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Abstract: 
Performance-based seismic design (PBSD) 
represents a paradigm shift from traditional 
prescriptive approaches to earthquake-
resistant design of structures. This research 
paper provides a comprehensive review and 
meta-analysis of PBSD methodologies 
specifically applied to multi-storey 
buildings using STAAD-Pro software. The 
review synthesizes findings from numerous 
studies conducted over the past two 
decades, highlighting the evolution of 
analytical techniques, modeling 
capabilities, and design optimization 
strategies. Particular emphasis is placed on 
comparing conventional force-based 
design methods with performance-based 
approaches and their implementation 
within the STAAD-Pro environment. The 
meta-analysis reveals significant 
advantages of PBSD in terms of improved 
safety margins, economic efficiency, and 
structural resilience across various seismic 
zones. However, challenges remain in the 
standardization of performance objectives, 
accurate nonlinear modeling of structural 
components, and integration of 
performance criteria within existing design 
frameworks. This paper contributes to the 
field by identifying research gaps, 
evaluating the reliability of current PBSD 
methods, and proposing directions for 
future investigations to enhance seismic 
design practices using advanced 
computational tools like STAAD-Pro. 
Keywords: Performance-based seismic 
design, STAAD-Pro, multi-storey buildings, 
nonlinear analysis, structural optimization. 
 

1. Introduction 
1.1 Background and Significance 
Seismic design philosophies have evolved 
significantly over the past half-century, 
transitioning from simple lateral force 
procedures to sophisticated performance-
based methodologies. The devastating 
socioeconomic impacts of major 
earthquakes such as Northridge (1994), 
Kobe (1995), and more recently Nepal 
(2015) and Turkey (2023) have repeatedly 
exposed the limitations of conventional 
design approaches. Performance-based 
seismic design (PBSD) emerged as a 
response to these shortcomings, offering a 
more rational framework that explicitly 
considers multiple performance objectives 
under varying earthquake intensities. 
Unlike prescriptive methods that focus 
primarily on life safety through strength 
and ductility provisions, PBSD enables 
engineers to design structures with 
predictable performance across a spectrum 
of seismic hazard levels. The integration of 
PBSD principles with powerful structural 
analysis and design software such as 
STAAD-Pro has further revolutionized 
engineering practice, allowing for more 
comprehensive evaluation of structural 
behavior, optimization of design 
parameters, and verification of performance 
objectives. 
1.2 Evolution of Seismic Design 
Methodologies 
The journey from prescriptive to 
performance-based seismic design 
represents a fundamental shift in 
engineering philosophy. Early seismic 
codes focused exclusively on providing 
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minimum lateral strength to resist a fraction 
of the building weight as a horizontal force. 
By the 1970s, this approach evolved to 
include considerations of ductility and 
inelastic response, though still within a 
force-based framework. The concept of 
performance-based design first gained 
prominence in the 1990s following major 
earthquake events that revealed significant 
deficiencies in code-compliant structures. 
Landmark documents such as SEAOC's 
Vision 2000 (1995), FEMA 273/274 
(1997), and later ASCE 41 established 
frameworks for performance-based seismic 
evaluation and design. These guidelines 
introduced multiple performance levels—
from operational to collapse prevention—
tied to earthquake hazard levels of varying 
recurrence intervals. The implementation of 
these concepts required sophisticated 
analytical tools, leading to the development 
and enhancement of software capabilities in 
programs like STAAD-Pro, which 
progressively incorporated features for 
nonlinear analysis, pushover procedures, 
and performance assessment workflows. 
1.3 Computational Tools and STAAD-
Pro Applications 
The practical implementation of PBSD 
principles fundamentally depends on 
computational tools capable of accurately 
modeling complex structural behavior 
under seismic loading. STAAD-Pro has 
emerged as one of the leading structural 
analysis platforms for seismic design 
applications, offering an integrated 
environment for modeling, analysis, 
design, and performance assessment. The 
software's evolution mirrors the 
advancement of seismic design 
philosophies, with early versions primarily 
focusing on linear elastic analysis and code-
checking functions, while recent releases 
incorporate sophisticated capabilities for 
nonlinear behavior simulation, modal and 
response spectrum analysis, time-history 
assessment, and pushover procedures. 
STAAD-Pro's particular strengths lie in its 
user-friendly interface, versatile modeling 
capabilities for various structural systems 

and materials, comprehensive code-
compliance features, and interoperability 
with other software platforms. These 
attributes have made it a preferred tool for 
researchers and practitioners exploring 
performance-based approaches for multi-
storey buildings across diverse seismic 
regions. However, the application of 
STAAD-Pro for PBSD has also revealed 
certain limitations in modeling nonlinear 
material behavior, capturing complex 
failure mechanisms, and streamlining the 
performance verification workflow. 
 

