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Abstract 

Seismic performance evaluation of high-rise buildings plays a crucial role in maintaining structural safety within earthquake-

prone regions. The growing frequency and intensity of seismic activities worldwide require innovative approaches to structural 

design that focus on resilience, creating sustainable solutions and safety assurance. The conventional force-based methods fail 

to properly capture nonlinear structural behaviors. On the other hand, energy-based seismic analysis provides a better 

understanding of how seismic energy get absorbed and distributed within buildings that is to say, the pathways through which 

earthquake energy flows. This study analyzes the behavior of a 10-story reinforced concrete (RC) building using pushover 

analysis (POA) and response spectrum analysis (RSA) in ETABS, following the Bangladesh National Building Code (BNBC 

2020). The building is modeled with typical gravity and lateral load-resisting systems, considering BNBC seismic code 

specifications. The POA provides insights into the nonlinear performance of the structure, identifying hinge locations and 

performance levels under increasing lateral loads. Meanwhile, RSA assesses building responses to seismic motions through 

vibration pattern studies. A comparative evaluation of base shear, story displacement and drift ratios is conducted to determine 

whether the structure meets BNBC safety limits. Results suggest that while response spectrum analysis is effective for 

preliminary design, pushover analysis offers deeper insight into potential failure mechanisms. This study emphasizes the 

significance of integrating both static and dynamic approaches for a comprehensive seismic evaluation of high-rise buildings. 
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1. Introduction 

Earthquakes are the sudden release of energy in the crust of 

the earth as a result of the movement of tectonic plates. The 

release of energy results in seismic waves, leading to ground 

shaking. The magnitude of an earthquake can be affected by 

the different factors such as the magnitude, the depth and the 

geological conditions. Past earthquakes have shown that 

earthquakes can lead to devastating effects to buildings and 

infrastructure, severe economic losses and significant human 

casualties especially in congested urban areas. As a result of 

rapid urbanization and limited land availability, multistorey 

reinforced concrete (RC) buildings have become the predom-

inant structural form in modern cities [1]. Multistory buildings 

reinforced with concrete are particularly vulnerable to seismic 

activities because of their high height, uneven mass distribu-

tion and high lateral flexibility. The rapid urbanization, partic-

ularly in developing countries, has led to an increase in the 

http://www.sciencepg.com/journal/ajce
http://www.sciencepg.com/journal/229/archive/2291401
http://www.sciencepg.com/
https://orcid.org/0009-0002-4007-8171
https://orcid.org/0009-0007-1711-8354
https://orcid.org/0009-0006-2425-7064
https://orcid.org/0009-0000-2383-0304
http://www.sciencepg.com


American Journal of Civil Engineering http://www.sciencepg.com/journal/ajce 

 

21 

construction of medium and high-rise buildings which has fur-

ther increased the demand for reliable seismic analysis and de-

sign methods. Seismic analysis, therefore, is an important el-

ement to define structural response to earthquake loading and 

to ensure that designs are safe, serviceable and economical to 

construct within seismic environments [2]. The safety and us-

ability of buildings during earthquakes depend on their ability 

to undergo inelastic deformation and dissipate energy without 

collapse. Strong seismic motions cause significant nonlinear 

behavior, making purely elastic analysis methods inadequate. 

As a result, ductility and energy dissipation are key factors in 

seismic design. Engineers use various analytical techniques, 

including finite element modeling and seismic analysis meth-

ods such as dynamic time-history, equivalent static, response 

spectrum and pushover analyses, to assess structural resilience. 

Since result accuracy depends strongly on the chosen method-

ology and software, these approaches are often compared to 

determine the most appropriate method for a given structure 

[3]. Choosing appropriate methods requires evaluating factors 

like building height, structural rigidity and seismic zone clas-

sification [4]. Methods such as Pushover Analysis (POA) and 

Response Spectrum Analysis (RSA) are widely used to eval-

uate the seismic performance of reinforced concrete (RC) 

buildings, helping engineers identify weaknesses and improve 

designs. Pushover Analysis helps evaluate how structures be-

have when major earthquakes occur, while response spectrum 

analysis evaluates the dynamic characteristics and elastic seis-

mic demand of structures [5, 6]. POA is particularly effective 

in assessing seismic risk in masonry and irregular or asym-

metric buildings, as it captures post-elastic behavior, force re-

distribution and failure mechanisms that cannot be identified 

using linear elastic analysis methods [7]. Unlike linear analy-

sis methods, Pushover Analysis explicitly considers material 

nonlinearity and stiffness degradation in reinforced concrete 

structures subjected to strong earthquakes. In this method, a 

predefined lateral load pattern is incrementally applied until a 

target displacement or collapse mechanism is reached. A key 

advantage of POA is its ability to capture the progressive for-

mation of plastic hinges in beams, columns and shear walls, 

allowing identification of critical regions where seismic dam-

age is likely to initiate and propagate [8]. Despite its ad-

vantages, the accuracy of POA is highly dependent on model-

ing assumptions, particularly the chosen lateral load distribu-

tion and higher vibration modes. Conventional POA is typi-

cally dominated by the first vibration mode, which can limit 

its reliability for taller buildings where higher mode effects 

become significant [9]. RSA is a widely used linear dynamic 

method for seismic design and assessment of multistory build-

ings. It estimates peak structural response by accounting for 

the structure’s dynamic properties and combining modal re-

sponses using seismic codes. It is particularly effective in 

evaluating elastic seismic demand parameters such as base 

shear, story displacement, story drift and member forces and 

is therefore commonly required for mid- and high-rise build-

ings in modern seismic design standards [10]. In RSA, struc-

tural response is determined through modal superposition by 

combining contributions from multiple vibration modes. Re-

search emphasizes that adequate modal participation is essen-

tial to achieve accurate results, particularly for taller buildings 

where higher-mode effects significantly influence response. 

