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❑ Piles are used where the soil conditions are poor and it is

uneconomical, or not possible to provide adequate spread

foundations.

❑ 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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In-situ bored pile

Pre-cast 
driven pile
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❑ Information from soils survey will provide a guide to the lengths
of pile required and the probable safe load capacity of the piles.

❑ Standard size of in-situ pile: 600mm – 1500mm.

❑ Precast driven pile: Micropile Ø < 150mm, Small 150mm < Ø <
550mm, Large Ø > 550mm.
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Procedure of Design

❑ General procedure of pile cap design:

1. Selection of pile type

2. Determination of pile capacity

3. Determination of pile number and spacing

4. Design of pile cap

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≤3Øp and  shear force < VRd, max

5. Detailing

a) Diameter bar not less than 12mm

b) Spacing not greater than 250mm
10
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❑ Determine pile number and spacing

❑ Size and thickness

if Øp ≤ 550mm >>> h = 2Øp + 100

if Øp > 550mm >>> h = 1/3(8Øp – 600)

❑ Maximum service load per pile
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N = axial load from column
W = weight of pile cap
Pq,c = service bearing capacity
n = number of piles
M = moment
x = distance from pile to centroid
I = moment of inertia, 4S2

Øp = diameter of pile
h = depth of pile cap
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❑ Design of shear

‒ Shear capacity at the critical section, 20%Øp or Øp/5 inside

the face of pile.
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Øp/5

av

3Øp

Punching shear at 2d 
from column face

Beam shear at d 
from column face

For S ≤ 3Øp

Shear resistance on vertical plane; 

Shear enhancement, Vc=νc(2d/av)

When S > 3Øp , punching shear 

must be checked

Shear force at column surface; 

VRd,max= 0.5uodaν1(fck/1.5)

VRd,max > VEd,max
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Example 4.3:

Pile cap under axial load 

(Truss Theory)



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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Max. service 
Capacity =

(6000+145)/4

1536kN < 1800kN
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Example 4.4:

Pile cap under axial +

moment (Beam Theory)



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.

Example 4.4
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