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:LJ6rll \ -'l

,, j Jt "LJt J'e Ji Lir'.-! i:!u.51 ii+t _r. c'Li,i.tr rJ. JJt drj jjlsjl d!.,j_":

(uplift forces) J.-!l liji cj..l J-,i.j Jl ds^lr . .i-ll Jt Ji l!ri..;j) d6i rl iJj
j jlls-ll cJ"'j.jJ Ut-!t -,l g!_Jl u- s. )6jl Lrji Jt i.-a Jt iJUt oL r :r-i-y

e lr.Vl diJ 'L-J!l $. . ,iJl drL"r* LJc a^f-ill i:iii'lt .eritt i;r,:t ,.;r+t ol.rr 
"tt

;l;Jt o-r cJt.jl !r" X a+*i_, LtJiu, cJL-l Jt is_r J]lsjt aF t" uG cltl<r

. . t-Aj-'lc'J Jy+ll d1"tcrJ "orjul

_: ;:I3t cryL.! sn r:i. $,jvl dt"cyl + jits_,ll c,yr _1 n *l rr1

. e'FYl .svl tui Dt: r(r1- icjJ,.lr Llt^lr ti: ) 4iJ,.: r,-itl oF t"$c- \

c.*!t tri:jylr ,-iLsjvl :!..tr !!lj ,.J+!l L.jitt uF t"$c_r

tui. Jill "l;Jl iS>: !_.rll !r!_,' !;,_lj +'-- (seasonal shrinkage and swell)

l+,u$;

. )j- rrj .\ $,LJ irjtlll ii-Jk eul C!, 6JF l.'"r Jl irF L^,t--r

4+j o*i crl!;JJt- {s1 :9r} r;'r.- d..1.yl ttiyl .J- .j-yt _r- Jfu ) L$e-t

cj_r-rJl_: t'. ^il Jl Jrtll erlll o:-Jil 'J'il! deLll Jis ej Jl ,,!-J (FJVI e!- a).

. ,Liiyl sc &t!tt jlj!)l clli Jjtsjt Ltril c!:ii illJt 
"ra ; . Jr+{,Vt rl

u. L36- jisi jKJll aF,'!- i:;JVr oljdlr cJjyJjl L(J! _isj *xl c+ljll q.io

. cr"rl+l.t Jt r:lJ olAjL 4JF aut+-):l t{.-!+ c. cljj c]tcJ.+! tjiJ trJ*e

a.i" ti,.ivl dt"'!l ir;rr 'gJl 4-,,- ^J L- k_r,*tsCl cut qej* OA L"ric-\

. .e;Vt g*Vt 3t;V



(,J.i,yl cryrsllr Lj;Jll ..rt^,,. ,-; gi e,.,e Jl iJc iJFjl o- dut eJiI ,li:jl $r
''.Jll ,j" kitll ,+_A: Jrlsjr & aj&tlt tu)l:+rtl , lrtsjllr o|.Ldl ij.!
J+E .'jA rdl cj.lJl O.lsJ jjlsjt u,-V it".jl i:!li qrLs .rica . ir.lt clr.l i_ljll

. r{jlsA ,r.te ;Jrsjt Lljt a-i:Jf

&. JSir crrrJl.!LJrr Jisi e$tt ( I _ I ) ds.j,ll 1965 (Carson) u_Js dcr jr t$
(Kezdi) qr:5 uri L"S JitS-lt u^ iiti* grjy ( maximum design load) -.r-r-

. 6rc1nlr 6_Lldtt clK-,ii r ijli-jl 1r;!l c.ttlll ( y _ I ) cls3t I 975

_. _L$3lt jjrsJt :&l

ald- ,/r. a--Jj'-J j ;-pJ- -tj,i!l k ,i OF sj.tt 0l 'lill # hb a:r,i!l jjlsJll dL.j.ii
l; ;+- LrtL clti qt-j,j,Vl 

ari ._ir!tr J-!l .,t!,j t.:l u .]s Jl ilrLvt il+-r clilt
jilsjl s-sl ,.ti ,,,i,.i obJl e *j. 6Ji cjls tjt t"l . Lnlr 9LJJ 6Jr_; (lrts ljl libtt
r-l-rYlo- isl-r. i"3lJl dL"eXl rdr .-1..t ijS ljti-Et& iJ{+ clrjr",jJslll , . ,.,"i tl i:trb

