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STEEL STRUCTURE  DESIGN  

1.0 INTRODUCTION 

 

Out of various sloping roofing systems, we have taken a steel roof trusses. A steel roof trusses is 

one of cheapest and the most convenient roofing system. A roof truss is basically a framed a 

framed structure formed by a connecting various members at their ends to form a system of 

triangles, arranged in pre-decided pattern depending upon the span, type of loading and 

functional requirements. The axes of the members meeting at one joint intersect at common 

point. The members are jointed through welds. The members carry direct forces (i.e. either 

tension or compression) only. The bending moment is zero. The members carrying 

COMPRESSION forces are called struts while those carrying tensile forces are called ties. 

In order to cover our area (LXB), trusses are placed in shorter dimension so that span of truss is 

the least. 

This new petrol station  will have 18.6m x9.5m and will be constructed in reliable materials. 

Columns and the substructure will be in STEEL,  and the filling with masonry wall,and the 

superstructure namely trusses roof and cover will be in steel.  

 Upper Roof 

Fabricated tube beam to shape. 

 Roof Sheets 

Metal sheet (Gauge 28 B.G blue color). 
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Length of the span L=4.8m 

Spacing of trusses=3m 

 

Section of the building figure 1.2 

2.0 LOADS ON ROOF TRUSSES 

1 Dead load 

2 Imposed load 

3 Wind load 

2.1 Dead load 

Dead loads on roof trusses consist of (i) weight of roof covering (ii) weight of purlins , weight of 

bracings and (iv)self weight of trusses. 

The weight of coverings: 

the type covering 28 gauge CGI sheet      ( weight per m
2
 of plan area)112 N/m

2
 

Wc=112N/m
2
*5.1m=571.2N/m 

The weight of purlins per square meter of plan area, for G.I. sheeting is  90 N 
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Wp =90N*4=360N/m 

Weight of bracings: the load due to the weight of bracings is 15N/m
2
 

Wb =15N/m
2
 *5m=75N/m 

weight of trusses: the exact weight of the trusses can be determined only when the section of 

various members of the truss are known. 

So W=150 N/m
2*

5m=750N/m 

2.2 Imposed load or live load 

that roofs with slope of 15
o   

is 750 N/m
2 

For our case the surface cover is 16m
2
 

IMPOSED LOAD =5mX750N/m
2
 =3750N/m 

2.3 Wind load 

PZ =0.6 *VZ
2 

PZ =0.6 *(32m/s)
2  

=0.8 KN/m
2 

Total loads =Dead load +imposed load 

TL =448N/m+360N/m+60N/m+600 N/m+3000N/m=4.4KN/m 

 

 

 

3.0 DESIGN 

3.1 DESIGN OF PURLIN 

As   the length of our purlin is equal to L=2.65m 

σbc=316.6N/mm2 

Total load= 0.99kN/m
2
 Hence the total UDL: W= 7.92kN/m 

i. Effective span= 0.7*l=0.7*2.65m=1.855m 

ii. B.M= (W*L
2
)/12= (7.92*1.85

2
)/12= 2725.3Nm 

iii. Section modulus required Z=M/σbc= (2725.3/316.6)cm3= 8.603cm 
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From the steel design tables, we can use tubes of the following dimensions: 

Width of purlins = 50mm      Depth of the purlins= 60mm thickness =3.65mm 

3.1 DESIGN OF TRUSS 
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3.2 DESIGN OF RAFTERS 

Span = 655.32mm        Effective span= 0.551m 

i. Total load W= 8.64kN/m 

ii. B.M= (8.64kN/m)/10=262.311Nm 

iii. Section modulus Z= M/ σbc=0.83cm 

So the minimum width and depth of rafters required are 20mm and 26.9mm respectively. 
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Therefore, we can use tubes of the following dimensions: Depth= 50mm    Width= 40mm. 

