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Section F: SETTLEMENT OF STRUCTURES 71

No, Fwl SETTLEMENT OBSERVATIONS OF BUILDINGS IN EGYPT
William Selim Hamnna, B.So.; Ph.De; M.I,Struct.E.(London); A.M.Royal Soc. of Engineers(Egypt)

Gregory Tschebotareff, DipleIng.(T.H.Berlin); A.MsI.Struot.E.(London)

Survey of foundation systems used in Egypt. Until beginning of this century buildings (3 = L storeys)
were founded on thick rubble masonry rafts reaching below subsoil water level,

With the introduction of reinforced concrete begins use of concrets pilese. In civil engineering
works precast piles predominate. Various systems of situ-cast piles are employed for buildings, also
reinforced concrete rafts or footings, latter not always reaching bglow lowest subsoil water level.

Usuel pressure on clays and silts varies from 0.7 to 1,0 kg/cmé.

Until recently meximum length of situ-cest piles of different systems was 845 meters.
divided into following categories:

(a)s Hand bored; 5 = 7mete; diameter 25 = 30 cme; concrete tamper 200kg, working load 10 - 25 tons/

priles.

(p)e Machine driven; 6 = 8Be5mete; diameter 4O - Lj5cme; concrete tamper 800kge.; working load 30 -

L5 tons-pile.

(c)e Machine driven; 6 = 8.5met.; diameter 50-55cm., concrete tamper 2000kge.; working load 60 - 80

tons/bile.

(d)e 5 = Tmete; diameter 80 - 100cme; formed in ground by machine dropped heavy comes and conorete

tampers; working load 60 tons/piles

Above types are the most currently used.
pedded in claye

Only quite recently different types of long (up to 1Bmete) situ=cast piles are beginning to be used.

Near sea coast hand-excavated wells, reaching to sand, are employed at places where water level per-
mits ite Pressure allowed 3 = L kg/b .

No generally valid regulations exist concerning permissible pile load or pressure beneath footingse
The choice of foundation types does not seem governed by definite rules so far.

For state buildings permissible pile load fixed recently in relation to load testse Under le5 times
the working load foreseen, the test pile should not settle more than 3mms immediately after application
of load and not more than Ymms after one week,

They can be

In majority of cases they do not reach sand and are im-

&

Goneral evidence available concerning settlement of buildingse. Pile load tests in Cairo generally give
negligivle settlements of about 2 = Smms for pile types (a) = (d) under the usual working loads indicated.

It should be noted that the soil along length of above piles generally consists of filling, brown
cley and siltse (See Papers C=l and D=l,) No heaving of soil surface observed during pile driving.
Laboratory tests show that the brown clays are not affected by remoulding. The concrete in situecast
piles is thoroughly dammed. Bearing capaclty of the piles of above types increases with tamper weighte
Pulling tests not made but it appears from above and other considerations that up to usual working loads
these piles are supported almost exolusively by friction along layers not affected by remouldinge

The majority of buildings erected are in reinforced conorete frameworke Because of their box-like
shape, settlements have necessarily not attracted attention. With one exception no records knmown of
previous systematic settlement observations.

The preceding circumstances led to
excessive confidence and to underestima-
tion of general settlement effectse As &
3 result, extensive soil exploration was
4 seldom made and often neither load tests
nor borings carried out.

= =1 In the past fifteen years heavier

‘ \ [:] .l_l_' buildings (up to 10 storeys) of larger

= ' = " ¢ r A areas and more complicated shape began to

| be erected, with resulting greater and less
uniformly distributed stresses on the deep-
or, and sometimes weaker, layers.

A case of rather serious trouble oo~

curred several years ago (building "T",

A see Paper Noe, E-1), end attracted atten-

A -
~ LClevalion

l_l \ 1 1 1

==CY VR  SCALE: [ 5 00 55 20 P5 30 MET
: General skelch plan
A of adjoining buildings

On 5m
Elevation of Building X § ™,
=] = L T — —L

//'. evelled deformalion of cornice I

problems, It should be noted that in that
case, partially aggravated by overloading of
piles, test piles did not settle more than
20 = 30mms under maximum load occurring in

about 2/;0mms.

