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LIST OF EXPERIMENTS: 

 1. Design of Square/ Rectangular Bunker.  

2. Design of Circular Bunker.  

3. Design of silos for storing of cement. 

4. Design of Transmission tower.  

5. Design of Intz Type overhead water tank.  

6. Design of Conical Type overhead water tank.  

7. Design of Box Culvert.  

8. Design of slab Deck Bridge.  

9. Design of T-Beam Bridge.  

10. Design of Gantry girder.  

11. Design and detailed drawing of complete G+ 3 structures.  

 

 



 

 

MANDATORY INSTRUCTIONS 

 

1. Students should report to the labs concerned as per the timetable. 

2. Record should be updated from time to time and the previous experiment must be signed by 

the faculty in charge concerned before attending the lab. 

3. Students who turn up late to the labs will in no case be permitted to perform the experiment 

scheduled for the day. 

4. After completion of the experiment, certification of the staff in-charge concerned in the 

observation book is necessary. 

5. Students should bring a notebook of about 100 pages and should enter the 

readings/observations/results into the notebook while performing the experiment. 

6. The record of observations along with the detailed experimental procedure of the experiment 

performed in the immediate previous session should be submitted and certified by the staff 

member in-charge. 

7. Not more than FIVE students in a group are permitted to perform the experiment on a set up. 

8. The group-wise division made in the beginning should be adhered to, and no mix up of student 

among different groups will be permitted later. 

9. The components required pertaining to the experiment should be collected from Lab- in-charge 

after duly filling in the requisition form. 

10. When the experiment is completed, students should disconnect the setup made by them, and 

should return all the components/instruments taken for the purpose. 

11. Any damage of the equipment or burnout of components will be viewed seriously either by 

putting penalty or by dismissing the total group of students from the lab for the 

semester/year. 

12. Students should be present in the labs for the total scheduled duration. 



 

 

13. Students are expected to prepare thoroughly to perform the experiment before coming to 

Laboratory. 

14. Procedure sheets/data sheets provided to the students groups should be maintained neatly and 

are to be returned after the experiment. 

15. DRESS CODE: 

i. Boys - Formal dress with tuck in and shoes. 

ii. Girls -  Formal dress (salwar kameez). 

Iii. Apron in white color for both boys and girls. 

iii. Wearing of jeans is strictly prohibited 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

EXPERIMENT NO: 1 

SQUARE BUNKER 

1. Design the side walls and hopper bottom of 3mx3m square bunker to store 30 tons of coal. Density of 

coal is 9 KN/m3 and angle of repose is 300. Adopt M30 grade concrete and Fe 415 steel sketch the details 

of the reinforcement. 

Solution: 

I.  Data: 

Total weight of coal = 300kN 

Density of coal =9kN/m3  

Characteristic compressive strength of concrete=20 N/mm2 

Yield strength =415 N/mm2 

Size of the bunker =3 mx3 m 

Angle of repose=300 

Grade of concrete =M20 

Type of reinforcement =Fe 415 HYSD bars 

 

II. Dimension of the Bunker: 



 

 

Volume of the bunker = 
300

9
 =33.33 m3 

Adopt a bunker of size 3m x3m x 3m with the depth of hopper bottom 1.2m as shown in fig 

III. Design of Side Walls: 

Horizontal working pressure 𝑝 = 𝑤ℎ𝑐𝑜𝑠2𝛷 

    =(9x3x0.8662) 

    =20.25k N/m2 

Design ultimate pressure PU = (1.5X20.25) = 30.375 kN/m2 

Assuming 180 mm thick side walls, 

Effective span = (300+1.8) =3.18m 

Maximum bending moment at corners is computed as  

MU=
𝑃𝑢𝐿2

12
 

=
30.375𝑋 3.182

12
 

=25.59kN.m 

Direct tension in wall TU= (
30.375𝑋3

2
) = 45.56 KN 

Providing a cover of 30mm, effective depth d=150mm 

Distance between reinforcement and centre line of slab x=60 mm 

Net Design Moment = (MU- TUx) = (25.59-45.56x0.06) =22.86 kN.m 

Based on limiting moment of resistance, effective depth required is given by  

𝑑 = √
Mu −  Tux

𝑄𝑏𝑓𝑐𝑘
 

For fck=20N/mm2, fy= N/mm2, Q=0.138 

 d =91 mm 

Since depth required is more, the section is under reinforced. 



