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Abstract 

From recent seismic hazard analyses, Bangladesh is considered an earthquake-prone area where selecting the 

suitable foundation systems is crucial for assessing structural responses. This study aims to identify the most 

probable support conditions that align with soil-structure interaction (SSI) responses and enhance real estate 

development in Bangladesh. Three-dimensional RC buildings of varying heights (3, 6, and 10-storied) are 

considered as multi-degree of freedom systems, designed in compliance with the Bangladesh National Building 

Code (BNBC) 2020, and results based on linear time history analyses are examined. The modeling for each 

distinctive heights is carried out on CSI SAP2000 for finite element analyses incorporating varying support 

conditions—fixed base, pinned base, and spring to compare their responses with 3D soil model for the capital 

Dhaka. The linear direct integration method is used to assess structural responses under standard ground 

acceleration data of the Kobe earthquake in Japan (1995). The responses of different building heights vary based 

on support conditions and indicate their suitability in considering SSI behavior. For shorter structures (3-storied), 

deflection in the pinned base model closely deviates from SSI, compared to spring and fixed base models. In 

contrast, the spring-supported model for the 6-storied building closely matches SSI behavior, acting as an 

intermediate response between pinned and fixed base models. For taller structures (10-storied), both spring and 

fixed base support exhibit behavior similar to the 3D soil model under seismic excitation. This study clarifies 

support condition assumptions, removes the need for complex soil modeling, and guides infrastructure 

development in Bangladesh. 

 

Keywords: Soil-structure interaction; Support conditions; multi-degree of freedom systems; Seismic excitation; 

Time history analyses 
 

1 Introduction 

 

In Bangladesh, structural designers conventionally assume fixed bases to simplify building design rather than 

incorporating soil modeling for the foundation. In reality, this approach is unsuitable since foundations aren't fully 

rigid, and foundation allows notable rotation and deflection depending on site specific soil [1]. Rapid real estate 

growth in Dhaka city often neglects 3D soil modeling due to its complexity, making it challenging to determine 

optimal support conditions. Structural responses vary with building height and support conditions, so evaluating 

behavior under seismic events helps identify the most suitable support, as foundations can undergo settlement, 

rotation, and deformation during seismic events [2]. The earthquake records were introduced to investigate the 

site-specific seismic responses of structures under Soil-Structure Interaction (SSI) and foundation rotation demand 

[3]. constant stiffness and damping values for foundations are misleading because the true dynamic response is 

frequency-dependent, especially on flexible or layered soil [4]. A refined numerical model in OpenSees, 

incorporating SSI effects into fragility analysis for reinforced concrete (RC) structures. Their study demonstrated 

that even simplified models when calibrated correctly, can provide computationally efficient yet accurate 

predictions of seismic vulnerability [5]. To assess the structural responses, a mat foundation was used in addressing 

the SSI effects for a major seismic zone in India [6]. 

 

The objective of this research is to add a new dimension to structural engineering research, for which several pieces 

of literature have been studied to recognize the existing study gap, which are outlined above. The paper presents 

the suitability of various supports in the base, which have almost similar responses to the 3D soil-structure 

interaction model for the distinctive heights of the structures. 

 

The data used for the methodological approach in this research were collected from cited literature and motivated 

to do this research. 
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2. Methodology 

 

2.1 Structural and Material Properties 

The structures under study are all assumed to be Reinforced Concrete buildings. Three-dimensional 3, 6, and 10-

storied building models are analyzed in this research. The typical floor plan of the structural model is shown in 

Figure 1. As shown in the floor plan, the structures used for analyses in this research have four bays in the long 

direction (of lengths 5, 4, and 5 m) and two bays in the short direction (5 m each bay). The height of each story is 

3 m, which is uniform for all the buildings. The column sizes are 35  35 cm and 40  40 cm for the entire height 

of the 3 and 6-storied buildings.  For the 10-storied building, 45  45 cm columns are provided along the height of 

the building structure. The beam size is considered to be 30 × 30 cm. The three-dimensional model for soil-structure 

interaction and spring base model for 10-storied building are illustrated in Figure 3, from Section 3. Also 3, and 6-

storied building are modeled as similar as 10 storied models. Assuming the ultimate compressive strength of 

concrete fc = 21 MPa, the tensile strength of concrete ft = 2.5 MPa, yield strength of steel fy = 280 MPa, 

and elasticity modulus of steel Es = 200,000 MPa. 

  

 
 

Figure 1. Typical floor plan of 3, 6, and 10-storied frames was used in the analyses. 

2.2 Support conditions for RC buildings 

This research investigates the structural responses of varying heights (3, 6, and 10 stories) using linear dynamic 

analyses in CSI SAP2000 for which models are primarily designed compliant with the Bangladesh National 

Building Code (BNBC) 2020, using the response spectrum provided for capital Dhaka. Each structural model of 

distinctive height undergoes linear dynamic analyses under four different support conditions: 3D soil model, 

spring, pinned, and fixed-based systems. Ground acceleration data from the Kobe earthquake for 40.96 seconds as 

shown in Figure 2 was utilized to assess structural behavior using the linear direct integration method. 

