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Abstract 
 

The increasing frequency and intensity of seismic events have raised significant concerns about the structural 

safety of existing reinforced concrete (RCC) buildings, particularly in developing regions. This study provides a 

comprehensive assessment of the seismic vulnerability of such structures and investigates the cost-effectiveness 

of the retrofitting technique (Column Jacketing Method) as an alternative to the complete reconstruction of any 

endangered RCC building. The vulnerable columns are retrofitted by the Column Jacketing Method using fiber-

reinforced polymer (FRP) and analyzed in ETABS following BNBC 2020. The results reveal that well-planned 

retrofitting can substantially improve structural performance while reducing financial and environmental 

burdens associated with demolition and new construction. This research supports retrofitting as a technically 

durable and economically rational approach for enhancing the seismic resilience of existing RCC buildings. 
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1 Introduction 
 

In the past decades, seismic intensity has increased both in high-risk and low-risk zones, raising global concern 

over the stability of structures, especially in developing countries like Bangladesh, where huge masses of 

Reinforced Concrete (RCC) buildings are vulnerable due to aging material, poor design, negligence, and 

building codes have been lagging compared to modern standards. In Bangladesh, many existing RCC buildings 

were constructed without seismic detailing, making them highly vulnerable to earthquake-induced damage, 

especially in urban centers like Chittagong and Dhaka (Barua et al., n.d.). Demolishing and rebuilding the 

existing seismically deficient structure is highly impractical and also uneconomical. More viable as an 

alternative, retrofitting techniques have become increasingly effective and popular, offering greater safety at a 

lower cost and damage. Retrofitting is a process of structural members in numerous ways. Of these, concrete 

jacketing and shear wall addition are among the most effective retrofitting methods for improving lateral load 

resistance in RCC buildings, especially when analyzed using ETABS software(Anuradha et al., 2021), but the 

column jacketing method using Carbon Fiber Reinforced Polymer (CFRP) has proven particularly effective. The 

DCR value, story drift, and story displacement can be significantly decreased after retrofitting with Concrete 

Column Jacketing, and this method is proven to be less costly than the reconstruction (Anika et al., 2023). 

CFRP, one of the classes of Fiber Reinforced Polymers (FRP), is a lightweight, high-strength composite 

material resistant to corrosion. Unlike RC retrofitting, which adds extra weight, length, and width, it also 

damages the previous structure as we need to drill holes in columns and beams for jacketing(Rawat & Kadlag, 

2023). Using CFRP in masonry buildings significantly reduces stresses and enhances structural stiffness—up to 

48% when applied to walls—and emphasizes it is effectiveness for retrofitting, leading to more durable, crack-

free, and sustainable structures (Aloys Ondokuz Mayıs Üniversitesi et al., 2018). 

Currently, CFRP is being used extensively in the construction field as CFRP can significantly improve the 

tensile strength, ductility, and energy-absorbing characteristics of structural members. CFRP retrofitting can 
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reduce structural drift significantly, and in this process, further investigation is needed to explain some irregular 

displacement and drift patterns (Islam et al., 2025). Its use in construction is increasing due to its durability and 

performance when subjected to seismic loads, and thus it has become a crucial material in the current retrofits. 

Buildings with irregular designs are more prone to loss during earthquakes; hence, a detailed risk assessment has 

to be carried out, generally with the help of tools like ETABS(Mohiuddin & Singh, 2019). 

A Comparison of reconstruction and seismic retrofitting of a low-rise garment factory in Bangladesh states that 

reconstruction is more cost-effective and provides greater improvements in structural stability, drift reduction, 

and seismic performance than retrofitting (Abrar et al., n.d.).  Retrofitting using CFRP can be costly, but 

effective and safe to apply to concrete columns and beams, and is the most commonly used resisting material 

due to its flexural and tensile strength properties. CFRP retrofitting simulations require advanced software like 

ABAQUS, ANSYS, or LS-DYNA (Shooshtari & Gomar, 2017). In this research, retrofitting of failed structural 

elements with column jacketing using CFRP is analyzed, along with the seismic performance of an existing 

structure using ETABS according to BNBC 2020, and its cost-effectiveness is also shown.  

2 Methodology 

 

2.1 Computational Analysis Strategy 

A G+2-story residential building was chosen for retrofitting. As we converted it into a commercial office, 

Response Spectrum Analysis (RSA) was done. RSA is mandatory for high-rise buildings, as this building is in 

Seismic Zone III with occupancy category III in the Chittagong district. For the soil type, RSA is mandatory. In 

ETABS, for lateral loads (seismic and wind), ASCE7-05 lateral loads were used, and load combinations were 

used according to the BNBC 2020 standard (Table 3). For FRP, Carbon Fiber Reinforced Polymer (CFRP) is 

used. CFRP details have been collected from SIKA CarboDur, a product imported by SIKA Bangladesh. 

