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Abstract- As we know, there has been great improvements in the technological advancements and steel is an expensive material 

as compared to the rest but when it comes to the cost-saving during the life span of the structure and steel has proven to be a 

very affordable material. In this paper, a mezzanine floor for pre-engineered steel buildings will be designed and analysed by 

using Indian standard section and Built-up section and compared to each. For it we are using software Staad-pro connect edition 

with keeping all the load conditions same like dead, live load, earthquake load and load combinations etc. acting on the 

mezzanine. This paper contains two types of structures which is type-1 and type-2 structure that will compare with each-other 

and determine the optimum results. The main objective of this work is to find out the total percentage change in weight and cost 

by change in standard sections and built-up section while taking all loading conditions same. The concept of Pre- engineered 

construction involves pre-engineered and quality construction systems and Pre-Engineered Buildings, or PEBs, are known for 

their efficiency and speed in construction. PEB mezzanine floors are an integral part of such structures. These mezzanines are 

engineered with precision and manufactured off-site, ensuring consistency and quality. They are typically made from steel, 

making them durable and capable of bearing heavy loads. 

 

Index Terms- Industrial building, Pre-engineering steel building, Mezzanine floor, Indian standard section, Built-up section, 

Staad-Pro, Analysis, Design, IS875 Part (1,2,3), IS800:2007 etc. 

 
 

I. INTRODUCTION 

 
With time, there has been great improvements in the 

technological advancements which contributed tremendously 

to improve the standards of living with the invention of new 

products and utilities. One such example of structural 

Revolution is Pre-Engineered Buildings (PEBs). PEBs make 

use of a set stock of raw materials which have been verified 

over time to fulfill an extensive range of structural and aesthetic 

design conditions. Pre-engineered buildings (PEBs) use a pre- 

determined inventory of raw materials that has proven over 

time to satisfy a wide range of structural and aesthetic Design 

requirements. This flexibility allows PEBs to fulfill an almost 

unlimited range of building configurations, custom Designs, 

Requirements and applications. 

 

The concept of mezzanine floors has revolutionized the way we 

utilize space in various industrial and commercial settings. 

Mezzanine floors, commonly integrated into Pre-Engineered 

Buildings (PEBs), have become indispensable components of 

modern infrastructure. They offer a cost-effective and flexible 

solution to optimize usable space, accommodating various 

functions within a single structure. In this essay, we will delve 

into the different types of mezzanine floor systems, focusing on 

PEB mezzanine floors, modular mezzanine floors, and 

structural mezzanine floors, and discuss their advantages, 

applications, and importance in today’s construction industry. 

 

II. OBJECTIVE OF THE STUDY 
 

 To determine the percentage cost difference in mezzanine 

floor between the use of Indian standard section and Built-

up sections.  

 To identify and design the structure as per the various loads 

and load combinations acting on the structure.  

 To design the mezzanine floor as per IS codes. 

 To determine the least possible weight of the structure so 

that the cost will reduce. 

 To check the structure as per IS code in the STAAD-Pro 

Connect edition software is safe or not. 

 

1. Advantages of PEB Mezzanine Floors 

Cost-Effective: PEB mezzanines offer significant cost savings 

compared to traditional construction methods. They reduce 



 

 

 

© 2024 IJSRET 
134 

 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 10, Issue 1, Jan-Feb-2024, ISSN (Online): 2395-566X 

 

 
material wastage and labor costs while maintaining high 

structural integrity. 

 

Quick Installation: PEB mezzanines are designed for swift 

installation. Their prefabricated components can be assembled 

efficiently, reducing construction time and minimizing 

disruptions to ongoing operations. 

 

Customization: These mezzanines can be tailored to specific 

requirements, accommodating various applications, including 

storage, office space, production areas, and more. 

Quality Control: Mezzanines are manufactured completely in 

the factory under controlled conditions, and hence the quality 

can be assured. 

 

Applications: PEB mezzanine floors find applications in 

warehouses, manufacturing facilities, logistics centers, and 

retail spaces, where maximizing space utilization is crucial. 

