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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 of the pile from the y-axis .

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

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

Y¥? = sum of the squar distance of all piles from x-axis.
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S 2cosB/2

Where T = Q2
tan o

- Q
572 tana cos B/2

Q = Pile load
Fs = Allowable Stress of Steel Reinforcement

As = Circulage Steel

tana = LE
S/2
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EXAMPLES
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Example 1:-

A reinforced concrete column is 50 * 100 cm . Design a pile

cap for a group of six piles arranged as shown in Fig. (4 -1)

and supporting a column load of 3000 kN, Use American
Standards. Use piles of 600 kN capacity and 40 cm
diameter.F¢'=25 N /mm?. Fy = 420 N/mm?

SOLUTION:-
1) Check Punching Shear:-

Let Pu= ®Ve¢

Pu = 0.85(1/3) VFc'bo*d

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

3000*10 = 0.85(1/3)V25( 3000 + 4d )*d

2117647.059 = 44> + 3000d

d> + 750d — 529411.76 = 0

_ =750 +v7502 + 4+529411.76

d 2

d =+443.55 mm

use d = 443.55 mm




2) Check One Way Shear:-

a) Check Long Direction:-

Vu = No. of piles * 600

Vu=2* 600 = 1200 kN

Let=Vu=@®Ve¢

Vu = 0.85(1/6)Vfc' b » d

1200000 = 0.85(1/6)v/25 * 1700*d

d = 996.539 mm

Used = 1000 mm .




b) Check Short Direction:-

Vu = No. of piles * 600
Vu=3*600=1800 KN

Let Vu=®Ve

Vu=0.85(1/6)vfc'b * d

1800000 = 0.85(1/6)v25 * 2800 * d
d =907.56 mm

Useh=d+200=1000 + 200= 1200 mm

3) Calculation of Moments:-

= no.of piles* capacity of pile* 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 720+10°
dfc’bd?  0.9+25 x1700%(1000)2

=0.01882

From table (1) o =0.019

fc' 25
= *—= *—
p=o Fy 0.019 220

p=0.00113

I
Vi 14

Pmin= -y 0.00297 < 0.00333

Use pmin = 0.0033

As=p * bd = 0.0033 * 1000 * 1000

As = 3300 mm?*/m

Use ®25 @ 12.5 cm in long and short direction
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Example 2 :-

A 0.7 square column carries the following loads:-
Pp= 2220 kN , P = 3100 kN , Mp= 270 kN.m and M; = 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/m? and 0.15 concrete slab carrying
surcharge load of 4.8 kN/m? Design the pile cap using
Fc'=27.6 N/'mm? and Fy = 420 N/mm*Ycueee= 25 KN/m3. Fig.
( 4 —2) a. Use Design according ultimate strength design.

Solution :-

The total vertical load is

Pyora1 = 2220 + 3100 = 5320 kN
M,yq1 = 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 m on centers as shown in fig.(4-2)b.

The surcharge load per pile is :-

P /pile =( 0.9%) (0.15* 25 + 4.8 + 0.3* 19.2 + 1.2* 25 )= 36 kN .

X2 =3(0.9% + 1.82 ) + 3(0.9* + 1.8 )= 24.3 m?
Y




A — e e s S

The net allowable capacity of a pile is :-
Poei=445-36 = 409 kN .
The maximum axial force of a pile is :-

5320 675+1.8
15 24.3

= 404.6 < 409 kN .

The factored load on piles P, through Ps(using ACI ) is :-

V , Myx , Mxy
=—t55E5;
n= Xx Xy

_2220*1.2+3100*1.6+ (270+1.2+405+1.6)+1.8

1 15 223 = 580.27 kN
_2220+1.2+3100+1.6 | (270x1.2+405+1.6)+0.9 _
3= T + 243 = 544.27 kN
2220+1.2+3100+1.6
3= 1 ==508.27 kKN

2220+1.2+3100+1.6 270+1.2+405+1.6)+0.9
4= 15 _ ¢ 743 ) = 472.27 kN

_2220+1.2+3100+1.6 _ (270+1.2+405+1.6)«1.8
5 15 24.3
TA

= 436.27 kN

=]



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

h=12m=1200 mm

d = 1200 — 200 = 1000 mm

V,=580.27 KN

bo=1t (dpye+d ) =1 (0.3 +1)=4.08 m

V. =0.34Vfc bod

V,=0.34v27.6 *4.08 *1 * 10° = 7288 kN

Vu _ 580.27

@ 085

— 682.67 kN <7288 kN , ok

Column Punching Shear Fig(4—-2) ¢ :-

V“= 1.2*P9+ 1.6*PL
V=1.2%¥2220 + 1.6*3100 = 7624 kN.
b,=(0.7+0.7+2%1)*2=6.8 m.

