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ABSTRACT 

Cooling towers are essential heat rejection structures widely used in power plants and process industries to dissipate excess 

heat into the atmosphere. Due to their large height and thin shell configuration, cooling towers are highly influenced by 

thermal, seismic, wind, and other environmental loads. This project focuses on the structural analysis and design of an 

induced draft circular cooling tower using STAAD Pro software in accordance with relevant Indian Standard codes. A three-

dimensional finite element model of the cooling tower is developed by considering dead load, live load, seismic load, and 

temperature loads. The structural behavior of the cooling tower is analyzed using different construction materials such as 

reinforced concrete, galvanized steel, stainless steel, and aluminum. Key parameters including shear forces, bending 

moments, plate stresses, and nodal displacements are evaluated and compared for each material. The comparative study 

highlights the influence of material properties on the overall structural performance, durability, and service life of the 

cooling tower. The results indicate that reinforced concrete exhibits superior performance in terms of lower bending 

moments, reduced shear forces, enhanced corrosion resistance, and improved long-term durability when compared to other 

materials. This study demonstrates the effectiveness of STAAD Pro in modeling and analyzing complex shell structures 

such as induced draft cooling towers and provides insights for selecting suitable materials for structural efficiency and 

economic feasibility. 
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I. INTRODUCTION 

Cooling towers are vital components in thermal power plants, chemical industries, refineries, steel plants, and various 

manufacturing units where large quantities of heat must be rejected to the atmosphere. These structures function by 

removing excess heat from circulating water through evaporative cooling principles [5]. Among the different types of 

cooling towers, induced draft cooling towers are widely used due to their efficient air circulation, reduced recirculation 

effects, and improved cooling performance. In an induced draft cooling tower, a mechanical fan located at the top draws air 

upward through the fill media, thereby enhancing heat transfer between water and air. This system provides better 

operational efficiency and control compared to natural draft cooling towers [6]. 
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Structurally, cooling towers are tall, thin shell structures that are highly sensitive to environmental loads such as dead load, 

live load, wind load, seismic forces, and temperature variations. According to IS 875 (Part 1 and Part 2), proper estimation 

of dead and imposed loads is essential for safe structural design [1], [2]. Due to their large height-to-thickness ratio and 

circular or hyperbolic geometry, cooling towers require careful structural assessment to ensure stability and durability. 

Seismic effects must be evaluated as per IS 1893 (Part 1): 2002, especially in earthquake-prone regions where dynamic 

forces can significantly influence structural response [3]. Additionally, reinforced concrete design provisions outlined in IS 

456: 2000 are essential for ensuring adequate strength and serviceability [4]. 

Temperature gradients and thermal expansion can induce additional stresses in cooling tower shells, which may lead to 

cracking or structural distress if not properly accounted for [13]. Previous research has shown that wind loads and seismic 

forces significantly influence stress distribution and displacement patterns in cooling towers [7], [14]. Finite element 

modeling has proven to be an effective method for analyzing such complex shell structures and predicting realistic structural 

behavior under combined loading conditions [10], [11]. 

With advancements in computational tools, software such as STAAD Pro has become an efficient platform for modeling 

and analyzing cooling towers using three-dimensional finite element techniques. The present study focuses on the structural 

analysis and design of an induced draft circular cooling tower using STAAD Pro by considering different construction 

materials and loading conditions in accordance with relevant Indian Standard codes. The objective is to evaluate structural 

performance and identify the most suitable material for long-term structural efficiency, durability, and safety. 

II.LITERATURE REVIEW 

Cooling towers, particularly induced draft and natural draft types, have been extensively studied due to their complex 

structural behavior and importance in industrial applications. Several researchers have focused on analyzing their 

performance under wind, seismic, and thermal loads using analytical and finite element methods. 

B. Bhavani Sai, I. Swathi, K. S. L. Prasanna, and K. Srinivasa Rao presented a detailed review of induced draft cooling 

towers, discussing their structural characteristics, loading conditions, and operational effectiveness. Their study emphasized 

the importance of considering environmental loads such as wind and temperature variations, as cooling towers are highly 

sensitive due to their large surface area and slender geometry. The authors concluded that proper structural modeling is 

essential to ensure safety and long-term durability. 

Ali I. Karakas and Ayes T. Daloglu conducted a comparative study on the behavior of cooling towers under wind loads 

using finite element techniques. Their research highlighted that wind load significantly influences stress distribution and 

displacement patterns in thin shell cooling towers. The study demonstrated that finite element modeling provides accurate 

predictions of structural response and is essential for analyzing hyperbolic and circular tower configurations. 