. ajL-J:,jJ l-€lUlJ I 
s 

_ L. 3l eUt .9r:* c..: tx.,;, ;rt_

-: t+ilr,ilt -llllJtl -bt
]-.+ C!- o. ,r$ Oi os+ ( steel piles ) a;jy.1slt ;,,ts_jr Or

a;:Cr .,;,:lsJJt ,.1x gi 3l i*.!'!" ;i_, tra . a;-1 ;j$, e- i,J.srl 1 rolled section)

+!!3 6r.t -;.!s-,).,-i_r 6\lr;JhSJS 6LjJ g3r$_. JS.tu L- Lrj Oi os"J

. ( steel box pile)

r
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-: sA rrJl"!+:l -1 ., rt ,lryct rilsjt :g$t ,J...Jl_tl 
etrjlt oir In

. H Cl; ll drlj JilS_jl

. G"_l', ll,rls_rll

. ,!.r$vl jilsjl

-: Gll L",ljJr rliyrnt jilsltJ

. !1" te dl^ri iii.E kj 0rsri iJ- :.r'L Jl ,"i. . tit _i

dJl Di'D us" Jlt (J"iJ eJ.l titJ . i,J^ OJr g.,,- rt .!Jl p3Et gi rajsa -_
. 6JL JtJ'!-!tr il {.{ e'll ,jFlt e.Li ijs.,,i ,:r,Jl

. rlt , 
, 

.r r-. 131 i..r' ,r. il.li LtjL t{jr is+ _(:

. ll .r.+ kil.Lt irs"e -e
. sitilt 6Jl Jl JJ il tit i..l .{.+ I +- Lr a}<,J _e

. !i! ;!.r d. i.lJ{! l-r-Ej iJSa _6

. ir.j.. l+lt .rJiU d. tc L:u. td -C

-: 4J.,l-,.rAll jjlSJ,tt -Gtl

s! ir.J+Jl Jilsil : &+-t-l nbcl- Jl ( concrete piles ) d_ LJill jjlsJll l.;J
iils-il d."i: isd.r ( precast piles ) t{+- cJ+- r.:lt Jilsjtr ( cast in place ) i-,Jl
aiL- J+! JilsJJ ( cased piles ) :ili- jilsJ Jt elt d ,+ ^r \rnl

el."l Ol Os.r e.Jl ii.Jl .rj. t-lt jjlsjr Jl Jt rrult l*J . ( uncased piles )
lrlo tr'.j,ll .:,lr r tit LrL-Et g1-,:-l O.i.:. j-.+!t j+_ l-{-j!j O.:!.:l t+!_r
( brittle ) i-i.-;i* L.r,L L.$i.!J ilull rl CliI A{!,",..!r 1.t<! lljt ., t_,+S

$ Cli ll OIS lil , -i!l sLJ,,.-. tt L!!t CDj, _rrs sl. *rlJt i_J- OlSj t+Li

( r * 1 ) LJSllt li y gJ. i)Ji\ ijl.JiJ CL;|dn *j L"r.:Jl pc i;;1: cf,::
,:rJi s. -J}l!. qi: Jl 'l+!'r ejL,llt Ol r . +ijltJ dlijl CD{: eri:jlt crlJ-{_1l Lrul

. 6J"Jt 6hk:l LrUJ dJ,Lttr d,,ijl



6-* l-ri .: 'r qrg ( driven cast in place piles ) elt d ljJlr Jrll jirsJ r.l
rtu r J.rjlt hA sle tJsjJl i-nsll !|.jJ ,r_j!t + ( casing ) dJ+- fjyJE d)i
i 

