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Abstract
Reinforced Concrete building structure consists of horizontal 
members (beams & slabs) and vertical members (columns & walls) 
that are supported by foundation. The structure is subjected to 
loads of self weight, live load, wind load and earthquake load, 
etc. The structural strength of the slabs and the brick walls is not 
normally considered in the analysis of the structure.   The foundation 
support is assumed as either hinged or fixed support where the 
foundations transmit the load to the soil medium which undergoes 
a settlement (vertical) depending on the loads from the structure 
and characteristics of the soil medium, which causes additional 
forces in structure. However, this effect is normally neglected in 
the structural analysis due to its complicated analysis. An attempt 
is made to analyze the structure considering the foundation soil 
settlement, defining soil medium by spring. The structure is 
analyzed for various parameters of height of the building defined 
as number of stories of a structure (N) (15,10,5). The wind loading 
is defined as Vb=55m/s, Vb=50m/s and Vb=33m/s, sub grade 
modulus of foundation soil (Gs) from 12,000kN/m3 to 60,000kN/
m3. The results of the above analysis are used to study the effect 
of soil-structure interaction on horizontal displacement δx at each 
floor and vertical displacement δy at the supports and the forces 
such as Bending Moment and Shear Forces of an interior middle 
frame of a building.
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I. Introduction
In recent times, Reinforced Concrete Buildings have become 
common in India, particularly in towns and cities. Reinforced 
concrete (or simply RC) consists of two primary materials, namely 
concrete and reinforced steel bars. Concrete is made of sand, 
crushed stone (called aggregates) and cement, all mixed with 
pre-determined amount of water. Concrete can be molded into 
any desired shape, and steel bars can be bent into many shapes. 
Thus structures of complex shapes can possible with RC.
A typical RC building is made of horizontal members (beams & 
slabs) and vertical members (columns & walls), and supported by 
foundation that rests on ground. All structures have to stand up to 
the loads placed on them. Dead loads do not move. The structure 
always has to support them such as walls, beams, arches, floors, 
ceilings. Live loads are the things a structure supports through 
regular use like live things. These loads can change and move such 
as snow, rain, people, cars, furniture, wind. Dynamic loads act  
suddenly upon a structure. Their effects can be quite disastrous 
unless the structure is designed to handle their force such as  
earthquakes, tornadoes, tidal waves. Recent research results in the 
field of soil-structure interaction indicate that SSI has an important 
effect on the dynadmic response of the structures when the soil is 
soft. In general, there are three major influences:

It will change the dynamic characteristics of the soil-structure 1. 
system, such as modal frequencies and vibrating shapes. In 
particular, the fundamental frequency will have significant 

drops and the rigid body motion of the structure will be 
produced or enhanced.
It will increase the modal damping as some vibrating energy 2. 
in the structure will be transferred to the soil. This type of 
damping is called radiation damping.
It will influence free-field ground motion (Menglin and 3. 
Jingning, 1998).

The objective of this study is to analyze the three dimensional multi-
storied building under wind load of a structure. This structure is 
analyzed for different values of sub grade modulus. The sub grade 
modulus is assigned to all the footings in a structure. From the 
loads obtained of this analysis the area of the footing is calculated 
by the relation. The results of analysis (δx at each floor and δy at 
the supports) for various values of subgrade modulus at different 
wind loads are considered in the present study.

II. Literature Review
CELIBI1 et al explained that in geotechnical and structural 
earthquake engineering, there is strong common recognition that 
dynamic soil-foundation-structure interaction (SFSI) is a major 
research area whose advancement is central to public interest. In 
the structural engineering community, the items of major concerns 
are the effective ground motion transmitted to the structures 
through the foundation, the load-deformation characteristics of 
the soil-foundation system, the resultant natural frequencies and 
damping of the structure and the effect of spatial variations and 
coherence of the incident seismic wave motions. 
CHANDRASEKARAN4 et al: The foundation differential 
settlements influence the load transmitted from one column to 
another, and hence the redistribution of forces in the superstructure 
members. The magnitude of the load redistribution is dependent 
on the stiffness of the elements of the superstructure as well as 
the magnitude of the differential settlement (Wood and Larnach, 
1975).
MIYAHARA5etal expressed that the Foundation settlements may 
introduce new conditions of load distribution in the structure that 
cause distress and cracking of its elements, and may even lead to 
stress reversal. Soil settlement on the other hand, is a function of 
the flexural rigidity of the superstructure. (Goschy02, 1978).

