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Introduction

With Wisdom, We Explore
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Support by end-bearing on
firm base with clustered piles
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Design of Pile Cap
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a Piles are used where the soil conditions are poor and it is
uneconomical, or not possible to provide adequate spread
foundations.

A The piles must extend down to firm soil so that the load is
carried by either end bearing, friction along the length of pile, or
a combination of both end bearing and friction.
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Pre-cast
driven pile
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a Information from soils survey will provide a guide to the lengths
of pile required and the probable safe load capacity of the piles.

Pile il KR I::nm@ File
; : axim imensions i
Nominal | Pile Length | Concretre Axial Working Recommended Main ( Links Details to Table below or of Equivalent )
Si A L Grad Axial Working Reinf t
i e Load orking T Pile Head Transition Pile Body
xC Load alslc
Wire | P1 X P2 Y | Wire | P3
) . Details Details
(mm % mm) (m) [NImm?) (kM) (kN) (mm)| (mm)|(mm)}l  (MNo!Dia) (mm) | (mm) | (mm) | (mm) (mm)
150X 150 36 45 332 200 153|147 150 4T10 R6.0 | 40 450 | 40-75 | 450 | R6.0 75
175X175 3.6 45 455 300 178|172 175 4T12 R6.0 | 40 525 | 40-75 | 525 | R&.0 75
200X200 36 45 570 350 203 197|200 4T12 2R6.0| 65 600 | 65-85 600 | R6.0 85
250X 250 36912 45 910 500 253 247|250 4T16 2R6.0( 60 750 | 60-75 | 750 | R&.0 75
300X300 36912 45 1320 800 303|297 300 4T20 2R6.0( 55 900 | 55-70 | 900 | R6.0 70
350X 350 36912 45 1730 1150 353|347 350 4T20 2R6.5( 55 | 1050 55-65 | 1050 | R6&S 65
400X 400 36912 45 2310 1450 403 (397 400 4T25 2R65| 50 | 1200 | 50-60 | 1200 | R6S 60

a Standard size of in-situ pile: 600mm — 1500mm.

a Precast driven pile: Micropile @ < 150mm, Small 150mm < @ <
550mm, Large @ > 550mm.
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Procedure of Design
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a General procedure of pile cap design:

1.

Selection of pile type

2. Determination of pile capacity
3.
4. Design of pile cap

Determination of pile number and spacing

a) Size and thickness: diameter pile <550mm or >550mm
b) Main reinforcement using
— Truss theory >>> subjected to axial load only

— Beam theory >>> subjected to axial load and
moment

c) Design for shear: punching shear is not necessary if

S<3@, and shear force < Vgy

. Detalling

a) Diameter bar not less than 12mm
b) Spacing not greater than 250mm
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O Determine pile number and spacing

- N+W

Pg.c

n

O Size and thickness
if @p < 550mm >>>h = 2@p + 100

if @p > 550mm >>> h = 1/3(8@p — 600)

O Maximum service load per pile

11
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a Design of shear
- Shear capacity at the critical section, 20%@, or &,/5 inside
the face of pile.

Beam shear at d
B,/5  from column face
—> P e— f

For S < 39,
| Shear resistance on vertical plane;
a, Shear enhancement, V =v (2d/a,)

T

39
When S > 3@, , punching shear

must be checked

Shear force at column surface:

\
Punching shear at 2d
VRdmax= 0-5U,d,v,(fy/1.5)

from column face

VRd,max > VEd,max
12

e T T R, W W SO



Pile Cap Design

\ www.uthm.edu.m With Wisdom, We Explore

Example 4.3:

Pile cap under axial load
(Truss Theory)
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A pile foundation is required to support permanent axial load of
3200kN and variable load of 2500kN from a 500x500 mm rectangular
reinforced concrete column.

The pile used is 500mm diameter reinforced concrete bored pile with
service load capacity of 1800kN.

