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Abstract— The effect of soil flexibility is generally ignored 

in the seismic design of building. The design is generally 

carried out based on the results of dynamic analysis 

considering fixed base condition. Flexibility of soil causes 

lengthening of natural period due to overall decrease in 

stiffness of the structural system. Such lengthening alters the 

seismic response of the building frame to some extent. It is 

therefore, necessary that the dynamic inter-relationship 

between soil and structure to be taken into account in the 

seismic analysis of structures. For such analysis the buildings 

with 5, 10, 15 stories having the same plan are modeled for 

Ordinary Moment Resisting Frame (OMRF) and Special 

Moment Resisting Frame (SMRF) by two approaches, 

namely frames with fixed support and frames with supports 

accounting for soil flexibility. The soil stiffness for various 

types of soil and foundation based on the properties, namely 

shear modulus, poisons ratio of the soil and shape and size of 

footings are computed. The soil stiffness is computed as per 

FEMA 356 guidelines. Modeling the structural system 

accordingly, a comparative study of response is made in 

terms of natural period, base shear, displacements and 

support reactions. The results are presented in the form of 

tables and graphs. In order to evaluate the seismic response 

of the structure, the dynamic properties of the combined soil 

structure system needs to be established. Owing to the 

difference in responses of a rigidly supported structure and 

elastically supported structure, it is essential to study the 

effect of soil stiffness on structure for the realistic design. 
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I. INTRODUCTION 

Most of the civil engineering structures involve some type 

of structural element with direct contact with ground. When 

the external forces, such as earthquakes, act on these 

systems, neither the structural displacements nor the ground 

displacements, are independent of each other. The process in 

which the motion of the soil influences the response of the 

structure and the motion of the structure influences the 

response of the soil is termed as Soil-Structure Interaction 

(SSI). 

When soil structure interaction for the seismic 

response is considered during design, the designer has to 

take several soil, structural and seismic parameters into 

consideration. Role of foundation needs to be studied with 

reference to its behavior for the action of only gravity 

loading and during earthquake excitation. Under the action 

of only gravity loading the role of foundation of the 

structure is to support vertical loads such as dead loads, wall 

loads etc. of structures. The loads are transferred from the 

roofs to beam then to column and finally transferring to 

foundation or ground whereas, during an earthquake the 

foundation transmits the ground vibrations to the building 

components generating inertia forces. In turn the generated 

building response is transmitted to foundation or ground.  

The inability of foundation to match the free 

motion of ground causes the kinematic interaction between 

the ground and structure. The seismic vibrations from 

ground are transmitted to the structure causing displacement 

of structure. On other hand the mass of structure transmits 

the inertial forces to the ground modifying the deformations 

of the ground, which is termed as inertial interaction. Hence 

these two interactions between the soil and the structure 

namely, the kinematic interaction and inertial interaction 

due to seismic activity affect the response of the structural 

system. 

A. Objectives of this Study are 

 To study the effect of soil structure interaction on bare 

frame (neglecting the stiffness contribution of infill 

masonry while considering the mass) for fixed based 

condition and for considering soil flexibility. 

 To study the seismic response parameters such as 

natural period, base shear and displacements. 

 To compare the structural response between fixed 

based condition and for considering soil flexibility. 

II. SOIL STRUCTURE INTERACTION 

The study of the interaction between structure and 

supporting system namely, the soil medium is of 

significance to both geotechnical and structural engineers. 

Outcomes of such study can be adopted in the structural 

design of the footing and in the analysis of stresses and 

deformations within the supporting soil medium. 

A. Behavior and Modeling of Soil 

In-situ soils are commonly anisotropic and non-homogenous 

and display nonlinear, unalterable and other time dependent 

characteristics. The behavior of such soil is expected to be 

influenced by the size, shape and other properties of soil 

particles, the configuration of the soil structure, the inter 

granular pressures, stress history, moisture content, degree 

of saturation and permeability. The solution of any 

interaction problem considering all factors is very difficult, 

laborious and impracticable. Purposeful solutions can be 

obtained by understanding the behavior of soil by taking 

into account the significant parameters of soil behaviour. 

The simplest idealization of soils assumes linear elastic 

behaviour of the supporting soil medium. This idealization 

by Winkler provides reasonable solution to number of 

practical problems in geotechnical engineering. 

There are various field tests such as Geophysical 

test, Standard penetration test and laboratory tests such as 

triaxial shear test, unconfined compression test which are 

required to evaluate the parameters for computing the 

stiffness of different soils.  

1) Computation of Shear Velocity (vs) 

By Geophysical Test, Vs = Distance/time. 
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By SPT test (N- Value), Vs = 91× N (0.337) 

2) Computation of Shear Modulus (G) 

By knowing the value of Shear velocity, G = Vs
2 γ. 

