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Abstract 

 

Columns are essential structural components in reinforced concrete (RC) buildings, primarily subjected to 

compressive forces and moments that transfer loads from the superstructure to the substructure. While 

conventional column shapes such as square, rectangular, and circular are commonly used in construction, special-

shaped columns, including L-, T-, and cross-shaped columns, offer distinct advantages. These special-shaped 

columns enhance space utilization by minimizing obstructions within rooms, thereby maximizing the usable floor 

area. This study evaluates the structural performance and cost-effectiveness of multi-storied RC buildings with 

conventional (rectangular and circular) and special-shaped columns (L-, T-, and cross-shaped) across five cases. 

A six-storied industrial building was analyzed using ETABS, in compliance with BNBC 2020. The results show 

that the structural performance of special-shaped columns is nearly identical to that of conventional columns, with 

story displacement variations ranging from 3% to 8% and story drift variations ranging from 1% to 9%. Moreover, 

special-shaped columns reduce reinforcement requirements by 3% to 12%, with circular columns achieving up to 

17% less reinforcement than square columns. In terms of cost, framing costs decrease by 3% to 8%, and 

reinforcement costs are reduced by up to 11% when circular columns are used. These findings suggest that special-

shaped columns are a cost-effective alternative to conventional columns, providing similar structural performance 

with the added benefits of enhanced space efficiency and cost savings. 

 

Keywords: Reinforced Concrete Buildings; Conventional Column; Special Shaped Columns; Structural 

Performance; Cost Efficiency 

 

 

1 Introduction 

 

Reinforced concrete (RC) column design is a cornerstone of building construction, especially in multi-storied 

structures, as it affects structural stability and safety, architectural aesthetics, material efficiency, and overall cost-

effectiveness. The need for advanced structural solutions has become increasingly evident as urbanization and the 

demand for complex architectural designs have grown. Conventional reinforced concrete (RC) columns, such as 

those with rectangular or square cross-sections, have been the standard for decades due to their simplicity in design, 

ease of construction, and reliable performance under various loading conditions (Peng et al., 2013). However, 

these columns exhibit certain limitations. They typically require larger cross-sectional areas, offer less architectural 

flexibility, and have inefficient material usage. These drawbacks have prompted engineers and researchers to 

explore alternative designs, such as special-shaped RC columns with circular, L-shaped, T-shaped, and other 

geometric configurations, to address these challenges and enhance structural performance (Zhou et al., 2012). 

Special-shaped reinforced concrete (RC) columns offer several advantages over conventional designs. For 

instance, L-shaped and T-shaped columns provide enhanced architectural flexibility, enabling more advanced and 

versatile layouts in building design (Liu et al., 2018). In Bangladesh, where rapid urbanization and population 

growth have significantly increased demand for cost-effective, space-efficient building designs, the adoption of 

special-shaped columns offers a promising solution. While some studies have explored the structural performance 

of these columns, there remains a gap in detailed research on the cost-effectiveness and structural behavior of 

special-shaped columns in multi-story industrial buildings, particularly in the context of Bangladesh. 

A simplified design method for special-shaped columns (SSCs) subjected to biaxial bending was proposed, 

involving the development of axial load-bending moment (P-M) interaction diagrams based on equilibrium and 

strain compatibility, which were subsequently validated by computer analysis (Jajodia & Gadve, 2023). An 

experimental investigation of full-scale, special-shaped (L, T, and +) RC columns was conducted to analyze their 

failure modes and fire resistance under various axial loads and fire exposures, and the results were used to develop 

and validate a corresponding numerical simulation program (RCSSCF) (Xu & Wu, 2009). To overcome the poor 

ductility of standard special-shaped columns, an experimental investigation of ten novel cross-shaped specimens 

integrating high-performance concrete (HPC), high-strength stirrups (HSS), and steel fibers, analyzed the 
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parameters affecting axial performance and ultimately revealed that existing confinement models are inadequate 

for these new shapes (Li et al., 2018). 

This study aims to conduct a comparative analysis of the structural performance and cost-efficiency of multi-

storied reinforced concrete industrial buildings with conventional columns (rectangular and circular) and special-

shaped columns (L-shaped, T-shaped, and cross-shaped). The analysis is performed for a six-story industrial 

building using the ETABS software and adhering to the guidelines set by the Bangladesh National Building Code 

(BNBC, 2020). Key performance indicators, such as story displacement, drift, and material consumption, are 

assessed, along with an evaluation of the economic implications of using special-shaped columns. The results 

indicate that special-shaped columns offer comparable structural performance to conventional columns while also 

reducing costs. These findings underscore the potential of special-shaped columns as a cost-effective and space-

efficient alternative for multi-story building design. 

