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4) In non-cohesive soils model pull-out tests
gave values of pile skin friction that were
approx. # of the skin friction developed by
loading.
%) There is no reason to doubt the model simil-
arity of tests involving the study of load
distribution between pile shell and pile point,
However some additional studies are needed to
permit quantitative evaluation of load distri-
bution between prototype piles and pile foot-
ings and of pull-out tests on the strength of
results obtained on models.
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SUMMARY,

A settlement analysis of two large buildings is reported. They were erect-

ed on the seme deep deposit of plastic varved clay. Both buildings had approx.
25 ft. deep excavations for basements. The first Building ("A") had short piles
driven beneath its mat foundation to approx. 1/3 of the remaining depth of the
clay deposit. The second building ("B") had no piles.

The results of laboratory soil tests performed in 1946 at the Princeton
Soil Mechanics Laboratory on samples from an edjcining site are reported. The
clay was found to be very sensitive to remolding. Nevertheless the compressibil-
ity coefficients computed from the observed settlements of both buildings were
found to differ only slightly from each other. Their values are compared to the
values of compressibility coefficients obtained from undisturbed and from re-
molded samples by different laboratory testing procedures.

A hypothesis is aedvanced which assumes that the driving of piles may pro-
duce very little disturbance beneath the points of the piles as compared to an
exdessively deep excavation,

This hypothesis was qualitatively checked by a 1/100 model scale tridimen-
sional model study performed with gelatine at Princeton by the junior author for
his Master's thesis. The simulated excavation produced approx. ten times great-
er golatine displacement beneath and around it than did the driving of the pil-
es, Indications were obtained that a modified sequence of driving could decrease
the disturbance still further.

An investigation of a new site,as carried
out in 1946 by the senior author for Spencer,
Fhite & Prentis, Inc., Engineers, New York
City provided an opportunity to compare the

results of modern methods of sampling and of
laboratory soil testing with the observed per-
formance of two large buildings.

These two buildings had been erected some
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20 years ago in the immediate vicinity of the
newly studied site at Albany, New York, The
first building shall be referred to only as
Building "A", The second building, referred to
as Building "B", has been previously mentioned
in References 1 and 7. It is the Main Telephone
Building,

The soil conditions at Albany are rather
unusual. During the Pleistocene Epoch the Hud-
son River Valley was blocked by ice. Deep lak-
es were formed behind the ice barrier. These
were gradually partly filled by so-called
"varved" or laminated clays. ¥hen the ice melt-
ed the Hudson River cut its way through the
newly formed deposit leaving along its new
shores small hills which, in some cases, were
formed entirely of plastic clay. Albany is
built on one of these hills. The elevation of
the ground at Building "A" is approx. + 170 f&
and at Building "B™ + 120 ft. above the water
level in the river. Nevertheless the clay has
not dried out even at the surface. Recause of
its stratified nature there is much variation
from varve in the water content at all eleva-
tions. The natural water content usually is
very close to the liquid limit. Within one inch
depth it may change from 20% to 60%. At the
same time the clay has a high unconfined com-
pressive strength with an average value of at
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Building a
FIG.1

least 1,05 T/sq.ft. The clay is very sensitive
to remolding. The average value of the Sensit-
ivity Ratio, S', as defined by formula (2) 10),
is 12.0. The preconsolidation load, as deter-
mined from void ratio-pressure curves, does not
change much throughout the deposit, varying
somewhat erratically from 3,20 T/sq. ft. to
5.80 T/sq. ft. For further details concerning
the engineering properties of this soil see 10),

Al]l samples were extracted from bore-holes
lined with 6 in. diameter steel pipe. The holes
were unwatered prior to sampling. The samplers
used were 3 3/8 in., diameter, 18 in., long, and
were made of thin walled (1/16 in. thickness)
Shelby tubing.

Fig. 1 shows the load profile, the founda-
tion and soil profiles, the settlement profile,
and the time-settlement curves of Building"A™,
Fig. 2 provides the same information for Build-
ing "B".