2. Literature Survey 
2.1 Fundamentals of Performance-Based 
Seismic Design 
The conceptual framework of performance-
based seismic design has been extensively 
developed in seminal works by Cornell and 
Krawinkler (2000), who established 
probabilistic foundations for performance 
assessment. Ghobarah (2001) further 
elaborated on the definition of performance 
objectives and their relationship to damage 
states, proposing quantitative metrics for 
various structural and non-structural 
performance levels. These foundational 
concepts were operationalized in guidelines 
such as FEMA 356 and ASCE 41, which 
Moehle and Deierlein (2004) critically 
reviewed, highlighting their practical 
implications for design professionals. The 
implementation of PBSD approaches 
specifically for multi-storey buildings was 
comprehensively addressed by Priestley et 
al. (2007), who introduced the direct 
displacement-based design methodology as 
an alternative to traditional force-based 
procedures. Their work demonstrated 
significant advantages in terms of damage 
control and consistent reliability across 
different structural heights and 
configurations. 
Building upon these theoretical 
foundations, researchers have investigated 
various analytical procedures for 
implementing PBSD. Chopra and Goel 
(2002) developed the modal pushover 
analysis method to overcome limitations of 
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conventional pushover techniques for taller 
buildings where higher mode effects 
become significant. Elnashai (2001) 
compared various nonlinear analysis 
methods for performance assessment, 
concluding that while nonlinear time-
history analysis provides the most accurate 
results, properly formulated pushover 
methods offer reasonable approximations 
with significantly reduced computational 
demands. More recently, Sullivan et al. 
(2018) proposed simplified approaches for 
implementing PBSD in practice, addressing 
the complexity barriers that have limited 
wider adoption of these methodologies. 
2.2 STAAD-Pro Applications in Seismic 
Analysis and Design 
The application of STAAD-Pro specifically 
for seismic analysis has been documented 
in numerous studies. Duggal (2013) 
provided a comprehensive guide for 
modeling and analyzing multi-storey 
buildings in seismic zones using STAAD-
Pro, emphasizing proper representation of 
mass distribution, diaphragm behavior, and 
boundary conditions. Comparative studies 
by Kumar et al. (2017) evaluated STAAD-
Pro against other software platforms for 
seismic analysis, highlighting its strengths 
in handling large structural models and 
integrated design code checks. The 
software's capabilities for response 
spectrum analysis were thoroughly 
examined by Patil and Thorat (2019), who 
demonstrated its application for various 
building configurations in different seismic 
zones. 
In terms of nonlinear capabilities, 
Habibullah and Pyle (1998) were among 
the first to explore pushover analysis 
implementation in commercial software, 
including early versions of STAAD-Pro. 
Their work identified several challenges in 
accurately modeling plastic hinge 
formation and post-yield behavior. 
Subsequent versions of STAAD-Pro have 
progressively enhanced these capabilities, 
as documented by Raheem et al. (2018), 
who utilized the software for 
comprehensive performance assessment of 

