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Abstract— In present years, the concept of Pre-Engineered Building in creation format of structures has helped into 

optimizing a design. Steel industry sector is developing more hastily in almost throughout elements of the world. In a 

hazard of global warming the usage of steel structures is not only efficient but also sustainable at the time. In Pre-

Engineered Buildings (PEB) steel structures (Pre-fabricated) time is being the maximum significant aspect is built in 

very short duration period. In any type of Industrial structures and Pre-Engineered Buildings (PEB) Maximum Span, 

Column free suitable structures are the most vital in fulfils this requirement at the aspect of decreased time and price 

in comparison to conventional structures. Here this is study is achieved by planning 3D frame of an Industrial 

Warehouse constructing the use of the thoughts and studying the frames using appropriate assessment and design 

software after due validation. In this research, an industrial structure warehouse is analyzed and designed according 

to the Indian standards (IS 800-2007) and additionally through referring American Standard (AISC LRFD). The 

various loads like dead, live, wind, seismic and snow loads according as per IS codes are considered for the present 

work for relative study of Pre-Engineered Buildings (PEB) and Conventional Steel Building (CSB). To compare the 

consequences of the numerous parametric study to perform the variations in terms of shear force, support reaction, 

weight correlation and cost evaluation. 
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I. INTRODUCTION 

 

Buildings & companies are one of the primeval creation activities of people. The present modern concept of house 

buildings the technology of creation has progressive since the established order from simple construction. India has 

emerged as one of the key worldwide markets for pre-engineered buildings steel structures. A plenty of growth has been 

given to do with the way how recognition towards steel buildings had been changing to developed a country. Today’s the 

scene is such that PEB’s are expected to about 25% to 30% of marketplace share within the creation industry sector. The 

most recent improving technology was continuously increasing the maximum clear-span competencies of steel structures. 

In India the industry has fast development of steel building makes for exciting analyzing and it can have commenced all 

with the on location fabrication model. With the opening up of the economy during the 1990s but, such things started to 

change. In the might of the PEB enterprise this became the cause for predominantly “manufacturing plant constructed” 

structures and to achieve economy growth. In PEB technology steel is one of the world’s most reused material and 

toward the finish of any steel product’s life, practically 100% of it tends to be reused without losing its engineering 

properties, preferred and ecological construction methods. The tropical nation like in India to give great protection 

impact and would be highly suitable for a PEB structures. PEBs is an ideal construction sector for in remote & hilly 

areas. A recently survey through the Metal Building Associations (MBMA) shows that nearby 50% to 60% of the non-

residential near to the ground rises constructing in USA are pre-engineered buildings. This flexibility would seem to with 

ease provide itself to optimization of member cross-section shapes. In Industrial building systems, the partitions can be 

formed of steel columns with cladding which may be of profiled or plain sheets, Galvanised Iron sheets, roofing, precast 

concrete, or masonry work. The wall must be effectively in strong to resist the lateral pressure because of wind or seismic 

activity resistance. As the PEBs offers fastest technique to construct the warehouses structures as compared to 

conventional methods and its demand for a broad range activities of construction will growth over the afterward four 

years. A growing range of distinguished International contractors and designers, who formerly certain conventional steel 

structural buildings entirely, have recently converted to the PEB approach. 

 

II. FRAMING SYSYTEM 

A. Concept of Conventional Steel Building 

Conventional steel buildings (CSB) are small rise steel buildings with a roofing structures of truss with roof coverings. 

The criterion selection process of roof truss also includes the gradient of the roof, pitch of the roof, fabrication and 

transport techniques, aesthetics, climatic conditions, etc. In a Conventional steel building design uses selected hot rolled 

"T" type steel sections that are regular in period but need to be reduce, punched, and bolted on site. The necessity of 

materials is delivered or produced in the plant and are placed to the site. The need for further economy of creation region 

and the design of the conventional industrial buildings is governed through beneficial necessities. The Structural 

members are very hot rolled and are utilized in conventional buildings. Steel roof trusses are normally used for industrial 
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buildings, work shop buildings, packaging areas, warehouses and even for residential buildings, faculty buildings, places 

of work whereas the construction work is to be completed in a short length of time. In high winds the structural 

performance of these buildings is well agreed and for the maximum part, suitable code provisions are presently in area to 

that that make certain excellent behavior. In a roof truss the entire section of every member is subjected to uniform stress 

and consequently the strength of every member is wholly utilized. A roof truss is essentially frame structure formed 

through connecting various members at their ends to form a system of triangle, organized in pre-determined pattern 

depending upon the distance, type of loading and functional requirements. 

