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Abstract: The architectural site preference had been preferred plays a major role in building planning as it properly arranges the 
requirements and the structural criteria comes second that purely dependent on this. The strata below the GL shows different 
soil parameters that can be used for enhancement of building parameters. To address this problem, this project is carried out 
under earthquake zone III with analysis of G+7 storey building.  For this study, commercial building structures are modelled 
with predefined height, plan area and loading to be considered and analysed. The buildings will simulate in compliance with the 
Indian Code of Practices for earthquake resistant design of buildings. Foundation part of the building will be considered as per 
actual soil investigation report, values converted into software readable form that will be vary from structure as per different 
bore hole considered. For this, 11 models were created and analysed. Then selected parameter’s output values are compared 
with each model case has discussed. On concluding the research, the load carrying capacity of building with different bore holes 
were predicted and load prediction curve has created for comparative representation of load required v/s extra load prediction to 
address the finalize the aim to improve design practices and address challenges in modern engineering buildings with site 
preference. 
Keywords: Vertical Load, Soil Bearing Capacity (SBC), Tall Buildings, Foundation, Building Design. 
 

I.      INTRODUCTION 
There has been significant progress in the construction of high-rise buildings in the last two decades. A significant number of these 
buildings have been constructed in the central region such Indore, Bhopal etc. and many more are either planned or already under 
construction. There are several properties of tall buildings that can have a significant impact on the design of the building, including 
that the weight of the building increases non-linearly as the height increases, and thus the vertical load that can be supported by the 
foundation can be significant. Parameters vary by location or by different areas of the crust. Soil Bearing Capacity and foundation 
depth is major concern from them.  So it is required to analysis the buildings structure such that it is satisfy the ground data such, 
SBC of soil, Depth of foundation, Earthquake zones, wind parameters etc. through it. 
 
Importance of extra load carrying capacity of multi-storeyed building 
Selecting the best soil location for a foundation involves a balance between natural soil properties, foundation type, and construction 
requirements. The extra load-carrying capacity of a multi-storeyed building is crucial for several reasons, primarily concerning 
structural resilience, safety, and flexibility for future modifications. Here are some key points on its importance: 
1) Increased Safety Margins: Buildings are typically designed to carry more load than they will regularly encounter. This 

additional capacity is a safety margin, ensuring that the structure can handle unexpected loads due to environmental factors 
(e.g., heavy snow, wind, or seismic forces), temporary live loads, or human error in load estimations. 

2) Durability and Longevity: Extra capacity allows the building to withstand wear and tear over time. It protects against structural 
degradation due to prolonged loading, fatigue, or potential corrosion in the materials, thus increasing the lifespan of the 
building. 

3) Resistance to Dynamic and Impact Loads: Multi-storeyed buildings may encounter dynamic loads (e.g., from elevators, 
machinery, or seismic activity) and impact loads (e.g., during renovations or unexpected events). The additional capacity 
ensures the structure remains stable and safe under these variable loads. 
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4) Flexibility for Future Modifications: As buildings age, they may need to be repurposed, renovated, or expanded. The extra load-
carrying capacity allows architects and engineers to make adjustments, like adding partitions, equipment, or even entire floors, 
without compromising the original structural integrity. 

5) Enhanced Performance under Extreme Events: For areas prone to extreme conditions like earthquakes, high winds, or floods, 
extra load capacity is essential for resilience. It helps the structure remain functional, even if it undergoes extreme lateral or 
vertical forces during these events. 

6) Reduced Maintenance Costs: Buildings that operate near their maximum load capacity experience faster wear and require more 
frequent maintenance. Extra capacity minimizes strain, leading to fewer repairs and lower maintenance costs over the building's 
life. 