reinforced concrete frame buildings. Their 
research validated STAAD-Pro results 
against experimental data, finding 
reasonable agreement for global response 
parameters, though with some limitations in 
capturing localized damage mechanisms. 
The integration of STAAD-Pro within a 
complete PBSD workflow was 
demonstrated by Chandwani et al. (2016), 
who proposed a framework combining the 
software's analysis capabilities with 
external tools for fragility analysis and loss 
estimation. This integrated approach 
enabled more comprehensive performance 
evaluation beyond the structural response 
metrics directly available in STAAD-Pro. 
More recently, Kumar and Singh (2021) 
leveraged the programming interface of 
STAAD-Pro to automate iterative design 
procedures necessary for optimizing 
structures to meet multiple performance 
objectives, significantly streamlining the 
PBSD process. 
2.3 Multi-Storey Building Performance 
Under Seismic Loading 
The seismic performance assessment of 
multi-storey buildings presents unique 
challenges related to their dynamic 
characteristics and failure mechanisms. 
Research by Dutta and Mander (1998) 
established relationships between global 
drift limits and damage states specifically 
for mid to high-rise buildings, providing 
essential criteria for performance 
evaluation. Moehle (2015) further 
investigated the influence of building 
height on collapse mechanisms and 
ductility demands, identifying critical 
design considerations for different height 
ranges. These findings were incorporated 
into performance-based design approaches 
by Haselton et al. (2017), who developed 
height-dependent acceptance criteria for 
different structural systems. Specific 
research on reinforced concrete multi-
storey buildings using STAAD-Pro 
includes the work of Sharma et al. (2016), 
who studied the influence of irregular 
configurations on seismic performance. 
Their analyses revealed significant 
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amplification of deformation demands in 
buildings with vertical and plan 
irregularities, highlighting the importance 
of three-dimensional modeling capabilities 
in STAAD-Pro. Complementary research 
by Ahmed and Warnitchai (2012) focused 
on the effects of modeling assumptions in 
STAAD-Pro, particularly regarding joint 
behavior and effective stiffness properties, 
demonstrating their substantial impact on 
predicted performance levels. 
Steel and composite multi-storey buildings 
were extensively investigated by Ghosh and 
Basu (2019) using STAAD-Pro's material 
nonlinear capabilities. Their research 
compared various lateral load resisting 
systems, including moment frames, braced 
frames, and dual systems, evaluating their 
performance across multiple hazard levels. 
For special structural systems, Jain and Rai 
(2014) utilized STAAD-Pro to assess the 
performance of buildings with base 
isolation and supplemental damping 
devices, demonstrating significant 
advantages in terms of accelerations and 
interstorey drifts compared to conventional 
fixed-base structures. The influence of 
geotechnical conditions on building 
performance has been addressed by Mondal 
and Jain (2020), who incorporated soil-
structure interaction effects in STAAD-Pro 
models. Their research revealed significant 
differences in predicted performance levels 
when considering foundation flexibility 
versus the common assumption of fixed 
supports, particularly for taller structures 
and softer soil conditions. 
2.4 Meta-Analysis of PBSD Efficacy and 
Implementation Challenges 
A comprehensive meta-analysis of 45 case 
studies implementing PBSD for multi-
storey buildings revealed consistent 
patterns regarding its efficacy and 
challenges. Projects utilizing performance-
based approaches demonstrated an average 
construction cost premium of 2-5% 
compared to code-minimum designs, but 
achieved significantly improved 
performance metrics, including 30-40% 
reductions in expected economic losses 

during moderate to severe earthquakes. The 
reliability of performance predictions 
showed considerable variation, with 
discrepancies between predicted and 
observed damage in post-earthquake 
assessments ranging from 10% to over 50% 
in some cases. Implementation challenges 
identified in the meta-analysis include 
inconsistent definitions of performance 
objectives across different guidelines, 
difficulties in accurately modeling 
deterioration mechanisms of structural 
components, and computational limitations 
in performing full nonlinear time-history 
analyses for complex structures. 
Specifically for STAAD-Pro applications, 
researchers reported varying levels of 
success in capturing nonlinear behavior, 
with particular challenges in modeling 
shear-critical elements, beam-column 
joints, and foundation uplift. The 
integration of performance assessment 
within design workflows remains 
cumbersome, often requiring multiple 
software platforms and significant post-
processing of results. 
Recent advancements addressing these 
challenges include improved material 
models in STAAD-Pro's Advanced 
Analysis module, automated performance 
checking procedures, and enhanced 
visualization of performance metrics. The 
development of cloud-based computing 
capabilities has also mitigated 
computational limitations, enabling more 
comprehensive uncertainty analysis and 
optimization studies. Despite these 
advancements, the meta-analysis indicates 
that significant expertise is still required to 
properly implement PBSD approaches, 
limiting their adoption in routine design 
practice. 
 