 

2.2 Structural Components and Properties 

The grade of concrete mixture, using reinforcements and CFRP details, story height, zone factor, area of 

building, slab thickness, beam and column details are elaborated in Table 1 and 2. 

 

Table 1.  Material Details. 
 

Type Details 

Grade of Concrete M30 

Grade of Steel 500DWR 

Thickness of Slab 0.127m 

Zone III (Zone Factor) 0.28 

Area of Building 230m2 

Typical Story Height 3m 

Beam Dimensions (mm) GB 305X407; FB 305X381 

Column Dimensions (mm) Above Plinth Level:305X305; 254X381; 305X254; 305X381; 305X457. 

Below Ground Level: 381X381; 330X457; 381X330; 381X457; 381X533. 

CFRP Maximum Yield Strength= 3.06x106 kN/m2 

 

2.3 Load Cases and Combinations (BNBC 2020) 

 

Table 2.  Load Cases. 

 

Types of loads Load Values 

Dead load Self-weight 

Live load Residential= 2.02 kN/m2; Commercial= 4.80 kN/m2 

Floor finish 1.2 kN/m2 

Partition wall load 6.4 kN/m 

Parapet wall load 2.4 kN/m 

 

Table 3.  Load Patterns. 

 

(1) 1.4D (2) 1.2D + 1.6L + 0.5Lr (3) 1.2D + 1.6Lr + L 

(4) 1.2D + 1.6Lr + 0.8Wx  (5) 1.2D + 1.6Lr - 0.8Wx  (6) 1.2D + 1.6Lr + 0.8Wy  
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(7) 1.2D + 1.6Lr - 0.8Wy  (8) 1.2D + 1.6Wx + L + 0.5Lr  (9) 1.2D - 1.6Wx + L + 0.5Lr  

(10) 1.2D + 1.6Wy + L + 0.5Lr (11) 1.2D -1.6Wy + L + 0.5Lr (12) 1.2D + Ex + L 

(13) 1.2D - Ex + L  (14) 1.2D + Ey + L  (15) 1.2D - Ey + L  

(16) 0.9D + 1.6Wx  (17) 0.9D - 1.6Wx  (18) 0.9D + 1.6Wy  

(19) 0.9D - 1.6Wy  (20) 0.9D + Ex  (21) 0.9D - Ex  

(22) 0.9D + Ey  (23) 0.9D - Ey (24) Envelope 

 

 

2.4 CFRP Jacketing 

Using ETABS 17 software, we retrofitted the model’s columns and beam members with CFRP (Figure 1) by 

section designer using properties from Sika CarboDur. 

 

 
Column Section 

 
Beam Section 

` 

Figure 1. Retrofitted Member. 

 

3 Structural Performance Evaluation 

 

3.1 Elemental Weakness Identification 

In an attempt to perform structural analysis for two unlikely types of buildings, residential and commercial, 

certain clear distinctions were brought forth regarding their ability to resist lateral loads, especially those due to 

seismic activities. 

 

 

Figure 2. Vulnerability Check of Structural Members-

Residential Model. 

 
 

Figure 3. Vulnerability Check of Structural Members-

Failed Commercial Model. 
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Figure 4. Vulnerability Check of Structural Members-Retrofitted Model (Final model). 

 

Residential Model (Residential Load Cases) 

In Figure 2, it can be seen that all the members and beams are stable and well-built as they are not overstressed 

(ETABS shows all failed overstressed members as red-colored members). As it was made for a residential 

dwelling, from the analysis, we see: 

• All structural members were found to be designed adequately for gravity as well as lateral loads. 

• Moreover, it satisfied the requirements of all the load cases, without the need for strengthening. 

• The initial design was sufficient for the should-be residential seismic demand and type of occupancy. 

 

Residential model with commercial configurations (Pre-Retrofit) 

All the members fail in Figure 3 (All members are overstressed, indicated by red color) where we applied load 

cases for the commercial use of that building. This analysis indicates: 

• Commercial use has significantly more deficiencies under lateral load than residential use in the 

structure.  

• Response spectrum analysis showed that not all the members would meet the performance criteria.  

• The overall performance deficiency was mostly due to the increased seismic demands, higher loads, 

and occupancies for commercial buildings. 

