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---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - Seismically isolated bridge structures are 

widely employed as a crucial measure for mitigating the 

destructive effects of earthquakes. The effectiveness of 

these isolation systems relies not only on the properties of 

the bridge structure but also on the interaction between 

the structure and the underlying soil. The understanding 

of soil-structure interaction (SSI) plays a vital role in 

designing and assessing the performance of seismically 

isolated bridges. This project aims to investigate the 

influence of SSI on seismically isolated bridge structures 

by considering variations in soil types under different 

ground motion scenarios. 

To achieve this objective, the study will employ 

numerical modelling techniques and advanced analysis 

tools. First, a comprehensive literature review will be 

conducted to identify and summarize the key parameters 

affecting SSI in seismically isolated bridges. These 

parameters include soil stiffness, damping characteristics, 

and nonlinear soil behaviour. Subsequently, a numerical 

model representing a seismically isolated bridge system 

will be developed, considering different soil types 

commonly encountered in bridge engineering, such as 

sandy soil, clayey soil, and layered soil profiles. 

isolated bridge structures, facilitating the development of 

more accurate design guidelines and improved 

assessment methodologies. 
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1.INTRODUCTION  

 
Bridges serve as essential components of modern infrastructure, 
connecting communities, facilitating trade, and enabling 
efficient transportation. However, these critical structures are 
vulnerable to seismic hazards, posing a substantial risk to their 
integrity and functionality. To ensure the resilience and safety 
of bridges in regions prone to earthquakes, it is imperative to 
employ advanced engineering techniques that consider the 
intricate interplay between the bridge's superstructure and the 
underlying soil. This intricate interaction, known as Soil-
Structure Interaction (SSI), is pivotal in determining the bridge's 
response to seismic forces and warrants comprehensive 
exploration and understanding. 

Historically, seismic analysis of bridges has predominantly 
centered on the bridge's superstructure, often neglecting the 
influence of the surrounding soil. However, recent 
advancements in structural engineering and geotechnical 
research underscore the significance of incorporating SSI 
effects into seismic analysis. By accounting for the dynamic 
interaction between the bridge and the supporting soil, engineers 
can develop more precise models that reflect the realistic 
behavior of bridges during seismic events. This approach 
enables the enhancement of seismic analysis and the 
formulation of more resilient bridge designs capable of 
withstanding severe seismic disturbances. 

This paper aims to delve into the pivotal role of Soil-
Structure Interaction in elevating the seismic analysis of bridges. 
It will scrutinize various factors that impact this interaction, 
encompassing soil characteristics, bridge design attributes, and 
seismic ground motion characteristics. Additionally, this paper 
will illuminate the advantages stemming from the inclusion of 
SSI in bridge analysis, including heightened accuracy in 
predicting structural responses, improved comprehension of 
load transfer mechanisms, and the potential for optimizing 
bridge design and retrofitting strategies. 

The discussion will also encompass cutting-edge 
computational tools and modeling techniques that have emerged 
in recent years to faithfully simulate SSI. These tools empower 
engineers to conduct more sophisticated seismic analyses that 
consider not only the dynamic response of the bridge 
superstructure but also the underlying soil, empowering them to 
make well-informed decisions regarding bridge design, 
retrofitting, and maintenance. 

  

 

2. Body of Paper 

The existing bridge, situated in Beed along National 

Highway No. 211, spans over the Bindusara River. This 

bridge boasts dimensions of 42 meters in length and 7.95 

meters in width, featuring a structure comprised of three 

continuous reinforced concrete girders. The 

superstructure, on the other hand, is constructed with a 

300 mm deep reinforced concrete deck slab, which is 

supported by the three reinforced concrete girders, each 

with a depth of 1100 mm. The bridge's solid piers, 

measuring 4.0 meters in width and 1.0 meter in thickness, 

rest securely on a stable soil stratum. In the bridge 

modeling process, the deck is represented using thin shell 
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elements, while the girders and piers are modeled as 

frame elements. For further accuracy, elastomeric 

bearings are modeled as linear-type links, and elastomeric 

isolators are represented as rubber isolator-type link 

elements.  