By SPT test (N- Value), G = 20000 (N) (1/3)
√γ. 

Where γ is density of the soil. 

3) Computation of Young’s Modulus (Es) 

By Triaxial or unconfined test, Es =Stress/ Strain= (∆σ /ε) 

Youngs Modulus of soil, Es = 2G (1+µ). 

4) Computation of Subgrade Modulus (Ks) 

By knowing Es, Ks= Es/B (1-µ2). 

Note: The values of G and µ can be obtained for 

different soils from Joseph Bowles. 

B. Behavior of Foundation 

The flexural behaviour of foundation can be adequately 

described by modeling as beam and plates using the 

respective theories of the beam and plates. The theories may 

be modified to include effects of shear deformation. 

C. Behavior of Interface 

The interface conditions associated with the elastic medium 

of the soil is assumed to be completely frictional interfaces. 

The factors which considerably influence the soil foundation 

interface are the presence of pore water which can alter the 

extent and distribution of the frictional forces throughout the 

consolidation process, the distribution and character of the 

exterior loads which come on the foundation and flexibility 

of the foundation soil. 

III. BUILDING CONFIGURATION 

To study the effects of Dynamic SSI in reinforced concrete 

framed structures building models with OMRF and SMRF, 

4-bay of size 5m X 5m with different number of stories such 

as 5story, 10story and 15story are considered. The 

foundation for the building consists of isolated footings and 

the soil stiffness is modeled using FEMA 356 standards. An 

excel sheet was prepared to determine the design of spread 

footings. Foundation on medium stiff soil is considered for 

the study. The elastic properties for this soil are taken from 

Joseph E. Bowles.  The structural system is modeled using 

ETABS V.13 software. 

A. Member Sizes 

Beam size - 300mm x 475mm 

1) Column Sizes 

For 5 Story - 375mmx450mm 

a) For 10 Story; 

 1 to 5 story - 650mmx450mm 

 5 to 10 story - 375mmx450mm 

b) For15 Story; 

 1 to 5 story - 850mmx450mm 

 5 to 10 story - 650mmx450mm 

 10 to 15 story - 375mmx450mm 

B. Footing Sizes 

 5Story - 2.0mx2.0m 

 10Story - 2.5mx2.5m 

 15story - 3.5mx3.5m 

C. Properties of Concrete 

 Grade of Concrete - M25 

 Modulus of Elasticity -5000√fck = 25000MPa 

 Density of Cement Concrete - 25kN/m3 

D. Properties of Reinforcement Steel 

 Grade of HYSD Rebar - Fe415 

 Modulus of Elasticity - 210000MPa 

E. Loads on Structure 

 Live load on Roof and Floor - 3.0 kN/m2 

 Roof or Floor finish - 1.0 kN/m2 

 Brick wall on External Beams - 13.8 kN/m, 230mm 

thick 

 Brick wall on Internal Beams - 9.0 kN/m, 150mm thick 

 Parapet wall on Roof - 3.0 KN/m, 150mm thick 

 Slab Thickness - 150mm thick 

F. Seismic Parameters (IS: 1893) 

 Zone - V (Z = 0.36) 

 Soil Type - II (Medium Soil) 

 Importance factor (I) - 1.00 

 Building System - OMRF and SMRF. 

G. Load Combinations 

 1.2 (DL+LL±EQX) 

 1.2 (DL+LL±EQY) 

 1.5 (DL±EQX) 

 1.5 (DL±EQY) 

IV. ANALYSIS 

To evaluate the response due to provision of spring support 

system, the stiffness of soil was computed as per FEMA 356 

guidelines. Stiffness of soil was calculated and incorporated 

as spring in the software. The observed response along with 

the discussions and results are presented below. 

A. Translation Stiffness in X, 

Kx,   sur =  
GB

2 − v
[3.4 (

L

B
)

0.65

+ 1.2] 

B. Translation Stiffness in Y, 

Ky,   sur =  
GB

2 − v
[3.4 (

L

B
)

0.65

+ 0.4
L

B
+ 0.8] 

C. Translation Stiffness in Z, 

Kz,   sur =  
GB

1 − v
[1.55 (

L

B
)

0.75

+ 0.8] 

D. Rotation Stiffness in X, 

Kxx,   sur =  
GB3

1 − v
[0.4 (

L

B
) + 0.1] 

E. Rotation Stiffness in Y, 

Kyy,   sur =  
GB3

1 − v
[0.47 (

L

B
)

2.4

+ 0.034] 

F. Rotation Stiffness in Z, 

Kzz,   sur =  GB3 [0.53 (
L

B
)

2.45

+ 0.51] 

Where, G is shear modulus, B is breadth, L is width of 

footing and v is poisons ratio. 
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Fig. 1: Plan and 3D section of structure 

 
Fig. 2: Elevation of the structure with fixed base. 