II.      OBJECTIVES OF THE PRESENT STUDY 
Following heads shows the point of comparison of result parameters between various models during earthquake forces for building 
and its various cases. They are as follows:-  
1) To obtain the maximum nodal displacement values in Z direction with most efficient case for different bore holes. 
2) To determine Base shear response when seismic forces are applied in X and Z direction to the structure for different bore holes. 
3) To determine and compare member Torsion values in Beam members. 
4) To examine column Axial Forces for different bore holes. 
5) To find member Shear Forces values in Column with efficient case for different bore holes. 
6) To examine Bending Moment values in Column with efficient case for different bore holes. 
7) To find member Shear Forces values in Beam with efficient case for different bore holes. 
8) To examine Bending Moment values in Beam with efficient case for different bore holes. 
9) To determine and compare member Torsion values in column member with efficient case for different bore holes. 
10) To analyze the maximum nodal displacement case in X direction with most efficient case for different bore holes. 
 

III.      PROCEDURE AND 3D MODELLING OF STRUCTURE 
As per criteria for earthquake resistance design of structures, a commercial building G+7 of 875 sq. m has taken for analysis. As 
mentioned below, a total of eleven different cases have been chosen for parametric analysis. Various dimensions of structure and the 
loadings used shown in table 1 along with the seismic parameters respectively. After than all 11 cases has described as case ESP1 to 
ESP11 from figure 1 to figure 13 viz. plan, 3D view and all the cases along with its values taken for analysis.  

Table 1: Data taken for analysis of structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Constraint Assumed data for all buildings  
Soil type Actual soil (as per bore hole) 

Building type Commercial Building G+7 
Seismic zone & zone factor III & 0.16 

Response reduction factor (ordinary shear wall with SMRF) 4 
Importance factor (For all commercial building) 1.5 

Damping ratio 5% 
Plinth area of building 875 sq. m 
Depth of foundation 3.3m 
Floor to floor height GF-4 m, All floors-3.5 m each 

Fundamental natural period of vibration (Ta) 0.09*h/(d)0.5 

Period in X & Z direction 0.537 seconds 
Slab thickness 125 mm (0.125 m) 

Shear wall thickness 130 mm (0.130 m) 
Staircase waist slab 125 mm (0.125 m) 

Beam sizes 
0.50m x0.35m 
0.45m x0.30m 

Column sizes 0.60m x0.50m 

Material properties M 25 Concrete Fe 500 grade steel 
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Different building model cases has taken for analysis  
1) G+7 Commercial building over soil with Bore hole 1 parameters - ESP1. 
2) G+7 Commercial building over soil with Bore hole 2 parameters – ESP2. 
3) G+7 Commercial building over soil with Bore hole 3 parameters – ESP3. 
4) G+7 Commercial building over soil with Bore hole 4 parameters – ESP4. 
5) G+7 Commercial building over soil with Bore hole 5 parameters – ESP5. 
6) G+7 Commercial building over soil with Bore hole 6 parameters – ESP6. 
7) G+7 Commercial building over soil with Bore hole 7 parameters – ESP7. 
8) G+7 Commercial building over soil with Bore hole 8 parameters – ESP8. 
9) G+7 Commercial building over soil with Bore hole 9 parameters – ESP9. 
10) G+7 Commercial building over soil with Bore hole 10 parameters – ESP10. 
11) G+7 Commercial building over soil with Bore hole 11 parameters – ESP11. 

 
Fig. 1: Typical floor plan 

 
Fig. 2: 3D view of all cases 
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Fig. 3: Case ESP1 

 

 
Fig. 4: Case ESP2 

 

 
Fig. 5: Case ESP3 
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Fig. 6: Case ESP4 

 

 
Fig. 7: Case ESP5 

 

 
Fig. 8: Case ESP6 
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Fig. 9: Case ESP7 

 

 
Fig. 10: Case ESP8 

 

 
Fig. 11: Case ESP9 
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Fig. 12: Case ESP10 

 

 
Fig. 13: Case ESP11 

 
IV.      RESULTS AND DISCUSSION      

As per the objectives, various bore holes of different soil area were analysed and the soil parameters are taken for further study. In 
this research, models of commercial structure situated at Zone III. For determination of performance and stability of the structure 
under different soil parameters the following results were obtained:- 

 
Fig. 14: Graphical Representation of Maximum Displacement in X and Z direction for all Bore holes parameters 
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Fig. 15: Graphical Representation of Base Shear in X and Z direction for all Bore holes parameters 

