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Seotion H: BEARING CAPACITY OF PILES 151

No. H~T7 OPENING DISCUSSION
Jeo Se Crandell, Crandall Drydook Engineers, Cambridge, Massachusetts

The use of pile foundations used to be a simple problem and one to which engineers could always
resort when in doubt or difficulty. Pile driving was then a pleasant and profitable pastime. Today
the problem is becoming so complex and involved that the use of piles may soon have to be abandoned.
In the past it was so easy to drive plles to some resistance by same formula, multiply the number of
piles by this resistanoce and thus obtain a foundatione Today we know that our formulae were faulty,
that the resistance of one pile is not indicative of the resistance of the entire group, and that the
entire group with its surrounding soil mass may be constantly settlinge Such is progresse

As I take it, Seotions H and I, whioh I am to discuss, refer to the bearing capaoity of indivi-
dual piles or, in other words, their resistance to penetration in the soils I shall limit my remarks
to this, otherwise the subjeot becomes entirely too broad in scope.

There are three usual methods of determining the bearing oapacity of piles: dynemic driving
formulne, statio analytioal formulae, and load testse

Driving formulae and statio formulae are legion. They have produced, in a way, two schools of
thought among engineerse If the theory does not agree with facts the first sohool would maintain that
the the theory is wrong, while the second school would be equally sure that the facts are wronge There
is no doubt that a load test is the only acourate method of determining the actual static resistance
of an individual pile, although suoch load tests probably give no indication of the long time of setile-
mont of the pile. But load tests are expensive, and hence the amount of midnight oil and ingemuity
that has been spent on pile driving formulae. Yo e

It is evident that a dynamio pile driving formula oan be of value only when there exists some
relationship to slow penetratlon. Thus, in permeable, relatively cohesionless soils we may antioipate
some definite relantionship, while in impermeable cohesive soils the opposite is true.

In a dynamio formula it 1s essential that the energy losses be determined and then corroborated
by field testss I suggest that there are two types of pile driving formulas which permit thise. The
first formule is of the type r =(eWh/s + k)(YZ in whioh k measures the energy loss due to the elastic
ocompression of the pile, the elastio oompresslon of the soil, and other factorse

Our English friends have devised a so=oalled "inertia gauge" whioch placed on the top of the pile
being driven produces a diagram for each blow of the hammer on a pile, Fig. 1, in whioh s is the pene-

tration per blow and 2k the rebound of the pile head ocaused by the elastio ocompres-
=5 —4——?~ sion of the pile, soil, eto.
The other type of formula which permits corroboration in the field is of the
;E Kreuter type, in which h, reprosents the maximun height to which a hammer may drop
¢ Without causing any movement of a pile. h, may be readily determined in the field,
0
)

whenever it is possible to vary the drop of the hammer by plotting the heights of
fall as ordinates and penetration per blow as abscissae, for several different
heights of falle Drawing a straight line conneoting these points gives the term h°
as the intercept on the Y axis (page 220, Vol II), If the line is not straight it
/:7(?: / indicates that thers has been & change of ocondition during the test and the test
should be repeated.

Formulae of the first type are partioularly applicable to
steam hammers, where it is impossible to vary the height of fall.
Formulae of the second type are particularly applicable to drop
harmers where the height of the fall may readily be varied. Each

RZAN of these factors, h, and k may be expressed in terms of the other:
hy -8 xh
= k= h- h, and hy = ¢ + 8

I am convinced that wide-spread determinations of the values
of k and h, for various types of piles driven into different kinds
of soils would give extremely valuable information.

In oohesive soils, where a dynamic formula would not be appli-
ocable it appears logioal to base the bearing value of a pile on the
surfaoce friction along the sides, and to neglect point resistance.
Previous to this Conference there has been little data awvailable on
the friotional resistanoe. The data published in these proceedings
should be of inestimable value. Let us hope that it is only a be-
ginninge

Whether the bearing value is determined by a dynamic formule
or by frictional resistance, the results should be verified, in

work of any importance, by static loading tests, with the tests
c/osec/ 2/70/ 7105‘2 carried toyfailure. Only by carrying suoh tests to failure is it
possible to obtain complete informatione.
/‘7/C; 2? In conneotion with loading tests I should like to make one
) oomment., When suoh tests are made with levers or jacks in suoh a
way that there is uplift on oertain piles, it seems to me that there
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may be arohing of the soil and thus zive hisher

4f;52%2;%22§71/§2?§%f//; i:gi012231323u°5 than would be obtained by di-

There is one method of pile testing and

LS R driving whish I should like to ses oarried out
// \ at some time and which I think would give con-

N siderabls valuable data. The apparatus would

/' \ oconsist of a steel tube with open end, and in

that tube another one with olosed end, Fig. 2,
so arranged that the outer tube may be drivean
\ from the inner tube and the inner tube may be
N driven entirely separate from the outer tube and
\ loaded in the same waye. In that way we should
\ got valuabls data as to the frictional resistance
,along the side, point resistance and settlement.

After determination by driving formulae,
friotional resistance, and loading tests, oareful
consideration must be given to any additional
load whioh may be caused by the consolidation of
the upper layers of soil. This has beon well
desoribed by our iriends from the Netherlands,
(Paper No. H=3, Vol I).

After this is done, there remains to be
determined whether the bearing capacity of the
individual piles, when applied to each of the
entire group, would oause undue settlement and
overload the soil mass under the foundntione.

This brings up the question of distribution of
/cj/C;i :3 load on the soil at or below the plane of the
points of the piles, a subjeot about whioh little
is actually known. Using the theory of Boussinesq we can assume that the vertical load on the soil
at the plane of the point would be distributed somswhat as shown by ourve "a", Fig. 3, for a single
piles For a group of piles these zones of stress would overlap and the resultent distributlon of the
load on the s0il would be somewhat as indicated by ourve "b", Fig. 3. The exact distribution depends,
as for mat foundations, on the flexibility or rigidity of the structure which rests on the piles and
also on the nature of the soils For & foundation of infinite length the load per square foot on the
s0il would equal the load per square foot of the struoture.

In the new proposed Boston Building Code it is assumed that the load of the struoture is distri-_
buted through the soil at an angle of 60° with the horizomtal and that it is uniform over the area,
a8 shown by the dotted line in Figze 3. This is not oorrect, but probably a reasonable safe assumption
to use as a basis of ocalculation.

I should like to express the hope that out of this Conference there may evolve & permanent or-
ganization to collect and correlate data on pile foundations, make it available to all interested, and
thus encourage and permit repid progresse

Wil

No, H-8 DISCUSSION OF SECTIONS H AND I
John G, Mason, Bridge Engineer, Nebraska Dept. Roads and Irrigation, Lincoln, Nebraska

Foundations for Nebraske Bridgese. Owing to the sand-gravel alluvium sub-soil west of the Missouri
River, together with the territory once covered by the glacisrs, the Central Middle Western part of
the United States presents a peculiar foundation problem to the Engineer. However, many other geo-
graphical areas of the United States share this same geological condition. I speak of that new oountry
in the New World which in a geological sense is truly the latest oreation of nature; the deposits of
the Pleistooene Agee

In the State of Nebraska a recent compilation of data for nearly 10,000 piles driven during a
four-year period, shows that only 21 per cent of tham reached a rock stratum, the other 79 per oent
having been driven into olay, sand, or gravel subsoils., Preocisely, thero were 33 per ocent in olay,
33 per oent in sand, 13 per cent in gravel and 21 per cent to rocke

About 30 to 35 years ago steel piles (fabricated) were introduced in Nebraska., Their use has in-
creased steadily in volume. The tabulation of data for 10,000 random piles, referred to above, shows
that 37.5 per oent of all piles used by the State of Nebraska over a four-yoar poriod were steel plles.
Actually this figure represents about 38 miles of piles, if they were placed end to end (about
203,000 lineal feet).

The prewvalent ocourrenoce of this laminated granular subsoil strata to depths varylng from 30 to
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200 feot makes the problem of foundations diffioult, for the inci

principal reason that in flood periods th
stream bed 1s susceptlible to easy deep scouring action., Therefore, since the bed rock is geﬁerally be-e-
yond reach, long piles capable of being driven full depth are a ne'oeasity. Nebraska's experience over
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a lj0-year period seens to demonstrate that the "A" gteel pile is best adapted for such condition.

Nebraska lkeeps pile driving records of every pile driven and makes auger and wash boring explora-
tions of every bridge site of any consequencee. For practical expedience we have divided all subsoils
into four great general classes as follows:

Class 1. (Clay soils (except very hard clay and shale)

Class 2, Sand

Class 3. Gravel and packed sand

Class Lo Rook strata and hard shale.

T will now illustrate the development of the above statistics. Slide No. 13 This slide of
Tables I to III shows ooourrence and distribution of exactly 9,719 piles. Slide No. 2: This slide
of Table IV shows the distribution of various kinds of piles in the various soil classes, and Table VI
shows 63 per oent timber and 37 per cent steel plles. Slides No. 3 and l; are typical cases showlng
the oocurrence of 10" H Steel piles in Class 3 soils as to penetration and oapacity. Slides No. 5 and
6 show similar data for 12" H piles.