"s. 
jl 0. ,J+ OJSJ 4..-ar. sJ Ljlilt cLj 0S", a_U,tt dt>!l cr-+ rjr tut-Jijj

Lit-lr uls gl OS.JJ . dL,j-t 6rby tu1.!l e- ,ljji !j,)jJt q!r,,r ;j.oJ .r,,jl-drl

;jjsjl i-. L tucE cE i,rl Jl i,Jjlt !. O$- L_J OL"J 4:d d)jlt e..+ lJ $ cjlt e!
. 6'.r jilSJll .rdJ . ( t - I ) CKJ| -Ls) l-jUt LJitt s.i l_x3s d.rtt 

-ttjri +Ji lil
s dt dS .L: 6Jt (J)i ,j,JSJ,tr q.i! JU.il . 

-. J d,l dljr 6Jt jtSJ st c,t_!l

Jr tuJill tlisjr os Lilj ;jrsjt qf ( necking ) L"-tl $nt sr :jj,]t rlc. (&
.J+E ell]r.1. e+ d)lt c-s- elnl ,.jS:,ir Jt,i d II-JAI p-l ._p+ |:l.5 j:tJl
e$ s.L dii-yt ucJ -aJ_,!s r-. J.rr d..!tl i'l'. .li de" -, ij5-,r! Jilt s_!t c.Lill

. .j'xll eJ,,ll,,,- ..\ Uir :jl..Jitl ctr,s! !tj!t t"l JA J,-j,jll t l-J X{-

-:-ir.ll ..1i|3-1 -tr.rl.1

i-j)- F 4!J-JI:,.1+ !-1i ;$-,Jt Jt'rt:ri- {+{i, ( bored piles ) _r.J1 yts-j q,ij

qrp Jl$l J.! C-11 iri CsaJ,!jlr+ll rti-l g-yjpJt d. uK tit ; liJl O!.,:;i nS-,
l+l u'.tr .!"+ ,',F_r . ;''s_I ej..jL! d"-ltt i,t.ljt -,-rS rJljj q++ fCt dBl.tl

$ &r . ijLJill Csr rJ+ ;:,i.tt $t.,r+ CJJ jrjiAlt J. a+ji Jilsjl u. LJ"ill

aJl i+l.Lll !-J. Jill us.r._, .'6rclill -$cJ !-ljlJrll .ljc LJ,ill Jisll 'rt - ,a<;r ;l (JS+ clr-.

Jl 
-i-1.+ 

iJiil i-F. r 'iJl '",<Ji lil i-!. J+lt lrJ ll o- Jl J+lt !. 'ut t-6st€i.L ;Jj
J'irr . ;JJSjl Ll.-j illr" ]i LJJij Jt 9+ tlAj ir.+jt ;rjljll tuLJElt ir. eLlt dFL"&i
y $.!r +-,Jr .AEJ,! 6)Jl !.'.. tlt r.. rl ci'-J Ol !q -'.3t OI Jl;Jr^i!l
l4r.:lj; J.i"! ( bentonite ) &LJl O+Lll,',J,aJl L3 L"jlr .j),Jr LlL..j-t Lf-lt JI,$

. ; ,iJl di-l d. lctrir.l i-jrjll l-L-t9 elJl 4;r 4 ;:jt!!t ,:, !
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s'fu.jt ,,.. tt jjBJ gtJ'il o:+ ( t - t ) ds.ill



_: jr,FJ j 4+:!t }KJtt ,J-'j.,j

-: ( Pr€cast piles ) !J..Jt 14*.1 j,ltsJ _i

{.S.--r I+ fi"Jf UJJI iiJill sli! OFy LJc iL,jjJ ir"J3J ri i!.JF CltL g,t! sar
l-{,G JIJ-yl _-+,,!,- Ji 1. t -i Jt g.rj.ri g.Jt .g.r,i.l;!.rI !t -;Jls_.!t .__:;.r
'oA JIFII orA &r !i L(n .llJFll C/l Oc tuj-f-lt i-tjlt rl Jt sjll ri c,Eliijjls