 

B. Concept of Pre-Engineered Building 

Pre-Engineered steel structures are fabricated or created necessity in the plant itself. The production of structural 

members is done on customer requirements. The buildings were pre-engineered due to the fact they actually depend on 

general engineering designs for the limited amount of configurations. A pre-engineered building (PEB) is designed by 

the producer to be fabricated using a pre-determined inventory of raw materials and production techniques that may be 

efficiently satisfy a wide variety of a structural and aesthetic view of design requirements within a few geographic 

manufacturing sectors these buildings are also called as Pre-Engineered Steel Buildings. Generally, a PEB is an inflexible 

jointed plane frame from hot-rolled or cold-rolled sections, helping the roofing and side cladding through hot-rolled or 

cold-formed sections purlins and sheeting rails. Z and C-shaped cold formed steel members may be used as secondary 

structural elements to fasten and support to the outside cladding. Steel building system usually a variety of wall materials, 

the unique creations and still the maximum popular being steel siding, supported by means of`sidewall or end wall girts. 

In order to perfectly layout a pre-engineered building, engineers consider the clear span among the bearing factors, bay 

spacing, roof slope, dead loads, superimposed loads, collateral loads, wind uplift, deflection criteria, internal crane 

system and maximum realistic size and weight of the fabricated members. The use of an optimum least section leads to 

the equipped savings in steel and price reduction. 

 

 

Fig. 1: Pre-Engineered Warehouse Structure 

 

III. METHODOLOGY 

In the research work, by using STAAD Pro V8i structural software three dissimilar types of 3D steel buildings are 

designed for static and vibrant forces. In this work, an industrial warehouse structure of length 60m with bay spacing at 

6m along the length, 24m width and 8.402m eave height in which 2.1 m from ground level is used for brick work and 

remaining 6.3 m is used for cladding. The slope of roof is taken as 9.91° for both Pre-Engineered Steel Building and 

Conventional steel buildings and roofs are protected with GI sheet. The spacing of the purlins is maintained as 1.5m and 

girts is maintained as 2.1m. Pinned type of support condition can be used. The building layout plan of the proposed 

industrial warehouse structure considered for the study is as shown below in figure: 

 

Fig 2. Plan Layout of Warehouse Structure 
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Fig. 3: Elevation of Warehouse Structure 

IV. LOADING CALCULATIONS 

A. Dead Load  

Dead load calculation (IS 875-1987 Part-I): 

Total load on purlin: 

Weight of sheet      = 0.058 kN/m
2 

Weight of fixing    = 0.025 kN/m
2
 

Weight of services   = 0.1 kN/m
2    

Spacing of Purlin = 1.523 m 

Total weight on Purlin   = 0.183 kN/m
2  

Total weight on Purlin   = weight (kN/m
2
) × spacing of Purlin 

                                    = 0.183 × 1.523 

                                    = 0.278 kN/m
 
 

Assume weight of purlin= 0.10 kN/m 

Weight of truss = (Span/3+5) × 10 

                          = (24/3+5) × 10 

                          = 0.130 kN/m
2 

                          = 0.103 × plan length 

                          = 0.103 × 1.5 

                          = 0.154 kN/m
 

Total dead load = 0.532 kN/m 

 

B. Live Load  

Live load calculation (IS 875-1987 Part-II): 

Live load on purlin = 750 – 20 (θ – 10) ……. (Slope less 10˚) 

               Live load = 750 – 20 (θ – 10)     

                               = 750 – 20(9.91 – 10)     