Our investigation covers the ocourrence of timber piles, 8" H, 10" H and 12" H steel piles in
every one of the four soll classes in which they actually ocourred in Nebraske during the four-yoar
period observeds Slide No. 7 is o symposium of all date assembled and studied for that four-year
period.

We wish to drew special attention to the relative results of driving the four different kinds of
piles in beds of gravel which we designate as Class 3 soils. Thirteen per cent of our foundatlons
are in this olass of soil, and 33 per cent are in sand or Class 2 soils. That is to say, L6 per cent
of our foundations are in sand-gravel subsoils. This would represent about 60 bridges per years

Behavior of Piles During Drivinge Now I should like to demonstrate the behavior of steel piles as
driven in the Nebraskas area of the United States. Our experience shows that steel piles in granuler
soils seem to obey the straight line law as to penetration with reference to loadinge.

In herd olay and soft shale they seem to obey a parabolic law, the resistance to driving in-
creasing at a faster rate than the penetration. Slides No. 8, 9, and 10 show the load penetration
ourves for 8", 10", and 12" H stesl piles respectivoly in granular soils (sands end gravels). Slide
Noe 11 is a composite experimental curve showing the driving of 20 - 12" H steel piles into cley beds
underlying the Elkhorn River. Slides No. 12 and 13 show the close relationship of the experimental
ourve of driving with the theoretical curve of the formx =D y2 + ae Slide No. 1, shows similar date
for 10" H piles driven in the South Platte River at Big Springs, Nebraska. Slide No., 15 shows a set
of straizht line empirical curves recormended for steel piles to be driven in grenuler soils. Slide
No. 16 shows & set of parabolic empiriecal ourves recommended for steel piles in hard olay or soft

shale subsoilse

Loading Tests. During the past 8 years we have, for practiocal reasons, made about L0 hydraulic juck
Joading tests on various piles in the various soils of Nebraska, Time does not permit of an elabora=-
tion of these investigations, except to show the apparatus used and perhaps one or two charts of load=-
ing and extraction tests. The following five slides illustrate and summarize the results of these in-
vestigations in Nebraska:

Slide No. 17 Martin Bridge Test Apparatuse. Slide Noe 18, Fairbury Loading Test. Slide No. 19,
Maokinaw Pulling Test. Slide No. 20, Photo of the pulled pile at Mackinaw Bridge. Slide No. 21,
Tabulation of Loading Testse '

No. B=Q DISCUSSION
R. Pieticowski, Civil Engineer, Delegate of the Polish Assocs of Struc. Engrs., Yiarsaw, Poland

Vie engzineers who practice are in suoh position in our practicel life that we must profit from old
experiences and old observations. ‘e oan use thom now eritically because in the last few years owing
to the studies of Professor Terzaghi and his followers we have learned much in foundation sciences But
T am of the mind that sometimes we cammot o into small details, I would remember an opinion of one
English engineer, expressed some thirty years ago, who said: "I am not quite sure if the formule for
retaining walls which I use is at all true, but I have built by that formula ebout six miles of re-
taining walls, in different conditions, and they stay. Therefore I can follow that formula end I oan
recormend it."
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We must take care sometimes not to commect unnecessery new troubles
with new sciences I intend to speek about the "bulb of pressure" in the
pile foundations. If we have two next piles we ocar draw for them the bulbs
of pressure which can represent, as Professor EBgler showed us today, 10%
of p, or we oan draw another bulb of pressure whioch shall represent, for
instence, 1% of p, where p is the unit pressure at the bottam of the

\/ pile. In practice we are interested only in the mutual position of bulbs
of pressure of such intensity that they can produce deformetion of soile.
The bulbs of smaller pressure, &s for instanoce the curves b, oan overlep
¢ eaoch other and from the practical point of view it is no trouble for use.
We must take care only that the next bulbs of pressure cepable of producing
deformations should not be too near to one another. In most cases it is
observed that for this aim it is sufficient to give the distance from one
pile to the other about 3D = 3,5D where D is the diemeter of the pile, end
then eaoh plle in a group of piles shall work individuelly.

When we use the piles, in the up-to-date state of our science, we can caloulete their bearing
oapecity by different formmlee. In sandy soils, where we have & rapid distribution of stresses in the
ground, it would be suitablg to use the dynemic formulae. The most used one of that kind is in my
country P = hQ2 /e_(Q+ q) £ (formule of Brix); here h is the drop of hammer, Q and q - the weight
of harmer and pile, e - the settlement from one drop of hammer. In cases where we have clay ground we
mst to my mind calculate as when the plles are not driven but boredes We must consider here the re-
sistance of the pile es consisting of two parts expressed by general formule P = Ap -+ S(f + ¢),
.where A and p are bottom aree and bottom unit pressure, S is lateral surfece of the pile, f and
¢ = leteral friction and coheslon. The sum of £+ o can be easily obteined by pulling tests of pilese.
I suppose that in hard olay soils where the succeeding settlement is almost imperceptible the first
dynamic formule 1s also suitablee

By reviewing the different kinds of plles, I would point out &s a result of new soil studies the
special advanteges of oone-sheped piles in clay soils; the piles of this form by driving go smoothly,
similerly as a wedge pressing the water out of the soil; the energy of driving is not so wmsted as we
observe it sometimes in cylindriocel piles; the adhesion of soil to the pile is ascertained end the
friotion forces are fully developed when in oylindricel piles sometimes & sort of ecylindrical hole is
formed with feeble adhesion of s0il to the piles In sendy soils the cone-shaped plles obviously
easily compect the soil.

Relating to the mentioned in reports Franki-piles I would recommend some caution in driving them
near one another; by reason of special method of execution of this kind of piles every succeeding pile
can damage by driving by its bottom part the previously executed one.

&

No. H-10 DISCUSSION
Lazarus White, Consulting Engineer, Spencer, White, and Prentis, New York City

I read some of the papers lest night where some of these pile driving formules were derived, and
the result was that my sleep was very mch disturbede I have tried consclentlously to keep up with
this subjeot, and I have read I don't know how many pepers in the oourse of my duties end they all
ocome down to & very simple things. P, the load that the pile ocan oarry, equals K x S. S is this
mysterious penstration on the last few blows. It is all very fine until you came to derive this K.
They all have different methods of deriving K. Some of them get integral signs fram zero to infinity,
over and over again, with a few cosines and tengents of angles, and so forth. They all say, "They
heve another little K here. Oh well, we'll ocall that a "C". If you only perform experiments and find
this little fellow and epply it to this K, you wlll get the right answer." And they always do get
the right answer. They perform & few experiments and torture this "K" around, and get the right
answere.

My patience is about exhausted with that kind of mathematicse There is a great tendency for that
to run all through soil mechanics. If we engineers are not careful--end after all thls is en en-
gineering subject--the mathematiciens will run away with it end then wetll have to fall back on oom~
mon sense.

Sometime ago I learned from reading Thomas Huxley who was quite a solentist, that one well-
performed experiment can explode any amount of methematics. The mathematiocs has to agree wlth naturee.
Nature has no contract to agree with mathematios.

Now, when you are an engineer and & contractor end have your oapital at steke, you don't want to
take these formulas at one hundred per cent or else your oapital may disappeare That 1s nowhere more
true than in this field of pile driving. If anybody used any one of these formulas and then took fi-
nancial responsibility for the support of & structure, I don't know what would happen to them. He
would have to have & very good lawyer to find a way of ducking responsibility.

In our under-pinning operations we are up against that probleme Here is & building to support,
and here are a lot of piles. We drive those anyway. We drive them with e hemmer. Then to meke sure,
we adopt the principle of testing all these piles, individually, hydraulically, with a rem and appare-
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tus just as good as any leboretory, so thet we cen get the value of single ones and groups. We don't
have to depend on formulaee You can take my word for it that the tests reveal that there is no re-
serblance betvieen the mctual result and eny one of these formules, even with correct K, unless that
K was tortured into all kinds of forms and was an extreme varisble.

I don't think--with all due respect to stetistics from Nebraska—-that any correlated results based
on Engineering News Formule can possible be righte

At first we had the ides that if we tested a single pile, got its value, and then used it, a cer-
tain percentege of the value we asocerteined would be all right. We found that we were not. We were
getting settlements when no computation would show it. Then we went back and tested as groups, end we
found that as a group, each individual pile had a far less value than when tested singly. Thet ac-
counts for the settlements,

Then we went into that problem, and the "Bulb of Pressure". It has been worth a good deal to us
because we were able to visualize what happens. We went into that, First of all we gathered all the
data and found that this was true. When the bulbs were close to each other they decreased the value
of eny single one. We could set up & jaok on the middle one and put an inoreased load on, and see the
dials of strain gauges deorease on neighboring oness. This is & oase where the whole is not equal to
the sum of the perts, strenge as 1t may seems I guess it is not very strange in modern methemstios.

Thet is absolutely true in pile driving. You have to take everything into account. Every pile
driving foundation is a general problem that can't be solved by edding up the parts. You have to know
what is below you.

