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Abstract— Pre-Engineered Steel Buildings uses a 

combination of built-up sections, hot rolled sections and cold 

formed elements which provide the basic steel frame work 

with a choice of single skin sheeting with added insulation or 

insulated sandwich panels for roofing and wall cladding.  The 

concept is designed to provide a complete building envelope 

system which is air tight, energy efficient, optimum in weight 

and cost. These Pre-Engineered Steel Buildings can be fitted 

with different structural accessories including mezzanine 

floors, canopies, interior partitions, crane systems etc.  The 

building is made water-tight by use of special mastic beads, 

filler strips and trims.  For pre-engineering steel building 

apart from conventional structural sections such as angle, 

Tee, I sections etc. Other tubular and box section are also in 

vogue presently. For large span industrial structure a 

parametric study is done taking conventional tubular and box 

rectangular sections in the present work. The effect of rise to 

span ratio, its effect on cost is studied. 
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I. INTRODUCTION 

Tall steel building steel structures are built only single storey 

buildings for industrial purpose around the world. Rafters 

which are secondary structural members over the span cover 

the distance between the primary building frames of metal 

building systems. They play a complex role that extends 

beyond supporting roof and wall covering and carrying 

exterior loads to main frames. Roof secondary members, 

known as purlins, often form an essential part of horizontal 

roof diaphragms; wall secondary members, known as grits, 

are frequently found in wall bracing assemblies. The majority 

of steel structures being built are only low- rise buildings, 

which are generally of one storey only. Industrial buildings, 

a sub- set of low-rise buildings are normally used for steel 

plants, automobile industries, light, utility and process 

industries, thermal power stations, warehouses, assembly 

plants, storage, garages, small scale industries, etc. These 

buildings offer large column free areas. Hence interior 

columns, walls and partitions are often eliminated or kept to 

a minimum. Steel structure manufacturing industries are 

growing rapidly all over the world. It is not only economical 

but also offers ecofriendly buildings. It saves both time and 

cost for the structure. Time being the most important aspect, 

steel structures (Pre- fabricated) is built in very short period 

and one such example is Pre Engineered Buildings (PEB). 

Pre-engineered buildings are nothing but steel buildings in 

which excess steel is avoided by tapering the sections as per 

the bending moment’s requirement. If anyone go for regular 

steel structures, time frame will be more, and also cost will 

be more, and both together i.e. time and cost, makes it 

uneconomical. Thus in pre-engineered buildings, the design 

is done in the factory, and as per the design, members are pre-

fabricated and then transported to the site where they are 

erected in a time less than 6 to 8 weeks. 

 The structural performance of these buildings is well 

understood and, for the most part, adequate code provisions 

are currently in place to ensure satisfactory behaviour in high 

winds. Steel structures also have better strength-to-weight 

ratios than RCC and can be easily dismantled. Pre Engineered 

Buildings have bolted connections and hence can also be 

reused after dismantling. Thus, pre-engineered buildings can 

be shifted and/or expanded as per the requirements in future. 

II. PRE-ENGINEERED BUILDING 

The technical name pre-engineered buildings are introduced 

since recent 50 years. The buildings were called pre-

engineered because it is designed with standards and 

configurations. First, the improving technology was 

constantly expanding the maximum clear-span capabilities of 

metal buildings. The first rigid-frame buildings introduced in 

the late 1940s could span only 40 ft. In a few years, 50-, 60-, 

and 70-ft buildings became possible. By the late 1950s, rigid 

frames with 100-ft spans were made. Third, collared panels 

were introduced by Strand-Steel Corp. in the early 1960s, 

permitting some design individuality. At about the same time, 

continuous span cold-formed Z purlins were invented (also 

by Strand-Steel), the first factory-insulated panels were 

developed by Butler, and the first UL- approved metal roof 

appeared on the market.1st And last, but not least, the first 

computer-designed metal buildings also made their debut in 

the early 1960s. With the advent of computerization, the 

design possibilities became almost limitless. All these factors 

combined to produce a new metal-building boom in the late 

1950s and early 1960s. 

III. STRUCTURAL ANALYSIS & DESIGN 

STAAD Pro software can be used for analyzing and 

designing of the pre- engineered buildings. It gives the 

Bending Moment, Axial Forces, Shear Forces, Torsion, Beam 

Stresses of a steel structure so that the design can be done 

using tapered sections and check for the safety. 

 STAAD Pro software can be used for analyzing and 

designing of the pre-engineered buildings. It gives the 

Bending Moment, Axial Forces, Shear Forces, Torsion, Beam 

Stresses of a steel structure so that the design can be done 

using tapered sections and check for the safety. 

A. Static Analysis 

Using the STAAD pro software, 2D/3D analysis can be done 

using Stiffness Matrix Method. All the components of Pre-

engineered building are tapered using the in-built option of 

the Software. The software provides options for hinged, 

fixed, and spring supports with releases so as to analyze as 

per our requirement. Herein this work, fixed supports are 

assigned to the structures. It also facilitates Linear, P-Delta 

Analysis, and Non-Linear Analysis with automatic load and 
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stiffness correction. Multiple Analyses can also be done 

simultaneously which reduces the time. It also has an option 

of assigning members as tension-only members and 

compression-only members for truss structures. 

