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Strength of Welded connections 

 

 

 

 

 

 

 

 

 

 
 
 
 
1-Strength of fillet welds:- 

∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  𝐹𝐸𝑋 ∗ 0.707 ∗ 𝑆𝑤 ∗ 𝐿𝑤 ∗ (1 + 0.5 𝑆𝑖𝑛1.5𝜃) 
 

1) For longitudinal weld:- (  𝜽 = 𝟎  ) 
a) Weld fracture: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  𝐹𝐸𝑋 ∗ 0.707 ∗ 𝑆𝑤 ∗ 𝐿𝑤 ∗ 2 
b) Shear rupture of angle: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  𝐹𝑢 ∗ 𝑡𝑎𝑛𝑔𝑙𝑒 ∗ (𝐿1 + 𝐿2) ∗ 2 
b) Shear rupture of guest plate: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  𝐹𝑢 ∗ 𝑡𝑔𝑢𝑒𝑠𝑡 ∗ (𝐿1 + 𝐿1) 
 
2) For Transversal weld:- (  𝜽 = 𝟗𝟎  ) 
a) Weld fracture: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  𝐹𝐸𝑋 ∗ 0.707 ∗ 𝑆𝑤 ∗ 𝐿𝑤 ∗ 1.5 ∗ 2 
b) Tensile fracture of angle: 
∅𝑅𝑛 = 0.75 ∗  𝐹𝑢 ∗ 𝑕𝑎𝑛𝑔𝑙𝑒 ∗ 𝑡𝑎𝑛𝑔𝑙𝑒 ∗ 2 
b Tensile fracture of guest plate: 
∅𝑅𝑛 = 0.75 ∗  𝐹𝑢 ∗ 𝑕𝑎𝑛𝑔𝑙𝑒 ∗ 𝑡𝑔𝑢𝑒𝑠𝑡  

 

2-Strength of members:- 

𝒂 − 𝑮𝒓𝒐𝒔𝒔  𝒚𝒊𝒆𝒍𝒅𝒊𝒏𝒈 ∶ − 
∅𝑅𝑛 = 0.9 ∗  𝐹𝑦 ∗ 𝐴𝑔  
𝒃 − 𝒏𝒆𝒕 𝒇𝒓𝒂𝒄𝒕𝒖𝒓𝒆𝒔 ∶ − 
∅𝑅𝑛 = 0.75 ∗  𝐹𝑢 ∗ 𝐴𝑒  
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𝑪 − 𝒃𝒍𝒐𝒄𝒌 𝒔𝒉𝒆𝒂𝒓 ∶ − 
𝐿𝑡 = 𝑕 − 𝑡       ,        𝐿𝑣 = 𝐿1 
𝐴𝑡 = 𝐿𝑡 ∗ 𝑡       ,        𝐴𝑣 = 𝐿𝑣 ∗ 𝑡    

𝑖𝑓 0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 > 𝐹𝑢 ∗ 𝐴𝑡     ,∅𝑅𝑛 = 0.75(0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 + 𝐹𝑦 ∗ 𝐴𝑡) 
𝑖𝑓 0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 < 𝐹𝑢 ∗ 𝐴𝑡     ,   ∅𝑅𝑛 = 0.75(𝐹𝑢 ∗ 𝐴𝑡 + 0.6 ∗ 𝐹𝑦 ∗ 𝐴𝑣) 

 

3-Strength of guest plate:- 

𝒂 − 𝑮𝒓𝒐𝒔𝒔  𝒚𝒊𝒆𝒍𝒅𝒊𝒏𝒈 ∶ − 
∅𝑅𝑛 = 0.9 ∗  𝐹𝑦 ∗ 𝐴𝑔  
𝒃 − 𝒏𝒆𝒕 𝒇𝒓𝒂𝒄𝒕𝒖𝒓𝒆𝒔 ∶ − 
∅𝑅𝑛 = 0.75 ∗  𝐹𝑢 ∗ 𝐴𝑒  
𝑪 − 𝒃𝒍𝒐𝒄𝒌 𝒔𝒉𝒆𝒂𝒓 ∶ − 

𝐿𝑡 =
(𝐿𝑝𝑙𝑎𝑡𝑒  −𝑕𝑎𝑛𝑔𝑙𝑒 )

2
+ 𝑕𝑎𝑛𝑔𝑙𝑒        ,        𝐿𝑉 = 𝐿1  

𝐴𝑡 = 𝐿𝑡 ∗ 𝑡       ,        𝐴𝑣 = 𝐿𝑣 ∗ 𝑡    
𝑓 0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 > 𝐹𝑢 ∗ 𝐴𝑡     ,∅𝑅𝑛 = 0.75(0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 + 𝐹𝑦 ∗ 𝐴𝑡) 
𝑖𝑓 0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 < 𝐹𝑢 ∗ 𝐴𝑡     ,∅𝑅𝑛 = 0.75(𝐹𝑢 ∗ 𝐴𝑡 + 0.6 ∗ 𝐹𝑦 ∗ 𝐴𝑣) 
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Question 1 
Determine the factor resistance of the given welded connection 

and guest plate.  
 