In another case we tested the piles individually and in groups. We thought we were all right,
and the building settleds We found that the boring contraoctor had falsified his results--or at least
he reported all clear sand, while below 1t there wme a layer of peat. When the building got to a
certein weight the whole building settleds It settled uniformly and it didn't do much demage. It
shows that you have to take the underground into eonsideretion in addition to piles individually.
Piles in groups and the generel problem of soils mechanics cannot be solved by any formula,

No, E=11 DISCUSSION ON THE LATERAL RESISTANCE OF PILES, PAPER NO. Hel
Participants: Paul Raes, Belgium, eand A, E, Cumnings, U.S.A,

Paul Rees: Very much has been said here about the vertical resistance of piles, but nothing up to
now hes been sald about the lateral resistance. Piles ere not always carrying vertical loads,

In 1928 I wanted to give scme opinion about piles which had been tipped over by a leteral losd.

I was looking for a formule and didn't find one« To my knowledge none existed, so I had to find one
out, end I worked one out the best I could. To meke & formule is very easy, but you must first get
some assumptionse.

I found thet e French engineer--}, Reneabenqg--essumed, without giving e formule but simply talking
sbout it, that a pile subjeoted to & lateral loed would just rotate around the tipe Other people work-
ing on the seme subject essumed that the lower part of a pile imbedded in soil and subjected to the
seme stress would be fixed, supposing thet the dowmvard leyers were probebly so stiff that they would
act as a rocke There would be what we call in French, "enoestration". This was agsumed by Mr.
Cumnings.

Igthink that these two assumptions are not correct. I didn't kmow ebout the second one in 1928,
I made one that seemed to me rather logical and that is that the plle rotetes about a certain point
situeted at & depth y. By using equations of equilibrium you can work out the neocessery formules to
find y. Then you oan caloulate the pile resistence, whioh I did in a paper appearing in La Technique
des Traveux, no. 8 Aout, 1928, page 505. Editor "Societe des Pieux Franki, 196 rue Gretry,Liege.

Unfortunately, I could not test thet forrmle, because in Belgium we kmew all about money develua-
tion long before you did, and the result is that we are very poor. We oernot pay the necessery amount
of money to drive piles only for the purpose of testing them and then pulling them oute Americens ere
still able to meke those tests and they have done it very nicely on the Mississippi Rivers I read a
peper by Mr. Feegin appeering in the Proceedings, and telling all about those tests. I did what Mr.
White has poimted out with thet particuler American humor of his that I so muoh eppreciste. Of course,
in that formule there appears the famous value of @, the angle of internal friction. I considered P
es an unknown velue. My formule was a sort of equation end I got ¢ out of that formule and then I
sew that at least one test was brillienmtly ohecking the formule and the equations. ’

But I think that Mr. White has been going & little too far, tecause if cme can do that in one in-
stanoce, one can not do that when you epply your formule to & lot of piles, which I did, and the dif-
ferent values of ¢ mnecessary to get good results were neerly the same,

Following on the paper by Mr. Feagin was e discussion by Mr. Cummings. Mr. Cumnings made his as-
surption and has been doing some very clever mathematics. He made elso some very ingenious 1little
tests with a rod imbedded in sand and subjected to a deflection, and he saw that the rod went like
this: the upper part wemt to the left and the under part to the right, and there was a pivot. It gave
me great pleasure to see that really I was right, and I thank Mr. Cummings very much for having made
that little experiment.

My formule is perbaps very poor, but as it is the only ome I think it is the best one.
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raper. He memtioned some work

Aos E, Cummningss I want to talk for Just a minute about Dr. Raes!

that I have dono on the lateral deflections of pPiles subjeoted to horizontal forces.
Dr. Raes' two figures ere here on the board. This Fige

in the ground. He referred to an experiment that I performed

which were imbedded in s&wdiist.

la shows a pivot point at a certein depth
In that experiment I used

with some very small, thin steel rods
three rods, one of which was very slim. I
think it wes ebout three thirty-seconds of an inch rounds Another was about one~eight of an inch
square, and the third was a quarter of an inch squares The upper ends of the rods were fixed egainst
rotation.
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Figo 1

The very slim rod defleoted like that, Figs 1b, with the lower portion of the rod vertical. The

next more rigid rod, Fig. lc, had a longer deflection curve, but also had the lower portion vertical,
The most rigid rod, which was the quarter-inch rod, Fig. 14,

had a longer deflection curve, but did
not remain vertical at the bottom.

The lower end kicked over slightly,

In the analysis that I published I assumed that some sort of ocurve like this existed and that the
bottom was fixede But I also included in the analysis the flexural rigidity of the pile itself. The
pile is a solid objeot and it is being moved laterally through another solide It seems to me impos-
sible that this sort of thing, Fig. le, can happen, regardless of the kind of pile that is beirg talked
aboute Mr. Raes'! analysls would lead to the conclusion that, if this were & one-inch by twelve-inch
board, for instence, subjected to a horizomtal force, it would bohave in the same manmmer as though it
were a twelve-inch by twelve~inch bar of steel,

In other words, it would heve the seme pivot roint
regardless of the pature of the pile, its shape, its rigidity, or its strength. I think thet cannot be
righ‘b.

I have seen annlyses based on the aseumption that the plle deflects after the menner of a beam on
an elastic foundation.

It may be that that is the type of curve that exists when & pile is deflected
leterallys My assumption may not be righte However, in calculetin

g the depth to this poirt, that is,
the bent length of the pile, I arrived at an equation of the form

Loy 216ELw
/ et

In this equation EI is the flexural rigidity of the pile and G and w are physioal properties of the
surrounding soil.

It is my impression--in fact I feel sure--that the manner in which the pile would behave, when it
is subjeoted to latersl foroes, depends not only on the soil properties but also on the flexural ri-
gidity of the pile itself, and, regerdless of what the defleotion ourve is, both factors have to be
taken into aoccounte.

In his conclusions about his theory, Mr. Raes states "essssand no a priori assumptions as to the
shape of the elestic curve are necessary." It is my opinion Mr. Raes! entire anrlysis is based on a
very definite a priori assumption ebout the elestic ourve; namely, that there is no elastic curve and
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that the plle behaves as a rigid bodye.

Mr. Rass! equations appear to have been derived for the purpose of looating the pivot point on
the assumption that such a point exists and on the further assumption that the flexural rigidity of
the pile has nothing to do with 1t. All of the equatlons contein terms relating to the physical pro-
perties of the soil, but there are no terms releting to the flexural rigidity of the pile; l.e., its
moment of inertia and its Young's modulus,.

Mr, Raes analysis leads to the oonclusion that & 1" x 12" board with the 12" face perpendiculer
to the direotion of motion would behave in the same marmer as a 12" x 12" timber provided both were
embedded in the same soil end subjeoted to the same horizontel foroces It is my opinion that this can-
not be true and that the behavior of the plle both above and below the ground depends on the flexural
rigidity of the pile as well as on the physioal properties of the surrounding soil. This applies re=-
gardless of whether the upper end of the pile 1s fixed against rotation or 1s free to rotate,

In another of his conolusions, Mr. Raes refers to a photograph published by me. (Proceedings,
A.S.C.E., November, 1935, Vol. 61, No. 9, pe 1363.) Only ome of the rods in this experiment behaved
in the mammer mentioned by Mr. Raese The other two rods which were of much smaller flexurel rigidi-
ties gave no indication of the existence of & pivot point. The experiment was not intended es a
scale model experiment and no quantitative conclusions were drawn from it. However, in my opinion,
this experiment demonstrates conolusively that the behavlor of vertical piles subjected to horizontal
foroes is materielly affected by the flexural rigidity of the pile.

Paul Raes: I am very grateful to Mr. Cummings for anewering my spoeoh, and for pointing out that in
my formule, as I only teke the resistence of soil to caloulate the resistance, the rigidity of plles
does not seem to have any importence. But perhaps Mre. Cummings has not read the full ocopy of my
paper. He has perhaps only read the abstract in Vol I. I will be gled to hand him over a full copy
of my paper and then he will reed more about it.

The reason that the formules of Mr. Cummings are so different from mine is that Mr. Cumings does
not oonsider this as a problem of soil mechenics. He assumes & certein shape of the defleoted pile
and then the deflection, y, is supposed to be proportional to e certein resistance of soils He con-
siders the soil as an elastic solid, where the defleotions are proportlicnal to the stresses and the
reverse, In other words, he assumes that the soil behaves according to whet we in Europe call the
Lew of Hooke., But soil mechenios assumes that in cohesionless soils=—and my formule is only to be
used in oohesionless soils==only friction has its part to play end the deflection has nothlng to do.
Then the deflection has no importance at all, because, assuming that movement is oocurring and the
engle of friction is reeched, the resistance does not increase eny mores. Then of oourse, the shape
that will be given to the pile after defleotion has no importence, end the rigidity, which is only
changing that shape has no importence either. That is why, in my formula, the rigidity does not play
a part,

But if the soil is not oohesionless and if in a certein region about the pivot where the deflec-
tions are very feeble, the limit of aotual friotion is not reached, of course there Mre. Cummings is
quite right, and probably the law of stresses 1s quite different to what I assumed it was. But still,
this can all be included in the fector of safety, and we have no other formule and mine is very simple.
But contrary to what Mr, White said, I think that a formule, even & bud one, is better than no for-
mila at all,

No, H-12 DISCUSSION ON SECTION H and I
Dr, W, S, Hanne and Gregory Tschebotereff, Diple. Ing., Foundation Soils Researoh Laboratory
Egyptian University, Cairo

Dr. R. Tillmen mentioned in his discussion (F-18) yesterday a oase of serious settlements of a
building in Viemna, founded on conically tepered situ-caest piles. These piles were moulded by means
of e massive wooden form driven into the ground and then entirely pulled oute. The concrete was then
tamped into the hole left free by this form in the ground. A subsequent investigetion of this oase
had shown that the oconcrete of the piles had a smaller section at the level of a deeper lying clay
layer, presumably due to the latersl pressures developed during the driving of the adjoining piles and
the resulting leterel displacements of the clay.