!!ill d;Jl .:,yt. eiJ . lair:r i 
"s. -jt L)- u,. lsijl t.r*: l.{n"j_.r Ols.t .l,.l rr+

..,.11 urLrl -li ;j5jl J!! iF qjil iJi. d.+ etlj-l qfj+lt JiiJt inJ! Jt ,r+!t ds.j

-]-i dl-&t ol. e Jt it LiJt Jt .a .iJt a.ra dj,b .._rsJ.tl 
4;rj 3:j ].ii e,.-F 6_

arlrli ur Jli,'.!rl ij- # 6l_r:j$_/t Gls +$,tt JJt Jl.lj- d. dtl- srjJl j.Jl
. i..jIJ 6_rsjt c}! qrJJt cllsj-lt Lru. {J. ,iJt -J$b ir+; .,rsjt &.1

-: 1 Driven and Cast in situ piles ) fi.dt !+.lJ d.!t jilsJ -$

-. J+l 6r^4 jilsjt llA Lijsr ( vibro piles ) _lr..Lil >ls> t.:L: Jils-.jJt .ra s-r
Jt c!-Jt scr etlsll {r--,i ;+- :eq.s L;io i, ; ij4jj t4* Otr- €i u-rj.
.tuj. LJAII "ojrsjr ;Eti tuF d:Jtt ei J.! -JjJl ue LrtiJl d.-n qr Jt-ll c'.Jl
,|ll.+c-re:Irrg,,-..:fll,-,UtsjijLJAll,,. -t l:.."_1,-r,:nr d:,t.r e,L;tt r+- dJ+
r.r:r dll 6JiJl * t<l:. _r ijt-Jft u|.j dl[r &Vt Jt \E,Jj_;J el ,JD!l Jl
di-!l Jl Xjr qlljirr.J.!r Jt .r +!t ,,-...,4+Le rr . (JLlt Jl {- et-iil ,,..r,,!1

rl c,LdlJi + fj.:_l;++ _* ;j$-:ll 0rs: .)! ylr;+i "oJ+i Jt €E-j tusLj- ..Jr.-r

500 mm .: 350 mm cr-.!Sjl cr. tr.ll lrA .ltJ.ti g_:t_,r!_: . "oJb(jt JA! ,",! cr6$
Jrlrr jjlsjt 6r A i-E 6r r t+i d[..j-LJ 22 m.)t J; cJtJaL l#r irs_r

.34 m Jl cl;



-: ( Bored Piles ) Ji5lljilsJ -':r

!!yl ,*r !$" c.Ini J.-i d.,L"J ,i+- -J+S dK.! jilsjt rr. ZCt tjA qlt ,:-t :t_1 $l
JQQ 6rn (.;o Lr-)tl!l grl_Jiir iJr Jt'|jj irj ol6j. ilt lrr OF tdj, JI JJ-,Jtr
JLL6L Jir jlsJ,"J -..t iJit .ll .-r..J-,r i,.J.ll Jtr tr.l-! e! $j. 2000 mm J
! 6.rJl dJl OlSr 40 m t 26 m o-! cJljn rjr_Al+-, l2O0 mm Jt 700 mm

eJJ*tl lrA ,J &!-ir,ll d-6-l r 1500 kN _: 1750 kN d* g:t-n JjlsJl .*l
710 mm ;IQ Ji- Jjlsr '",1-r..i etLJl ei OK-l t_uL j_r . ri-t1 .,,rt5 J.:_!
orA Fl jilsJ dJrii $J 1300 lf\l l"AJh!. l-# CJ* cJ.-j +ti crl.tJ 19 m iJ-,L._r

