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ABSTRACT: In recent years, construction of steel building is new thought in construction field. It is a concept of steel 

structures introduced in early 1960’s. A modern technology of Pre-Engineered Building (PEB) is adopted to replace 

Conventional Steel Building (CSB). For construction of PEB tapered sections are used and for CSB hot rolled sections. 

PEB structural components are manufactured in factory under controlled environmental condition according to design 

standards and specification. The adaptability of PEB in place of CSB consists many advantages on simple and easy 

fabrication, no welding process, quality, faster construction, light weight and cost effective. Structure will be designed 

in plant and transported to site and then erected. In this study, a single-story industrial building with length 66m, 30m 

width, strut height 7m, with bay spacing 6m and considering slope 1:10, to conduct the study a model of a conventional 

steel structure and pre- engineered building is deigned and analyzed on software Staad.Pro.V8i., wind load is calculated 

by excel sheet and load combination according to IS 800-2007. 

 

We found that pre-engineered buildings have more advantages over conventionally designed buildings in terms of cost 

effectiveness, energy efficiency, time savings, more strength, long life span, design flexibility, and recyclability after 

analyzing both pre-engineered and conventional steel buildings. Total weight of Column, End Rafter and Mid Rafter in 

CSB is 56%, 61% and 67% more than PEB respectively. In column, Axial Force of PEB is 5% less than CSB, Shear 

Force and Bending Moment of PEB is 16% more than CSB. In End Rafter, Shear Force of PEB is 1% less than CSB, 

Axial Force and Bending Moment of PEB is 5%, 18% less than CSB. In Mid Rafter, Axial Force of PEB is 16% more 

than CSB, Shear Force and Bending Moment of PEB is 3%, 37% less than CSB. Compared to CSB (81067.42 Kg), the 

flexible and lightweight PEB frame (45989.19 Kg) has higher resistance to seismic and wind loads. From this we can 

conclude PEB is light weight structure and a simple foundation is required. 

KEYWORDS: PEB, CSB, Tapered section, Hot rolled section, Staad.pro.V8i. 

I.INTRODUCTION 

Steel is the construction material of choice for design due to its ductility and flexibility. Steel structure building is a 

kind of pre-fabricated structure which is mainly used to construct industrial structure. It has the least maintenance time 

and cost and can be easily moved to different locations. 

Pre-engineered buildings are a combination of cold formed section and hot rolled section. This new technology is used 

to replace traditional steel building (CSB). The components of pre- engineered buildings are manufactured in 

accordance with design specifications and standards to achieve high quality, accurate products under controlled 

condition. It will be transported to the project site for installation. PEB structures are easily assembled because of its 

light weight compared to CSB. CSB structures fabricated with hot rolled sections and heavier than PEB. The material 

waste rate in CSB is high, cutting and welding process done on site but in PEB it is done at manufacturing plant only. 

Degree of accuracy and work performed is low. PEB erection is easy and faster than CSB because of its light 

weight.Pre-engineered buildings are accepted for larger industrial structures. These are economical, it gives flexibility 

for future growthand maintenance will be low. 
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II. EXPERIMENTAL PROGRAM 

The study includes analysis of single storey industrial building. The structure is proposed as a pre-engineered building 

with dimension of 66-meter in length and 30-meter in  width, 7-meter eave heightalong with X-bracing and 6-meters 

bay spacing, analyzed according to Indian Standards IS 800-2007 using structural analysis and design software STAAD 

pro v8i. CSB is also designed and analyzed for same span and load. Members are assigned with built up section and 

tapered section. Dead load (IS 875 Part- (1987)), live load (as per IS 875 Part-II (1987)) and wind load (IS 875 Part-III 

(1987)) are calculated as per IS 875-1987. 

Structural configuration 
Type of building, detailed dimensions and wind speed are presented in table 1 

 
Table 1: Structural Configuration 

 

Type of Building Industrial Building 

Type of Structure Single storey industrial structure 

Length of Building 66m 

Width of Building 30m 

Bay Spacing 6m 

No. of Bays 11 

Eave Height 7m 

Roof slope 5.71 

Wind Speed 33m/s 

 
 
 
Details of structural member 
Details of structural members presented in table 2.figure 1 and  2 shows 3D model of CSB and PEB. 