 
 
 
 
 
 
 
 
Given: 
𝐹𝐸𝑋 = 500 𝑀𝑝𝑎    ,    𝐹𝑦 = 250 𝑀𝑝𝑎   , 𝐹𝑢 = 400 𝑀𝑝𝑎   ,   𝑤𝑒𝑙𝑑 𝑠𝑖𝑧𝑒 = 6 𝑚𝑚      

𝐿1 = 120𝑚𝑚   ,   𝐿2 = 48𝑚𝑚   ,   𝐿3 = 102𝑚𝑚   

 
For one angle L 102x76x19.5: (Table on page 1-57 of AISC Manual) 
Ag= 2580 mm2         ,            x’= 22 mm 
Plate 300x16 

 
1-Strength of fillet welds:- 

∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  𝐹𝐸𝑋 ∗ 0.707 ∗ 𝑆𝑤 ∗ 𝐿𝑤 ∗ (1 + 0.5 𝑆𝑖𝑛1.5𝜃) 
 

2) For longitudinal weld:- (  𝜽 = 𝟎  ) 
a) Weld fracture: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  500 ∗ 0.707 ∗ 6 ∗  120 + 40 ∗ 2 𝑋10−3 = 305.424 𝐾𝑁 

b) Shear rupture of angle: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  400 ∗ 15.9 ∗  120 + 40 ∗ 2𝑋10−3 = 915.84 𝐾𝑁 

b) Shear rupture of guest plate: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  400 ∗ 20 ∗  120 + 120 ∗ 2𝑋10−3 = 864 𝐾𝑁 
 

Governing strength of longitudinal weld= 305.424 KN 
 
2) For Transversal weld:- (  𝜽 = 𝟗𝟎  ) 
a) Weld fracture: 
∅𝑅𝑛 = 0.75 ∗ 0.6 ∗  500 ∗ 0.707 ∗ 6 ∗ 102 ∗ 1.5 ∗ 2𝑋10−3 = 292.1 𝐾𝑁 

b) Tensile fracture of angle: 
∅𝑅𝑛 = 0.75 ∗  400 ∗ 102 ∗ 15.9 ∗ 2𝑋10−3 = 973.08 𝐾𝑁 

b Tensile fracture of guest plate: 
∅𝑅𝑛 = 0.75 ∗  400 ∗ 102 ∗ 20 = 612 𝐾𝑁 

 
Governing strength of transversal weld= 292.1 KN 
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Design of group weld=305.424+292.1=597.524 KN 
 

2-Strength of members:- 

𝒂 − 𝑮𝒓𝒐𝒔𝒔  𝒚𝒊𝒆𝒍𝒅𝒊𝒏𝒈 ∶ − 
∅𝑅𝑛 = 0.9 ∗  250 ∗ 2580 ∗ 2𝑋10−3 = 1161 𝐾𝑁 

𝒃 − 𝒏𝒆𝒕 𝒇𝒓𝒂𝒄𝒕𝒖𝒓𝒆𝒔 ∶ − 

𝑈 = 1 −
22

120
= 0.817 < 0.9 

∅𝑅𝑛 = 0.75 ∗  400 ∗ 0.817 ∗ 2580 ∗ 2𝑋10−3 = 1264.716 𝐾𝑁 
 

𝑪 − 𝒃𝒍𝒐𝒄𝒌 𝒔𝒉𝒆𝒂𝒓 ∶ − 
𝐿𝑡 = 86.1 𝑚𝑚       ,       𝐿𝑉 = 120 ∗ 2 = 240 𝑚𝑚 
𝐴𝑡 = 1368.99 𝑚𝑚2       ,        𝐴𝑣 = 1908 𝑚𝑚2    

𝑖 0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 < 𝐹𝑢 ∗ 𝐴𝑡     ,∅𝑅𝑛 = 625.347 𝐾𝑁 

