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C. 28 M. BAHLOUL

BEARING CAPACITY OF TAPER PILES AT MAADI
SATELLITE PROJECT, CAIRC
BY

Dr. Ing. M. Bahloul
ABSTRACT ¢

One of the largaat pile driving jobes on which high capacity
Raymond piles have been used in Egypt, that Maadi Satellite pro-
Ject, Maadi, Cairo. More than 4000 piles of step taper Raymond

piles were driven by Mier-Reymond company, tc support high rise
towers.

Thie article snalyiz the methods of prediction of load capa-

city compared to full scele taests and givea a useful recommenda-
tionse.

INTRODUCTION ¢

—— . o e T

The besic problem of computation of load capacity of a deep
foundation can be formulated as follows: A cllindrica shaft 1is
placed by eoms meana to a depth ineide a eoll mmes of known phy-
sical properties. A etatic, verticel, central load is apglied
at the top and increaesed until a shear failure in the soil ie
produced. To be determined is the ultimate load which this foun-
dation can support.

If the surrounding soil is cohesionless silt or sand, pile
driving mey cause soil deneification, which is moat pronouncsd
in the imediate vicinity of pile shaft snd sxtends in graduelly
diminiehing inteneity over a zone extsnding between one to two
pile diameters around the pile shaft. The driving process is
sleo accompanied by increasee in horizontsl groung stress, and
changse in verticsl etrese ina pile vecinity. In very dsnss
coheeionlees soile, auch as sand or gravel, lcosening may taks
place in soms zonee, elong with subetantisl grain crushing and
densification in the imediats vecinity of the pils. (According
to Kerisel (19621 eome of the test piles in dense sand wers
excaveted and pulled out with g hulg of highly deneified, cru-
shed material that reesembled s fine-grained sandstons). In
euch ecile there are permenent changes im horizontel as well
sa in vertical ground etress that can bes very proenounced.

Hard driving can leave large reeidual stresses in both the pile
and the soil, consideration of which may be seeentisl for un-
deretanding the behaviour of the pile-soil system. As the
pilse ere often made in groupe the picture ie further compli=-
cated by the complex and not elways wsll underetood effect of
placing of adjacent piles. For thess and other reasons the
problem under coneiderstion poses difficulties unparallsled

in other coammon s0il mechanice problesms., A gensrsl eoclution

of the problem ie not yet availeble and will be hard to formu-
late and solve.

Soil Conditione:

The location of Mmadi Satellite Project is aebout 10 Km
south Cairo, along the Nils river. At that eits the soil con-
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sists of medium C1EIBV silt from the ground surface down to
a depth of 1,5 m follows by looss, fine to medium sand to 14 m
from surface then dense medium to coarse eand up to the end of
borings 30 m from surface, ground water table was located about
1.5 m from surface., Fig. 1 shows the general soil profile.

Bearing Capacity Analysis by Wavs Equation:

A thorough review of analytical sclutions to the one-dim-
ensionsl wave squation and their applicetions to impact pile
driving problems is given elsewhers (2).

The general wave squation for a pile surrounded by a medium
providing eide and end rsesistance to the accelsration:

322 o e K ?92 u

@te i
Initial conditione at t = ty:

:_R-O

U(x,t) = U, (x)
2 u

S (xat)aV(x)s  R(x,t) = Ro(x)
Boundary conditions:
=
U{x,t) or = : {x,t) at x = O
DU
u{x,t) or - (x,t) at x = L

The exact solution of such a system of equations ie avai-
lable only for e few speciml casae.

The development of high—speed-digitel computers made solu-
tione of large system easily accomplished.

The greateet succes in wave squation applicetions mey be
gained in the selection of ths most effective driving systen.

The major uncertaintiess that have been found ere in uesge
of the method to determine pile bearing capacitiee and the
related queetion of whether or not penetration is possible
under very hard driving. The ineccurancies found in applying
ths wave equation solutiona are generally attributed to the
inadequency of the assumed rheologicel model of eoil resilet-
snce., The nature of pile-eoil interaction behaviour ie extre-
mely complex. As the pile penetrates, diecontinoue shear de-
formatione develop at the pils tip and along the shaft.
Simulataneouelz the meterial beneath the tip 18 compreessed end
dieplaced e the region adjescent to the tip ie eheared end
deformed in extension. As the pille penetrates further the ecil
slong the shaft is severely sheared. Soll exhibit an extremely
complex deformation snd failure behaviour in thes laboratory
undar well-controlled etrees deformation conditione. Soil
behaviocur may be & function of etress/deformation history,
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streee level, stresspath, @and (particularly important for
impact driving behaviour) deformetion rate. The developmented
end diseipation of excesa pore fluld pressuree effecte the eff-
active etreeeee, deformation and failure reeponee of the soil,
It is eeeential, therefore, to recognize thet the determination
of reprezentative soill parametere as input to a pile driving
analysie is truly a crude exerclize of engineering judgement.

Soil disturbence due to pille installation may draetically
affect the resietance to penetration during driving and the
static behsviour, on well. For sensitive clays the remolded
strength may be substantielly lese than undisturbed”™ etrengths
such that a driven pile mey shows very little resistance dur-
ing driving or immediately after driving. A atrength regain
end, therefore, an increese plle capacity may develop as reco-
neolidation {excess pore pressure diseipation) of the distur-
bed soil proceedes with time. Strength regain may continue in
eome senelitive cohesive soile over esverel yeere s8s a result
of consolidation and thixotropic effects. This strength reg-
ain aa commonly described as pills eat~up” or freeze®™. Denss
deposite of fine cohensionless solls may develop negative pore
preesures during pils driving, giving bigh transient strengths.