ETABS-based studies show that including a sufficient number 

of modes to achieve near-complete mass participation is criti-

cal for reliable prediction of displacement and drift, as ne-

glecting higher modes may underestimate seismic demand, es-

pecially at upper stories [11]. Building height and higher-

mode effects further distinguish the two methods. RSA inher-

ently incorporates higher-mode contributions through modal 

superposition, making it well suited for mid and high-rise 

buildings. In contrast, POA is typically dominated by the first 

mode and may not accurately capture higher-mode effects un-

less advanced multimodal procedures are employed, a limita-

tion that becomes more pronounced as building height in-

creases [12, 13]. Comparative ETABS-based studies show 

that RSA generally predicts lower story displacements and 

drift values as it reflects elastic behavior, whereas POA cap-

tures post-yield deformation. Studies on multistory RC build-

ings further indicates that base shear and displacement de-

mand increase when nonlinear effects are considered in POA, 

highlighting the difference between elastic demand estimation 

and inelastic capacity evaluation [14]. From a computational 

perspective, RSA is more efficient and less time-consuming 

than POA as it requires fewer assumptions related to nonlinear 

behavior and is therefore widely used for routine design of 

multistory buildings. POA, although simpler than nonlinear 

time-history analysis, requires careful definition of hinge 

properties, load patterns and target displacement, making it 

more sensitive to modeling assumptions. Studies have shown 

that variations in lateral load distribution in POA can signifi-

cantly in-fluence predicted capacity and displacement [15]. 

The seismic vulnerability of residential buildings in Bangla-

desh is an increasing concern, particularly in seismically ac-

tive regions. Many existing structures exhibit significant 

weaknesses, highlighting the need for improved design stand-

ards and risk management strategies. For high-rise buildings, 

dynamic analysis methods are essential to ensure seismic 

safety and the growing risk of strong earthquakes further un-

derscores the need for advanced seismic assessment ap-

proaches to enhance structural resilience and preparedness [16, 

17]. As earthquake-prone regions continue to experience pop-

ulation growth and infrastructure development, focus intensi-

fies on performance-based engineering approaches to enhance 

structural safety and reduce seismic risk. This study aims to 

employ ETABS to conduct a seismic analysis using both 

Pushover Analysis and Response Spectrum Analysis to com-

pare structural performance, energy dissipation capacity and 

overall resilience. By evaluating these methods, the research 

aims to identify which approach predicts actual building be-

havior during earthquakes, thereby supporting more effective 

seismic design practices. 
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1.1. Objectives of the Study 

1) To evaluate the seismic performance of a RC building 

using two different analytical approaches and understand 

how these methods represent the structural behavior un-

der earthquake load. 

2) To identify weak zones in the structure that could com-

promise its safety during an earthquake. 

1.2. Limitations 

While numerous studies have explored seismic perfor-

mance evaluation using various analytical methods, several 

key limitations have been identified. The global studies do not 

incorporate local building codes such as BNBC 2020, which 

affects the regional relevance of their results. This creates a 

gap in the application of findings to countries like Bangladesh, 

where local soil conditions and seismic zones vary signifi-

cantly. Despite growing awareness of seismic risks in Bangla-

desh, particularly in the western regions of the country, there 

remains a significant lack of detailed research focused on cit-

ies like Rajshahi, which lies within Seismic Zone I as per 

BNBC 2020. 12 Most existing seismic performance studies in 

Bangladesh either focus on Dhaka or Sylhet. Rajshahi, though 

moderately active seismically, has very less detailed studies 

evaluating how structures would perform under local seismic 

loading conditions. Most available research in the region re-

lies on linear static or dynamic methods, with little application 

of nonlinear analysis techniques like Pushover Analysis, 

which better reflect real structural performance during strong 

earthquakes [18-21]. This study aims to fill these gaps by an-

alyzing a 10-story RC building using both POA and RSA in 

ETABS, guided by the seismic provisions of BNBC 2020. 

 

2. Materials and Methods 

For performance evaluation, Rajshahi was selected as the 

study location and the seismic demand for the site was deter-

mined in accordance with the BNBC-2020 guidelines. The 

structural performance of a ten-story building with an approx-

imate height of 100 feet was assessed. This height category 

was intentionally chosen, as buildings of similar height are 

now widely prevalent in Rajshahi city. 

The study proposes to adopt the methodology outlined in 

Figure 1. 

 
Figure 1. Chart of Methodology. 

2.1. Creating a Model 

The structure was designed using AutoCAD 2025 and 

structural analysis was carried out using ETABS 19. The plan 

layout is presented in Figure 2. 

 
Figure 2. Layout of plan. 
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2.2. Materials 

The structural model of the 10-story RC building is devel-

oped in ETABS, incorporating material properties, section 

properties and boundary conditions: 

Concrete and reinforcing steel were used as the primary 

construction materials. The concrete grades and reinforcement 

properties employed in the analytical models are summarized 

through defined material parameters, including unit weight, 

modulus of elasticity and strength grade. 

Concrete properties, such as, compressive strength of 4000 

psi and 3500 psi was considered, both having a unit weight of 

150 lb/ft³. The corresponding moduli of elasticity were taken 

as 3,604,997 psi for 4000 psi concrete and 3,372,166 psi for 

3500 psi concrete. Reinforcing steel with a yield strength of 

60,000 psi was used, having a unit weight of 490 lb/ft³ and a 

modulus of elasticity of 29,000,000 psi. 

