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Abstract— Foundation selection is crucial for the safety, durability, and cost efficiency of multi-storey buildings. Rising land 

values and construction expenses make economical design essential. This study investigates foundation options for a 

medium-height building with a lift, shear wall, and water tank on soft soil, comparing pile and open foundations using 

software tools such as AutoCAD, STAAD Pro, and MS Office. Results show that, with proper analysis and design, MAT 

(raft) foundations can safely replace pile foundations in soft soil for such buildings, offering significant economic advantages. 

 

Index Terms—Mat Foundation, Pile Foundation, Soft Soil, Cost Efficiency. 

I. INTRODUCTION 

Post-COVID economic challenges have increased the demand for affordable housing, especially among middle- and lower-

income groups. Since foundation design significantly affects construction cost, selecting an appropriate foundation can make 

buildings more economical without compromising safety. While many studies analyzed building behavior using software tools, most 

focus on single foundation types, high-rise structures, or seismic effects, with limited work on medium-height buildings typically 
built for MIG and LIG buyers  

This paper examines a realistic G+6 residential building (approx. 15m × 15.6m; 45 m² flats) on low-bearing-capacity soil (10 

T/m²), using common materials like M25 concrete and Fe500 steel. Structural drawings were prepared in AutoCAD, and 

analysis/design was conducted using STAAD Pro (v8i SS6) and STAAD Foundations. Slabs, shear walls, and other components 

were designed using Excel for accuracy. Both pile foundations and mat (raft) foundations were analysed under identical loads and 

soil conditions following BIS codes. Cost estimates, considering only material costs for concrete and steel, were compared to 

determine the more economical system. 

 

 
 

Fig. No.: 1 Skeletal Structure of the Building Model 2D and 3D from STAAD File 
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II. LOADING CRITERIA AND COMBINATIONS 

 All the basic loading criteria’s including Dead Load, Live Load, Wind Load and Seismic Load have been considered as per the 

BIS codal provisions.  Load combinations were done as per IS 875 Part-V and IS 1893 Part-I 2002. A total number of 17 load 

combination cases was generated. Table-1 below provided with the input parameters of loads in the software and some loading 

calculations which were made separately manually. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table. No.: 1 Input Parameters of Loads 

 

 
Fig. No.: 2 Effect of all Load Combinations on the Building Model 

 

 

 

III. ANALYSIS AND DESIGN OF RC MEMBERS 

 The analysis of the structure has been done in STAAD Pro. and from the output results of analysis, design was performed. Some 

RCC elements like Beam, Column were design in RC Design Plug in of STAAD and other element like Slab, Shear Wall was 

designed in MS Excel to obtain better economic result. 

 

TYPE OF 

LOAD 

REFERENCE 

CODE 
INPUT PARAMETERS 

DEAD 

LOAD 
IS 875 PART-I 

Floor Slab Thickness = 125mm 

Roof Slab Thickness = 125mm 

Mumpty Room Roof Slab Thickness = 200mm 

Waist Slab thickness = 150mm 

Tread = 300mm 

Riser = 150mm 

Width of Landing slab = 1.2m 

LIVE LOAD IS 875 PART-II 

Floor  Load For Building= 2 kN/m2 

Roof  Load (Accessible) = 1.5kn/m2 

Roof  Load (Non Accessible) = 1.5kn/m2 

Stair Case Load= 3 kN/m2 

WIND 

LOAD 
IS 875 PART-III 

Location of Structure = Kolkata 

Basic Wind Speed: = 50m/sec 

Building Class = B 

Terrain Category = III 

K1 = 1.0 

K3 = 1.0 

SEISMIC 

LOAD 
IS 1893 Part-I, 2016 

Location of Structure = Kolkata 

Zone Factor = III (0.16) 

Importance Factor = 1.2 

Response Reduction Factor = 3 

Type Of Soil = Soft Soil 

Damping Ratio = 5% 

Rock and Soil Site Factor = 3 
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Fig. No.: 3 STAAD result showing Bending along Z-direction (Red Colour) and Y-direction (Green Colour) of the Model 

 

 
 

Fig. No.: 4 STAAD result showing Max and Min. Shear Forces and Bending Moments in X, Y and Z directions along with their 
corresponding nodes and beams 

 

     
 

Fig. No. 5 Detail Section of Beam and Column from STAAD file. 

IV. ANALYSIS AND DESIGN OF FOUNDATIONS 

 In this structure two types of foundations have been considered. Pile Foundation and Mat Foundation. The soil considered to be 

soft soil and accordingly bearing capacity of the soil is provided as mentioned earlier.  