B. Dynamic Analysis 

Dynamic analysis has been done in the present work taking 

seismic loads and wind loads into consideration. The software 

provides automatic load generation for seismic and wind 

forces, however, the seismic loads and wind loads are 

calculated manually for the present work as per IS codes. The 

software also provides Loading for Joints, 

Members/Elements including Concentrated, Uniform, 

Linear, Trapezoidal, Temperature, Strain, Support 

Displacement, Prestressed and Fixed-end Loads. It also 

provides the facility of Combination of Dynamic forces with 

Static loading for subsequent design. 

IV. RESULTS 

Static analysis conducted over steel truss structure with same 

plan configuration using STAAD Pro. The various results 

obtained after the analysis presented and discussed in this 

chapter 

Pitch Type 
Size in mm 

Slop 

angle 

Rise in 

m 

Span in 

m 

Deflection in 

mm 

Weight 

Kg 

Cost in 

INR 

¼ Angle C 

D 

E 

80*80*5 

60*60*5 

50*50*5 

26.56 
7.62 

 
30.48 104.45 6511 

488348 

Box C 

D 

E 

40*40*3 

30*30*3 

25*25*3 

26.56 7.62 30.48 137.39 5555 

416599 

Pipe C 

D 

E 

OD 45 ID 42 

OD40ID37 

OD 35ID 32 

26.56 7.62 30.48 146.37 5264 

394796 

 

1/5 

Angle C 

D 

E 

80*80*6 

60*60*5 

50*50*5 

21.80 6.096 30.48 98.23 6668 

500104 

Box C 

D 

E 

50*50*2.9 

40*40*3 

30*30*3 

21.80 6.096 30.48 129.54 5729 

429709 

Pipe C 

D 

E 

OD 48 ID 45 

OD 40ID 37 

OD 35ID 32 

21.80 6.096 30.48 133.62 5448 

408619 

1/6 Angle C 

D 

E 

90*90*5 

80*80*5 

60*60*5 

18.43 4.876 30.48 86.90 6803 

510221 

Box C 

D 

E 

50*50*4 

40*40*3 

30*30*3 

18.43 4.876 30.48 97.21 5934 

445028 

Pipe C 

D 

E 

OD 50 ID 47 

OD 40ID 37 

OD 35ID 32 

18.43 4.876 30.48 111.38 5534 

415031 

 

1/8 

Angle C 

D 

E 

90*90*6 

80*80*5 

60*60*5 

14.03 3.81 30.48 79.46 6849 

513641 

Box C 

D 

E 

60*60*3 

50*50*4 

40*40*3 

14.03 3.81 30.48 82.21 6009 

450656 

Pipe C 

D 
OD 60 ID 57 14.03 3.81 30.48 84.66 5863 439755 
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E OD 50 ID 47 

OD 40ID 37 

1/10 Angle C 

D 

E 

90*90*8 

90*90*5 

80*80*5 

11.19 2.98 30.48 54.98 7551 

566295 

Box C 

D 

E 

60*60*4 

50*50*4 

40*40*3 

11.19 2.98 30.48 65.59 6385 

478871 

Pipe C 

D 

E 

OD 60 ID 56 

OD 50 ID 47 

OD 40ID 37 

11.19 2.98 30.48 66.40 5898 

442320 

1/12 Angle C 

D 

E 

90*90*10 

90*90*5 

80*80*5 

9.3 2.499 30.48 46.41 8164 

612323 

Box C 

D 

E 

60*60*4.8 

50*50*4 

40*40*3 

9.3 2.499 30.48 55.11 6636 

497681 

Pipe C 

D 

E 

OD 60 ID 55 

OD 50 ID 47 

OD 40ID 37 

9.3 2.499 30.48 55.90 6126 

459420 

Table 1: 

 

 
Fig. 1.1: Increase in Cost comparision of Pipe and Box 

Section of all Models 

 

 
Fig. 1.2: Weight Comparison of Pipe and Box Section of all 

Models 
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V. CONCLUSIONS 

The results of 3-dimensional modelling of Steel structure 

done with the help of STAAD Pro software for static and cost 

analysis. seventeen different models having constant plan 

area equal to 910.83 m2 and same plan section are prepared 

by software with the help of IS code and comparative analysis 

studied between them. In this project static analysis of steel 

frame is done and structural performance is studied. 

1) As the ratio increases deflection of PEB shed increases 

while the weight of the structure decreases. 

2) The maximum allowed deflection limit as per IS code 

875 is L/180 and in present research value of L/180 is 

169.37 mm, which is nowhere crossed by any of the 

result hence all of the structures possess deflection value 

below maximum allowable deflection. 

3) Cost wise research found economical in case of lesser 

span to raise ratio. That means it is concluded that the 

structure is having highest cost with 1/12 span to rise 

ratio and lowest with 1/4. 

4) The structures are also compared with angle, box and 

pipe structure for each ratio, it is analyzed that the 

deflection for angle structure is lowest and is higher for 

pipe structure. 

5) The deflection pattern with respect to structure type 

against ratio is found same for all spans to raise ratio. 

6) Over all weight 1/12 pitch truss structure is increases by 

17.18% of 1/4 pitch truss structure. 

7) Cost of 1/12 pitch truss structure is also increased by 

20.43% of 1/4 pitch truss structure due to increase in 

weight. 
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