 

III. SUMMARY OF LITERATURE REVIEWS 
 

After reviewing literatures mentioned above, we can 

summarize that Pre-engineered steel structure can be designed 

using steel since it is a low-cost material that also offers 

durability, strength, design flexibility, adaptability, and 

recyclability. The study's findings lead to the conclusion that 

there is a lot of scope in Mezzanine floor designing with using 

built-up sections and Indian standard sections both together 

since it’s superiority to CSS structures. But we cannot draw a 

firm conclusion. For all constructions, pre-engineered Structure 

should be employed. Due to the fact that the belief of PEBs 

were derived from traditional procedures and that there are 

some situations in which we cannot implement it, such Projects 

without the necessary funding for large initial out go of money 

and also for short-span constructions. 

 

 The work in pre-engineered building, Pre-engineered 

buildings can be adopted to suit a wide variety of structural 

applications and greatest economy will be realized when 

utilizing standard details in structural framework.  To 

understand the importance of cost effectiveness. Minimum 

weight buildings that are targeted with simple fabrication 

process and easy erection to have maximum structural 

efficiency. Minimum weight of structure is proportional to 

minimum cost and lowers seismic and gravitational forces. In 

Industrial building the material & cost of the building is 

minimized in case of cold formed steel while in case of 

conventional building it was be higher both in two cases. The 

saving in material and cost is about 25% can be achieved. 

 

IV. DESIGN PERAMETERS AND ANALYSYS 
 

In the current study our structure is Industrial mezzanine floor. 

On the floor there is no major equipment considered, so dead 

load is self weight of mezzanine plus 150 mm RCC deck slab 

weight. Also live load as per IS 875 (part -2) Table 1 without 

mezzanine is 5 KN/sqm. For Seismic analysis zone considered 

as zone-3 (zone factor 0.16) , response reduction factor is 4, and 

damping ratio is 5%. Structure is analyzed in Staad-pro connect 

edition and designed as per IS 800-2007 code. 

 

Grade of steel is Fe250 for both of the mezzanines. Minimum 

thickness for built-up sections is 5 mm, and for hot rolled 

section it is as per Indian standard section available. The Plate 

girders are used for Built-up section i.e. for columns, primary 

and secondary beams. ISMB and ISMC sections are used as hot 

rolled section I e. for columns, primary and secondary beams. 

 Primary load are Dead load, Live load and Seismic  

 

1. Mezzanine Parameters 

Type-1 structure: Mezzanine 1: Built-up section used 

Length = 40m 

Width = 20m 

Height = 4.0m 

Intermediate Column spacing = 5.0 m c/c 

Secondary beam spacing = 1.0 m c/c 

 

Type-2 structure: Mezzanine 2: Hot rolled section used 

Length = 40m 

Width = 20m 

Height = 4.0m 

Intermediate Column spacing = 5.0 m c/c 

Secondary beam spacing = 1.0 m c/c 

 

2. Load Calculation 

Load calculation for Type-1 and Type-2 mezzanine are: 

Primary load- Dead load, Live load and Seismic load 

Dead Load- Self Weight of Mezzanine,  

Weight of Deck Slab = Thickness of slab x Unit weight of RCC 

= 0.15 X 25 

= 3.75 KN/M2 

Live Load - Live load as per IS 875 (II) = 5 KN/M2  

Earth Quake Load -Table: Seismic Parameters 
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Load Combinatio- Auto load combination generated by staad 

as per IS800:2007 

LOAD COMB 101 COMB - 1.5 DEAD + 1.5 LIVE 

1 1.5 2 1.5  

LOAD COMB 102 COMB - 1.2 DEAD + 1.2 LIVE 

1 1.2 2 1.2 

LOAD COMB 103 COMB - 1.2 DEAD + 1.2 LIVE + 0.6 

SEISMIC-H (1) 

1 1.2 2 1.2 5 0.6  

LOAD COMB 104 COMB - 1.2 DEAD + 1.2 LIVE + 0.6 

SEISMIC-H (2) 