                               = 0.751 kN/m
2 

 Live load on purlin = 0.539 × spacing of purlin 

                             = 0.751 × 1.523 

                             = 1.143 kN/m 

 Live load on truss = 2/3 × load on purlin 

                           = 2/3 × 1.143 

                           = 0.762 kN/m 

C. Wind Load  

Wind load calculation (IS 875-1987 Part-III): 

Basic wind speed = Vb = 39 m/s 

Design wind speed        = Vz = K1 K2 K3 Vb 

Design wind pressure    = Pz   = 0.6 Vz
2 

Wind pressure on roof   = (Cpe - Cpi) 

Where, 

           Cpe = Coefficient of external wind pressure 

           Cpi = Coefficient of internal wind pressure 

           K1 = Risk coefficient 

                 K2 = Terrain height and structure size factor  

           K3 = Topography factor 

For all general building and structure,  

Mean probable design life = 50 years  

Risk coefficient K1 = 1.0 

Terrain category = 3     ……...… (As height of building 10 m) 
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Class B                  ……...…… (As horizontal or vertical dimension in between 20 to 50 m)  

K2 = 0.99 

K3 = topography factor  

K3 = 1 

Design wind speed = Vz = K1 × K2 × K3 × Vb 

                                                           = 1.0 × 0.99 × 1.0 × 39 

                                      = 38.61 m/s 

Design wind pressure = Pz = 0.6 × Vz
2 

                                                         
= 0.6 × 38.61

2 

                                                         
= 894 N/m

2
 

Wind Load F = (Cpe – Cpi) x A x P in kN  

 Where, Cpe – External Coefficient               

             Cpi – Internal Coefficient               

             A– Surface Area in m2               

             P – Design Wind Pressure in kN/m
2 

D.  Load Combinations 

Table 1. Load Combinations as per Design Codes 

AISC-89/MBMA-86 IS 800-2007 

Limit state of serviceability Limit state of serviceability 

(DL+LL) (DL+LL) 

(DL+WL/EL) (DL+WL/EL) 

(DL+CL) (DL+LL+CL) 

(DL+.05WL/EL+CL) (DL+0.8LL+0.8WL/EL+0.8CL) 

Limit state of strength Limit state of strength 

(DL+LL) 1.5(DL+LL) 

(DL+CL) 1.5(DL+WL/EL) 

0.75(DL+WL/EL) (0.9DL+1.5WL/EL) 

0.75(DL+WLRL-P) (1.5DL+1.5LL+1.05CL) 

0.75(DL+0.58WL/EL+CL) (1.5DL+1.05LL+1.5CL) 

 (1.2DL+1.2LL+0.6WL/EL+1.05CL) 

 (1.2DL+1.2LL+0.6WL/EL+1.2CL) 

 (1.2DL+1.2LL+1.2WL/EL+0.53CL) 

 (1.2DL+1.2LL+1.2WL/EL+0.53CL) 

 

V. STAAD PRO PROCESS 

 

In the modern study, STAAD Pro V8i programming has been utilized in order to analyses and design PEB and CSB. The 

industrial warehouse structures we are designing is of Pre-Engineered structure. The sizable majority of the channel 

sections and angle sections are available in the steel tables of STAAD Pro V8i are the C or else I sections. In any case, 

for the design of PEB, there is likewise one command known as tapered sections. Optimum Tapered sections are one in 

which we can assemble the web, flange, their thicknesses, and so on. STAAD Pro is the structural engineering 

professional’s decision for steel, concrete, timber, aluminum, and cold-formed steel design of practically any structure 

including of culverts, petrochemical plants, tunnels, bridges, piles, and substantially more through its adaptable 

demonstrating condition, propelled highlights. For making plans or breaking down any shape on STAAD Pro V8i, we 

first of all need to create a model of it. For demonstrating in STAAD Pro V8i various types of section properties, 

members, steel tables, materials are presented. Not just this, there are the plan codes of different countries feed. In the 

beams and columns act as line component and slabs, walls and shear walls, and so forth go about as plate component. 
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Optimum Tapered sections are for the most part accommodated for rafters & columns. The modelling of warehouse 

structure using software and how the tapered sections are collected and placed as below: 