 
Table 2: Details of Structural Members 

Sl.no Member 

Property 
Length  

in meter CSB PEB 

1. Column ISMB600 Taper-1 168 

2. End Rafter ISMB550 Taper-2 240 

3. Mid Rafter ISMB550 Taper-3 120.792 

4. Bracing PIP1937H PIP1937H 264 

5. Girt PIP1143H PIP1143H 689.12 

 

Fig. 1:3D Model of CSB Fig. 2:3D Model of PEB 
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Load Calculation 
Dead Load on Building: (as per IS 875 Part- (1987)) 

Weight of GI Sheeting = 0.131kN/m
2
. 

Weight of fixings         = 0.025kN/m
2
.
 

Weight of services       = 0.1kN/m
2
. 

Total weight                 = 0.256kN/m
2
. 

Dead load on frame      = 0.256x6  

                                      = 1.536kN/m. 

Live load on Building: (as per IS 875 Part-II (1987)) 

Live load on non-accessible roof = 0.75kN/m
2
. 

Total live load                              = 0.75x6 

                                                     = 4.5kN/m. 

Wind calculation 
IS 875 Part-III is used to determine wind loads (1987). The fundamental wind speed (Vb) for this job is believed to be 

33 m/s, and the building is considered to be open terrain with well-scattered obstructions with a height less than 10.0m 

and a maximum dimension greater than 50.0 m, thus factors K1, K2, and K3 have been computed according to IS-875-

Part-III (1987). 

Terrain Category – 2 

 K1 = Probability Factor = 1.0 (Table 1, clause 6.3.1) 

 K2 = Terrain height and size factor = 1.0 (Table 2, clause 6.3.2.2) 

 K3 = Topography factor = 1.0 (Clause 6.3.3.1) 

 K4 = Importance factor for cyclonic region=1.0 (Clause 6.3.4) 

Vb = 33 m/s  

Vz =Vb(K1xK2xK3xK4) (Clause 6.3) 

Vz = 33 (1.0 x 1.0 x 1.0) 

Vz = 33 m/s  

Pz = 0.06Vz
2
. 

Pz = 0.06 x (33)
2 

Pz = 0.653 kN/m
2
. 

Pd=Pz(Kd x Ka x Kc) (Clause 7.2) 

Kd = Wind directionality factor = 0.9 (Clause7.2.1) 

Ka = Area average factor= 0.9 (Clause7.2.2) 

Kc = 0.9 (Clause 7.3.3.13) 

Pd = 0.653(0.9x0.9x0.9) 

Pd = 0.476 kN/m
2
. 

 Ratio = H/W = 0.23, L/W = 2.2 (Table 5, Clause 7.3.3.1) 
 
Wind Pressure Co-efficient 
The internal co-efficient are +0.2 and -0.2, respectively. The exterior and internal co-efficient were computed according 

to IS-875 Part-III (1987). Individual members' wind loads are then computed as follows: 

(Cpe – Cpi) x A x P = F (Clause 7.3.2.1) 

Where Cpe and Cpi stand for exterior and internal co-efficient, respectively, and A and P stand for surface area and 

design wind pressure in kN/m
2
. 
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III. RESULTS AND DISCUSSION 
 

Quantities of steel in CSB and PEB 
Weight of structural member in CSB and PEB are tabulated in table 3 and same are represented graphically in fig.3. 

 
 
 

Table 3: Weight of Structural Members in CSB and PEB 
 

Sl. 
No 

Member Length 
CSB PEB 

Weight 
in kN 

Weight 
in kg 

Weight 
in kN 

Weight 
in kg 

1 Column 168 198.747 20266.55 86.081 8777.82 

2 End Rafter 240 243.361 24815.91 93.843 9569.32 

3 Mid Rafter 120.79 122.496 12491.11 40.274 4106.8 

4 Girt 330 46.898 4782.26 46.898 4782.26 

5 Bracing 689.11 1842.2 18785.41 1842.2 18785.41 

 

 
 

Fig.3: Weight of Structural Members in CSB and PEB 

Reactions and moments of CSB and PEB 

Reactions and moments of CSB and PEB are tabulated in table 4 and same are represented graphically in fig. 4 

to 6. 
Table 4: Axial Force, shear Force, Bending Moment and Torsion Results of Column, End Rafter, and Mid Rafter. 