Our systematic examinations of build-
ings in Cairo revealed indirect evidence of
substantial settlements of new structures.
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tion to the complex nature of local foundation

building, the maximum settlement of which was

sk

NEWER BUILDING ‘B ON THE OLDER
BUILDING A"

An extreme case is shown by Fige 34 - 37
Settlements of building "B" (8 storeys, piles
type "a", possibly overloaded,) damaged so
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Front Elevation of House "A" Back Elevation of House "A" Interior View of Back Wall
of House "A"

strongly adjoining 3 storeys building "A", erected only a few years before, that it had to be evaouated
and partially shorede A levelling of cornice I - I on puilding "A", (Fige 34), showed that building "B"
must have settled about 150mmse Building "¢, adjoining "s" on other side, was almost intact extermally,
having greater height (B storeys) than "A" and therefore much greater resistance to deformations Crack-
ing of plaster noticeable in upper part of joint between "C" and "D", All L buildings are of reinforced
concrete framework and on pilese 8So0il conditions here have not yet been examined by laboratory.

Other instances were noticed, showing that practically every type of pile or raft foundation rest-
ing on clay can give settlements varying between 80 and 150mms. This was estimated from similar level-
lings on cornices, etce supported by inclination of cracks of older and smaller structures, which are
sometimes damaged even when 2 = L mets distant from new building. The damages not caused by pile driving
itself, but develop during and after erection of superstructure. Cases observed when repaired cracks in
older structures continued to open for several years, gradually decreasing, and showing continued settle-
ment of new building which caused them.

Several cases are known when new heavy buildings of large area gave evidence of differential settle-
ments by inclinatlon of cracks in partition walls, indicating greater settlement of central parte

All the above settlement evidence was found only in such parts of Cairo where borings so far mede
by Laboratory show presence of clay layers below depth to which reach piles of current length. No such
evidence found in zones where sand appears nearer to surfaces.

Settlement observations by Laboratorye Efforts of laboratory, since its creation 2 years ago, to ob=-
tain buildings for observation from beginning of their serection, did not meet general sympathy, in spite
of facilities offereds (See paper to be published in Volume II.)

Nevertheless, laboratory has now 14 puildings of different types under observation and 5 more will
be added shortly.

We express our warmest acknowledgements to the following departments, Architects, Consulting Engineers
and Firmss Messrse Rothpletz & Lienhard; Tanzim Department, MePsWej Mre Mo-Magar; Section of Municipali-
ties; Mre M. Edrei; Mre A. Nahas; Messrse. Fe Tahan; Mre Je Levyse Their cooperation enabled the Leborsa=-
tory to study the first eight buildings, date apbout which will now be given.

Acknowledgements ere further expressed to the Survey Department for cooperation in carrylng out some
of the levellings.

Fige 38 to 61 give site plans, boring profiles with physical properties of soil, time-load and time-
settlement curves, (cbserved lines of equal settlement see Paper Nos E-1), of buildings Noe "I" to "VII",

With boring profiles are graphically represented the water contents (in % of solid) in natural state
("w,"), at liquid ("wl"), and at plastic limit ("w_"); further compressive streangth "qd", strains at
rupture and Young modulus "E", derived from tests ¥ith unconfined lateral expansion in undisturbed and
remoulded states, also soil type numpers corresponding to classification adoptede (See Paper Nos C=1).
These soil coefficients do not allow direct computation of compressibility, etc, of layers met, but
permit to see numericel variation along depth of boring of soil type and of the rapidly determinable
properties they represent, from which data can be estimated by correlated observations properties having
direct numerical relation to settlements, but involving lengthier tests, thereby necessarily limited to
few samplese (See Paper No, D-1, concerning settlement coefficients established, etc.) Some values of
permeability ("k,") and angle of internal friction ("@ ") are given tooe

Levellings on the buildings described were dons with about lmm accuracye. Actual live load of
apartment houses represents about 10% of total load indicated.

