
 

 



 

SOLUTIONS 

1. Design a combined footing for 2 columns A and B of size 350 × 350 mm and 400 × 400 

mm. The load carried by Column A is 700kN and Column B is 1200 kN respectively. The 

Safe bearing capacity of the soil is 130 kN/m2. Use M20 concrete and Fe 415 steel. The 

center to center spacing between the columns is 4.6 m and width of footing is restricted 

to 2 m.  

Solutions 



 

 

• Footing base dimensions 

Assuming Δ P, the self-weight of the combined footing plus backfill to constitute 10 or 15 

percent of the total column loads, 

Δ P = (700 + 1200) x 15/100 = 285 kN 

P1 + P2 = 700 +1200 = 1900 kN 

Allowable soil pressure or safe bearing capacity, qa = 130 kN/m2 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑜𝑜𝑡𝑖𝑛𝑔, 𝐴𝑟𝑒𝑞= 
𝑃1+ 𝑃2+ ∆𝑃

𝑞𝑎
 = 16.8   m2 

Width of footing, B =  2m ( Given in question) 

Total Length of footing, L = 
𝐴𝑟𝑒𝑞

𝐵
 = 

16.8

2
 = 8.4 m 

• Locate the point of application of the column loads 

In order to obtain a uniform soil pressure distribution, the line of action or point of 

application of the resultant column load must pass through the centroid of the footing. 

Assuming a load factor of 1.5, the factored column loads are: 

• Pu1 = 700 × 1.5 = 1050 kN; Pu2 = 1200 × 1.5 = 1800 kN ⇒ Pu1 + Pu2 = 2850 kN 

Let 𝑥̅ be the centroid of the column loads, where s = 4.6 m 

  

2m 



= 
1800 ×4.6

1050+1800
 = 2.9 m 

If the cantilever projection of footing beyond column A is ‘a’ then,   

a + 2.9 = L /2 = a = 8.4/2 – 2.9 = 1.3 m 

Similarly, if the cantilever projection of footing beyond Column B is 'b' then,  

b = 8.4 - 1.3 - 4.6 = 2.5 m 

 

 

• Uniformly distributed load acting in upward direction (soil pressure) 

Treating the footing as a wide beam (B = 2000 mm) in the longitudinal direction, the uniformly 

distributed load (acting upward) is given by q uB  

quB = 
𝑃𝑢1+𝑃𝑢2 

𝐿
 = 

1050+1800 

8.4
 = 339.28 kN/m 

• Shear force calculations 

 



• Shear force at A, just before 1050 kN, left of section XX,  VAC= +339.28 x 1.3 = +441.06 

kN 

• Shear force at A, just after 1050 kN, left of section XX, VAB = -1050+ 339.28 x 1.3 = -

608.94 kN 

• Shear force at B just after 1800kN, right of section XX , VBA = +1800 – 339.28 x 2.5= + 

951.92 kN 

• Shear force at B just before 1800kN, right of section XX, VBD=339.28 x 2.5= -848.2 kN 

 

• Location of zero shear , Left of section XX 

339.28 × X – 1050 = 0 , location of zero shear,  

339.28 × X = 1050 , 1050/339.28 = X, X =3.09m 

 X = 3.09 m from C 

 

Shear force diagram 

• Bending moment calculations 

 



• BM at A, just before 1050kN, left of section XX,  MAC= 339.28 x 1.3 x1.3 /2 =+  286.69  

kNm  

• BM at just at the inner face of Column A(1050kN), left of section XX,  

  MAB = -1050 x 0.35/2 + 339.28 x (1.3 + 0.35/2) x (1.3 + 0.35/2)/2 

           = -1050 x 0.35/2 + 339.28 x (1.3 + 0.172) x (1.3 +0.172)/2 = + 185.32kNm 

• Negative Bending moment at X = 3.09 m   (Location of zero shear) 

      Mu – = 339.28 × (3.09)2/2 – 1050 × (3.09 -1.3) = - 259.76 kNm  

• BM at B, just before 1800 kN , right of section XX = + 339.28 × 2.52/2 = +1060.25 kNm 

• BM at B, just after the inner face of Column B (1800 kN) , right of section XX =  

• 339.28 × (2.5 +0.4/2)2/2 – 1800 × 0.4/2 = + 876.67 kNm 

 

Bending moment diagram 

• Thickness of footing or effective depth of footing based on shear 

 One-way shear (longitudinal): Vu1 calculate it at a distance “d” from the edge of the heavier 

column, where “d” is the effective depth of the footing.  

The critical section (always for column with heavier load) for one-way shear is located at a 

distance d from the (inner)face of  column B, and has a value 

 

  Critical One-way shear force, Vu1    at section XX (just right of XX section) =  

X 

X 



Column load (B) -   Uniformly distributed upward load intensity × (2500 + 200 + d) 

   = (1800 – 339.28 x (2.5 + 0. 200 + d)) = (882.54 – 339.28 x d) kN   … (1) 

 Take τ c = 0.48 N/mm2 (for M 20 concrete, Assuming Percentage of steel as, pt = 0.50%) IS 

456 2000, page 73, table 19 

Design shear strength of concrete, Vuc = τ c  ×  B × d =  0.48 × B × d 

Equate Vuc and Vu1   

B is width of footing = 2000 mm 

Vuc = 0.48 × 2000 × d = (960d) N…. (2) 

 Equating one-way shear force and design shear strength of concrete, (1) = (2) 

Vu1 = Vuc ⇒ (882.54 x 103 – 339.28 x d) = 960d, 882.54 x 103 = 1299.8 d 

⇒ Effective depth of footing, d = 679.25 mm Rounded to 680 mm 

Use 20 mm φ bars with a clear cover of 75 mm, Taking an overall depth or thickness of the 

footing 

 D = d + 75+ 20/2 = 680 + 75 + 20/2 = 765 mm  

• Two-way shear force for columns A and B (Punching shear)  

Two-way shear or punching shear (we need to consider the upward soil pressure not upward 

soil intensity) * Since it is acting on an area. 

Factored soil pressure or Upward soil pressure, qu = (339.28) / (B ×1) = (339.8/2) = 

169.64kN/m2 

The critical section is located d/2 from the periphery of columns A and B.    

  



 

Shear stresses in footing slab due to punching shear 

 

Punching shear or Two- way shear calculations for heavier Column B 

    Vu2  = 1800 – 169.64 (0.4 + 0.680/2 + 0.680/2) X (0.4+0.680/2 + 0.680/2)  

            =  1602.13 kN    @ B (Heavier column) 

Punching shear or Two-way shear for Column A (350 mm x 350 mm) 

 



 

Punching shear or Two-way shear @ A, 

Two-way shear Vu2 = (Column load at A) 1050 – 169.64 x (0.35 +0.680/2 + 0.680/2) x (0.35 

+0.680/2 + 0.680/2) 

= 870 kN @ A (Lighter column) 

• If no shear reinforcement is provided, Page 58, IS 456, Clause 31.6.3.1, calculated shear 

stress at critical section shall not exceed          

 

For square columns, ks = (0.5 +βc) ,  βc  = 350/ 350 = 400/400 = 1.0 , ks =(0.5 +1) but it should 

not be greater than 1, hence ks = 1 

Permissible shear stress, τ c2 =  =  1.0 × 0.25 ×√ 20 = 1.118 N/mm2 

Permissible two-way shear force for column B ( heavier column) 

Permissible two-way shear force, Vuc = Permissible shear stress × (Area of the footing slab 

enclosed by the perimeter of the critical section) 

 



Perimeter of critical section (Green coloured area) = 4 X (400 + 680/2 + 680/2)   

Vuc  = 1.118 x  [ 4 X ( 400 + 680/2 + 680/2)] ×  680 = 3284.24    kN  @ B  

In the similar way lets calculate for Column A 

Permissible two-way shear force for Column A 

Vuc  = 1.118 × [ ( 350 + 680/2 + 680/2 )  × 4] × 680 =  3132.18kN @ A 

 

 

Compare whether permissible two way shear force is greater than two shear way ( Actual) force 

Vuc  = 3284.23 kN > Vu2 = 1602.82 kN    @ B It is safe. 

