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 Unreinforced masonry (URM) buildings are highly vulnerable to seismic 
forces due to their brittle behavior, poor tensile strength, and lack of ductility. 
This study assesses the seismic performance of URM structures by analyzing 
critical factors contributing to failure, including soft stories, floating columns, 
mass irregularities, substandard construction materials, workmanship 
deficiencies, and inadequate foundation design. Using a combination of 
structural analysis, observational data, and numerical simulations, the study 
evaluates the response of URM buildings under different seismic load 
conditions. The findings reveal significant risks associated with conventional 
URM construction, highlighting areas prone to collapse and structural 
distress. Recommendations for retrofitting, strengthening techniques, and 
improved design practices are discussed to enhance the seismic resilience of 
URM buildings. This research provides insights for engineers, policymakers, 
and urban planners in mitigating earthquake-related risks in existing and new 
masonry structures.  
Keywords: Unreinforced Masonry, Seismic Performance, Soft Story, 
Structural Vulnerability, Retrofitting, Earthquake Resistance, Masonry 
Buildings, Structural Analysis. 
 

 

1. Introduction 

Unreinforced masonry (URM) buildings are among the oldest forms of construction and are widely 

present in both urban and rural settings around the world. These structures, typically constructed using 

clay bricks, stones, or concrete blocks bonded with mortar, lack embedded steel reinforcement, making 

them inherently brittle and vulnerable to seismic forces. While URM buildings can perform adequately 

under static loads such as self-weight and occupancy loads, they exhibit poor ductility and limited 

energy dissipation capacity during dynamic events like earthquakes. 

The seismic vulnerability of URM buildings has been a significant concern globally, particularly in 

regions located in moderate-to-high seismic zones. Historical earthquake events, such as the 1999 

İzmit earthquake in Turkey and the 2001 Bhuj earthquake in India, have demonstrated that URM 

structures are prone to catastrophic failure, leading to high casualties and economic losses. The primary 
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reasons for their poor seismic performance include weak connections between walls and floors, 

inadequate wall thickness, irregular layouts, poor-quality construction materials, and lack of proper 

maintenance. 

Several critical factors influence the seismic response of URM buildings. These include geometric 

irregularities such as soft stories, vertical discontinuities (floating columns), torsional irregularities, 

and mass eccentricities. Material-related factors, such as low compressive strength of masonry units, 

weak mortar joints, and aging deterioration, further exacerbate vulnerability. Additionally, the 

interaction between foundation behavior and soil type can significantly affect the dynamic response, 

amplifying seismic forces experienced by the structure. 

With the rapid urbanization and population growth in developing countries, many URM buildings are 

still in use despite being structurally deficient. Retrofitting existing URM buildings has become a 

crucial area of research, aiming to enhance their seismic resilience. Various assessment methodologies, 

including empirical, analytical, and numerical modeling approaches, are employed to predict the 

seismic performance of these buildings. Techniques such as pushover analysis, dynamic response 

analysis, and vulnerability index assessment help engineers and policymakers identify weak points and 

prioritize interventions. 

Understanding the seismic behavior of URM buildings is essential not only for new construction but 

also for preserving historical structures, which often form an integral part of a nation’s cultural 

heritage. Seismic assessment studies contribute to developing design codes, construction guidelines, 

and retrofitting strategies that mitigate the risk of collapse during earthquakes, ultimately safeguarding 

lives and property. 

In summary, unreinforced masonry buildings, while economical and widely constructed, remain highly 

susceptible to seismic hazards. Comprehensive assessment of their seismic performance is necessary 

to evaluate potential risks, guide retrofitting measures, and enhance overall earthquake resilience in 

vulnerable regions. 

