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INTRODUCTION 
 

Construction Industry in India is witnessing a phenomenal growth in all sectors of utility, be it the infra-
structure, industrial, or commercial sector for the last few years. All these are evident from the visible growth 
that is taking place all around mostly in the urban environment. The urban society is witnessing this 
phenomenon through a wide spectrum of development mostly in the field of construction of urban amenities, 
like roads, bridges flyovers, commercial centers like shopping malls and multiplexes and last but not the least 
various state-of-the-art signature structures and buildings like world class Auditoriums, Art Galleries, 
Exhibition Halls etc. These places mainly act as the cultural nerve centers of the city.  
 
 

APPOINTMENT AS CONSULTANT 
 

One of the reputed structural consultants in India has been short listed to design a Trade Fair Centre having an 
exhibition hall of 23,750 sq. ft. and 2 storied Banquet and Display area. INSDAG has been able to convince 
the client that steel intensive design will not only complete the project in a much lesser time because of faster 
construction but also it will be cost competitive and more aesthetic and will have longer life than any of the 
other alternative methods of construction.  
 

In view of the challenge taken up by INSDAG to implement the aforesaid benefits of steel intensive 
construction to the client, INSDAG seeks your expertise in providing Analysis, Design, Detail Engineering and 
Estimation of   a Steel-Intensive Trade Fair  
 

1. Development of an Economical and Aesthetic structural scheme within the specified requirement.  
2. Structural design engineering and Detail drawings for the developed structural scheme.  
3. Bill of materials.  

 

FACILITIES   
 

The client has specified the following requirements for the proposed project: 
 
 

1 Site Location                                                                          : Kolkata 

2 Building Dimension   ( Length  x  Width ) : 70.55 m  x 40 m 

3 Building Height   As per design 

4 
Minimum span of roof structure along width of the building in 
Exhibition Hall area  

: 40 m 

5 Minimum spacing of column along length of the building  : As per design 

6 
Minimum column spacing along 40 m width of the building in 
Banquet  Hall area  

: 10 m 

7 
Minimum spacing of column along length of the building in 
Banquet  Hall area  

: As per design 

8 Minimum Clear Height at Exhibition Hall area : 10 m 

 

 

                                          



 

9 Clear Height in  Banquet area : 
4 m (  or as standard 
practice) 

10 Height of plinth/Floor Level from existing GL : 0.6 m 

11 Material of Façade/ Roof : 
Colour Coated Steel 
Sheet/ As applicable 

12 Floor in Banquet/ Conference Hall  area : 
Steel- Concrete 
Composite 

13 Roof Shape : Innovative  

14 Minimum Clear Height at Entry/ Exit Gate  : 3 m 

15 Provision of Roof Top Solar Panel : 
Consider Solar Panael 
Load 

16 Minimum columns no with more open space is required : 
Showing advantage of 
Steel 

 
 
MATERIALS FOR CONSTRUCTION 
 

1. Foundation system : R.C.C. of minimum grade M25 
2. Structural members like columns, beams, 

members and bracing systems  
 Structural steel of mild steel (grade E250BR or higher 

grade as required and applicable) 
4.  Roof & Cladding : Standard Colour Coated Steel Sheet (Galvalume)  
 
 
STANDARD SHAPE OF THE STRUCTURE 
 
While considering the shape and arrangement of the Structure, aesthetics, economy as well as structural 
integrity of the entire system has to be considered.  

             
DESIGN LOADS 
 
1. Dead Load:  
 

Dead load will be the weight of the structure itself along with all permanent weight carried by it.  
 

2. Live Load:  
 

a. Live load on Roof                                                  - as per IS: 875 Part 2 latest version 
b. Live Load on Deck                   - as per IS: 875 Part 2 latest version 
c.  

3. Wind Load:  
 

a. Basic wind speed to be considered for the specified location as per IS: 875 Part 3 latest version 
 

4. Seismic Load:  
 

a. Seismic Zone for the mentioned location as per IS: 1893 latest version 





COMPETITION TOPIC: 
 

STEEL INTENSIVE TRADE FAIR CENTRE 
 
 
 
 
 
 
 

DESIGN OPTION  
 

BY  
  

1ST Prize Winner –  Team N-05 
 

from  
IIT Roorkee, Uttrakhand 





GENERAL LAYOUT 

AAC Block Masonry

Glass cladding

Partition walls



Factors governing  design

01.

02.

03.

04.