Vuc  = 3132.18kN > Vu2 = 870.00kN @ A . It is Safe. 

Hence safe against two way or punching shear, ( if not provide shear reinforcement- stirrups 

or bent up bars) 

 

• Design of longitudinal flexural reinforcement 

Maximum ‘negative’ moment: Mu = 

- 259.76 kNm 

 

Maximum ‘positive’ moment: Mu = + 

1060.25 kNm  

 

Mu = 259.76 × 106 N mm 

 

 Mu = 1060.25 × 106 N mm 



      B = b = 2000 mm, fck = 20 N/mm2, 

     fy = 415N/mm2 

       d = 680 mm 

    D = 765 mm 

      Ast provided =   1075.67 mm2  

Check for (Ast)min = 0.0012 BD = 

 0.0012 × 2000 × 765 = 1836 mm2 

Ast provided < (Ast)min, Hence provide 

(Ast)min 

But we have assumed pt = 0.5 

pt = 100 Ast, req/ ( B × d) 

Choose 20 mm diameter bars, calculate no of 

bars  = 1836 /( π/4 x 202) = 6 

Provide 6 # 20 mm diameter bars at top 

 

• Development length Ld = 47 x dia of 

bar  

= 47 x 20 = 940 mm 

 

  

B = b = 2000 mm 

d = 680 mm 

 

Ast provided =   4648.12  mm2  

Check for (Ast)min = 0.0012 BD = 

 0.0012 × 2000 × 765 = 1836 mm2 

No of 20 mm dia bars = 4648.12/(π/4 x 202) 

                                  = 15 

Provide 15 # 20mm diameter bars at 

bottom 

• Development length Ld = 47 x dia of bar  

= 47 x 20 = 940 mm 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Design of column strips as transverse beams 

 

Transverse bending of footing 



 

 

 

 

 

 

 

Transverse beam under column A Transverse beam under column B 

• Factored Column load A per width of 

footing = 1050/2.0 = 525 kN/m 

 

• Cantilever Projection of beam beyond 

column face = (2000 – 350)/2 = 825 

mm =0.825 m 

 

 

• Maximum transverse moment at 

column face A : 

          Mu = 525 × 0.8252/2 =   178.66   kNm 

 

• Factored Column load B per 

width of footing = 1800/2.0 = 

900 kN/m 

 

• Cantilever Projection beyond 

column face = (2000 – 400)/2 = 

800 mm = 0.800m 

 

 

• Moment at column face   B =  

900 × 0.802/2 = 288   kNm 

 



--------- 

 

•  Assume width of transverse beam, b  

= 

 width of column +  2  x 0.75d 

 

b = 350 + 2 x 0.75 × 577 = 1215.5  

mm 

 

b = 1215.5 mm, d =577  mm  

Mu = 178.6  x 106 N mm 

Ast =    880.23 mm2  

 

• Width of transverse beam, b  =  

width of column + 2 x 0.75d 

 

• 400 +  2 ×0.75 ×577  = 

1265.5mm 

                                                                               

 

 

Mu = 384 x 106 N mm 

 b = 1265.5mm 

d = 577 mm 

Ast  =   1956.2 mm2 

 

 

 

 

 

 

Page 48, CL No 5.2.1 

•  Minimum Ast = 0.0012 bD  = 

   Ast min = .0012 ×1215.5 ×765   =  

1115.83 mm2 

• Use 12mm dia bars (Your wish!!) 

• Number of 12 mm φ bars required = 

Ast/ area of one bar = 1115.83/ (π/4 x 

122) =10 

Provide 10 nos 12 mmφ bars 

 Check for development length = 47 × 12 = 

564 mm  

 

 

• Provide (Ast)min = 0.0012 × 

1265.5×765  =  1161.73  mm2 

Use 12 mm dia bars 

Number of 12 mm φ bars required 

=1956.2  /(π/4 x 122) = 17.29 = 18 

Provide  18 nos 12 mmφ bars 

• Required development length = 

47.0 × 12 = 564 mm is available 

beyond the column face. 

 



Transfer of force at column base -Column 

A 

Transfer of force at column base 

Column B 

• Limiting bearing stress at  

IS 456 Page 65 , CL34.4  

 

 

Permissible bearing stress = 0.45fck √
𝐴1
𝐴2  

A1 = 20002 ( 2000mm is footing width) 

A2 = 350 x 350 =  

=√
𝐴1

𝐴2
  < 2 

=  5.71> 2 , Take √
𝐴1

𝐴2
= 2  

Permissible bearing stress = 0.45 X 20 X 2 

=18   N/mm2 

Permissible bearing resistance or force 

Fbr = Permissible bearing stress × column 

area 

     = 18 × 3502 = 2205 × 103 N = 2205    kN  

   2205> 1050 kN, Hence safe. 

• Limiting bearing stress at  

Permissible bearing stress = 0.45fck √
𝐴1
𝐴2  

[A1 = 20002 , A2 = 4002 mm2 ] 

 

√
𝐴1

𝐴2
 = 5 > 2,  √

𝐴1

𝐴2
= 2 

 

= 0.45 × 20 × 2 = 18 MPa 

 

Permissible bearing resistance = 18 × 

4002 = 2880 kN  

 

 2880kN > 1800kN , Hence safe 

 

                                                          



 Reinforcement detailing 

 

 

 

 

 

2.  SOLUTIONS 

Height of earth fill, h’= 4m, Safe bearing Capacity = 200 kN/m2, Density of soil, γ = 18 

kN/m3, co-efficient of friction between concrete and soil, μ = 0.6, angle of repose φ = 30° 

We need to fix the height of retaining wall, H = h' + Df    

• Depth of foundation, Df 

 

Using Rankine’s formula: find depth of foundation 

 

20 



 

 

ka   = [
1−sin 300

1+sin 300]
2

=  
1

3
 

= 
200

18
 ×  

1

3
 

 

=1.23m say 1.2m, therefore H = 4 +1.2 = 5.2 m 

 

• Proportioning of stem wall and base slab 

 

a. Thickness of base slab = (1/10 to 1/14) H  = 1 /10 × 5.2 to 1 /14 × 5.2 = 0.52m to 

0.43m, say 0.45 m or 450 mm 

b. Width of base slab = b =  (0.5 to 0.6) H = 0.5 × 5.2 to 0.6 ×5.2 = 2.6m to 3.12 m say 

3m 

c. Toe projection or width of toe slab = pt = (1/3 to ¼)  b   = 1 /3 × 3 to  1/4  × 3 =  1.0 

m to 0.75 m say 0.75 m 

d. Provide 450 mm thickness for the stem at the base (overall depth D) and 200 mm at the 

top 

 

 

 

 

 

 

 

 



 

