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Internal Assessment Test 2 – Nov. 2021 

Sub: Design of RC and steel structural elements Sub Code: 18CV72/17CV72 Branch: CIVIL 

Date: 17.12.21 Duration: 90 min’s Max Marks: 50 Sem / Sec: ALL  OBE 

Answer any one Questions- Use of IS 456 -2000 and IS 800-2007, Steel table is permitted MARKS CO RBT 

1 (a) Design a simply supported gantry girder for the following dar. The girder is 

electrically operated. Take yield stress of steel as 250 MPa. 

i. Span of crane girder  = 20 m 

ii. Span of gantry gider= 7m 

iii. Capacity of crane  = 250 kN 

iv. Self weight of crane = 200 kN and self-weight of trolley  = 60 kN 

v. Wheel base  = 3.4 m 

vi. Minimum hook approach  =1.1 m 

vii. Self weight of rail = 0.3 kN/m 

 

DESIGN OF GANTRY GIRDER 

1. Design a gantry girder to be used in an industrial building carrying an 

electrically operated overhead travelling crane, for the following data 

• Centre to Centre between distance between gantry rails or span of 

crane girders 25 m 

• Centre to Centre distance between columns (span of gantry girder) 8 m 

• Crane capacity 200 kN 

• Self-weight of the crane girder excluding trolley 150 kN  at centre or 

(150/25 = 6kN/m)  

• Self-weight of the crab or trolley, electric motor, hook, etc. 75 kN 

• Approximate minimum approach of the crane hook to the gantry girder 

1.0 m 

• Wheel base 3.5 m 

• Self-weight of rail section 300 N/m =0.3kN/m 

• Diameter of crane wheels 150 mm, 

• Height of rail 105 mm, Steel is of grade Fe 410. Design also the field 

welded connection required. 
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• 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 

Factored S F = 331.25 × 1.5 = 496.88 kN 

TROLLEY 

3.125m 

X 

X 



 

 

• 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  

 

 

 

 

𝟗. 𝟗 × 𝟐𝟑𝟓. 𝟔𝟏 

𝟐𝟑𝟓. 𝟔𝟏

𝟐
 

 

 320 × 𝟐𝟎 
𝟐𝟑𝟒. 𝟗𝟗 + 𝟏𝟒. 𝟕 +

𝟐𝟎

𝟐
 

 

  = ∑ 𝒂 × 

𝒚̅𝒊 

  

 

 

24.2 mm 



 

 
 

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 

 
• 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. 

 

 

 100 mm 



 

 

 

 
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) 

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 

 
 

100mm 

500mm 

exx = 

284.9  

Cxx = 

283.6 

tf = 

14.7  

d = 500 – 2 x 14.7  

 

F 

Cxx = 283.7 mm 
 

Z Z 

 
Weld 

d 



 

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 

 

 
*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 

 

 

 



 

 

  

 

OR 

2 (a) A R.C.C. retaining wall with counterforts is required to support earth to a height  

of 7m above the ground level. The trial pit taken at the site indicates that soil of 

bearing capacity 210kN/m2 is available at a depth of 1.25m below the ground level. 

The weight of earth is 18kN/m3 and angle of repose is 30°. The coefficient of 

friction between concrete  and soil is 0.58. Use concrete M20 and steel grade Fe415. 

Design the retaining wall. 

 

Given Data:  

fck= 20 N/mm2, fy = 415N/mm2, H = 7 m above G.L, Depth of footing below G.L. 

= 1.25 m, γ = 18 kN/m3, μ = 0.58, SBC= 220 kN/m2 

Coefficient of active pressure = ka   = [
1−sin 300

1+sin 300]
2

=  
1

3
 

Coefficient of passive pressure = kp=  
1

𝑘𝑎
 = 3 

Taking depth of foundation as 1.25 m 

The height of the wall above the base or Total height of retaining wall, H in metres 

= H = 7 + 1.25 = 8.25 m.  