 

Sl.  
No 

Member 
Results 

Forces CSB PEB 

1 Column 

Axial force 271.209kN 258.774kN 

Shear force 129.423kN 155.193kN 

Bending moment 902.182kN-m 1080kN-m 

Torsion 0.092kN-m 0.007kN-m 

2 End rafter 

Axial force 141.024kN 148.718kN 

Shear force 177.422kN 175.509kN 

Bending moment 887.448kN-m 1080kN-m 

Torsion 0.245kN-m 0.009kN-m 

3 Mid rafter 

Axial force 162.376kN 192.5kN 

Shear force 52.763kN 50.938kN 

Bending moment 586.397kN-m 369.515kN-m 

Torsion 0.034kN-m 0.002kN-m 
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FX (kN) FY (kN) FZ (kN) Mx (kN-m) My (kN-m) Mz (kN-m)

CSB 271,269 129,423 4,354 0,092 18,248 902,182

PEB 258,774 155,193 4,843 0,007 28,543 1080
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Fig. 4: Reactions and Bending moment of Column 

 

 
Fig. 5: Reactions and Bending moment of End Rafter 

FX (kN) FY (kN) FZ (kN) Mx (kN-m) My (kN-m) Mz (kN-m)

CSB 141,024 177,422 0,142 0,245 1,066 887,448

PEB 148,718 175,509 0,173 0,009 1,224 1080
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Fig. 6: Reactions and Bending moment of Mid Rafter 

Discussion 
 In column, the axial force in PEB (258.774kN) is less when compared to CSB (271.269kN). Shear force in 

PEB (155.193kN) is more when compared to CSB (129.423kN). The bending moment in PEB (1080kN-m) is 

more when compared to CSB (902.182kN-m).Torsion in CSB (0.092kN-m) is more than PEB(0.007kN-m). 

 In end rafter, the axial force in PEB (148.718kN) is more when compared to CSB (141.024kN). Shear force in 

PEB (175.509kN) is less when compared CSB (177.422kN). The bending moment in PEB (1080kN-m) is 

more when compared to CSB (887.448kN-m). Torsion in CSB (0.245kN-m) is more than PEB(0.009kN-m). 

 In mid rafter, the axial force in PEB (192.5kN) is more when compared to CSB (162.376kN). Shear force in 

PEB (50.938kN) is less compared to CSB (52.763kN). The bending moment in PEB (369.515kN-m) is less 

when compared to CSB (586.397kN-m). Torsion in CSB (0.034kN-m) is more than PEB(0.002kN-m). 

 Total weight of column in CSB (20266.55kg) is more than that of PEB (8777.82kg). 

 Total weight of end rafter in CSB (24815.91kg) is more than that of PEB (9569.32kg). 

 Total weight of mid rafter in CSB (12491.11kg) is more than that of PEB (4106.8kg). 

IV. CONCLUSIONS 

In the present work, comparative study between conventional steel building and pre-engineered building to be used as 

an industrial structure is studied. An industrial building is designed and analyzed according to IS 800-2007 using 

structural analysis and design software Staad.Pro. V8i. Loads are calculated in accordance with IS 875-1987 (Part-I, 

Part-II,Part-III) and results are compared. 

 Total weight of Column, End Rafter and Mid Rafter in CSB is 56%, 61% and 67% more than PEB 

respectively. 

 PEB building cost is nearly 43% lesser than the cost of CSB structure. PEB offers low cost. 

 Compared to CSB (81067.42 Kg), the flexible and lightweight PEB frame (45989.19 Kg) has higher resistance 

to wind loads.  

 In column, Axial Force of PEB is 5% less than CSB, Shear Force and Bending Moment of PEB is 16% more 

than CSB.  

 In End Rafter, Shear Force of PEB is 1% less than CSB, Axial Force and Bending Moment of PEB is 5%, 

18% less than CSB.  

 In Mid Rafter, Axial Force of PEB is 16% more than CSB, Shear Force and Bending Moment of PEB is 3%, 

37% less than CSB.  

 Torsion in CSB for Column, End Rafter, Mid Rafter is 92%, 96%, 94% more than PEB respectively. 

FX (kN) FY (kN) FZ (kN) Mx (kN-m) My (kN-m) Mz (kN-m)

CSB 162,376 52,763 0,906 0,034 3,63 586,397

PEB 192,5 50,938 0,482 0,002 1,819 369,515
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 According to analysis, the reaction forces of the PEB column support is 5% lower than that of the CSB. PEB 

can reduce cost of foundation work by adopting a light weight foundation and a simple design. 

 Compared to hot rolled steel sections, cold formed steel sections have less static load on the structure. The 

cross-sectional area of the cold formed section is small, which results in a lower unit weight of the component, 

so that static load on the structure is less in PEB. 

 We found that pre-engineered buildings have more advantages over conventionally designed buildings in 

terms of cost effectiveness, energy efficiency, time savings, more strength, long life span, design flexibility, 

and recyclability after analyzing both pre-engineered and conventional steel buildings. 
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