This disocussion, which followed our lecture and made & general reference to it may have oreeted
an erroneous impression that the situ-cast piles of the buildings in Egypt we referred to were of &
similar type. We therefore have to meke the following remarks:

1. None of the buildings we referred to in our lecture had piles of the type mentioned by Dr.
Tillmen. This type has not been used in Egypt during the past 8 years. The various situ-cast piles
in current use in Egypt of over 6 meters length are formed in the ground by means of hollow cylindri-
cal steel tubes gradually pulled up &s the ooncrete is rammed in. With this method there is alweys
some concrete inside of the tube, which is kept dry, and a hole in the ground is not left free.

2., There 1s no evidence so far avsilable of any kind thet & partial pinching off or any other
damage to the not quite hardened and not encased, by permanent steel tubing, concrete of a pile may be
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caused in our soils by lateral displacement of olay due to the remming in of adjoining piles.

In buildings in Egypt there are seldom more them 3 or L piles in one group and their specing is,
as a rule, not under 1 m 20 (i.es 4 £t) from center to oenter and is often greater. Load tests are,
as & rule, oarried on piles chosen from such fully campleted groups and their results have not so far
revealed that any of these piles were damaged in any mamner. Alsc no excaveted piles fram such groups,
(instances of which have been recorded sometimes), have so far shown signs of any pinohing off or of
any other damage.

3+ It oan be seen from the drawings of our paper in Vol I and of our lecture, that the settlement
distribution in plan of all pile foundations on Egyptian clays so far observed followed the intemsity
of stress distribution and did not show irregularities, whioh could be attributed to damaged piles.
Irregular distribution of settlements ocourred only with plles resting om send,--where pinching off of
the unhardened concrete by the driving in of adjoining piles is to be feared muoh less,--end which
distribution appears to be due to the irregular nature of the river send depositse

A1)l this question has always been in our minds and the fact thet such pinohing off of unhardened
and unencesed concrete piles seams to have been observed on cley in some other localities outside of
Egypt, with the resulting use of more expemnsive situ-oast piles left encased by steel in the ground,
proves the necessity of a further careful investigation of the matter and of a comparison of the
physical properties of clays im the localitles where such different effeocts of the driving of adjoin-
ing piles on non-encased situ-oast plles have been observed. Such comparisons might lead to a dis-
closure of the cmuses of the assumed different behaviour of verious oclays in this respect, or of other
fectors of impertance, and subsequently allow the choice of rationelly economic designs of foundetions
in new locelities where situ-=cest piles had not been extenslvely used so fare.

No. H=13 DISCUSSION
Carlton S. Prootor, Consulting Engineer, New York City

Only as a corollary to Mr, Crandall's very able and excellent paper this morning on pile=driving
formulaes, (H~7) I want to offer the thought thet the development of a new, praotiocal and workeble for-
male should include a determination of the stresses to which the piles are subjeoted during eny stage
of driving, and that there ere cases oontimucusly where it is desirable to penetrate to an underlying
material through a hard orust where it is enmtirely possible, or probable, that the pile is over-
straeined during drivinge.

Pile driving formulaes in the past have been considered essentlal for the purpose of fleld deter-
mination of pile beering oapacities. A point which has been entirely overlooked is the neoessity of
knowing the driving resistence, irrespective of materials penetrateds In order to properly design a
pile and to assure that the pile does not suffer from over-stress during driving, it mist be reocog-
nized that the most severe treatment or load applied to a pile may take place during the driving opera-
tione

At the present time there are numerous pile formulas which are used with presumed faotor of
safetye It is not umknown that piles have been driven and presumed oapable of oarrying loads with
such a feotor of safety, while at the same time the product of the bearing capaoity as so assumed and
the assumed faotor of safety would result in aotual driving resistance comsiderably in excess of the
ultimate strength of the pile being driven. Such an assumption must oertainly be contrary to the facts
and must disprove the oorrectness of the formala usede

Several well-lmown authorities, suoh as Dr. Terzaghi, E. Ps Goodrich, and J. Stuart Crandall,
have written excellent papers on this subject, and appear to be in general agreement as to a general
type of formula, I do not believe as yet that the subjeot of the strain of the pile while being dri-
ven has been given adequate oonsideratlion.

No. H-1l DISCUSSION
Kjetil Haugeto, Designing Engineer, M. W. Kellogg Co., New York City

During my experience I have designed a number of piling foundations loocated in regions where
earthquakes ocour--in California, Japan and Manchuria.

Due to lack of confidence in the general practice in design of these foundations, I have treated
them with a certain caution. When an earthquake ooours the osoillating motlon of the subsoil may
reduce the friotion, especially at the upper portion of the piles, as shown in Fig. 1.

In the design I have therefore preferably used mat foundation that would partly bear on soll,
and rigid struts between the different pile groups. Some of these foundations have been in use for
8ix years, and have resisted severe earthquakes without any unfavorable reports.



U2 H-1),

Due to the inoreasing heights of buildings and heavier
'__—y__j; equipment in the industry this may be an important matter
SUPERSTRUCTURK for safety. It would be interesting if some of the en-
gineers present from the earthqueke regions would give their
opinion on how friotion is affected by earthquakese
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No. H=15 DISCUSSION (By Letter)
SOME REFERENCES TO PILE DRIVING AND THE SUPPORTING POWFER OF PILES IN BRITISH TECHNICAL PUBLICATIONS
Robert F. Leggett, Canadian Sheet Piling Co., Ltd., Montreal, Canada

Discussion at the Conference sessions, and informel conversations during the week of tne meeting,
indicated that British technical papers dealing with pile driving and the supporting power of piles
wore not well known. As the Prooeedings already include some short bibliographies, it is thought thaet
a list of the most important of these publicatlions may be of interest and of use. The following
titles and notes ars therefore submitted: ?

1, "A formule end diagram for ascertaiaing the resisting power of piles"; by A. C. Hurtzig;
T.LeE.S. Vol. T, page 111. 1886.

2. "A new method for determining the supporting power of plles"; by Franz Kreuter; P, Inst. C.E.
Vol. 124, page 373, 1895.

3, "Pile driving and the supporting power of piles"; by Henry Adams; Ts Conos Inste Vols 38, 1916.
(The above mentioned pepers are concermned largely with the evolution of formulas).

Lie "The impact of imperfectly elastic bodies and the effect of the Hammer Blow in Pile Driving";
by A, Hiley; Te. Soc. Engs. 1923,

5. "A rational pile driving formula"; by A, Hiley; Engineering, issue of 29th, May, 1925.

6. "Pile Driving Caloulations with Notes on Driving Forces and Ground Resistance"; by A. Hiley;
Struot. Engs Vol. 8, July and August, 1930.

(The above mentioned three papers all deal with the "Hiley" formula, mentioned so often at the Con-
ference).

7. "Pile Formulas"; by J. H, Nicholson; S.E.,P. Inet. C.E, No.. 62, 1928,

(A comparison of the Wellington, Dutch and Sanders formulas, based on test results, given in useful
table.)

8. "The Design of Piles"; by G.B.R, Pim: S.E.P, Inste C.E. No. 78, 1929.

9, "Pile driving and the Supporting Capacity of Piles": by R. Bemnetts S.E.P. Inst, C.E, No. 111,
1931. )

(Evolution of another formula)

10. "The Consolidation of Piles"; by A, C. Vivian; C. Eng., page 23, November issue, 1931,
(An experimental study of the "setting up" of piles during driving, after they have been left untouched
for short intervals of time)

11, "Piles and Pile Driving"; a Book of 21l pages, by As C. Dean, published by Crosby, Lockwood &
Son Ltd., London, 1935, ) .
(Generally desoriptive, with a good chapter on "The Theoretical Carrying Capacity of Piles” in whioh
15 different pile formulas are disoussed and analysed.)

12. "The Resistance of Piles to Penetration"; a Book of 138 pages by Re. V. Allin, published by
E. and F, N, Spon Ltd., London, 1935.
(Essentially a book of tables based on the use of the Hiley formule giving the Resistanoce to Penetra-
tion of piles which, as the author points out, is not the same thing as the Supporting Value which can
be used in design.)