Building "I". PFige 38 = Ll Factory building with silose Levelled on 15 pointse ReCe raft and
footing foundation, resting on lime concrete masonry bottom of old water tanke Settlement coefficient
"1," = 0e7% to 048%e OUbserved rate and settlement distribution agree with theoretical onese =3

s
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Building "II". Fige L2 - L5, About 4O mete high water towers Levelled on 8 pointse R.C. rigid
raft. Total pressure from structure (without subtrecting gain from excavation weight) g O.9kg/cm?.
Settlements began immediately, before construction reached weight of excavation removede This confirms
oonclusion of Peper No. D=1 concerning reversible elastic nature of compressibility of some local soil
types. Estimated "X! = 0.3% to 0«5% Rate affected by constant live load veriations and settlement
uniformity by preveiling wind pressure. Load test on 1 m? area under lkg/cm2 gave no settlement and
under L, kg/cn? 3mms.

Building "III"s Fig. L,6-18s Cinema building. Levelled on 33 pointse Settlement rate end distri-
bution agree with theoretical veluess "X gz 0e¢3%e

The following buildings were observed for too short time to allow estimation of "X" or analysis of
settlement rate:

Building "IV"s Fige 49-52. Monumental 3 storey buildinge Levelled on 55 pointse. R.C. footings
form en almost continuous rafte Brick mesonry with several R.C. ties within all walls. Line "a - a"
gives surface limit between clay and silte Lower layers horizontally uniforme Settlement distribution
agrees fairly well with theoretical,

Building "V", Fig. 53-55. 7 storey apertment house. Levelled on 18 points. Situcast piles, type
(b)e Re Ce framework. Fairly uniform settlement, (small area, considerable rigidity).

Building "VI". Fig. 56 = 57. 10 storey
§g€§%£g¢w% 10 STORLYS BORING ’k-*i* apartment house. Levelled on 2 points onlys ReCe
Avwvgc:64zww% freamework, situ-cast piles, heavy type (c¢), pene-

Ui meters » trete 3.5m into sand. Small settlements
r Building "VII", Fig. 58-61. Levelled on 18
T v — pointse 5 storey apartment housee R.C. frame-
1

work. Situ-cest piles, type (b), penetrate only
i about 1l meter into sand, above weak clay. Irregu-
lar settlements,
‘ None of the preceding 7 buildings showed any
\; (o ‘.?/(Dm 15 cracks,.
Ld Uy ) Building "VIII". Tests not completede 7
bOQlHG'A storey apartment house about 30xlOm. area. R.Ce
74 %$r framsworke Situ-cast piles, 8.5met. long, heavi-
est type (b) on market. Erected in 193lis Showed
numerous continuing settlement cracks in parti-
L e . tions and some in walls. Damaged older small
T — - building 2m. distent. Settlement roughly esti-
HLLING HiGREST
D R =y LAWQVANAHOHS mated about 100mm, Observations begun 2 months
BROWN SILF ~BO0m o ago. Boring revealed about 3m. dark clay and 3m.
Sk R & {LOWEST silt beneath pile bearings.
f S Effect of water level varietions seems negli-
VERY FINE ; .- U .
SAND == g=31° HG 56 gible when ocourring within stiff clays or above
P / reft foundation level, ("I"; "II"; "III".). Under
A | BUILDING “¥I other conditions, it may affect time-settlement

curve, to degree depending on amplitude of varia-

SOIL PROFILE. tion.

Conclusionss Both reft and pile foundations in
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51 = - . — N _ S— seem to have very small
settlementse
101 o Load tests on single pilles
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54 no idea about eventual settle=
Sk o IR, == " ment of buildinge Observed

’ AVERAGE OF 2 POINTS buildings gave appreciable

- T settlements under pile loads

or unit pressures at which

during load tests negligible

B e —g—— settlements occur. Load tests
v V1 T ‘_[:_‘___ __ eare useful mainly to ocompare

SUbS0IL WATER LEVEL i =3 pile systems and as control of

workmanshipe

olays ere more compreseible.
Heavy buildings on clay can
have appreciable settlements

‘l "l"']‘ value of stress on ite Derk

% VARIATIONS OF
m.)