3-Strength of guest plate:- 

𝒂 − 𝑮𝒓𝒐𝒔𝒔  𝒚𝒊𝒆𝒍𝒅𝒊𝒏𝒈 ∶ − 
∅𝑅𝑛 = 0.9 ∗  250 ∗  130 ∗ 20 𝑋10−3 = 585 𝐾𝑁 
𝒃 − 𝒏𝒆𝒕 𝒇𝒓𝒂𝒄𝒕𝒖𝒓𝒆𝒔 ∶ − 
∅𝑅𝑛 = 0.75 ∗  400 ∗  130 ∗ 20 ∗ 0.85 𝑋10−3 = 663 𝐾𝑁 
𝑪 − 𝒃𝒍𝒐𝒄𝒌 𝒔𝒉𝒆𝒂𝒓 ∶ − 

𝐿𝑡 = 116 𝑚𝑚       ,        𝐴𝑔𝑣 = 120 𝑚𝑚 

𝐴𝑡 = 2320 𝑚𝑚2       ,        𝐴𝑣 = 2400 𝑚𝑚2   
 0.6 ∗ 𝐹𝑢 ∗ 𝐴𝑣 < 𝐹𝑢 ∗ 𝐴𝑡     ,   ∅𝑅𝑛 = 966 𝐾𝑁 

 
The governing design strength =585 KN that is governed by yielding of guest plate 
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Question 2 
Compute the design tensile strength of the tension member and 

guest plate and bolted connection shown in figure below. Steel 

is A36 for guest plate and member. Bolts is A940M 24-mm 

diameter  Fu=620 Mpa and Fv=400 Mpa. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
L 203x152x19: (Table on page 1-50 of AISC Manual) 
Ag= 6380 mm2 , t= 19 mm 
Plate 300x20 
Ag= 6000 mm2 , t= 20 mm 
A36M steel: Fy= 250 MPa , Fu= 400 MPa 
 
Bolts:  24 mm, Ab= 452.16 mm2 
 

o For Angle: 
o Gross yielding design strength: 

∅𝑡𝑃𝑛 = ∅𝑡𝐴𝑔𝐹𝑦 = 0.9 × 6380 × 250 × 10−3 = 𝟏𝟒𝟑𝟓.𝟓 𝒌𝑵  

 
o Net section fracture strength: 

𝐴𝑛 = 𝐴𝑔 −   𝑑𝑏 + 3 𝑡 +
𝑠2

4𝑔
𝑡  

𝐴𝑛 = 6380 −  2 × 27 × 19 +
402

4×75
× 19 = 5455.33𝑚𝑚2  

 

𝐴𝑒 = 𝑈𝐴𝑛  , 𝑈 = 1 −
𝑥 

𝑙
≤ 0.9 , 𝑥 = 39.6 𝑚𝑚 ,    𝑙 = 160 𝑚𝑚 

𝑈 = 1 −
39.6

160
= 0.7525 ≤ 0.9 

𝐴𝑒 = 0.7525 × 5455.33 = 4105.14 𝑚𝑚2  
 
∅𝑡𝑃𝑛 = ∅𝑡𝐴𝑒𝐹𝑢 = 0.75 × 4105.14 × 400 × 10−3 = 𝟏𝟐𝟑𝟏.𝟓𝟒 𝒌𝑵  
 

40 40 30 30 40 40 

Guest plate 300x20  

75 

75 

L 203X152X19 
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o Block shear strength: 
 
𝑙𝑣 = 340 𝑚𝑚  

𝑙𝑡 = 75 +
402

4×75
= 80.33 𝑚𝑚  

𝐴𝑔𝑡 = 80.33 × 19 = 1526.33 𝑚𝑚2  

𝐴𝑛𝑡 = 1526.33 − 1 × 27 × 19 = 1013.33 𝑚𝑚2  
𝐴𝑔𝑣 = 340 × 19 = 6460 𝑚𝑚2  

𝐴𝑛𝑣 = 6460 − 4 × 27 × 19 = 4408 𝑚𝑚2  
 
0.6𝐹𝑢𝐴𝑛𝑣 = 0.6 × 400 × 4408 × 10−3 = 1057.92 𝑘𝑁  
𝐹𝑢𝐴𝑛𝑡 = 400 × 1013.33 × 10−3 = 405.332 𝑘𝑁  
0.6𝐹𝑢𝐴𝑛𝑣 > 𝐹𝑢𝐴𝑛𝑡   
∴ ∅𝑡𝑅𝑛 = ∅𝑡[0.6𝐹𝑢𝐴𝑛𝑣 + 𝐹𝑦𝐴𝑔𝑡 ]  ≤ ∅𝑡[0.6𝐹𝑢𝐴𝑛𝑣 + 𝐹𝑢𝐴𝑛𝑡 ] 