1 1.2 2 1.2 6 0.6  

LOAD COMB 105 COMB - 1.2 DEAD + 1.2 LIVE + 0.6 

SEISMIC-H (3) 

1 1.2 2 1.2 7 0.6  

LOAD COMB 106 COMB - 1.2 DEAD + 1.2 LIVE + 0.6 

SEISMIC-H (4) 

1 1.2 2 1.2 8 0.6  

LOAD COMB 107 COMB - 1.2 DEAD + 1.2 LIVE + 1.2 

SEISMIC-H (1) 

1 1.2 2 1.2 5 1.2  

LOAD COMB 108 COMB - 1.2 DEAD + 1.2 LIVE + 1.2 

SEISMIC-H (2) 

1 1.2 2 1.2 6 1.2  

LOAD COMB 109 COMB - 1.2 DEAD + 1.2 LIVE + 1.2 

SEISMIC-H (3) 

1 1.2 2 1.2 7 1.2  

LOAD COMB 110 COMB - 1.2 DEAD + 1.2 LIVE + 1.2 

SEISMIC-H (4) 

1 1.2 2 1.2 8 1.2  

LOAD COMB 111 COMB - 1.5 DEAD 

1 1.5  

LOAD COMB 112 COMB - 1.5 DEAD + 1.5 SEISMIC-H (1) 

1 1.5 5 1.5  

LOAD COMB 113 COMB - 1.5 DEAD + 1.5 SEISMIC-H (2) 

1 1.5 6 1.5  

LOAD COMB 114 COMB - 1.5 DEAD + 1.5 SEISMIC-H (3) 

1 1.5 7 1.5  

LOAD COMB 115 COMB - 1.5 DEAD + 1.5 SEISMIC-H (4) 

1 1.5 8 1.5  

LOAD COMB 116 COMB - 0.9 DEAD 

1 0.9  

LOAD COMB 117 COMB - 0.9 DEAD + 1.5 SEISMIC-H (1) 

1 0.9 5 1.5  

LOAD COMB 118 COMB - 0.9 DEAD + 1.5 SEISMIC-H (2) 

1 0.9 6 1.5  

LOAD COMB 119 COMB - 0.9 DEAD + 1.5 SEISMIC-H (3) 

1 0.9 7 1.5  

LOAD COMB 120 COMB - 0.9 DEAD + 1.5 SEISMIC-H (4) 

1 0.9 8 1.5  

LOAD COMB 121 COMB - 1 DEAD + 0.35 LIVE 

1 1.0 2 0.35  

LOAD COMB 122 COMB - 1 DEAD + 1 LIVE 

1 1.0 2 1.0  

LOAD COMB 123 COMB - 1 DEAD + 0.8 LIVE 

1 1.0 2 0.8  

LOAD COMB 124 COMB - 1 DEAD + 0.8 LIVE + 0.8 

SEISMIC-H (1) 

1 1.0 2 0.8 5 0.8  

LOAD COMB 125 COMB - 1 DEAD + 0.8 LIVE + 0.8 

SEISMIC-H (2) 

1 1.0 2 0.8 6 0.8  

LOAD COMB 126 COMB - 1 DEAD + 0.8 LIVE + 0.8 

SEISMIC-H (3) 

1 1.0 2 0.8 7 0.8  

LOAD COMB 127 COMB - 1 DEAD + 0.8 LIVE + 0.8 

SEISMIC-H (4) 

1 1.0 2 0.8 8 0.8  

LOAD COMB 128 COMB - 1 DEAD 

1 1.0  

LOAD COMB 129 COMB - 1 DEAD + 1 SEISMIC-H (1) 

1 1.0 5 1.0  

LOAD COMB 130 COMB - 1 DEAD + 1 SEISMIC-H (2) 

1 1.0 6 1.0  

LOAD COMB 131 COMB - 1 DEAD + 1 SEISMIC-H (3) 

1 1.0 7 1.0  

LOAD COMB 132 COMB - 1 DEAD + 1 SEISMIC-H (4) 