 

 

Hence, the area of steel required is computed from the relation: 

Net   𝑀𝑢 = (0.87𝐴𝑠𝑡𝑓𝑦𝑑) [1 −
𝐴𝑠𝑡𝑓𝑦

𝑏𝑑𝑓𝑐𝑘
] 

By solving the equation Ast = 450mm2 

Provide 12 mm diameter bars at 200mm centre  

Positive bending moment at centre of span = MU = 
𝑃𝑢𝐿

2

24
 = 

30.375𝑋 3.182

12
 =12.80KN.m 

Therefore (MU- TUx) =[12.80-(45.56X0.06)]=10.07 Kn.m 

Hence, required steel to resist the moment is computed from the relation: 

𝑀𝑢 = (0.87𝐴𝑠𝑡𝑓𝑦𝑑) [1 −
𝐴𝑠𝑡𝑓𝑦

𝑏𝑑𝑓𝑐𝑘
] 

(10.07x106)= (0.87x415x150x𝐴𝑠𝑡) [1 −
𝐴𝑠𝑡415

130𝑥150𝑥120
] 

Solving 𝐴𝑠𝑡= 192 mm2 

IV. Design of Hopper Bottom: 

Provide 12 mm diameter bars at 300 mm centers (𝐴𝑠𝑡= 192 mm2) 

Distribution reinforcement = (0.0012x1000x180) = 216 mm2 

Use 8 mm diameter bars at 200mm centers (𝐴𝑠𝑡=251 mm2) 

Weight of coal= 300kN 

Weight of sloping hopper bottom is computed as 

Wh = [
3+0.5

2
](√1.252 + 1.22)(4x0.18x25) =55 kN 

Total load on 4 walls= (300+55) =355 kN 

Load on one wall wt = (0.25x355) = 88.75 kN 

tan 𝜃 =
1.20

1.25
 =1.00 

Ө=450 and cosecӨ=1.44 

Direct tension in sloping wall = wtcosecӨ = (88.75x1.44) =128kN 



 

 

working tension per meter run= (128/3)=42.66 kN/m 

Design ultimate tension = (1.5X42.66) = 63.99 kN/m 

Area of reinforcement for resisting direct tension is  

𝐴𝑠𝑡 = [
63.99𝑋1000

0.87𝑋415
] =177 mm2 

Main reinforcement= (0.0012X180X1000) = 216 mm2 

Provide 10 mm diameter bars at 300mm centers in the direction of sloping faces. 

Normal component of coal pressure at centre of sloping slab is computed as   

Pn=𝑤ℎ(𝑐𝑜𝑠2Ө + 𝑐𝑜𝑠2𝛷𝑠𝑖𝑛2Ө) 

Where, w=9kN/m2 

H= [3+(0.5x1.20)+(0.5x0.86)]=4.03 m 

Ө=450 

Φ=300 

Working Pressure Pn= (9x4.03)[cos2450+cos2300xsin2450]=31.67 kN/m2 

Normal component due to weight of sloping slab= wdcosӨ=(0.18x25xcos450)= 3.18 kN/m2 

Total normal pressure P =(Pn+ wdcosӨ)=(31.67+3.18)=34.85 KN/m2 

Design ultimate normal pressure Pu= (1.5x34.85)=52.3 Kn/m2 

Effective span L= (
3+0.5

2
)+0.18 =1.93 m 

Maximum negative bending moment, MU=
𝑃𝑢𝐿2

12
=

52.3𝑥1.932

12
 = 16.23KN.m/m 

Effective depth available= (180-30)=150mm. 

Limiting moment of resistance Mu,lim=0.138fckbd2 = 62.1kN.m 

Since MU< Mu,lim , the section is under reinforced 

𝑀𝑢 = (0.87𝐴𝑠𝑡𝑓𝑦𝑑) [1 −
𝐴𝑠𝑡𝑓𝑦

𝑏𝑑𝑓𝑐𝑘
] 



 

 

(16.23x106)= (0.87x415x150x𝐴𝑠𝑡) [1 −
𝐴𝑠𝑡415

130𝑥150𝑥120
] 

Solving 𝐴𝑠𝑡=313 m2. 

Use 10 mm diameter bars at 250 mm centres 

Positive maximum bending moment at centre, MU= 
𝑃𝑢𝐿

2

24  =8.12KN.m 

Reinforcement area is obtained from the relation: 

(8.21x106)= (0.87x415x150x𝐴𝑠𝑡) [1 −
𝐴𝑠𝑡415

130𝑥150𝑥120
] 

Solving 𝐴𝑠𝑡=157 m2. 

Minimum reinforcement = (0.0012x180x1000) = 216 mm2 

Use 8 mm diameter bars at 200mm centers 

V. Edge Beams: 

Provide edge beams of 300mm x300mm connecting the corner columns at the top and the 

junction of vertical walls and sloping slab. The details of reinforcements in the side walls, 

hopper bottom and edge beams are as shown in fig 



 

 

 

 

 

 

 

 

 



 

 

EXPERIMENT NO: 2 

CIRCULAR BUNKER 

2. Design a circular bunker to store 20 tons of coal. Density of coal is 9 KN/m3 and angle of repose is 300 

use limit state method of design and adopt M20 grade concrete and Fe 415 steel respectively. Sketch 

the details of the reinforcement. 

