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Abstract— this paper presents the study of pile foundation, 

Raft Foundation and Pile-Raft foundation. The foundations 

were designed manually as well as they were designed by 

SAFE software. The safe bearing capacity of soil was kept 

constant in the designs and the economical foundation was 

found out. Pile foundation was found to be economical. The 

software results showed less reinforcement than in manual 

designs. 
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I. INTRODUCTION 

Foundation is the lowest part of the building and is often 

regarded as substructure (partly or wholly beneath the soil 

surface). It should accommodate the form and layout of the 

superstructure above and respond to the varying conditions of 

the soil, rock, and water below. Footing is the extension of 

the lower part of the column to distribute load. Its function is 

to support and anchor the structure. Foundation provides 

stability of structure against sliding and overturning. It 

minimizes the differential settlement of the structure and 

provides leveled surface. It also minimize distress against soil 

movement. Foundations are classified as shallow foundation 

and deep foundation depending upon the depth of the 

foundation. 

A pile foundation is a slender structural member 

made of steel, concrete or wood, which is either driven into 

the soil or formed in-situ by excavating a hole and filling it 

with concrete. The mechanism of load transfer in pile groups 

involves a complex system interaction of piles, pile cap, and 

surrounding soil. The process is affected by many factors 

such as: soil properties, single pile and pile group geometry, 

single pile-soil interaction, and interaction between different 

elements in the group. Pile usually exists as group which are 

all integrated by means of a pile cap. Pile foundations are 

mostly used for building construction. They are used when 

the superstructure is heavy and its distribution is heavy. Such 

foundations are made on soils having low safe bearing 

capacity, waterlogged soil, and where there is large 

fluctuations in the subsoil water level and when the structure 

is situated on the seashore or riverbed. Pile foundations are 

classified based on function – load bearing piles and sheet 

piles, based on construction – bored piles and driven piles. 

 
Fig. 1: Pile and Pile cap foundation 

Mat / Raft foundations is a system where the entire 

building is placed on a large continuous footing. Footing is 

usually a heavily reinforced concrete slabs supporting 

columns. They are commonly used as a foundation for silos, 

chimney and large machinery. Rafts are frequently associated 

with major multistory structures founded on dense sands and 

stiff clays. Raft foundation design requires an analysis of the 

mat when subjected to unsupported regions due to swelling 

or shrinkage of expansive soils. 

 
Fig. 2: Raft/ Mat foundation 

Piled raft foundation is combination of shallow 

foundation i.e. raft foundation and deep foundation i.e pile 

foundation. The raft provides adequate bearing capacity, the 

piles can be used as a means to reduce the settlement. Twin 

tower Kuala Lumpur, Burj Khalifa are the examples of such 

foundations. 

 
Fig. 3: Piled–Raft Foundation 

In the Pile-Raft foundations, the raft provides 

adequate bearing capacity, the piles can be used as a means 

to reduce the settlement. If a raft does not provide adequate 

capacity, then the addition of piles is primarily required to 

improve the safety factor against failure. If the bearing 

capacity of the raft is sufficient to carry the total load with a 

reasonable safety margin, the addition of piles is usually 

intended to reduce the settlements to an acceptable amount. 

A piled foundation consists of three elements: The raft, the 

piles, and the subsoil. An external vertical load is equilibrated 

partly by the contact pressure between the raft and the soil 

with resultant and partly by the piles. 
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II. METHODOLOGY 

A plan of the building structure was taken width 29.5m and 

length 60 m. 

 
Fig. 4: Ground floor plan 

3D Model of the structure was first developed in 

STAAD Pro software and analysis was done. The axial loads 

coming from the columns on the foundations were examined. 

 
Fig. 5: 3D Model in STAADPro software 

Column 

name 

Number of 

columns 

Axial loads from 

column (kN) 

C1 5 3500 

C2 6 6500 

C3 8 9500 

C4 2 10000 

C5 2 11000 

C6 2 12000 

C7 2 12500 

C8 4 14000 

C9 1 25000 

Table 1: Axial loads from columns on foundations  

End bearing Piles were considered for the design. 

The bearing capacity of single pile was found out. Circular 

piles were taken of 1m diameter and length 12m inserted in 

soft clay soil of compressive strength 25kN/m² upto 7m 

depth, piles were resting on stiff clay of compressive strength 

125 kN/m² at 5m depth. The black cotton soil was considered 

in the design. 

The bearing capacity of pile was found out as 

2278.045 kN by, 

Bearing capacity = base resistance of pile + shear 

resistance of pile – weight of pile. 

Axial Loads From 

Column (Kn) 

Number of 

Piles Required 
Pile Cap Size 

3500 2 4m x 1.5m 

6500 4 4m x 4m 

9500 5 4m x 4m 

10000 5 4m x 4m 

11000 6 6.5m x 4m 

12000 6 6.5m x 4m 

12500 6 6.5m x 4m 

14000 9 6.5m x 6.5m 

25000 12 11.5m x 4.5m 

Table 2: Number of piles required for loads and size of pile 

cap 

The pile cap size required for each column was 

determined based on the number of piles required to support 

the load. The pile cap and pile was designed manually first. 