 

The spring support is assigned to the base of building structures which comprises the properties of soil and shows 

the closely equivalent responses of SSI models as the stiffness of displacement and rotation of the spring were 

calculated from the properties of soil. To calculate the stiffness of spring the shear wave velocity was found Vs=214 

m/s, based on the average standard penetration test value and the shear modulus was found G= 87910 𝑘𝑁/𝑚2. 

The horizontal, vertical, and rotational stiffnesses of the spring were calculated from the formulas illustrated as 

follows: 

𝐾ℎ =
8𝐺𝑠𝑅

2−𝜈
 (1) 

𝐾𝑣 =
4𝐺𝑠𝑅

1−𝜈
 (2) 

𝐾𝜃 =
8𝐺𝑠𝑅

3−3𝜈
 (3) 

The poison’s ratio (𝜈) was considered as 0.25 and 𝑅 represent the radius of circular footing that is subjected to 

loads and footing size varied depending on exerted load through columns and varying heights of structures. The 

total soil model comprises four segments, each measuring 5m thick, resulting in a total thickness of 20m. The 

properties of each segment are the same; the only difference is the phi angle (28.40, 29.30, 31.90, and 33.10 

respectively). All the data were obtained from a single borehole from, Bashundhara R/A, Dhaka, Bangladesh. The 

unit weight of the soil was recorded as 20 kN/m³, and the Poisson's ratio was 0.25. The soil model utilized non-

linear data for stress versus strain. The live load is assumed to be 2 𝑘𝑁/𝑚2 with the load from the fixed partition 

wall considered as 6.4 𝑘𝑁/𝑚 acting on each floor, the load from the parapet wall is considered as 2.9 𝑘𝑁/𝑚. 

The load exerted due to the application of random wall and floor finish is considered as 1.2 𝑘𝑁/𝑚² and 1 𝑘𝑁/𝑚² 

respectively. 
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Figure 2. Original Kobe earthquake for 40.96 sec. 

3. Three-Dimensional Model 

 

 
 

Figure 3. 3D view in CSI SAP2000; (A) SSI, (B) Spring supported. 

 

 

4. Results from Linear Dynamic Analyses and Discussions 

 

The following graphs illustrate the numerical results for 5 seconds to 20 seconds of the Kobe earthquake 

considering the region of maximum seismic energy which addresses peak responses of structures for varying 

support conditions of distinguished height of building structures. These graphs demonstrate the top displacement 

over time that addresses linear direct integration method (Newmark beta). For a 3-storied building, the structural 

displacement of the soil structure interaction model follows comparatively close responses which is found here for 

pinned-supported model though there is a noticeable difference in peak responses as shown in Figure 4, indicating 

the displacement is higher compared to fixed and spring-supported models. For the 6-storied buildings spring-

based support conditions aligned best with the SSI model, showing closed structural displacements under the Kobe 

earthquake though the displacement for spring support is slightly deviated from Fixed fixed-based conditions as 

shown in Figure 5.The graph for the 10-storied building indicates that the SSI model experienced higher rigidity 

which caused lower structural displacements compared to pinned-based support conditions as it addressed the 

properties and damping of the soil. The displacements for spring and fixed-based structures follow almost similar 

paths under the Kobe earthquake and are closely matched with the displacements of the SSI model as illustrated 

in Figure 6. 
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Figure 4. Time history responses for Kobe earthquake (3-storied structure). 

 

 

Figure 5. Time history responses for Kobe earthquake (6-storied structure). 

 

 

Figure 6. Time history responses for Kobe earthquake (10-storied structure). 
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Figure 7. Maximum rotation of structures (3, 6, and 10-storied) for varying support conditions. 

 

The maximum rotation at support with respect to the Kobe earthquake was also assessed for each distinctive heights 

for various support conditions as illustrated in Figure 7, which demonstrates the rotation for pinned-based support 

was found higher compared to the soil-structure interaction model in the case of a 3-storied building. As the height 

increases, the rotations at support are increased due to the assumed pinned-based support condition, while the 

rotations of SSI models were found to be very close to spring and fixed-based models. 

 

 

3. Conclusions 

 

The study is an attempt to find the most suitable scenario for assuming support conditions under earthquakes for 

varying heights of building structures, addressing the ongoing real estate development in Bangladesh. Due to the 

hesitation of assuming support conditions this study was conducted which provides the most suited support 

conditions for which 3, 6, and 10-storied buildings were taken into consideration in this study. The study 

demonstrates the displacements for shorter structures with standard SSI were found close to pinned-supported 

structures despite it's found a significant deviation in maximum rotation at support. However, for a 6-storied 

building, assuming spring-based support could be a better assumption as its displacement is closely matched with 

the SSI model as well as rotations are quite negligible in both cases. The displacement for Kobe earthquake for 

taller structures (10-storied) with SSI was found closed with both spring and fixed-based support conditions. This 

is the key strength of this study as it demonstrates the suitability of use in support except for complex soil modeling 

and in the case of simplified structural analyses. This study could be beneficial and contribute by adding a new 

dimension to both research and practical structural solutions.  

However, this study only presents the linear dynamic behavior, and mat foundations were used in soil-structure 

interaction models which could be the limitations of this paper. Further research should explore the nonlinear 

dynamic behavior of the structures with a single-footing foundation system to have more exact scenarios. Besides, 

assumed soil depth for the structures could show notable deviation in results of this study.  
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