III. Analysis of Structure Considering Soil Structure 
Interaction
Normally the structural analysis of a multi-storey building is made 
assuming the structure as skeletal structure consisting of beams 
and columns. The structure is assumed to be supported by a hinge 
or fixed support at the base of columns. The choice of hinge support 
or fixed support is made depending on the type of foundation 
provided, the support / foundation is modeled as hinged support 
or the fixed support. Fixed support does not allow the structure 
for any displacement or rotation, whereas the hinge support at the 
base of the structure results the axial forces in three directions and 
allows the structure for rotation but not the displacement. 
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IV. Coefficient of Sub Grade Recation
The coefficient of sub grade reaction (modulus of foundation, sub 
grade modulus) is defined as the ratio between the pressure against 
the foundation or mat and settlement at a given point .
 k=q/s
Where k = coefficient of sub grade reaction
q = pressure against the foundation or mat at a given point
s = settlement of the same point of foundation or mat .

V. Stadd Pro 2007
STADD PRO 2007 is the most popular structural engineering 
software product for  3D model generation, analysis and multi-
material design. It has an intuitive, user-friendly GUI, visualization 
tools, powerful analysis and design facilities and seamless 
integration to several other modeling and design software products. 
The software is fully compatible with all windows operating 
systems but is optimized for Windows XP, STAAD PRO has 
been the choice of design professionals around the world for their 
specific analysis needs.

VII. Dynamic Analysis
Dynamic analysis facilities include solution of the free vibration 
problem (Eigen problem), response spectrum analysis and forced 
vibration analysis.

Geometric Modeling of Structure
A three-dimensional multi storied structure is considered for soil 
structure interaction. The plinth area of the building is 24m x 16m, 
the total height of the building is considered as 15m, 30m and 
45m, and the height of each storey is taken as 3 m. The structure 
is defined to rest on the soil having different values of sub grade 
modulus ‘Gs’such as 12000, 24000, 36000, 48000, 60000kN/m3. 
Also the structure is analysed at different wind loads such as 55m/s, 
50m/s and 33m/s according to IS code IS-875 (part3).  

A. Calculation of Loads
Dead Load: Dead load per unit area of the floor which includes 
floor slab, beam, half the weight of columns above and below the 
floor, partition walls, etc. thickness of the member multiplied by 
density of the material used by the member gives the dead load 
in kn/m2.
Live Load: Live load is taken as 2kn/m2.
Wind Load: ( IS 875-III)
Vb= basic wind speed i.e 55m/s,50m/s, and 33m/s; Vz=design 
wind speed.
  Here Vz=k1k2k3Vb 
k1=Risk coefficient 
k2=Size, height & terrain factor
k3=topography factor .
Wind pressure =0.6(Vz)

2          
At Vb=55m/s:
Vz= 1*1.03*1*55= 65.65m/s @ 0.6(Vz)2 =1.93kN/m2 at 10m 
Vz=1*1.07*1*55=58.85m/s  @ 0.6(Vz)2 =2.08kN/m2 at 15m.
Vz=1*1.1*1*55=60.05m/s @0.6(Vz)2 =2.2kN/m2 at 20m.
Vz=1*1.13*1*55=62.15m/s @ 0.6(Vz)2 =2.32kN/m2  at 30m.
Vz=1*1.175*1*55=64.625m/s @ 0.6(Vz)2 =2.505kN/m2 at 48
m.                                                                            

VIII. Results and Discussions
The middle frame of the building is considered as it is critical 
compared to the other frames in XY plane. The effect of soil 
structure interaction is studied by the horizontal and vertical 

deflections (δx & δy) of the extreme column nodes of middle frame 
of the building. The storey drift in building should not exceed 
0.004H where H is the total height of the Building according to 
IS875. The results and analysis of the structure (horizontal & 
vertical deflections i.e., δx & δy)  are obtained.
A parametric study is conducted on the effect of soil structure 
interaction under a wind force of a structure by considering 
various parameters such as number of storeys(5,10,15) in a multi-
storied structure, building ‘Gs’ assumed to be situated in different 
wind zones (Vb=33m/s, Vb=50m/s, Vb=55m/s), variation of soil 
properties i.e., from loose sand to medium dense sand.
Following is the discussion of results of the fifteen storey building 
with various wind speeds.