Fig., 3 gives a comparison of the compress-
ibility coefficients, "my", computed from the
observed settlements of both builldings and from
gifferent laboratory consolidation test proce-

ures.
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where: 3 = obgerved settlement of a surface
point,
ap = corresponding average pressure in-
crement throughout depth "H".
H = depth of compressible layer.
e = initial void ratio.
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Comparison of velues of the compressibility coefficient "mv"
computed from the average results of different laboratory
consolidation test procedures and from settlement obser-
vations of building "A"and"B"

FIG.3
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The above formulas were published by the
senior author im 2) in connection with his
similar studies in Egypt, some of which were
also concerned with overconsolidated swelling
clays. The symbol used then was "X"., This ex-
pression has since been adopted by Engineering
Societies of the United States, but the symbol
has been altered to "my " -and the designation to
"Modulus of Volume change". The soil conditions
at Albany provided a better opportunity than
had existed in Egypt for the evaluation of dif-
ferent laboratory testing techniques by com-
paring their results to full-scale field ob-
servations. The compressible clay layers in
the cases studied in Egypt usually did not ex-
ceed 20 to 30 ft. thickness 3), They were un-

derlain by deep layers of sand of medium dens-
ity. Their compressibility had to be assumed
as being equal to zero although in the light
of recent research 9) this assumption appears
questionable. It may have led to an estimation
from full-scale observations of too high "my"
values for the clay layers - (from my= 0.0080
to mg = 0.0200). This should be borne in mind
when comparing the data of this paper to the
data in 2). By contrast the compressible clay
layers at Albany are much thicker (75 ft. to
90 ft.) and are underlain by only 20 ft. to 40
ft. of a very compact mixture of sand, gravel
and boulders, followed by bedrock.

Fig. 4 illustrates a method of overcoming
some initial swelling of naturally overconsalid-
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ated clay samples by means of cyclic loading. 2)
The findings presented by Fig. 3 were
somewhat of a surprise. The driving of piles
into the highly sensitive clay had not increas-
ed its compressibility to the extent suggested
by previous publications on the matter 1). An
examination of Fig. ?» shows that the values of

PILES EXCAVATION
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Comparison of surface displacements

the modulus of volume change, "my", obtained
from laboratory consolidation tests on comple-
tely remolded samples are five times higher
than the highest “my" values obtained for
Building "A'" under any of the possible limit-
ing assumptions.

There is some uncertainty concerning the
exact value of the average depth "H" which
should be used in the computations referring
to Building "A". It can only be said that it
lies between the two limiting values "H:" and
"B,", (Fig. 3.) With this in mind a further ex-
amInation of Fig. 3 shows that the "my" coef-
ficients of both buildings have pract¥ca11y
the same value of approx. my = 0.0075, if we
insert in formula (1§ for the value of ap the
building load after reducing it by the weight
of the excavation. The first run of loading on
laboratory specimens tested in a non-submerg-
ed condition closely approaches the field va-
lue (0.0075) with my = 0.0085; also the sec-—
ond run of loading on submerged specimens with
my = 0.,0100; - the first run of loading on sub-
merged specimens is more than twice too high.

If we take for " p" the full unreduced
weight of the buildings, then the "m," value of
Building "A" equals approx. 0.0045, or almost
twice as much as the corresponding 0.0025 "mg"
value of Building "B". The laboratory second
run of loading on non-submerged specimens gives
an intermediate average value of my = 0.0030.

All the preceding findings lead to the
formulation of conclusions (4); (5); and (6)
stated at the end of this paper.

The recorded surprisingly small "my" va-
lues for Building "A" may perhaps be partially
attributed to some "stiffening"” with time of
the remolded clays, a phenomenon recently out-
lined by Dr. Terzaghi 8).

The senior author advanced a hypothesis

FIG.5 to explain the observed facts which assumed
that the disturbance of the clay produced by
FIRST TEST SECOND TEST
PILES EXCAVATION
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Comparison of displacements by model tests.

FIG.6



the pile driving though pronounced in the im-
mediate vicinity of the piles, was quite small
at some depth below their points, as compared
to the effect of an excessively deep excava-
tion. This hypothesis was supported by the fol-
lowing data.

'The belief expressed in 1932 by A. Casa~
grande in 1), according to which settlement
will. not begin until the weight of the build-
ing exceeds the weight of the excavation, has
not been substantiated by later studies. Obser-
vations in Egypt (Building II, Fig. 45, 3))
showed that settlement began from the very
start of construction. Also in 1936, Cuevas
4) reported dangerous heaving of the bottom of
excavations in Mexico City. Peck reported in
1943 5) (Fig. 25, P. 1016) observations in
Chicago subway cuts which showed that movements
of the clay reaching to a considerable depth
began at a construction stage when the unbalan-
ced weight of earth outside the excavation ap-
prox. ejualed the average unconfined compress-
ive strength of the clay. Some remolding of the
clay appeared unavoidable under such conditions.
A. Casagrande's own later studies 6) also re-
corded heaving during excavation and an imme-
diate reversal of movements after beginning of
construction., A partial slide during basement
excavation for Building "B" reported by George
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L. Freeman in 7) - (see also Fig. 2 of this
paper and Fig. 9 of 10) almost doubled the
later settlements of the part of the building
"B" erected over the slide area, Finally a com-
parison of the time-settlement curve shown on
Fig. 2 of the present paper for Building "B"
to Fig. 23 of 1) suggests that the first part
of the time-settlement curve given by the lat-
ter reference was based on some misunderstand-
ing.