6

133 PILES
20-39 Tojpite

Average: 28%pile

%T

7 STOREYS

7 ik

F1G.53

Sm 4

BORING

15}

SKRETCH-SITE-PLAN

BUILDI

NG \*

g BUILDING "Y" FIG.55
sof U DEAD AND_ LIVE LOAD
ot | . 1 ”’ i l | { |
y: s 1A Il-i 1] ‘ |
f] '__'llssjﬁn~-"ﬁ—ﬁy}d. =1
0. \ S
o L
POINT 1N, \POINT *8” (m)
2] - g
28, o, \
¥, POINT *727~ .\ ~

N\

Pes

175 PILES

~
N

FINE S0

BUILDING" Y’

A HIGnEAT (M0 Aﬂl VARIATIONS OF
XTRACTION OF 5 SUB30IL WATER
J Level

OWE ST

| ..

- e
o ® \[I
o Il
o tn || YR
o 3
w
Tl
- — .
:L B ] ;{mq.
VAT Coﬂ"ﬂ

wgﬂ'

ANGLE OF INTERNAL FRICTION

F1G. 54

RESULTS OF BORING

5 5TOQtY5

%kr:k BUILDING "VII' FIG.61
20 DEAD ARG LIVE LOAD
o e Hll
g*q.l'"?_.’gdﬁnn Ko 7wt o3
sl NN
- \ N\~ POINT 7°

B LN
\

A

POINT 'e'tﬁax.)\

~ 87 Rpite

e

VAGIA

1ORS eI

~tba
s

-
()" subsoi wated sever

<

DODII]\D

FiG.

58

35 ™
2.
“r I ~adnvriaTiOns or
(e S i 3UpsolL vATER LEveL
.7.
DODlHG N

BUILDING “VI’
SKETCH-SITE-PLAN,

FiG6.59

T
FILLING =

DLOVN CLAGS:
(micoceous) |5

‘—,’—‘:———‘ADDD AIGHEST ) —
AT EXTRACTION | VARIATIONS

{ OF SAMPLES; DUBSO0IL WATEL
LEVELS

- APPR. LOWEST J
——

BUILDING “MII”
'RESULTS OF BORING A

F1G.60

k

: i
M=ouger o ww w

omar s e

~=APPR.MIGHEST
=== VARIATIONS OF
__—I=A1 thnACTL%LES 5UBSE'ELV€’LA§ED

BUILDING “¥II’
RESULTS OF BORING B

On.
[ J"’"“'"" renatued 2
| ol 'Q'ﬂ\ﬂ“_. ’ (: dndwfur bed PR ':'3_
s .
M| A )
« | AN Y 5
- '] g! . N - b ad
—-b—'su = e ‘
- X ‘! z’ 7)[! 204
TRAIN AT fAlLuut i

G w | pd
‘év A A S 472
. '\I - \ﬂ'mn =
T 1000 o s 070 *W%#“T

a
WATED CONTENT



F=1 7

Methods used by laboratory for correlation of field observations to laboratory tests promise %o
give with time reliable practical coefficients of permissible stress wvalues for different types of soil
formation, super-structure and foundetion,

Noe F=2 MOVEMENTS OF BUILDING FOOTINGS DUE TO EARTHQUAKE LOADS
Frederick J. Converse, California Institute of Technology, Pasadena, Californie

Within very recent years the United States, and particularly the west coast, has become earthquaf%
conscious to the point of incorporating provisions for lateral force design in their building codese
The necessity of careful enalysis of deflections in the calculation of stresses produced by lateral loads
has made the question of foundation movements an importent ones This is especielly true when buildings
of one, two, or three stories are being considered for locations where the soil is weak and where the
expense of pile foundations is prohibitive, but it is also of considerable interest in the case of larger
structures on firm soil,

