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Abstract 

 

In Civil Engineering aspects Black Cotton Soil is giving hazardous Problems to engineers. The possibility of good construction 

sites to build structures on Black Cotton Soils is difficult due to their poor strength and deformation characteristics. The failures 

of structure are mostly due to the failure of foundations. Foundation is the most important part of the structure. The strength and 

durability of any structure depends upon the strength of its foundation. The main objective of this study is to design a suitable and 

feasible foundation for the black cotton clay for a G+2 structure using manual and software analysis. Further cost analysis is 

estimated for the designed foundation. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Construction of engineering structures on weak or soft soil is considered as unsafe. For satisfactory performance, the foundation 

of any structure must satisfy two independent design criteria. First, it must have an acceptable factor of safety against bearing 

failure in the foundation soils under maximum design load. Second, settlements during the life of the structure must not be of a 

magnitude that will cause structural damage, endanger piping connections or impair the operational efficiency of the facility. 

Selection of the foundation type to satisfy these criteria depends on the nature and magnitude of dead and live loads, the base area 

of the structure and the settlement tolerances. Where more than one foundation type satisfies these criteria, then cost, scheduling, 

material availability and local practice will probably influence or determine the final selection of the type of foundation.  

The Geotechnical Investigation indicates that no adverse foundation-related subsurface and groundwater conditions would be 

encountered that would preclude the construction and operation of the proposed structures. The site can be considered suitable for 

development of the proposed structures. 

Based on research carried out to develop an effective foundation system, it is found that under-reamed piles provide an ideal 

solution to foundation in black cotton soil or other similar types of expansive soils 

 Under-Reamed Pile Foundation 

Under-reamed piles are bored cast-in-situ concrete piles having bulk shaped enlargement near base. These piles are commonly 

recommended for providing safe and economical foundations in expansive soils such as black cotton soil, filled up ground and 

other types of soils having poor bearing capacity. In these type of foundation the structure is anchored to the ground at a depth 

where ground movement due to changes in moisture content negligible. A pile having one bulk is known as single under-reamed 

pile. It is seen that the load bearing capacity of the pile can be increased by increasing the number of bulk at the base. In such a 

case the pile is named as multi-under-reamed pile. The increase in the bearing capacity of the pile can also be achieved by increasing 

the diameter and the length of the pile. 

The selection of type of pile foundation is based on site investigation report, which suggests 

 Need of pile foundation. 

 Type of pile foundation to be used. 

 Depth of pile foundation to be provided. 

 The cost analysis. 

The number of piles in a pile groups required is calculate from the pile capacity of single pile and the loads on the foundation. 

II. STAAD FOUNDATION 

STAAD Pro is a structural analysis and design computer program originally developed by Research Engineers International 

at Yorba Linda, CA in 1997. In late 2005, Research Engineers International was bought by Bentley Systems.  

It can make use of various forms of analysis from the traditional 1st order static analysis, 2nd order p-delta analysis, geometric 

non-linear analysis, Pushover analysis (Static-Non Linear Analysis) or a buckling analysis.  

STAAD Foundation is software used to design the foundation by analyzing the super structure loads. 

Estimation: Before undertaking the construction of a project, it is necessary to know it´s probable cost which is working out by 

estimation. 

https://en.wikipedia.org/wiki/Structural_analysis
https://en.wikipedia.org/wiki/Yorba_Linda,_CA
https://en.wikipedia.org/wiki/Bentley_Systems
https://en.wikipedia.org/wiki/P-Delta_Effect
https://en.wikipedia.org/wiki/Buckling
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 Requirements for the Preparation of Estimation 

The following requirements that is necessary for preparing and estimation: 

1) Drawing like plan, elevation and section is important as elements in the building. 

2) Detailed specification about workmanship, proportions and properties of materials etc. 

3) Standard schedule of rates of current years. 

III. OBJECTIVES 

The present work is aimed at designing the foundation in black cotton soil and it’s cost analysis.  

 To determine the engineering properties of clay selected for study. 

 To design the suitable foundation for the clay. 

 To determine the cost analysis of the design. 

IV. METHODOLOGY 

The various laboratory tests conducted to determine the index and engineering properties of the clays selected for study are briefly 

described. From the obtained properties, soils are classified according IS standard. 

