais rap ides mettent en relief d@ faibles 
rapports de !'adhesion par rapport a Ia cohesion pour touts 
les argiles sauf pour les argiles molles et par ailleurs on peut se 
demander serieusement si ces dernieres peuvent reellement 
supporter pendant longtemps la charge des pieux. 

Parmi les autres sujets relatifs aux fondations sur pieux, citons 
le ftambement possible des pieux tres longs et minces dans des 
argiles molles. Ce danger est reel mais il peut etre evite en 
analysant les conditions du pbenomene et en prenant un co
efficient de securite suffisant. Une methode a ete presentee en 
vue d'evaluer !'influence des parametres principaux qui influent 
sur Ia force portante des pieux, calculee en fonction des donnees 
du battage. Enfin, les divers aspects du procede d'enfonce
ment des pieux par vibration montrent que celui-ci parait appele 
a un brillant avenir aussi bien pour I'enfoncement que pour 
!'extraction des rideaux de pieux metalliques. 

Nous suggerons de faire porter la discussion sur les points 
suivants. 

(I) Calcul de Ia force portante des pieux a partir de la resis
tance de pointe dans les sables. 

(2) Donnees concernant !'influence du groupement sur les 
pieux. 

(3) Observations sur le tassement des constructions fondees 
sur pieux situes entierement en milieu argileux. 

(4) Methodes permettant un choix convenable des meilleurs 
couche d'assise des pieux. 

(5) Methodes permettant de controler le battage de fa<;on a 
eviter a la fois une insuffisance ou un exces de battage et a 
aboutir a une fiche correcte dans la couche de fondation aussi 
bien qu'a une bonne homogeneite pour !'ensemble de la 
fondation. 