 
Fig. 3: Elevation of the structure with flexible base 

V. RESULTS AND DISCUSSIONS 

The Graph-1 shows the natural period for the structure with 

5, 10, 15 story. The influence of the SSI in dynamic 

behaviour of the structure is reflected as an increase in 

natural period in comparison with fixed base model. The 

natural period increases, with decrease in stiffness value. 

The natural period for the very stiff soil (G=70000 kN/m2) is 

nearly equal to the fixed support which is represented by 

highest shear modulus (G=100000 kN/m2) in graphs. 

 
Fig. 4: Natural Period for 5, 10 and 15 Story. 

 
Fig. 5: Base Shear for OMRF frames. 

 
Fig. 6: Base Shear for SMRF frames. 

The Fig.-2 and 3 represent the Base shear of 5, 10, 

15 Story for fixed-base and elastic support case for OMRF 

and SMRF buildings. The base shear of the SMRF 

structures on elastic base is less than the structures modeled 

as fixed-base. The base shear for the very stiff soil 

(G=70000 kN/m2) is nearly equal to the fixed support case. 

However the base shear for soil of least stiffness (G=10000 

kN/m2) is nearly 25% less.  

 
Fig. 7: Displacements of OMRF frames. 

The Fig.-4 and 5 represent the displacements of 5, 

10, 15 Story for fixed-base and flexible-base for OMRF and 

SMRF buildings. The continuous line represents fixed case 

and the dotted line is for flexible base condition. It has been 

observed for OMRF buildings, that there is a 9% to 10% 

increase in maximum story displacement at top level for 

buildings with fixed support when compared with spring 

supported buildings. But as the spring stiffness increases to 

its maximum level the increase in percentage of 

displacement was found to be only 1% to 2% of fixed 

support case. The similar observation is noticed for the 

SMRF buildings. The lateral story drifts of the structures 
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resting on soft soil increases when soil structure interaction 

is taken into consideration. 

 
Fig. 8: Displacements of SMRF frames. 

Incorporating elastic support (soil flexibility) in the 

earthquake analysis shows appreciable effect on the 

structure in terms of lateral displacements. This effect is 

reflected as increase in the top displacement of the structure 

and lateral displacement within crease in height of structure. 

When compared between OMRF and SMRF frames, it was 

observed that there is a 35% to 40% reduction in 

displacements for special moment resisting frames as 

compared with ordinary moment resisting frames. The top 

displacement of building considering elastic supports is 

much larger than the buildings with fixed supports. The 

effect of SSI may be more for taller buildings. Though the 

effect of soil structure interaction in terms of lateral 

displacements and base shear are small but are not 

negligible. 

The axial force in the buildings with soil structure 

interaction decreases significantly, it was observed that the 

building with elastic support has 18% to 21% increase in 

reactions when compared with fixed supports. As stiffness 

of soil increases the value decreases. 

 
Fig. 9: 5Story Corner Column Support Reactions. 

 
Fig. 10: 10Story Corner Column Support Reactions. 

 
Fig. 11: 15Story Corner Column Support Reactions. 

So it may be said that the axial forces decreases in 

the central column in elastic support system and forces 

transfer to its adjacent columns with increase in axial force 

on corner columns. It also observed that the loads on corner 

columns increases when compared with fixed base 

condition, same trend is observed in ordinary moment 

resisting frames and special moment resisting frames. 

 
Fig. 12: 5Story Central Column Support Reactions. 

 
Fig. 13: 10Story Central Column Support Reactions. 

 
Fig. 14: 15Story Central Column Support Reactions. 

VI. CONCLUSIONS 

Multi storied building frames with fixed base system and 

flexible soil support system which are subjected to gravity 

loads and seismic forces are analyzed in software and 

designed using FEMA 356 guidelines. The parameters 

considered for response of frames were the natural period, 

base shear, story displacements and axial forces. These 
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parameters were compared for OMRF and SMRF for 

different support system. 

The natural periods increase when the soil-structure 

interaction effect is considered as compared to the 

assumption of fixed support. The increase in the natural 

period is more for the very flexible soil medium. 

The storey displacements increase when the soil-

structure interaction effect is considered as compared to the 

assumption of fixed support. The increase in the 

displacements is more for the very flexible soil medium. 

The top storey displacements obviously increase with the 

height of the structure. 

The base shear decrease when the soil-structure 

interaction effect is considered as compared to the 

assumption of fixed support. The decrease in the base shear 

is more for the very flexible soil medium. 

The support reactions in the central supports 

decrease while the corner supports increase when the soil-

structure interaction effect is considered as compared to the 

assumption of fixed the support indicating considerable 

redistribution of forces due to Soil-Structure interaction. 

Therefore the soil structure effects are significant for tall 

structures on flexible soil support. 
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