: s-I t"S cFE a. AL

6Jl Jl (Vibration ) jljiAyl i!-tJ{ :.rr.6.i]r 6-fL ( casing ) -. }ri dr- d
olJJl slc ,,,rijllJ , !_r: Jt oLJt_r ,iJl i-L-lj a.J!. !t d:tr:r.jlt ,".;Lr 

a: e Jl.ll
L(!rJ iisjl ;rEli ri ijLJAJl aJ. iili, 1!$ e6J F b+- ..lr-tt l.iJt drlj .rr.Jt
tul.AJlr.-.i. J eJ.nll +s e-r F.++!t Jil:lri" 5.1t or;Jt a. J.J.teL"s dt ,3 t+.
fiJr.ll ,J-+ll O. J$ d r . tuL_JAlt .=* ,l.i5l ri.L1 ;rr-, L..r..._F -..j+!t g_,r.1

.1800mm-51 1500 mm -JfQ F J,llsJ,-,t.-r'.i".J$. \'l tuJyld,".i.rtisjll

'll
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-:L.rtrlll -Y

fill dJt ilt"AJ C" i-er.+lt jilsr dS Jt rdt dL: c: 
.,Jtt ;rcrj jjlsjt ,:t4i rj*j

:rJAI (Jlc .SljJ r-lJr ijLlt u- Jilsjt dJ-j jii:r . r{tt dli_l r!!t Jt CEjjr $
Ji qriJ .Jjlsjl !l : Jl u. cl^!t tL: ;t .:t, . ( alni! r-unt sJltt itr, # yl 

)
gso d-t il| cj^!l '!A & OL-t r- 1 . dje Jn y ijLJ i.,!.tl dab jjlsjr eJ,!j jj,
ilsjl ol rtEl .J. ( Rigid !Cr) ilLJt di+.!il r^4 . ijLltr eJ*tt -_!r-

. cllj 6i+ rj.'U. r,ril L3- -.r$i! :,rf ,J).ll -!Jl LJ.s r]" irrr...i. lL-l d.-j

t riJl eJ; 9: o.Jr"_r e-\ . - A d1e dn y ijL* i..itt ",j,,s. Jt r..+cjA Ol ,,...l.r

L.s i-] . 0c "Aj+SJlt iilAr i.ritt c.!. L O. iiLJt dr: yl: 
e_ V, o _ 6 Oe Jil y iiL-

.( I -l ) iJS,i, -L) r- V ,J-l _: e- . dp C.'jj. L!, cri e! dLJjJ ,r Lilt dE !l , 
, 
.ir

.r-1 .ltSjl ,rL; .5 .r Jl aJ- ,,.1'!t cJ- kJ" _iJ c+- rctJnt u. tc,j J.n j ci_rillr

*1" -F1S_tr o# !-,llt jil J.{,.r . LJIJL jjlsjt JL-j! i.tn $ u_r-r_ ,J _.rs-x cjn

iJ- c,. ';91 dL.it e.,+ 6-J. Jl ril L-x i*\. -ui. oF i,-Ftl Oi ,,!- i.,!tl
d- O! Lln, r :3Jt j^ d,-:i,rit_, lrJtr++ J3lsjl ll)- Jr iiL:'yr, :,Jr
J31SJ'6J er1-J slJl rll 0F ir-lJl "U"6" jt Jt-i'oJD! ir- JSI gjl L trlE .r_*Jl

sle rr-rll dL: gji .L dJ-r rdl dr.i -llsjl r.l L! Jin r'&-"". t- di-i

dJllr di.iJ cllir iJrL-i. Jilsjt dt-l ,.,F Olrl,et_rr iJlt d..j rje e+r . jilsll
. Ji.^!t * c" jirs.jr ijn js_r

