
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scheme and solution   

1.  A tie member of a truss consisting of an angle section ISA 90 x 90 x 6 of Fe 410 

grade is welded to an 8 mm gusset plate. Design a weld to transmit a load equal 

to the full strength of the member. Assume shop welding. 

 

  

SP 6  

Properties of ISA 90 x 90 x 6   

A = 10.47 cm2 = 1047 mm2 = Ag   

Cxx = 2.42 cm =24.2 mm, ezz = 65.8 mm  

 

 

  

Cl: 6.2, P- 32   

Tension capacity of the angle= 𝑇𝑑𝑔 =
𝐴𝑔×𝑓𝑦

ƛ𝑚𝑜
 = 

1047×250

1.1
 = 237.95kN ………………….2 

marks 

 

  

 

P2 

P1 P= 
Tdg 



  

Size of the weld, D= ¾*t = ¾*6= 4.5mm say 4mm which is greater than 3mm   

  

Strength of bottom weld = p1= 0.707*D*l1*
410

√3∗1.25
  2 

Mark

s      P1=0.707*4*l1*
410

√3∗1.25
   

     P1=535.54l1 N…………………………… 

 

Strength of top weld = p2= 0.707*D*l2*
410

√3∗1.25
  2 

Mark

s     P2= 0.707*4*l1*
410

√3∗1.25
   

    P2= 535.54l2 …………………………………………………..  

P=P1+P2 

   

237.954*103= 535.54l1+535.54l2 2 

Mark

s 

Distributing weld in such a way that c.g of the weld coincides with that of the angle 

section. 

Taking the moment wrt to one of the force , wrt P2  

P1*90 = P*65.8 

535.54* l1*90= 237.95* 65.8 

l1= 237.95*65.8/535.54*90  

l1= 324.84mm = 325mm  

on substituting the l1 in P1 ………………………………………………  

  

P1= 535.54*325= 174.050*103 N  2 

Mark

s 

P1+P2= P 

174.05*103+P2 = 237.95*103 

P2= 63.9*103 N  

 

Wkt 535.54l2= P2  

 

Therefore = l2= 63.9*103/535.54 =119.31mm                                      
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3) An angle section ISA 90×90×6mm is used as tension member with its longer leg 

connected 12mm dia bolts. calculate the strength, Assuming p=30mm and e= 25mm 

 

 

• Strength shear (assume fully threaded bolts)  

  𝑉𝑑𝑠𝑏 =
𝑓𝑢𝑏

√3
(𝑛𝑛𝐴𝑛𝑏 + 𝑛𝑠𝐴𝑠𝑏) /𝛾𝑚𝑏  

   =  
400

√3
(1 ∗ 0.78 ∗ 𝑝𝑖 ∗ 12 ∗ 12/4 + 0) /1.25= 16.28 kN  

• 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=30mm and e= 25mm 

  25/ 3*13= 0.64 

  30/3*13-0.25= 0.52 

  400/410= 0.97 

  1 

   Vnsb = (2.5*0.52*12*6*400 )/1.25*1000= 29.95kN   

  No. of bolts = load /bolt value = 237.95/16.28= 14.61= 15no’s 

 

1. Design Yielding Strength Tdg- (6.2) 

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

   = 2501047/1.1*1000= 237.95 kN 

 Ag = Gross cross-sectional area 1047 mm2steel table pg=12  

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   

  Anc = ((50-6/2)*6)-(13*6)=204 mm2 

  Ago = Gross c/s area of the unconnected leg= (30-6/2)*6= 162mm2 

   β= 1.4-0.076(
𝑊

𝑡
) (

𝑓𝑦

𝑓𝑢
) (

𝑏𝑠

𝐿𝑐
) ≤ (

𝑓𝑢

𝑓𝑦
) (

ƛ𝑚0

ƛ𝑚1
) ≥0.7 ………..pg 33 

    =1.4-0.076*5*0.609*0.144 

   𝑏𝑠 =  𝑤 + 𝑤1 − 𝑡 = 90+50-6 =134mm 

   Lc= 30*14= 420mm  

   β= 1.4-0.076(
30

6
) (

250

410
) (

134

420
) ≤ (

410

250
) (

1.1

1.25
) ≥0.7 

      =1.17 ≤1.44≥0.7 

  Tdn  = 0.9 ×204 × 410 / 1.25 +1.17×162×250 / 1.1 

   =60.22+50.44=269.84kN 

3. Design Block Shear Strength Tdb (6.4.1) 

  Tdb1  =Avg  (fy/√3) / ƛm0 + 0.9  Atn  fu / ƛm1……………………………pg 33, 6.4.1 

  =2670  (250/√3) / 1.1 + 0.9  93410/ 1.25 

  =264.05+27.45 



  = 409.68 kN  

  Tdb2  = 0.9 Avn (fu/√3) / ƛm1 + Atg  fy / ƛm0……………………………pg 33, 6.4.1 

  =0.9 1539 (410/√3) / 1.25 +132  250/ 1.1 

  =189.9+30 

  =316.84 kN  

  Avg= Lv*t=(25+14*30)*6=2670 mm2 

  Atn= (Lt-ndo)*t=(40-0.5*13)6=201mm2 

  Avn= (Lv-ndo)*t=(445-14.5*13)*6=1539 mm2 

  Atg= Lt*t =40*6= 240mm2 

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

Therefore, Design strength of the angle is 110.66 kN 

 