The soil used was a typical expansive soil collected from “Shri Vishnu Educational Society, Bhimavaram, West Godavari 

District, Andhra Pradesh, INDIA” Soil samples are collected from different locations at a depth of 5-6 The properties of soil are 

presented in below table. All the tests carried on the soil are as per IS specifications 
Table - 1 

Engineering Properties of Clayey Soils 

S. No. Property Result 

1 Specific Gravity 2.75 

2 

Grain Size Analysis 

a. Gravel (%) 

 

2 

b. Sand (%) 

c. Fines (%) 

25 

73 

3 Liquid Limit (%) 70.25 

4 Plastic Limit (%) 27.86 

5 Shrinkage Limit (%) 12.25 

6 Plasticity Index 42.39 

7 IS Classification CH 

8 MDD (g/cc) 1.925 

9 OMC (%) 28.2 

10 CBR(Soaked) 3.8 

11 Cohesion 75 

V. DESIGN OF PILE 

 Load from superstructure 

 Slab load                :   12.93 kN/m 

 Beam load              :    40 kN/m 

 Column                  :    1000 kN/m 

Total load on pile group: 1000kN/m 

A group of 4 piles of square shape 

Diameter of pile= 200mm; c/c distance    spacing = 3.5x dia= 1m; 

 Single Pile 

∑Qui= n1n2(Qp+Qs) 

Qp = Ap(9 Cu(p)) = π /4(0.2)2 x (9x75.5) = 21.35kN 

Qs =∑αPCuL (We get the “α” value from graph) 
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Fig. 1: Single Pile 

Qs =∑ α P Cu L = 1x2π x 0.125 x 75.5 x 3.6 =213.5kN 

∑Qu = n1n2(Qp+ Qs) 

Qu = 2 x 2 x (21.35+213.5) 

Qu = 939.28kN 

Qui = Load bearing capacity of individual pile 

Qs=Load bearing capacity of soil 

Qp= Load bearing capacity of pile 

Qgu= Load bearing capacity of group piles 

Ap=Area of a pile 

Cu(p)=Cohesion of individual pile 

Cu=Cohesion of pile 

P=Perimeter 

α = Adhesion factor 

L=Length of pile 

n1= Number of piles in row 

n2 = Number of piles in column 

pg=Perimeter of group piles 

qp= Bearing capacity per unit area of group piles 

Nc
*= Shape factor 

 Group Pile 

 Skin Resistance 

∑PgCu = 4 x 1.20 x 75.5x 3.6 = 1304.6 kN 

Lg = (n1-1)d+2(D/2) 

Bg = (n2-1)d+2(D/2) 

For square pile Lg, Bg (length, breadth of Group pile) is same. 

i.e. 

Lg =(2-1)x 1 + 2(0.2/2) = 1+0.2 = 1.2m 

Bg = 1.2m 

To find Nc* value 

Nc* =7.5[1+0.2(Bg/ Lg)] = 7.5[1+0.2(1.2/ 1.2)] = 7.5(1.2) = 9 

 Point Bearing Capacity 

Apqp =ApCu(p) Nc* = (1.20)2 x 75.5 x 9.0 =978.48 kN 

∑Qgu = ApCu(p) Nc* + ∑Pg Cu = 978.48+ 1304.6 =2283.08kN 

 Efficiency 

η = Qg(u) / ∑Qui (or) n x Qui = 2283.08 / (4 x 939.2) = 0.607 x 100 

η =60.7% ≈ 61% 

Safe load = ultimate load / factor of safety = 3757.12 / 2.5 = 1502.8 KN 

Hence safe load from the above two criteria is 1502.8 KN which > 1000 KN 



Design of Pile Foundation in Black Cotton Soil  
(IJIRST/ Volume 4 / Issue 1/ 015) 

 

 
All rights reserved by www.ijirst.org 94 

 Design of Pile Cap 

Consider size of pile cap = 1.2 X 1.2 m 

Bending movement at face of column = (2 x 1000)/4 + (0.2+1.0)/3.6 = 500.33 KN-M  

Factored bending movement = 500.33 x 1.5 = 750.5 KN-M 

 Required Depth 

Bending movement = 0.138 fck bd2 = 78.9 x 106 = 0.138 x 20 x 1200 x d2 

But adopt, d = 155mm 

Overall depth = 360mm 

 Area of Tension Steel 

Bending moment BM = 0.87 fyAstd (1 – fyAst/fckbd) = 750.5 x 106 = 0.87x415x Astx 360(1-415 Ast/20*1000*360) 

Ast= 15278 mm2 

Assuming 12mm diameter bar, 

Area of each bar Ast = π/4 d2= 1113.09 

No of bars = 4 

Minimum area of steel = 0.12% b D =518.4 mm2 

Hence provide 4nos. of 120mm dia bars for 1.2m width of pile cap. 