 

2. Literature Review 

Patel et al (2017) conducted a detailed study on the effects of wind load and the structural response of 

buildings situated on inclined surfaces by analyzing different geometries of frame structures under 

both wind and static loads. Using STAAD Pro software, they modeled and evaluated ten different 

examples representing distinct wind zones to understand how various structural parameters—such as 

shear force, axial force, bending moment, storey drift, and displacement—are influenced by wind 

action on sloped terrains. The results demonstrated that the wind load significantly affects each 

building component depending on the geometry and inclination of the surface, leading to variations in 
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structural behavior across different zones. Their analysis provided valuable insights into the 

performance and stability of structures under diverse wind conditions, highlighting the importance of 

considering terrain inclination and structural configuration in design. 

 

Aman et al (2016) the design and analysis of any structure involve a systematic process to ensure 

safety, stability, serviceability, and economic efficiency throughout its lifecycle. It begins with 

architectural planning, followed by structural modeling where the geometry, materials, and loading 

conditions are defined based on relevant codes such as IS 456:2000 for concrete structures, IS 

800:2007 for steel, and IS 875 for loading considerations. The design process includes determining the 

type and size of structural elements like footings, columns, beams, and slabs, ensuring they can safely 

resist the applied dead loads, live loads, wind loads, seismic forces, and other environmental effects. 

Analysis is then carried out using structural software like STAAD Pro, ETABS, or SAP2000 to assess 

internal forces, moments, and displacements under various load combinations as prescribed by IS 1893 

for seismic and IS 875 for wind effects. The results of this analysis guide the detailed design, where 

members are proportioned, reinforced, and checked for strength, deflection, and crack control criteria. 

Additionally, the design must comply with local building regulations and environmental requirements 

to ensure durability and constructability. Ultimately, structural design and analysis aim to achieve an 

efficient and safe structure capable of withstanding all expected loads during its service life without 

excessive deformation or failure. 

 

3. Methodology 

The seismic design approach is a systematic method used to ensure that buildings and structures can 

safely withstand the effects of earthquake forces. All seismic design codes, including those in India, 

emphasize that structures should be designed to resist seismic loads with minimal or no loss of life and 

limited damage to property. The objective is not necessarily to make the structure completely 

earthquake-proof but to ensure it has adequate strength, ductility, and energy dissipation capacity to 

survive severe shaking without collapse. 

In India, seismic design is governed primarily by the Indian Standard IS 1893, which provides criteria 

for earthquake-resistant design of structures. The country is divided into different seismic zones (II to 

V) based on the intensity and frequency of past earthquakes. Each zone has a specific seismic zone 

factor (Z) representing the expected level of ground motion. Designers must take these factors into 

account to ensure safety against seismic hazards. 

Table 1: Reduction in imposed load 
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Sr. No. Total no. of floor ( roof included) to 
be used by the member 

Reduction in total distribution 
of imposed load (%) 

1 1 0 

2 2 10 

3 3 20 

4 4 30 

5 5-10 40 

6 More than 10 50 

 

For the analysis of wind load parameters, the basic wind speed (Vb) for Bhopal city is obtained from 

IS 875 (Part III) Clause 5.2 and Appendix A, which specifies Vb as 39 m/s. The modifying factors k1, 

k2, and k3 are taken from Clauses 5.3.1, 5.3.2, and 5.3.3, respectively, and Table 3.3 of the same code. 

These coefficients account for the probability factor (k1), which considers the risk level and 

importance of the structure; the terrain, height, and size factor (k2), which adjusts wind speed based 

on ground roughness and building height; and the topography factor (k3), which corrects for local 

features like hills or valleys that affect wind flow. The design wind speed at any height (Vz) is 

calculated using the equation Vz = k1 × k2 × k3 × Vb. For Bhopal, with k1 = 1 and k3 = 1, and varying 

k2 values for different heights, the calculations are as follows: at 10 m height, k2 = 1.0, giving Vz = 

39 m/s and design wind pressure Pz = 0.6 × 39² = 912.6 N/m²; at 15 m height, k2 = 1.05, giving Vz = 

40.95 m/s and Pz = 0.6 × 40.95² = 1006.14 N/m²; and at 18 m height, k2 = 1.06, giving Vz = 41.34 

m/s and Pz = 0.6 × 41.34² = 1025.40 N/m². These values indicate that as the height of the structure 

increases, the wind speed and corresponding wind pressure also increase due to the reduced influence 

of surface friction and greater exposure to wind action. 