1 1.0 8 1.0 

 

 
Figure 1: Mezzanine Floor 

 

V. RESULT AND DISCUSSION 
 

  1. Total Weight of Type-1 Mezzanine 
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2. Total Weight of Type-2 Mezzanine 

 
 

 
Fig. 2: Design Ratio of Type-1 M Ezzanine 

 

 
Fig. 3: Design Ratio of Type-2 Mezzanine 

 

3. Maximum Reactions at Type-1 Mezzanine 

 
Fig 4: Maximum Reactions at Type-1 Mezzanine 

4. Maximum Reactions at Type-2 Mezzanine 

 
Fig 5: Maximum Reactions at Type-2 Mezzanine 

 

5. Max Shear Force and Max Bm on Primary Beam of Type-

1 Mezzanine’s in X-Y-Z Direction      
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6. Max Shear Force and Max Bm on Primary Beam of Type-

2 Mezzanine’s in X-Y-Z Direction 
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7. Max Shear Force on Secondary Beam of Type-1 

Mezzanine           

Beam L/C Node 
Shear-Y 

kN 

369 101 229 34.146 

417 101 234 34.146 

359 101 193 34.146 

295 101 199 34.146 

367 101 197 34.146 

8. Max Shear Force on Secondary Beam of Type-2 

Mezzanine 

Beam L/C Node 
Shear-Y 

kN 

369 101 229 34.057 

361 101 225 34.057 

359 101 193 34.057 

295 101 199 34.057 

417 101 234 34.057 

 

VII. SCOPE FOR FUTURE STUDY 
 

The future scope of Pre-Engineered Building (PEB) has 

emerged tremendously after the initiation of various 

government schemes such as Make in India, Smart City 

Initiative and with increased approval from the FDI’s demand 

for infrastructures. This paper represents a well optimized 

mezzanine floor with least possible weight and different loads 

values acting on it. The study states that these kinds of floor 

provide the required section as per the optimum requirement 

based on the bending moment. This method has pre-fabricated 

steel components that are assembled on the site and is 

lightweight and economical. Times being the controlling factor, 

the pre-fabricated steel structures are erected in less time and 

with ease construction on site. And type-1 or type-2 structure 

define the cost parameters that will represent if the 

unnecessarily material will increased in the structure the cost 

parameters will increased rapidly. 

 

VII. CONCLUSION 
 

 Choosing steel to design a Mezzanine Floor for structures 

building is to choose a material which offers low cost, 

strength, durability, design flexibility, adaptability and 

recyclability. The material used here is not only eco-

friendly but also reusable. Steel is the basic material that is 

used in pre-engineered steel building materials. Infinitely 

recyclable, steel is the material that reflects the 

sustainability imperatives. 

 

 The total weight of Type-1 Mezzanine Floor is 515.858 KN 

and Type-2 Mezzanine Floor is 422.569 KN which shows 

if built-up sections are used in the place of hot rolled 

standard sections than the percentage weight change will 

comes out about 18% and the cost parameters will 

decreases by 15-20% approximately. 

 

 The maximum Reactions in Type-1 mezzanine are Fy = 

367.302 KN at node 53, and Mz = 35.334 KN at node 29. 

For Type-2 mezzanine they are Fy = 372.676 KN at node 

23, and Mz = 21.85 KN at node 29. Which shows there is 

not any significant changes in support reactions. 
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 The maximum SF and BM of primary beams for Type-1 

mezzanine floor are 154.376 KN and 157.36 KN-m 

respectively. And that for Type-2 mezzanine floor 160.222 

KN and 160.725 KN-m respectively also which shows not 

any significant change in that forces. 

 

So we can say that without change in the dimensional perameter 

or change in loading perameter, we will not get any change in 

reactions and forces generated.  

 A number of steel frames were analyzed and designed 

using FEM-based computer package staadproV8i. The use 

of built-up / tapered sections in pre-engineered steel 

structure plays a significant role in reducing steel weight, 

hence reducing cost of structure. 
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