                  Figure 1 illustrates the bridge model analyzed 

using CSI bridge. 

                                

 

 

In the present study, our initial focus centers on modeling 

and analyzing the first bridge employing conventional 

elastomeric bridge bearings. Subsequently, we gather and 

examine the results obtained from this analysis. 

Following this, we undertake a pivotal step by 

substituting these conventional elastomeric bearings with 

elastomeric isolation bearings, conducting a 

comprehensive analysis, and subsequently comparing the 

results. 

The fundamental distinction between conventional 

elastomeric bearings and elastomeric isolation bearings 

lies in their horizontal flexibility, with the latter being 

notably more flexible in the horizontal direction while 

maintaining the same vertical stiffness. This increased 

horizontal flexibility, combined with specific damping 

characteristics, serves as the foundation for achieving the 

desired isolation effects within the system. 

The enhanced horizontal flexibility of the elastomeric 

isolation bearings acts as a mechanism that restricts the 

transmission of substantial earthquake forces from the 

piers to the superstructure. Conversely, the damping 

properties of these bearings play a crucial role in 

dissipating seismic energy, thereby effectively reducing 

the overall design displacement experienced by the 

bridge. 

 

2. Methedology 

 

This project employs a comprehensive methodology to 

investigate the effects of soil-structure interaction on the 

seismic response of bridges. Beginning with an in-depth 

literature review, the study establishes a foundation by 

examining existing theories and methodologies in this 

field. Clear objectives are then defined to address specific 

aspects, including the impact of different soil types, 

bridge configurations, and seismic loading conditions. 

Representative bridge models are carefully selected, 

encompassing various types, materials, and geometries to 

ensure the study's applicability to real-world scenarios. 

Soil characterization involves rigorous testing to 

determine key properties such as shear modulus and 

damping ratio, essential for accurate modeling. Advanced 

numerical simulations, utilizing finite element analysis 

software, are employed to model the selected bridges and 

simulate their behavior under seismic loading, with a 

particular emphasis on incorporating realistic soil-

structure interaction effects. Parametric studies explore 

the sensitivity of the system to variations in soil stiffness, 

foundation type, and bridge geometry. Complementing 

these simulations, scaled physical models of the bridges 

undergo experimental testing, providing validation and 

capturing insights that may elude numerical analyses 

alone. 

 

 

 

 

 

 

 

Time (sec) v/s acceleration graph 
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3.RESULTS AND DISCUSSION 

After performing time history analysis of bridge, seismic 

response of bridge is scrutinized and compiled results are 

presented in following 

 

             TABLE 3: Results of TIME PERIOD 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

  

In above Table  Significant increase in fundamental time 
period,acceleration and shear while decrease in the 
displacements is observed due to horizontal flexibility of 
elastomeric isolator and resultant change in seismic response is 
reduction in absolute acceleration of deck and base shear in pier 
values. 

 

 

3. CONCLUSIONS 

 
The investigation into the effects of soil-structure interaction 

on the seismic response of bridges has provided valuable 

insights into the dynamic behavior of these structures under 

earthquake loading. Through a combination of numerical 

simulations and experimental testing of scaled models, the 

project has shed light on the significance of considering soil-

structure interaction in seismic design. 

