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 This review paper provides a comprehensive comparative analysis of 
pre-engineered buildings (PEBs) and conventional steel buildings. The 
comparison is based on various aspects including design, construction, 
cost, and performance. 
The paper begins with an introduction to PEBs and conventional steel 
buildings, highlighting their key characteristics and importance in the 
construction industry. It then explores the structural design principles, 
design methodologies, and standards for both building types. The 
construction processes, speed of construction, ease of assembly, and 
quality control measures are also compared. 
Cost analysis is a significant focus, including the initial cost 
comparison, life-cycle cost considerations, and factors affecting cost 
differences between PEBs and conventional steel buildings. 
Additionally, the paper examines the structural performance under 
various loads (wind, snow, seismic), durability, maintenance 
requirements, energy efficiency, and environmental impact of both 
building types. 

1 INTRODUCTION 
1.1 Brief Overview of Pre-Engineered and Conventional Steel Buildings 
Pre-engineered buildings (PEBs) are structures that are fabricated using a predefined set of building 
components that are manufactured off-site and assembled on-site. These buildings are typically designed by a 
manufacturer to meet specific structural requirements, offering a high degree of customization and cost-
effectiveness. On the other hand, conventional steel buildings are constructed using traditional construction 
methods, where each component is fabricated and assembled on-site according to the project's design 
specifications.Several studies have highlighted the benefits of pre-engineered buildings, such as faster 
construction times, reduced labor costs, and improved quality control (Bhandari et al., 2019; Ramakrishnan et 
al., 2020). However, conventional steel buildings are often praised for their flexibility in design and ability to 
accommodate complex architectural features (Smith & Johnson, 2018; Chen et al., 2021). 

1.2 Importance of Comparing These Two Building Types 
Comparing pre-engineered and conventional steel buildings is essential for understanding the advantages and 
disadvantages of each construction method. This comparison can help architects, engineers, and developers 
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make informed decisions about which building type is best suited for their projects based on factors such as 
design flexibility, construction cost, and overall performance. 
Several researchers have emphasized the need for such comparisons to provide guidance to industry 
professionals (Alam et al., 2017; Liu & Wang, 2019). By examining the design, construction, cost, and 
performance aspects of both building types, this review aims to provide a comprehensive analysis that can 
assist stakeholders in selecting the most suitable construction method for their specific needs. 
 
2 DESIGN CONSIDERATIONS 
2.1 Structural Design Principles for Pre-Engineered and Conventional Steel Buildings 
The structural design principles for pre-engineered buildings (PEBs) and conventional steel buildings are 
based on established engineering principles but differ in their approach and execution. PEBs are designed 
using standardized components and systems, where the building's structural integrity relies on the efficiency 
of the system as a whole. On the other hand, conventional steel buildings are designed using traditional 
engineering methods, where each component is individually analyzed and designed. 
Research has shown that the structural design of PEBs focuses on optimizing the use of standard components 
to achieve structural stability and cost-effectiveness (Dogan et al., 2018; Karadeniz & Arslan, 2020). In 
contrast, conventional steel buildings allow for more customization in the design to meet specific architectural 
and structural requirements (Ahmad et al., 2019; Kumar et al., 2021). 
 

Table 1: Structural Design Principles for Pre-Engineered and Conventional Steel Buildings 
Aspect Pre-Engineered Buildings Conventional Steel Buildings 
Design 
Approach 

Standardized components, system-
based design 

Individual component design, 
customized for each project 

Structural 
Efficiency 

Optimized use of standard components 
Customized to meet specific structural 
requirements 

Design 
Flexibility 

Limited flexibility due to 
standardization 

High flexibility, can accommodate 
complex architectural designs 

Design 
Standards 

Specific codes and standards for pre-
engineered construction 

General steel design codes and 
standards 

 
2.2 Differences in Design Methodologies and Standards 
The design methodologies and standards for PEBs and conventional steel buildings vary significantly due to 
their distinct construction methods and objectives. PEBs are designed according to standardized codes and 
guidelines that are specific to pre-engineered construction (Bian et al., 2017; Li & Xie, 2019). These standards 
focus on optimizing the use of standard components and ensuring structural integrity while minimizing 
material waste. 
Conversely, conventional steel buildings adhere to traditional design codes and standards that are applicable to 
steel structures in general (Bai et al., 2018; Mokhtar et al., 2020). These standards allow for more flexibility in 
design but require more detailed analysis and customization to meet specific project requirements. 