 

 
Fig. 16: Graphical Representation of Maximum Axial Forces in Column for all Bore holes parameters 

 

 
Fig. 17: Graphical Representation of Maximum Shear Force in Column in Column for all Bore holes parameters 
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Fig. 18: Graphical Representation of Maximum Bending Moment in Column for all Bore holes parameters 

 

 
Fig. 19: Graphical Representation of Maximum Shear Force in Beam for all Bore holes parameters 

 

 
Fig. 20: Graphical Representation of Maximum Bending moment in Beam for all Bore holes parameters 
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Fig. 21: Graphical Representation of Maximum Torsional Moments in Beams for all Bore holes parameters 

 

 
Fig. 22: Graphical Representation of Maximum Torsional Moments in Columns for all Bore holes parameters 

 

 
Fig. 23: Graphical Representation of Maximum Vertical Reaction at base for all Bore holes parameters 
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V.      CONCLUSIONS 
On the basis of above parameters, following results are obtained from this comparative study:- 
1) The minimum values for the analysis of the maximum nodal displacement case are observed in Model Case ESP3, with the 

lowest values being 128.108 mm and 179.953 mm in the X and Z directions, respectively, when comparing different bore holes. 
2) When comparing base shear values, the least values in the X and Z directions for the structure are observed in Model Case 

ESP3across different bore holes. 
3) The examination of Column Axial Forces has shown the least values in Model Case ESP3, with a value of 11003.474 kN, when 

comparing different bore holes. 
4) The Shear Force values in the column have been found to be minimum in Model Case ESP3, proving it to be the most efficient 

case for different bore holes. 
5) The examination of Bending Moment values in the column has been conducted, with minimum values found in Model Case 

ESP3 when compared across different bore holes. 
6) The Shear Force values in the beam are found to be efficient in Model Case ESP3. 
7) Upon examining the Bending Moment values for the beam, Model Case ESP3 is found to be the most efficient case, with 

minimum values in comparison. 
8) The determination and comparison of member Torsion values in beam members have been conducted, with Model Case ESP3 

again showing the lowest values. 
9) The member Torsion values in column members across different bore holes are found to be lower in Model Case ESP3. 
10) The Vertical Reaction at Base values in the beam are observed to be efficient in Model Case ESP3. 
After obtaining all the values of different parameters from different model cases by using the soil parameters, the research 
concluded by comparing the maximum load obtained at base, i.e. foundation of the building. 

Table 2: Load carrying capacity of building with different bore holes  

Model 
Case 

Soil 
resistance 

(Tonne/m2) 

Soil 
resistance 
(KN/m2) 

Vertical 
Support 
Reaction 

(KN) 

Selection 
of Least 

value case 

Extra load 
carrying 
capacity 

ESP1 20.49 20490 23647.088 

ESP11 
with least 

soil 
resistance 
of 13700 

KN/m2 and 
vertical 
support 

reaction at 
base is 

23697.012 
KN 

49.924 KN 

ESP2 18.57 18570 23692.551 4.461 KN 

ESP3 24.06 24060 23608.105 88.907 KN 

ESP4 19.34 19340 23693.467 3.545 KN 

ESP5 18.5 18500 23692.381 4.631 KN 

ESP6 20.15 20150 23680.334 16.678 KN 

ESP7 15.16 15160 23695.566 1.446 KN 

ESP8 16.73 16730 23695.475 1.537 KN 

ESP9 21.56 21560 23661.303 35.709 KN 

ESP10 16.48 16480 23695.879 1.133 KN 

ESP11 13.7 13700 23697.012 0 KN 
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Fig. 24: Load prediction curve: Comparative representation of Load required v/s Extra Load Prediction 

 
As per comparison between the load required and extra load prediction of building constructed at different bore hole location, it is 
hence proved that provision for extra load will be definitely there corresponding to different SBC of soil at a given area. It has been 
proved that using the soil profile of optimum soil parameters, structural importance is first as compared to architectural importance. 
The more load required is directly proportional to more load carrying capacity of building that can be used for additional usage of 
building. 
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