The weight of reinforcement required for the single pile was 

found to be 1134.825kg including longitudinal 

reinforcement, lateral reinforcement and helical 

reinforcement. 

pile cap size X direction r/f Y direction r/f 

4m x 1.5m 33, 20 mmØ 15, 20 mmØ 

4m x 4m 27, 20 mmØ 27, 20 mmØ 

4m x 4m 36, 20 mmØ 36, 20 mmØ 

4m x 4m 37, 20 mmØ 37, 20 mmØ 

6.5m x 4m 47, 20 mmØ 47, 20 mmØ 

6.5m x 4m 49, 20 mmØ 61, 25 mmØ 

6.5m x 4m 32, 25 mmØ 62, 25 mmØ 

6.5m x 6.5m 65, 25 mmØ 65, 25 mmØ 

11.5m x 4.5m 105,25 mmØ 47, 25 mmØ 

Table 3: Horizontal and vertical reinforcement calculated 

manually 

The pile cap was further modeled in SAFE software 

and designed. The reinforcement required in both the X and 

Y direction was found out and compared with the 

reinforcement found out manually. 

Col. Name Axial loads (kN) X (manual) mm²/m X (Safe) mm²/m Y (manual) mm²/m Y (Safe) mm²/m 

C1 3500 6832.105 6548.911 4880 4360 

C2 6500 4826.36 4285.74 4826.36 4285.74 

C3 9500 5900.143 5621.229 5900.143 5621.229 

C4 10000 5968.288 5683.849 5968.288 5683.849 

C5 11000 4838.485 4727.91 7267.47 6799.894 

C6 12000 4959.97 4316.41 7465 7136.413 

C7 12500 5039.769 4976.593 7588.665 7351.589 

C8 14000 9671.95 8488.703 9671.95 8488.703 

C9 25000 11403.067 10852.6 5058.17 4638.17 

Table 4: Comparison of reinforcement calculated
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Fig. 6: Area covered by Pile foundation 

For the same column loads, for  raft foundation  and 

pile-raft foundation, only slab was designed and was 

compared with the raft foundation model results provided by 

SAFE  software. 

Top r/f 

(manual) 

mm²/m 

Top r/f 

(Safe) 

mm²/m 

Bottom r/f 

(manual) 

mm²/mm 

Bottom r/f 

(Safe) 

mm²/m 

3086.15 2900.183 6467.82 6219.579 

Table 5: Longitudinal direction reinforcement for Raft 

foundation 

Top r/f 

(manual) 

mm²/m 

Top r/f 

(Safe) 

mm²/m 

Bottom r/f 

(manual) 

mm²/mm 

Bottom r/f 

(Safe) 

mm²/m 

2559.85 2460.664 5887.5 5707.944 

Table 6: Vertical direction reinforcement for Raft 

foundation 

 
Fig. 7: Raft foundation made in SAFE software 

In piled raft foundation, load carried by raft was in 

between 30% of total load and load carried by piles was 70%. 

The number of piles required was found to be 91 piles, which 

were placed in 5m x5m grid, 7 rows and 13 columns, all over 

the area of raft. 

Top r/f 

(manual) 

mm²/m 

Top r/f 

(SAFE) 

mm²/m 

Bottom r/f 

(manual) 

mm²/mm 

Bottom r/f 

(SAFE) 

mm²/m 

2676.8 2616.277 5855.53 6096.667 

Table 7: Longitudinal direction reinforcement for Raft 

foundation 

Top r/f 

(manual) 

mm²/m 

Top r/f 

(SAFE) 

mm²/m 

Bottom r/f 

(manual) 

mm²/mm 

Bottom r/f 

(SAFE) 

mm²/m 

2208.18 2189.805 4734.95 4278.836 

Table 8: Vertical direction reinforcement for Raft 

foundation 

 
Fig. 8: Piled Raft foundation made in SAFE software 

The design of pile was same in pile foundation and 

pile-raft foundation as the pile used were identical in both 

cases. 

III. RESULTS 

The building 29.5m width and 60m length was designed for 

safe bearing capacity of 80 kN/m² and amount of concrete and 

amount of steel was calculated for different types of 

foundations. 

Foundation type steel ( kg ) concrete  ( m³ ) 

pile + pile cap 2,72,910.4998 2056.49 

pile  + raft slab 2,91,179.71 2116.4695 

raft slab 3,25,629.167 2630.3776 

Table 9: Quantity of steel and concrete required calculated 

IV. CONCLUSION 

The pile foundation, raft foundation, pile raft foundation were 

studied and designed by both manual and by software design, 

it was found out that for the same safe bearing capacity of the 

soil, the Raft foundation required more reinforcement and 

hence, it was found to be uneconomical option. The pile 

foundation was found to be suitable for higher loads and low 

safe bearing capacity of soils. The pile raft foundation can 

also be adopted, but it was found more costly than pile 

foundation. The raft foundation was found inappropriate for 

such situations. 
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