 

3.3 COMPRESSION MEMBERS 

We have taken the very loaded strut 

3.3.1 DESIGN OF STRUTS 

Design load P= 54.64kN    Length of spans L=2.114m 

i. Effective length l= 0.85L= 1.797m 

ii. Assume for double angle struts λ= 100 

iii. fy=480N/mm2   Hence σac= 99N/mm2 (from steel design tables) 

iv. Gross-section area A= P/ σac= (54640/99)mm2 =5.52cm2 

v. Minimum radius of gyration rmin= 1.57cm 

vi. Λcal=179.7/1.57= 114.46. The design is OK since 100< Λcal<120 

So we can use tubes of the following dimensions: Width = 40mm and Depth= 50mm 

 

3.4 DESIGN OF TIES 

                  Fy= 480N/mm2   So, σat= 288 N/mm2    

1. Design load P= 186.3kN 

2. Net area of the section Anet= P/ σat= 186300/288mm2= 646.875mm2 

3. Gross-section area Agross= 1.35*646.875mm2= 873.3mm2= 8.73cm2 

From steel design tables, we get a cross-section area of 8.74cm2  

So, we can use tubes of the following dimensions: Width= 80mm;    Depth= 90mm  
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4. Thickness of elements 

Formula:   A=P/ σac   =175260N:73N/mm
2 

=2400 mm
2 

A=b*h   for rectangular section 

Let   b=40mm and h=60mm 

Note that the tension members have the same dimensions as compression members. 

b=40mm and h=60mm 

 

3.5 DESIGN OF STEEL COLUMN 

General 

The column span is 1000mm x 1000mm. 

The upper and the Lower columns assume the shape of letter 'X'. The upper columns support 

the roof while the lower columns are fixed on the foundation cages. 

L=5.50m 

End conditions: Effectively held in position and restrained against rotation at both ends. 
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LOADING 

Dead load 

 from roof sheeting P1= (150N/m
2
)*(64 m

2
)=2400N=9.6kN 

Self weight of purlins for GI sheeting: 60-90 

Let’s take P2 = 90N/m
2
 = 0.09kN/m

2
*64 m

2
=5.76 KN 

Trusses load=150N/m2*64=9.6KN 

Ptot= P1+ P2 = (5.76+9.6+9.6) KN=24.96KN 

Live load 

For θ<= 10
0
: 750N/m

2
 

So we’ve:  (750N/m
2
)* (64 m

2
)= 48000N= 48kN 

Imposed load: 1N/m
2
 

So we’ve Pz= (1N/m
2
)* (64 m

2
)= 64kN 

Total load= 48 + 64+24.96= 137KN 

Design load= Safety factor*total load= 1.15*137=157.6KN 

 

DESIGN STEPS 

Step1: Effective length l= 0.65L 

Step2: Assume suitable value of slenderness ratio: λ=90 for I-stanchions 

Step4: Computation of the gross-area by the relation: 

Step3: σac- Permissible shear stress. 

λ=90 

fy= 480 then σac= 0.116kN/ mm
2
 

Gross –area computation 

A= P/ σac =157600:116N/ mm
2
=1358mm=0.14m 
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Section designation 

D=203mm     B=203.6mm     thickness web=7.2mm           thickness flange=11mm 

3.6 DESIGN OF THE BASE PLATE WELDED 

Assume a base of say 370mm*500mm 

UDL of wind=1.5KN/m
2 

M=1.5*8*5.5=66KNm 

A=500*270=185 000mm2 

Axial load=157600+(46.1*10*5.5)=160135.5=160.14KN 

Modulus Z=370*500
2
/6=15416666.67 

Maximum pressure, max=(
 

 
)  (

 

 
)  (

      

   
)  (

  

     
)=5.166N/mm

2
 

Pmin==(
 

 
)  (

 

 
)  (

      

   
)  (

  

     
)=-3.44N/mm

2
 

b) Thickness of base plate 

Base pressure at x-x=      (
   

 
)            )) 

=       (
          

   
)             ))=2.8N/ mm

2
 

T=√        )           ))=√ (
   

   
)                      ))=35mm 

The thickness of the plate is 35 mm 

A=500mm B=370mm 

 

 

 

 

Done at Kigali, February /2017 
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ENG.SHUMBUSHO Marcel 
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