13, "The Aotuel Bearing Value of Piles"; C. Enge pege 210, July issue, 1935.
(A most valueble note, giving !B references to teshniocal publiocations whioh include actual test pile
data, the main essentials of whioh are presented in a comprehensive table.)

;. "Pile Driving Formulae as Applied to the Reinforced Concrete Pile"; by R. V. Allin; Conc. and
Conste Eng., page 357, 1ssue of July, 1935.

15, "The Behaviour of Reinforoed Concrete Piles during Driving"; by W. H. Granville, P, Grime, and
W. W, Daevies; J. Inst. Cs E. Vol. 1, page 150, December, 1935.
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(A teohnical paper, presented to the Institution of Civil Engineers, and disoussed, desoribing re-
searches oarried out at the Building Research Station, Watford, of the British Goverument, in colla-
boration with the Federation of Civil Engineering Contractors, in order to devise meothods of finding
what a pile will stand when being driven without being damagede Desoribes the development and use of
a piezo-eleotrio strain recorder, using out quartz orystals.)

16. Note and Praotical Suggestions on Pile Driving; J. Inst. C. E., Vol. 1, page 587, April, 1936.
(A progress report on the newly reconstituted joint Sub Committee of the Institution of Civil En-
gineers on Pile Driving, indicating present problems and direotions for future researsch work.)

The above list is not exhaustive, but it does indicate most of the important British publications
on this subjeocts The references include papers of varying value, some being inoluded mainly to indi-
oate regular periodiocals which may be of general interest, abbreviations being used to denote these
as follows:

P, Inste CoEe: Minutes of the Proceedings of the Imstitution of Civil Engineers, ocovering about
one hundred years of British engineering and terminating with Volume 2,0.

S.E.PsInst, CeEst Selected Engineering Paper of the Institution of Civil Engineers, published as
separate pamphlets.

Je Inste CeEet Journal of the Institution of Civil Engineers, the new form which all the In-
stitutions publioations now take, started in 1935, following on from Volume 240 of the Proceedings to
be 1ssued eight times a year, and generally available through technical booksellers.

TeL.EeSet Transaotions of the Liverpool Engineering Society (ome of the several provinoial so-
oieties in Greaet Britain) issued annually.

Toe Cono. Instes Transactions of the Conorete Institute (London) the precursor ofs

Struct. Enger "The Structural Engineer", & monthly jourmal, and officirl organ of the Institu-
tion of Structural Engineers (London).

T. Soce Engs.: Transaotions of the Sooiety of Engineors (London).

Engineering: "Engineering" a weekly teohniocal journal (London). "The Engineer" (London) a
similar publication often presenting relevant information.

Cive Enget "Civil Engineering" (London) a monthly journal to be distinguished from the journal
of the Ameriocan Socisty of Civil Engineerse

Conoe % Conste Enges "Conocrete and Constructional Engineering” (London) e monthly journal de-
soribed by its name.

.Noe B-16 DISCUSSION OF PAPER H-5 (By Letter)
Dimitri P. Erynine, Research Associate in Soil Meohanios, Yale University, New Haven, Comeoctiout

The object of this disoussion is to oomplement the information furmished by Mr. Lozovsky so far
as "pile driving" or "raming" curves are concerneds The term used by the writer is "energy -
penetration ourves" since he constructs them by plotting the accumulated mechanical energy, E, spent
in pile driving, against the totel penetration, L, of the pile at a given time.

During the oonstruction of & bridge in Stratford, Conn., in 1933 piles were driven at the bottom
of an exoavation (elevation of the bottom + 62, ses Fiz. 1); the water table was at + 61; and the
material consisted of fine saturated send, feirly homogeneous. The piles were of creosoted yellow
pine, and their average diameter was 10". An experimental pile (Exps Pe in Fig. 1) drivem before the
construction with a rather light MoKierman Terry doubls acting hammer 9=B=2 did not reveal a regular
"onergy-penetration” ourve; while in the case of other piles observed during the oonstruction (hemmer
10-3-2 made by the same firm) it was found that "energy-penetration” curves were of parabolic shapes
Foot-pounds of energy per blow are 8,200 for the former and 15,000 for the latter type of hammer,
Energy of fall alone would be 2,000 lb-f't and 4,167 1lb-ft, respeotively.

The equation of a parabolic "onergy-penetration” ourve is:

E= 3A.° (1)
whore A is a oonstant. After differentiation, equation (1) furmishes:
dE = A,L.dL (2)

This means that the amount of energy whioh is spent to drive the pile for a distance, dL, is propor-
tional to the produot A.L, or to the driven length of the pile, L, since A is a oonstante In other
words, if the"energy-penetration" curve is parabolic, the pile resistance is proportional to the
driven length, L, and may represent either skin resistance or deformations of the pile proportional
to its length or both. The point resistance in such a case is very small, if at alle Equation (2)
may be rewritten under the form (3):

b . Ll (3)
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or, aftter differentiation:
E = A.dL (5)

Equation (5) would mean that the dymamical resistance in suoh a case is chiefly due to the presence of
& more or less constant point resistance, the skin friotion being relatively negligible.

The observations by the writer referred to, were published in the Annual Report of the Conneotiout
Society of Civil Engineers for 1934. (pages 70--31). Aocording to & quotation by M. Singer ("Der
Baugrund", 1932, page 159) parabolic "enerzy-penetration" curves were obtained in an observation made
in Germany about 1928, The curves flattened sensibly at a depth corresponding to a change of geologi~
cal conditions: a flatter parabola corresponds to a harder layer. Another example of such parabolio
curves is given by He Press ("Der Bauingenieur," vol. 1, September 15, 1933). E, Burkhardt in
Germeny ("Die Bautechnik", vol. 9, April 17, 1931) drove an experimental pile to & depth of about 20
feet and rocorded the accumulated mumber of blows. When the pile passed through the upper loamy and
gravelly layers, the ourve in question was rather parabolic; but it beoame preotically straight in the
lower layers of coarse gravel and soft sandstone. This may mean that in similar soils the point re-
sistence prevails.

To summerize these considerations, it seems possible to judge from the shape of an "energy-
penetration" curve, whether the skin friotion or the point resistance preveils in the given case of
pile driving.

H-17 DISCUSSION OF PAPER NO., H-2 (By Letter)
CALCULATION OF PILES ACCORDING TO THE THEORY OF THE LONGITUDINAL BLOW
B, Bs Eretsohmer, U.S.S.R.

1. The references to the preceding investigations are absent.

2+ The reference on the olassical theory of the oaloulation of the piles is not olear. It appears
that the discourse is about the new theory of Professor Doctor N. Gercevanov, because the preoeding
investigators have not considered the oirculation of weves in the oaloulation of plles.

3¢ Dr. Gercevanov, for the case with the lower end hardly strengthensd, has applied the Saint-
Venant's resolution, and made & discreet transition to the conditions of the driving down of pilese
As Seint-Venant, N. Gercevanov has thought, that the shock load is hard, because it was necessary to
study the special conditions of the oontact and the part of the emergy which is usual for the elastic
oscillations.

L. A, A, Kanshin and A. S, Ploutelow have performed for the shock of free rods the modelling on
the partioular oase the Ste. Vemant's resolution, with the same methods, that were in Annalen der
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Physik, 1909, by Remsauer published, but they have not made the reference to him.
5« The application of the Ramsauer's models in the driving down of piles is techmically un-
suitable by reason of the high overstrains in the head of the pile end of the large speed of waves,

No., H=18 NOTES OF PROCEEDINGS
Committee on Bearing Value of Pile Foundations, Waterways Division,
Amerioan Society of Civil Engineers, June 2, 1936, Faoulty Club, Harvard University
Published by Authority of Ameriocan Society of Civil Engineers

Present at Meeting

Members of Committee

Re E. Bakenhus, Chairman. Je Go Mason
Jo Stuart Crandall Ce S, Prooctor
Fe Te Darrow Earl von Terzaghi
Glennon Gilboy Lazarus White
Seoretary, Executive Committee, Waterways Division: Foreign Engineers, Guests of Committee:
Ralph H. Mann Aage E, Bretting, Denmark
Giovanni Rodio, Italy
Members of Committee on Conorete Piles, Construction Robert F, Legget, Canada
Division: J. Wright Taussig, Chairman Dr. Paul-E, Raes, Belgium

A, E, Cumnj.ngs
Guest of Commitiee:
Member of Cormittee of AJR.E.A, on Piles: Fo E, Schmitt, Editor of Ingineering
Wendell R, Wilson News-Record.

Guests of Chairman:
O« R Bgge
De M. Burmister

1. Stenographio record was made of the discussions at the Committee meeting. No votes were teken.

The following report, based on the stenographic notes is believed to represent the consensus of opinion
of those present at the meeting except where differences of opinion are brought oute In a general way
the discussion was based on subjects into which the Committee work was tentetively divided.