4) A bracket plate 12mm thick is to be bolted to the flange of column ISHB 350@710.2 

N/m by means of close tolerance and turned bolts. M20 bolts of grade 4.6 are arranged in 

two vertical rows 100mm apart at a pitch of 70mm. Design a bracket connection if the 

bracket plate carries a load 120kN at a lever arm of 250mm 

From SP-6 Properties of ISHB 350= Weight=72.4 kg  

C/S area= 92.21cm2 

depth of section= 350mm = width of web  

Width of flange = 250mm  

Thickness of flange = 11.6 mm  

No. of bolts calculation  

No. of bolts for regular connection = Load/ bolt value (𝐵𝑣)  

 

Bolt value is the least of Shear and Bearing strength  

No. of bolts for bracket connection=  √
6𝑀

𝑝 𝑚 𝐵𝑣
  

Assume dia of bolt as 20mm  

1. Design shear strength of the bolt:  

a. Vdsb = Vnsb/ ymf 

b. 𝑉𝑑𝑠𝑏 =
𝑓𝑢𝑏

√3
(𝑛𝑛𝐴𝑛𝑏 + 𝑛𝑠𝐴𝑠𝑏) /𝛾𝑚𝑏 = 

400

√3
(1*0.78*pi*20*20/4)/1.25 = 

45.26kN  

As given in IS 800:2007, Pg no 75 

 

2. Design bearing strength of plate  

 Vnsb = (2.5Kb d t fu)/ γmb 

Kb is least of   

e/3do,  

p/3do- 0.25,  

fub/fu,  

1 

from the IS 800:2007 pg no 75 

mailto:350@710.2


Assumed e=1.7*d0= 1.7*22= 37.5mm= 40mm, p= 70mm, do= 20+2=22mm 

40/ 3*22=0.61 

70/3*22-0.25= 0.81 

800/410= 1.95 

1 

Vdpb = (2.5*0.61*20*11.6*410*10-3)/ 1.25 =116.04kN  

Bv= bolt value = 45.26  

No of bolting rows given in question= m= 2 

 

M= ultimate moment = Ultimate load * eccentricity = (1.5*120)*250 = 45000kN-m 

1. No of bolts for bracket connection=  √
6𝑀

𝑝 𝑚 𝐵𝑣
 = √

6∗45000

70∗2∗45.26
 = 6.85= 7no’s  

∑ 𝑟2 =  𝑟1
2 + 𝑟2

2 + 𝑟3…………….
2  

∑ 𝑟2 =4(502+2102) + 4(502+1402) +4(502+702) + 2(502+02) = 309400mm2 

Force on the extreme bolts F= Magnitude of Resultant force = √𝐹1
2 + 𝐹2

2 + 2𝐹1𝐹2𝑐𝑜𝑠𝜃 = 

√25.712 + 31.392 + 2 ∗ 25.71 ∗ 39.24𝑐𝑜𝑠76.6 = should be always less than bolt value 

= 44.95kN hence safe  

Direction of the force on the extreme bolt = 𝜃= tan-1210

50
= 76.6 

F1= force due to direct load = 
180

7
= 25.71𝑘𝑁  

F2= force due to Moment acting =
𝑀∗𝑟𝑛

∑ 𝑟2  = 
45000∗215.87

309400
 = 31.39kN  

𝑟𝑛 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑐𝑔 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑥𝑡𝑟𝑒𝑚𝑒 𝑏𝑜𝑙𝑡  

𝑟𝑛 =  √502 + 2102 = 215.87mm 

 

 

 

Scheme of IAT 2 

Topis Solution  Marks  

Tension capacity of the angle 237.95kN 2 

Size of the weld 4.5 1 

Strength of bottom weld = p1 535.54l1 N 1.5 

Strength of TOP weld = p2 535.54l2 1.5 

Length of bottom weld 325mm 2 

Length of top weld 119.31mm 2 

Q1  10 

Throat thickness of web 4.2  

total area of throat thickness 5040 1 

Stress in the weld 189.4 2 

Maximum shear stress in the flange weld , 

for the load P 
0.198 P 2 

Actual bending stress in the flange 0.277 P 2 

Safe load 445.5kN 2 

Q2  10 

Strength shear (assume fully threaded 

bolts) 
16.28kN 2 

Bolts in Bearing 29.95 kN 2 



No. of bolts 15 1 

Design Yielding Strength Tdg- 237.95kN 2 

Design Rupture Strength of Net Area Tdn- 

since it is an angle (since it is affected by 

shear lag 

110.66 kN 2 

Design Block Shear Strength Tdb1 377.80 kN 2 

Design Block Shear Strength Tdb2 292.29 kN 2 

Design strength of the angle 110.66 kN 2 

Q3   

Strength shear (assume fully threaded 

bolts) 
45.26 kN 2 

Bolts in Bearing 116.04kN 2 

No. of bolts 7 2 

F1= force due to direct load 25.71 kN 2 

F2= force due to Moment acting 31.39kN 2 

Force on the extreme bolts F 44.95 kN 5 

 


