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Abstract— In the analysis of the bridges, the support 

condition generally is considered to be fixed base neglecting 

the effect of soil flexibility properties. Actual behaviour of 

structure cannot be assessed without considering realistic soil 

condition in terms of soil structure interaction (SSI) effects. 

SSI effects depend upon many parameters like soil subgrade 

modulus, dynamic properties of soil etc. During seismic 

action, dynamic properties of soil vary the seismic response 

of structural system. Flexibility of soil increases fundamental 

period of system, which in term changes the seismic response 

of structure and hence, it is an important parameter for design. 

The interaction among structure, their foundation and the soil 

media below foundation alter the real behaviour of structure 

significantly than what is obtained from consideration of 

structure alone. Thus, a reasonably accurate model for SSI 

system with computational validity, efficiency and accuracy 

is required for effective analysis and design of bridges. 

Bridges being lifeline structures, it should be designed with 

at most care and precision to let if function well during any 

disastrous calamities like earthquake. The present literature 

study is focused to obtain the idea about the significance of 

SSI effects on bridge response and the variation of its 

response with variation in its geometric and dynamic 

parameters. Thus, in this paper various previous studies are 

reviewed and the effect of SSI is evaluated. 

Key words: Soil Structure Interaction, Bridge Structure 

I. INTRODUCTION 

Bridge engineering branch deals with stability of a bridge 

under the effect of every load condition which is expected to 

be imparted on it during the life span of those structures. Aim 

of the structural engineering is to perform analysis of the 

structure and designing the members according to that actions 

imparted on it to provide strength and stability to that 

structure under those actions. Thus, the analysis is the core of 

this branch and it should be done as realistic as possible for 

resembling the real site condition to the assumed condition of 

the structure. Almost all civil engineering structures have 

some structural elements with direct contact with ground soil 

medium. Thus, analysis should be done considering the 

behaviour of soil under such actions, too. An analysis model 

of superstructure should be verified with the correct response 

of the subgrade soil foundation. To capture the right structural 

response of both superstructure and subgrade soil, it should 

include effect of soil-structure interaction (SSI) on the 

system. 

When the external forces, such as seismic actions, 

act on a bridge, both the structural displacements and the 

ground displacements are dependent of each other. The 

process in which the response of the soil influences the 

motion of a structure and the motion of the structure 

influences the response of soil medium is referred as soil-

structure interaction (SSI). The Soil-Structure Interaction 

(SSI) has long been considered by civil and structural 

engineers as one of the most significant parameters that may 

affects the actual structural behaviour and subsequently 

design of a structure. Observations made during large 

earthquakes have specifically emphasized the crucial effect 

of the dynamic soil-structure interaction on seismic response. 

Generally, the structures are analysed assuming the 

fixed support to from base. The soil on which the structure is 

supported may not provide the complete fixity to the 

structure. This causes our assumption of fixed support as 

impractical and hypothetical. The structural response 

considering fixed support may not coincide with the realistic 

one. Based on observations generally the effect of soil-

structure interaction may increase or decrease the dynamic 

structural response, compared to the response of the fixed 

based structure, depending on the dynamic characteristics of 

the soil and the structure. 

II. LITERATURE REVIEW 

M. Dicleli, M;     S. Albhaisi; and M. Y. Mansour [1] studied 

the effect of soil–structure interaction on the seismic 

behaviour of seismic-isolated bridges. They analysed two 

typical seismically isolated bridges. The considered bridges 

had distinct features to represent those bridges with: 

A. Heavy Superstructure & Light Substructure 

The bridge located in Johnson County having three spans and 

carrying two traffic lanes and a slab on prestressed concrete 

girder deck was studied. The bridge deck was continuous 

from one abutment to the other and was supported by two 

multi-column piers in between and six FPBs were placed at 

each substructure location. 

B. Light Superstructure & Heavy Substructure 

The bridge located in Jackson County having three 

continuous spans carrying two traffic lanes and was 

supported by two heavy wall piers was studied. The bridge 

superstructure was slab-on-steel girder. 

Structural models of the bridges were built and 

analysed using SAP2000 (1998). Detailed structural models 

of both bridges excluding and including the soil–structure 

interaction effects were constructed. Iterative multi-mode 

response spectrum analyses were conducted considering the 

nonlinear behaviour of the isolation bearings. 

The analysis results showed that the effect of SSI on 

the natural vibration periods of seismic-isolated bridges with 

a heavy superstructure and light substructures was found 

negligible, but it was observed that SSI may significantly 

affect the periods at higher modes of vibration, which are 

related to the vibration of the substructures. 