The frame elements were modeled using rectangular rein-

forced concrete sections. Beams of sizes 12 in × 24 in, 15 in × 

24 in and 18 in × 24 in were assigned concrete with a com-

pressive strength of 3500 psi. Columns of sizes 12 in × 24 in 

and 18 in × 24 in were modeled using higher-strength concrete 

with a compressive strength of 4000 psi. 

Shell elements were defined to represent slabs and shear 

walls. A 6-inch-thick slab and a 9-inch-thick waist slab were 

modeled as membrane-type slab elements using 3500 psi con-

crete. Shear walls associated with the lift core were modeled 

as 12-inch-thick shell-thin wall elements using 4000 psi con-

crete. 

All material and section properties were implemented in 

ETABS to ensure realistic stiffness, mass distribution and 

force transfer characteristics for accurate seismic performance 

assessment. 

Table 1. Material properties, section characteristics and their contribution to stiffness and mass distribution. 

Component 
Element 

Type 

Section/ 

Thickness 

Concrete 

Strength (psi) 

Unit 

Weight 

(lb/ft³) 

Modulus of 

Elasticity (psi) 

Role in Stiffness & Mass Distribu-

tion 

Concrete 

(Grade 1) 
Material - 4000 150 3,604,997 

Provides higher stiffness for primary 

vertical and lateral load-resisting 

members 

Concrete 

(Grade 2) 
Material - 3500 150 3,372,166 

Used for beams and slabs contributing 

to gravity load and floor mass 

Reinforcing 

Steel 
Material - Fy = 60000 490 29,000,000 

Provides tensile strength and ductility 

for seismic energy dissipation 

Beam (Type 

B1) 

Frame 

element 
12 in × 24 in 3500 150 3,372,166 

Contributes to flexural stiffness and 

floor mass distribution 

Beam (Type 

B2) 

Frame 

element 
15 in × 24 in 3500 150 3,372,166 

Enhances lateral stiffness and load 

transfer between columns 

Beam (Type 

B3) 

Frame 

element 
18 in × 24 in 3500 150 3,372,166 

Increases stiffness in higher demand 

regions 

Column 

(Type C1) 

Frame 

element 
12 in × 24 in 4000 150 3,604,997 

Primary vertical load-carrying and lat-

eral stiffness component 

Column 

(Type C2) 

Frame 

element 
18 in × 24 in 4000 150 3,604,997 

Major contributor to global stiffness 

and seismic resistance 

Floor Slab 

Shell 

(Mem-

brane) 

6 in thick 3500 150 3,372,166 
Distributes mass uniformly at each 

floor and acts as diaphragm 

Waist Slab 

Shell 

(Mem-

brane) 

9 in thick 3500 150 3,372,166 
Adds localized mass and stiffness in 

stair and lift regions 

Shear Wall 
Shell-

thin 
12 in thick 4000 150 3,604,997 

Dominant lateral load-resisting system 

controlling drift and stiffness 

Boundary 

Condition 
Support Fixed at base - - - 

Ensures realistic transfer of seismic 

forces to foundation 
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Table 1 summarizes the material properties, cross-sectional 

dimensions and element types adopted in the structural model, 

along with their respective roles in governing global stiffness 

and mass distribution. 

2.3. Defining Static Load Cases 

In this step, pushover load cases are defined to represent the 

increasing structural response subjected to lateral loads that 

simulates the effect of seismic loading. Nonlinear pushover 

analysis is performed to evaluate how the structure behaves 

when subjected to gradually increasing lateral forces until it 

reaches a predefined performance limit or a target displace-

ment. This approach is essential for assessing the seismic re-

sponse of the structure, as it allows the evaluation of structural 

capacity and deformation characteristics under earthquake-in-

duced forces. The analysis applies lateral loads incrementally 

through a series of pushover load cases, enabling observation 

of the structural behavior as it transitions from elastic to ine-

lastic response. For comprehensive assessment, pushover load 

cases are defined in both principal horizontal directions, 

namely the X and Y directions, typically denoted as PA-X and 

PA-Y. 

1) Pushover Load Cases in X-direction: Lateral forces are 

applied along the X-axis, simulating an earthquake act-

ing horizontally along the building’s length. The distri-

bution of forces follows modal load pattern. Hinges are 

formed in beams, columns and shear walls, particularly 

in structural elements aligned along the X-direction. 

Base shear and roof displacement in the X-direction are 

recorded to generate the pushover curve (Base Shear vs. 

Displacement in X-direction). The performance levels of 

the structure are evaluated based on plastic hinge for-

mation and displacement capacity. 

2) Pushover Load Cases in Y-direction: Lateral forces are 

applied along the Y-axis, simulating an earthquake act-

ing horizontally along the building’s width. The same 

force distribution pattern is used as in the X-direction 

analysis. Hinges develop in structural members oriented 

along the Y-direction, with special focus on shear walls 

and frame elements resisting lateral forces in this direc-

tion. A separate pushover curve (Base Shear vs. Dis-

placement in Y-direction) is generated to evaluate the 

structural performance under lateral loads along the Y-

axis. 

Table 2. Modal load pattern definition for static pushover analysis. 

Pushover Case Direction Load Pattern Type Source Mode Control DOF 

PA-X X Modal Mode 1 UX 

PA-Y Y Modal Mode 1 UY 

 

Table 2 represents pushover load cases defined for the non-

linear analysis. The pushover loads are derived from the first 

translational vibration mode. Separate load cases are applied 

in the X and Y directions to capture directional seismic behav-

ior. The roof-level translational displacement (UX or UY) is 

selected as the control degree of freedom to monitor structural 

response and generate base shear–displacement capacity 

curves. 