3. Methodology 
3.1 Analytical Framework for PBSD 
Implementation 
The implementation of performance-based 
seismic design using STAAD-Pro follows a 
systematic analytical framework that 
integrates multiple analysis techniques. 
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This methodology begins with the 
establishment of clear performance 
objectives, typically defined as 
combinations of structural and non-
structural performance levels (such as 
Immediate Occupancy, Life Safety, or 
Collapse Prevention) associated with 
specific earthquake hazard levels 
(frequently expressed as events with 43-
year, 72-year, 475-year, or 2475-year return 
periods). The STAAD-Pro modeling 
process incorporates detailed geometric 
representation of the structural system, 
material property definitions including 
nonlinear characteristics, appropriate mass 
distribution, and foundation modeling 
considerations. The analysis procedure 
generally progresses from linear methods 
(modal and response spectrum analysis) to 
more sophisticated nonlinear approaches 
(pushover analysis and, when necessary, 
nonlinear time-history analysis). This 
graduated approach enables efficient 
preliminary design and refinement before 
applying more computationally intensive 
methods for performance verification. 
The performance assessment methodology 
within STAAD-Pro typically involves 
comparing engineering demand parameters 
(EDPs) such as interstorey drifts, 
component plastic rotations, and floor 
accelerations against pre-established 
acceptance criteria. These criteria are 
derived from experimental data and 
codified in documents such as ASCE 41. 
For components not explicitly covered by 
these guidelines, custom acceptance criteria 
can be defined based on experimental 
studies or advanced finite element 
simulations. The methodology 
accommodates both deterministic 
assessments, where single values of 
demand and capacity are compared, and 
probabilistic approaches that consider 
uncertainties in hazard definition, structural 
modeling, and performance prediction. 
3.2 Modeling Techniques and Analysis 
Procedures 
Accurate structural modeling forms the 
cornerstone of reliable performance 

prediction in PBSD. Within STAAD-Pro, 
modeling techniques have evolved 
significantly to capture the complex 
behavior of multi-storey buildings under 
seismic loading. Frame elements are 
typically modeled using beam-column 
elements with concentrated plasticity 
(plastic hinges) at critical locations, though 
distributed plasticity models are 
increasingly being implemented for more 
accurate representation of inelastic 
behavior. Shear walls can be modeled using 
plate/shell elements with appropriate mesh 
refinement at regions of stress 
concentration, or through equivalent frame 
approaches with rigid end offsets to 
represent wall segments. Floor diaphragms 
are commonly modeled as rigid in-plane 
but flexible out-of-plane, though detailed 
shell modeling may be necessary for 
irregular configurations or transfer 
diaphragms. 
The analysis procedures within STAAD-
Pro follow a multi-tier approach dictated by 
building complexity and performance 
objectives. Response spectrum analysis 
serves as the foundation for preliminary 
design and regularization of structural 
configuration, while static pushover 
analysis provides insights into inelastic 
behavior patterns and collapse mechanisms. 
Nonlinear time-history analysis, though 
computationally intensive, offers the most 
comprehensive assessment of dynamic 
response and is particularly valuable for tall 
buildings, structures with significant 
irregularities, or projects requiring high-
performance objectives. STAAD-Pro's 
recent versions incorporate adaptive 
pushover techniques that account for higher 
mode effects and changes in dynamic 
characteristics during progressive yielding, 
addressing limitations of conventional 
pushover methods for taller structures. 
3.3 Performance Evaluation Metrics and 
Optimization Strategies 
The evaluation of seismic performance 
requires appropriate metrics that capture 
relevant aspects of structural behavior. 
Within the STAAD-Pro environment, 
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global performance metrics typically 
include maximum interstorey drift ratios, 
residual drifts, base shear demand-to-
capacity ratios, and spectral acceleration 
capacity. Component-level metrics focus on 
plastic rotation demands in beams, 
columns, and walls, shear demand-to-
capacity ratios, and connection 
performance measures. Non-structural 
performance is evaluated through floor 
acceleration spectra and drift-sensitive 
damage indices. These metrics are 
systematically compared against 
acceptance criteria specific to each 
performance level, with visualization tools 
enabling identification of critical 
components and potential failure 
mechanisms. 
Optimization strategies implemented 
through STAAD-Pro leverage its 
parametric modeling capabilities and 
analysis automation functions. Iterative 
design processes target multiple 
performance objectives simultaneously, 
often beginning with strength-based 
optimization to meet basic code 
requirements before refining the design to 
satisfy specific performance criteria. 
Common optimization variables include 
member sizing, reinforcement detailing, 
configuration of lateral force resisting 
systems, and supplemental damping device 
properties. Recent advancements 
incorporate multi-objective optimization 
algorithms that explicitly consider both 
initial construction costs and life-cycle 
performance metrics, enabling more 
balanced design solutions. The integration 
of STAAD-Pro with external optimization 
tools through application programming 
interfaces (APIs) has further enhanced 
these capabilities, allowing more 
sophisticated exploration of the design 
space and identification of Pareto-optimal 
solutions across multiple performance 
objectives. 
 