Determine the suitable number of pile and size of pile cap. Design the

pile cap using grade C35/45 concrete, grade 500 steel reinforcement
and concrete cover 75mm.
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SPECIFICATION i i i e |
| . AxilLoad,N: G, = 3500kN O, = 2500kN
%Chac Strength of concrete, fo: = 35 N/mm
WEChac Strength. of steeL f),lc % = | 500 N/mm
'Assume bar size, | L 25€mm ,
Nomlnal concrete cbverm PRESE: 0 ) PG
Column size '< TN 500 K1 SOOmm
':Plle Prestressed Spun pxle = MSOOmm d:a P
Serwce gy i lSOOkN i

SIZE OF PILE LAP | e
Service load =| 3500 +2500 = 6000 kKN |
Assume selfwelght of pllecap, say W= 200 kN e bnoanes | b5
No. of pﬂe requnred (N + W) / pnle capacny %
- (6000 +200) /1800 =34 Use:y 4 |
S R i Rl 225 s e |
Width = (k +1)x«1>p + 300
3+ 1)(500) +300
Length = (k +1)x8,+ 300 _ | 25
B (3+1)(500) +300 = | 2300mm
Depth, 4 '—2¢,,+100 = 2(500) +100= 1100 mm |0k
Trysze :BxHxh 5 23 x23 xlim | | |
Selfweight = 2§ xg23 x23x 1. 1) = 145 kN

2300 mm
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Iensile lorce 1o be resisted by reinforcement
Number ) ) ) Neglecting Taking size of column
of piles Dimensions of pile cap of column into consideration
l=ah, i -
—{}I——(B—— ¥ e —— (32 —a?
: < ad P17 i
(x+ 1)h, + 300
§ Parallel to X-X: -ﬂ—(tﬂz + b? — 3a?)
2 + 36ld
f =y
3 X— = —x N
o * - 9d
+ ats N
o Parallel to Y-Y:  To-(207 — b7)
{x + 1)h, + 300
4 N s 3
Parallel to X-X: =-—(3I° —a?*)
1k | i:i nr 241d
X4— -+:o}-.—~ tX | B NI
4 R & ]
Rell -
et ' Pacallolic B! = i3ii—)
? Ya+1)h, +300 © 241d
o e W I S — TR— > -
"@- | (P i Parallel to X-X: —— (31> —d?)
_‘[ s | = 3014
. Qi) de ] 104
o . - ' Paraliel to Y-Y N(}P b?)
araliclto Y-Y: — (3% —
(V122 + 1], +300 ; 301d
Notation h, diameter of pile; a.b disensions of column,  z  spacing factor of piles (ronmally between 2 and 3 depending on ground conditions)
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— RE]NFORCEMENT TS S IS B

Effectwe depth d h G I S(cbb,,) . S— 0

= 1100 -75- (I 5x25) = 988mm |

 Ultimate load, A N=135G,+150, | | + 1 |

L = 13503s500) | + 15(2500) = N

_ From truss analogy, | i .

>T"~'"S'°" force, T = NL/8d -% 8475 x 1.5 /(3x 0988)
A ] A -

| A;;;Mof;emforcenlent A —“T/087ka ] » _ _
= 1609 x103/ 087(500)-1; 369mm’ |

For the whole width of pile cap, 1

A, = 2x 3699 = "7399;mm3 Use: 16 H25

A, B e i e e o

s R

NUSIEVIR - (TPPSssrassrree SRIVRRLVRVURESVIRE SR ——

92.1.1 | Minimum and maximum remforccment area, :
Asoin = 0200 ulfw) 0d — 020X G2/, 500)X bd |
| ~ 0.0017 bd = 0.0017 x2300 x 988 =3791 mnr
Agm= 0.04A; = | 0.04x 2300x 1100=/101200m" | |
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31143 |
~ Shear fi force ng e

SHEAR

;

~ Reduced s shear force

(i). Vertical shear - at ¢/5 sectnon inside p'le t N

_Loadperplle i 8475 /4 =1 2119kN { )
2 pile outside the crmcal sectlon. | —
2119 = |
Pile spacing = <

Vea = 428x(a,/2d)= |
= 4238x 350/ (988 x2)=

Desngn shear resstance T -

| Pray _-[onzk(loop,fck)m]bd

1 k= 1+(200/d)"2 <20 |

P.