2. Glossary of Terms, Nomencletures end Definitions is & subject mentioned in the opening address to
the International Conference on Soil Meohanios and Foundation Engineering by its President, Dr.
Terzaghi, as being importent. All at the Committee meeting seemed to agree to this. It was pointed
out that the seme words heve different meanings in different parts of the United States. Such lists of
terms and definitions should be sent in at an early date and be submitted to Committee membership for
oomment. (Refer to definitions adopted at Shanghai and in GBteborg, Sweden.).

3. It was suggested that in some cases illustrations or diagrams would be desirable in meking up
definitions, as is done in some of the larger diotiomaries,

L. Sefe Bearing Values is & term difficult to define in mathemetioal velues. It depends on the use.
"In one case the owner had machinery and did not want more than one~hundreth of en inch settlement.
Cases of greater settlement were mentioned,

D¢ Jurisdiction of the Cormittee on Bearing Velue of Pile Foundations is derived from its appointment
by the Cheirmen of the Waterwnys Division, Americen Sooiety of Civil Engineers, at the request of the
Sooiety central administration. Overlepping with the work of the Society Committee on Earth and Foun-
dations was mentioned. The special purpose of the Committee on Bearing Value is to prepare & Society
Menual or Code while the Earth and Foundetions Committee 1s & oontinuing Cormittee. It was the ocon-
sensus of opinion that the Committee on Bearing Value should comtinue inoluding horizontel or inclined
loads on plles &s well as vertical and that the two committees should co-operate and exohange infor-
mation, eaoh in ocarrylng out the purpose for whioh appointed.

64 Determination of Settlement. The importence of relisble bench marks wes brought oute In the ocase
of the Albany Telephone Building the records stopped after about one year as the bench marks disep-
peared. Other cases have been mentioned. Cases of general settlement of large areas as at New Orleans
and Boston and other cities were mentioned, where in one case records of settlement were difficult if
not impossible to gete Reliable bench marks that do not themselves change elevetion are evidently
necessary, and evidently more than one should be usede A type of bench mark devised by Dr. Terzaghi
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was mentioned by him. Settlement mey be evidenced by orecks in buildings, change in slope of floors
or other horizontal lines, or vertical lines, which mey or may not be due to settlement, equal or un-
equal, of foundationse.

Te Pile driving recordss The following were mentioned as importent: soil profile to sufficient depth
below pile point, material length and cross-section of the pile, depth to which driven, elevation of
point and of cut-off or top, penmetration under blows of hammer, actual loading test, location plan and
identifying numbers, elestic behavior of pile under hammer blows, use of pile oap oushion or follower,
weight and type of hemmer, weight of the pile. Note time of driving and test blows and whether an
intervel of time has elapseds Mr. Legget, guest, mentiocned a form of pile driving record devised by
the Institution of Struoturel Engineers of Great Britain.

8. The desirability wes mentioned of some simple recording instrument that would make a time-
penetration record of the actlon of the plle under the hammer blow and would show by curve the pene-
tration and rebound ourvese Mothods used by Captein McKey and Commander Anges at San Diego and by a
Vienna firm of contractors were mentioned.

Q¢ ¥r, legget, guest from Canada, mentioned a successful series of tests of behevior of piles
while driving, mede by builders of the substetion of the British Governmment at Gerston, Englend, using
& orystal in connection with en electric current. See discussion in the ocurrent volume of the Journel
of the Institution of Civil Engineers containing also & collection of pile driving date,

9. Water Jet in Pile Drivinge Used considerably in sandy solls. Valuable in getting a pile down to
predetermined depth without injury to the pile from excessive driving. Driving of sheet piles on the
sea coast was mentionedse On the Canmdien Rivers piles are jetted in qulick-sand bottoms end could not
be got down any other ways The piles went down straight with one jet pipe outside the piles The or-
dinary practice in this oountry and in Europe is to drive piles to a satisfactory penetretion after
they have been jettede The effect of jetting further piles in the viecinity of those alreedy tested
must be noted, particularly if the later piles are jetted deeper. It was also brought out that a
pile jetted to sey LO feet and driven to L2 feet would carry more than a pile jetted to 20 feet and
driven to 21 or 22 feete In using a weter jet to sink a pille, judgment must be used because the pile
wlll go dowvn as long as the send is in the stete of a liquid mass and may go down further than neces-
sary to develop the desired loade It may be tested after the sand has setiled in plece and then if
neocessary, driven end tested again. Good judgment must be used. A case was mentioned on the Platte
River where piles could not be driven to the pre=determined depth as it could not penetrate a certein
hard cleay stratume Then with a jet a hole was punched through the eley stretum permitting fine sand
from below to escepe into the river. Subsequently, the piles by use of the jet were cerried dowm as
there was an escape for the confined sand which made the jet effective when it had not been before.
Another oase brought up piles in a highway to Coney Islend. They had been jetted, driven and tested
satisfactorily. Some one later doubted their stebility and under e second driving they went a foot to
three feet further under the same resistance. It was alwamys thought the jetting of adjecent piles
had injured the plles driven earliers

10. Pile Driving Hammerse Energy going into the pile determined from the number of blows per minute.
Firms making hammers have empirical formlae for energy per blow. In case of a double ecting steam
harmer an indicetor diegram on the steam cylinder for the dowmward blow would be necessary.

11, It wes merntioned that the drop hammer oould be used to gain information as to the elastic be-
hevior of the pile by striking blows of increesing height until the fall is determined where the re-
bound becomes less than the totel penetration, that is, the point where a permanent penetration first
begins.

12, Friction loss in the leads of the drop hammer and in the drum overhaul and all losses in fric=-
tion between the falling hammer and the motor must be taken account of in determining energy of the
harmer blow, particularly in using & formula to determine safe loade.

13, There is not much loss in the single aoting steam harmer such as the Vulcane There is fric-
tion of steel ageinst steel or cast iron, well lubriceated. The losses in e double acting steam hammer
ere more difficult to determine, in part due to differences in steam pressure at the hammer end at the
boilers i

1;s One member remarked that the drop hammer wes almost obsolete, with less then five per oent of
ell piles driven thet way, and that either the single acting or double acting steam hammer was almost
universally useds Another member brought out that there is e large volume of bridge work done in the
rurel districts and that the drop hammer due to its portebility end simplicity, will oontinue in use
for many years. The opirion was expressed that the totel wvalue of the small bridges built is more
than that of the million dollar bridges.

15. The actual energy of the blow of the hammer as delivered to the pile in making tests is a
vitel matter when determining pile values by formula. The weight and fall of the hammer are easily
determined, but the friction losses are more difficult,

16, The Vibropile used in Europe to some extent was discussed, but it was brought out that its use in
the United States where it was introduced some years ago wes negligiblee.
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17. Pile Foundations. The materiel below the pile points is of decisive influcnoe on the whole thing.
There are lots of thirgs that must be considered in determining how much load to put on the foundation
other then the descriptive nature of the soil and mere weight. The foundation has to be designed and
determined by what is below, how far the soft strete extend and the neighborirg conditions. The mere
presence of & building alongside may elter the bearing power of your own foundation. The case is not
a simple one of assigning e load velue whether by e loading test or by description of materiale There
1s the factor of the permissible amount of settlement, whether it is 1/8 of en inoh or 1 l/h inches,
all of which enter into the question of how much one pile will carry or how much the entire group of
120 piles will carry.

18+ In other words, it is obvious on the face of it that to seek e formula or to hope to find a
formule is a misteken effort.

19. The Engineering News Formula. Sometime in the eighties Arthur M, Wellington, when he found that

a greot many engineers were askirg, "Well, how much will a pile ocarry?" reached back to energy formla
methods, which were not at all new, and devised and wrote out a simple practical formule with & large
safety faotor designed purely for energy conditions. In the years which followed I have seen many
engineers inquiring, "Why don't these formulae work in my cese?” Usually it was this so-called En-
gineering News Formule or the Wellington Forrmle. "It shows twenty-eight tons end I only got four-
teen", or something of that sort. -

20. It turned out thet these people were driving in olay or river mud, or something of thet sorte.
Now, the mere idea that an engineer can take an energy formule end apply it to the mud in the river
bottom is rather absurd. But it 1s largely, I think, because of that sort of thing, the abuse of an
energy formula, thet this condition came about which Mr. White end Dr. Terzaghi have charecterized by
seying thet this formule has lost currency. I hope thet ell formulee for piles will have lost cur- '%="
rency soon, and that pile designs and pile celculations will be put on some other basise. But to over=
look the fact that in such circumstences es e fairly oompact and fairly uniformly dense granuler stra-
tum with no softer layers or strate lying below you oan get dependable results with an energy formula,
as in Mr. Mason's case, would be equally wronge

21s That 1s a limited mumber of cases, and I suppose thst the totel number of omses in which piles
ere driven in sand is not a very large frection of the totel., Another member estimated 50% of the
totel is in sand.

22+ I am thinking of the large amount of work done in meterial that is called river mud. Let us
look eside from olay. Let us waive the question of whether anybody ever ought to drive plles in clay.
Teke the oase of alluvial ground where & greet many piles are driven. It seems so obvious that none
of the normel methods of oalculation, certeinly nothing like an energy formule, should be applied there,
that I em wondering why there has been so much discussion about it. One gentleman said: "I hope we
can devise a forrula that will give us the bearing velue of a single pile. It looks to me as if that
is, on the very face of it, impossible.

