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ABSTRACT 

The study employs STAAD.Pro software to perform a static analysis of a steel structure supporting reboiler equipment. 

The primary aim is to evaluate the structural performance and stability of the framework under various loading conditions, 

including dead loads, live loads, and equipment-specific loads. A comprehensive 3D model of the reboiler support 

structure was developed, incorporating material properties and connection details in accordance with industry standards. 

The analysis focuses on assessing key structural parameters such as deflections, shear forces, and bending moments to 

ensure compliance with safety and design codes. The results demonstrate that the structure maintains adequate load-

carrying capacity and stiffness, with maximum deflections well within permissible limits. The analysis also identified 

critical points in the structure that require reinforcement to enhance overall stability and resilience. This study underscores 

the effectiveness of STAAD.Pro in conducting comprehensive static analyses for complex industrial applications and 

emphasizes the importance of thorough design practices in ensuring the reliability and safety of steel structures in the 

chemical processing sector. Future work may include dynamic analysis and fatigue assessment to further enhance the 

structural design under varying operational conditions. 

INTRODUCTION 

Steel structures are crucial in modern infrastructure, used in commercial and residential buildings, bridges, towers, and 

industrial facilities. Their design and analysis require consideration of strength, stability, and durability. Advanced 

software tools allow engineers and architects to efficiently design, analyse, and simulate steel structures' behaviour under 

various loads and conditions. 

Staad Pro is a popular software package used in civil engineering for steel structure design and analysis. It offers 

comprehensive tools for modelling, analysing, and designing steel structures, including beams, columns, trusses, and 

frames. With its user-friendly interface and advanced calculation engine, Staad Pro enables engineers to quickly and 

accurately analyse steel structures, ensuring compliance with relevant building codes and standards. 

LITERATURE REVIEW 

Steel structures are essential for supporting reboiler equipment in industries such as chemical and petrochemical, where 

they must endure various loads, including dead loads, live loads, thermal stresses, wind, and seismic forces. Steel is widely 

used because of its high strength, flexibility, and ease of fabrication, making it suitable for complex industrial setups. The 

American Institute of Steel Construction (AISC) code offers comprehensive guidelines for designing steel structures to 

ensure stability and safety under combined loading conditions. STAAD.Pro software, which follows AISC standards, 

enables accurate structural analysis by calculating bending moments, shear forces, and axial stresses. It helps simulate 

load interactions effectively, enhancing design precision and material efficiency. However, challenges persist in modeling 

thermal expansion and joint flexibility in steel structures. Thermal load guidelines can sometimes be conservative, and 

better connection modeling is needed to reflect real-world conditions accurately. Advancements in thermal load simulation 

and joint behavior analysis could further improve the safety and performance of steel support structures for reboilers. 

AIM   

TO ANALYSE STEEL STRUCTURE OF REBOILER EQUIPMENT USING STAAD.Pro SOFTWARE. 

http://www.ijsrem.com/
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OBJECTIVE 

 

•  Analysis of support structure of reboiler equipment by  AISC.  

 

METHODOLOGY 

Isometric view 

 

 

 

 

 

 

 

 

 

 

 

 

3D Rendering view 
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Primary Loading:- 

Dead Load  

  In structural engineering, dead loads refer to the permanent static forces acting on a structure, including the self-weight 

of structural members and other permanently attached elements such as flooring, roofing, cladding, and fixed equipment. 

In STAAD.Pro, dead loads are essential for accurate analysis and design, especially for steel structures, which are lighter 

and more flexible compared to concrete structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Self-weight Concrete & steel are considered as 1 & 1.15 (15% extra for connections) 

respectively. 

• Grating Load (32 Thk.) = 0.5 kN/ m2.  

• Handrail Load =0.3 kN/m.  

• Stair Dead Load = 2.25 kN/m Height. 

• Cage Ladder Load = 0.35 kN/m.  

• Fireproofing Load = Material considered with density of 25 kN/m3 for heavy 

concrete fireproofing and 8.5 kN/m3 for Light fireproofing & generated in STAAD Specifications. 

Live Load  

Live load is a critical factor in the analysis and design of steel structures. It represents temporary or moving forces that 

act on the structure during its lifetime. Unlike dead loads, which remain constant, live loads vary in magnitude and 

location. In STAAD.Pro, live loads must be applied correctly to ensure compliance with design codes such as: 

• AISC 360 (American Institute of Steel Construction) – Governs the design of steel 

structures. 

• ASCE 7 (Minimum Design Loads for Buildings and Other Structures) – Provides 

live load values and combinations. 

http://www.ijsrem.com/
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These standards ensure that steel structures are designed to withstand service loads, strength requirements, and deflection 

limits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Staircase Live Load = 4.8 kN/ m2 

• Live Load on Operating/Access Platform & Walkways = 3.6 kN/ m2 

• Live load is applied on Beam as one way Floor load. 

 

Wind Load :- 

 

 Wind load on Process Structure in accordance with ‘General Design rules for Foundation & Structures’ 4398-AX-SG-

2G00200000001 (SA-AMI-G00-TECI-003195), ASCE 7-05 and Wind load for petrochemical and other industrial 

facilities document.  

Wind load applied to the main frames along Moment and Braced direction using STAAD wind load generator command. 

Pressure coefficient Cf for Structural members are considered as 1.80. Wind Load on Equipment are validated and 

adopted from Mechanical data sheet.  