= Ag/bd < 0.02

= 14(200 /988)"2

145‘ < 20 Use

—i 7855/ I 2300 x

Vrae= 0.12x| 145x

988 =
(100 M

0008
0.0080

<002
X 35) 13

= 1198/x 10° N

1198

‘on the whole width of the secuonv o

asskN |
3¢ pile Cons 1der shear enhancemcnt

e oo

I I

Juws] |

un‘n‘ '[0035k 3’Zf' 12 ] bd -

: =] 0038k 148 T3s™ xas0olxoms ||| )
B 71 V53 BTN N N B
S0, Vrae = 1198KN > Vg ]
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(u) Punchmg Shear at perlmeterZOd from column face N
_ Pilespacing | < 3¢pe ’z | ;
'No punching shear chelck is necessary - Ok! N
3 : i ’ ‘ |
(ni) Maxlmum Punchmg Shear at column pen'rnéier i‘
_}_’Maxxmum shear resistance, 1
Vrgme = 0.5ud [0.6(1 - £3/250)) f /1.5
=0.5(4x 500)x 988[0.6(1 - 35/‘250)]( 35/1.5) 1
SHBOKN > Vigus = BISKN okt
CRACKING I TR N N N S —
733 ) h = 1100 mm >200 mm Need spesific measure !
) _Assum? steel stress under quasi permanent Ioadmg ; |
=§ 055 (fyk/l lS)(Asm/Aspmv) §
= 055 (500/ 1.15) (7399/7855)
= 225 N/mm® -
Table 73N For desngncrack width = 0.3 mm :
| | Max alowable bar spacing= 200 mm |
Max. bar spacing = [ 2300- 2(75) -25]/15

S e T T < e U S
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DETAILING
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Example 4.4:

Pile cap under axial +
moment (Beam Theory)

22
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A pile foundation is required to support an ultimate axial load of
4200kN and an ultimate bending moment of 75kNm from a 400x400
mm rectangular reinforced concrete column.

The pile used is 300x300mm precast RC piles with service load
capacity of 600kN.

Determine the suitable number of pile and size of pile cap. Design the
pile cap using grade C35/45 concrete, grade 500 steel reinforcement
and concrete cover 75mm.

R e - N,
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SPECIFI_CAT[ONl ' L ; : |
. N Axial Load, Nu,,im',; = 4200 kN
i — —;Chac Strength of cc;néfete f‘* M=_‘_' m 35 N/mm
_ Chac. Stengthof steel fy, = | S00Nmmm®
Cover,c = | 75mm__ $uu=  16mm
Columnsme— = - 400 x400mm'
~ Pile : Precast RC plle 300 'x 300 mm
S ek - ool
~ Safety factor | = | 1.40]

SIZE OF PILE CAP

‘Service load =: (4200 /1.40) = | 3000 kN
W:Assume selfwelght of pilecap, say W= 200kN
No. of pile required = (N + W ) / pile capacnty

= (3000 +200) /600 =53 Use: 6

Pile spacing = ké, =3¢,
‘Wldth B =(k+1)x g, + 300 :
.= (3+1)(3000+ 300 = 1500 mm

'_lfength, L = (2k +1)x ¢, + 300

= [2(3)+1](300)+ 300 = 2400 mm

Depth, h = 2¢p + 400 = 2(300) +400= 1000 mm
Selfweight = = 25(1.5 x 2.4 x 1.0) = 00 kN

o T T < e e e
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P

rley
--“.?,'ﬁ,- -
!..!.-a
LS
4 -
£

1300|900 900, 00, 1= 409 |
2400 = 34m

fewmmsssmevmememwwsene oasiiids 2 ~

{

vrennamrii oo matvanser et sonmonss [l s

Bt S AR R - e

‘Mﬁ_}g servnceloadperpile F -(N+W)/n - Mx/I
=| {(3000 +90.0)/6}+ | 53.6/(0. 90) /324

3
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~ Analysis 3 2’ _ |
‘ Ultlmate load per plle F =W P/n + Mx/l f A - ”
I il B R (4200/6 )+ ] 7o0my3al | L L
=% LT B P e B R A S
= PN | i

Maxrmum moment at column face

My - 2{ T0x(09 | 020) - 1009 kNm_
M, = 3{ 700 x(045 -020 )} =  525KkNm
6.1 MAIN REINFORCEMENT x