• Design of stem 

To find Maximum bending moment at the junction 

Height of stem, h = 5.2 - 0.45 = 4.75 m 

 

Active earth pressure ,Pa    =  
1

2
(𝑘𝑎 × 𝛾 × ℎ) ℎ 

Pa =  
1

2
×

1

3
  ×18 × 4.75 × 4.75 = 67.68 kN 

Total Bending moment at any height, M = Pa  × ℎ

3
 

M =  67.68 × 
4.75

3
 =107.17 kN-m 

Mu = 1.5 × M = 160.6 kN-m 

We have overall depth at base or thickness of stem slab as, D = 450 mm 

Check for effective depth  

 

Put Mu,lim = 160.6  x 106, b = 1000mm , fck = 20N/mm2 

 

xu,max /d  = 0.48 , Fe  415 , IS 456 2000 

 

160.6 x 106   = 0.36 x 0.48 x (1 - 0.42 x 0.48) x 1000 x d2 x 20 

Find ‘d’ , d = 242 mm 

Required, d = 242 mm 

Assumed overall depth at base of the stem, D = 450 mm, effective, d   = 450 - 50 = 400 mm 

>> 242 mm 

Taking 1m length of stem wall, 

h/3 



 

 

b = 1000 mm, d = 450 - effective cover 

effective cover = clear cover + bar diameter/2 (assuming 12 mm φ bars) 

                         = 40 + 12/2 = 46 ≈ 50 mm 

 d = 450 – 50 = 400 mm >> 242 mm , hence safe 

 

 

 

d = 400 mm, b =1000 mm, Mu =160.6 x 106 Nmm, fy = 415 N/mm2 , fck = 20 N/mm2 

Ast = 1184.6 mm2  

Ast, min = 0.0012 × 𝑏 × 𝐷 = 0.0012 × 1000 × 450 = 540 𝑚𝑚2 

Ast > Ast,min, hence Ok. 

Provide 12 mm φ bars as main steel 

Spacing required, s = 
1000  × 

𝜋

4
×122

1184.6
 = 96 mm ≈ 100 mm or 95 mm ( Your wish!!) 

Main steel #12 mm φ @ 100 mm c/c   <  300 mm or   3 times effective depth “d” ( Check!!!) 

IS 456 2000 

Distribution steel 

= 0.12% Gross Area = 0.12  × 450  × 1000/100 = 540 mm2 

Use 10 mm φ bars , spacing required 

Spacing required, s = 
1000  ×

𝜋

4
×102

540
 = 145.4 mm ≈ 140 mm or 150 mm (Your wish !!) 

Distribution bars #10 mm φ @ 150 mm c/c  < 450 mm and 5 times effective depth “d”  ok  

(check!!) IS 456 2000 

450mm 



 

Development length 

Ld = 47 Φ bar = 47 × 12 = 564 mm =0.564 m 

 

 

 

Curtailment of bars 

Curtail 50% steel from top, Ast = 
50

100
× 1184.6 = 592.3  𝑚𝑚2  

(
ℎ1

ℎ
)

2
 = 

1

2
 , (

ℎ1

4.75
)

2
 = 

1

2
 ,   

ℎ1
2

4.752 =
1

2
, ℎ1   = 3.36 𝑚, is the curtailment length 

Actual point of cut off or cutting position = 3.36 - Ld =3.36 - 0.564 = 2.74m from top. 

 

Spacing required, s = 
1000  ×

𝜋

4
×122

592.3
 =  190.9 mm ≈ 190 mm 

 

Spacing of bars  12 mm φ @ 190 mm c/c < 300 mm and 3 x effective depth . Hence it is ok 

 

Main bars 12 mm φ  

@ 100 mm c/c     

Distribution bars 10 mm φ  

@ 150 mm c/c     

2.74 m 



 

 

Secondary steel for stem at front (Temperature steel) 

0.12% Gross Area = 0.12  × 450  × 1000/100 = 540 mm2 

This can be copied from distribution steel calculations 

#10 @ 150 mm c/c< 450 mm and 5d ok 

 

 

Check for shear 

 

Max. Shear Force at Junction XX= Pa = 67.68 kN (Lateral earth pressure) 

Ultimate Shear Force = Vu =1.5 x 67.68 = 101.52 kN 

2.74 m 



Nominal shear stress = τv = Vu/bd = 101.52 x 103 / 1000 x 400 = 0.25 N/mm2 

 

To find τc, calculate pt  = 
100 𝐴𝑠𝑡

𝑏 × 𝑑
 = 

100 × 1184.6  

1000 ×400
 = 0.29  % 

Use IS:456-2000, Page 73, Table 19, pt =   0.29 %, M 20  

τc = 0.38   N/mm2 

Compare τv and τc  , 0.25 < 0.38 

 τv< τc   Hence safe in shear. No need of shear reinforcement. 

 

 

Stability analysis – 1. To find factor of safety against overturning 

 

Calculations of Resisting Moment ΣMR – Self weight of wall and weight of earth fill 

retained by heel slab 



 

 

Load Magnitude, kN Distance from A, 

m 

Bending 

moment 

about A 

kN-m 

Stem W1 0.2 x 4.75x1x25 = 23.75 (0.75+0.25+0.2/2) =1.1 26.13 

Stem W2 ½ x 0.25x4.75x1x25 = 

14.84 

0.75 + 

2/3 x 0.25 = 0.916 

13.59 

Base slab 

W3 

3.0x0.45x1x25 = 33.75 3/2 50.63 

Back fill, W4 1.8x4.75x1x18 = 153.9 0.75+0.45+1.8/2 =2.1 323.20 

Total ΣW= 226.24 kN  ΣMR = 413.55 

kN-m 

A 
x 



 

Calculations of Overturning Moment MO – Lateral earth pressure about the base slab 

 

Load Magnitude, kN Distance from 

A, 

m 

Bending moment 

about A 

kN-m 

Hori. earth 

pressure =PH 

PH = ½ x 1/3x18x5.22 

=81.12  kN 

H/3 =5.2/3 MO = -140.60 

 

Stability checks: 

1. Check for overturning: 

As per IS: 456:2000, (Factor of Safety) overturning should satisfy condition that ΣMR/ MO   > 

1.55 

ΣMR = 413.55 kNm, MO = 140.05 kNm 

(F.S) overturning = ΣMR/ MO = 2.94 >1.55 Hence it is safe 

 

2. Check for Sliding: 

ΣW= 226.24kN 

PH  =81.12 kN 

As per IS: 456:2000, (F.S) sliding should satisfy condition that  

μ∑W/PH ≥ 1.55    

 

 
𝜇 ∑ 𝑊

𝑃𝐻
=  

0.6 ×226.24

81.12
 = 1.67  

 

(F.S) sliding =   1.67 ≥1.55  Hence it is safe  

 

3. Check for subsidence: (Max. pressure at the toe should not exceed the safe bearing 

capacity of the soil under working condition) 

 

A 



Let the resultant cut the base at distance  ‘x’ from toe T,  

x =  ∑M / ΣW, where ∑M = Net moments about toe = ΣMR   -   MO   =   413.55 -140.05 

=273.5 kNm 

 

 

 

 

x = 
273.5

226.24
  = 1.2 m   , b =3m 

• Eccentricity e = b/2 – x = 3/2 – 1.2 = 1.5 – 1.2 = 0.3m < b/6  (  0.3 < 0.5 )(Eccentricity 

of force should not exceed one sixth of base)  

Here e < b/6. Hence it is safe. 

