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	ABSTRACT
This paper presents a critical review of a comprehensive study on the seismic performance of a 22-storey (G+21) reinforced concrete high-rise building in India's Seismic Zone V, as documented in the M.E. dissertation of Sheetal Dwivedi (Enrollment No. 0101CE23ME14) under the supervision of Dr. Saleem Akhtar at the University Institute of Technology (UIT), RGPV, Bhopal (2025–2026). The study employed the Equivalent Static Method as per IS 1893 (Part 1):2016, using ETABS finite element software to evaluate five structural configurations: (i) bare Special Moment Resisting Frame (SMRF), (ii) five distributed shear wall cores with 15% functional openings, (iii) eight perimeter cores with 15% openings, (iv) five solid cores without openings, and (v) eight solid perimeter cores. Key findings indicate that shear walls reduce lateral displacements by 56–75% and fundamental natural periods by up to 53% compared to bare frames. The optimal configuration—eight solid perimeter cores—achieved a top-floor displacement of merely 62.1 mm versus 248.5 mm for the bare frame. Functional openings of 15% wall area caused 20–25% stiffness reduction and 18–22% displacement increase, yet remained within code-permissible limits when provided with appropriate diagonal corner reinforcement. Perimeter-placed eight-core configurations outperformed five-core distributed layouts by 28–30% in drift control through enhanced torsional resistance. This review synthesises the study's methodology, findings, limitations, and future research directions, providing critical commentary on its contributions to seismic structural engineering practice in India.
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1. INTRODUCTION
India ranks among the world's most seismically vulnerable nations, owing to its geotectonic position at the convergence of the Indian and Eurasian tectonic plates. The Bureau of Indian Standards (BIS) classifies seismic hazard across five zones (II–V) under IS 1893 (Part 1):2016, with Seismic Zone V—encompassing Jammu & Kashmir, northeastern states, and parts of Gujarat—carrying the highest zone factor Z = 0.36. Catastrophic events such as the Bhuj earthquake (Mw 7.7, 2001), Kashmir earthquake (Mw 7.6, 2005), and Nepal earthquake (Mw 7.8, 2015) have repeatedly demonstrated the life-safety and economic consequences of inadequate seismic design, particularly in reinforced concrete (RC) high-rise buildings.
Rapid urbanisation across Indian metropolitan centres has triggered a surge in high-rise construction driven by land scarcity and demographic growth. Buildings exceeding 20–30 storeys are increasingly common; however, taller structures amplify seismic vulnerabilities through extended natural periods, concentrated mass, and increased overturning moments. Conventional moment-resisting frames, which rely on beam-column rigidity alone, frequently prove insufficient for tall buildings in high-seismic zones, producing excessive lateral drifts that violate serviceability and safety criteria.
Shear walls—vertical RC plate elements extending from foundation to roof—represent the most widely adopted lateral force-resisting system for medium- to high-rise structures. They offer exceptional in-plane stiffness, reducing lateral displacements by 60–80% compared to bare frames, shortening fundamental periods, and improving torsional resistance when distributed along building perimeters. Nevertheless, architectural and functional requirements routinely necessitate openings in shear walls for corridors, windows, elevator shafts, and mechanical ducts. These perforations disrupt force flow continuity, introduce stress concentrations at opening corners, reduce effective stiffness by 20–50%, and may shift failure modes from ductile flexural yielding to brittle shear failure if not properly detailed.
The dissertation under review—authored by Sheetal Dwivedi and supervised by Dr. Saleem Akhtar at UIT-RGPV, Bhopal—addresses a critical engineering design question: how do different shear wall configurations, with and without functional openings, affect the seismic response of a representative 22-storey RC building in Zone V? The study systematically compares five structural configurations using ETABS software and the IS 1893:2016 Equivalent Static Method, quantifying performance across multiple seismic indicators: fundamental period, base shear, lateral displacement, inter-storey drift, and lateral stiffness.
This review paper critically evaluates the study's objectives, methodology, key findings, practical implications, and limitations. It situates the research within the existing body of knowledge and identifies directions for future investigation.