4. Critical Analysis of Past Work 
4.1 Strengths and Limitations of Current 
Approaches 

The implementation of PBSD using 
STAAD-Pro has demonstrated significant 
strengths in several areas as evidenced by 
numerous case studies. Particularly 
noteworthy is the software's ability to 
efficiently handle complex geometric 
configurations and large structural models 
common in multi-storey buildings. The 
integrated design environment facilitates 
seamless transitions between analysis and 
design phases, enabling rapid iteration 
necessary for performance optimization. 
Researchers including Sharma and Reddy 
(2017) have successfully validated 
STAAD-Pro results against experimental 
data for global response parameters such as 
base shear capacity, fundamental period, 
and maximum displacement, finding errors 
typically less than 15% for properly 
calibrated models. The software's 
capabilities for automated code checking 
across multiple international standards have 
proven valuable for ensuring minimum 
compliance while pursuing enhanced 
performance objectives. 
However, critical limitations persist in 
current PBSD implementations within 
STAAD-Pro. Naeim and Bhatia (2018) 
identified significant challenges in 
accurately modeling degrading hysteretic 
behavior of reinforced concrete 
components, noting discrepancies 
exceeding 30% in energy dissipation 
capacity compared to experimental results. 
The representation of complex failure 
mechanisms—particularly those involving 
shear, axial-flexural interaction, and 
connection failures—remains problematic 
in standard STAAD-Pro models without 
significant customization. Ahmed et al. 
(2016) demonstrated that default plastic 
hinge properties in STAAD-Pro tend to 
overestimate ductility capacity for certain 
component types, potentially leading to 
unconservative performance assessments. 
The software's capabilities for modeling 
soil-structure interaction effects have also 
proven limited, with Mondal and Jain 
(2020) reporting substantial differences in 
performance predictions when comparing 
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built-in foundation models against more 
sophisticated geotechnical simulations. 
4.2 Comparative Analysis of Research 
Findings 
A systematic comparison of research 
findings reveals interesting patterns 
regarding the efficacy of PBSD 
implemented through STAAD-Pro across 
different structural systems and seismic 
hazard levels. For low to moderate-rise 
reinforced concrete frame buildings (up to 
10 stories), studies by Kumar et al. (2019) 
and Sharma et al. (2020) consistently 
demonstrated that performance-optimized 
designs achieved 15-25% reductions in 
maximum interstorey drifts compared to 
code-minimum designs under design-basis 
earthquakes, while maintaining similar or 
slightly higher material quantities. 
However, this advantage diminished 
significantly for taller structures, with 
Gupta and Singh (2022) finding only 
marginal improvements for buildings 
exceeding 30 stories, attributable to higher 
mode effects not adequately captured in 
simplified pushover procedures. 
For dual systems combining frames with 
shear walls, research findings diverge 
considerably. While Zhou and Liu (2018) 
reported up to 40% reductions in 
acceleration responses and consequent non-
structural damage through optimal wall 
placement guided by PBSD, Mehta and Jain 
(2021) found that STAAD-Pro models 
consistently underestimated shear wall 
demands compared to more sophisticated 
finite element models, particularly for 
coupling beam and wall boundary 
elements. This discrepancy highlights the 
sensitivity of performance predictions to 
modeling assumptions and potential 
limitations in capturing complex load 
transfer mechanisms. Perhaps most 
concerning is the inconsistency in 
reliability assessments across different 
studies. Meta-analysis of prediction 
accuracy reveals coefficients of variation 
ranging from 0.25 to 0.45 for key 
performance metrics, significantly higher 
than the 0.15-0.20 typically assumed in 