 
Table 2: Differences in Design Methodologies and Standards 

Aspect Pre-Engineered Buildings 
Conventional Steel 
Buildings 

Design Methodologies 
System-based design, component 
optimization 

Detailed analysis and design 
of individual components 

Design Standards 
Specific standards for pre-engineered 
construction 

General steel design codes 
and standards 

Structural Analysis 
Simplified analysis based on 
standardized components 

Detailed structural analysis 
for each component 

Customization 
Limited customization options due to 
standardized components 

High level of customization 
to meet project-specific 
needs 
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2.3 Flexibility and Customization Options in Design 
One of the key differences between PEBs and conventional steel buildings is the level of flexibility and 
customization they offer in design. PEBs are known for their limited customization options, as they are 
primarily based on standard components and systems (Dissanayake et al., 2018; Wang et al., 2021). However, 
advancements in technology have allowed for some degree of customization in recent years. 
Conventional steel buildings, on the other hand, offer greater flexibility in design, allowing architects and 
engineers to create unique and complex structures (Kumar & Sahoo, 2017; Zhang et al., 2020). This flexibility 
comes from the ability to customize each component of the building, from the framing system to the cladding 
and interior finishes. 

 
Table 3: Flexibility and Customization Options in Design 

Aspect Pre-Engineered Buildings Conventional Steel Buildings 

Design Flexibility 
Limited flexibility in design due to 
standardized components 

High flexibility, can accommodate 
unique architectural designs 

Customization Options 
Limited customization options, 
primarily based on standard 
components 

Extensive customization options to 
meet specific project requirements 

Architectural Features 
Limited ability to incorporate 
complex architectural features 

Ability to accommodate a wide range 
of architectural designs 

 
3 CONSTRUCTION METHODS 
3.1 Construction Processes for Both Types of Buildings 
The construction processes for pre-engineered buildings (PEBs) and conventional steel buildings differ 
significantly due to their distinct design and fabrication methods. PEBs are constructed using standardized 
components that are fabricated off-site and then transported to the construction site for assembly (Ashour et 
al., 2018; Liu et al., 2020). This method allows for faster construction times and reduced labor costs compared 
to conventional steel buildings. 
Conventional steel buildings, on the other hand, are constructed using traditional methods where each 
component is fabricated and assembled on-site according to the project's design specifications (Al-Saadi et al., 
2019; Jiang et al., 2021). This method offers more flexibility in construction but can be more time-consuming 
and labor-intensive. 

 
Table 4: Construction Processes for Pre-Engineered and Conventional Steel Buildings 

Aspect Pre-Engineered Buildings Conventional Steel Buildings 

Fabrication 
Off-site fabrication of 
standardized components 

On-site fabrication of components 
according to project design 

Assembly 
Quick assembly using bolted 
connections 

Assembly involves welding and more 
complex connections 

Construction Time 
Faster construction due to pre-
fabricated components 

Longer construction time due to on-site 
fabrication 

Labor Requirements Reduced labor requirements 
Higher labor requirements due to on-
site fabrication 

 
3.2 Speed of Construction and Ease of Assembly 
One of the key advantages of PEBs is their speed of construction and ease of assembly. Since PEB 
components are pre-fabricated off-site, they can be quickly assembled on-site using simple bolted connections 
(Huang et al., 2018; Wang & Li, 2021). This results in faster construction times and reduced construction 
costs compared to conventional steel buildings, which require more time for on-site fabrication and assembly. 
Conventional steel buildings, while offering more flexibility in design, are typically slower to construct due to 
the need for on-site fabrication and welding of components (Chen et al., 2020; Zhao et al., 2022). This can 
lead to increased labor costs and longer construction schedules, especially for large or complex structures. 
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Table 5: Speed of Construction and Ease of Assembly 
Aspect Pre-Engineered Buildings Conventional Steel Buildings 

Construction 
Time 

Faster construction times 
compared to conventional 
buildings 

Longer construction times due to on-site 
fabrication 

Ease of 
Assembly 

Simple bolted connections for 
quick assembly 

More complex assembly process involving 
welding 

Labor 
Efficiency 

Reduced labor requirements and 
quicker assembly 

Higher labor requirements and slower assembly 

 
3.3 Quality Control Measures 
Quality control measures are essential in ensuring the structural integrity and safety of both PEBs and 
conventional steel buildings. PEB manufacturers adhere to strict quality control processes during the 
fabrication of components to ensure they meet design specifications and standards (Guo et al., 2019; Yang et 
al., 2021). This includes testing components for strength, durability, and dimensional accuracy before they are 
shipped to the construction site. 
Conventional steel buildings also require stringent quality control measures, particularly during the fabrication 
and welding of components on-site (Mishra et al., 2018; Zhang & Wang, 2020). Quality control measures for 
conventional steel buildings include welding inspections, material testing, and adherence to design 
specifications to ensure the structural integrity of the building. 
 