Dr. S. N. Tanda and Sneha S. Chougule investigated the linear and nonlinear behavior of reinforced concrete cooling towers 

under earthquake loading. Their findings indicated that seismic forces cause considerable base shear and bending stresses, 

particularly near the throat and base regions of the tower. The study recommended incorporating dynamic analysis for 

towers located in seismic zones to prevent structural instability. 

Parul Dahikar and Rakesh Patel analyzed and designed a cooling tower considering both wind pressure and thermal effects 

using STAAD Pro. Their work emphasized the significance of temperature loads in inducing additional stresses due to 

thermal expansion. The study concluded that neglecting thermal effects may result in underestimation of stresses in cooling 

tower shells. 

Dieter Busch, Reinhard Harte, and Wilfried B. Krätzig studied large natural draft cooling towers and discussed their 

structural design trends. Their research demonstrated that reinforced concrete is highly suitable for cooling towers due to 

its durability, stiffness, and resistance to environmental degradation. The authors also emphasized the importance of material 

selection in enhancing structural integrity and life expectancy. 

From the reviewed literature, it is evident that cooling towers are highly influenced by wind, seismic, and temperature loads, 

and finite element analysis plays a crucial role in evaluating their structural performance. The present study builds upon 
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these findings by analyzing an induced draft circular cooling tower using STAAD Pro and comparing different construction 

materials to determine the most efficient and durable option. 

III.WORKING METHODOLOGY 

The analysis and design of the induced draft cooling tower were carried out using a systematic finite element–based 

approach in STAAD Pro. The methodology includes modeling, load application, analysis, material comparison, and result 

interpretation in accordance with relevant Indian Standard codes. Initially, the geometric parameters of the cooling tower 

were defined based on technical specifications such as height (90 m), top diameter (50 m), throat diameter (46 m), base 

diameter (68.64 m), and shell thickness (0.5 m). The cooling tower was modeled as a three-dimensional circular shell 

structure using plate elements in STAAD Pro. Proper meshing was performed by dividing the height and circumference 

into equal segments to ensure accurate stress distribution and realistic structural behavior. Supports were assigned at the 

base of the tower to simulate fixed boundary conditions. 

After modeling, material properties were defined for different construction materials including reinforced concrete, 

galvanized steel, stainless steel, and aluminum. The modulus of elasticity, Poisson’s ratio, density, and other mechanical 

properties were assigned according to standard values. Separate models were analyzed for each material to study their 

comparative structural performance under identical loading conditions. Various loads were then applied to the structure as 

per Indian Standard codes. Dead load was automatically calculated based on material density and self-weight of plates (IS 

875 Part 1). Live loads were applied where applicable. Seismic loads were defined according to IS 1893:2002 using 

appropriate seismic zone factors and response reduction factors. Temperature loads were also applied to account for thermal 

expansion effects. Load combinations were generated to evaluate worst-case structural responses. 

The structure was analyzed using the finite element analysis engine of STAAD Pro. The output results included nodal 

displacements, plate stresses, shear forces, and bending moments. These results were extracted and tabulated for comparison 

between materials. Particular attention was given to maximum bending moments, shear stresses, and deformation patterns. 

Finally, the structural performance of each material was evaluated based on shear force, bending moment, corrosion 

resistance, life expectancy, and structural integrity. From the comparative study, reinforced concrete was identified as the 

most suitable material due to its lower stress values, durability, and long-term economic benefits. The methodology ensured 

a comprehensive structural assessment of the induced draft cooling tower. 

 

Fig1:Concrete material has less Shear and Bending Moment when compared to other material 

Figure 1 shows a comparative bar chart representing the variation of shear forces and bending moments in both X and Y 

directions for different construction materials such as Concrete, Steel, Stainless Steel, and Aluminum. From the graphical 

representation, it is clearly observed that reinforced concrete exhibits comparatively lower shear forces and bending 

moments when compared to steel, stainless steel, and aluminum. Steel and stainless steel show significantly higher bending 

moments, especially in the Y-direction, indicating higher stress demand under the same loading conditions. Aluminum 

shows moderate values but still higher than concrete in certain cases. This comparison highlights that reinforced concrete 

provides better structural stability and reduced internal force development, making it more suitable for cooling tower 

construction in terms of durability and long-term performance. 
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Fig2: 

Figure 2 illustrates the post-processing displacement view of the cooling tower model in STAAD Pro. The hyperbolic shell 

structure is shown with a colored deformation pattern under applied loading conditions. The deformation contour indicates 

maximum displacement occurring near the top portion of the tower, while the base remains relatively stable due to fixed 

support conditions. The tabulated nodal displacement data on the right side of the image provides detailed numerical values 

of horizontal and vertical displacements. This figure demonstrates how finite element analysis helps visualize structural 

behavior and identify critical deformation zones in thin shell structures like cooling towers. 