2.4. Defining Hinge Properties 

Hinge properties are crucial in simulating the nonlinear be-

havior of structural elements during seismic loading. Hinges 

are assigned in both columns and beams at 0.1L and 0.9L of 

their length, where L is the total column length. The P-M2-

M3 and M3 hinge property are used to define the degrees of 

freedom, incorporating axial force (P) and bending moments 

(M2, M3) along two orthogonal axes. Columns are assigned 

P–M2–M3 hinges to capture axial load and biaxial bending 

interaction, while beams are modeled with M3 moment hinges 

to represent flexural yielding. This modeling strategy aligns 

with FEMA 356 recommendations and is commonly used in 

nonlinear procedures in ETABS. Assigning hinge properties 

based on performance criteria enables realistic simulation of 

plastic hinge formation and damage progression during push-

over analysis [5, 22, 23]. 

2.5. Assigning Hinge Properties to Frame and 

Wall Objects 

Hinge properties are assigned accurately to the structural 

members at critical points, such as beam ends, mid-span of 

columns and critical shear wall locations in Non-Linear Push-

over Analysis using ETABS to capture inelastic deformations 

and failure modes. Hinges are assigned at the ends of frame 

elements, where plastic behavior is most likely to occur. This 

ensures a realistic representation of structural damage pro-

gression under seismic loading. 
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2.6. Running the Pushover Analysis 

The static nonlinear pushover analysis is executed by 

selecting the defined pushover load cases in Set Load Cases 

to Run from ETABS. But before beginning, the nonlinear load 

cases must be defined. After running, ETABS incrementally 

applies lateral forces until the structure reaches failure or 

target displacement. 

Figure 3 represents a pushover curve, which shows the 

relationship between base shear (y-axis) and roof 

displacement (x-axis) under increasing lateral loads. Key 

components of the curve are: 

1) Elastic Response Spectrum (Black Curve): It represents 

the elastic response of the structure if it remained within 

the linear range without yielding. This curve is often 

used in seismic design to estimate the maximum force 

demand. 

2) Actual Response (Red Curve): It represents the real be-

havior of the structure as it undergoes inelastic defor-

mations during a pushover analysis. It represents yield-

ing and plastic hinge formation in the structural elements. 

3) Idealized Response (Blue Curve): This idealized curve 

helps in determining key structural properties such as 

yield strength, ultimate strength and displacement limits. 

Initially, the structure follows the elastic range. As load 

increases, the structure yields and enters the plastic range, 

where plastic hinges form at critical points. The final phase 

occurs as the applied load is increased further, additional 

plastic hinges form. When the strength of the structure is 

surpassed, failure mechanisms will develop in the structure 

that typically leads to the collapse or large deformations of the 

structure. 

 
Figure 3. Typical diagram of Pushover Analysis. 

Figure 4 represents a force-deformation relationship for a 

structural element, typically used in pushover analysis to 

define hinge properties. Here's a breakdown of the key 

components: 

1) Elastic Range (A to B): The structure behaves elastically, 

meaning it will return to its original shape if the load is 

removed. Point B represents the yielding point, where 

inelastic behavior begins. 

2) B to C (Plastic Region): The structure undergoes 

inelastic deformations but still carries load. Here 

a) IO (Immediate Occupancy): Slight deformation, but 

the structure remains fully functional. 

b) LS (Life Safety): Significant damage, but the structure 

does not collapse, repairable. 

c) CP (Collapse Prevention): Severe damage, structure is 

near failure but still standing. 

3) C to D (Strength Degradation): At Point C, the structure 

reaches ultimate strength. After this, the structure loses 

strength, indicating failure progression. 

4) D to E (Complete Failure): At point D, structure is 

unable to resist further forces as they loss more strength. 

Then at point E, total failure occurs; the structure can no 

longer carry load. 

Numerous pushover analysis studies using ETABS adopt 

these performance criteria to evaluate hinge states, capacity 

curves and expected damage patterns in multistorey RC 

buildings [12, 14, 23]. 

The performance levels (IO, LS, CP) help in defining 

acceptable damage limits during an earthquake. This graph is 

a crucial tool in performance-based seismic design, ensuring 

buildings can withstand earthquakes while minimizing 

damage and risk to occupants. 

 
Figure 4. Different phases of Pushover curve. 

2.7. Defining Response Spectrum Load Cases 

For dynamic response spectrum analysis, the load case is 

defined using BNBC -designated seismic response spectra. 

Spectral acceleration is calculated based on seismic zone 

factor (Z), importance factor (I) and response reduction factor 

(R). 

The seismic zone factor (Z) represents the regional seismic 

hazard and reflects the expected peak ground acceleration for 

a given location. Rajshahi lies in a moderate seismic zone and 

the corresponding zone factor is selected as per BNBC-2020 
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seismic zoning provisions. 

The importance factor (I) accounts for the functional 

significance of the structure. Residential buildings are 

generally assigned an importance factor of 1.0. 

The response reduction factor (R) represents the ductility 

and overstrength of the structural system, reducing elastic 

seismic forces to design-level forces. For reinforced concrete 

moment-resisting frame systems, BNBC-2020 permits higher 

R values due to their energy dissipation capability. 

Site class, soil conditions and appropriate response 

spectrum function are defined as per BNBC code, the damping 

ratio is selected for reinforced concrete structures. Load cases 

are assigned in X and Y directions to capture the dynamic 

response of the structure. 

Site effects are incorporated through the site class, which 

reflects soil stiffness and amplification characteristics. 

Medium soil conditions are commonly assumed for urban 

regions such as Rajshahi unless detailed geotechnical data 

indicate otherwise. 

A damping ratio of 5% is adopted, which is standard for 

reinforced concrete buildings and consistent with BNBC-2020 

recommendations. 