 

• Proportioning of Wall Components – Stem, Heel, Toe and Counterforts 

1. Base width of retaining wall, b = 0.6 H to 0.7 H = 0.6 x 8.25 or 0.7 x 8.25  

                                                                           = (4.95 m to 5.78 m), Say b = 5.5 m  

2. Width of Toe or Toe projection = b/4 = 5.5/4 =1.375  say 1.2 m  or 1.3m 

3. Assume thickness of vertical wall or stem = 250 mm  ( We are assuming 

constant thickness for stem slab)  

4. Assume thickness of base slab = 450 mm 

 
5. Spacing of counterforts 

Clear spacing of counterforts, l = 3.5 (
𝐻

γ
)

0.25
 =   3.5 (

8.25

18
)

0.25
   = 2.88 m 

Assume width of counterfort = 400 mm, 

c/c spacing of counterforts = 2.88 + 0.40 = 3.28 m ≈ 3.00 m or 3.5m 

So, clear spacing of counterforts becomes = 3.00 - 0.4 = 2.6 m 
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0.45m 

0.25m 



 

 

 

 
b. Check Stability of Wall 

2.6m 

0.4m 

5.5 m 

d

m 



 

 
 

Calculations of Restoring moment – Weight of retaining wall and weight of 

earth fill retained on heel slab 

Sr. 

No 

Description of loads Loads in 

kN 

Dist. Of C G from 

T in m 

Moment 

about 

T in kN-m 

1 Weight of stem 

W1 

25x0.25x

1x7.8 

= 48.75 

1.2 + 0.25/2 

=1.325 

64.6 

2 Weight of base 

slab W2 

25x5.5x1

x0.45 

= 61.88 

5.5/2 =2.75 170.2 

3 Weight of earth   

over heel slab W3          

18x4.05x

1x7.8 

= 568.62 

1.20+0.25+4.05/2 

= 3.475 

1975.95 

Total ΣW = 

679.25 

 ΣM =2210.69 

Calculations of overturning moment – Active earth pressure  

Sr. 

No 

Description 

of loads 

Loads in kN Dist. Of 

CG from 

T in m 

Moment 

about 

T in kN-m 

1 Horizontal 

earth pressure 

on stem slab 

1

2
(𝑘𝑎 × 𝛾 × 𝐻) 𝐻  = 

=
1

2
×

1

3
× 18 ×  8.25 × 8.25 = 

204.19 

8.25/3 561.52kN.m 

• Check for overturning 

Factor of safety against overturning 

FOS = 
2210.71

561.52
 = 3.94 > 1.55, Hence it is safe against overturning. 

• Check for sliding   FOS =  μ∑W/PH ≥ 1.55    

Total horizontal force tending to slide the wall =Ph=204.19kN 

Resisting force =μ ΣW = 0.58 x 679.25 = 393.97kN  

Factor of safety against sliding =  
ΣW μ 

𝑃ℎ
 = 

393.97

204.19 
  = 1.93>1.55 Hence it is safe 

against sliding. 

 

7.8m 

 



 

• Check for pressure distribution at base 

Let X be the distance of Resultant R from toe(T), =
Net Moment 

ΣW
  = 

2210.71 − 561.52

679.25
  =2.43m 

Eccentricity= e = b/2 - X = 5.5/2 - 2.43 = 0.32 < b/6 (0.91m) 

Whole base is under compression. 

Maximum pressure at toe 

 
          =166.61kN/m2 < SBC = 220kN/m2 

Minimum pressure at heel 

 
                              = 80.39kN/m2 < SBC = 220kN/m2 

 By interpolation, Intensity of pressure at junction of stem with toe i.e. under B 

= pB= 80.39 + (166.61 -80.39) x 4.3/5.5 = 147.8kN/m2 

 

By interpolation, Intensity of pressure at junction of stem with heel i.e. under C 

=pC= 80.39 + (166.61 -80.39) x 4.05/5.5 = 143.9 kN/m2 

 
b) Design of Toe slab 

Sr. 