 

 

Fig. 4: Modelling and Rendered View of CSB Structure 

 

    Fig. 5: Modelling and 3D View of PEB Structure 

 

Fig. 6: Assembled Tapered Section 

 

VI. RESULTS AND PERFORMED ANALYSIS 

The structural analysis and design of the structural constructing taken into consideration changed into executed using the 

Staad Pro software database which may be very user pleasant and powerful. Graphical representation shows results 

obtained from software as below:   
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Fig. 7: Weight Correlation 

 

Fig. 8: Steel Quantity required for HRS section and CFS section used for Purlin members 

 

Fig. 9: Quantity of steel required for HRS section and CFS section used for Girt members 

 

Fig. 10: Maximum Shear Force 
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Fig. 11: Maximum Support Reaction 

 

Fig. 12: Cost Analysis 

 

VII. CONCLUSIONS 

In our everyday existence steel is versatile material that each object we see used in steel immediately or circuitously. In 

the observe of self-weight of the models indicated that the self-weight for PEB is much less than that of CSB in the 

equivalent geometry. As consistent with the design outcomes acquired for the duration of this dissertation work it is 

noted that the weight of PEB as consistent with Indian code structure by 34% and weight of PEB as consistent with 

American code structure with the aid of 38% as compared to lesser than the weight of CSB structure. Cold formed steel 

section over hot rolled section as purlin section members is essentially lighter than 57 % and also girt section members 

for cold formed steel over hot rolled section is reduced than 85%. The shear force of PEB are lesser than the CSB which 

in turn decreases the material required for the structure. Support reaction for PEB is slighter compared to CSB. It is 

visible that there is around 28% saving cost in as consistent with PEB Indian code and also 32% saving cost in PEB 

American code constructing related to CSB building. 

 

REFERENCES 

 

[1] Abhyuday Titiksh, Abhinav Dewangan, Ankur Khandelwal, Akshay Sharma, “Comparative Study of Conventional 

Steel Building and Pre-Engineered Building to be used as an Industrial Shed”, Int. Journal of Engineering Research 

and Applications, ISSN: 2248-9622, Vol. 5, Issue 11, (Part - 2), pp. 25-28, November 2015. 

[2]    A. G. Ghanem, Y. A. Abdel Razig, “A Framework for Real-time Construction Project Progress Tracking”, ASCE 

Earth & Space, pp. 1-8, 2006. 

[3]    B.Meena Sai Lakshmi, M. K. M. V. Ratnam, “Comparative Study of Pre Engineered and Conventional Steel 

Building”, International Journal of Innovative Research In Technology, ISSN: 2349-6002, Vol. No.2, Issue.3, Page 

No. 124-129, 2015. 

[4]    Bureau of Indian Standards IS 875 (Part I-III) “Indian Standard Code of Practice for design loads (other than 

earthquake) for building and Structures” New Delhi, 1987. 

[5]    Bureau of Indian Standards IS 800 “Indian Standard Code of Practice for General Construction in Steel” New 

Delhi, 2007. 

[6]    C. M. Meera, “Pre-Engineered Building Design of an Industrial Warehouse”, International Journal of Engineering 

Sciences & Emerging Technologies, ISSN: 2231-6604, Volume 5, Issue 2, pp. 75-82, June 2013. 



 
International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 

Volume 5, Issue 06, June-2019, e-ISSN: 2455-2585, Impact Factor: 5.22 (SJIF-2017) 
 

IJTIMES-2019@All rights reserved   329 

[7]    C.Mohanraj, V. Preetha, “Comparitive Study of Pre-engineered and Conventional Industrial Buildings” 

International Journal of Intellectual Advancements and Research in Engineering Computations, ISSN:2348-2079, 

Volume-6 Issue-2, Page No. 1154-1160, 2018. 

[8]    Dharmalingam G, Silambarasan G, “Design and Analysis of Pre-Engineered Building with Subjected to Seismic 

Loads using E-Tabs”, International Journal for Scientific Research & Development, ISSN: 2321-0613, Vol. 5, Issue 

04, pp. 1628-1631, 2017. 

