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ANALYSIS OF STRESSES IN PILE CAPS BY FINITE ELEMENT

BY

M. Bahloul end A.A, Khalil

SYNOPISIS ;

The behaviour of normal and shear etresses inside the
body of asquared pile caps, are atudied by finite element
F.E, The aim of the study 1s to give insight into ths
parameters affecting the stresa dietribution parameters
such as, geometrical properties of the cap, diffearent loa-
ding conditione (concentric, inclined, eccentric in one
two directions), and different supporting conditions {nor-
mal piles and largs pilles are coneidered). Three dimen-
sional elastic body was used to represent the pile cap
while point supports wers usad to represent the piles,

INTRODUCTION ;

In recent vesra, tall buildings are widely used in
our city centers because of the socaring lend coasts. The
use of pile foundetions becomes important for such struc-
tures to transmit the loads to firm stratum using bearing
or friction piles.

A reinforced concrete cap 18 necesaary to distribute
the verticel and horizontal loads and moments to all the
piles in the group. Therefore there 18 recently a grow-
ing interest in studing the actual cheracteristica and
behaviour of this typs of foundation. This paper presents
a study of the cap se three dimensional body subjected to
diffsrent loading {concentric, inclined, eccentric in one
and two directions)., The effact of such parsmeters as:
geometrical properties of the cap, different loading con-
ditions and different supporting conditions, on the beha-
viour end distribution of stressee in the cap i1s studied.

The Problems

Consider a square pile zap loaded with different load-
ing conditions. The problem is tc astudy the behavicur of
normal and shear atresase ineide the pile cap, study the
deformed shape of the CBE due to different loeding, also
toc give indicetion for the acceptable limits of uaing the
beam method in the design with the comparison with the
enalysis of cap as threa-dimensional elastic body eampls
for the problem 1e shown in Fig.(1l).

The Mathematicsl Model:

Tha pile cap is trested as s three-dimenaional, finite
slement method 1e used in the analysis. The cap is con-
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sidered hinged st base with the piles., The stiffness
matrix of the cap is huilt by adding the stiffness of the
slements surrounding each node

Kij = = kij ol
where: K1] = term of the element stiffness matrix and is

a function of size and thickness of the elsment.
kij = Cap stiffness

The equilibrium of tha syetem is expressed by the fecllo~-
wing eatrix equation:

Fei B, sianonn (2]
where: F = axternal loading

K. = stiffness matrix of structural aystem.
) ™ nodal deformation systenm,

The method is fully described in reference (1}).

The Parameter Study:

In the present study, cape with different loading con-
ditions are analysed. The fcllowing parameters are con-
sidersd:

1} widh of tha cap 0,8, 1.0, and 1.5 ms.

2) loading conditions (concentric, inclined, eccentric
in cne and two directional.

3} supporting conditions (thin pile i1s considered as point
support thic pila is considered aa srea support).

Discussion of Rasults:

The distribution of stresses in the plle cap accord-
ing to the rigid beew method, ia besically different from
its behaviour when considered analysed ss three-dimensional
body connected with the pilee, Raference (2), givas
detalls for the analysis of cap with the rigid besm method.

l. Effect of the geomatrical propartiea of ths cap in
different loading conditions.

1.1. Meximum Stressas in Pils Capi:

The effect of width depth ratic of the cap on the
behaviour of maximum normel and shear atresees are stu-
died. Figuree (2, 3, 4 snd 5), givee these dimensionless
relations for concentric, inclined, eccantric load in one
and two directions, reepectively. The moet important
featuras of comparison betwean theee casee can be eusmari-
zed as follows:

1- The maximum normal streases (ox, . 0z), increase with
the increase of 8/d ratio for all Xasea of losding.
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2- The maximum shear streseea | 29 ~}+ decresse with
the increese of B/d ratio in chse o? accentric loading
applied on pile cap, but the veluse of xy increase in
casse of symmetric loading and resch its maxioum value
at B/d = 1.50

1.2, Maximuw dieplacements in pile cep:

The effect of the B/d ratio of the cap on the maximum
daformastion in pile cep in X,Y,Z directiona 1s illustrated a
in figuree (6}, (7). (8), {9}, for concantric, inclined,
eccentric load in one and two directions, respectively.

The moet isportant featurass of comparison betwsen these
cases are;

l- The meximum displacement in Z-diraction (2}, rapresent

the main displacement due to appliad loade for all cases
loading.

2- The values of Z, X, Y, decrease with the incresae of
B/d retioc.

X~ The displscement in Y-direction, ie relativsly small
for all ceeas of loading.

2. Distribution of Strassea Inaide the Pile Cap:

tiistribution of normal and shear stresees are given
in diwmensionless graphical form on vertical planes at faca
and middle of the cap, as shown in Fig.{(10). 7The case
of symmetric loading is given es an sxample for the beha-~
viour of normal end shear stresses by using three-dimen-
sional finite slement analyseils.

3, Effect of Sugporting Piles:
The supporting piles were considarsd in two conditions:

1- Thin piles (point supparts).
2- Thick piles (ares supports).

It is found that considering the ares support pillas
gives less stresses end deformations for tha cap, this
leads to a more economical design for the pile cap.

Comperison betwean diatortiomn of plle cap in case

of peint supports end eres supports sre shown in Figures
{11 and 12)}.

4. Comparison 8Setween Exact and Linear Olstribution of

HStresses
et Rt it

Comparison between exect distribution of streases
obteined in the study and linear dietribution in the riged
beas method are given in Fig.(lo-b). The most importent
features of comparison can be summarized ee followse:
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l- For hight to span ratios wore than 0.6, the distribu-
tion of ( x)} Jdiminishes fast, to the axtent that in
computation theres can occur a serioue error if linear
distribution 1s used in the anslysia.

2~ Balow hight to span ratioc of 0.5, there will not bs
serious arrcr if tha lineaer distribution of x is
adopted in the analysia.

CONCLUSIONS ¢

The finite element procedure herein provides satia-
factory predictions for Eehaviour and distribution of
stresgee inside the bedy of equare pile caps. For a
chosen set of loading conditions, geomsrrical properties
of cap and supporting conditions, a serious of dimension-
less curves and graphical forme were generated that cen
permit evalation of mexiwum stresees and dieplacaments
inside the equare pile cap according to the B/d ratio-such
important topics as varliation of eupporting piles (point
and area supports), and different loading conditions
{concentric, inclined, eccentric load in one end two
directions}, wera examined and will require further in-
vestigation and previous studies it 1s belived that the
finite element could be employed as a tool for analysis
and design for pile foundatione. This work has aleo

shown the potential of the wethod for obtaining deeign
curves that can prove useful for practical applicetions.

REFERENCE

1. 0,C. Zienkiev, B.M. Irons "Three dimansional strees
analyeie® Mc grew-Hill Book Company,
1970,

2, Glarence W, Dunhan "Foundation of Structuree™ Mc
Graw-Hill Book Company, INC-New York,
1962,

3. Aschenbrenner, R., "Three-dimensional analzsie of pile
cap foundationa® Journsl of the structurel
division ASCE, Vol. 93, NO. STI Paper 5097
Feb, 1967.

4, E. Hinton and O,R.J. Owen "Finite element programeing”.
Great britain by whitstable lintheo Ltd.
whitstable Kent, 1977.



Mansours Bulletin Vol. 8, No. 1, Jund 1983 c. 87

Figura (1)1 Illuekrative Exusple.
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SCALE OF PILE CAP 1:l00
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Figure { 11} Diatortion shaps of pile cap for axial
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