Table 3. Seismic parameters used for response spectrum analysis. 

Parameter Value Basis / BNBC-2020 Provision 

Location Rajshahi, Bangladesh Project location 

Seismic Zone Zone I BNBC-2020 Seismic Zoning Map 

Seismic Zone Factor 0.12 BNBC 2020; Table 6.2.15 

Importance Factor 1 BNBC 2020; Table 6.2.17 

Response Reduction Factor 5 BNBC 2020; Table 6.2.19 

Site Class SD BNBC 2020; Table 6.2.17 

Damping Ratio 5% BNBC-2020; Page-3194 

 

Table 3 presents the key seismic design parameters adopted 

from BNBC-2020 for response spectrum analysis. The table 

summarizes the project location, seismic zoning, zone factor, 

importance factor, response reduction factor, site classifica-

tion and damping ratio. These parameters ensure that the seis-

mic demand applied in the analysis accurately reflects re-

gional seismic hazard, structural importance, energy dissipa-

tion capacity and local soil conditions in accordance with 

BNBC-2020 provisions. 

2.8. Running the Response Spectrum Analysis 

The response spectrum analysis is executed in ETABS by 

performing Set Load Cases to Run and select the Response 

Spectrum Analysis (RSA) load case. ETABS computes the 

maximum responses of the structure for different vibration 

modes. 

 
Figure 5. Typical diagram of Response Spectrum Analysis. 
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Figure 5 represents a Response Spectrum Curve, which is 

used to determine the maximum spectral acceleration (Sa) 

experienced by a structure at different natural periods (T) of 

vibration. X-axis represents the natural vibration period of a 

structure. Short-period structures (rigid buildings) are on the 

left, while long-period structures (flexible buildings) are on 

the right. Y-axis represents the maximum acceleration a 

structure will experience under seismic loads, normalized by 

gravity (g). Initially, the period increases from zero, spectral 

acceleration increases sharply, indicating that very stiff 

structures experience lower accelerations. After that, the flat 

peak region represents the constant acceleration zone, where 

mid-period structures experience the highest acceleration 

demands. Finally, the period increases further, spectral 

acceleration starts to decrease, indicating that flexible 

structures experience lower acceleration but higher 

displacement. 

3. Results & Discussion 

3.1. Pushover Analysis in X-direction 

 
Figure 6. Capacity Curve for X-direction. 

Figure 6 represents the pushover curve for the X-direction. 

The curve shows how the base shear force (kip) varies with 

increasing lateral displacement (in). The displacement ranges 

from 0 to 53.76 inches, indicating the level of deformation be-

fore the structure reaches its ultimate capacity. At the initial 

stage, the structure exhibits linear elastic behavior, where base 

shear increases almost proportionally with displacement. Up 

to a roof displacement of approximately 5.4 in, the base shear 

reaches about 835 kip, representing the elastic response range 

with no significant plastic hinge formation. As the displace-

ment increases beyond this point, the slope of the curve grad-

ually reduces, indicating the onset of yielding and nonlinear 

behavior. At a displacement of around 10.8–16.1 in, the base 

shear increases from approximately 1468 kip to 1945 kip, 

marking the beginning of distributed plasticity in beams and 

some columns. Based on hinge states and deformation levels, 

the following performance points are identified on the pusho-

ver curve: 

1) IO: The IO performance level is reached at a roof dis-

placement of approximately 10–12 in, with a corre-

sponding base shear of about 1500 kip. At this stage, 

only minor inelastic deformations occur and the structure 

remains essentially elastic with full post-earthquake 

functionality. 

2) LS: The LS performance level corresponds to a roof dis-

placement in the range of 25–30 in, where the base shear 

is approximately 2550–2750 kip. Significant plastic 

hinge formation is observed in beams and some columns. 

This level represents the target performance for design-

level earthquakes. 

3) CP: The CP limit state is reached at a roof displacement 

of approximately 43–48 in, with base shear values close 

to the maximum capacity of about 3000–3050 kip. At 
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this stage, extensive hinge formation occurs and the 

structure approaches its ultimate deformation capacity 

while still retaining residual load-carrying ability. 

Beyond a displacement of approximately 50 in, the pusho-

ver curve almost flattens, indicating negligible increase in 

base shear despite increasing displacement. The peak base 

shear of about 3060 kip occurs at a roof displacement of 

roughly 53.7 in, representing the ultimate capacity of the 

structure. Overall, the pushover curve demonstrates adequate 

ductility and energy dissipation capacity, with clearly distin-

guishable IO, LS and CP performance levels. 

3.2. Pushover Analysis in Y-direction 

 
Figure 7. Capacity Curve for Y-direction. 

Figure 7 represents the pushover curve in the Y-direction. 

This curve shows the relationship between base shear and lat-

eral displacement of a structure under increasing lateral loads. 

At the initial stage, the structure exhibits elastic behavior, 

where base shear increases almost linearly with displacement. 

Up to a displacement of approximately 3.4 in, the base shear 

reaches about 371 kip, indicating that the structure remains 

within the elastic range with negligible damage. As the dis-

placement increases, yielding begins to occur and the response 

gradually becomes nonlinear. At a roof displacement of 

around 6.2 in, the base shear increases to approximately 607 

kip, followed by 750 kip at 10.1 in displacement. This region 

marks the onset of plastic hinge formation, primarily in beam 

elements. Based on hinge development and deformation de-

mand, the following performance levels are identified on the 

pushover curve: 

1) IO: The IO performance level is attained at a roof dis-

placement of approximately 6–8 in, corresponding to a 

base shear of about 600–650 kip. At this stage, inelastic 

deformations are minor, structural damage is limited and 

the building remains fully functional after the earthquake. 