. Effectwe depth '''' | < A E
, d =il C,,o,,,05¢b,, -—1000 75- 05xl6 —9I7mm'
d —h -Cpom=1-5¢0 var ##### - 75- - I 5xl6 901 Lo By Bl

Longitudinal bar w
| .Bendlng Moment, M | 1009 kNm” Gienl
e M/bdfc,( S ATRGR At
= 1009 x 10°/ (1500 X917 x35)
= 0023] < | Kipa=]0.167 |
Compressnon remforccment is not reqwred

z =d [0.5 +/025 - K/1.134)] = 0.98d < 095d
LA, =MI081fuz B
= 1009/x 10 /"(o 87 x 500 x 0.95x191_7) | | usel 14HI6
= 2663 mm’/m AR (2815 mt)
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9.2.1.1 | Minimum and maximum reinforcement area, | M K e is
Asmm 026(fctm/f yk) bd _— 026x (3 2” 500) x bd o ; S i
| T = 00017pd = 00017 xis00 x917 (=229 jme’ | | |

_»_As,m _—:004A J = lo0ax 1500x 1000—* 60000mm

wcssmosansomasainssmlemasenress oo ses g
|

;Transve rse bar

_ BendingMoment, M | = | S25kNm | |
K = M/bd fck s o I e I L
= 5251 ST Pl P TED Y s B e R

" 0008] < |Kua= 0167 25

SNSRI, SRSARSRTIR———" %

....... e ce et evrvewrrr e { ereer——ee

Compressnon remforcement is not requn'ed
z =d[05 +,/0.25 - K/1. l34)j = 099d < '095d
A —M/087fykz [ ket e | S eSO

= 525[x 10°/ | (0.87x500 x_ .._9.-95.x%901> | usel 16HI6
= 1410 mm’/m | | 1 | (3217|mm)

92ll | : Mmlmum and maximum remforcement area, -

As,,mm =0. 26(f cmf i) bd = 0. 26 x E(3 21/ 500) xbd

~ =0.0017bd = 0.0017 x2400 x 901 =3609 mnm |
= 0.04A, =  0.04x 2400x 1000=| 96000 mm’ |

A s,max

- e Tt T~ < e
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SHEAR
- E(i) Vemcal shear - at ¢/5 section msnde pile
| 31143 | 2pie outside the criticalsection. - f
| Shearforce, Vg = 2(2n | = s |

;Pl]e spacing EN -’¢p.1e " "
ConS|der shear enhancement over the whole wndth of plle cap

Reduced shear force,

e ]442* e e
L= ez 610/ [ 17 x25'.¥""" 480 KN
622 f; Desngn shear resistance, LT o
__ 1+(200 /917) 7 | ‘
p = Ay/bd < 0.02 | |
. e 9!7_.... ST R N

1 VRdc - 0.12x 1.47x (100x 0.0031 x3'55“x1500 x917
T = sax10N = s
Von = [ 0035k ™ wolbd [
= omsix147%x35% xs00x017 |}
= 06x103N R -

So, VR dc o 534kN s VEd q okl

S e T T < e U S
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(1). PuncEE Shear : Cntlcal at perimeter 2.0d

ﬁom column face.

iPlle Spacmg < 3¢p|le

No punching shear check is necessary

Ok!

(m) Maximum Punching Shear at column perimeter.

Maxmmn shear re51stance

=10.5(4 x 400)x 909[0.6(1 - 35/1250)] (135/1.5)]

133

Table 72N

~ CRACKING |

Assume steel stress under quasi permanent loadmg 5

‘Max. bar spacing 1= 1500 - 2(75) - 16 ]/ =

Ok !

= 8755 kN > Vg ma = 4200 KN

h = 1000 mm >200mm l

i

= 0.55(f/1.15)4, m/Aswi
=i§_ 055 (500/ 115) (2663/2815)

S s

=? 226 N/mm ; i

,,,,, N R w1 A i AN OPr A e e e

For desngn_c:_-ack wndth 0. 3 mm "
Max. allowable bar spacing = 200 mm

- 103 mm .< 200mrn

| Max. barspacing 2= 2400- 2(75) - 161/ 15

= 1499 mm < | 200 mm'

Need spesific measure !
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