∴ ∅𝑡𝑅𝑛 = 0.75 0.6 × 400 × 4408 + 250 × 1526.33 × 10−3𝟏𝟎𝟕𝟗.𝟔𝟐𝟖 𝒌𝑵  
≤ ∅𝑡 0.6𝐹𝑢𝐴𝑛𝑣 + 𝐹𝑢𝐴𝑛𝑡  = 1097.439 𝑘𝑁 

 
 
 

o For Plate: 
o Gross yielding design strength: 

∅𝑡𝑃𝑛 = ∅𝑡𝐴𝑔𝐹𝑦 = 0.9 × 6000 × 250 × 10−3 = 𝟏𝟑𝟓𝟎 𝒌𝑵  

 
o Net section fracture strength: 

𝐴𝑛 = 𝐴𝑔 −   𝑑𝑏 + 3 𝑡 +
𝑠2

4𝑔
𝑡  

𝐴𝑛 = 𝐴𝑒 = 6000 −  2 × 27 × 20 +
402

4×75
× 20 = 5026.67 𝑚𝑚2  

  
∅𝑡𝑃𝑛 = ∅𝑡𝐴𝑒𝐹𝑢 = 0.75 × 5026.67 × 400 × 10−3 = 𝟏𝟓𝟎𝟖 𝒌𝑵  
 

o Block shear strength: 
𝑙𝑣 = 340 𝑚𝑚  

𝑙𝑡 = 75 +
402

4×75
= 80.33 𝑚𝑚  

𝐴𝑔𝑡 = 80.33 × 20 = 1606.67 𝑚𝑚2  

𝐴𝑛𝑡 = 1606.67 − 1 × 27 × 20 = 1066.67 𝑚𝑚2  
𝐴𝑔𝑣 = 340 × 20 = 6800 𝑚𝑚2  

𝐴𝑛𝑣 = 6800 − 4 × 27 × 20 = 4640 𝑚𝑚2  
 
0.6𝐹𝑢𝐴𝑛𝑣 = 0.6 × 400 × 4640 × 10−3 = 1113.6 𝑘𝑁  
𝐹𝑢𝐴𝑛𝑡 = 400 × 1066.67 × 10−3 = 426.668 𝑘𝑁  
0.6𝐹𝑢𝐴𝑛𝑣 > 𝐹𝑢𝐴𝑛𝑡   
∴ ∅𝑡𝑅𝑛 = ∅𝑡[0.6𝐹𝑢𝐴𝑛𝑣 + 𝐹𝑦𝐴𝑔𝑡 ]  ≤ ∅𝑡[0.6𝐹𝑢𝐴𝑛𝑣 + 𝐹𝑢𝐴𝑛𝑡 ] 

∴ ∅𝑡𝑅𝑛 = 0.75 0.6 × 400 × 4640 + 250 × 1606.67 × 10−3 =
𝟏𝟏𝟑𝟔.𝟒𝟓 𝒌𝑵  
   ≤ ∅𝑡 0.6𝐹𝑢𝐴𝑛𝑣 + 𝐹𝑢𝐴𝑛𝑡  = 1155.201 𝑘𝑁 
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o For Bolts: 

o Slip critical connection 

∅𝑅𝑛 = ∅ ∗ 1.13 ∗ 𝜇 ∗ 0.7 ∗ (𝜋 ∗
𝑑2

𝑏

4
) ∗ 𝐹𝑢𝑏 ∗ 𝑁𝑏 ∗ 𝑁𝑠  

∅𝑅𝑛 = 1 ∗ 1.13 ∗ 0.33 ∗ 0.7 ∗  𝜋 ∗
242

4
 ∗ 620 ∗ 5 ∗ 1 × 10−3 = 365.88 𝐾𝑁 

o Bearing strength of bolts: 

∅𝑅𝑛 = 0.75 ∗ 2.4 ∗ 𝐹𝑢 ∗ 𝑑𝑏 ∗ 𝑡𝑚𝑖𝑛 ∗ 𝑁𝑏  

∅𝑅𝑛 = 0.75 ∗ 2.4 ∗ 620 ∗ 24 ∗ 19 ∗ 5 × 10−3 = 2544.48 𝐾𝑁 

 
o Shearing strength of bolts: 

Bolts are in single shear 

∅𝑅𝑛 = 0.75 ∗ 𝐹𝑣𝑏 ∗ (𝜋 ∗
𝑑2

𝑏

4
) ∗ 𝑁𝑏 ∗ 𝑁𝑠 

∅𝑅𝑛 = 0.75 ∗ 400 ∗  𝜋 ∗
242

4
 ∗ 5 ∗ 1 × 10−3 = 678.24 𝐾𝑁 

∴ Design tensile strength = 365.88 kN 
 


