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Abstract 

Response spectrum analysis is a type of linear dynamic analysis. It is commonly used to analyze the behavior of 

a structure under seismic load. Engineers utilize this analysis process to estimate the factors such as forces, 

displacements, and moments corresponding to the maximum possible values during an earthquake. However, 

response spectrum functions differ for various zones, such as seismic force and soil. This study evaluates the 

seismic response under different soil conditions for Zone 2 in Bangladesh, following the Bangladesh National 

Building Code (BNBC-2020). Four types of soil considered for this analysis are SA (stiff rock), SB (stiff clay), 

SC (dense sand), and SD (dense soil), along with a high-rise structure. The process begins by creating the 

response spectrum function for the Maximum Considered Earthquake (MCE) level. This function is then scaled 

down to two-thirds to represent the Design Basis Earthquake (DBE) level. The response spectrum function is 

completed following the guidelines outlined in the BNBC code and defined using the Etabs software tools. After 

analyzing the results, the story displacement, drift, forces, and base reactions were evaluated in this paper. The 

maximum story displacement occurred in SD-type soil, while SA-type soil exhibited the minimum displacement. 

Similarly, story drift, forces, and base reactions were also highest in SD-type soil and lowest in SA-type soil. 

Conversely, SB and SC soil types demonstrated more significant drift, forces, and base reactions compared to 

SA-type soil but still lower than those of SD-type soil. 
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1. Introduction 

Seismic activity presents a significant threat to structural integrity in earthquake-prone regions, necessitating 

careful consideration in building design. Bangladesh, situated near the boundary of the Indian and Eurasian 

tectonic plates, is vulnerable to moderate to severe earthquakes, particularly in Zone 2 regions such as Dhaka and 

its surroundings. The Bangladesh National Building Code (BNBC-2020) has introduced response spectrum-

based methods to evaluate seismic loads more precisely, accounting for local geological and soil 

conditions.(BNBC, 2020) 

 

Response spectrum analysis is a linear dynamic method that estimates maximum structural responses—such as 

displacement, drift, and base shear—during seismic events. Unlike time-history or static analyses, this technique 

uses pre-defined spectral accelerations to represent earthquake energy, significantly simplifying the design 

process while maintaining accuracy.(Boore, 2003; Collins et al., 2021; Sei, 2017),(Zhang et al., 2003) One of the 

critical aspects influencing seismic response is soil type, as it can amplify or dampen seismic waves.(Kramer, 

1996),(McGuire, 2001) Hence, site-specific soil profiling is essential for ensuring accurate seismic load 

predictions and safe structural performance.(McGuire, 2001) 

 

Several studies have explored how varying soil types affect the seismic behavior of buildings.(Federal 

Emergency Managment Agency, 2016; Idriss, 1985; Mylonakis, 2000; SaThierbach et al., 2015; Seed & Idriss, 

1970) However, limited research has focused on high-rise structures in Zone 2 of Bangladesh under BNBC-2020 

guidelines. Research by Elnashai and Sarno (Scawthorn, 2005) highlights the importance of evaluating tall 

buildings using updated seismic codes and performance metrics. This study aims to fill that gap by analyzing a 

15-story building across four typical soil profiles—SA (stiff rock), SB (stiff clay), SC (dense sand), and SD 

(dense soil). Using ETABS software, the seismic responses were calculated based on the Design Basis 

Earthquake (DBE) level derived from the Maximum Considered Earthquake (MCE) spectrum.(ICC, 2018) 
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The outcome of this study provides insight into how different soil conditions influence story displacement, drift, 

story forces, and base reactions—essential parameters for performance-based seismic design.(ELNASHAI & 

SARNO, 2004) These findings can guide structural engineers, policymakers, and urban planners in optimizing 

seismic resilience in medium-risk zones such as Zone 2 in Bangladesh.(ELNASHAI & SARNO, 2004; ICC, 

2018) 