Wind load on pipes are calculated based on maximum spanning of pipe as 9m and respective diameter. As per the Wind 

load for petrochemical and other industrial facilities document, frame load + Equipment load + Piping load (FT) in one 

axis, simultaneously acting 50% wind on frame on other orthogonal direction (FS) applied in STAAD. Refer Below 

Figure. Wind load on Process Structure in accordance with ‘General Design rules for Foundation & Structures’ 4398-

AX-SG-2G00200000001 (SA-AMI-G00-TECI-003195), ASCE 7-05 and Wind load for petrochemical and other 

industrial facilities document. 
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 Wind load applied to the main frames along Moment and Braced direction using STAAD wind load generator command. 

Pressure coefficient Cf for Structural members are considered as 1.80. Wind Load on Equipment are validated and 

adopted from Mechanical data sheet. Wind load on pipes are calculated based on maximum spanning of pipe as 9m and 

respective diameter. 

As per the Wind load for petrochemical and other industrial facilities document, frame load + Equipment load + Piping 

load (FT) in one axis, simultaneously acting 50% wind on frame on other orthogonal direction (FS) applied in STAAD. 

Refer Below Figure.  

Variation of wind pressure over the height of the structure is simulated by defining different pressure values over different 

heights as per ASCE 7-05 & pressure intensity is updated in STAAD wind load generator command. Variation of wind 

pressure over the height of the structure is simulated by defining different pressure values over different heights as per 

ASCE 7-05 & pressure intensity is updated in STAAD wind load generator command 
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Seismic Load  

Seismic load is as per clause 4.5 of 4398-AX-SG-2F00200000001(SA-AMI-G00-TCMT-003195) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Load Application (As per AISC 360-16 LRFD) 

Loads are applied in compliance with AISC 360-16 LRFD and ASCE 7-16. 

   Dead Load (DL) 

• Self-weight of structural members (automatically included in STAAD.Pro). 

• Additional dead load from: 
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   Live Load (LL) 

• Applied uniformly distributed loads as per ASCE 7-16. 

• Considered floor and roof live loads based on occupancy type. 

• Used live load reduction for large tributary areas. 

   Wind Load (WL) – ASCE 7-16 

• Wind pressure calculated using: 

                  q=0.00256×Kz×Kd×Ke×V2 

     Where: 

o Kz = Exposure coefficient 

o Kd = Directionality factor 

o Ke = Elevation factor 

o V2 = Basic wind speed (mph) 

Applied as lateral forces at each floor level due to the absence of bracing. 

    Seismic Load (SL) – ASCE 7-16 

• Base shear calculated as: V=Cs×WV = C_s \times WV=Cs×W Where: 

o CsC_  = Seismic response coefficient 

o WWW = Total building weight 

• Applied seismic forces laterally at multiple levels since the structure has no bracing. 

• Ensured frame stability using rigid connections and moment-resisting frames. 

 Load Combinations (As per AISC 360-16 LRFD) 

The following LRFD load combinations were applied: 

1. 1.4D1.4D1.4D 

2. 1.2D+1.6L1.2D + 1.6L1.2D+1.6L 

3. 1.2D+1.0L+0.5W1.2D + 1.0L + 0.5W1.2D+1.0L+0.5W 

4. 1.2D+1.0W+0.5L1.2D + 1.0W + 0.5L1.2D+1.0W+0.5L 

5. 1.2D+1.0E+0.5L1.2D + 1.0E + 0.5L1.2D+1.0E+0.5L 

6. 0.9D+1.0W0.9D + 1.0W0.9D+1.0W 

7. 0.9D+1.0E0.9D + 1.0E0.9D+1.0E 

RESULT 

 

WORK RESULT 

Project Setup The project was successfully set up in STAAD.Pro, with all 

relevant project details, unit preferences, and design standards 

initialized 

Structural Geometry 

Definition 

The geometry accurately represents the design requirements and is 

ready for further analysis. 
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Load Combination Loads including dead load, live load, wind load, and seismic loads 

were defined and applied based AISC 360. The loads were 

correctly applied, and load combinations are prepared for analysis. 

Check for utilization Ratio The Utilization Ratio (UR) in STAAD.Pro shows how much of a 

member’s strength is being used compared to its maximum 

allowable limit.: 

• UR ≤ 1.0 → The member is safe. 

• UR > 1.0 → The member fails and needs resizing 

or strengthening. 

 

 

 

• Utilization Ratio - For Strength  

• Utilization Ratio - For Serviceability  

• Utilization Ratio - For Beam Local Check 

• Utilization Ratio - For Strength  
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SERVICEABILITY CHECK 

Allowable Lateral Displacement of structure is considered as H/200 as per 4398-AX-SG-2F00200000001 (SA-AMI-G00-

TCMT-003195) - General design rules for foundations and structures – Clause 13.2.  

Allowable Inter-story drift is considered as h/200 as per 4398-AX-SG-2F00200000001 (SA-AMI-G00- TCMT-003195) 

- General design rules for foundations and structures – Clause 13.2.  

Where, H = Total Height of Structure 

 h = Inter-story Height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Utilization Ratio - For Beam Local Check 
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CONCLUSION 

 

The static analysis of the steel structure of reboiler equipment using STAAD.Pro software has provided valuable insights 

into its structural performance under various loading conditions. The analysis, conducted as per AISC code using the 

LRFD method, ensured accurate load combinations and strength evaluation. The results indicate that the structure meets 

safety and design standards, with acceptable utilization ratios and minimal deflection. This study highlights the 

effectiveness of STAAD.Pro in optimizing steel structure design, ensuring reliability and cost efficiency. 
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