For seismic-isolated bridges with light 

superstructures and heavy substructures, including the SSI in 
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the seismic analysis was showed that it had a notable effect 

on bearing seismic forces and especially displacements. This 

effect was more pronounced for softer soil conditions. 

Moreover, for such bridges including SSI in the seismic 

analysis was observed to have a significant effect on the 

substructure reactions regardless of the foundation soil 

stiffness. 

In the study of B.B. Soneji, R.S. Jangid [2], attempt 

was made to assess the influence of dynamic soil–structure 

interaction on the behaviour of seismically isolated cable-

stayed bridge supported on a rigidly capped vertical pile 

groups, which passed through moderately deep, layered soil 

overlying rigid bedrock. The bridge model used in this study 

is the Quincy Bay View Bridge crossing the Mississippi River 

at Quincy, IL, having two H-shaped concrete towers, double 

plane semi-harp-type cables and a composite concrete-steel 

girder bridge deck. The soil–pile interaction was idealized as 

a beam on nonlinear Winkler foundation with continuously 

distributed hysteretic springs and viscous dashpots placed in 

parallel. The cable-stayed bridge was isolated by using high-

damping rubber bearings and the effects of SSI were analysed 

by performing seismic analysis in time domain using direct 

integration method. The seismic response of the isolated 

cable-stayed bridge with SSI was obtained under bi-

directional earthquake actions (i.e. two horizontal 

components acting simultaneously) considering different soil 

conditions. The emphasis had been placed on assessing the 

significance of nonlinear behaviour of soil that affects the 

response of the structural system and identify the conditions 

under which it is necessary to include the SSI effects in the 

design of seismically isolated bridges. Seismic response of 

isolated cable-stayed bridge was investigated under the four 

real strong earthquake ground motions as mentioned below, 

1) 1940 Imperial Valley, 

2) 1995 Kobe, 

3) 1989 Loma Prieta and 

4) 1994 Northridge earthquakes. 

Numerical analysis was carried out for evaluating 

the response of the bridge under those seismic forces. The 

results showed that for soft soil, the bearing displacement 

may be underestimated if SSI effect is ignored, especially in 

the longitudinal direction, but no significant increase takes 

place in deck displacement in transverse direction. 

Significant effect of soil pile interaction was 

observed on tower base shear response in the transverse 

direction. The response was much higher compared to that of 

the bridge with fixed base when the soil is soft to medium. As 

the stiffness of the soil strata increases, the effect of SSI 

decreases. 

Inclusion of SSI is essential for effective design of 

seismically isolated cable-stayed bridge, specifically when 

the towers are very much rigid and the foundation soil 

condition is soft to medium. 

In the paper of R P N Singh, Dr. Hemant Kumar 

Vinayak [3], the assessment of soil-structure interaction 

effect on the design force generated had been estimated using 

Force based, Capacity Spectrum and Direct Displacement 

based methods considering fixed and flexible foundations. 

For that purpose a single cantilever bridge pier of 

constant diameter with varying heights had been considered 

for the analysis in different type of soils and seismic zones. 

The bearing capacity of the soils were calculated based on 

different methods and the minimum values 300 kN/m2, 180 

kN/m2 and 100 kN/m2 had been adopted for hard, medium 

and soft soils respectively. 

Based on the values of base shear resulted 

considering the bridge pier fixed at the base, the size footings 

were calculated for different height of columns in each zone 

and soil types using their respective bearing capacity values. 

Footings were considered to be supported on soils and for that 

Winkler’s model was adopted. 

The estimation of effect of soil-structure interaction 

on the base shear was determined considering fixity and 

flexibility for various seismic zones and different soil types. 

The results showed that the values of base shear determined 

by any method for any specified pier height located in any 

seismic zone and soil type for fixed base and flexible footing 

differ, which can attributed to the influence of soil structure 

interaction on the structural system. 

To understand its nature, pattern of variation and 

magnitude, an index was adopted. Accordingly, the soil-

structure interaction index had been defined as follows, 

SSI Index= (V-V’)/V 

Where, V= base shear with fixed base and V’= base 

shear flexible base. The positive value of SSI Index indicated 

that there was a decrease in base shear values for flexible 

footing compared to fixed base and negative index indicates 

that the base shear value for flexible was greater than that of 

fixed base. 

The SSI Index had been found to vary with varying 

height of the pier, type of soils and seismic zones. This study 

indicated that in some cases, especially for soft soil, the base 

shear values for flexible footing are more than that of fixed 

base. 