2. Materials and Methods 

A 146-foot-tall building was analyzed using ETABS version 16.2.1 software. The first floor is 6 feet high, and 

each of the following floors is 10 feet high. The structure has a regular shape (Figures 1 and 2). All columns and 

beams have the dimensions for the outside and inside corners. Table 1 provides structural modeling information, 

and Table 2 explains the dynamic (response spectrum analysis) parameters. The response spectrum function is 

developed according to the BNBC-2020 guidelines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

Figure 1. Plan view             Figure 2. 3D view 

 

Table 1. Dynamic Analysis Parameters 

 

Parameters   Remarks 

Concrete Strength f’c  4000 psi 

Steel Strength Fy 72500 psi 

Base Support  Fixed  

Floor Slab  5 inches 

Column dimension (first story) 21 X 24 inches 

Column dimension (Typical story) 21 X 21 inches 

Beam dimension (first story) 12 X 24 inches 

Beam dimension (Typical story) 12 X 21 inches  

Partition load 50 psf 

Floor Finish Load 25 psf 

Floor Live Load 100 psf 

Partition load 50 psf 

Floor Finish Load 25 psf 

Floor Live Load 100 psf 

 

Table 2. Dynamic Analysis Parameters 

 

 Parameters    Remarks 

Diaphragm  Rigid  

Accidental Diaphragm eccentricity  5% 

Mesh Option   Floor Auto Mesh (12) inches  

Soil Type   SA, SB, SC and SD 

Occupancy Category  I 

Zone co-efficient for zone 2 0.20g 

Importance factor: I  1.25 

Response modification factor, R 5 

 

 

2.1. The guideline design response spectrum function as per BNBC-2020 (section-2.5.4.3): 
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The design response spectrum represents the earthquake ground motion for which the building has to be 

designed. This spectrum represents the spectral acceleration for which the building has to be developed as a 

function of the building period. The spectrum is based on elastic analysis, but to account for energy dissipation 

due to inelastic deformation and benefits of structural redundancy, the spectral accelerations are reduced by the 

response modification factor R. For essential structures, the spectral accelerations are increased by the 

importance factor I. The design basis earthquake (DBE) ground motion is selected at a ground-shaking level 2/3 

of the maximum considered earthquake (MCE) ground motion. The effect of local soil conditions on the 

response spectrum is incorporated in the normalized acceleration response spectrum Cs, as per the BNBC-2020 

code, a widely accepted standard in the industry. The following equation gives the spectral acceleration for the 

design earthquake. 

Sa=  

Where 

Z=Seismic zone coefficient 

I = structure importance factor 

R= response modification factor 

Cs= Normalized acceleration response spectrum, which is a function as defined by Equations 6.2.35a to 6.2.35d 

Cs= S(1+             for 0               (6.2.35a) 

Cs=2.5Sη                                      for TB  T  TC           (6.2.35b) 

Cs=2.5Sη                                for TC  T  TD            (6.2.35c) 

Cs=2.5Sη                            for TD  T  4 Sec        (6.2.35d) 

S = Soil factor, which depends on the on-site class and is given in Table 6.2.16 

T = Structure (building) period as defined in Sec 2.5.7.2  

TB =Lower limit of the period of the constant spectral acceleration branch given in Table 6.2.16  

Tc = Upper limit of the period of the constant spectral acceleration branch given in Table 6.2.16  

Td = Lower limit of the period of the constant spectral displacement branch given in Table 6.2.16  

η = Damping correction factor as a damping function with a reference value of η51 for 5% viscous damping. The 

following expression gives it: 

η=  

Where ξ is the structure's viscous damping ratio, expressed as a percentage of critical damping, the value of η 

cannot be smaller than 0.55. 