No 

Description of loads Loads in kN Dist. Of    

C G. 

from 

B   in m 

Moment about 

B in kN-m 

1 Weight of Toe slab 25x 1.2 x 0.45 =  1.2/2 

 

8.1 

2 Weight due to upward 

soil pressure 

-147.8 x 1.2 = -177.3 1.2/2 -106.4 

3 Weight due to upward 

pressure 

- ½ x (166.61- 147.8) 

x 1.2 

2/3 x 1.2 -9.02 

B C

v 

4300 

mm 

4050 

mm  



 

 

Total   ΣM = - 107.3 

Factored Moment Mu = -160.9 kNm 

 

 

• To find steel 

b = 1000mm, d = 400 mm, fck = 20N/mm2, fy = 415N/mm2, Mu = 160.9 x 

106 Nmm 

 

Ast = 1188.22mm2 

Take 16 mm diameter bars as main bars, Spacing s  =  
1000  ×

𝜋

4
×162

1188.22
 = 170 mm 

< 300 mm and 3 d. 

Main bars - Provide 16 mm Φ dia @ 170 mm c/c . 

Distribution steel =  

0.12 % x b x D = 0.12 x 1000 x 450/100 = 540 mm2 

Let’s provide 12 mm Φ diameter bars, Spacing s = 
1000  ×

𝜋

4
×122

540
 = 210 mm < 

450mm and 5 d 

Distribution bars - Provide 12 mm Φ dia @ 210 mm c/c . 

• Development length = 47 x diameter of main bar = 47 x 16 = 750 mm 

 

 

 

 

 

 

• Check for Shear 

 

Locate a critical section XX  at a distance ‘d’ from junction of toe slab 

 

Critical section for shear: At distance d (= 400 mm) from the junction of the 

toe 
166.61−80.39 

5.5
 = 

𝑦 

4.7
 ,  y = 73.67  

Pressure at section XX = 73.67 + 80.39 = 154.06 kN/m2 



 

 

Net vertical shear = - (166.61 + 154.06) x 0.80/2 + (25 x 0.45 x 0.80) = 119.28kN 

 

Net ultimate shear = Vu.max = 1.5 x 119.28  = 178.9   kN 

ζv = 178.9 x 1000/1000 x 400 =   0.447 MPa 

pt = 100 x 1188.22/ (1000 x 400) =   0.29 % 

ζc = 0.39 N/mm2   ζc  <  ζv   

Hence it is not safe in shear. Provide stirrups or increase percentage of steel, pt = 

0.5%.   

 
Shear carried by steel, Vus =  = 178.9 x 1000 – 0.39 x 1000 x 400 

= 22.9kN 

Using #8 mm 2-legged stirrups, Asv  = 2 x π x 82 / 4 = 100.53 mm2 

 
Spacing of vertical stirrups, sv = 633.99 mm < 0.75 x 400 < 300 mm 

Provide #8 mm 2-legged stirrups at 290 mm c/c. 

 

 

• Design of Heel Slab 

Heel slab is a continuous slab. Consider 1 m wide strip near the outer edge D 

The forces acting near the edge D are 

1. Downward wt. of soil retained on heel slab =18 x 7.8 x l = 140.4 kN/m 

2. Downward self wt. of heel slab = 25 x 0.45 x 1= 11.25 kN/m 

 

4.7 

y 

X 

X 

154.06 kN/m2 

 

0.80 m 

0.45 m 

0.80 m 



 

 

 
Upward soil pressure  at D = -80.39 kN/m2 

Upward  wt due to soil pressure = - 80.39 x 1= - 80.39 kN/m 

Net force at D , p = 140.4 + 11.25 - 80.39 = 71.26 kN/m 

Also Net force at C, p  = 140.4 + 11.25 - 143.9 = 7.75 kN/m 

Factored Negative Bending Moment for heel at junction of counterfort (D) 

Mu = 1.5 x pl2/12 = 1.5 x 71.26 x 2.62/12 = 60.2 kN-m (At the junction of Counter 

Fort) 

 
 