 
Fig. No. 6 Column Markings from STAAD file for Foundation Design 
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V. ANALYSIS AND DESIGN OF PILE FOUNDATION 

 Design of Pile Foundation has been done manually in Excel because of various limitations of STAAD and for better economical 

results. Analysis and Pile Cap design although is done with STAAD Foundation and rest done in Excel by considering worst load 

cases has been taken from STAAD Output file. As per reactions of Column, Pile Cap for 2, 3, 8 and 12Pile group came from STAAD 

result. 

 

Column 

Markings 

Pile Cap Group Details of Area of Reinforcement for Pile cap. 

C3, C4, C9, C10, 

C13, C14, C19, 

C20, C17, C18, 

C23, C24, C33, 

C34 

2 Pile Cap Group. 6Nos. 25mm dia at bottom along X-direction , 12mm dia @150mm C/C 

at top along X-direction & 12mm  dia. @ 150mm C/C at top and bottom 

in Z-direction.12mm dia @250mm C/C at side face. 

C1, C2, C5, C6, 

C7, C8, C11, C12, 

C25, C26, C29, 

C30, C31, C32, 

C35, C36, C21, 

C22 

3 Pile Cap Group 8 Nos. 25mm dia bar at bottom along Z-direction, 8 Nos. 12mm dia at top 

along Z-direction, 12mm dia bar @ 150mm C/C in top and bottom along 

X- direction and 12mm dia bar @ 250mm C/C at side face. 

C27, C28, C395, 

C397 

8 Pile Cap Group 20mm dia bar @ 150mm C/C at bottom in both ways, 16mm dia bar @ 

150mm C/C at top in both ways and 12mm dia bar @ 250mm C/C at side 

face. 

C15, C16, C329, 

C330 

12 Pile Cap Group 20mm dia bar @ 150mm C/C at bottom in both ways, 16mm dia bar @ 

150mm C/C at top in both ways and 12mm dia bar @ 250mm C/C at side 

face. 

 

 

Table No. 2 Reinforcement details of Pile Cap along with column markings 

 

 

 
Fig. No. 7 Reinforcement details of a Pile 
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VI. ANALYSIS AND DESIGN OF MAT FOUNDATION 

 Entire analysis and design of Mat foundation have been done in STAAD Foundation software. Details of input and stress 

distribution patterns have been given in the figures below. 

 

 
 

Fig. No. 8 Generation of Slab for Mat foundation after complete analysis 

 

 
 

Fig. No. 9 Stress variation on Mat slab due to combination effect of dead load and seismic load 

 

 
 

Fig. No. 9 Stress variation on Mat slab due to combination effect of dead load and wind load 

 

 

 
Fig. No. 10 Reinforcement Details of Mat Foundation for Longitudinal Top 
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Fig. No. 11 Reinforcement Details of Mat Foundation for Longitudinal Bottom 

 

 
Fig. No. 12 Reinforcement Details of Mat Foundation for Transverse Top 

 

 
Fig. No. 13 Reinforcement Details of Mat Foundation for Transverse Bottom 

 

 

VII. RATE ANALYSIS OF PILE AND MAT FOUNDATION 

 

Sl no. Item Cost 

1 Reinforcement in Pile Cap Rs. 63000 

2 Concrete in Pile Cap Rs. 7,17,015 

3 Pile Rs. 1, 10,40, 000 

Total Cost for Pile Foundation Construction (Excluding Labor, 

Machinery Charges and other Contingencies):  

Rs. 1,18,20,015.00 /- 

1 Reinforcement in Mat Foundation Rs. 2,28,000 

2 Concrete in Mat Foundation Rs. 9,50,000 

Total Cost for Mat Foundation Construction (Excluding Labor, 

Machinery Charges and other Contingencies): 

Rs. 11,78,000.00/- 

 

Table No. 3 Cost Comparison of Pile and Mat Foundation 

 

 After completing the full estimate, it is evident that, from a cost point of view, a mat or raft foundation can be adopted for a multi-

storied building on soft soil, provided the analysis and design are carried out correctly. Since various software tools have inherent 

limitations, calculations and analysis must be performed judiciously. Where necessary, certain computations should be carried out in 

MS Excel using the results obtained from the software, in order to achieve safe yet economical sections. All calculations should be 

performed in accordance with the relevant codal provisions wherever applicable. 

 

VIII. CONCLUSIONS 

 Since construction cost is a major factor—especially in the post-COVID market for apartments—it was necessary to compare the 

costs of different foundation types. The study shows that mat foundation is more economical. However, foundation selection for 

multi-storey buildings must be based on thorough analysis and design, not cost alone. Although some engineers mix foundation types 

to reduce expenses, this can complicate construction. For multi-storey buildings up to about G+5 to G+7, a properly designed mat 

foundation can be a suitable and economical option. 
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