The generel attributes of earthquake movements eare known to all. The sudden fracture of a portion
of the earth's crust at a point usually many thousands of feet below the surface, sends out compression
waves traveling at a rate of from two to eight miles a seconde These waves and the following waves of
rarification ceuse oscillations in the eerth's surface having an emplitude of anywhere from a few mili-
meters to several centimeters, and a period varying from less than 0.l second to several secondse
Although the waves radiate in aell directions from the epicenter, the speed of propagation depends on the
type of material through which they pass, and at any point & short distance from the origin, the motion
of the ground may be complicated by reflected waves, just as the regular waves of the ocean are broken
into a choppy sea by reflections from a precipitous coast lines

The motion of the earth is trensmitted to buildings in a modified state through the footings, and
the resulting oscillations of the building impress varying loads end torques on the foundationse The
effect of these loads in causing movements of the footings relative to the eaerth is the subjeoct of this
papere

Spread Footings under Oscillating Vertical Loadse The character of the time-load-settlement graphs and
the load-settlement curves for spread footings on various types of soils is well known. For cohesion-
less soils the test plate rapidly comes to rest when load is applied, while for cohesive soils the
sottlement is a delayed process. The form of the load deformation curves for long time tests is in
goneral similar for all*types of soil, and may be represéented by a straight, or nearly straight, line
which breaks into a curve of more repid settlement at some load, as shown in Fige 1. The form of the
curve due to release and reapplication of pressure is also well estaplished and may be represented by
the characteristic hysteresis loop marked "Rebound Curve"™ in Fige le A study of these curves will indi-
cate the manner in which oscillating vertical loads affect footing movementse

For convenience in analyzing effects, the soil may be divided into three general divisionss Case
1, loose porous materiel such as sandy-loam; Case 2, soil conteining considerable clay in a plastic con=
dition, and only moderately permeable; and Case 3, the dense sands end impermeable semi-solid clayse
Case 1 - Loose Sandy Loame Assume that a footing rests on a light porous sandy loan, the load-settle-
ment curve of which is represented by Fige. lA and that the unit soil pressure under static load is 3000
pounds per square foote Let the pressure on the footing now be increased fifty per cent and then de=
creased fifty per cent by an oscillating load having e short period, say one or two seconds, and consider
the settlements to be expected. As the load is increased to 4500 lb. per sqe fte, the footing will
settle along a line approximating the long time curve, but lying above it, since the instanteneous
settlements are less than the long time settlements for any increment of loads. From the curve it is
seen that the difference between the settlement at 3000 1b. per sqe fte and at 4500 1lb. per sqe fte on
the long time curve is 25", and if we assume the instantaneous settlement as one third of the long time
settlement, the footing will move down 0.08" on the first oscillation. ‘As the load is reduced to 1500
lb., the footing will rise along the rebound curve moving upward about 0.08". With repeated oscillations
the movement of the footing will follow the rebound curve, except that in the loose sandy loam here being
considered each 6scillation will produce a small additional settlement, which, after a number of oscil-
lations, may double the amount of settlement attained on the first application of load, making the maxi-
mum displacement from the original position amount to something like 0.16"., A differential movement of
this magnitude between footings of a building may introduce serious stresses into the frame.

The movements just described will be somewhat modified if the footing is of concrete and is cast
directly against the soil without the use of side forms, due to the side friction developed. Figure 18
is the load-settlement curve for a concrete block having a base area of four square feet and a thiclkmess
of one foot, located near the plate, the load settlement curve of which is shown in Fige lA. This foot-
ing was subjected to an oscillating load having a period of about four seconds, and the resulting move-
ments are clearly showne The first rapid increase of stress from 3000 to LO0O lb. per sqe. fte. caused a
settlement of 0.065". The release of pressure to 1500 lb. per sq. ft. permitted the footing to rise
along the rebound curve. Nine subsequent oscillations of load betwsen 1500 end 4000 1lb, per sq. ft.
caused a slight additional settlement, but the motion of the footing during these nine oscillations was
essentially that of the rebound curvee The oscillations were stopped at the 3000 lbe per sqe fte load,
and subsequently the long time settlement curve was continued.