'(J,.llr dJfll .1^Jt C..j! IJ_JJ.l1 L)Jt Cc.b,l i..i-,. jjlsJ!.rrr -rt drUral

Cliill dLrll rc+*3 }lS_ll g. ..;.,r,5.:rc eLit!,,,rt.r, ctbJ r}S" Jlt ,_F slo rJa!
. (l - Y) $,i d C;J" l-sr Jsll rl.Jt dl"3 c.L CJs i.+!tl e^-j r I -J

lr



jlBJ,lt trrit i+"L,g rr+tt ( \ - r ) diEitl
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iJirs" J \o r. i^.'l Ll,.;jrst r+i ( I - I ) dis,itl



gJt-l gj-i: &! eF Cl \rnJ -plsjlr'!.r""!t a-,.,.,l+tjl jt^ij\rl "jJl s, cj,ritl

Jl ".r-vt & l r.ijlt crrnt 1l.4. dJLlJ 1ltt q.ir r lc _.lt j JjKjt Glo "olc,vl

In q! OJijJ J':lsjl tt gJwlq cli cJ...tr Oli Jjrsjl tcr.- cJij js,x 6. _rrs-!l

'J.Jl cJ-r Ol5 ljl J . 4D ..+ll .j ;itS.lJt src 
"L 

Lr.,6. i.|-:lt ir.rt* cli.slt

Lrti" s.i clJt l,s dr- J'llsjl Olj rj+ L.rs* ri jitsjt i---+- dEj 
.s-l. 

O. G ^-L.r+- OF Lj:- -l . tJU.lt :J* ge ;>S. -jt u 6. ,--u1j3j ir-rL& -r. ii4 dr-!l
,'E,i i--r+l cJfi i-x .r ..iJ.i. V ,F-lJ dL.t i,-b-Js 

'lsjl-:dc,."-JR($l&rJl d;-tD 6.,SJlldn rJ uu{(e _qr_t)r_y }

R_V+My.x+Mx.y'' n-Xx2-Xyz

Where R - total reaction at the pile head .

V = total vertical load acting on the pile cap .

n = number of piles in the group .

Mx = total moment about x-axis = V.ey .

MY = total moment about y-axis = V.ex .

x = distance ofthe pile from the y-axis .

y = distance of the pile from the x-axis .

Ixt = sum of the square distance of all piles from y-axis.

Ey2 = sum ofthe squar distance of all piles from x-axis.
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&lljJldi,-ill

i*.l,pr el|j j r;S;y!t sr-riJl _fi]Jf kj. 6] 6b Lj" LF -deUS 
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Example l:-
A reinforced concrete column is S0 * 100 cm , Design a pile
cap for a group of six piles arranged as shown in Fig. (4 _f)
and supporting a column load of 3000 kN. Use American
Standards. Use piles of 600 kl\l capacity and 40 cm
diameter.Fc'=25 N /mm2. Fy = {f[ ]\76a2

SOLUTION:-

1) Check Punchins Shear:-

Let Pu = (DVc

Pu = 0.8s(U3) J-fcbo*d

bo = ( 500 + 1000 + 2d )*2 = 3000 + 4d

3000*10 = 0.85(U3)v-25( 3000 + 4d )"d

2ll7 647.059 = 4d, + 3000d

d2+750d,-529411,76=0

d= -zso tJifozi *6+rr-ze
z

d =+443.55 mm

used=443.55mm

r\



a) Check Lone Direction:-

Vu = No. of piles * 600

Vu=2*600=1200kN

Let=Vu=@Vc

Vu=0.8s(r/OJf-c'b*d

1200000 = 0.8s(1/qtl|!,* nns*g

d = 996.539 mm

Use d = 1000 mm .

rt



b) Check Short Direction:-

Vu = No. of piles * 600

Vu=3*600=1800KN

Let Vu = OVc

vu = 0.85(u6)Vfc-b * d

1800000 = 0.8s(1/6h/2F" 2800 * d

d = 907.56 mm

Use h = d + 200 = 1000 + 200 = 1200 mm

3) Calculation of Moments:-

M = q!p!!q* caoacitv of oile* distance from face of column

My = 2 * 600 * 0.6 = 720 kN.m.

Mx=3 * 600 * 0.3 = 540 kN,m.



