INTERNATIONAL SOCIETY FO
SOIL MECHANICS AND
GEOTECHNICAL ENGINEERIN

SIMSG [} ISSMGE

s

This paper was downloaded from the Online Library of

the International Society for Soil Mechanics and

Geotechnical Engineering (ISSMGE). The library is
available here:

https://www.issmge.org/publications/online-library

This is an open-access database that archives thousands
of papers published under the Auspices of the ISSMGE and
maintained by the Innovation and Development
Committee of ISSMGE.



https://www.issmge.org/publications/online-library

Seotion F: SETTLEMENT OF STRUCTURES e

No. F-16 OPENING DISCUSSION
Dr. Karl v. Terzaghi, Professor at the Teohnische Hoschschule, Viemns

Yesterdey in my operirg address I called your attention to the importence of adequete evidences
No rule and no procedure should be accepted for practical usage umnless its vaelidity is susteined by
adequate evidence obtained from observations on full-gized structures. The topic of this discussion
gives me an opportunity to illustrete the meaninrg of my comments by meane of specific exemples.

Instentaneous and Gradual Settlement. If we construct a building and observe the movement of its

base during and after construction with adequetely sensitive measuring devices we always find that the
buildirg settles to some extent, regardless of what the material beneath its foundations may be. If
the building is not perfectly rigid, the settlement is almost always unequal, though the load may be
perfectly uniformly distributed. The observed settlements can be divided into two pearts. One part
oocurs simultemeously with the application of the loade The second one represents the gradual in-
creanse of the settlement after the load has assumed its meximum velue. These two fractions will
briefly be called the instentaneous and the gradual settlement. For a given system of loads both parts
of the settlement depend on the compressibility, the permeability, the thickness and the succession of
the so0il strata located beneath the base of the foundation. Thus we have assembled a group of empiri-
onl facts to start with.

Methods for Investigetion. In order to bring some system into the confuaing varlety of observed facts
and in order to learn something about the relation between the settlement and the factors cited above,
we are compelled to investigate the influence of each one of those factors individuelly. A considereble
part of this investigation has already been oarried out. However, since the investigations were by
necessity based on a radical simplification of the real properties of the soils, no final conclusion
can be reached without checking the theoretioal results against the results of observations on full-
sized structures.s The major part of this second tesk still remains to be performed although the Pro-
ceedings of our Conference contain alreedy & great number of valuable and promisirg contributions.

State of Stress Benseth Loaded Aresse. In every case the foundetion represents e load which acts on or
at scme depth below the surfece of a more or less oompressible stretum or system of strete. The load
prcduces in the loeded material some stete of stress which in turn causes the instantaneous and the
gradual deformations which are responsible for the settlement.
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The stete of stress produced by the load in the loaded ma-
terial has bteen investigated many times, for very different ma-
terials, both by theory and by experiment. All these investiga-~
tions, without exception, led to the following conclusions. If
we make a horizontel section through the loaded material at some
ertitrary depth below the base of the load, the normal stresses
whioh act along this section have a maxirum beneath the central
part of the loesded area and gradually decrease in either direction,
as shown in Fig. la. Furthermore, if we determine the distribu-
tion of the normel stresses for a great nurber of horizontal sections and plot the maximm vertical
normel stress for each section as an abscisse ageinst the depth of the section below the base of
the lcad we obtein a curve lb whose abscissee decrease with depth.

The Bulb of Pressure. If we determine the position of all the points beneath a loaded area, in which
the normal stress on a horizontal section is equal to a definite fraction, l/n, of the unit load p,
we obtain a bulb-shaped ‘surface whioh passes through the rim of the loaded area. Fig. 2e shows a
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seotion through such a surtace, commonly called the "bult
of pressure”. This conception played quite an importent
part in the early Ameriocan literature ooncerning the
bearing oapacity of the soils. For any given load we
can get an infinite variety of pressure bulbs, since a
=T =T different bulb corresponds to every value of n between
zero and one. Therefore the term "pressure bulb" has no
definite meaning, unless it refers to a oertain, though
arbitrary, value of l/h, for instance to 1/5 of the unit
load p. If the loaded material is perfectly homogeneous
to an infinite depth, the depth tn of the bulb, corres-
ponding to & definite wvalue of 1/n increases in simple
proportion to the width, b, of the loaded area, provided
all the loaded area have a similar shape. Ience if we
/ have two similar loaded areas with a width b and B, lo-
—~>/9 cated above bulbs of pressure with a depth of t, and o
n respectively, the value Tn is determined by the simple
relation Tp =t, « B/D

e Tn/B = tn/B = oonst = £(n) (1)

5 l; For preotical
) C) purposes it seems
et B s o most appropriate
to iplect a velue
of .n = 5: This
N1 pI e I0 2 ] 1~ET /0 PPl =~ 7 recommendation is
I based on the fact
l l l that the greater
e | part of the settle-
ment tekes plaoce
within a depth
smaller than
T, - 5 » unless
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there is en un-

usually soft
layer of clay or

7r- peat loocated at
rn

b _ a grester depth
: | i beneath the
N lcaded area.
.B If the
I loaded area is
aquare or round
/ with e side or
/ diemeter B, the
velue of the
ratio

T
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semi-infinite solid 1s approximately equal to 1.5, or
Th=5
B

and the settlement due to distortion and compression of the loaded solid within the bulb with the
depth Tn 5 represents approximately 80% of the totel settlement. For a perfectly uniform and very

= ~ 1.5 (2)

T
thiok stratum of send the velue of the ratio _l%?li 18 somewhat smaller than l.5.