Pressure below the base slab , SBC =200 kN/m2 

 

 

 

120.66 kN/m2 < SBC, safe 

 

 



30.16 kN/m2 > zero, So there is no tension or separation developed at base slab, Hence it is 

safe 

 

Both values of pressure are lesser than SBC ( 200 kN/m2) . Hence it is safe. 

 

 

 

 

 

  

 

 

 

 

 

 

Using similar triangles,  

120.6−30.16

3
 = 

30.16+𝑦

1.8
 , y =24.1  kN/m2 (Sample calculations) 

 

 

Design of Heel Slab 

Calculations of Moment about heel slab C 

C 

4.75m 

C 



Load Magnitude, kN Distance from C, m BM, MC, kN-m 

Wt of Backfill or 

Earth fill 

1.8 x 4.75 x 1x18 

=153.9  

1.8/2 = 0.9 =+138.51 

Heel slab 0.45x1.8x25 = 

20.25 

1.8/2 =0.9  =20.25 x 0.9 =+ 

Pressure 

distribution,(below 

heel slab) 

rectangle 

- 30.16 x 1.8 = -  1.8/2 = 0.9 - 

Pressure 

distribution, 

Triangle 

1

2
 x -24.1 x1.8= - 

21.69 

1

3
 x1.8 = 0.6 -13.01 

Total Load at 

junction C 

98.17 Total BM at 

Junction C 

ΣMC = 94.87 kNm 

 

ΣMC = 94.87 

Mu = 1.5 x 94.87 =142.3 kNm = 142.3 x 106 N mm 

 

b = 1000 mm, d = 400 mm, fck =20 N/mm2 fy = 415 N/mm2 

 

Ast  = 1041.5 mm2 

Use 16 mm φ bars ( it is base slab) ( You can choose  12 mm also) 

Spacing required, s = 
1000  ×

𝜋

4
×162

1041.5
 = 193 mm ≈ 190 mm 

 

Main steel #16 mm Φ @ 190mm c/c < 300 mm and 3d ok. Hence it is safe. 

 

Development length 

Ld = 47 φbar = 47 x 16 = 752 mm 

 

Distribution steel 

Same, #10 dia  @ 140 < 450 mm and 5d ok 

 



 

 

 

Check for shear at junction (Tension) 

The critical section for shear in the heel slab should be taken at the face of the support and not d away from it, 

because there is no compression introduced by the support reaction, and the probable inclined crack may extend 

ahead of the rear face of the stem 

 

Critical section for shear is at the face as it is subjected to tension. 

Maximum shear =V=98.17 kN, VU, max=  98.17  x 1.5 =147.255   kN 

τv   = 
𝑉𝑈

𝑏 ×𝑑
 = 

147.255× 103 

1000 ×400
 = 0.368 N/mm2 

τv =  0.368N/mm2 

pt = 
100× 1041.5  

1000 ×400
  =  0.260   % , Find τc 

Use IS:456-2000, Page 73, Table 19, pt  =0.26 % 

τc  = 0.365 N/mm2 

 Here τv  and τc are almost close. There is no providing shear reinforcement. May be Ok. 

 

Design of toe slab 

To find the maximum bending moment 

 

 



 

 

 

 

 

 

Load Magnitude, kN Distance from C, m BM, MC, kN-m 

Self wt of Toe slab 0.75 x 0.45 x 25 = 8.44 0.75/2 +3.164 

Pressure 

distribution, 

rectangle 

-97.99 x 0.75 = -73.49 0.75/2 -27.56 

Pressure 

distribution, 

Triangle 

½ x -22.6 x 0.75 = -8.474 2/3 x 0.75=  -4.23 

  Total BM at 

Junction C 

ΣMC = -28.63 

 

 

Mu = 1.5 x 28.63 =43 kN-m,  

Ast= 302.48 mm2 

Provide #10mm @ 140mm < 300 mm and 3d ok (  If you have time you can do calculation 

for spacing otherwise you proceed like this!) 

Development length: 

Ld = 47 φbar = 47 x 10 = 470 mm 

C 

C 



 

 

Check for shear: at “d” from junction of the toe slab (at XX as wall is in compression), d = 

400 mm  

 

Net shear force at the section XX 

 

Net shear force for toe slab V= -(120.6 + 110.04) /2 x 0.35 + 0.45 x 0.35 x 25 = -36.42kN 

VU,max = 36.42 x 1.5 =54.63 kN 

ζv = (54.63x1000) / (1000 x 400) = 0.13 N/mm2 

pt  = (100 x 302.48) / ( 1000 x  400) = 0.075 

From IS:456-2000, Page 73, pt≤0.15%,  ζc = 0.28 N/mm2 

ζv < ζc, Hence safe in shear. 

 

 

 

 

400 

750 



 

Construction joint 

A key 200 mm wide x 50 mm deep with nominal steel #10 @ 250, 600 mm length in two 

rows.  

 

Drainage 

100 mm dia. pipes as weep holes at 3m c/c at bottom. Also provide 200 mm gravel blanket at 

the back of the stem for back drain. 

 

 



 

3. SOLUTIONS 

•  

 

 



 

 

 

 

 

 

• Design Maximum load transferred from crane girder to gantry girder 

 



c

 

The maximum reaction/load in crane girder occurs when the crab or trolley along with 

hook if it is towards left or right of crane girder with a minimum hook distance of 1.0 

m.  

The Free body diagram is shown as below. 

 



 

             To find max Reaction RA , take moment at B,  ∑MB =   RA   × 25 – 150 × 12.5 

– 275 × 24 = 0    RA  = 339kN is the reaction developed at the end of 

Crane girder 

Since there are two wheels at each end of crane bridge, = 339/2 = 169.5kN 

As per IS: 875 (part 2)-1987, for Electrically operated crane (EOT crane), ( CL 6.1, 

Page 15) 

Vertical forces transferred through rails = 25% of maximum static wheel load ( 25% 

means 1.25) 

Load on each wheel = 1.25 × 169.5 = 211.87 kN ≈ 212 kN 

• Design Maximum bending moments on gantry girder 

 

The arrangement of wheel loads for Maximum bending moment is at Centre of gravity of 

the wheel loads(trolley) and one of the wheel load are equidistant from the Centre of 

the gantry girder. 

 



  

∑MD = Rc × 8 – 212 × 1.375 – 212 × (1.375 + 1.75 +1.75) = 0, Rc = 165.63 kN 

B M under a wheel load or Maxi B M at XX = Rc × 3.125 = 165.63 × 3.125 = 517.6 

kNm 

Factored B M = 517.6 × 1.5 = 776.4 kNm- Live load 

B M and S F due to self-weight or dead load 

Assume self-weight of gantry girder as 1.6kN/m  

Self-weight of rail = 300N/m = 0.3 kN/m ( given ) 

Total self-weight = 1.6 + 0.3 = 1.9 kN/m, factored self-weight = 1.5 x 1.9 =  2.85 kN/m 

✓ B M due to self-weight or dead load  = 2.85 x 82/8 = 22.8kNm- Dead load 

S F due to self-weight or dead load  = 2.85 x 8/2 = 11.4kN – dead load 

• Design Maximum shear force 

The shear due to the wheel load is maximum when one of the wheels of the trolley is 

at the support 

 

∑MD = Rc × 8 – 212 × 8 – 212 × 4.5 = 0,  

Rc = 331.25kN 

TROLLEY 

3.125m 

X 

X 



Factored S F = 331.25 × 1.5 = 496.88 kN 

 

• Lateral load and its moment  

Lateral load is developed due to the application of brakes or sudden acceleration of the 

trolley 

As per IS: 875 (part 2)-1987, Lateral load or Horizontal forces transverse to the rails = 

10% of the weight of the crab or trolley and the weight lifted on the crane(crane capacity) 

Lateral force or Horizontal force = 10 /100 × (200 +75)   = 27.5 kN 

Lateral load acting on each wheel of trolley  (there are 4 wheels) = 27.5 /4 = 6.875 ≈ 7kN 

Factored lateral load = 7 × 1.5 = 10.5kN 

    Bending Moment due to lateral load    

  We know that  212 kN , B.M  = 776.4kNm 

 Then for 10.5 kN, B.M due to lateral load =? 