A qualitative check on the hypotheses
concerning the remolding action of piles was
provided by the following model study.

A %3 ft. x 3 £t. sjuare metal tank, one
foot deep - ("A"™ on Fig. 10) ~ was built for
filling with gelatine. Thin metal disks were
connected to rods, D. and E (Fig. 11) which ex-
tended through openings in the walls and in
the bottom of the tank. The rods were surround-
ed by vaseline filled glass tubes which were
withdrawn after the gelatine had set. The rods
E served to measure vertical displacements.The
rods D served to measure the horizontal dis-
placements within the mass of gelatine along
the north-south axis only (Fig.?7 and Fig. 11).
They do not seem to have restrained to any ap-
preciable extent the freedom of gelatine dis-
placement as compared to the east-west axis
beneath which no rods were embedded. (3ee Fig.
9). Thin metal plates were placed on the gela-
tine surface (Fig. 7 and Fig. 12) and on the
bottom of the "excavation" (Fig. 13) which was
simulated by the removal, after the gelatine
had set, of the wooden form "C" (Fig. 10 and
Fig. 11). All displacements were measured to

STRESS PS)
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Results of unconfined compression tests on
gelatine.
FIG.8
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Pilot test.

FIG.9

FIG.10

1/1000th inch accuracy in regpect to a rigid
frame "B" (Fig. 10). Mechanical extensometers
were adjusted by a micrometer screw until con-
tact was signalled by the lighting of a lamp.
The strength characteristics of the gelatine
are given by Fig. 8.

The first test involved the driving of
440 wooden piles, 4-=1/4 3n. long and 1/8 in.
thick from the center outwards in a spiral se-
gqrence. The second test involved the "excava-
tion". The results are graphically compared on
Fig. 5 and Fig. 6, and helped in the formula-
tion of the conclusions (1); (2) and (3).

Acknowl edgements are due to Mr. Edmund A,
Prentis and to Mr. Edward E. ¥hite of Spencer,
‘Yhite & Prentls, Inc., New York for the sup-

FIG13

port provided to the Albany phase of this
study.

CONCLUSIONS

1) The bottom of a foundation pit underlain by

a deep layer of glastic clay heaves during
excavation., Distortions of clay layers accomp-
anying such a heave extend throughout the en-
tire depth of the deposit.

2) By comparison, the distortions of clay lay-
ers produced by driving short frictional
plles into the deposit are more pronounced in

the immediate vicinity of the piles, but are



smaller throughout the entire depth of the clay
beneath the points of the piles.
3) The final effect of such deformations on
the compressibility of the clay deposit may
sometimes be approximately the same both for
the case of an excessively deep excavation and
for the case of fraction&{ plles embedded in
the clay, even 1f that clay is very sensitive
to remolding.
4) It proved essential to prevent swelling of
overconsolidated natural clays and their con-
tact with free water both during sampling and
during laboratory consolidation tests. Reason-
able agreement was then obtained between field
observations and the results of conventional
methods Qf settlement forecasts based on com-
pressibility coefficients obtained in the la-
boratory from the first run of loading in a
consolidometer and on building loads reduced
by the weight of the excavation.
5§ Since some weakening of the very sensitive
clay by remolding was definitely present be-
neath both structures described in this paper,
the preceding conclusion (No. 4) amounts to a
statement that even with the most careful hand-
ling of samples and their testing in a non-
submerged condition, an emount of their remold-
ing equivalent to the average remolding under
the structures could not be avoided.
6) ¥hen contact with water and the accompany-
ing swelling of such overconsolidated clays
was intentionally permitted in the laboratory,
then the compressibility coefficients taken
from the second run of loading in a consolido-
meter were the ones to come closest to the
values computed from field observations, but
were still somewhat too high,
?7) Although all the observations reported in
this paper are in general agreement with the
conventional theories of consolidation, the
possibility of "re-cementation" with time of
such contact surfaces between clay particles
as may have been disturbed by remolding should
not be overlooked in future studies.,
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