4) Calculation The Area Of Reinforcement:-

Mu 72O*lO6
=0.01882ofc'bdz 0.9*25*1700*(1000)2

From table (1) or = 0.019

r'*,,I1=o.ou"fi

p= 0.00113

o-,,=ff > ff , o.oo2sl< o.oo333

Use p-1" = 0.0033

As
P=bd

As = p * bd= 0.0033 * 1000 * 1000

As = 3300 mm'/m

Use O25 @12.5 cm in long and short direction

l"o
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Example 2 :-

A 0.7 square column carries the following loadsr

Po= 2220 kN I P1 = 3100 kl\ 
' 

Nla= 270 kN.m and Mr.= 405

kN.m ,The column is to rest on a 1,2 m cap supported by

piles having an allowable load capacity of 445 kN and a

diameter of 0.3m. The cap is topped with 0.3 m of fill having

a unit weight of 19.2 kN/m3 and 0.15 concrete slab carrying

surcharge load of 4.8 kN/m'. Design the pile cap using

Fc'=27.6 N/mm' and try = 420 N/mm'.7-""..r"= 25 kN/m3. Fig.

( 4 - 2) a. Use Design according ultimate strength design.

Solution :-

The total vertical load is

P614=222O + 3100 = 5320 kN

M1oj"1 = 270 + 405 = 675 kN.m

To account for the bending effects as well as the surcharge

and cap weight , choose a total number of 15 piles spaced at

0.9 rn on centers as shown in fig.(a-2)b.

The surcharse load oer pile is :-

P5 /pile =( 0.9) (0.15* 25 + 4.8 + 0.3* 19.2 + 1.2* 25 )= 36 kll .

IX' = 3(0.9' + 1.8' ) + 3(0.9'+ 1.82 )= 24,3 ^"
IV



The net allowablc repegi

P,,"t= 445 - 36 = 409 kN '

The maximum axial force of a pile is :-

5320 * 675*1 8 - 404.6 < 409 kll .
15 24.3

The red on P. ( usi ACI

n=I+
n

My'x ,

Lx2:
Mx.y

Zvz

2220*1,2+3lo0*t'6 +
(270*1.2+405*1.6)*1.8 

= 5g0.2? kl\l
24.3Pl=

15

2220*1.2+3LOO*1.6 ( 27 0,+ 1,2 + 4OS * t'6) * O.9
-L \-'- -'- --- -' = 544-27kN' 243Pz=

15

222O*L,2+3L0O*L.6
== 508.27 kNPs=

15

222O*1.2+31OO*L.6 (270*1,2+4O5*1'6)*0.9 
- ,,'' .' '.^'

24.3Pl= 15

2220*L.2+3LOO'L.6 ( 27 O * L.2 + 40 5 * L.6) * l'8
24.3Ps=

15



Pile Punchins Shear (critical section at d/2 pile):-

h = 1.2m = 1200 mm

d = 1200 - 200 = 1000 mm

v"=580.27 KN

bo=n ( dplJd ) = n (0.3 + 1)= 4.08 m

v" =o.34Ji;bod

Y"=034r1fr6 *4.08 *1 * 103 = 7288 kN

9 = 
t!o=3t = 682.67 kN < ?288 kN , ok0 0.85

Column Punchins Shear Fis ( 4 - 2 ) c :-

!,= l.!*Pp + 1.6*P1

Yo= 1.2*2220 + 1.6*3100 = 7624 kN.

b,=(O.7 +0.7 +2*1 )*2=6.8m.

v" = 034JiE bo d = 034^!-27 3 "6,3 
* 1 * 193 = 12146.25 kN.