23+ Mre. Crandall made a stetement this morning on piles, which seemed to me to cover in brief form
Just about all that needs to be said on the subject in the wey of limitirg the proper scope of any-
thing tangible in the way of a formule such eas an energy forrula. A formule, of course, that is based
on driving must be an energy formula., It cannot be anything else. If we are looking for a plle driv-
ing formule, ~ne that is based on what happens during driving, it can hardly be anything else than an
energy formula, Then you have merely to plck out of the vast amount of litersture on energy formlee
on pile bearing wvalue what you choose to be the safest and at the same time the most economicel,

2l;s The so=-celled Engineering News Formula in my recollection has never been indioted on the score
of being wastefuls Nobody has ever kicked about it giving too much safetye. If there has been any
kick it has been because, as in Mr. Mason's case, the safety 1limit beyond the design loading was not
ample.

25+ A member stated he was of the contrary opinion. Criticism has been the other way. I do not
went our guests to go awmy with the idea thet the Engineering News Formula has completely lost oaste
in the United States, because as far as building foundations are concerned I should say thaet at least
nirety per ocent of the specificetions that are issued by all authorities in the United States refer to
the Engineering News Formule today.

26+ Another member did not apree to this.

27. A member continued and stated that in connection with the work that we have been doing--these
are friction piles, not piles to rock--at least ninety per cemt of the specifications apply to that,
because I do not know of amy other formula or any other method as to pile driving that is used.

28+ It was brought out that New York City has en arbitrary measure right now that wood piles are
to carry so much load and the friction plles so much load, and it is not based on the Engineering News
Formule at alle It was further stated, however, that the Engineering News Formule is involved and
that the Code gives a ocertain maximum limit and that the depth to which you must drive to obtaln that
limit is a function of the Engineering News Forrmula,.

29, Two absclutely true things are brought out--that in pile foundations any formulee oannot take
into oonsideration soft materials below the point of the piles; also the question of large groups of
piles as against individual piles. But from our experience of thirty years approximately with the
Engineering News Formla we know that there is suffiocient safety fector in that formule so that re-
asonably sized groups are satisfactory with the loads that we uses




18 H-18

30. A member steted in effeot that as long as you get into it you have to use it. They have in-
sisted on using it end your bullding codes in the United States apply equally to sand and to olays.

In New York City they apply the Engineering News Formule in their building inspection to clays, to
river mids, to sllts, to what note There is no distinction, so far as I know, in any ocode in North
Americe.

31ls To this e reply was made: That indicts the engineer rather than the formula. Isn't the thing
that we need here a certaln amount of engineering sense--basically, I mean. There are places where
piles should not be used and they have been used in suoh places in the paste No formula, no codifice-
tion of velues, and no settlement measures are going to help you over thate That is Jjust poor engineer=-
inge It seems to me that first of all you have to consider the field and the service of piles, and
the great many different conditions under whioch they serve, and fit the comsiderations to that.

32, A member stated: I was going to say that I have mede a few tests--about forty. From those
tests end from the driving records that I have I want to bring out the fact that, in general, the
Engineering Newe Formula was too conservative. We were using too meny piles for the loads we had to
carrye That was the oconolusion I came toe. As far as Engineering News Formula is concerned there are
Just a lot of oases where I got a load of ten times as much as the formila showed and in some ceses I
oouldn't move a pile. In a good many instences I put as high as one hundred end seventy tons on an
eight inch pile and brought it up to ite elastio levels That was in gravel. In a similar condition
I couldn't move the piles I pulled up one of the anchor piles and it took seventy-five tons to pull
it upe I have had a lot of tests similer to thate At one time I petitioned the Distriot Engineer of
the Ue.SeBsP.Re, under wham we funotion and whose money we spemd, to modify that Engineering News For-
mule in some wey, especially in places where we had gravel and I kmew that we could not move them. I
suggzested that we use a factor of threee.

33« Another member stated: Our standard practice is to drive to one loading ocapaoity, that is,
thirty tons. Also our practioce is to drive to fifty per cent over that, as determined by the Engineer-
ing News Formula, Thirty tons with the Noe. 1 Vulcan hammer, which is the universal tool today, is
two and a half blows to the last inche We drive to four blows whioh is about forty-three tons, and we
have found that that 1s safe, irrespective of the grouping of the piles, except due to underlying
stratum or peculiar conditions suoh as Dr. Terzaghi has mentioned. We don't often test over Tour piles
in a group, beceuse two hundred and forty tons or sixty tons to the plle ls quite a load test.

3li. In an effort to summarize the situation as to the formula it was stated: I would like to say
ons thing on the Engineering News Formula, looking at it from a slightly differemt light. We are look-
ing at it tonight from the standpoint af all thls very considerable knowledge that has been gathered
in the last few years in regard to foundations. But there are a great many engineers still practioing
in this country who have not had the benefit of that kmowledge. I suppose the vast majority of them
have not. The Engineering News Formula has been a device that an engineer could use in his specilice-
tions in order to make definite some means of determining what he called the bearing value of the pile.
Ho was wrong in a great many cases. He was right in same cases as to arriving at & safe struoture,

But it was, and still 1s a oonvenient means for an engineer to put something definite into a specitfica-
tion.

35, Now how many times have buildings failed where the Enginecring News Formula wes used. With the
vast foundations and the very ticklish foundation work that is dome today, of course the Engineering
News Formula would not be justified, but I belisve that a great many engineers, in the present state
of kmowledge of the engineering profession at large, are still forced to use the Engineering News
Formula.

36. 1 am merely trying to state a fact, & condition, and not a justification et alls, If you take
engineers in soms remote oities, or evem in large cities, who are grinding out work, a greet many of
them don't have time to study, or possibly the abllity or the inelination to study these modern de-
velopments. He is foroed to do something and he falls back on that.

37. It was then stated by a member that you make foundations sometimes where you don't need an
engineers They ocan be done by rule of thumb.

38, The summary contimued: I don't think that should be done. I merely am trying to bring out
that the average practioing engineer of this country was practiocally forced to use that formula., He
didn't know any better, dependent on the state of his kmowledge. It was a oonvenlent device to put
into a specification.

39. It is the duty of the Committee to broadcast the more recent knowledge in regard to soil me-
ohenics and bearing value of pile foundations with everything that hes been brought out tonight with
regard to the importance of the strata below, in regard to the group value not being merely the pro=-
duot of the number of piles and the individual pile value.

10« When you burn down the house of the Engineering News Formule you mst have another house for
the patient to live in, beoause you face a praotical situation. Wle have to give him something betters.

'_-EL The Hiley formula for determining the bearing velue of a pile: This formula was mentioned but not
discussed &s to its derivation. While the Engineering News formula has such a wlde margin for safety
that it works, it is probably too comservative for results. One member suggested that a great number
of pile records where the piles were loaded to failure--that is, the essential condition=-should be
taken and then the bearing value by the Engineering News Formula and by the Hiley Formula should be
oomputed. Howsver, in this oconnection no confidence was expressed in formulae as a safe means of
universal determination of the safe load for piles.
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o Elastic Behavior of Pile. The elastic behavior of the pile is recognized in Shanghai and in

teborg, Sweden. The pile sinks under the effeot of the hammer blow but it rebounds and remains sta=-
tionery at some depth below the starting point. There is thus the total penetration, the rebound and
the permanent penetration--the rebound plus permanent penetration equal the total penetration. The
rebound is due to the elastic reaction of the pile (or of the soil or both).

Q5&_E;g§j;g_gghgxign_nﬂ_ﬁila_ggl. Observation at Rotterdam showed that a pile penetrated quite easily
and & neighboring pile penetrated heavily. Loading tests showed both piles had precisely the same
penetration curve at loading and the same ourve for pulling.

Llie Also in the Conference Proceedings are recorded experiences by the Dutch in driving a souple
of comparative plle tests. One pile needed about 30 blows per decimeter and the other needed eighte
Both pilles were loaded and gave precisely the same loading and pulling ocurves. This duplicated the
above experiences.

Li5¢ The first case was in about 16 meters of mud, silt, and peat, with a skin friotion of about
1 1/2 T. per square meter and then into sand. In the second case they drove through clay with a skin
friction of four tons per squere meter and then also into sand., The same type of soil in both oases.

L6, Elastio Behavior (3). Observations with & steam hermmer at Dutch tests showed that permanent pene-
tration was about half the total,

L7+ A member stated that with a steam hammer at 60 blows to the minute there is a slizht rebound.

L8. Dr. Tersaghi remarked: "It is very different for different soils".

9. A cdise was mentioned in which the rebound was equal to the total penetration (permanent pene-~
tration zero). In that case the hammer did not apply enough force to overcome the elastic limit.,

50. It was suggested that by use of a drop hammer hy, the value of the elastio property mey be de-
termined by finding the drop which just fails to produce a permsnent penetration-~providing the line
which gives the relation between the penetration and the fall of the hammer is straight.