A pile load teet or subssquent redriving after thess exc-
888 pors pressuree dissipate often reveals a much lower reeie-
tance to penetration then ths initiel driving resistancs would
indicata,

The developmsnt of high resietance during high rste of
deformation losding that do not prevaill under static losding
condition 1s commonly tesrmed “relaxation®. 1In many cases the
actual soll resistance to panetration during driving bsars
little resemblance to ths resistance obssrved during a load
test performed after transient phenomena have paesed,

Bearing Capacity For Soll Data:

The ultimate capacity P, of the pile consists of skin
friction Pg and point bearing Ppe

Conzaguently:

Vg Bty & F

p

For calculetion purposes it is generally assumed that
the skin friction resiestence and the point resietancs can be
determined eeparetely and that these two factore do not affect
each other. Test results reportsd by Cambefort (1953}, Kezdi
(1957) and Stuart, Hanna and Naylor (1960) ehow howevsr that
the skin frictlion reeistance sffecte the polnt resietsnce for
piles which heve been driven through coheeionlsese soils.
However this influence 1s in most ceses amell and can be neg-
lected. Very small axial deformatione are generally neceseary
to mobilize completely the ekin friction resietsnce along a
plle ss observed, among others, by Muller (1939), Schenck(1l951),
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Zweck (1953), D Appolonia Romualdi (1963), D Appolobia Hribar
{1963) and Weele (1964}.

In contrast relatively large deformatione are requirsd to
mobilize the maxioum point reeistencs of piles which are dri-
ven into coheeionless soile, Therefore the largeet part of
the spplied loade while st high load levels the largeat part

is carried by point reeistencs (Mansur & Kaufman, 1958, Mohan,
Jein & Kumar, 1963),.

Skin resietance:

The skin resietance hae been eveluatsd, since the turn of
this cetury, similar to the reeistence to eliding of & rigid
body in contact with soil. For eand this implies an aesaump-

tion that should bs proportional to the everegs overburden
preesure elonge the ekin.

Ae a grea eurface.

Fo ® AB.KS.tani; +Qg seens © = friction angle pile/soil
Qg = overburden pressure.

In which Kg is dimeneionlese factor repreeesnts the ratio
of effective horizontal to overbuden streaes, and ranging bet-
ween active to paeeilve pressurs.

Point resisestance:

It has been suggested by Caquot (1934} end Buieman (1935)
that the point resietance of piles in esnd should be proport-
ional to initial overburden preseurs at the level of the pile
point:

=« A_.Q.N
P p*Q

LI 2 I S A Y ) A =
p p erea of pile point

g = overburden at tip.

q

In which Ny repressnte the bsaring capacity factor for a
desp foundation. Numaerous theorstical and semi-emperical cur-~
ves for Ng as unique function of the engle of internal frict-
ion ¥ have been proposed.

Bearing Cepacity Anelysis by Nordlund Egquation:

Nordlund (1963) has developed an empirical method which
tekes into sccount the volume of eoil dieplaced by the pile,
the material of the pile, and the shape of the pils. This
equation not valid for a pile for which jetting or predrilling
ae in this atudy.

duD
PuquAF'D+ 'Z KgPdSinS Cdbd
d=o
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in which P = ultimate bearing capacity, Nq = dimensionless factor

A = Area of pile point, Py = overburden pressure to e
dapth D

K. = dimeneionless factor,‘g- friction angle pile/eoill

o
C = perimeter encompassing
the pile.

Load Testa:

A serial of load teste (15 teste) were conducted; lengthes
of piles from 11 m, to 21 m. driven to refussl according to
viave equation some of load tests were done on redriven and ret-
aped piles., All tests were done according to ASTM designation.

Ultimate Load Criterion:

Various ultimate load critria, ell empirical in natures,
have been propoesd and used by different researchers and design
organizations (see, for example Chellis, 1964); e survey is
presented in Table 2.

The suther eug%aated to use criterion 1lb in the following
form: Unlesa the load-sattlement curve of & plle showe &
definite peek loed, the ultimate load is deafined as the load
causing totel settlement of the pile point equal to 10% of rhe
point diameter.

Computation of Ultimate Loadag

Ultimate losde of all testea were computed by all methods
except Norllund end listed in Table 1.

Interpretation of Test Resultsa snd Conclusions:

By useing s safety factor 3 to get the working load from
geull data and a safety factor 1% to get the working load from
load test, and compoaring &1l resulte with the wave agquaticn
load, it observed thet the working losd from eoil date is con-
servative in general, end the resulta of wave sgqustion are
nearer to observed,

A considersble amount of ressarch including well inetru-
mantad cbesasrvation on full size teste are needed for safer
and morea economical design in future.
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Table 1: Compariseon of observed and computed bearing capacity.

Test Wavs equ. Ultimat load Obsarved Working Observed

No. working from soll ultimat load working
losd data load from load
goil data
4 e t. t.

£ 60 12 120 64 79
> 100 240 135 8O 89
4 60 213 90 71 &0
=) 100 300 200 100 130
7 100 300 200 100 130
8 100 260 200 94 130
9 100 255 150 a5 100
11 100 225 150 75 100
12 (18] 155 95 52 63
13 100 249 150 85 160
14 100 200 150 67 100

15 1oo 220 150 73 100
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