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Abstract— Steel is one of the oldest construction 

materials and gained widespread popularity as a 

construction choice during the late seventeenth and 

eighteenth centuries. It is valued for its environmental 

friendliness, rapid construction capabilities, easy 

availability, and superior fire resistance. In the modern 

era, steel structures constitute the majority of industrial 

buildings and sheds worldwide. The concept of Pre-

Engineered Buildings (PEB) involves steel building 

systems that are predesigned and prefabricated. This 

study focuses on the design of an industrial storage 

structure located in Pune. The structure is a pre-

engineered building with a total width of 20 meters, 

divided into three spans of 5 meters each, a length of 12 

meters, an eave height of 10 meters, and a roof slope of 

1:10. The analysis and design consider live loads, dead 

loads, wind loads, and earthquake loads in accordance 

with relevant IS codes applicable to the PEB structure. 

Material selection and structural integrity are also 

addressed to ensure safety and durability. Additionally, 

the integration of energy-efficient features such as 

insulation and proper ventilation enhances the building's 

functionality and sustainability. A conventional steel 

structure was analyzed using STAAD. PRO connect 

edition software and designed according to the limit state 

method as per IS 800-2007. Results indicate that 

moments, shear forces, and axial forces decrease in 

various components of the PEB structure compared to a 

Conventional Steel Building (CSB) structure due to 

increased stiffness. Similarly, deformation, base shear, 

and displacement are reduced in the PEB structure 

relative to the CSB structure. The PEB structure exhibits 

a 20-30% reduction in weight compared to the CSB 

structure, leading to cost savings. The reduction in steel 

quantity also decreases the dead load, thereby reducing 

the foundation size requirements.  

 

Keywords: Pre-Engineered Building, (PEB) Conventional 

steel building (CSB), STAAD Pro. 

 

I. INTRODUCTION 

 

The comparative study on Pre-Engineered Buildings 

(PEB) and Conventional Steel Buildings (CSB) 

based on height and span aims to analyze their 

structural efficiency, cost, and performance. PEBs 

are modern steel structures that are pre-designed and 

fabricated in factories using standardized 

components such as tapered columns, rafters, and 

purlins. These components are then assembled on-

site, ensuring faster construction and reduced 

material wastage. In contrast, CSBs are designed and 

fabricated on-site using hot-rolled sections and 

customized detailing, which allows for greater design 

flexibility but often increases construction time and 

cost. The study focuses on understanding how 

varying heights and spans influence the design, 

weight, and overall economy of both systems. For 

wider spans, PEBs are generally more efficient and 

economical due to their optimized design and 

lightweight nature, while CSBs are preferred for 

complex or high-rise structures requiring higher load 

capacities. Overall, PEBs provide advantages in 

terms of speed, cost-effectiveness, and ease of 

expansion, whereas CSBs offer versatility and 

strength for specialized applications. This 

comparative analysis helps in selecting the most 

suitable structural system for specific project 

requirements based on span, height, and functional 

needs. 

• PEB (Pre-Engineered Building): Factory-

designed, pre-fabricated primary members 

(built- up cold-formed or rolled sections), 

connections and secondary members (purlins, 

girts) delivered to site with engineered shop 

drawings; site assembly with bolted/bolted 

sealed connections. Emphasis on repeatable, 

optimized member shapes and efficient 

manufacture/erection. 

• CSB (Conventional Steel Building): Buildings 

designed from standard rolled sections (I- 

sections, plates, angles, hollow sections) often 

fabricated on a project-by-project basis; more 

bespoke member sizes and welded/bolted 
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connections; greater flexibility in member layout 

and detailing. 

 

II. LITERATURE REVIEW 

 

2.1 General 

Pre-Engineered Buildings (PEB) and Conventional 

Steel Buildings (CSB) represent two prominent 

approaches in structural steel construction, each with 

distinct design philosophies and applications. The 

evolution of PEB has introduced innovative 

engineering techniques that optimize material usage 

and construction efficiency, contrasting with the 

traditional, more labor-intensive CSB methods. 

Several studies have explored the structural behavior 

of PEB and CSB systems, highlighting differences in 

load distribution, stiffness, and deformation 

characteristics. Research indicates that PEB 

structures typically exhibit enhanced stiffness and 

reduced deformation due to their pre-fabricated, 

integrated components, which contribute to improved 

performance under various load conditions including 

wind and seismic forces. 

Design methodologies for both systems adhere to 

established codes such as IS 800-2007, with PEB 

design increasingly leveraging advanced software 

tools like STAAD.Pro to achieve optimized 

structural solutions. The limit state design method is 

commonly employed to ensure safety and 

serviceability while minimizing material 

consumption. 

Economic analyses consistently demonstrate that 

PEB structures offer cost advantages over CSB 

through reductions in steel weight—often exceeding 

15%—which translate into lower material costs and 

smaller foundation requirements. Additionally, the 

prefabrication inherent in PEB systems reduces 

construction time and labor costs, contributing to 

overall project efficiency. 