212/10.5 = 776.4/ ? ,  ? =  

212

10.5
 =

776.4

?
 , 212 x ? = 10.5 x 776.4 , ? = 10.5 x 776.4/212 = 38.46kNm 

Bending moment due to lateral load? = 38.46kNm 

Total Design bending moment (Live Load + Lateral load + Dead Load )  = 776.4 + 38.46 + 

22.8 = 837.76   kNm 

Total Design shear force (Live Load + Lateral load + Dead Load ) = 496.88 +11.4+10.5 = 

518.49 kN   

 

• Preliminary trial section 

The trial section is selected based on deflection criteria, IS 800 2007, Table 6 Page 37 



 

Maxi deflection for electrically operated crane, 𝛿max 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛  = Span of gantry girder/750  

                                                                                                       = 8000/750 = 10.67 mm( 

permissible deflection) 

Maxi deflection = Deflection due to Dead load + Deflection due to Live load 

Let us assume deflection due to dead load 𝛿𝑑𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 as 1 mm (Since it is steel structure self-

weight is very less, we are assuming very less deflection also)  

Deflection due to live load 𝛿𝑙𝑖𝑣𝑒 𝑙𝑜𝑎𝑑  under two equal concentrated loads (two equal wheel 

loads of trolley (P)) 

 

 
 

 
Taking Δmax = 𝛿𝑙𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 

𝛿𝑙𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 = 
𝑃𝑎

24𝐸𝐼
(3𝑙2  −  4𝑎2)  

Put 𝑃 = 212𝑘𝑁, E = 2 × 10 5 N/mm2 , a = 2.25 m, 𝑙 = 8 m 

 

 



𝛿max 𝑑𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 = 𝛿𝑑𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 + 𝛿𝑙𝑖𝑣𝑒 𝑙𝑜𝑎𝑑   

         10.67 = 1.00 +   
𝑃𝑎

24𝐸𝐼
(3𝑙2  −  4𝑎2)  

         

We need to calculate Moment of Inertia I for the selecting the section for gantry girder 

10.67 = 1.00 +  
212 000 × 2250

24 ×  2 × 10 5 × 𝐼
(3 × 80002  −  4 × 22502) 

𝐼 = 1765 x 10 6 mm4 

Increase the value of I by 30% = 1.3 x 1765 x 10 6 =  2294.5 x 10 6  mm4  , Ixx = 229450 

cm4 

Take steel table and select a built-up section from Page 42 and Table 12 based on Ixx 

value 

Selecting ISWB 500 @ 95.2kg/m, ISMC 400 @ 49.4kg/m as section for Gantry 

girder (Table 12, Page 42) for  Ixx = 230194 cm4 = 2301.9 x 10 6  mm4 

  

  



 
 

 

 

 



Selecting ISWB 500 @ 95.2kg/m, ISMC 400 @ 49.4kg/m as section for Gantry 

girder( Table 12,Page 43) 

A = 376.15 cm2  = 37615 mm2 , ryy = 95.7 mm, Cxx = 283.7 mm ( from Top), exx= 

284.9mm ( From Bottom) 

    

 



 
 

 

                           Sectional properties of I section and Channel section used in Gantry Girder 

ISWB 500 @ 95.2kg/m (Table 4, 

Page 14 Steel Table) 

ISMC 400 @ 49.4kg/m (Table 5, 

Page 16, Steel Table) 

A = 121·22 cm2 A = 62.93cm2 = 6293 mm2 

h  = 500 mm h  = 400 mm 

b = 250 mm b = 100 mm 

tf  = 14.7 mm tf  =15.3 mm 

tw  = 9.9 mm tw  =8.6 mm 

rxx = 207.7mm, ryy = 49.6 mm Cyy = 24.2 mm 

 

Location of Equal area axis  

Equal area axis is the location of the axis which results in equal compressive and 

tensile forces when all fibres in a section have reached yield stress  

To locate Equal area axis ‘n’ , Area of shaded portion = ½ total area of section 

9. 9 × n + 250 × 14.7 + 320 × 𝟒𝟎 = ½ × ( 37615 )  

n = 235.61 mm 

 

 
 



• Plastic modulus Zp – It is sum of areas of compression and tension zones multiplied 

by corresponding distance of the centroid of the compressive and tension area from the 

equal area axis 

 

 

   Calculation of Plastic modulus Zp = ∑ 𝒂 × 𝒚𝒊̅̅̅  

The distances 𝑦̅𝑖 are measured from EAA axis to centroidal axis of the section 

 

 



 
 

Shaded 

area 

(𝒂) 

Centroidal 

distance from 

EAA (𝒚̅𝒊) 

Zp 

(𝒎𝒎𝟑) 

(𝒂 × 

𝒚̅𝒊) 

Unshaded 

area 

(𝒂 ) 𝒎𝒎𝟐 

Centroidal 

distance from 

EAA  (𝒚̅𝒊) 

Zp (𝒎𝒎𝟑) 

(𝒂 × 𝒚̅𝒊) 

 

 

320 × 40 

𝟐𝟑𝟓. 𝟔𝟏 + 𝟏𝟒. 𝟕

+
𝟒𝟎

𝟐
 

  

 

 

 

𝟐𝟑𝟒. 𝟗𝟗 × 𝟗. 𝟗 

𝟐𝟑𝟒. 𝟗𝟗

𝟐
 

 

𝟐𝟓𝟎 × 𝟏𝟒. 𝟕 

 

 

 

𝟐𝟑𝟓. 𝟔𝟏 +
𝟏𝟒. 𝟕

𝟐
 

  

 

250 × 𝟏𝟒. 𝟕𝟎 

𝟐𝟑𝟒. 𝟗𝟗 +14.7/2  

 
 
 
 

𝟐𝟑𝟓. 𝟔𝟏

𝟐
 

 

 320 × 𝟐𝟎 𝟐𝟑𝟒. 𝟗𝟗 + 𝟏𝟒. 𝟕

+
𝟐𝟎

𝟐
 

 

24.2 mm 



𝟗. 𝟗 
× 𝟐𝟑𝟓. 𝟔𝟏 

  = ∑ 𝒂 × 

𝒚̅𝒊 

 

 
 

Area of 

Channel 

section (From 

steel table) 

𝟔𝟐𝟗𝟑 

 

 

 

 

 

𝟐𝟕𝟖. 𝟐𝟗 − 𝟐𝟒. 𝟐 

 

Total =∑ 𝒂 × 𝒚̅  
 

  =  

+ 
= ∑ 𝒂 × 𝒚̅𝒊 

Plastic 

Modulus 

Zp =∑ 𝒂 × 𝒚̅  
 

= 𝟗. 𝟎𝟓 ×
𝟏𝟎𝟔𝒎𝒎𝟑 

    