2. BACKGROUND AND LITERATURE CONTEXT
2.1 Seismic Behaviour of Shear Walls
Shear walls act as vertical cantilever beams fixed at the foundation, attracting and dissipating seismic inertial forces through in-plane bending and shear mechanisms. In dual systems (shear walls combined with moment-resisting frames), walls typically resist 70–90% of lateral forces in the elastic range, providing an efficient and reliable lateral load path. Key advantages include substantial reductions in lateral displacements and inter-storey drifts, improved torsional balance through perimeter placement, and enhanced ductility when boundary elements are confined in accordance with IS 13920:2016.
2.2 Effect of Openings on Shear Wall Performance
The literature consistently demonstrates that openings in shear walls, while often architecturally unavoidable, significantly impair structural performance. Mosoarca (2013) examined walls with regular and staggered openings following earthquakes between 2009–2011, finding that staggered arrangements produced ductile inclined-crack failure modes with 15–25% smaller horizontal displacements and higher load-carrying capacity compared to regular (uniform) opening patterns. Ali and Wight (1991) tested four walls with staggered door openings under cyclic loading, observing ductile flexural behaviour at 1.0% drift and shear-compression failures at 1.5% drift adjacent to openings, confirming that opening proximity to wall boundaries accelerates failure.
Xu et al. (2023) conducted quasi-static tests on squat RC walls with openings, demonstrating that shear strength and stiffness degradation is proportional to opening area and inversely related to opening distance from wall boundaries. Hosseini et al. (2019) showed that mid-span openings are most detrimental due to disruption of diagonal compression struts. Chowdhury et al. (2012) used ETABS linear elastic analysis on six-storey frame-shear wall buildings, finding that displacement increases proportionally with opening area and that in-plane loading direction is more critical than out-of-plane. Bush et al. (2022) compared staggered opening geometries in a 10-storey Zone V building, concluding that square and rectangular staggered openings provide optimal performance among perforated configurations.
2.3 Research Gaps Addressed by the Reviewed Study
Despite extensive prior work, several gaps persisted in the literature at the time of this study: (i) limited systematic comparisons of multiple integrated 3D building configurations varying wall quantity, placement strategy, and opening presence simultaneously under consistent analytical frameworks; (ii) insufficient investigation of practical ~15% opening ratios in 20–25 storey buildings under Indian code provisions; (iii) scarce quantitative data for Zone V high-rise buildings combining multiple performance parameters in a single study; and (iv) inadequate practical design guidance balancing structural performance with architectural functionality. The reviewed dissertation directly addresses these deficiencies.

3. REVIEW OF METHODOLOGY
3.1 Building Configuration and Geometry
The study selected a representative 22-storey (G+21) RC building with a regular 36 m × 36 m square plan and 66 m total height (22 × 3.0 m uniform storey height). The regular geometry—with a 9×9 bay arrangement at 4.0 m spacing creating 100 columns and 40 beams per floor—is appropriate for the Equivalent Static Method, which is valid for buildings without plan or vertical irregularities. The selection of a regular high-rise in Zone V is well-motivated by India's high-rise construction boom in seismically active regions.
3.2 Structural Configurations
Five configurations were systematically examined to isolate the individual effects of wall quantity, placement strategy, and opening presence:

	Case
	Description
	Walls/Floor
	Seismic Wt. (kN)
	Period (s)