N.P. Tongaonkar, R.S. Jangid [4] assessed the 

effects of soil structure interaction (SSI) on the peak 

responses of a three-span continuous deck type bridge 

seismically isolated by the elastomeric bearings. The 

emphasis had been placed for gauging the significance of 

physical parameters that affect the response of the system and 

identify the circumstances under which it is necessary to 

include the SSI effects in the analysis and design of 

seismically isolated bridges. 

The soil surrounding the foundation of pier was 

modelled by frequency independent coefficients and the 

complete dynamic analysis was carried out in time domain 

with complex modal analysis method. In order to quantify the 

effects of SSI, the peak structural responses of isolated and 

non-isolated bridge (i.e. bridge without isolation device) were 

compared with the corresponding bridge ignoring those 

effects. 

A parametric study was also conducted to 

investigate the effects of soil flexibility and bearing 

parameters (such as stiffness and damping of soil) on the 

response of isolated bridge. The substructure of bridge had 

rigid abutments and reinforced concrete piers. The structure 

was assumed to have a series of line column-beam elements. 

For the study, the elastomeric bearings consisting of alternate 

layers of rubber and steel plates were considered. The bridge 

deck was simply supported over the row of those bearings. 

Mathematical modelling was carried out for the analysis of 

the bridge. 
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Three types of pier configurations and three types of 

different soil conditions were taken into consideration for the 

parametric study. Three earthquake time histories were taken 

for the analysing seismic response of the structure. The 

supporting soil foundation was modelled as spring and 

damper acting in the horizontal and rotational directions. The 

modelling of the foundation on soil was done in the same way 

as that of the structure and was coupled to perform a dynamic 

SSI analysis. 

The study results observed that considerations of 

SSI in the analysis of isolated bridges is warranted when the 

stiffness of the supporting soil is less than ten times the 

stiffness of isolation bearings. The SSI affects the bearing 

displacements at the abutment and ignoring those effects will 

underestimate the design displacement at abutment, which 

may be crucial from the design. The effects of SSI are found 

to be more pronounced for stiff bridges compared to the 

flexible bridges. The effects of SSI were more pronounced 

for bridges with stiff isolation system compared to flexible 

system. The variation in the damping in the isolation system 

did not have noticeable effects on the structural response of 

seismically isolated bridges with SSI effect. 

Mahir Ülker-Kaustell, Raid Karoumia, Costin 

Pacoste [5] studied the influence of SSI on the dynamic 

properties of the structure and its response was obtained by 

simple concepts from the finite element theory. This tudy was 

based on two dimensional model of the bridge at Hörnefors, 

founded on shallow foundations and three different models of 

those foundations: 

a) Clamped 

b) Static SSI 

c) Dynamic SSI. 

In the clamped model the support condition was 

assumed completely fixed base. In static SSI the only 

stiffness of soil was considered and in dynamic SSI both 

stiffness and damping properties of soil were modelled for the 

analysis of bridge. 

The shallow foundation was constructed on a soil 

deposit consisting of: one layer of moraine with bulk modulus 

Ek = 50 MPa and height approximately 5.7 m, resting on 

bedrock. The bulk modulus was used in calculations of 

settlements and was therefore chosen as a lower bound. Finite 

element modelling was done in ABAQUS software. Analysis 

was done using three different elastic modulus of foundation 

soil i.e. 50 MPa, 100 MPa, 150MPa and corresponding 

damping was taken. 

It was observed that the use of clamped boundary 

conditions may grossly underestimate the vertical bridge deck 

acceleration. Among the two SSI models, the static SSI model 

appeared to be the most conservative alternative compared to 

vertical bridge deck accelerations. It was observed that the 

damping contribution from the dynamic SSI model decreases 

with increasing soil elastic modulus and that the results from 

‘‘static’’ and dynamic SSI models tend towards each other. 

III. CONCLUSIONS 

 Soil structure interaction is a very critical parameter for 

the analysis and design of bridge structures. 

 It significantly influences the structural response of a 

structure especially for the dynamic forces. 

 Compared to fixed base support displacements and 

forces vary when soil structure interaction is considered. 

 Its effect is more crucial when structural response is 

more compared to assumed fixed support. 

 Its effects are more critical when foundation soil is soft 

to medium type and effect is decreased with the increase 

in subgrade soil stiffness. 

 SSI effects are varied with the variation in geometric 

parameters like height of pier, shape of pier etc. 

 For seismically isolated bridges stiffness of bearing also 

affect the effect of soil structure interaction 

 If SSI is ignored, forces may be underestimated and 

hence, for the analysis of a bridge both fixed base and 

flexible base models should be analysed and designed for 

the worst one. 
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