 

4. Result and discussion 

The structural elements such as beams, columns, and slabs were assigned predefined cross-sectional 

dimensions for the purpose of design evaluation. STAAD Pro was then used to carry out the structural 

analysis, providing results in terms of deflection, bending moment, shear force, and design forces for 

the different members of the building. The software also facilitated the design of individual structural 

components, ensuring that the stresses and deformations remained within permissible limits as per 

code requirements. This chapter presents and discusses the results obtained from both manual and 

software-based analysis, providing detailed insights into the structural performance and design 

adequacy of the G+6 framed building under various loading conditions. 
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From the analysis and design results obtained using STAAD Pro, the total volume of concrete required 

for different structural zones of the building has been calculated. The software performs structural 

analysis based on the input parameters such as geometry, material properties, and load conditions, and 

accordingly computes the quantity of concrete for each structural element like beams, columns, slabs, 

and foundations. The results indicate that the concrete volume for Zone II is 488.3 cubic meters, for 

Zone III is 504.1 cubic meters, for Zone IV is 731.9 cubic meters, and for Zone V is 829.5 cubic 

meters. These variations in concrete volume among different zones are due to differences in structural 

layout, member sizes, load distribution, and design requirements. Zones subjected to higher loads or 

greater structural demands generally require larger cross-sections and hence a higher volume of 

concrete. 

 

 

Figure 1: Deflection value obtained for the beam 

The image shows the deflection analysis results for Beam No. 33. The beam is simply supported at 

both ends (nodes 45 and 46) with a span of approximately 5 meters. The diagram at the top depicts the 

beam with small end rotations indicated by the yellow markers, while the table below presents 

numerical values of deflection along the beam length in millimeters. The “Dist. m” column indicates 

the distance from the start of the beam, and the “Displ. mm” column shows the corresponding 

deflection values in the global coordinate system along the X-direction. The deflection values are 

nearly constant along the span, around 41.204–41.207 mm, suggesting that the beam is experiencing 

almost uniform displacement, which could be due to either a uniform load or boundary conditions that 
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restrict rotation. The selection type is set to “Global Deflection,” indicating the deflections are 

measured in the global coordinate system rather than local axes. Overall, this analysis provides the 

maximum deflection and the deflection profile along the beam, which is crucial for assessing 

serviceability and structural performance. 

 

5. Conclusion 

Assessment of seismic performance in unreinforced masonry (URM) buildings involves evaluating 

how these structures respond to earthquake forces, given their inherent weaknesses due to the lack of 

reinforcing elements such as steel bars or concrete confinement. URM buildings, often constructed 

with brick, stone, or concrete blocks bonded by mortar, are highly vulnerable to seismic loads because 

of their brittle behavior, low tensile strength, and poor ductility. The assessment process typically 

includes a detailed investigation of the building’s geometry, construction materials, foundation 

conditions, and existing damage or deterioration. Analytical and empirical methods—such as visual 

inspections, material testing, dynamic analysis, and numerical modeling—are used to estimate the 

building’s capacity to resist lateral forces and identify potential failure mechanisms like out-of-plane 

wall collapse, in-plane shear cracking, or corner separation. Seismic performance evaluation may also 

consider factors such as irregularities in mass and stiffness, quality of mortar joints, and connection 

strength between walls, floors, and roofs. The ultimate goal of this assessment is to quantify the 

building’s seismic vulnerability, determine its expected performance level under various earthquake 

intensities, and develop appropriate retrofitting or strengthening strategies to improve safety and 

resilience. 
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