	1
	Bare SMRF Frame
	0
	2,19,384
	1.81

	2
	5 Distributed Cores + Openings (15%)
	20
	2,47,434
	1.10

	3
	8 Perimeter Cores + Openings (15%)
	32
	2,64,264
	0.95

	4
	5 Solid Cores (No Openings)
	20
	2,52,384
	0.99

	5
	8 Solid Perimeter Cores (Optimal)
	32
	2,72,184
	0.85



Table 1: Structural Configurations Analysed
This systematic variation enables direct isolation of opening effects (Case 2 vs. Case 4; Case 3 vs. Case 5) and placement effects (5-core vs. 8-perimeter-core for both opening and solid wall groups). The approach is methodologically sound and constitutes one of the study's primary strengths.
3.3 Material Properties and Loading
All structural elements used M30 grade concrete (fck = 30 N/mm², Ec = 27,386 N/mm²) and Fe500 steel reinforcement (fy = 500 N/mm²), conforming to IS 456:2000 and IS 1786:2008 respectively. These are appropriate choices for Special Moment Resisting Frames in Zone V, providing adequate strength while maintaining reasonable ductility. Dead loads were automatically computed by ETABS based on member volumes, with additional dead loads of 1.5 kN/m² for finishes and partitions. Live loads of 3.0 kN/m² (floors) and 1.5 kN/m² (roof) conform to IS 875 (Part 2):1987. Seismic weight was computed per IS 1893:2016 Clause 7.4.2 (full dead load + 25% live load).
3.4 Seismic Analysis Approach
The Equivalent Static Method (ESM) per IS 1893:2016 was employed, yielding design horizontal seismic coefficient Ah = (Z/2)(I/R)(Sa/g) = (0.36/2)(1.0/5.0)(2.5) = 0.09 uniformly across all configurations. Fundamental periods were determined using IS 1893:2016 empirical formulas: Ta = 0.075h^0.75 = 1.81 s for the bare frame, and Ta = 0.09h/√d = 0.99 s base value for solid shear wall buildings, with adjustments of 10–12% for opening-induced stiffness reductions. Base shear Vb = Ah × W was distributed along height by Clause 7.7.1's height-squared weighting, and drift limits were verified against the 0.004h = 12 mm threshold of Clause 7.11.1.
ETABS three-dimensional finite element models were developed with shell elements (4-node thin) at 500 mm × 500 mm general mesh (refined to 250 mm near openings), frame elements for beams and columns, rigid diaphragms at all floor levels, and fixed base conditions. Openings were modelled via area-subtraction technique with refined mesh at opening perimeters and corners. Model complexity ranged from 8,160 elements (Case 1) to 17,000 elements (Case 3).
3.5 Critical Assessment of Methodology
The methodology is overall well-structured and internally consistent, enabling valid comparative analysis. However, several limitations warrant acknowledgement. The ESM neglects higher-mode contributions, which can be significant for 66 m buildings in Zone V, where IS 1893:2016 itself recommends dynamic analysis. The linear elastic assumption excludes concrete cracking, reinforcement yielding, and progressive damage, precluding assessment of ductility demands and collapse mechanisms. The fixed-base condition ignores soil-structure interaction effects—which can elongate periods by 5–15% on medium soils, potentially shifting spectral demands. Only a single opening size (15% wall area) and one building geometry are examined, limiting generalisability. The study acknowledges these limitations candidly, which strengthens its academic credibility.

4. CRITICAL REVIEW OF KEY FINDINGS
4.1 Seismic Weight Analysis
Total seismic weights ranged from 2,19,384 kN (bare frame) to 2,72,184 kN (eight solid perimeter cores), a 24.1% increase attributable solely to shear wall material addition. Opening presence reduced wall weight by approximately 2–3% compared to solid counterparts (Case 2 vs. Case 4: –1.96%; Case 3 vs. Case 5: –2.91%), confirming that the structural mass increase from wall inclusion is modest relative to stiffness benefits. The proportional base shear-to-weight ratio of 9.0% remained constant across all cases, as expected from the uniform Ah = 0.09, validating calculation consistency.
4.2 Fundamental Period and Stiffness
The bare frame exhibited a fundamental period of 1.81 s, indicating high flexibility and susceptibility to resonance with long-period ground motions. Shear wall incorporation dramatically reduced periods to 1.10 s (Case 2, –39.2%), 0.95 s (Case 3, –47.5%), 0.99 s (Case 4, –45.3%), and 0.85 s (Case 5, –53.0%). All shear wall configurations fall within the constant spectral acceleration plateau (0.55–1.67 s for medium soil, Sa/g = 2.5), ensuring higher force demands but simultaneously providing the stiffness to resist them with controlled displacements.
Direct comparison of opening effects reveals 11.1% period increase for five-core configurations (Case 2 vs. 4: 1.10 vs. 0.99 s) and 11.8% for eight-core configurations (Case 3 vs. 5: 0.95 vs. 0.85 s). These increments are consistent with literature-reported 10–15% stiffness reductions for ~15% opening area ratios, lending credibility to the adjusted period values adopted.
4.3 Base Shear
Base shear values ranged from 19,745 kN (Case 1) to 24,497 kN (Case 5), with the optimal configuration exceeding the bare frame by 24.1%. Since all configurations share Ah = 0.09, base shear differences directly reflect seismic weight variations. This higher force demand in Case 5 is not a disadvantage: the 4.0× stiffness enhancement and 75% displacement reduction far outweigh the 24% force increase, demonstrating the structural efficiency of shear wall systems. The floor-level vertical distribution using the IS 1893:2016 height-squared formula appropriately concentrates forces at upper floors consistent with fundamental mode participation.
4.4 Lateral Displacement and Drift Performance
Lateral displacement results constitute the most significant findings of the study. The bare frame produced a top-floor displacement of 248.5 mm, far exceeding practical serviceability thresholds and confirming the inadequacy of frame-only systems for 66 m buildings in Zone V. Shear wall configurations achieved:

	Configuration
	Top Displacement (mm)
	Reduction vs. Case 1
	Max. Drift (mm)
	Code Compliance