 

 

• Check for Moment of resistance 

Page 54, CL 8.2.2 IS 800 2007 



 

 

 

We need to calculate 𝑓𝑏𝑑 based on the values of 𝑓𝑐𝑟,𝑏 and imperfection factor 𝛼𝐿𝑇  

 

 

 



 

E = 2 × 10 5 N/mm2 , LLT  = 8000 mm ( span of gantry girder), [ ryy = 95.7 mm,  tf  = 33.8 

mm (Top flange mean thickness) ( for Girder from Steel table, Table 12, Page 43)] 

hf = centre to centre distance between the flanges = Overall depth of girder – ½ (Top and 

bottom mean       flange thickness of girder) 

                                                                                 = 568.6 - ½ × ( 33.8 + 51.5) 

                                                                                 = 525.9 mm 

           𝑓𝑐𝑟,𝑏 = 485.65 N/mm2 

Find 𝑓𝑏𝑑  ,  Table 13 (a) Page 55, IS 800- 2007, for  𝑓𝑐𝑟,𝑏 = 485.65 N/mm2, 𝛼𝐿𝑇 = 0.21, 𝑓𝑦 = 

250 N/mm2  

 

 

Through interpolation, the value of 𝑓𝑏𝑑 = 187.96 N/mm2 

 

Design bending strength or Moment of resistance, 𝑀𝑑 = 1 × 9.05 × 106 × 187.96 = 1701.6 

× 106N mm = 1701.6 kNm 

1701.6 kNm > 839.4 kNm 

It is safe. 

 

• Check for Shear resistance 

Page 59, CL 8.4, IS 800 2007 

 

 
 

 



 

Design shear strength 𝑉𝑑 = 
𝑉𝑛

𝛾𝑚𝑜
 = 

𝐴𝑣 𝑓𝑦𝑤 

√3 𝛾𝑚𝑜
  

 

𝐴𝑣  is shear area = h × 𝑡𝑤 = 568.6 × 9.9 = 5629 mm2 

𝑉𝑑 =   
5629× 250 

√3 ×1.1
 =738 kN>518 

.28 kN ( S F), it is safe. 

• Check for web crippling 

 
( No need to write while solving) 

 

• Web crippling causes local crushing failure of web due to large bearing stresses under 

reactions at supports or concentrated loads  

• This occurs due to stress concentration because of the bottle neck condition at the 

junction between flanges and web.  

 



• It is due to the large localized bearing stress caused by the transfer of compression from 

relatively wide flange to narrow and thin web.  

 

 

Use CL 8.7.4, Page 67, IS 800-2007 ( check for web crippling) 

 

 

Let us assume bearing length width, b1 = 100 mm, 

      n2 = 2.5 × (thickness of bottom plate + thickness of flange) 

          = 2.5 × (40 + 14.7) = 136.75 mm  

𝐹𝑤 = (100 + 136.75) × 9.9 × 250/1.1 = 532.68kN > 518.49  kN (Shear Force) 

• Check for buckling of web 

 100 mm 



 
• The web of the beam is thin and can buckle under reactions and concentrated loads with 

the web behaving like a short column fixed at the flanges. 

• The unsupported length between the fillet lines for I sections and the vertical distance 

between the flanges or flange angles in built up sections can buckle due to reactions or 

concentrated loads. This is called web buckling. 

 

 

 

 

 

Buckling strength of web, 𝐹𝑤𝑏 =  ( b1 + n1) 𝑡𝑤  𝑓𝑐𝑑 
Breadth of bearing stiffener, b1 = 100 mm, 

Assume load dispersion of 45o at the mid depth of Gantry girder section n1  =  𝑒𝑥𝑥 = 

284.9 mm, ( steel table of girder) 

Thickness of web, 𝑡𝑤 = 9.9 mm  

To find design compressive stress 𝑓𝑐𝑑  , we need to calculate Slenderness ratio λ  

Slenderness ratio, λ   = 
𝐿𝑒𝑓𝑓

𝑟𝑚𝑖𝑛
   

where 𝐿𝑒𝑓𝑓  is the effective length of the strut(compression) taken as, 𝐿𝑒𝑓𝑓 = 0.7 × d  

where ‘d’ is the depth of the web portion (strut) between the flanges = 500 – 2 × 14.7 

= 470.6 mm 

𝑟𝑚𝑖𝑛 =  𝑟𝑦𝑦 = 95.7 mm (From steel table girder) 

100mm 

500mm 

exx = 

284.9  

Cxx = 

283.6 

tf = 

14.7  

d = 500 – 2 x 14.7  

d 



λ   = 
0.7 ×470.6

95.7
   = 3.44 

Since it is a built-up member it will come under buckling class “c” (IS 800 – 2007, Page 44, 

Table 10).  

Since it is class “c”, Use Table 9(c) 

 

From Table 9 (c) Page 42 – IS 800 2007, for λ = 3.44 we do not have value of get design 

Compressive Stress, 𝑓𝑐𝑑 = 227 N/mm2 

Hence Buckling strength of web, 𝐹𝑤𝑏  = ( 100 + 284.9 ) × 9.9 ×227 = 865 kN  > 518.49 kN ( 

Shear Force) 

 

• Connections  

Using welded connections for Gantry girder 

 

 

Shear Force at the junction for shaded portion = F = 
𝑉 𝑎 𝑦̅

𝐼𝑍
  , Where V is the shear force,  𝑎 𝑦̅ is 

the area of shaded portion multiplied by centroidal distances measured from individual 

sections, 𝐼𝑍 is the moment of Inertia of the girder. [( 𝐼𝑍 = 𝐼𝑥𝑥) from Girder details - Steel table 

)] 

= 518.28 ×
[6293 × (283.7−24.2 )+(320 ×20 ×(283.7−8.6−20/2)]

2301.9 x 106
 =   0.745 kN/m =0.745 N/mm 

…. (1) 

( Formula for weld) 

Strength of weld = 2 ×  
[0.7 ×s ×1 mm ×410 ]

√3×1.25
  where ‘s’ is the size of weld…..(2) 

(1) = (2),    s = 2.8  mm 

Provide 6 mm size weld 

 

F 
Cxx = 283.7 mm 

 

Z Z 

 
Weld 



 

 

*Optional 

Bracket connections for Gantry girder 

No. of bolts = n = √
6 𝑀

𝑙 𝑝 𝑅
  

Where l = number of bolt lines = 4 

Assume 20 mm diameter bolts  

p is the pitch  = 2.5  x diameter of bolt  = 2.5 x 20 = 50 mm 

R is the bolt value  = 60.38 KN 

Moment M=P  x e 

P= Max. SF in Gantry Girder = 515.28 kN 

Assume , e= 200mm 

M= (515.28 X103) x (200)=103056 X103 N-mm 

= n = √
6 𝑀

𝑙 𝑝 𝑅
  = √

6 ×103056× 103 

4×50×515280 
 = 8 

Use 8 number of bolts for bracket connections 

 

 

 



 

  

4. SOLUTIONS 

• Load combinations 

Member D L 

(kN) 

L L(kN) W L(kN) DL+LL+WL 

 (kN) (1) 

DL+LL 

(kN) 

(2) 

DL+WL 

(kN) (3) 

Max 

Load 

(1) 

(2)and 

(3) 