[9]    Dr. AK Gupta, Aditya P Mehendale, Prof. D. B. Desai, “Assessment & Maintenance of Pre-Engineered Buildings”, 

National Journal of Multidisciplinary Research and Development, ISSN: 2455-9040, Volume 1, Issue 4, Page No. 

31-34, September 2016. 

[10] G. Sai Kiran, A. Kailasa Rao, R. Pradeep Kumar, “Comparison of Design Procedures for Pre Engineering Buildings 

(PEB): A Case Study”, International Journal of Civil, Architectural, Structural and Construction Engineering, Vol.8, 

Issue No.4, 2014. 

[11] Hisham Qureshi, Zahid Ahmad Siddiqi “Minimum Weight Design of Pre Engineered Steel Structures using Built-up 

Sections and Cold    Formed Sections”, Advanced Materials Research, Vol. 684, pp 125-129, 2013. 

[12] K.Prabin Kumar, D.Sunny Prakash, “A Study on Design of Industrial Building-A Review”, International Journal of 

Pure and Applied Mathematics, ISSN: 1314-3395, Vol. No. 17, Page No. 2791-2795, 2018. 

[13] Madhukaran, K S Madhusoodan, Dr. H Eramma, “A Comparative Study of Pre Engineering Building by Working 

Stress Method and Limit State Method in Terms of Weight in Different Topographs: A Case Study”, MAT Journal 

of Recent Activities in Infrastructure Science, Volume 3 Issue 2, Page No. 1-13, 2018. 

[14] Muhammad Umair Saleem, Hisham Jahangir Qureshi, “Design Solutions for Sustainable Construction of Pre 

Engineered Steel Buildings”, Journal for Sustainability, 10, pp.1-16, 2018. 

[15] Nitin Vishwakarma, Hardik Tayal, “Optimization of Industrial Building using Pre-Engineering Building and 

Conventional Steel Building by Fully Stressed Design”, International Journal of Applied Engineering Research, 

ISSN:0973-4562, Volume 13, Number 20, pp. 14573-14590, 2018. 

[16] Petr Hradil, Matti Mielonen, Ludovic Fülöp, “Advanced design and optimization of steel portal frames”, Journal of 

Structural Mechanics, Vol. 43, No 1, pp. 44-60, 2010. 

[17] Prof. Pooja V. Raut, Prof. Nikhil S. Agrawal, “Comparative Study of Pre-Engineering Building with Conventional 

Steel Building”, International Journal of Research Engineering, Science and Technologies, ISSN:2395-6453, Vol.6, 

Issue 8, pp. 302-309, Dec.2015. 

[18] Salim P.M., Seshadri Sekhar T., Mahima Ganeshan, “Pre Engineered Buildings - A Review”, i-manager’s Journal on 

Structural Engineering, Vol. No. 2, pp. 39-48, August 2017. 

[19] Saman Shahid, Shahid Ali, Fazil Hussain, “Design Optimization of Steel Structures from Conventional Steel 

Building to Pre-Engineered Building by Varying Loads”, Journal of Engineering and Scientific Research, Page No. 

103-109, 2018. 

[20] Shrunkhal V Bhagatkar, Farman Iqbal Shaikh, Bhanu Prakash Gupta, Deepak Kharta, “A Study On Pre-Engineered 

Building – A Construction Technique”, International Journal of Engineering Research and Applications, ISSN: 

2248-9622, Vol. 5, Issue 3, pp. 05-09, March 2015. 

[21] S. K. Duggal, Limit State Design of Steel Structure. 

[22] Subodh.S.Patil, Mahesh.M.Bhanuse, “Analysis and Design of Pre-Engineered Building of an Industrial Warehouse”, 

International Journal of Current Engineering And Scientific Research, ISSN: 2393-8374, Page No. 39-43, 2017. 

[23] Syed Firoz, Sarath Chandra Kumar B, S. Kanakambara Rao, “Design Concept of Pre-Engineered Building”, 

International Journal of Engineering Research and Applications, ISSN: 2248-9622, Vol. 2, Issue 2, pp.267-272, 

April 2012. 

 

  