51, Elastic Behavior (l). Piles, for instance in Holland where the points are in the sand, you ocan go
on loading and loading and you get deeper and deeper penetration but anything well defined is never
reacheds There is no elastio limit to it--no definite yleld point. In that case one cannot possibly
do enything else except specify an arbitrary limit, for instance ome or two inches and define it by
that. This would be an arbitrery standard and has absolutely nothing to do with safe bearing value.

52+ A member stated that would be a high limit in the City of Mexico. If it settled a foot thet
would be a vory good foundation. Another member stated that in Mexico City single piles behave Just
as decently as they do in other countries. The trouble starts when they appear in families,

53+ Formulee and Pile Driving Tests and Loading Tests. Formulae attempt to give the value of & pile.
Inmmumerable tosts in underpinning show a value of a plle of from 5 to O tons in sand if the penetra-
tion is controlled.

5Le In Denmark records taken in the evening will show one result, and if you take the same records
the next morning just after starting the driving you will perhaps get only one~tenth what you had the
previous day.

55¢ This is a safe indioation that the pile driving formulae is absolutely useless if you get an
appreciable difference between intermissions.

56. In Denmark when it is clay bottom we praectically always have much less penetration after wait-
ing some hours. In one case & heavy concrete pile was driven 25 meters. The formula geve 40 tons
capacity by test blows in the afternoon. Twenty-four hours later the hammer test and formula showed
LoO tons ocapacity. The loading test gave twenty~seven tons.

57« A member stated that if you have a good foreman and a blook of wood you can get any value you
wante.

58. The plle driving formule at best takes care of only one factor and that is an attempt to de-
termine the bearing value of & single pile. We still have the influence of the underlying soils of
gofter consistencies below the point of the plle, and the effeot of groups of pilles.

59« In Vienna piles are driven into a stratum of sand end gravel fairly well compacted and going
down to rock. Reoords of loading tests on many individual piles in the entire foundation show that
the ratio between the settlement of the individuel pile end that of the entire pile group ranges be-
tween five times, which is the more favorable case, to twenty or thirty times the subsidence of the
individual pile. The pile loads as a rule are 20 to 25 tons per pile for conical piles. The indivi-
dunl pile shows a sottlement of a fraotion of a millimeter and the entire foundation between ome centi-
meter and two ocentimeters,

60. The engineer is interested in the fundamental thing, which is not what the individual pile
will do but what the whole foundation willl doe That makes it immediately & general problem of soil
mechanics, where you have to consider everything. .

61, The Vienna experience indioates that with kmown bearing value of individual piles as deter-
mined by loading tests the entire foundation for the average building settles a given amount. This
ratio between individual load tests end bullding settlement has been found to be fairly constant, It
would appear that empirioal rules for each oity or for eaoh set of uniform conditions may be estab-
lished for use in building pile foundations. This pile driving and foundation matter may result in
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empirioal practices in different communities where the soils have characteristios that vary between
definite and rather close limits.

62. The opinion wes expressed thet it has largely gone that way and also that there is a tremen-
dous number of piles wasted by putting them too oloss together, where & smaller number would do even
better worke.

63+ Standard practlece of one of the companies is to drive to 30 tons loading ocapacity or 50% over
that by the Engineering News Formula. Thirty tons with the No. 1 Vuloan hammer is 2 1/2 blows to the
last inch. They use L blows or Lj3 tons to the pile. It is stated that this has been found safe ir-
respective of the grouping of the piles except due to underlying strata or peouliar conditionse. As
meny as 4 piles to & group are tosted with & two hundred end forty ton londe Settlement is in the
neighborhood of 1/l inch,

&lie The criterion for the wvalidity of any formula regardless of how acourate or scientifio it may
be, is that the dynamioc pile driving resistance is identiocal with the static resistance. In some
cases they are identiocal=-such as in permeable material oconsisting of sand, gravel, fills without any
oohesion. Then the Engineering News Formula has such a wide margin of safety that it works, but it is
probably too oonservetive for results. The Hiley Formula 1s better.

65+ Statio formilae are absolutely worthless as every statlc formula, without exception, assumes )
that the friction along the eircumference of the pile increases with the depth. Now all piling reocords
whioch have come to my ettention including small scale tests show that in cohesionless sand if thet
sand is dense you don't get the pile in at all without Jetting and if the sand is loose the skin frie-
tion is independent of the depths

66, There is still a hope that a practioable workable formule may be devised but it will only ap-
ply to the single pile and oan teke no account of underlying strata overloaded by the grouping of
piles as a wholes.

67. Shape of Pile Foundatione On the Pacific Coast a factory with a length of about 1000 feet was
built on a pile foundation with piles 60 to 30 feet long with extremely conservative loading between

10 and 15 tons per pile. Care wams exercised and all structures in the vieinity were first investigated.
Near by a railroad bridge had been built L0 years before on piers with piles 50 feet long. It had not
settled appreciably. The bridge piers were narrow compared with the depths of the piles, and therefore
the load of the bridge was spread over a wide area, One hundred feet below was a layer of clay. The
narrow bridge piers exerted practically no pressure thereon. The factory covering a large area gave
almost full load of 2 tons per square foot on the claye. The factory settlements were more than a foot
end a few inches, extremely detrimental to the machinery.

68, Foundation in loose send about 50 feet thick above an inclined rock bottom was to be built on con-
crete piles but the ground water contained L0 milligrems C0o per liter of water, dangerous to the pile.
The sand was transformed from the loose to the dense state by using an ingenious method for driving
masses of sand, gravel and tress in the form of piles into the masse The sand was compacted and the
surface actually settled one foot. The foundations could then be built direct on the sand.

69. Proposed Manual for Pile Drivinge. The opinion was that the time had not yet come for preparation
of a Manusl. Sufficient information is not yet on hand.

70, The Manual will not be a set of rules for designing a pile foundation, but it will state cer-
tain principles, oall attention to various possibilities and eliminate the dangerous feeling of cer-
tainty. It will be for the use only of enginsers of sound good judgment, good basic training and ex-
perience. It is not intended to be of the specification type. It will rather state principles and
cardinal control items. It should comtain a glossary and definition of terms.

71. Future progress must consist in the further colleotion of data, particularly of failures of
pile foundetions, definitions end of the material assigned to individual members.

72, It is hoped before the Annual Meeting to outline certein principles so far as we have gone.

SUGGESTED PROCEDURE FOR INVESTIGATION AND COMMITTEE STUDY FOR ITEMS 10, 12 and 13

Item 10--Long time factors in bearing values of the piles.

A, Altered oconditions
1, Change in ground weter level
2. Change in laterel stability due to adjoining excevations above the supporting medie.
3. Loss of pile support due to adjoining pile support within or below the supporting media.
lis Change in lateral stability due to placing of adjacent fills or surcharges.
5. Overloading of piles through friction induced by adjacent fills or surcharges.

B, Consolidations
1. Of the supporting media
2. Of materials below supporting media
3. Resulting from adjacent fills or surcharges
Lie Influence of remoulding on consolidation of soils above the pile points

C. Corrosion
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Item 12-=Preliminary investigation for design of the pile foundetionse.
A, Geologioal
1., Available borings records
2. Geologicel history
3+ Ground water surveys
Lie Borings
(a) Dry sample borings including undisturbed samples
(b) Wash borings
(o) Probings
B, Test Piles
1. Driving tests
2. Loading tests
3« Driving records in loecality through similar materials
Ce Existing Structures
1. Reoords of driving and loading and of pile settlemente and foundations of struotures
in same looality through similer meterials,
2. Looal practices
3+ Records of structures founded on similar soils but in other localities.

Item 13~--Elaments in the design of & Pile Foundation.
A, Manner in which the pile will derive its support.
l. Through friotion
2. Through point bearing
3+ A combination of friotion and point bearing
B, lateral stability derived from surrounding media.
l. To prevent buckling action L
2+ In supporting lateral foroes
C. Strength of piles as structural elements,
1. Strength as a column for support of vertical loads
2. Strength as a beam for support of lateral loads
3¢ Strength of pile against dynamic resistance in driving
lis Influence of out-of-plumbness for bent on the strength of the pile and tolerances per-
mitted by the design,
D, Durability of the Piles
1, As influenced by ground water
2¢ As influenoced by soil acids or alkalis
3 As influenced by electrolysis; either eleotrolytic or self-induced.
E. Loads -
1. Dead
2+ Live
3e Wind
lie lateral foroes .
F, Limitations imposed by supported structure AR
l. Total sottlement as influenced by oonneoting elements (sewers, water lines, etce)
2, Differential settlements as limited by strength end flexibility of the struoture.

7

Above submitted 2 June, 1936, by Mr. Carlton S. Proctor, Member of Committees

No. H=19 COMMENTS ON VARIOUS PAPERS
(Editorial notes abstracted from oral and written communicetions.)

Paper I-5: In & oormunication the fact was pointed out thaet in the computetion of the skin friction of
such closely spaced piles one must not assume the total surface area of the piles, but of the smallest
oircumf'erential aree of the entire body along which failure would actuelly teke place. For the ocase
desoribed in this paper the friction velue will be inoreased from 1l.63 to 2.2 tons per sq me