 

2 Methodology 

 

This study analyzed a 6-story industrial building designed with conventional and special-shaped RC columns, 

using special reinforced concrete moment-resisting frames. Three-dimensional finite element models were 

developed and analyzed in ETABS 22, in accordance with the Bangladesh National Building Code, (BNBC, 2020) 

guidelines for wind and seismic loads. Additionally, a cost evaluation was conducted using the PWD Schedule of 

Rates for civil works (PWD, 2023). The wind and seismic design specifications are described in Table 1. 

 

Table 1. Design Parameters 

Location Mymensingh 

Seismic Zone Zone 4 

Seismic Zone Coefficient 0.36 

Site Class SD 

Seismic Design Category D 

Occupancy Category III 

Importance Factor (Seismic Load) 1.25 

Basic Wind Speed 67.4 m/s 

Exposure Category A 

Importance Factor (Wind Load) 1.15 

Response Reduction Factor, R 8 

 

 

  
(a) (b) 

Figure 1: 3D Rendered View of ETABS Model and Typical Floor Plan of the buildings 

 

The concrete compressive strength is 40 MPa, while the reinforcing steel used in all structural members has a yield 

strength of 420 MPa. The framing system is considered a Special Moment Resisting Frame (SMRF). Figure 1 

presents a 3D-rendered view of the ETABS model alongside the plan view of the building. The live load used for 

analysing the building was determined in accordance with the BNBC (2020) guidelines. As the building is 

industrial, a uniformly distributed live load of 4 kN/m2 is applied to all floors. The dimensions and thicknesses of 

the structural members for different cases are presented in Table 2. 
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Column and beam sections were determined through an iterative design process, ensuring that joint shear and 

beam-column capacity ratios complied with Special Moment Resisting Frame (SMRF) criteria. Cases 1 and 2 

utilized conventionally shaped columns, whereas Cases 3 to 5 incorporated specially shaped columns. First, a 

Linear Elastic Analysis was conducted to determine key performance parameters, such as story displacement and 

story drift. Based on this analysis, the structures were designed in accordance with SMRF standards, after which 

reinforcement quantities and cost estimates were determined. Finally, a pushover analysis was conducted to 

determine the capacity curve and evaluate the post-yield performance of each structural configuration. The 

sectional properties of different column shapes are presented in Table 3. 

 

Table 2. Dimensions of Structural Members 

Types Case 1 Case 2 Case 3 Case 4 Case 5 

Column 

Dimensions 

(mm) 

Square 

550 x 550 

Circular 

600 mm dia. 

Square 

550 x 550 

L- Column 

350 x 550 

T- Column 

350 x 550 

Circular 

600 mm dia. 

L- Column 

350 x 550 

T- Column 

350 x 550 

X- Column 

350 x 600 

L- Column 

350 x 550 

T- Column 

350 x 550 

Floor Beams 

(mm) 
350 x 600 350 x 600 350 x 600 350 x 600 350 x 600 

Grade Beams 

(mm) 
350 x 600 350 x 600 350 x 600 350 x 600 350 x 600 

Thickness of 

Floor Slab 
175 mm 175 mm 175 mm 175 mm 175 mm 

Thickness of 

Stair Slab 
200 mm 200 mm 200 mm 200 mm 200 mm 

 

 

Table 3: Sectional Properties of the Columns 

Column Shapes 
Dimensions 

(mm) 

Cross Sectional Area 

(mm2) 
Ixx (cm4) Iyy (cm4) 

Square Shaped Column 550 x 550 302500 762552.1 762552.1 

Circular Column 600 mm dia. 282740 636172.5 636172.5 

L- Shaped Column 350 x 550 262500 608052.1 608052.1 

T- Shaped Column 350 x 550 262500 608052.1 556718.8 

Cross (+) Shaped Column 350 x 600 297500 719322.9 719322.9 
 

3 Results and Discussions 

3.1 Story Displacement Due to Seismic Load 

 

Figure 2 shows the story displacement due to seismic load. The earthquake-induced displacement varies from 3% 

to 8% in the X direction and from 2% to 8% in the Y direction when a special-shaped column is used instead of a 

conventional-shaped column. Despite these minor differences, both configurations exhibited comparable lateral 

displacement, indicating that the special-shaped columns were designed to achieve lateral stiffness equivalent to 

that of the conventional sections, thus preserving the overall lateral response of the structure. 
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(a) (b) 

Figure 2: Story Displacement due to Seismic Load in (a) X Direction and (b) Y Direction. 