• To find steel 

b = 1000mm, d = 400 mm, fck = 20N/mm2, fy = 415N/mm2, Mu = 60.2 x 

106 Nmm 

 

Find Ast = 426 mm2 , Astmin  = 0.12 x 1000 x 450/100 = 540 mm2 

426 mm2 <  540 mm2 Provide Ast = 540 mm2 

Provide # 12 mm @  210  mm c/c < 300 mm 

Check for shear (Heel slab) 

A B C D 

D C B A 

 

Soil retained by heel 

slab 

7.8m 

 2.6 m 



 

Shear Force  at D = 71.26 x 2.6/2 = 

Factored shear = Vu= 1.5 x Shear Force = 139 kN 

 pt  = 100 x 540 / ( 1000 x 400) = 0.13   and M20 concrete, ζc = 0.28 N/mm2 

ζv = Vumax/bd = 139 x 1000 /( 1000 x 400) =  0.35 N/mm2 

ζc< ζv, Unsafe, hence shear steel is needed. 

Using #8 mm 2-legged stirrups,  

 
Shear carried by steel, Vus =  = 139 x 1000 – 0.28 x 1000 x 400 

=27 kN 

Using #8 mm 2-legged stirrups, Asv  = 2 x π x 82 / 4 = 100.53 mm2 

 
Spacing sv =  538 mm < 0.75 x 400 =   300 mm 

Provide #8 mm 2-legged stirrups at 290 mm c/c. 

Provide for 1m x 1m area as shown in figure 

 
• Area of steel for +ve moment (Heel slab) 

Maximum +ve ultimate moment at mid span of heel slab = 1.5 x 71.26 x 2.62/16 

                                                                                            = + 45.15 kN-m 

Since   45.15 kNm < 60. 2 kNm,  Provide minimum steel. 

Ast, min = 540 mm2 

Provide Main bars   # 12 mm bars at 200 mm c/c < 300 mm 

Also provide distribution steel # 12 mm at 200 mm c/c < 300 mm 

 

 

 

 



 

 

 

• Design of Stem (Vertical Slab) 

 
Consider stem slab as continuous slab spanning between the counterforts and 

subjected to earth pressure. 

The intensity of earth pressure = pa= ka x γ x h = 
1

3
 x 18 x 7.8= 46.8 kN/m2 

For 1m , it will be 46.8 kN/m2 x 1 m = 46.8 kN 

      Maximum -ve ultimate moment near ends of counterforts, 

Mu= 1.5 x pal2/12 = 1.5 x 46.8 x 2.62/12 =  39.54 kN.m. 

Find the required effective depth or thickness of the stem slab 

 
Mu, lim =39.54 x 106 N mm, xu, max/d = 0.48, b = 1000, fck =20N/mm2   

 After calculations find ‘d’, d  = 119.70 mm ≈ 120 mm 

However, provide total depth or thickness, D = 250 mm. Hence safe. 

• To find steel: 

• Effective depth, d = 250 – 50 = 200 mm , ( effective cover = 50 mm) 

• b = 1000mm, d = 200 mm, fck = 20N/mm2, fy = 415N/mm2, Mu = 39.54x 

106 Nmm 

•  Ast = 582.1 mm2  , Ast min = 0.0012 x 1000 x 250 =300 mm2 

• Ast provided > Ast,min . Hence safe 

•  Provide   #12 mm @  210   mm c/c 

As the earth pressure decreases towards the top, the spacing of the bars is increased 

. 

Max. Ultimate shear = Vumax = 1.5 x 46.8 x 2.6/2 = 91.26 kN 

For pt  =  100 x Ast / ( 1000 x 200) = 0.29  % and M20 concrete ζc = 0.38  N/mm2 

ζv = Vumax/bd = 91.26 x1000/(1000 x 200) = 0.45 N/mm2 



 

ζv > ζc , It is not safe in shear. Either increase the pt = 0.5%, so that  ζc  = 0.48 N/mm2 

or Provide shear reinforcement in the form of stirrups.  