A. Fifteen Storey Building (Vb=55m/s):  
At node point 11 when Gs=12,000kN/m3, δy is 21.494mm; at 
Gs=60,000kN/m3, δy is 20.525mm and at the fixed support, δy 
is 7.989mm. δy decreases with increase in Gs value.
At node point 161 when Gs =12,000kN/m3, δy is 88.436mm; 
at Gs=60,000kN/m3, δy is 87.646mm and at the fixed support, 
δy is 67.482mm. δy increases with increase in storey level of 
the building.Table1 shows the values of vertical deflection with 
different  sub grade modulus (Gs).
At the node no 11, the ratio δyi/δyf for Gs=12,000kN/m3 & 
60,000kN/m3 varies from 3.67 to 3.58. The ratio decreases with 
increase in the value of Gs. Table 2 shows ratio δyi/δyf with 
different  sub grade modulus (Gs) values.
At node no 161, the ratio for Gs=12,000kN/m3 & 60,000kN/m3 
varies from 1.31 to 1.30. This ratio decreases with increase in the 
storey level of the building.
δx is 73.145mm, when Gs =12,000kN/m3 and increases to 
73.153mm, when Gs=60,000kN/m3 at node no 11 i.e. at the 1st 
storey of the building. δx increases with increase in sub grade 
modulus (Gs) values.

Table 1: δy  vs Gs 
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Fig. 1: Shows the Variation of Vertical Deflection With Different 
Sub Grade Modulus (Gs).

At 15th floor, these values changes to 426.715mm and 426.720mm 
at Gs=12,000 & 60,000kN/m3 respectively. δx increases with 
increase in height of the building.
At the node no 11, the ratio δxi/δxf is 3.628 when Gs=12,000kN/
m3 and this ratio increases to 3.6288, when  Gs=60,000kN/m3. 
The ratio increases with increases in sub grade modulus.
At 15th storey (node no 161), this ratio for the corresponding 
values of Gs=12,000 & 60,000 kN/m3 decreases from 1.216 to 
1.2163 respectively. The ratio decreases with increase in the storey 
level of the building. Table2 shows the vaules of vertical deflection 
with different sub grade modulus (Gs).

Table 2: δyi/ δy vs Gs 

                          

Fig. 2: Shows the variation of δyi/δyf with different values of  
sub grade modulus (Gs).

B. Fifteen Storied Building At Vb=50m/s
At node point 11 when Gs=12,000kN/m3, δy is 29.399mm.At 
Gs=60,000kN/m3, δy is 28.456mm and at the fixed support, δy 
is 7.989mm. δy decreases with increase in Gs values. 
At node point 161 when Gs =12,000kN/m3, δy is 88.787mm. At 
Gs=60,000kN/m3, δy is 87.656mm and at the fixed support, δy 
is 67.412mm. δy increases with increase in storey level of the 
building.
At the node no. 11, the ratio δyi/δyf for Gs=12,000kN/m3 & 
60,000kN/m3 varies from 3.679 to 3.56. The ratio decreases with 
increase in Gs.
At node no 161, the ratio for Gs=12,000kN/m3 & 60,000kN/m3 
varies from 1.315 to 1.218. This ratio decreases with increase in 
the storey level of the building.
δx is 61.596mm when Gs=12,000kN/m3 and increases to 61.604mm 
when Gs=60,000kN/ m3 at node no 11 i.e. at the 1st storey of the 
building. δx increases with increase in sub grade modulus (Gs). 
At 15th floor, these values changes to 202.499mm and 202.501mm 
at Gs=12,000 & 60,000kN/m3 respectively. δx increases with 
increase in the height of the building. 
At the node no. 11, the ratio δxi/δxf is 3.61 when Gs=12,000kN/
m3 and this ratio increases to 3.61 when  Gs=60,000kN/m3. The 
ratio increases with increases in sub grade modulus. 
At 15th storey (node no: 161) this ratio for the corresponding 
values of Gs=12,000 & 60,000kN/m3 decreases from 1.247 to 
1.248 respectively. The ratio decreases with increase in the storey 
level of the building.
For Gs=12,000kN/m3, the ratio δxi/δxf is 3.61 at node 11 and at 
node point 161, it is 1.247. For Gs=60,000kN/m3 at node 11, 
the ratio is 3.61 and at node 161 the ratio is 1.248. The ratio 
decreases with increase in the storey level of a building, and the 
ratio increases with increase in Gs.