Wind Characteristics:
• Cyclone prone area
• High wind speed
Basic wind speed: 52.5m/s 
(IS 875 Part 3)

Soil Characteristics: 
Alluvial deposit
Bearing Capacity: 200kN/m2

• High Relative Humidity
• Extreme corrosive 

environment
Corrosivity level: C1 (ASTM G50)

• Large span requirement
• Heavily crowded
Importance factor(I): 1.5 (IS1893)



1

2
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45

6

7
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Parameters

Building Dimensions 
(70.55m x 40 m)

Minimum span of roof 
structure along width 
of Exhibition Hall area 
(40 m)

Floor in Banquet/ 
Conference Hall  area 
(Steel concrete 
composite)

Roof Shape (innovative)
Minimum Clear Height 
at Exhibition Hall area 

(10 m)

Clear Height in  
Banquet area (4 m)

Provision of Roof 
Top Solar Panel 

Height of plinth 
(0.6 m)



Stringer beams of staircase also participates in 
the lateral load resistance. So, their effect is 
considered by modelling as braces in the design

Gravity Load Resisting System

Load 
Distribution 
as yield line 

pattern

Slab to Sec. beam

Sec. to Primary 
beam

Column to Footing

Primary beam to Column



Along X direction: Arches and Buttresses.
Along Y direction: Moment frames.

Lateral load resisting system 
(Earthquake)

Along X direction: Moment frames (SMRF)
Along Y direction: Braced frames (OCBF).



Lateral load resisting system 
(Wind)

• Purlins are designed 
as per IS 800 
considering the uplift 
forces due to wind.

• Lateral drift of the 
building is controlled 
by X wind braces.



Steel decking  system

 Provides the tensile reinforcement requirements of the slab

 Composite construction reduces steelwork frame weight

 Can achieve up to 4hr fire rating for the slab

 Reduced lead in periods

 Proactive approach to late changes  

 Excellence Quality Management (BS EN 1090)

 Manufactured from steel strip to BS EN 10143 and BS EN 10346

The White Book



Selected beam for 
manual verification

 Beam Design –

 Beam Label – B15

 Beam Unique Id – 368

 Bending moment demand (mid span) – 139.13 kNm

 Shear Force demand (ends) – 54.4 kN

Section 
Classification

•h/bf 2.894
•d/tw 45.66    :Plastic section
•h/tf 28.49

Check for 
flexure and 

shear

•Moment Capacity: 750.85 kN/m
•Shear Capacity: 1131.61 kN

Check for 
web buckling 

•d/tw = 45.67 > 67ε (56.67)

Check for 
Lateral 

Torsional 
Buckling

•MLTB = 211.73 kNm > 139.4
•( Hence, OK)

Check for 
Displacement

•Δmid = 7.62 mm 
•Span/d = 31.5 mm     (Hence, OK)

As per Table 2 of IS 800:2007

As per Cl 8.2 and 8.4.1 of
IS 800:2007

As per Cl 8.4.2 of IS 800:2007

As per Cl 8.2.2.1 of IS 800:2007

As per Cl 5.6.1 of IS 800:2007

Selected section : ISMB 550 (Steel grade : E350)

Section Passed



Selected column for 
manual verification

 Column Design –

 Column Label – C4

 Unique Id – 14

 Max. Bending moment demand – 86.322 kNm

 Shear Force demand (ends) – 40.612 kN

 Axial demand – 548.2 kN

Section 
classificatio

n

• h/bf 1.97
• d/tw 41.53    :Plastic section
• h/tf 23.6

Check for 
pure 

compressio
n

• Tension capacity = 7205.182 kN
• Buckling capacity = 2591.8 kN

Check for 
flexure and 

shear

• Moment Capacity: 1702 (zz) , 367.1 (yy) kN/m
• Shear Capacity: 2755.5 (zz) , 1408.9 (yy) kN

Check for 
web 

buckling 

• d/tw = 45.67 > 67ε (56.67)

Check for 
Lateral 

Torsional 
Buckling

• MLTB = 1572.65 kNm > 86
• ( Hence, OK)

Biaxial 
Bending 
Check

• Ratio = 0.022 < 1 
• Hence OK

Bending 
and Axial 

Comp. 
check

• Ratio1 = 0.2681 < 1
• Ratio 2 = 0.1082 < 1,    Hence OK

As per Table 2 of IS 800:2007

As per Cl 8.2.1 and 8.4.1 of
IS 800:2007

As per Cl 8.4.2 of IS 800:2007

As per Cl 8.2.2.1 of IS 800:2007

Selected section : WPB 600x300x177.8

Section Passed

As per Cl 6.2 and 7.1of 
IS 800:2007

As per Cl 9.3.1.1 of IS 800:2007

As per Cl 9.3.2.2 of IS 800:2007



Moment Demand: 51.4 kN/m

Shear Demand: 19.06 kN

Axial Demand: 10.97 kN

Section Classification: 

d/tw = 23.71<24.76 
(29.3ε)

h/tf =  23.71<30 (42 ε2)

As per Table 2

Moment Capacity: 73.65 kN/m

Shear Capacity: 433.53 kN

Axial Capacity: 

Td = 1501.81 kN

Pd = 338.59 kN

Ratio1 = 0.7275 < 1

Ratio 2 = 0.71 < 1,    
As per Cl 9.3.2.2

Deflection check:

ΔLL =  26.62 mm < 72.1 
mm (Span / 150) 

As per Table 6 

Hence, OK

Purlin ID = B297

 Purlin Design -

Section Selected – 180x180x7 SHS



Moment Demand: 7.52 kN/m

Shear Demand: 0.41 kN

Axial Demand: 1096.7 kN (C) 