 

Fig3: 

Figure 3 shows the material assignment stage in STAAD Pro, where different materials such as Steel, Stainless Steel, and 

Aluminum are assigned to the cooling tower shell model. The model displays color differentiation to indicate various 

material properties applied to plate elements. The material properties window on the right side lists parameters such as 

modulus of elasticity and Poisson’s ratio. This figure represents the comparative modeling approach adopted in the study, 

where separate analyses are performed for each material to evaluate structural response under identical loading conditions. 

 

Fig4: 

Figure 4 presents the meshed geometric model of the induced draft cooling tower before load application. The shell structure 

is discretized into smaller plate elements to enable accurate finite element analysis. Proper meshing ensures realistic stress 

distribution and reliable computation of bending moments, shear forces, and nodal displacements. This figure highlights 

the importance of mesh generation in finite element modeling, as finer and well-distributed mesh elements improve the 

precision of structural analysis results. 
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IV.CONCLUSION 

The structural analysis and design of the induced draft cooling tower were successfully carried out using finite element 

modeling in STAAD Pro. The study considered critical loading conditions including dead load, live load, seismic load as 

per IS 1893:2002, and temperature loads. The results demonstrated that thermal effects and seismic forces significantly 

influence the stress distribution and displacement behavior of the cooling tower due to its thin shell geometry and large 

height. Proper consideration of these loads is essential to ensure structural safety and long-term performance. A comparative 

evaluation of different construction materials—reinforced concrete, galvanized steel, stainless steel, and aluminum—was 

performed based on shear force, bending moment, corrosion resistance, service life, and structural integrity. From the 

analytical results, reinforced concrete exhibited comparatively lower bending moments and shear stresses, along with 

superior durability and corrosion resistance. Although the initial construction cost of concrete towers may be higher, their 

longer service life and reduced maintenance requirements make them more economical in the long run. Steel and aluminum 

structures showed higher stress values and require additional corrosion protection measures. The study confirms that 

STAAD Pro is an efficient and reliable software tool for modeling and analyzing complex shell structures such as cooling 

towers. The finite element approach provides accurate stress evaluation and helps in optimizing design parameters. Overall, 

reinforced concrete induced draft cooling towers are structurally stable, durable, and suitable for industrial applications. 

Future work may include dynamic wind analysis, nonlinear behavior study, and advanced time-history seismic analysis for 

improved accuracy. 

REFERENCES 

1. IS 875 (Part 1): 1987, Code of Practice for Design Loads (Other than Earthquake) for Buildings and Structures – Dead 

Loads, Bureau of Indian Standards, New Delhi. 

2. IS 875 (Part 2): 1987, Imposed Loads, Bureau of Indian Standards, New Delhi. 

3. IS 1893 (Part 1): 2002, Criteria for Earthquake Resistant Design of Structures, Bureau of Indian Standards, New Delhi. 

4. IS 456: 2000, Plain and Reinforced Concrete – Code of Practice, Bureau of Indian Standards, New Delhi. 

5. S. M. Hall, Cooling Towers: Principles and Practice, Butterworth-Heinemann. 

6. M. Diver and A. C. Paterson, “Large Cooling Towers – The Present Trend,” The Structural Engineer, vol. 55, pp. 431–

445. 

7. A. I. Karakas and A. T. Daloglu, “Behavior of Cooling Towers under Wind Loads Using Finite Elements,” International 

Journal of Engineering Research and Development, 2015. 

8. B. Kumar Yadav and S. L. Soni, “Experimental Study on Performance of Cooling Tower,” International Journal of 

Engineering Research, 2014. 

9. M. Nasrabadi and D. P. Finn, “Performance Analysis of Low Temperature Direct Cooling Towers,” Energy and Buildings 

Journal. 

10. S. S. Angalekar and A. B. Kulkarni, “Finite Element Analysis of Hyperbolic Cooling Towers,” International Journal of 

Research and Applications. 

11. D. Busch, R. Harte, W. B. Krätzig, and U. Montag, “New Natural Draft Cooling Tower of 200 m Height,” Engineering 

Structures, 2000. 

12. L. G. Kopenetz and A. Catering, “Structural Analysis of Large Cooling Towers,” Journal of Applied Engineering 

Sciences, 2011. 

13. P. Dahikar and R. Patel, “Analysis and Design of Cooling Tower Considering Thermal Effects Using STAAD.Pro,” 

IJSRCE. 

14. S. N. Tanda and S. S. Chougule, “Linear and Nonlinear Behavior of RC Cooling Tower under Earthquake Loading,” 

International Journal of Latest Trends in Engineering and Technology, 2013. 

15. ACI Committee 307, Guide to the Analysis and Design of Reinforced Concrete Chimneys and Cooling Towers, 

American Concrete Institute. 

https://ijsmt.org/
mailto:editor@ijsmt.org