 Check for Shear 

a) Two-way shear: 

Shear force (Vu) = 1.5×1000×103 =1500×103N 

Nominal shear stress (τv) = Vu/bd = 1500/1.2*3.6 =347.22 KN/m2 

Shear strength of M20concrete = Ks x τc 

Ks= 0.5 +βc =0.5+1= 1.5 

τc= 0.25 x sq.rt(fck)xbxd = 1118.03 N/mm2 

τv<τc 

Hence safe in two – way shear. 

b) One-way shear 

Shear force at column face = 2x1000/4 =500 KN 

Factored shear load (Vu) = 1.5×500 = 750 KN 

Shear stress (τ) = Vu/bd = 750x103/1200x360= 1.736 N/mm2 

Permissible shear according to  

(100 Ast/ bd)= 100 x 15278 / 1000x360 =4.24 N/mm2 

τ<τc 

Hence depth is safe in one-way shear 
Table - 2 

Abstract Estimate 

S. 

No. 
Description of Item Quantity 

Rate 
Unit 

Amount 

(Rs) (Rs) 

1 Earthworks excavation in foundations for footings 63.34 300 Cum 19002 

2 
Laying of PCC 1:1.5:3 for foundation for footings flooring , including all material, labor with centering, 

vibration etc., 
67.62 5000 Cum 338100 

3 

Lying of RCC 1:1.5:3 using 20mm metal. Including all material, labor, with centering, rod bending, 

vibration etc., 
    

Pile 109.2 7500 Cum 819150 

     Rs.1176252 

VI. RESULTS AND GRAPHS 

            
                               Fig. 2: Compaction Curve                                                     Fig. 3: CBR Load Penetration Curve 
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                                   Fig. 4: UU Test                                     Fig. 5: Shear Strength Parameters of Sample 

 Pile Cap Design Calculation by Staad Foundation 

 Pile Reactions 
Total pile number N = 4 

 Arrangement Reaction 

Pile No. 
X 

(m) 

Y 

(m) 

Axial 

(kN) 

Lateral 

(kN) 

Uplift 

(kN) 

1 -0.500 -0.500 -106.680 4.025 0.000 

2 -0.500 0.500 -87.214 4.025 0.000 

3 0.500 0.500 -78.816 4.025 0.000 

4 0.500 -0.500 -98.281 4.025 0.000 

Critical load case for thickness is reported only when required thickness is more than the given minimum thickness 

 Reinforcement Calculation 
Maximum bar size allowed along length # 12 

Maximum bar size allowed along width # 12 

Bending Moment at Critical Section -53.320 kNm (Along Length) 

Bending Moment at Critical Section -78.908 kNm (Along Width) 

Pile Cap Thickness t 0.482 m 

Selected bar size along length 8 

Selected bar size along width 8 

Selected bar spacing along length 86.13 mm 

Selected bar spacing along width 86.13 mm 

 Pile Cap Thickness Check 

Calculated Thickness (t) =  0.482 m 

 
Fig. 3: Calculated Thickness 
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VII. CONCLUSION 

Based on the experiments carried out on clay and the calculations for designing the foundation, following observations and 

conclusions are drawn. 

1) It is observed from the plasticity characteristics that soil is classified as high compressible soil (black cotton soils). 

2) Clay of high compressibility, under the study has high CBR value (3.8 %) 

3) From the calculations it is observed that load on each Column: 1000 KN. 

4) A pile cap of 1.2 x 1.2 m of 4 piles having 200 mm dia and 3.6 m depth and spacing at 1m c/c distance. Is designed. It is 

observed from the calculations that efficiency of single pile is 61%. 

5) The estimated cost of Pile foundation  for G+2 building is  Rs.11,76,252/- 
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