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Solution of Internal Assessment Test 3 – July 2022 

Sub: Design of steel structures  Sub Code: 18CV61 Branch: Civil  

Date: 9/07/2022 Duration: 90 min’s Max Marks: 50 Sem / Sec: 6 OBE 

Answer ALL Questions 

Note: Use of IS 800:2007 is permitted and assume missing data. 
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T 

    

1 
Design an unequal single angle section act as tie member of length 1.56m in a 

roof truss, if it is to carry an axial load of 60Kn, when subjected to possible 

reversal stress into compression resulting from the action of wind or earthquake.  

Solution:  

Missing things from previous questions: Size of the section, no and dia of bolt,  

Bolted connection: 

axial load= 60Kn  

Tdg =Factored load =1.5*60=90Kn  

Tdg = fy  Ag / ƛm0  

Ag= Tdg* ƛm0/ fy= 90*1000*1.1/250= 396mm2=3.96cm2 

Try ISA 65*45*5 a=5.26=526mm2 

rmin= 0.96cm = 9.6mm  

Check for slenderness ratio: P-20 table 3 of IS 800:2007 

¥= 
𝐿𝑒𝑓𝑓

𝑟𝑚𝑖𝑛
 =

1560

9.6
= 162.5 less than 180 hence good to proceed 

1. Design Yielding Strength Tdg- (6.2) 

  Tdg  = fy  Ag / ƛm0  (ƛm0 = 1.10 from table 5)  

   = 250526/1.1*1000= 119.5 Kn is greater than 90Kn hence 

safe 

Connection details:  

Assume 16mm dia bolt 

• Strength shear (assume shank interfere the shear plane of bolts)  

  𝑉𝑑𝑠𝑏 =
𝑓𝑢𝑏

√3
(𝑛𝑛𝐴𝑛𝑏 + 𝑛𝑠𝐴𝑠𝑏) /𝛾𝑚𝑏  

  =  
400

√3
(0 + 1 ∗ (𝑝𝑖 ∗ 16 ∗ 16/4) /1.25= 37.14Kn  

• Bolts in Bearing   

 Vnsb = (2.5Kb d t fu )/ γmb  

  Kb is least of the following e/3do, p/3do- 0.25, fub/fu , 1  

Assuming p=2.5*d=50mm and e=1.7*do= 40mm 

  40/ 3*18= 0.74 

  50/3*18-0.25= 0.68 

  400/410= 0.98 

[25] 
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   Vnsb = (2.5*0.68*16*5*400)/1.25*1000= 43.52Kn   

  No. of bolts = load /bolt value = 90/37.14= 2.42= 3No’s 

2. Design Rupture Strength of Net Area Tdn- (6.3.3) since it is an angle 

(since it is affected by shear lag)   

  Tdn  = 0.9 × Anc × fu / ƛm1 + β× Ago × fy / ƛm0  (ƛm1 = 

1.25) 

   Anc = Net c/s area of the connected leg = ((60-5/2-18) *5) 

=222.5mm2 

   Ago = Gross c/s area of the unconnected leg= (45-5/2) *5= 

212.5mm2 

   β= 1.4-0.076(
𝑊

𝑡
) (

𝑓𝑦

𝑓𝑢
) (

𝑏𝑠

𝐿𝑐
) ≤ (

𝑓𝑢

𝑓𝑦
) (

ƛ𝑚0

ƛ𝑚1
) ≥0.7 ………. Pg. 

33 

   β= 1.4-0.076(
45

5
) (

250

410
) (

75

150
) ≤ (

410

250
) (

1.1

1.25
) ≥0.7 

     =1.19 ≤1.44≥0.7 

   𝑏𝑠 =  𝑤 + 𝑤1 − 𝑡 = 45+35-5= 75mm 

   Lc= 3*50= 150mm  

  Tdn  = 0.9 ×222.5 × 410 / 1.25 +1.19×212×250 / 1.1=123.08Kn  

3. Design Block Shear Strength Tdb (6.4.1) 

Tdb1  =[Avg  (fy/√3) / ƛm0 + 0.9  Atn  fu / ƛm1]……………………………pg 33, 

6.4.1 

  =700  (250/√3) / 1.1 + 0.9 105 410/ 1.25 

  = 122.85Kn  

  Tdb2  = [ 0.9 Avn (fu/√3) / ƛm1 + Atg  fy / ƛm0]……………………………pg 33, 

6.4.1 

  =0.9 475 (410/√3) / 1.25 +150  250/ 1.1 

  =115.05 Kn  

   
  Avg= Lv*t=140*5=700 mm2 

  Atn= (Lt-ndo)*t=(30-0.5*18)5=105mm2 

  Avn= (Lv-ndo)*t=(140-2.5*18)*5=475 mm2 

  Atg= Lt*t =30*5= 150mm2 

DESIGN STRENGTH= least of Tdg, Tdn, Tdb1, and Tdb2   

Therefore, Design strength of the angle is 115.05Kn is greater than 90Kn hence 

safe to proceed with ISA 65*45*5 as tie member  
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2 Design a built-up member to carry an factored load of 1400Kn and effective length 

in both planes is 6.5m. the column is restrained in position but not in direction at 

both ends. Provide double lacing system with bolted connections. Assume steel of 

grade Fe 410 and bolts of grade 4.6. design the column with two channels placed 

toe-to-toe.   

 

 

 

[25] 
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1 Design an unequal single angle section act as tie member of length 1.56m in a roof 

truss, if it is to carry an axial load of 60kN, when subjected to possible reversal 

stress into compression resulting from the action of wind or earthquake. 

[25] CO4 L4 

2 Design a built-up member to carry an factored load of 1400kN and effective length 

in both planes is 6.5m. the column is restrained in position but not in direction at 

both ends. Provide double lacing system with bolted connections. Assume steel of 

grade Fe 410 and bolts of grade 4.6. design the column with two channels placed 

toe-to-toe.   

[25] CO3 L4 
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