Rafter(AB) -58.0 -52.5 +111.6 1.1 -110.5 53.6 -111.6 

Tie(AH) +52.0 +47.0 -102.4 -3.4 99 -50.4 99 

Sling(BG) +20.3 +18.4 -63.0 -24.3 38.7 -42.7 38.7 

 

 

• Design of Top chord members (AB, BC) (Compression members) 

AB, BC are top chord member, maximum load is -111.6 kN 

Factored load or 𝐹𝑜𝑟𝑐𝑒 = 111.6  x 1.5 = 167.4 kN 

Length of members AB/ BC/ CD 

  cos 30.96   = 2.5/ AB , AB  = 2.5/ cos 30.96    = 2.9 m = 2900 mm 

Assume design compressive stress, 𝑓𝑐𝑑   = 110 N/mm2 

      (Assume 𝑓𝑐𝑑   = 40 -120 N/mm2 based on load and experience) 

       Gross area, Ag   = 
𝐹𝑜𝑟𝑐𝑒

𝑓𝑐𝑑  
 = 

111.6 × 103

110  
 = 1014.54 mm2   = 10.14 cm2  

• Select double angle section from steel table 

From Steel Table 6, Page 18, Try 2 ISA 80 x 80 x 10 mm 

 

•  
     Area = 30.10 cm2   , rxx = 2.41 cm  Taking gusset plate of 10 mm thickness, 

    ryy = 3.73  cm 

               rmin   = 2.41 cm or 24.1 mm 

• Effective length of section - Page 48, CL7.5.2.1, IS 800- 2007 



 

Effective length for Top chord members (AB) , Leff = 𝐾 ×  𝐿 =  0.85 x L = 0.85 x 2.9 = 

2465 m 

Slenderness ratio, λ   = 
𝐾 𝐿

𝑟𝑚𝑖𝑛
=   

𝐿𝑒𝑓𝑓

𝑟𝑚𝑖𝑛
 = 

2465

24.1
 = 102.2 

Since it is a built-up member it will come under buckling class “c” (IS 800 – 2007, Page 44, 

Table 10). If it is class “c”, Use Table 9(c) 

  
From Table 9 (c) Page 42 – IS 800 2007, through interpolation, for λ = 102.2 we get design 

Compressive Stress, 𝑓𝑐𝑑 = 92.2 𝑁/𝑚𝑚2 

(Page 34) Design compressive strength, 𝑃𝑐 = 𝑓𝑐𝑑 × 𝐴𝑔 =92.2 × 3010  

                                                                      = 277.5 kN > 167.4 kN 

 So selected section is safe. 

  

• Connections 

Using M 22 Property Class 5.6 bolts (Try to use same diameter of bolts if possible) 

• Shear strength of bolts - Page 75 CL10.3.3 , IS 800 2007  

Assume fully threaded bolts, number of shear planes   𝑛𝑛 =  2  , 𝑛𝑠 = 0 ( no shank 

portion) 



𝐴𝑛𝑏 = 0.78 ×  
𝜋

4
  × 222 = 296.5 𝑚𝑚2  , 𝐴𝑠𝑏 = 0, 𝑓𝑢𝑏  = 500 𝑁/𝑚𝑚2, ᵞ𝑚𝑏 = 1.25

 
 

              = 
500

√3 ×1.25 
 (2 × 296.5) = 136.94 kN….. (1) 

• Bearing strength of bolts - Page 75 CL10.3.4 , IS 800 2007 

 
Pitch, p = 2.5× d   = 2.5 × 22    = 55 mm 

Edge distance e = 1.7 × 𝑑𝑜= 1.7× 24 = 40.8 ≈ 45 mm ( 𝑑𝑜 𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑎 𝑜𝑓 𝑏𝑜𝑙𝑡 ℎ𝑜𝑙𝑒, (22 +

2 ) 

 

𝑓𝑢𝑏  = 500 𝑁/𝑚𝑚2, 𝑓𝑢 = 410 𝑁/𝑚𝑚2, t  = 10 mm, d = 22 mm 

 

 

𝑘𝑏 = 
45

3 ×24
 = 0.63, 𝑘𝑏 =  

55

3 ×24
 – 0.25 = 0.513, 

𝑓𝑢𝑏

𝑓𝑢
 = 

500

410
 = 1.22, 1.0  

 

      𝑉𝑑𝑝𝑏 = 2.5 × 0.513 × 22 × 10 × 
410

1.25
 = 92.54 kN …...(2) 

      Bolt value = Minimum of (1) and (2)  = 92.54 kN 

      No of bolts =  
277.5

92.54
 = 2.99 ≈ 3 

      Hence provide 2 ISA 80 × 80 × 10 mm with 3 bolts 

 

• Design of Bottom chord members (AH)-Tension members 

Taking Max Force = 99 kN 

Factored Tensile Force  𝑇𝑑𝑔 = 99 x 1.5 = 148.5 kN 

Tensile strength due to gross section yielding, Page 32, CL 6.2 (IS 800) 

 

Gross area, 𝐴𝑔 = 
148.5 ×103× 1.1 

250
= 653.4 𝑚𝑚2 

Since it is bottom member, increase the area by 30% = 1.3 × 653.4 = 849.4 𝑚𝑚2= 8.49 

𝑐𝑚2 

From Steel table Page No 18, table 6 (Double angle)  



 

Try 2 ISA 80× 80 × 6 mm ( two angles back to back) 𝑤𝑖𝑡ℎ 10 𝑚𝑚 𝑔𝑎𝑝 

𝐴𝑔 = 18.58 𝑐𝑚2 = 1858 𝑚𝑚2 

• Connections 

Use M 22, class 5.6 ( Same bolt diameter for all connection design)  

 

• Shear strength of bolts  

Assume fully threaded bolts, number of shear planes   𝑛𝑛 = 2 ,( double angle), 𝑛𝑠 = 

0 ( no shank portion) 

𝐴𝑛𝑠 = 0.78 ×  
𝜋

4
  × 222 = 296.5 𝑚𝑚2  , 𝐴𝑠𝑏 = 0 

 

                                 = 
500

√3 ×1.25 
 (2 × 296.5) = 136.94 kN…(1) 

• Bearing strength of bolts  

 

𝑉𝑑𝑝𝑏 = 2.5 × 0.513 × 22 × 6 × 
410

1.25
 = 55.53 kN…. (2) 

Bolt value = 55.53 kN (least of (1) or (2) 

No of bolts =  
148.5

55.53
 = 3 

Hence provide 2 ISA 80 × 80 × 6 mm with 3 bolts 

 

(In case of High Strength Friction Grip Bolts (HSFG) - Shear capacity only needs 

to be calculated by CL 10.4.3, page 76 and then calculate no of bolts based on shear 

capacity) No need of calculating “bearing strength of bolts”. 