 

The results highlight the intricate relationship between the 

bridge and underlying soil conditions, emphasizing the need for 

accurate modeling in seismic analysis. The observed effects on 

structural response and performance underscore the importance 

of incorporating soil-structure interaction considerations in the 

design process. The findings contribute to advancing our 

understanding of bridge behavior during earthquakes and have 

implications for the development of more robust and reliable 

seismic design codes for bridges. 
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                                International Scientific Journal of Engineering and Management                                                 ISSN: 2583-6129 

                                  Volume: 02 Issue: 11 | November – 2023                                   DOI: 10.55041/ISJEM01316                                                     www.isjem.com     

                An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata 

 

© 2023, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                                 |        Page 4 

 

4.  Murat DICLELI , Jung -Yoon LEE and Mohamad 

Mansour,"IMPORTANCE OF SOIL-BRIDGE 

INTERACTION MODELING IN SEISMIC 

ANALYSIS OF SEISMIC-ISOLATED 

BRIDGES",13th World Conference on Earthquake 

Engineering Vancouver, B.C., Canada August 1-6, 2004 

Paper No. 3147 

5. Shinozuka, M., Kim, SH., Kushiyama, S. et al. Fragility 

curves of concrete bridges retrofitted by column 

jacketing. Earthq. Engin. Engin. Vib. 1, 195–205 (2002). 

https://doi.org/10.1007/s11803-002-0065-2 

6. Faisal Mehraj Wani,Jayaprakash Vemuri ,Chenna 

Rajaram ,Dushyanth V Babu R, Effect of Soil Structure 

Interaction on the Dynamic Response of Reinforced 

Concrete Structures, (NHRES 60)-2022 

7. Sopna S Nair, Dr. G Hemalatha, Dr. P Muthupriya, 

Vulnerability Assessment Using Fragility 

CurvesInternational Journal of Applied Engineering 

Research ISSN 0973-4562 Volume 12, Number 9 (2017) 

pp. Research ISSN 0973-4562 Volume 12, Number 9 

(2017) pp. 1867-1873 ©Research India Publications. 

http://www.ripublication.com 

8. Junwon Seo , Daniel G. Linzell, Horizontally curved 

steel    bridge seismic vulnerability assessment, 2011 

Elsevier 

9. C. C. SPYRAKOS &A. G. VLASSIS, EFFECT OF 

SOIL-STRUCTURE INTERACTION ON 

SEISMICALLY ISOLATED BRIDGES, Journal of 

Earthquake Engineering ,Volume 6, 2002 - Issue 3, 

https://doi.org/10.1080/13632460209350423 

10. Zhenyun Tang, Hua Ma, Jun Guo, and Zhenbao Li, Soil-

Structure Interaction on Seismic Performance of 

    Long-Span Bridge Tested by Dynamic 

Substructuring     Method, Hindawi,Shock and 

Vibration, Volume 2017,    

ArticleID4358081,12pages,https://doi.org/10.1155/201

7/4358081 

11. Hong-Liang Zhang, Determination of Allowable 

Differential Settlement between Bridge Abutment and 

Approach Embankment with Five-degree-of-freedom 

Vehicle Model ISSN 1997-1400 Int. J. Pavement Res. 

Technol. 3(6):311-319 

12. Shawn Parks, Mijia Yang, Sivapalan Gajan and Qiang 

Pei, Strength-based differential tolerable settlement 

limits of bridges,2017 

https://doi.org/10.1177/1369433217706779 

13. Stefanidou, S. P. , Sextos, A. G., Kotsoglou, A. N., 

Lesgidis, N., & Kappos, A. J. (2017). Soil-structure 

interaction effects in analysis of seismic fragility of 

bridges using an intensity-based ground motion selection 

procedure. Engineering Structures, 151, 366-380. 

https://doi.org/10.1016/j.engstruct.2017.08.033 

14. I.PoLam, H.Law, Soil Structure Interaction of Bridges 

for Seismic Analysis, MCEER-00-0008 | 09/25/2000 

15. Shehata Eldabie Abdel Raheem, Soil–structure 

interaction for seismic analysis and design of bridges, 

https://doi.org/10.1016/B978-0-12-823550-8.09991-1 , 

2022 Elsevier 

 

 

 

 

 

https://doi.org/10.1007/s11803-002-0065-2
http://www.ripublication.com/
https://doi.org/10.1080/13632460209350423
https://doi.org/10.1177/1369433217706779
https://doi.org/10.1016/j.engstruct.2017.08.033