If the loaded material is stratified the value of the ratio T /B depends not only on n but also

to a ocertein degree on the soil profile. If the strete which occupy the lower part of the pressure bulb
ere conslderably stiffer than the upper ones the velue of the ratio is greater and if they are softer,
the value of the ratio is smaller than the one corresponding to a homogeneous materials Yet in any
event, the depth Tn of the bulb increases with lnoreasing vulues of B, In preotice, the compressi-
bility of the soil always ohanges with depth in & more or less erratic feshion, elthough according to
the results of ordinary test-borings the ground may eppear to be homogeneous. The result of a small
scale loading test depends merely on the properties of the soil located within the shallow bulb of
pressure produced by the beering block, while the settlement of the full-sized structure also depends
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on the physical properties of the

p /b P P deeper strata,
|| l ¢
ST T ] | e T ombined Bulbs of Pressure. If a
{ l l struoture is supported by indivi-
Y dual footings, the bulbs of pressure

for the individual footings com-
bine as shown in Fig. 3, unless
they are spaced very far apart. The
depth of the resulting bulb of pres-
sure cen be many times greater than
that of the individual ones. In a
similer mapner the bulbs of pres-
sure produced by loeding the piles
of a pile foundetion alsc ocombine.
This prooess inoreases the depth

of the body of soil subject to in-
tense oompression by the superim-
posed load to many times the depth
of the so0il which 1s affected by a
loading test on an individual pile.

;:25? Q;\ Shortcomings of Loeding Tests. The
simple and well-established facts
soet forth in the preceding para-

graph preclude the possitllity of predioting the sottlement of full-sized structures from the resulss

of small-soale loading tests unless the soil is umiform and homogensous from the base of the foundatim
at least down to the depth Tn.= of the bulb of pressure of the full-sized building. The Fig.fﬁb
and ¢ illustrate the meaning of this statement. They represent the bulb of pressure for a loaded raft
foundation (e) and the bulb of pressure produced by a small-soale loading test (b) performed at the
bage of the level of the raft. Owing to the small value of t, . 5 in Figs 2b the result of the load-

ing test is practioally independent of the nature of stratum II located beneath the level AB, On +he
other hand, the settlement of the raft foundation, Fige 20, depends to a large extent on the nature of
the material II. If II oonsists of rook, the settlement will be smaller, and if it oonsists of sgoft
olay it may be many times greater than the value obtained on the assumption thet the material I extends
to an iafinite depth. Hence no definite relation oan possibly exist between the result of the small-
soele loading test and the settlement of the fullwslzed struoture. The empirical avidenos for this
statement is oonclusive.

In order to deoide whether or not the soil oan be considered practiocally homogenous and in order
to obtain Information on all those strata whose propertiss are likely to influence the settlement of
the full-sized structure it 1s necessary, first of all, to drill to & depth which is at least equal to
the value of Tn =5 for the proposed building. The second requirement oonsists in securing undis-

turbed samples. If this ocannot be done, the nature of the strata looated between the base of the fu=-
ture foundation and the depth Tn s must be investigated by tests performed either in the drillhole

or in a shaft, Test-boring records based omn a visual inspection of the drill samples oan be utterly
misleading, because experience has shown that every disturbance of the original structure of the soil
has a very merked effect on its essential physical properties. For this reason an important part of
the Prooeedings of thils Conference is devoted to methods of seouring undisturbed samplese.

The faots presented in the preceding peragraph also lead to the conclusion that the settlement of
an individual footing or of a single pile is always smaller than the settlement of an entire group of
suoh units under equal load per unit. The velue of the ratio between the settlament of the group and
that of the unit depends on the number of units, om their spacing and on the compressibility of the
so0il looanted between tne base of the bulb of the unit eand that of the entire groupe These two types
of "bulbs" are shown in Fig. 3.

Estimete of Settlement from the Results of Loading Tests, from Previous Settlement Records and from the
Rosults of Soil Tests. 1The ultimate purpose of preliminary investigations for tne design of founda-
tions is to estimete the settlement. To achieve this purpose one of the following three methods may be
used:

A, By extrapoleation from the results of small-scale loading tests,

B, By inferenoe from existing settlement records, and

C. By oomputation from the results of soil tests on undisturbed samples.

Method A, As indioated in the foregoing disoussion, extrapolation from the results of loading
tests is permissible only in those onses in which the subsoil is homogenous throughout the depth
Tn =5 of the bulb of pressurs of the proposed foundations From this statement we can draw at once

the oonolusion that no settlement estimate of the type A should be accepted unless it is aocompanied by
oonolusive proof that the necessary degree of the homogenity is present. The seoond requirement for a
satisfactory estimate of the type A consists in a kmowledge of the relation between the settlement of
a small and of e lerge area, For a perfeotly elastis, homogenous solid the settlement of loaded areas
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