Section Classification: 

D/t =  27.38 < 30 (42 ε2)

As per Table 2

Moment Capacity: 55.75 kN/m

Shear Capacity: 620.58 kN

Axial Capacity: 

Td = 1688.27 kN

Pd = 1688.15 kN

Ratio1 = 0.716 < 1

As per Cl 9.3.2.2

Deflection check:

ΔLL =  21.37 mm < 133 
mm (Span / 300) 

As per Table 6 
Hence, OK

 Arch Design -

Member ID = D1452

Section Selected – 219.1 x 8 CHS



Max. Moment demand = 107.43 kNm
Axial load demand = 1203.8 kN

Thickness of the base plate (t) = 24 mm
Size of the weld = 3 mm

Design weld length at flange =987.65 mm
Design weld length at web  =795.47 mm 

STEP-1

STEP-2

STEP-3

Column Label - C31
Node Id - 143

Column Base Plate design



Bracket-column welded connection

𝐿௘௫௣ =  𝑅ଵ∆ଵ +  𝑅ଶ∆ଶ

As per Cl 7.11.3 of IS 1893 (Part 1): 
2016



Purlin & X-brace with Main Arch 
connection details



BOQ & Cost Estimation

Particular Quantity Unit
Rate as per 

DSR
per unit Cost

Structural 
Steel

334.3 ton 9000 quintal ₹   30,087,000.00 

Concrete

Substructure
222.3 ton 10037 cum ₹        892,493.60 

Deck Slab 471.6 ton 12863 cum ₹     2,426,506.50 

Rebar

Footing 72.46 ton 85 Kg ₹     6,159,100.00 

Plinth and 
pedestal

1.26 ton 85 Kg ₹        107,100.00 

AAC Block 
masonry

319.67 m3 10668 cum ₹     3,410,239.56 

Deck Sheet 21.37 tons 74.4 sqm ₹        107,427.57 

Colour
Coated Sheet

3189.36 m2 1173.6 sqm ₹     3,743,032.90 

Total Cost of Material
₹ 4.69 crore (approx.)
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STEEL INTENSIVE TRADE FAIR CENTRE 
 
 
 
 
 
 
 

DESIGN OPTION  
 

BY  
  

2nd A Prize Winner –  Team W-16  
 

from  
G.H Raisoni College of Engineering, Nagpur, Maharsahtra 



INSTITUTE OF STEEL DEVELOPMENT AND GROWTH

STEEL INTENSIVE TRADE FAIR CENTRE

Prepared by:-
Shraddha Ingale
Group no. :- W-16
G.H.Raisoni College of Engineering

Guided by :-
Dr. Sanket Sanghai
Professor, G.H.R.C.E



PARAMETERS GIVEN

Parameters
Site Location Kolkata

Building Dimension ( Length x Width ) 70.55 m x 40 m

Minimum Clear Height at Exhibition Hall 10 m

Roof Height and Column spacings As per design

Clear Height in Banquet area 4 m

Height of plinth 0.6 m

Floor in Banquet/ Conference Hall area Steel- Concrete Composite

Minimum Clear Height at Entry/ Exit Gate 3 m

Building Floors Ground + First Floor



Given layout Plan For Ground Floor and First Floor



Typical Pre-engineered Building



Base Plate Layout



Sub-Structure

Column and Footing Layout Plan



Footing Excavation Section Column Reinforcement Schedule



Plinth Beam Section



Plinth Beam Plan



General Arrangement Drawings

Cross-section of End Frame



Cross-section of Main Frame



Roof Framing Plan



End Wall Framing



Side Wall Framing



Mezzanine Floor Plan



Estimation
Scope of Work Cost Time Required

Steel Scope of Work :-
Manufacturing of Built-up Member 
and Secondary member, Primer 
single coat for Built-up member, 
Supply, Errection, Fixing of Sheeting 
and its accessories

Steel Work = 320.59 MT
Rate/kg       = 90 ₹/kg
Total Cost   = 320590 kg x 90 ₹/kg

= 28853100 ₹

Completion Time =
30-35 Days

Civil work :- Excavation, PCC, 
Footing, Pedestal, Plinth Beam, 
Back filling, Grade slab at Plinth 
level, 3m Brick work with Internal 
External Plaster, Deck slab above 
Mezzanine.

Rate = 280 ₹/Sq. Ft 
Area = Shed area 30450.8 Sq. Ft+ Mezzanine area                     
9791.6 Sq. Ft = 40242.4 Sq. Ft 
Cost = 280 ₹/Sq. Ft  x 40242. Sq. Ft  = 11267872 ₹

Completion Time =
15-20 Days
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STEEL INTENSIVE TRADE FAIR CENTRE 
 
 
 
 
 
 
 

DESIGN OPTION  
 

BY  
  

3rd A Prize Winner –  Team W-02 
 

from  
L D College of Engineering, Ahmedabad, Gujarat 
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