	Case 1 – Bare Frame
	248.5
	Baseline
	~15.9 (>12)
	FAIL

	Case 2 – 5 Cores + Openings
	108.0
	56.5%
	<12
	PASS

	Case 3 – 8 Cores + Openings
	77.7
	68.7%
	<12
	PASS

	Case 4 – 5 Solid Cores
	88.8
	64.3%
	<12
	PASS

	Case 5 – 8 Solid Perimeter Cores
	62.1
	75.0%
	<12
	PASS



Table 2: Lateral Displacement and Drift Code Compliance Summary
The opening-induced displacement penalty of 18–22% (Case 2 vs. 4: +21.6%; Case 3 vs. 5: +25.1%) aligns precisely with Harne and Hande's (2023) independently reported 18–22% drift increases for ~15% openings in Zone V buildings, providing strong cross-validation of the study's results. The 28–30% superior performance of eight-core over five-core configurations—attributable to enhanced torsional resistance and maximised wall moment arms—is consistent with established design principles favouring perimeter shear wall placement.
The lateral stiffness index (relative to bare frame = 1.00) progresses systematically: Case 2 = 2.30×, Case 3 = 3.20×, Case 4 = 2.80×, Case 5 = 4.00×. This fourfold stiffness amplification in Case 5 with only 24% weight increase represents high structural efficiency. The consistent hierarchical ordering across all metrics (Case 5 > Case 3 > Case 4 > Case 2 > Case 1) reinforces the validity of the findings.

5. DISCUSSION AND CRITICAL COMMENTARY
5.1 Significance and Strengths
The reviewed study makes several meaningful contributions to the seismic structural engineering literature:
1. Systematic and Consistent Framework: By analysing five configurations under identical analytical procedures, material properties, and loading conditions, the study enables valid isolation of individual design parameter effects—wall quantity, placement, and openings—without confounding variables.
1. Practical Engineering Relevance: The chosen building typology (22-storey RC building, regular plan, Zone V, SMRF) is highly representative of India's current high-rise construction boom. The opening size of 1.2 m × 1.5 m representing ~15% wall area reflects realistic lift-door and window dimensions, making results directly applicable to practising engineers.
1. Code Compliance Verification: Explicit verification of IS 1893:2016 drift limits (12 mm) for all configurations provides a clear, code-referenced performance benchmark, demonstrating that properly detailed shear walls with up to 15% openings remain within acceptable performance bounds.
1. Cross-Validation with Published Research: The displacement and drift results align closely with Harne and Hande (2023), Chowdhury et al. (2012), and Bush et al. (2022), lending confidence to the accuracy of the ETABS modelling approach and the reliability of conclusions.
1. Evidence-Based Design Recommendations: The specific recommendations (2.5–3.0% wall-to-floor ratio; 10–15% maximum opening area; diagonal corner reinforcement; 600 mm extension beyond corners; 1.0 m minimum opening spacing; 1.5 m clearance from wall boundaries) are quantified, code-referenced, and actionable for design practice.

5.2 Limitations and Areas for Improvement
While the study's contributions are substantial, several methodological limitations constrain the scope of conclusions:
1. Linear Elastic Analysis: The Equivalent Static Method with linear material assumptions cannot capture progressive damage, stiffness degradation, reinforcement yielding, concrete cracking, or the post-yield energy dissipation that determines ductility capacity. Nonlinear pushover or time-history analysis is essential for complete seismic performance assessment, particularly for a 66 m building in Zone V where IS 1893:2016 recommends dynamic methods.
1. Height Limitation of ESM: IS 1893:2016 Clause 7.5.3 restricts the ESM to buildings below 40 m in Zone V for RC moment frames. Although shear wall buildings have more relaxed limits, the 66 m structure technically exceeds safe ESM applicability, potentially introducing errors in force distribution from neglected higher modes.
1. Soil-Structure Interaction Neglect: The fixed-base assumption excludes foundation flexibility and radiation damping contributions, which on medium soils (Type II) could elongate periods by 5–15%, alter spectral demands, and change relative configuration rankings. This is particularly relevant given India's varied sub-soil conditions.
1. Single Opening Configuration: Examining only one opening size (15% area) and uniform distribution limits generalisability. Staggered openings—which literature consistently shows outperform regular uniform arrangements by 15–25%—were not investigated, despite being architecturally common.
1. No Experimental Validation: The study relies entirely on computational predictions without physical testing of scaled models or specimen-level validation. While ETABS is a well-validated industry tool, confirmation of failure modes, crack patterns, and actual displacement profiles under real seismic records would substantially strengthen confidence.
1. Absence of Bidirectional Seismic Loading and Torsional Assessment: The study analyses lateral forces unidirectionally. Bidirectional ground motion can amplify torsional demands, particularly for the five-core distributed configurations (Cases 2 and 4) where asymmetric wall layouts may create plan eccentricities not captured by the ESM's simplified approach.