2) LS: The LS performance level occurs at a roof displace-

ment in the range of 14–18 in, where the base shear 

reaches approximately 880–960 kip. Significant plastic 

hinge formation is observed in beams and some columns. 

This level represents the desired performance objective 

for design-level seismic events. 

3) Collapse Prevention (CP): The CP limit state is reached 

at a roof displacement of approximately 22–25 in, with 

base shear values approaching the maximum capacity of 

about 1000–1010 kip. At this stage, extensive hinge for-

mation occurs and the structure approaches its ultimate 

deformation capacity while still retaining residual load-

carrying ability. 

Beyond a roof displacement of approximately 23 in, the 

pushover curve exhibits a plateau, indicating that the structure 

has reached its maximum lateral strength. The base shear re-

mains nearly constant at around 1009–1011 kip despite in-

creasing displacement up to approximately 25.6 in. Overall, 

the pushover curve demonstrates a stable post-yield response 

with adequate ductility, as evidenced by the gradual strength 

saturation and absence of sudden strength degradation. 
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3.3. Response Spectrum Analysis 

 
Figure 8. Response Spectrum Curve. 

Figure 8 represents a Response Spectrum Curve, which 

shows the relationship between Acceleration (g) and Time Pe-

riod (sec). This curve helps to determine how a structure re-

sponds to different frequencies of ground motion. The curve 

peaks at T ≈ 0.45s, indicating resonance effects where struc-

tures with this natural period experience maximum accelera-

tion demands. As the period increases beyond the peak, damp-

ing effects cause a gradual decline in acceleration. Beyond the 

peak, the curve shows a gradual decrease in acceleration val-

ues. This declining trend represents the effect of damping, 

where structural and soil damping mechanisms dissipate the 

earthquake-induced energy, reducing the response accelera-

tion. 

3.4. Identification of Weak Zones in the 

Structure 

3.4.1. Weak Zones Identified by Pushover Analysis 

in X-direction 

Figure 9 displays the performance of the structure under lat-

eral loading in the X-direction using Pushover Analysis. The 

color gradient indicates the distribution of plastic hinge for-

mations or displacement demands across the height of the 

building. The results show a clear increase in lateral displace-

ment with building height, indicating a response dominated by 

the fundamental translational mode. Minimum displacements 

occur at the base due to fixed boundary conditions, while max-

imum values are observed at the roof level. The smooth vari-

ation of deformation along the height suggests a uniform stiff-

ness distribution and the absence of soft-story behavior. These 

deformations arise from diaphragm action, where floor slabs 

translate laterally to maintain compatibility with frame and 

shear wall deformations. 

 
Figure 9. Weak Zones Based on Pushover Analysis in X-Direction. 

The color scale represents total displacement magnitude, 

varying from low to high values across the height of the struc-

ture. 

Table 4. Legend for identification of weak zones by pushover analysis 

in X-direction. 

Displacement Magnitude (in) Interpretation 

0 – 40 Very small deformation 

40-80 Moderate deformation 

80-160 Significant lateral deformation 

160-220 High deformation 
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Displacement Magnitude (in) Interpretation 

220-280 Maximum deformation demand 

Table 4 defines the displacement magnitude ranges used to 

interpret deformation contours from the pushover analysis in 

X-direction. The legend assists in identifying weak zones by 

relating displacement levels to the severity of structural defor-

mation under lateral seismic loading. 

3.4.2. Weak Zones Identified by Pushover Analysis 

in Y-direction 

In Figure 10, Pushover Analysis results in the Y-direction 

are shown. Similar to the X-direction, the higher stories of the 

building exhibit significant deformation, indicating that the 

upper side of the structure is more susceptible to seismic dam-

age. The performance in the Y-direction varies due to the 

asymmetry in geometry and stiffness distribution, which high-

lights the irregular behavior of the structure during lateral seis-

mic loads. The smooth deformation pattern along the height 

suggests a uniform stiffness distribution without evidence of 

soft-story behavior, while the reduced deformation in the 

shear wall core confirms its role as the primary lateral load-

resisting system. The relatively large slab deformations ob-

served in the figure represent global story drift and diaphragm 

translation rather than local slab bending and are further am-

plified for visualization purposes. 

 
Figure 10. Weak Zones Based on Pushover Analysis in Y-Direction. 

Table 5. Legend for identification of weak zones by pushover analysis 

in Y-direction. 

Displacement Magnitude (in) Interpretation 

> 0 Very small deformation 

0-20 Moderate deformation 

Displacement Magnitude (in) Interpretation 

20-60 
Significant lateral defor-

mation 

60-90 High deformation 

90-120 
Maximum deformation de-

mand 

Table 5 presents the displacement magnitude ranges used to 

interpret deformation contours obtained from pushover analy-

sis in Y-direction. The legend helps identify weak zones by 

correlating displacement demand with the level of structural 

deformation under lateral seismic loading in the Y direction. 

3.4.3. Weak Zones Identified by Response Spectrum 

Analysis 

Figure 11 represents the structural response obtained from 

Response Spectrum Analysis, showing the distribution of dis-

placement throughout the building. The predominance of 

green-to-yellow colors indicates moderate global displace-

ment, suggesting that the structure largely remains within the 

elastic or early inelastic response range for the considered 

loading condition. The absence of abrupt color changes be-

tween consecutive floors implies a uniform stiffness distribu-

tion and no evidence of soft-story behavior. Since slabs are 

modeled as shell or membrane elements, their lateral move-

ment is explicitly captured as part of the floor diaphragm re-

sponding to frame and shear wall deformations. Additionally, 

deformation magnification applied for visualization purposes 

accentuates slab displacement. These observations indicate 

that the slabs are deforming compatibly with the overall struc-

tural drift, rather than experiencing excessive flexural demand. 