V.= 0.34Vfc bod = 0.34v27.6 *6.8 * 1 * 10° = 12146.25 kN.

Vy 7624 _
iy 8969 kKN < 12146.25 KkN.

T




One way shear Fig. (4-2) ¢ :-

V, =3 %580.27 = 1740.81 kN

V.=0.17 Vfc' bd

V.=0.17v27.6 * 2.7 * 1 * 10°

=2411.38 kN >1740.81 OK

Calculation of Moment Fig. (4—2) b :-

M, =(580.27 * 3 * 1.45+ 544.27 * 3 * 0.55) =3422 kN.m

M, = (580.27 + 544.27 + 508.27 + 472.27 + 436.27) * 0.55
=1398 kN.m




Calculation The Area Of Reinforcement:-

Mu 3422+105
dfc'bd2 0.9427.6%2700%10002

= 0.051

From table (1) © = 0.053

27.6

Fc/
— * — —
p= o 0.053* 20 0.00348

VvFc! 1.4

L > =
Pmin= 4y = Fy , 0.00312 < 0.00333,

use p= 0.00348
Check O:-

2 !
1+0 125p34Fc 1< 0.9

®=13 pFY

7  0.2125+0.85+27.6
0.00348+420

]=3.644 , use ®=0.9 0.k

As = p* bd = 0.00348 * 1000 * 1000 = 3480 mm*/m

use @28 @ 17 cm in long and short direction Fig, (4 - 3)
€
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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 110 ¢em and
Fy = 420 N/mm’ , Fs = 170 N/mm? Use circulage method ,
Fig. (4—4). Fc'=25 N/mm”.

Solution :-

Check Punching Shear:-

Let Pu=®V¢
Pu =0.85(1/3) vfc’ bo*d

3200 * 10° = 222 V25 *( 400 + 400 +2d )*2d

d?+ 400d - 564705.8824 =0

_ —400i\/4002+4*1*564705.8824
251

d

d=3577.62 mm , use d = 600 mm

£




Calculation The Area Of Reinforcement:-

d
tana = s/2

600
tana = W')'=1.09, a=47.5,p=0

2

_ Q _3200/2
57 2tana cos3/2 2x1.09+

1= 733.94 kN

USE Ts= 734 KN

TS= As*

_ 734+1000

- 2
70 4317.64 mm

S

USE 4 @ 38

Ag = side reinforcement = 0.23 * 4317.64 = 993.05 mm’

USE 4 ® 18

Ag bottom fiber = 0-0015bh = 0.0015 * 1700 * 700 = 1783 mm*

USE 5 @ 22 , in long and short direction

o
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Example 4 :-

Design a pile cap by rigid beam method for a group of 4 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/mm?,Fy= 420 N/mm’

Solution :-

Check Punching Shear:-

1600

QriLe= = 400 kN

Let Pu=®Vec

Pu = 0.85(1/3) Vvfc’ bo*d

0.85

1600 * 10°= :

* V25 * (500 + 500 +2d ) *2d

d? + 500d — 282352.94 =0

—500++/5002+4+1+282352.94
d= 2ol = 337.24 mm

used=35¢m,h=35+10+7.5=52.5,use h= 53 cm
a+d=50+35=85cm,Fig.(4-5)

iy




1600KN
50x50cm

85 cm
pe ~ 1600/0.85

5 j*i T = 1882.35 KNim |
400x2 LI 40022 _
0.4 = 2000

. 0.4
= 2000 KN /m KN/m
LOADS

g u-h-dL.u

658.82

osor({ I
SFD

V858.82

BMD




Calculation The Area Of Reinforcement:-

Mu _ 270%10°
&dfc’bd?2 0.9425+1900+3502

. =0.0515

From table (1), ® = 0.054

fc' 25
p= 0y * F—‘; = 0.054 * —=0.00321

f
Vi 14
Fy

» 0.00297 < 0.00333

Use ppin = 0.0033

As=p * bd=0.0033 * 1000 * 1000

As =3300 mm?*/m

Use @25 @12.5 cm in long and short direction Fig (4 -6 )

£4




Column

12.5 cm

3Cx3%0

225@12.5cm|_,




MOMENT STRENGTH {Mu/ ¢ fc’bd®)] OF RECT-
ANGULAR SECTION WITH
INFORCEMENT  ONLY ..
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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.