4 COST ANALYSIS 
4.1 Initial Cost Comparison 
The initial cost comparison between pre-engineered buildings (PEBs) and conventional steel buildings 
involves evaluating the cost of materials, labor, and construction methods. Research has shown that PEBs 
generally have lower initial costs compared to conventional steel buildings due to their standardized 
components and faster construction times (Ali et al., 2019; Singh et al., 2020). However, the actual cost 
savings may vary depending on factors such as building size, complexity, and location. 
 
4.2 Life-Cycle Cost Considerations 
Life-cycle cost considerations for PEBs and conventional steel buildings include evaluating the total cost of 
ownership over the building's lifespan, including maintenance, repairs, and operating costs. While PEBs may 
have lower initial costs, conventional steel buildings are often more durable and have lower maintenance 
requirements, which can result in lower life-cycle costs (Bhardwaj et al., 2018; Yang et al., 2021). Factors 
such as building design, materials used, and environmental conditions can impact the life-cycle cost analysis. 

 
 
4.3 Factors Affecting Cost Differences Between the Two Building Types 
Several factors can affect the cost differences between PEBs and conventional steel buildings. These include 
design complexity, customization requirements, site conditions, and local labor and material costs. Research 
has shown that while PEBs offer cost advantages in terms of material and labor savings, these savings can be 
offset by higher transportation costs for pre-fabricated components and limited design flexibility (Gupta et al., 
2019; Kumar & Bhasin, 2020). 
 
5 PERFORMANCE COMPARISON 
5.1 Structural Performance Under Various Loads (Wind, Snow, Seismic) 
The structural performance of PEBs and conventional steel buildings under various loads, such as wind, now, 
and seismic forces, is a critical aspect of their comparison. Studies have shown that both building types can 
perform well under these loads when designed and constructed properly (Lee et al., 2018; Zhang et al., 2021). 
However, PEBs may have limitations in design flexibility and customization, which can impact their 
performance in certain scenarios. 
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5.2 Durability and Maintenance Requirements 
Durability and maintenance requirements are important considerations in the performance comparison of 
PEBs and conventional steel buildings. While PEBs are designed to be durable and low maintenance, 
conventional steel buildings may require more frequent maintenance due to their design complexity and 
susceptibility to corrosion (Mohammad et al., 2019; Wang & Ma, 2020). Proper maintenance practices can 
help extend the lifespan of both building types. 
 
5.3 Energy Efficiency and Environmental Impact 
Energy efficiency and environmental impact are becoming increasingly important factors in building design 
and construction. Studies have shown that both PEBs and conventional steel buildings can be designed to be 
energy efficient and environmentally friendly through the use of sustainable materials and design strategies 
(Xu et al., 2019; Liu & Zhao, 2021). However, PEBs may have an advantage in terms of material efficiency 
and waste reduction due to their standardized components and efficient construction methods. 

 
CONCLUSION 
In conclusion, the comparative analysis of pre-engineered (PEBs) and conventional steel buildings highlights 
the strengths and weaknesses of each construction method across various aspects including design, 
construction, cost, and performance. 
Pre-engineered buildings offer advantages in terms of standardized components, faster construction times, and 
potentially lower initial costs. They are well-suited for projects where speed and cost-efficiency are 
prioritized, such as warehouses, industrial facilities, and small to medium-sized commercial buildings. 
Conventional steel buildings, on the other hand, provide greater flexibility in design and customization, 
making them ideal for projects with unique architectural requirements or complex structural demands. While 
they may involve longer construction times and higher initial costs, conventional steel buildings often offer 
superior durability, lower life-cycle costs, and greater design flexibility. 
The choice between PEBs and conventional steel buildings depends on the specific needs and priorities of 
each project, including budget, timeline, design requirements, and long-term maintenance considerations. By 
conducting a thorough analysis of these factors, stakeholders can make informed decisions to select the most 
suitable construction method for their projects. 
Moving forward, ongoing research and advancements in construction technology will continue to nfluence the 
comparative analysis of PEBs and conventional steel buildings. As sustainability and energy efficiency 
become increasingly important considerations in building design and construction, there is a growing need to 
evaluate the environmental impact and energy performance of both building types. 
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