Overall, the deformation pattern reflects stable global behav-

ior, controlled lateral response and appropriate diaphragm ac-

tion, with slab deformations representing global seismic drift 

effects rather than structural distress. 

 
Figure 11. Weak Zones Based on Response Spectrum. 
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Table 6. Legend for identification of weak zones by response spec-

trum analysis. 

Displacement Magnitude (in) Interpretation 

> -42 Very small deformation 

−42 to −30 Moderate deformation 

-30 to -6 Significant lateral deformation 

-6 to 12 High deformation 

12< Maximum deformation demand 

Table 6 summarizes the displacement ranges adopted to in-

terpret response spectrum deformation contours. The legend 

provides a basis for identifying zones of higher seismic re-

sponse by correlating displacement demand with the intensity 

of structural deformation under dynamic loading. 

3.5. Comparison of Structural Response 

Parameters Using Pushover and Response 

Spectrum Analyses 

3.5.1. Story Displacement 

Pushover analysis is a nonlinear static analysis that progres-

sively pushes a structure until it collapses, revealing its ulti-

mate capacity and potential for large displacements. Response 

spectrum analysis, on the other hand, is a linear dynamic anal-

ysis that estimates the peak response of a structure to a seismic 

event, often resulting in lower displacement values. The com-

parative analysis of story displacements between Pushover 

Analysis (POA) and Response Spectrum Analysis (RSA) re-

veals fundamental differences in predicted structural behavior 

under seismic loading. For instance, at the roof level, POA 

predicts displacements approximately 40-50% greater than 

RSA values. 

Figures 12 and 13 compare lateral displacements obtained 

from RSA and POA in the X- and Y-directions, respectively. 

In both directions, lateral displacement increases from the gar-

age level to the top stories. However, POA generally predicts 

higher displacements than RSA, as it captures nonlinear be-

havior up to near-failure conditions, whereas RSA is primarily 

intended to keep structural response within acceptable elastic 

or limited inelastic ranges. 

In the X-direction (Figure 12), POA results are noticeably 

higher than RSA, particularly in the upper stories, with maxi-

mum displacement occurring at the stair room level. This in-

creasing divergence indicates significant nonlinear behavior 

and possible stiffness irregularities in the X-direction. In con-

trast, the Y-direction response (Figure 13) shows minimal dif-

ference between RSA and POA, with both analyses producing 

similar maximum displacements of approximately 23 inches. 

This suggests a more uniform stiffness distribution and stable 

seismic response in the Y-direction. 

Overall, the structure demonstrates greater vulnerability in 

the X-direction, while the Y-direction exhibits a more con-

sistent and predictable seismic performance. 

 
Figure 12. Comparison of Story Displacement in X-direction. 
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Figure 13. Comparison of Story Displacement in Y-direction. 

3.5.2. Story Drift 

Pushover analysis is a nonlinear static procedure that cap-

tures progressive yielding, plastic hinge formation, stiffness 

degradation and potential failure mechanisms under increas-

ing lateral loads, thereby providing a more realistic estimation 

of structural drift. In contrast, response spectrum analysis is a 

linear dynamic method that estimates peak seismic response 

and does not fully represent nonlinear behavior or large drift 

demands. Accordingly, POA predicts consistently higher in-

ter-story drifts than RSA, especially in the mid-to-upper sto-

ries, with peak values reaching approximately 2.8% compared 

to about 1.9% from RSA at critical locations. This 30–40% 

increase in drift demand reflects the influence of nonlinear ef-

fects and P–Δ behavior that are not captured by the elastic as-

sumptions inherent in RSA. 

Figures 14 and 15 compare story drift ratios obtained from 

RSA and POA in the X- and Y-directions. In both directions, 

POA predicts significantly higher drift than RSA, particularly 

at mid-height stories, highlighting the influence of nonlinear 

behavior and stiffness degradation. 

 
Figure 14. Comparison of Story Drift in X-direction. 
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Figure 15. Comparison of Story Drift in Y-direction. 

In the X-direction (Figure 14), POA shows a clear drift con-

centration at Stories 3–5, with a peak value of about 0.055, 

nearly twice the RSA value of 0.028. The Y-direction re-

sponse (Figure 15) exhibits a more uniform drift distribution 

with lower peak concentrations, overall drift levels in the Y-

direction are higher than those in the X-direction, indicating 

greater flexibility and reduced stiffness in that direction. 

Overall, the comparison confirms that while RSA yields 

code-compliant drift values, POA identifies substantially 

higher drift demands, revealing potential seismic vulnerability 

under strong earthquake loading. 

3.5.3. Story Shear 

Pushover Analysis generally produces higher base and 

story shear demands than Response Spectrum Analysis be-

cause it captures nonlinear behavior beyond yield, including 

force redistribution due to plastic hinge formation. In contrast, 

Response Spectrum Analysis is a linear-dynamic method that 

reflects primarily elastic structural response. Comparative re-

sults show that POA predicts 15–25% higher shear forces in 

lower stories than RSA. While RSA exhibits a relatively uni-

form shear distribution along the building height, POA indi-

cates shear concentration at specific stories where inelastic ac-

tion and soft-story behavior develop. Consequently, RSA sat-

isfies code-based elastic demand checks, whereas POA ex-

poses actual shear capacity and potential weaknesses in the 

lateral force-resisting system under severe seismic loading. 

Figures 16 and 17 compare base shear distributions ob-

tained from RSA and POA in the X- and Y-directions. Base 

shear represents the total seismic force at the foundation level 

and its variation along the building height reflects story-wise 

force demand. 