  



 
 

 

 
 



 
 

SP 6, Page 168 

 
Longitudinal section of a double angle with bolts 

 

• Check for rupture (tension member) 



 
 

Page 33 CL 6.3.3 IS 800 - 2007 

 

 
 

w = outstand leg width or width of unconnected leg = 80 mm 

Lc = Distance between the outermost bolts in the end joint measured along 

the load direction = 55 +55 = 110 mm 

t = 6mm 

𝑓𝑢 = 410 𝑁/𝑚𝑚2 , Ultimate strength of material 

𝑓𝑦 = 250 𝑁/𝑚𝑚2, Yield strength of material 

 

 

80 

80 

6 



bs = w + wt – t = 80 + 45 – 6 = 119 mm ( CL 6.3.3) 

  
            = 1.132   

Also find  
 𝛾𝑚0 𝑓𝑢  

𝑓𝑦 𝛾𝑚1
  = 1.44 

As per IS  800 – 2007, β = 1.132 ≥ 0.7 ≤ 1.44 

Hence take β = 1.132 

 
Angle section attached to gusset plate  

𝑨𝒈𝒐 = Gross area of outstanding or unconnected leg (without bolt) = (𝐵 −
𝑡

2
 ) 𝑡 =   

(80 −
6

2
) 6 = 462 𝑚𝑚2  

  

𝑨𝒏𝒄 = Net area of connected leg (subtract area of bolt hole) =  (𝐴 − 𝑑𝑜 −
𝑡

2
 ) 𝑡 = ( 

(80 −  24 −
6

2
 ) 6 = 318 𝑚𝑚2 where 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑏𝑜𝑙𝑡 ℎ𝑜𝑙𝑒, 𝑑𝑜 = 22 + 2 = 24 𝑚𝑚 

 

 
For double angle section multiply the value of Tdn by “2” 

 

For double angle 𝑇𝑑𝑛   = 2 × (0.9 ×  318 ×
410

1.25
+ 1.132 ×  462 ×

250

1.1
) 

                                     =  425.47  kN > 148.5 kN , It is safe. 

• Check for block shear 
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Page 33 CL 6.4.1  

 
 

SHEAR 

TENSION 



 
 

Length of shearing action, 𝐿𝑣 = 45 + 2 × 55 = 155 mm  

Length of tensile action, 𝐿𝑡 = 35 mm 

Gross area in shear parallel to force , 𝐴𝑣𝑔 = 𝐿𝑣  × t = 155× 6 = 930 𝑚𝑚2   

Net area in shear parallel to force, 𝐴𝑣𝑛  = 𝐴𝑣𝑔 – 2.5 ×  𝑑𝑜 × t 

                     = 930 − 2.5 × 24 × 6 =   570 𝑚𝑚2 

Gross area in 𝐭𝐞𝐧𝐬𝐢𝐨𝐧 perpendicular to force, 𝐴𝑡𝑔 = 𝐿𝑡 × t = 35 × 6 = 210 𝑚𝑚2   

Net area in tension perpendicular to force,  𝐴𝑡𝑛  =  210 – 0.5 × 24 × 6 =138 𝑚𝑚2 

 
 

For two angles, 𝑇𝑑𝑏 = 2 × [ 930 ×
250

√3×1.1 
+ 0.9 ×   138 ×

410

1.25
 ] = 337.4 kN > 148.5  kN 

 

For two angles,  𝑇𝑑𝑏 = 2 × [ 0.9 ×  570  ×
410

1.25× √3 
+ 210 ×   

250

1.1
 ]  = 289.7 kN> 148.5  

kN 

Hence 2 ISA 80 × 80 × 6 mm is safe . 

 

 

• Design of Inner compression members (BG) 

 
 

Taking Maximum Force = 38.7.0 kN 

Factored Force = 1.5 × 38.7 = 58.05 kN 

The length of  BG is   =  √(1.52 +   2.52 ) = 2.91 m 



Maximum Length   = 2.91 m 

      Assume 𝑓𝑐𝑑   = 50 N/mm2 

    (Assume 𝑓𝑐𝑑   = 40 -120 N/mm2 based on load and experience) 

     Gross Area, Ag   = 
𝐹𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝐹𝑜𝑟𝑐𝑒

𝑓𝑐𝑑  
 = 

58.05 × 103

50  
 = 1161 mm2 = 11.61 cm2  

 From Steel Table, Try Single ISA 100 x 100 x 10 mm (Table 1, Page 4) 

Area = 19.03 cm2  ( You can choose higher area also) 

rxx = ryy = 3.05 cm  = 30.5 mm 

ruu  = 3.85 cm, rvv = 1.94 cm 

So rmin = 1.94 cm  = 19.4 mm 

 

 
 

Here load is acting through only one leg it will be subjected to torsional buckling  

     Using Page 48, Table 12 and using CL 7.5.1.2 Loaded through one leg ( IS 800 2007) 

 

 

 



 

 
Assuming bolts ≥ 2 and hinged end conditions with gusset plate, 𝑘1 = 0.7, 𝑘2 = 0.6, 𝑘3 = 5 
Assuming Effective length, 𝑙 = 0.85 × 𝐿 = 0.85 × 2910 = 2473.5 𝑚𝑚  

ε  = 1 , E = 2 × 105 N/mm2   b1 = b2 = 100 mm, t = 10 mm 

 

λvv = 

𝐿

𝑟𝑣𝑣

ε√𝜋2E

250

 = 

2473.5

30.5

1 ×√𝜋2× 2 × 105 

250

= 
81.09

0.198
 = 0.913 

 
λΦ   = 0.1125, 𝑘1 = 0.7, 𝑘2 = 0.6, 𝑘3 = 5 

 
Equivalent slenderness ratio, λe   = 1.124 

From Table 10, Page No 44, Choose the buckling class based on type of section 

 
 



 
 

Since it is single angle section, choose buckling class as ‘c’. Based on Buckling class, find 

α from Table 7 Page No 35 as 0.49. 

 
From Page 34, CL 7.1.2.1, IS 800-2007 

 
       Put α = 0.49, λe = 1.124, Φ = 1.36  

To find fcd 

 

(Single angle section) Design compressive stress, 𝑓𝑐𝑑 = 
250

1.1( 1.36+( 1.362 −1.1242 )0.5)
  = 

106.9 N/mm2 

The design compressive strength of a member is given by:  



Load Pd = A × 𝑓𝑐𝑑 = 1903 × 106.9 = 203.42 kN > 58.500 kN 

Hence it is safe. 

Design of connection using M 22, class 5.6 ( same diameter bolt)  

Benefit- No need to do shear strength calculations, (for single angle, 𝑛𝑛 = 1) 

• Shear strength of bolts  

Assume fully threaded bolts, number of shear planes   𝑛𝑛 = 1 ( Single angle section), 𝑛𝑠 = 0 

(no shank portion) 

𝐴𝑛𝑠 = 0.78 ×  
𝜋

4
  × 222 = 296.5 𝑚𝑚2  , 𝐴𝑠𝑏 = 0 

 

                                 = 
500

√3 ×1.25 
 (1 × 296.5) = 68.47 kN….. (1) 

• Bearing strength of bolts  

 
Pitch, p = 2.5× d   = 2.5× 22    = 55 mm 

Edge distance e = 1.7 × 𝑑𝑜= 1.7× 24 = 40.8 = 45 mm 

 

𝑘𝑏 = 
45

3 ×24
 = 0.63, 𝑘𝑏 =  

55

3 ×24
 – 0.25 = 0.513, 

𝑓𝑢𝑏

𝑓𝑢
 = 

500

410
 = 1.22, 1.0 ( try to copy value 

of kb) 

 

      𝑉𝑑𝑝𝑏 = 2.5 × 0.513 × 22 × 10 × 
410

1.25
 = 92.54kN…..(2) 

Bolt value = Minimum of (1) and (2) = 68.47kN 

No of bolts =   
58.5

68.47
 = 2  

 

 

 

 

 

 

 

 



 
 

 

 

 



 

 

 

 

 

  

 

 

 

 

 

 

 

 


