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ABSTRACT 

 

The principal structural element in transferring column loads to the pile foundation. The plan 

dimension of the pile cap is based on the layout of pile foundation. Shear failure is an 

important failure mode for pile caps, civil engineering structures in reinforced concrete, often 

used as substructures for bridges. Codes are still based on less appropriate empirical or semi-

empirical models. For this reason, the design of pile caps for shear failures, and punching 

failure in particular often results in dense reinforced structures. A rational approach to shear 

failures in three-dimensional structures is needed to provide a safe and efficient design of pile 

caps. 
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1.0 Introduction 
  

A pile cap is a thick concrete mat that rests on concrete or timber piles that have been driven 

into soft or unstable ground to provide a suitable stable foundation. It usually forms part of 

the foundation of a building, typically a multi-story building or to support piers in bridge 

structure .  Piles can be used individually, or they can be grouped together and linked by a 

reinforced concrete cap. Pile caps create a stable foundation and offer a larger area for the 

distribution of the building load onto the piles. The load support exceeds the bearing capacity 

of a single pile, a group of piles uses.  

The group capped by a spread footing or a cap to distribute load to all piles in the group. 

Where there are a large number of closely space piles, provide individual caps. It is more 

economical to provide just one large cap, forming a piled raft. The pile cap designs 

considering the punching shear around the heads of the piles and column base. It also designs 

for bending moment due to the transmission of loads from columns to the individual piles. 

 

1.1 Functions of a pile cap: 

 
 To distribute a single load equally over the pile group and thus over a greater area      

of bearing potential. 

 To laterally stabilize individual piles thus increasing overall stability of the group. 

 To provide the necessary combined resistance to stresses set up by the super structure 
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1.2 Important parameters in design of pile caps: 

i) Shape  of pile cap 

IS 2911: partI, sections 1 and 2 recommend a minimum spacing of two and a half the 

diameter of the pile for both cast-in-situ and bored cast-in-situ piles.The cap plan dimension 

is determined by addingthe pile distance between the exterior piles plus 300mm more for 

accommodating deviations in pile driving. To have equal distribution of loads on pile, the 

shape of the pile cap is made coincide with  the centre of gravity of piles. 

ii) Depth of pile cap 

Based on the study of cost of pile caps, 

Dr.P.C.Varghese  (Limit state design of Reinforced concrete,ISBN-81-203-2039-5) 

recommended total thickness of pile is arrived as follows 

D=(2xØp+100) mm for D<550mm   

D=1/3(8Øp+600) mmfor D>550mm   

where,Øp=diameter of pile 

2.0 Design of pile cap and check for shear 

The structural behavior of pile cap due to system of column load and pile reaction,there are 

two theories that are commonly used in the design of pile cap. 

i) Truss Theory 

ii)Beam Theory 

 

Generally, pile caps support a single column. Pile cap is supported by two piles, three piles, 

four piles or a cluster of piles.Codes do not prescribe identical design for pile 

caps.Trusstheory(STM) has been used when the load path are assumed to be a truss.The 

concrete compressive strength between the pile and column carry the compressive forces 

acting as a strut while the reinforcing steel placed at the bottom will carry the tensile force.In 

beam theory,pile cap has been designed as beam spanning between the piles. 

Truss Theory 

The angle of dispersion of load is less than 30°,the shear span (av/d) is 0.6,it is assumed that 

the load  to be transferred to the pile by strut action.In figure  AB is  predominantly exists for 

the ratio of av/d equals to 2.The tensile force between the pile head is resisted by tensile 

reinforcement which is well anchored at the ends. 
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Beam Theory 

When the spacing of piles is large with thinner pile cap in which av/d ratio greater than 

2,flexural action predominantly exists.The pile cap is designed as ordinary beam.The tensile 

reinforcement is designed for maximum bending moment. 