 
Figure 16. Comparison of Base Shear in X-direction. 
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Figure 17. Comparison of Base Shear in Y-direction. 

In the X-direction (Figure 16), POA predicts higher base 

shear values than RSA for most stories, particularly from the 

base up to Story 5. Peak forces occur at the lower levels and 

gradually reduce toward the top, with POA consistently ex-

ceeding RSA due to its consideration of nonlinear behavior 

under strong seismic loading. 

A similar trend is observed in the Y-direction (Figure 17), 

where POA generally produces higher shear forces than RSA, 

especially in the lower and mid-height stories, although the 

overall force magnitude is lower than in the X-direction. This 

indicates directional variation in lateral load resistance, with 

the Y-direction exhibiting a more uniform shear distribution 

and comparatively better seismic performance. 

3.5.4. Overturning Moment 

Pushover Analysis applies a gradually increasing lateral 

load to a structure until it reaches a critical point, simulating a 

failure scenario. This process can exaggerate the overturning 

moment because it pushes the structure beyond its normal op-

erating range. Response Spectrum Analysis uses a pre-defined 

earthquake acceleration spectrum to determine the maximum 

structural response. While it accounts for dynamic effects, it 

doesn't necessarily capture the full extent of potential over-

turning moments under extreme loading conditions like push-

over. 

 
Figure 18. Comparison of Overturning Moment in X-direction. 
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Figure 19. Comparison of Overturning Moment in Y-direction. 

Figures 18 and 19 highlight differences in the building’s ro-

tational response under seismic loading. In the X-direction 

(Figure 18), POA predicts significantly higher overturning 

moments than RSA, especially in lower stories with a maxi-

mum difference of about 18,000 kip-ft at the base, reflecting 

nonlinear effects like P-delta and plastic hinge formation. 

In the Y-direction (Figure 19), RSA and POA are closer in 

the upper stories but diverge in the lower third, with POA 

reaching 22,000 kip-ft at the base versus 18,000 kip-ft for 

RSA. The Y-direction moments are generally larger than in 

the X-direction, indicating greater susceptibility to overturn-

ing. Overall, POA captures higher rotational demands, reveal-

ing potential design-critical effects not reflected by RSA. 

4. Conclusions 

4.1. Research Summary 

This study demonstrates ETABS as an effective and user-

friendly tool for seismic and performance-based analysis, en-

abling realistic simulation of structural behavior and identifi-

cation of potential weaknesses prior to construction. 

1) Story Displacement obtained from both methods showed 

a similar trend, increasing with height. However, values 

from POA were generally higher, especially near the top 

stories, due to the plastic hinge formation and inelastic 

behavior considered in nonlinear analysis. 

2) Story Drift was within acceptable limits as per BNBC 

guidelines in both methods. Pushover Analysis showed 

slightly higher drift values, which is expected due to its 

consideration of post-yield deformation. 

3) Story shear was maximum at the base and decreased with 

height, as expected under lateral loading. POA showed 

higher shear forces than RSA at almost every level, high-

lighting its better representation of inelastic behavior and 

structural response during seismic events. 

4) The overturning moment increased steadily from the top 

floors to the base, with maximum values observed at the 

ground level. POA results were consistently higher than 

RSA in both directions, indicating that POA captures 

nonlinear behavior and redistribution effects more accu-

rately. 

5) The analysis successfully identified weak zones in the 

structure, including areas with excessive deformation or 

early hinge development. 

4.2. Limitations 

Although this study offers valuable insights into the seismic 

performance of a 10-story RC building using Pushover Anal-

ysis and Response Spectrum Analysis, certain limitations 

should be recognized: 

1) The study focuses on pushover and response spectrum 

analysis, which can simplify the building’s true seismic 

behavior. Using dynamic time-history analysis could 

provide more accurate representation of the structure’s 

response under real earthquake conditions. 

2) ETABS considers perfect material behavior and ignoring 

construction imperfections like rigid floor diaphragms, 

fixed supports at the base, idealized material properties 

etc. Real buildings often experience irregularities, stiff-

ness discontinuities, cracking and foundation flexibility, 

none of which were explicitly considered. 

3) The study does not consider the effects of soil flexibility, 

damping or nonlinear soil response. Foundation behav-

ior, liquefaction potential and soil–structure interaction 

can substantially alter seismic demand but were not in-

cluded. 

4) Plastic hinge properties in ETABS rely on FEMA/ATC 

default models, which may not fully represent local con-

crete cracking, bar slip, confinement irregularities, shear 
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failures etc. Thus, actual structural behavior could differ 

from modeled hinge responses. 

4.3. Future Scope of the Work 

Based on the findings and identified limitations, several di-

rections for future research are suggested: 

1) The current analysis assumes fixed supports. Future re-

search could evaluate soil flexibility, foundation uplift or 

rocking, liquefaction effects, etc. through SSI modeling 

to more accurately reflect ground behavior during earth-

quakes. 

2) Further work can analyze buildings with plan irregularity, 

vertical setbacks, soft-story behavior, torsional irregular-

ity, etc. These models would help understand real-world 

challenges where buildings rarely have perfectly regular 

geometry. 

3) Future studies can include nonlinear dynamic time-his-

tory analysis to capture the building’s response under 

real earthquake records, providing a more accurate as-

sessment of seismic performance. 

Abbreviations 

BNBC Bangladesh National Building Code 

ETABS Extended Three-Dimensional Analysis of 

Building System 

POA Pushover Analysis 

RSA Response Spectrum Analysis 

RC Reinforced Concrete 

psf Pounds per Square Foot 

ksf Kilo-Pound per Square Foot 

psi Pound per Square inch 

ksi Kilo-Pound per Square Inch 

in Inch 
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