• Design of Counterfort 

The total horizontal earth pressure acting on the counterfort = 
1

2
 x  ka x γ x h2 x c/c 

distance between counterfort   

                    = 
𝟏

𝟐
 x 

𝟏

𝟑
 x18 x 7.82 x 3 = 547.56kN 

 

 

B.M. at the base at C= 547.56 x 7.8/3 =   1423.65kN.m.  

Ultimate moment = Mu= 1.5 x 1423.65  = 2135.48  kN.m. 

Counterfort acts as a T-beam, lets find the effective depth 

  

Mu,lim = 2135.48 x 106, xu, max/d = 0.48, b = 400, fck =20N/mm2   

Find ‘d’  =   1390 mm  

3 m 

C 

d 



 

 

The effective depth is taken at right angle to the sloping face of counterfort 

tan θ = 7.8/4.05 = 1.93, 

 θ = tan -1(  1.93) = 62.5°  ,  

From the geometry  

D /4.05 = sin 62.5 , D = 3.6 m = 3600 mm, d = 3600 – 50 = 3550 mm > 1390 mm . 

Hence depth of counterfort provided is safe. 

• To find steel 

b = 400mm, d = 3550 mm, fck = 20N/mm2, fy = 415N/mm2, Mu = 2135.48   

x 106 Nmm 

 

   Ast = 1708 mm2 

 

 

• Check for minimum steel – IS 456 2000 CL 26.5.1.1 

D 



 

 

• As per IS 456, Ast.min = 0.85 bd/fy = 0.85 x 400 x 3550/415 = 2908.4 mm2 

( T Beam section) 

• Use 22 mm diameter bars, calculate no of bars = 2908.4 / (π x 222 /4) = 7.65 

≈ 8  

• Provide 2 layers of bars ie 4 # 22 mm, 4 # 22 mm  

 

• Development length = Ld  = 47 x 22 = 1030 mm = 1.03 m 

• The half of the reinforcement can be curtailed is equal to √H = √7.8 = 2.79 

m  - 1.03 m = 1.7 m from top, Bars are curtailed. 

 

• Design of Horizontal Ties or Horizontal stirrups (H S) 

The counter forts are subjected to tensile stresses along the outer face ED of the 

counter forts 

 

The tension exerted on counterfort for 1 m height at base due to horizontal earth 

pressure, T  

T = ka × γ ×  h  × c/c distance between counterfort × 1 𝑚 

= 1/3 x 18 x 7.8 x 3 x 1 = 140.4 kN 

E 
3 

m 



 

Area of steel required to resist the tension = Ast = 
1.5 × 𝑇

0.87 × 𝑓𝑦  
 

 1.5 x 140.4 x 103/ (0.87 x 415) = 583 mm2  

Using # 8 mm 2-legged stirrups, Ast = 100 mm2 , spacing , s =  

spacing = 1000 x 100/583 = 170 mm c/c. 

Provide horizontal stirrups (H S) 2-legged # 8 mm at 170 mm c/c near bottom. 

Since the horizontal pressure decreases with height, the spacing of stirrups can be 

increased from 170 mm c/c to 450 mm c/c towards the top. 

• Design of Vertical Ties or Vertical stirrups (V S) 

The maximum vertical tension exerted at the end of heel slab due to net 

downward force at D = 71.26 kN/m. 

      Total tension at D = 71.26 x c/c distance between counterforts = 71.26 x 3 = 

213.78 kN 

      Area of steel required to resist the vertical tension = Ast = 
1.5 × 𝑇

0.87 × 𝑓𝑦  
=  

      Required Ast = 1.5 x 213.78 x 103/ (0.87 x 415) = 888 mm2 

      Using # 8 mm 2-legged stirrups, Ast = 100 mm2 

     Spacing = 1000 x 100/888 = 110 mm c/c. 

Provide vertical stirrups ( V S) # 8 mm 2-legged stirrups at 110 mm c/c. 

Increase the spacing of vertical stirrups from 110 mm c/c to 450 mm c/c towards the 

end C. 
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