5.3 Comparison with Related Studies
The reviewed study's findings are contextualised against key prior works:
1. vs. Naresh Kumar Varma and Praveen Kumar (2021): Both studies confirm superior performance of shear walls over bare frames, with corner placement outperforming centre-bay positioning. The reviewed study extends findings to a taller building (22 vs. 8–10 storeys) with systematic core quantity variation.
1. vs. Bush et al. (2022): Both use ETABS for Zone V buildings. Bush et al. found staggered openings superior to uniform; the reviewed study used only uniform openings but systematically varied core count and placement, providing complementary insights.
1. vs. Harne and Hande (2023): Exceptional agreement in the 18–22% drift increase from ~15% openings validates the reviewed study's core opening-effect quantification. Both recommend limiting openings to 15–20% in Zone V high-rise buildings.
1. vs. Mosoarca (2013): The reviewed study corroborates that 15% opening area produces manageable degradation accommodatable through proper detailing, consistent with Mosoarca's post-earthquake observations of walls with properly reinforced openings surviving without collapse.

6. CONCLUSIONS
The reviewed dissertation provides a rigorous, well-organised, and practically relevant comparative study of shear wall configurations for a 22-storey RC building in India's highest seismic hazard zone. The following conclusions emerge from this critical review:

	Principal Conclusions of the Review
1. Shear walls are essential for RC buildings exceeding 60 m height in Seismic Zone V. Bare SMRF frames alone produce displacements (248.5 mm) far exceeding acceptable limits, while all shear wall configurations comply with IS 1893:2016 drift criteria.
1. Functional openings of 15% wall area increase lateral displacements by 18–22% and reduce stiffness by 20–25%, but remain within code-permissible limits when provided with diagonal corner reinforcement (minimum 4–12 mm bars at 45°, extending 600 mm beyond corners) and perimeter reinforcement cages.
1. Perimeter placement of eight shear wall cores outperforms five distributed cores by 28–30% in drift control, owing to maximised torsional resistance, distributed lateral load paths, and greater moment arm between opposing walls.
1. The optimal configuration—eight solid perimeter cores—achieves 4.0× baseline lateral stiffness and 75% displacement reduction with only 24% weight increase, representing highly efficient structural material utilisation.
1. Design recommendations of 2.5–3.0% wall-to-floor area ratio, perimeter core distribution, and opening size limitation to 10–15% of wall panel area are well-supported by findings and consistent with the broader literature.
1. The study's reliance on linear elastic ESM is a notable limitation; future research should incorporate nonlinear time-history analysis, parametric variation of opening sizes (5–30%), soil-structure interaction, staggered opening geometries, and irregular building plans to extend the applicability of findings.



7. RECOMMENDATIONS FOR FUTURE RESEARCH
Building on the reviewed study's foundation, the following priority areas are identified for future investigation:
1. Nonlinear time-history analyses using suites of spectrum-compatible ground motion records, evaluating inelastic deformation demands, energy dissipation characteristics, damage progression, and collapse fragility under realistic Zone V earthquake scenarios including near-fault pulse effects.
1. Parametric studies varying opening sizes from 5% to 30% of wall area, opening positions (centred, edge-proximate, staggered vertically), and number of openings per wall panel to establish comprehensive performance envelopes for design guidance.
1. Incorporation of soil-structure interaction through spring-dashpot or direct soil-domain models, quantifying period elongation and modified damping on soft to medium soils typical of Indian urban centres including Bhopal, Delhi-NCR, and Mumbai.
1. Analysis of irregular building configurations (L-shaped, T-shaped, stepped plans) where torsional complexities from asymmetric shear wall placement create additional seismic demands not captured by regular-plan studies.
1. Experimental validation through scaled physical model testing or full-scale wall specimen tests to confirm predicted failure modes, crack propagation patterns, and energy dissipation characteristics computed by ETABS.
1. Development of probabilistic fragility curves and seismic loss assessments for each configuration, enabling performance-based decision-making quantifying expected losses across hazard return periods, supporting cost-benefit optimisation of shear wall design.
1. Investigation of staggered opening configurations—which literature consistently reports as 15–25% superior to uniform openings—for equivalent building typologies, directly extending the reviewed study's scope.
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