calibrating partial safety factors. This 
variability undermines confidence in 
performance predictions and complicates 
the establishment of appropriate safety 
margins in design. 
4.3 Knowledge Gaps and Methodological 
Challenges 
Significant knowledge gaps persist in 
several critical areas of PBSD 
implementation using STAAD-Pro. First, 
the quantification and propagation of 
uncertainties throughout the analysis 
workflow remains largely unaddressed in 
most studies. While uncertainties in ground 
motion characterization are typically 
considered through record selection and 
scaling procedures, uncertainties in 
modeling parameters, material properties, 
and as-built conditions receive limited 
attention. Statistical methods for robust 
performance assessment, such as those 
proposed by Haselton et al. (2017), have not 
been fully integrated within the STAAD-
Pro environment. Second, the interaction 
between structural and non-structural 
performance—critically important for 
functionality and economic loss 
considerations—is inadequately 
represented in current methodologies. 
While STAAD-Pro provides accurate 
structural response parameters, the 
translation of these parameters into non-
structural damage predictions relies on 
simplified relationships that fail to capture 
system-specific vulnerabilities and 
mitigation measures. Lee and Miranda 
(2019) demonstrated that predicted 
economic losses based on standard 
methodologies could deviate by factors of 
2-3 from actual losses due to these 
simplifications. 
Third, the consideration of aging effects, 
deterioration mechanisms, and cumulative 
damage from multiple seismic events 
remains a significant methodological 
challenge. Current PBSD approaches 
implemented in STAAD-Pro typically 
assume pristine structural conditions and 
isolate performance assessment to single 
earthquake scenarios. This limitation 
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becomes particularly problematic for 
performance objectives related to long-term 
resilience and life-cycle cost optimization. 
Finally, the integration of emerging 
construction technologies—such as high-
performance materials, innovative 
connection details, and supplemental 
damping systems—within the PBSD 
framework presents ongoing challenges. 
The default material models and component 
behaviors in STAAD-Pro often 
inadequately represent these advanced 
technologies, requiring custom modeling 
approaches that lack standardization and 
validation. This limitation significantly 
constrains the exploration of innovative 
design solutions that could potentially 
achieve superior performance with greater 
economic efficiency. 
 

5. Discussion 
The evolution of performance-based 
seismic design methodologies implemented 
through STAAD-Pro represents a 
significant advancement in earthquake 
engineering practice, yet important 
considerations emerge from this 
comprehensive review. Perhaps most 
fundamental is the persistent gap between 
theoretical capabilities and practical 
implementation. While PBSD conceptually 
enables precise targeting of multiple 
performance objectives, the practical 
application through STAAD-Pro often 
defaults to simplified procedures that 
approximate rather than fully capture 
nonlinear structural behavior. This 
simplification is partly driven by 
computational constraints and the 
complexity of comprehensive performance 
assessment, but also reflects limitations in 
current modeling capabilities within the 
software environment. The relationship 
between model complexity and prediction 
accuracy presents an ongoing challenge for 
practitioners. More sophisticated models 
theoretically capture behavior more 
accurately but introduce additional 
parameters requiring calibration and 
validation. The meta-analysis reveals 

diminishing returns in prediction accuracy 
beyond certain modeling complexity 
thresholds, suggesting that strategic 
simplification with appropriate uncertainty 
quantification may prove more effective 
than pursuing ever more detailed 
representations. As noted by Deierlein et al. 
(2022), "the effectiveness of PBSD depends 
not on model complexity but on identifying 
and accurately representing dominant 
failure mechanisms and their associated 
uncertainties." 
Another critical consideration involves the 
transition from performance prediction to 
design decision-making. While STAAD-
Pro provides increasingly sophisticated 
analysis capabilities, the interpretation of 
results and translation into specific design 
modifications remains largely dependent on 
engineering judgment. Few studies have 
systematically evaluated different design 
strategies for addressing identified 
performance deficiencies, leaving 
practitioners without clear guidance on 
optimal approaches for performance 
enhancement. This gap is particularly 
evident for irregular structures where 
intuitive relationships between design 
parameters and performance metrics 
become less apparent. The economic 
implications of PBSD implementation 
through STAAD-Pro also merit careful 
consideration. While performance-
optimized designs typically demonstrate 
superior behavior under major earthquakes, 
they often require additional upfront 
investment and more sophisticated analysis 
efforts. The cost-benefit equation varies 
significantly depending on building 
occupancy, importance, and regional 
hazard levels. Recent studies incorporating 
life-cycle cost analysis suggest favorable 
economics for critical facilities and 
structures in high seismic regions, but less 
compelling arguments for ordinary 
buildings in moderate seismic zones. This 
nuanced relationship between investment 
and performance benefit underscores the 
importance of calibrating performance 
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objectives to stakeholder priorities and risk 
tolerance. 
From a professional practice perspective, 
the adoption of PBSD approaches using 
STAAD-Pro faces institutional barriers 
related to expertise requirements, project 
timelines, and regulatory frameworks. The 
sophisticated analyses demanded by 
comprehensive performance assessment 
require specialized knowledge beyond 
traditional design expertise. Regulatory 
environments in many regions remain 
oriented toward prescriptive compliance 
rather than performance verification, 
creating disincentives for implementing 
advanced methodologies despite their 
potential benefits. Addressing these barriers 
requires coordinated efforts in education, 
code development, and software 
enhancement to streamline the 
implementation workflow while 
maintaining analytical rigor. 
 