 

Retrofitting Measures (Commercial load cases-Final model) 

After retrofitting the model with CFRP in Figure 4, the model is stable and is suitable for commercial use. As 

this process was done by: 

• Targeted retrofitting has been implemented, focusing on critical structural members such as columns 

and beams. 

• Strengthening techniques included integrating externally bonded FRP, to be precise, CFRP jacketing. 

• Post-retrofitting analysis showed that the upgraded members successfully met all performance criteria 

under lateral loads and dynamic analysis. 

 

The residential model met all structural demands without retrofitting, but adapting it for commercial use 

exposed weaknesses in key members due to higher seismic and occupancy loads. Retrofitting with section 

enlargement, reinforcement, and possible CFRP jacketing resolved these issues, and post-analysis confirmed 

compliance with performance standards. 

 

3.2 Story Drift Analysis 

Drift analysis shows a significant 35%-50% lower drift ratio. Analysis consists of three models, one as a 

residential building in commercial condition (Figure 5), having a max drift of 0.051mm. For a G+2-storied 

building according to BNBC 2020, with occupancy category III, the maximum drift allowed in seismic zone III 

is 0.020hhx; in this case, the allowable drift is 0.121mm. The second model (Figure 6), with a failure of columns 

and beams due to overstress, used commercial building load cases and had a drift of 0.147mm. The found drift 

is higher than the allowed drift, according to BNBC 2020. For our 3rd model, retrofitting the structure’s columns 

and beams using CFRP sheets, the maximum drift found was 0.0507mm (0.001997in.). From the allowed drift, 
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around 60% less drift was accounted for. For RSA (Response spectrum Analysis), which is mandatory for 

commercial use of a building, the drift was 0.014mm-0.017mm (Figures 7 and 8), which is even less than the 

normal drift case. In the case of residential drift with commercial loads, which is higher than the allowable 

commercial building’s drift, retrofitting both commercial and residential buildings’ lifespans will be increased. 

 

 
Figure 5. Residential 

Model. Max (0.051mm, 

SR); Min (0mm, Base) 

 
Figure 6. Commercial 

Failed Model. Max 

(0.147mm, SR); Min 

(0mm, Base) 

 
Figure 7. Comm. Model 

RSA X. Max (0.014mm, 

SR); Min (0mm, Base) 

 
Figure 8. Comm. Model 

RSA Y. Max (0.017mm, 

SR); Min (0mm, Base) 

 

 

3.3 Costing of Reconstruction and Retrofitting 

 

 
 

Figure 9. Cost Comparison between the Reconstructed Building and the CFRP Retrofitted Building. 

 

Table 4.  Commercial Reconstruction. 

 

Items Required Cost 

Demolition Process Contractual 500,000/= 

Rebar 35000kg 3,080,000/= 

Cement 3100 bags 1,550,000/= 

Bricks 180000 nos 1,800,000/= 

Sand (Red+Sylet sand) 16000 cft 1,250,000/= 

Maintenance Contractual 200,000/= 

Labor Charge Contractual 1,000,000/= 

Total Approx. 9,380,000/= 
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Table 5.  CFRP Retrofitting. 

 

Items Required Cost 

CFRP 2310m 4,000,000/= 

Maintenance & Labor Approx. 15,000/= 

Total  4,015,000/= 

 

As can be seen, retrofitting (Table 5) will cost around 55% less than reconstruction (Table 4), and it is not time-

consuming, as reconstruction and reconstruction will result in the present structure as waste. So, it is highly not 

recommended as materials have limited production and access. 

 

4 Conclusion 
 

The study assesses seismic vulnerability in RCC structures using ETABS as per BNBC 2020, where column 

jacketing with Carbon Fiber Reinforced Polymer (CFRP) is used as a retrofitting technique. The column 

jacketing increases the overall stability of the structure, along with the column strength. The method reduces 

drift by up to 60% and increases the safety of damaged structural elements. 

When compared to reconstruction, retrofitting is proven to be more cost-effective, with:  

➢ CFRP retrofitting cost: 4 million BDT (approx.).  

➢ Full reconstruction cost: 9.3 million BDT (approx.). 

According to our results, if the building is constructed according to code, we shall be able to retrofit residential 

buildings for the purpose of commercial use, and, among them, CFRP retrofitting will be better as it is not time-

consuming, less wastage, and can be done by simple methods. Unlikely for reconstruction, it is costly and time-

consuming, and requires a heavy workforce and machinery. Retrofitting can substantially reduce the cost of 

destruction and reconstruction of an existing building. Additionally, due to lower demolition waste and the 

conservation of existing materials, retrofitting can be considered as an environmentally friendly option. For 

future research, CFRP-FRP optimization and in-field performance monitoring can be studied. 
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