Despite these advantages, CSB remains prevalent in 

scenarios where customization and complex 

architectural requirements are paramount. The choice 

between PEB and CSB thus depends on project-

specific factors including design complexity, budget 

constraints, and timeline considerations. 

In summary, the literature underscores the growing 

preference for PEB in industrial and commercial 

construction due to its structural efficiency, 

economic benefits, and accelerated construction 

timelines, while recognizing the continued relevance 

of CSB for specialized applications. 

 

2.2 Works Carried Out by Researchers 

Tekale and Ambadkar “Comparative Analysis of 

PEB and CSB using STAAD.Pro”  

This paper conducted a detailed structural 

comparison between Pre-Engineered Buildings 

(PEB) and Conventional Steel Buildings (CSB) to 

evaluate structural efficiency under varying 

geometrical conditions. The objective of the research 

was to identify the influence of different structural 

configurations on load-carrying behavior and overall 

economy. The researchers developed multiple three-

dimensional structural models using STAAD.Pro 

with varying: Bay spacing: 5 m, 6 m, and 7 m Roof 

slope: 1:10 and 1:15 Different loading combinations 

The models were analyzed for: Dead loads Live loads 

Wind loads Structural displacement Support 

reactions Beam forces Overall stiffness The analysis 

indicated that PEB systems showed lower lateral 

displacement and higher stiffness compared to 

conventional systems. Because PEB sections are 

tapered and optimized according to bending moment 

requirements, material utilization became more 

efficient. Major findings were: PEB structures had 

better load transfer efficiency. Larger bay spacing (7 

m) increased support reactions and internal beam 

forces. Smaller bay spacing improved structural 

balance and stability. Reduction in steel quantity 

directly reduced foundation load. The study also 

reviewed previous research and observed that PEB 

systems generally reduce total structural weight by 

approximately 30–40%. The authors concluded that 

selection of optimum bay spacing is critical because 

excessive spacing can reduce structural economy.  

 

Dashore and Kanojiya “Analysis and Design of Pre-

Engineered Building Warehouse in Different Seismic 

Zones”  

This paper focused on the seismic response of 

warehouse structures designed using PEB concepts 

under different earthquake zones of India. The study 

followed: IS 800:2007 IS 1893 (Part 1) STAAD.Pro 

was used for structural modeling and analysis. 

Parameters studied included Base shear Storey 

displacement Steel quantity Seismic response 

Loading conditions considered: Dead load Live load 

Wind load Seismic load The authors observed that 

lightweight PEB structures generated lower seismic 

forces because seismic load is proportional to 

building mass.Key observations included: PEB 

structures performed efficiently in higher seismic 

zones. Tapered built-up sections minimized steel 

usage. Cold-formed Z and C sections further reduced 

weight. Flexible framing improved energy 
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dissipation. The researchers also summarized 

previous literature and found that PEB systems are 

generally 25–35% lighter than CSB structures. The 

study concluded that PEB systems provide a balance 

of: Structural safety Economy Seismic performance 

for industrial warehouse applications.  

Jibhkate and Budhlani “Comparative Analysis of 

Industrial Warehouse using PEB and CSB”  

In this paper they performed a comparative analysis 

of a G+3 industrial warehouse to investigate 

differences between PEB and conventional steel 

systems. The warehouse dimensions considered 

were: Span = 30 m Length = 75 m Codes used: IS 

800:2007 IS 875 Part 1–3 The parameters studied 

included: Steel consumption Dead load Wind load 

response Structural behavior The study found: PEB 

systems reduced dead load by approximately 20–

25% Structural steel requirement decreased 

significantly Construction speed improved because 

of prefabricated bolted systems The researchers 

found that: Built-up tapered sections reduced 

unnecessary material use. Cold-formed purlins 

improved economy. Wind load became the 

governing factor in roof design. The authors 

concluded that although PEB requires high precision 

during design and fabrication, it offers better long-

term economic benefits.  

 

Vishnu Sai, et. al  “Structural Performance of Pre-

Engineered Building: A Comparative Study”  

The researchers studied the effect of regional 

environmental loading on PEB structural behavior. 

Two locations were selected: Vijayawada Hyderabad 

The study investigated: Wind speed variation Steel 

quantity variation Structural response Using 

STAAD.Pro, structures were analyzed under: Dead 

load Live load Wind load combinations Results 

indicated: Higher wind zones increased steel 

requirement by approximately 11% Wind intensity 

significantly influenced member sizing The 

researchers concluded that PEB systems are 

adaptable to varying environmental conditions while 

maintaining lower structural weight and economy.  

 

Uppal and Kumar “A Review of Pre-Engineered Steel 

Building”  

They performed a comprehensive review of 

previously published studies on PEB systems. The 

study compared: PEB Conventional steel buildings 

Reinforced concrete buildings Parameters reviewed 

included: Cost Construction time Structural 

efficiency Environmental sustainability Major 

findings were: PEB structures can reduce structural 

weight by nearly 30% Construction duration can be 

reduced by approximately 50% Factory fabrication 

improves quality control Material wastage decreases 

considerably Advantages identified: Ease of 

expansion Recyclability Low maintenance Energy 

efficiency The authors stated that PEB systems are 

more suitable for low-rise and medium-span 

applications. 