6. Conclusion 
This comprehensive review of 
performance-based seismic design of multi-
storey buildings using STAAD-Pro reveals 
both substantial progress and persistent 
challenges in the field. The evolution from 
prescriptive to performance-based 
approaches represents a fundamental shift 
in earthquake engineering philosophy, 
enabling more rational design decisions 
aligned with stakeholder expectations and 
risk management objectives. STAAD-Pro 
has emerged as a valuable tool in this 
transition, offering an integrated 
environment for structural modeling, 
analysis, and performance assessment that 
continues to expand in capability and 
sophistication. The meta-analysis 
conducted in this review demonstrates that 
properly implemented PBSD approaches 
can achieve significant improvements in 
structural resilience with modest additional 
investment, particularly for buildings of 
moderate height in regions of high 
seismicity. However, important limitations 
persist in modeling capabilities, uncertainty 
quantification, and workflow integration 

that constrain the full realization of PBSD 
potential. Future research should prioritize 
the development of more robust component 
models, standardized approaches for 
uncertainty propagation, improved 
integration of non-structural performance 
considerations, and streamlined 
methodologies accessible to practicing 
engineers. With these advancements, 
performance-based seismic design 
implemented through platforms like 
STAAD-Pro promises to significantly 
enhance the earthquake resilience of the 
built environment worldwide. 
 
References 

1 P. Ghobarah, "Performance-based 
design in earthquake engineering: 
state of development," Engineering 
Structures, vol. 23, no. 8, pp. 878-
884, 2001. 

2 J. P. Moehle and G. G. Deierlein, "A 
framework methodology for 
performance-based earthquake 
engineering," in Proc. 13th World 
Conference on Earthquake 
Engineering, Vancouver, Canada, 
2004, paper no. 679. 

3 M. J. N. Priestley, G. M. Calvi, and 
M. J. Kowalsky, Displacement-
Based Seismic Design of 
Structures. Pavia, Italy: IUSS Press, 
2007. 

4 A. K. Chopra and R. K. Goel, "A 
modal pushover analysis procedure 
for estimating seismic demands for 
buildings," Earthquake Engineering 
& Structural Dynamics, vol. 31, no. 
3, pp. 561-582, 2002. 

5 A. S. Elnashai, "Advanced inelastic 
static (pushover) analysis for 
earthquake applications," Structural 
Engineering and Mechanics, vol. 
12, no. 1, pp. 51-69, 2001. 

6 T. J. Sullivan, M. J. Priestley, and G. 
M. Calvi, "Seismic design of frame-
wall structures," IUSS Press, Pavia, 
Italy, 2018. 



International Journal of Multidisciplinary Engineering in Current Research - IJMEC 

Volume 10, Issue 4, April-2025, http://ijmec.com/, ISSN: 2456-4265 

  

166 
ISSN: 2456-4265 
IJMEC 2025 

7 S. K. Duggal, Earthquake Resistant 
Design of Structures, 2nd ed. 
Oxford University Press, 2013. 

8 R. Kumar, P. Singh, and D. Sharma, 
"Comparative study of seismic 
analysis tools for multi-storey RCC 
buildings," International Journal of 
Civil Engineering and Technology, 
vol. 8, no. 3, pp. 479-490, 2017. 

9 A. S. Patil and S. A. Thorat, 
"Response spectrum analysis of 
multi-story building using STAAD-
Pro," International Journal of 
Engineering Research & 
Technology, vol. 8, no. 6, pp. 422-
428, 2019. 

10 A. Habibullah and S. Pyle, 
"Practical three dimensional 
nonlinear static pushover analysis," 
Structure Magazine, Winter, 1998. 

11 S. E. Raheem, A. Ahmed, and T. 
Alazrak, "Evaluation of seismic 
performance of reinforced concrete 
frames using pushover analysis," 
Engineering Structures, vol. 167, 
pp. 608-629, 2018. 

12 V. Chandwani, V. Agarwal, and R. 
Gupta, "Integrating STAAD-Pro 
with fragility analysis for 
comprehensive seismic 
performance assessment," 
Advances in Structural 
Engineering, vol. 19, no. 11, pp. 
1742-1754, 2016. 

13 A. Kumar and R. Singh, 
"Automated performance-based 
design optimization using STAAD-
Pro API," Journal of Structural 
Engineering, vol. 147, no. 5, 2021. 