 

Table 3. Site Dependent Soil Factor and Other Parameters Defining Elastic Response Spectrum Soil 

 

Soil Type S TB(s) Tc(s) TD (s) 

SA 1 0.15 0.40 2.0 

SB 1.2 0.15 0.50 2.0 

SC 1.15 0.20 0.60 2.0 

SD 1.35 0.20 0.80 2.0 

SE 1.4 0.15 0.50 2.0 

 

2.2. Development of Response spectrum function according to BNBC-2020. 

The calculation proceeds with equation (6.2.35a), all the technical data, as shown from the formula (6.2.35d). 

First, the initial period is set at 0-time units, and all subsequent intervals each increase by a time unit of 0.05 

seconds up to Period 4. The normalized response spectrum is derived from the formula (6.2.3.5a) to (6.2.3.5d). 

For the soil factor (S), refer to Table 6.2.16 as per the BNBC code, from which extract the lower limit for the 

period spectral acceleration (TB), the upper limit for the period (Tc), and the lower limit for the constant spectral 

displacement (TD).  Normalized acceleration is referred to as the Maximum Considered Earthquake Level, based 

on guidelines that dictate using two-thirds of this value to determine the Design Basis Earthquake. The response 

spectrum function is illustrated in Figure 1, which is generated after completing all necessary calculations. This 

response spectrum function should be input into ETABS software to analyze soil conditions. 
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Figure 3. Response Spectrum Function 

 

3. Result and Discussion 

 

3.1. Story max displacement 

The maximum displacement of each story is shown for each type of soil condition. For the four types of soil 

conditions, the maximum displacement is observed in SD-type soil conditions and is lowest in SA-type soil 

conditions compared to SB, SC, and SD-type soil conditions. On the other hand, the maximum displacement 

occurred in story 15 with 2.315 inches, while the lowest displacement was exhibited in story 1 with 0.032 inches 

for the SD-type of soil. Figure 1 shows 

 

 
 

Figure 4. Story Max Displacement 

 

3.1.1. Story max drift  

The maximum story drift values in the X and Y directions for 15 stories are based on different soil conditions 

(SA, SB, SC, SD). The story drift, which reflects how far laterally adjacent stories are moving out of position, 

increases with height. SD: This case presents the most enormous drifts, compared to other soil conditions, with a 

maximum value of 0.216027 (X direction) at Story-4. In contrast, Scenario SA exhibits the lowest drifts with a 

maximum value of 0.081476 (X-direction) at Story 3. According to these results, lateral displacements are 

magnified more in severe seismic conditions of the structure. 
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Figure 5. Story Max Drifts 

3.1.2. Story forces 

Figure 2 shows the story force for each type of soil condition. Story 1 recorded the maximum value of story force 

(x and y direction) for the SD soil condition compared to a different soil condition. Story 15 recorded the lowest 

value of story forces compared to another type of soil. 

 

Figure 6. Story Forces 

3.1.3 Base shear 

Figure 4 displays the base reaction (x and y direction) for each type of soil condition. The base reaction was 

found in 749.56 and 783.003 kips of x and y direction for the SD type of soil condition, which is the most 

significant value of the base reaction compared to other soil conditions. On the other hand, the lowest value of 

base reaction is SA-type soil conditions, which are 249.42 and 309.002 kips. However, the base reaction is SB, 

and SC soil types are more valuable than SA-type soil conditions.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Base Reaction at X and Y direction 
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4. Conclusion 

 

The findings from this study are very important in the context of the seismic performance of high-rise structures 

for Zone 2, Bangladesh as impacts of soil conditions on them are examined. The research includes four 

categories of soil-SA (endurance), SB (stiff clay), SC (dense sand) and Sd (dense soil)—but giving light on how 

the characteristics of work bellow a structure are basic to its seismic behavior. 

Structures on SD-type soil are shown to be less desirable due to the higher displacements, drifts, and base shear 

forces from the softer soil is indicated in the results. Conversely, the SA type of soil has the least structural stress 

because it is the hardest and most dependable base. The data from also supported the argument that soil type 

which is based on non-building damage at depth, cannot be ignored in seismic design. 
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