 

3.2 Story Drift Due to Seismic Load 

 

Figure 3 illustrates the story drifts for the different structural cases under seismic loading. The analysis revealed a 

1% to 9% variation in story drift in both the X and Y directions across the models. Notably, Case 4, which utilized 

a combination of T-shaped, L-shaped, and circular columns, exhibited the highest story drift. This observation is 

attributed to the section properties of that specific configuration. The column arrangement in Case 4 had a 

relatively smaller collective moment of inertia than the other models. 

 

  
(a) (b) 

Figure 3: Story Drift due to Seismic Load in (a) X Direction and (b) Y Direction 

 

3.3 Reinforcement Quantity 

 

Figure 4(a) illustrates the required reinforcement quantities for the different cases. A reduction of 3% to 12% in 

reinforcement is observed when special-shaped columns are used instead of conventional ones. Replacing square-

shaped columns with circular columns reduces reinforcement by about 17%. However, when circular columns are 

used with special-shaped columns, the reduction in reinforcement can reach up to 12%, due to the lower amount 

of confined reinforcement in circular columns. 
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(a) (b) 

Figure 4: (a) Amount of Reinforcement and (b) Cost Comparison 

 

3.4 Cost Comparison 

 

Figure 4(b) presents a cost comparison of framing across the different cases, including reinforcement, concrete, 

and shuttering. A 3% to 8% reduction in framing costs is observed when special-shaped columns replace 

conventional ones. Replacing square columns with circular ones reduces reinforcement costs by 11%. When 

circular columns are used with special-shaped columns, the reduction in reinforcement can reach up to 8%, due to 

the lower amount of confined rebars in circular columns. While circular columns generally incur higher shuttering 

costs than square columns, the reduced concrete and reinforcement requirements help offset these costs. 

 

 

3.5 Capacity Curve 

 

  
(a) (b) 

Figure 5: Capacity Curve of Pushover Analysis along (a) X Direction and (b) Y Direction 

 

Figure 5 represents the capacity curve (resultant base shear to monitored roof displacement). The initial stiffness 

was nearly identical across all cases in both directions, whereas the post-yield response, ultimate strength, and 

ductility showed notable variation. In the Y-direction, all cases exhibited stable ductile behavior with no significant 

strength degradation after yielding. Case 1 achieved the highest ultimate base shear, followed by Cases 2 and 3, 

then Case 4. Case 5 showed the lowest capacity but retained stable ductility.  

In contrast, the X-direction response revealed a strong vulnerability. Case 1 reached 16,000 kN but experienced a 

sudden capacity drop at 130 mm, indicating brittle failure. Case 2 showed a similar but less severe drop, followed 

by progressive collapse after 160 mm. Case 5 failed early, 10,800 kN at 80 mm. Overall, the structure is stronger 

and more ductile in the Y-direction, while the X-direction governs seismic performance due to lower capacity and 

susceptibility to sudden brittle failure. 

 

 

 

 

 

 

 



N. H. M. K. Serker, M. N. Bari & M. M. Sazzad 

ICCEI 2025 
 

213 

 

4 Conclusion 

This study investigated the structural performance and cost-effectiveness of special-shaped columns compared 

with conventional-shaped columns. The findings of the research indicate that: 

 

• Special-shaped columns exhibit similar seismic performance to conventional columns, with slight reductions in 

story displacement under seismic loading. 

• Story drift variations were observed to be more significant in Case 4, primarily due to the smaller moment of 

inertia of the T-shaped and L-shaped columns when combined with circular columns. 

• Special-shaped columns significantly reduce reinforcement demand in SMRFs, where confinement 

reinforcement is otherwise high, and lower overall framing cost in SMRFs despite higher shuttering cost for 

circular columns due to reduced concrete and reinforcement. 

• Pushover results show stable ductile performance in the Y-direction for all cases, with no significant post-yield 

strength degradation. 

• The X-direction governs seismic design due to lower strength and susceptibility to brittle capacity drops, 

particularly in Cases 1 and 2. 
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