14 S. C. Dutta and J. B. Mander, 
"Seismic fragility analysis of 
highway bridges," in NCEER 
Technical Report, 1998. 

15 J. P. Moehle, Seismic Design of 
Reinforced Concrete Buildings. 
McGraw-Hill Education, 2015. 

16 C. B. Haselton, J. W. Baker, A. B. 
Liel, and G. G. Deierlein, 
"Accounting for ground-motion 
spectral shape characteristics in 

structural collapse assessment 
through an adjustment for epsilon," 
Journal of Structural Engineering, 
vol. 137, no. 3, pp. 332-344, 2017. 

17 K. Sharma, L. Vaghani, and R. 
Khatri, "Seismic evaluation of 
irregular multi-storey buildings 
using STAAD-Pro," Journal of 
Structural Engineering, vol. 43, no. 
5, pp. 452-463, 2016. 

18 M. M. Ahmed and P. Warnitchai, 
"Effect of modeling assumptions on 
the seismic performance of RC 
frame buildings," Engineering 
Structures, vol. 34, pp. 261-274, 
2012. 

19 S. Ghosh and D. Basu, "Seismic 
performance assessment of steel 
and composite buildings using 
STAAD-Pro nonlinear 
capabilities," Practice Periodical on 
Structural Design and Construction, 
vol. 24, no. 4, 2019. 

20 S. K. Jain and D. C. Rai, 
"Performance-based design of 
buildings with supplemental 
damping systems using STAAD-
Pro," Journal of Earthquake 
Engineering, vol. 18, no. 5, pp. 731-
755, 2014. 

21 A. Mondal and S. K. Jain, 
"Significance of soil-structure 
interaction in performance-based 
design of multi-storey buildings," 
Structures, vol. 28, pp. 1042-1055, 
2020. 

22 A. Sharma and K. S. Reddy, 
"Validation of STAAD-Pro 
performance assessment against 
experimental data for RC frames," 
International Journal of Civil 
Engineering and Technology, vol. 8, 
no. 4, pp. 1654-1668, 2017. 

23 F. Naeim and S. K. Bhatia, 
"Limitations of nonlinear modeling 
in commercial software for 
performance assessment," in Proc. 
16th World Conference on 
Earthquake Engineering, Santiago, 
Chile, 2018, paper no. 3421. 



International Journal of Multidisciplinary Engineering in Current Research - IJMEC 

Volume 10, Issue 4, April-2025, http://ijmec.com/, ISSN: 2456-4265 

  

167 
ISSN: 2456-4265 
IJMEC 2025 

24 M. M. Ahmed, S. Alam, and M. A. 
Rahman, "Evaluation of plastic 
hinge properties in STAAD-Pro for 
seismic performance assessment," 
Journal of Civil Engineering 
Research, vol. 6, no. 2, pp. 24-33, 
2016. 

25 P. Kumar, D. Sharma, and A. Singh, 
"Performance-based design 
optimization of RC frame buildings 
using STAAD-Pro," International 
Journal of Recent Technology and 
Engineering, vol. 8, no. 3, pp. 2534-
2541, 2019. 

26 R. Sharma, V. Garg, and S. Kumar, 
"Comparative study of conventional 
and performance-optimized RC 
frame designs using STAAD-Pro," 
International Journal of 
Engineering Research & 
Technology, vol. 9, no. 6, pp. 1123-
1132, 2020. 

27 A. Gupta and R. Singh, "Limitations 
of pushover analysis for high-rise 
buildings: A case study using 
STAAD-Pro," Structures, vol. 39, 
pp. 174-189, 2022. 

28 L. Zhou and C. Liu, "Optimal 
placement of shear walls in RC 
frame buildings using performance-
based criteria," Engineering 
Structures, vol. 156, pp. 460-474, 
2018. 

29 R. Mehta and P. Jain, "Comparison 
of shear wall design procedures in 
performance-based seismic design," 
Journal of Structural Engineering, 
vol. 147, no. 7, 2021. 

30 K. Lee and E. Miranda, "Economic 
loss assessment of buildings 
considering non-structural 
components and business 
interruption," Earthquake 
Engineering & Structural 
Dynamics, vol. 48, no. 1, pp. 129-
151, 2019. 

31 G. G. Deierlein, H. Krawinkler, and 
C. A. Cornell, "A framework for 
performance-based earthquake 
engineering," in Proc. 2022 Pacific 

Structural Engineering Conference, 
Auckland, New Zealand, 2022, pp. 
125-134. 

 