)=ffi=weskN < 12r46.2s kN.

t1



One wav shear Fie. ( 4 -2 ) c :-

Vu= 3 *580.27 = 1740.81 k1\[

v.=0.17 vfc'bd

Y"=o.l7,,lEl6* 2.7 " l* lo3

=2411,38kN > 1740.81 OK

Calculation of Moment Fie. ( 4- 2 ) b :-

Mr= (580.27 *3 * 1.45+ 544.27 " 3 *0.55)=3422 kll.m

l!f- = ($80.27 + 544.27 + 508.27 + 472.27 + 436.27) * 0.Ss

=1398 klr[.m

t,



Calculation The Area Of Reinforcement:-

Mu 3422,t 106

ofc'bd2 0.9*27.6*27oo*tooo2

From table (1) to = 0.053

. Fc, 27.6p=(l)" 
Fy 

=0.05r. nzo = O.OnrO*

JFci L.4
Pmin= ?Fi Z Fv = 0'00312 < 0.00333,

use P= 0.00348 :

Check O:-

o=r*+e?13{€c{r<o.s

_ 7 . O.2125*O.a5+27.6
= | ,o + 0J034&4r0 l= 3.644 , use O= 0.9 o.k

As
P=b-d

trs = p* [d = 0.00348 * 1000 * 1000 = 3480 mm2/m

use O28 @ 17 cm in long and short direction Fig. (a - 3 )
t\
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Example 3 :-

Design a pile cap for 2 piles supporting a column load of

3200 kN . The column is 40 * 40 cm and The pile diameter

is 40 cm and the spacing between the pile is ll0 cm and

Fy = IZO N/mm2 , Fs = 170 N/mm2 Use circulage method,

Fig.(a-a). Fc'= 25 N/mm'z.

Solution :-

Check Punchine Shear:-

Let Pu = OVc

Pu =0.85(1/3) y'Icror'a

3200 * ld = TVx *1 loo + aoO +2d )*2d

d2+ 400d -564705.8824 = 0

d= - 4oo + J 4onz + 4*1. 5647 o5€824
2*L

d= 577.62 mm , use d = 600 mm

t9



Calculation The Area Of Reinforcement:-

d
tan a = --=

600tana= ffi: t.09, c= 47.5,9=O
\2 J

T. = -----a- - 32oo /2 - 1-1-1.94 kN-" Ztans cos9/2 2*l.O9al

USE Ts= 734 KN

T.
Ts= As * f'. ' As=rr-

o, = 
tt'i#oo 

= 4317.64 mmz

USE4O38

As = side reinforcement = 0.23 * 4317.64 = 993.05 mm2

usE4.D18

A56oxs,"66.,= 0.0015bh = 0.00f5 * 1700 * 700 = 1785 mm'

USE 5 O 22 , in long and short direction

io
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Example 4 :-

Design a pile cap by rigid beam method for a group of4 piles

spaced at 110 cm center and supporting a column 50 * 50 cm

carrying a load of 1600 kN . The pile is 40 * 40 cm . Fc'= 25

N/mm2,Fy= 420 N/mm2

Solution:-

Check Punchins Shear:-

ep,""=# - 4oo kN

Let Pu = OVc

Pu = 0.85(1/3) r/Tif bo*d

tooo * tor= ofs * \,Es * ( 500 + 500 + 2d ) *2d

d2+

d=

500d-282352.94=0

- soo lJ{ooz + 4 *r. zlzssLs 4
=337.24mmz*l

use d = 35 cm, h = 35 + 10+ 7.5 = 52.5, use h= 53cm

a + d = 50 + 35 = 85 cm, Fig. ( 4-5 )
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Calculation The Area Of Reinforcement:-

Mu 279*lO6
= 0.0515ofc,bd2 0.9* 2 5* 1900*3 502

From table (1) , <o = 0. 054

P= co * 
rylg 

= o.os4 * #= o.oo321

,lfet 1 lL

P.ir=;* >; , 0'00297 < 0'00333

Use p-1n = 0.0033

As
P=!d-

As = p * bd = 0.0033 * 1000 * 1000

As = 3300 mm'/m

Use O25 @125 cm in long and short direction fig (a - 6 )
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1, Building code requirements for structural and

commentary ( ACI 318 M - 2005 ).

2, Design of concrete structure by Arthur.H.Nilson'David

Darwin and Charles.W.Dolan.

3. Foundation analysis and design by Joseph.E.Bowles.
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