 

Chaudhary et al. “Comparative Study of Multi-Storey 

Multi-Span Buildings by PEB and CSB Concept”   

The study analyzed multi-storey buildings using PEB 

and CSB concepts. Building configurations included: 

G+1 G+2 G+4 STAAD.Pro analysis considered: 

Bending moments Shear force Support reactions 

Steel quantity Results indicated: Nearly 39% 

reduction in steel quantity Lower support reactions 

Lower internal forces The authors concluded that 

optimized tapered sections improved overall 

structural efficiency. Assis [7] (2019) Analysis of 

PEB Structures and Comparison with Conventional 

Steel Buildings with Varying Parameters IRJET 

Assis studied different building configurations with 

varying: Span (50–70 m) Heights Structural 

configurations Parameters investigated: Steel take-

off Dead load Structural weight Cost efficiency 

Major findings: PEB required 30–40% less steel 

Faster construction due to prefabrication Better 

performance in low-rise multi-storey structures The 

research mainly concentrated on quantitative 

comparison.  

 

Kalantri, et. al “Comparative Study on the 

Performance of PEB with CSB Considering Various 

Parameters”  

The researchers developed PEB and CSB models 

with similar geometry and loading conditions. 

Parameters compared: Structural weight Cost 

Construction time Results: PEB steel quantity ≈ 33.7 

t CSB steel quantity ≈ 56 t Therefore: Weight 

reduction ≈ 39–40% Cost reduction ≈ 35% 

Construction time reduction ≈ 35% The researchers 

concluded that PEB systems provide substantial 

economic advantages.  

 

Lee, et. al “Ultimate Strength of Long-Span 

Buildings with P.E.B System Steel and Composite 

Structures”   

They carried out one of the earliest advanced 

investigations on long-span PEB systems. The 

abstract of the study explains that due to 
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improvements in construction technology, large-

scale long-span buildings increasingly adopted PEB 

systems because tapered members distribute stresses 

efficiently and improve economy. However, multiple 

PEB failures occurred in Korea under sudden 

environmental loading conditions. The researchers 

investigated two large-span structures through: Finite 

element analysis Nonlinear analysis Buckling 

analysisn Ultimate strength analysis using ANSYS 

The study examined: Uniform snow loading Non-

uniform snow loading Wind gust effects Structural 

stability Data from the investigation showed that 

snow loads reached approximately: 1.80 kN/m² 1.64 

kN/m² which were nearly 2.5 times greater than the 

original design load of 0.60 kN/m². Major 

observations: Non-uniform snow loading caused 

premature yielding. Local buckling occurred in 

tapered rafters. Lateral torsional buckling became a 

major collapse mechanism. Connection details and 

construction quality strongly affected behavior. The 

researchers recommended: Improved ductile design 

Better quality control during fabrication More 

realistic load assumptions The study established the 

foundation for many later PEB investigations.  

 

2.3 Research gap.  

• Optimization of Design Parameters: Research 

such as points to the importance of bay spacing 

and roof slope optimization, but more extensive 

parametric studies are needed to establish design 

guidelines balancing cost, structural 

performance, and constructability. 

• Regional and Climatic Variations: Studies often 

focus on specific geographic regions or 

wind/seismic zones but broader comparative 

analyses across diverse climates and 

environmental conditions are limited. 

• Economic Analysis Limitations: Some 

economic comparisons rely on assumed unit 

costs or single-case scenarios lacking sensitivity 

analyses or consideration of market fluctuations, 

labor availability, and supply chain factors. 

• Integration of Modern Technologies: There is 

limited exploration of integrating emerging 

technologies such as Building Information 

Modeling (BIM), advanced materials, or smart 

monitoring systems in PEB and CSB design and 

construction. 

• Limited Scope of Case Studies: Several studies 

focus on a small number of case studies or single 

building geometries, which limits the 

generalizability of their findings across diverse 

building types and geographic locations. 

• Connection and Constructability 

Details: Research such as highlights structural 

efficiency but often lacks detailed exploration of 

connection design, constructability challenges, 

and erection procedures, especially for taller or 

more complex PEB structures. 

• Serviceability and Long-Term 

Performance: Many analyse emphasize weight 

and cost but do not extensively address 

serviceability criteria such as deflection limits, 

fatigue, corrosion resistance, or long-term 

durability of PEB versus CSB systems. 

• Seismic and Dynamic Load Performance: While 

some recent studies consider seismic effects, 

there remains a need for more comprehensive 

dynamic analyses under varied seismic 

intensities and soil conditions, especially for 

multi-storey PEB applications. 

• Environmental Impact and Lifecycle 

Analysis: Although sustainability is mentioned 

few studies provide detailed lifecycle 

assessments comparing environmental 

footprints, energy consumption, and 

recyclability of PEB and CSB systems 

throughout their service lives. 

• Multi-Storey and Hybrid Structural 

Systems: The efficiency of PEBs is often limited 

to low- to medium-rise buildings. There is a lack 

of in-depth research on hybrid or reinforced PEB 

systems suitable for taller or architecturally 

complex structures. 
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