In both methodology ,the reinforcements are provided at the bottom to take up the tensile 

force due to tie member in case of truss theory and tensile stresses due to bending in case of 

beam theory. pile caps are most important and expensive component, and there is no uniform 

procedure followed and designers followed numerous empirical rules. The realization of 

these different actions is not so much for the determination of the amount of steel and the 

savings that can be done in steel quantity as for the appreciation of the real behavior of the 

pile cap. Before having a clear understanding in the behavior and strength of pile cap, It is 

better to compare the results with the popular two methodology(Truss theory & beam 

theory).Hence, One may conclude  by adopting the conservative results. 

The Excel spread sheet has been developed for design of pile cap by Truss theory and Beam 

theory. Both results are presented for comparision.Figure:1 and  2 are taken to illustrate the 

design.Figure:1 describe the layout of Pile cap for 2 piles.Figure: 2 describe the layout of Pile 

cap for 3 piles. 

3.0 Design of pile cap using spread sheet in Flexure and Truss actions 

a) Pile cap for 2 piles 

The input parameters are shown in Figure: 2.The data are analyses both Truss theory and 

Beam theory. As in conventional design, the program will check for predominant action by 

calculating shear span to effective depth ratio. The determination of tension is done in case of 

truss action. The bending moments is determined in case of bending action. Consequently, 

the area of steel required is determined. Finally, it is checked for shear.  

b) Pile cap for 3Piles 

The input parameters are shown In Figure: 3. The analysis procedure is similar to as above 

except the analysis is made in both directions (xx and yy directions) . 

 
Figure:1 – Layout of Pile Cap for 2 Piles 
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Figure:2 Input Parameters for design of  pile cap for 2 Piles 

 

 

 
Figure: 3 Design Results for design of  pile cap for 2 Piles 

 

 

 
Figure : 4 – Layout of Pile Cap for 3 Piles 
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Figure : 5 Input Parameters for design of  pile cap for 3 Piles in YY Direction  

 

 

Figure : 6 Design Results for design of  pile cap for 2 Piles in YY Direction 
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Figure : 7 Input Parameters for design of  pile cap for 3 Piles in XX Direction  

 

 
Figure : 8 Design Results for design of  pile cap for 3 Piles in XX Direction 

 

4.0 Conclusion: 

In practical design, a designer is many times required to make certain assumptions for doing 

analysis. The design assumptions, of course, should be such as to make the design err on the 

safer side. If at all they are found to be on the unsafe side at certain places. In design of pile 

cap, there is no uniform procedure followed and designers followed numerous empirical 

rules. The realization of these different actions is not so much for the determination of the 

amount of steel and the savings that can be done in steel quantity as for the appreciation of 
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the real behavior of the pile cap. Before having a clear understanding in the behavior and 

strength of pile cap, It is better to compare the results with the popular two 

methodology(Truss theory & beam theory).Shear verification is highly recommended by 

many authors even though ,it is not prescribed in the codes when designing bt STM 

methodology. Hence, One may conclude the design by adopting the conservative results. 

5.0 References  

1.Khattab saleem abdul-razzaq and Mustafa Ahamed Farhood,”Design and behaviour of 

reinforced concrete pile caps:A literature review”,International journal of Engineering 

Research and science &Technology,Vol.6,No:4,November 2017 

2.Vailada Vinay&Stephen Jebamalai Raj,”An Experimental Study on pile caps in Flexure 

and shear”, International journal of Advance Research in science And 

Engineering,Vol.4,No:1,March 2015p.p456-472 

3.Dr. P.C.Varghese, “Limit State Design of Reinforced Concrete”, 2nd Edition, Prentice-Hall 

of India Pvt. Ltd., New Delhi, 2002 

 

4.N.Krishna Raju &R.N.Pranesh,”Reinforced concrete Design ISO-456-2000”, Ist Edition 

New age International publishers, New Delhi,2003 

 

5. IS 2911 (Part 1/Sec 2) : 2010, Code of practice for “ Design and construction of 

pilefoundations “ 

 

6. IS 456:2000,Plain and reinforced concrete-code of practice(Fourth Revision),Bureau of 

Indian Standards,New Delhi-110002 

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 9, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/771