C. Fifteen Storied Building At Vb=33m/s
At node point 11 when Gs=12,000kN/m3, δy is 29.399mm.At 
Gs=60,000kN/m3, δy is 28.456mm and at the fixed support, δy 
is 7.989mm. δy decreases with increase in Gs. 
At node point 161, when Gs =12,000kN/m3, δy is 50.787mm. 
At Gs=60,000kN/m3, δy is 50.56mm and at the fixed support, 
δy is 37.412mm. δy increases with increase in storey level of a 
building.
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At the node no. 11, the ratio δyi/δyf for Gs=12,000kN/m3 & 
60,000kN/m3 varies from 3.679 to 3.56. The ratio decreases with 
increase in the Gs. 
At node no 161, the ratio for Gs=12,000kN/m3 & 60,000kN/m3 
varies from 1.315 to 1.286. This ratio decreases with increase in 
the storey level of the building.
The value of δx is 61.596mm when Gs=12,000kN/m3 and increases 
to 61.604mm, when Gs=60,000kN/m3 at node no 11 i.e. at the 
1st storey of the building. The value δx increases with increase 
in sub grade modulus (Gs).
At 15th floor these values changes to 122.491mm and 122.501mm 
at Gs=12,000 & 60,000kN/m3 respectively. δx increases with 
increase in the height of a building.
At the 15th storey (node no161), this ratio for the corresponding 
values of Gs=12,000 & 60,000kN/m3 decreases from 1.247 to 
1.248 respectively. The ratio decreases with increase in the storey 
level of the building.
For Gs=12,000kN/m3, the ratio δxi/δxf is 3.61 at node 11 and at 
node point 161, it is 1.247. For Gs=60,000kN/m3 at node 11, 
the ratio is 3.61 and at node 161, the ratio is 1.248. The ratio 
decreases with increase in the storey level of a building and the 
ratio increases with increase in Gs.

IX. Conclusions

A. Fifteen Storey Building :(Vb=55m/s)
The ratio δy• i/δyf varies from 3.67 when Gs =12,000kN/m3, at 
node 11 to 1.30 when Gs =60,000kN/m3, at node 161. 
The ratio δx• i/δxf varies from 3.628 when Gs=12,000kN/m3, 
at node 11 to 1.2163 when Gs=60,000kNm3, at node 161. 
It is observed from the fifteen storied building that, the ratio • 
δyi/δyf decreases with increase in sub grade modulus. 
The ratio δx• i/δxf increases with increase in sub grade 
modulus.

B. Fifteen Storey Building: (Vb=50m/s)
The ratio δy• i/δyf varies from 3.66 when Gs=12,000kN/m3, at 
node 11 to 1.218 when Gs=60,000kN/m3, at node 161.
The ratio δx• i/δxf varies from 3.61 when Gs=12,000kN/m3 at 
node 11 to 1.24 when Gs =60,000kN/m3, at node 161.
It is observed from the fifteen storied building that, the ratio • 
δyi/δyf decreases with increase in sub grade modulus and 
decreases with increase in storey level of the building. 
The ratio δx• i/δxf increases with increase in sub grade modulus 
and decreases with increase in storey level of the building.

C. Fifteen Storey Building: (Vb=33m/s)
The ratio δy• i/δyf varies from 3.66 when Gs=12,000kN/m3, at 
node 11 to 1.286 when Gs =60,000kN/m3 at node 161. 
The ratio δx• i/δxf varies from3.61, when Gs =12,000kN/m3, at 
node 11, to 1.24 when Gs =60,000kN/m3, at node 161. 
It is observed from the fifteen storied building that, the ratio • 
δyi/δyf decreases with increase in sub grade modulus and 
decreases with increase in storey level of the building. 
The ratio δx• i/δxf increases with increase in sub grade modulus 
and decreases with increase in storey level of the building. 
It is observed that, when a fifteen storey building located at • 
Vb=55m/s and the ratio of δyi/δyf is high, when compared 
with the same building located at Vb=50m/s and Vb=33m/s, 
the ratio decreases with decrease in the intensity of wind 
speed. 
The ratio of δx• i/δxf is high at Vb=55m/s, when compared 

with the same building located at Vb=50m/s and Vb=33m/s, 
the ratio decreases with decrease in the intensity of wind 
speed. 

From the analysis of 5, 10 and 15 storied building for various 
wind speeds, the following conclusions are made:

The δy• i/ δyf   value decreases with increase in sub grade 
modulus in all the cases studied. δyi/ δyf value decreases with 
increase in storey level of the building.
δx• i/ δxf value increases with increase in sub grade modulus.
δx• i/δxf value decreases with increase in storey level of the 
building.
The values of δx• i & δxf are within the permissible limit (h/500) 
according to IS: 456:2000. Slight variations were observed in 
the shear force & bending moment diagrams of the structural 
frames, but it is considered to be negligible. 
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