Solution: 

I Data: 

Total weight of coal =200kN 

Density of coal =9 kN/m3 

Angle of repose=300 

Grade of concrete=M20 

Type of reinforcements Fe415  



 

 

 

II characteristic strength and partial safety factors: 

Characteristic compressive strength of concrete=20 N/mm2 

Yield strength =415 N/mm2 

Partial safety factor for live and dead loads=1.5 

Partial safety factor for concrete=1.5 

Partial safety factor for steel=1.15 

III. Dimension of the Bunker: 

Volume of the bunker = 
200

9
 =22.2 m3 

Adopt a bunker of size 2.6m x3m x 1.2m with the depth of hopper bottom 1.2m as shown in fig 

Volume of surcharge = (1/3xΠx1.42x1.4 tan 300)=1.64 m3 



 

 

Volume of cylindrical portion = (
𝛱𝑥2.82

4
𝑥3.0)=18.46 m3 

Volume of frustum cone = 
𝛱ℎ

12
(𝑑1

2 + 𝑑1𝑑2 + 𝑑2
2) = 2.90 m3 

Total volume = 23.00 m3 > 22.2 m3 

IV Design of cylindrical walls: 

Horizontal working pressure 𝑝 = 𝑤ℎ𝑐𝑜𝑠2𝛷 =9X3X(0.8662)= 20.20 KN/m2 

Hoop tension in cylindrical wall per meter height = 0.5PD =0.5X20.25X2.8 =28.35 KN 

Ultimate hoop tension =(1.5x28.35)= 42.53 Kn 

Area of reinforcement, 𝐴𝑠𝑡=(
42.53𝑥1000

0.87𝑥415
)= 118 mm2 

Using 150 mm thick walls, 

Minimum reinforcement = (0.0012x150x1000) = 180 mm2 

Use 8 mm diameter bars at 250mm centers, provide vertical reinforcement of 8 mm diameter 

bars at 250mm centers. 

V Design of Hooper bottom: 

Provide a sloping slab 150mm thick with 30 mm lining 

Total thickness =180 mm 

Weight of the coal= (23x9)= 207 KN 

Weight of the sloping bottom = Π [
2.8+0.5

2
+ 0.18√2] 0.18x√2x24= 42KN 

Total load = (207+42)=249 KN. 

If mean diameter at center of sloping slab =1.85 m 

Tension per meter run, T = (
249

𝜋𝑋1.85
) cosec 450 =60.6 KN 

Ultimate Tension= (1.5X60.6)=90.9 KN 

Steel reinforcement for direct tension=(
90.9𝑥1000

0.87𝑥415
)=250 mm2 

Use 8 mm diameter bars at 200mm centers in the direction of sloping slab. 

Normal component of coal pressure at centre of sloping slab is given by  



 

 

Pn=𝑤ℎ(𝑐𝑜𝑠2Ө + 𝑐𝑜𝑠2𝛷𝑠𝑖𝑛2Ө) 

Where, w=9kN/m3 

H= [3+(0.5x1.20)+(0.5x0.8)]=4.0 m 

Ө=450 

Φ=300 

Working Pressure Pn= (9x4)[cos2450+cos2300xsin2450]=31.5 kN/m2 

Normal component due to weight of sloping slab= wdcosӨ=(0.18x24xcos450)= 3kN/m2 

Total normal pressure P = (Pn+ wdcosӨ)=(31.5+3)=34.5 KN/m2 

Mean diameter of the sloping slab= (
2.8+0.5

2
)+0.18√2 =1.90m 

Hoop tension/meter=(0.5x34.5x1.9)=32.8m 

Ultimate hoop tension = (1.5x32.8) = 49.2 m 

Area of hoop reinforcement =(
49.2𝑥1000

0.87𝑥415
)=137 mm2 

But minimum area of steel = (0.0012x180x1000)=216 mm2 

Use 8 mm diameter bars hoop reinforcement at 220mm centers in the sloping slab. 

The details of reinforcement in circular bunker are shown in fig 

VI Edge Beams: 

At the junction of the cylindrical wall and hopper bottom and at the top of bunker, edge beams 

of 300mmx300mm are provided to increase the rigidity of the structure. 



 

 

 

 

 

 

 

 

 

 



 

 

Experiment: 3 

Box culvert 

3. Design a reinforced box culvert having a clear vent way of (3m X3m) The super imposed dead load on 

the culvert is 12.8 KN/m2 live load is 50KN/m2 density of the soil in the site is 18 KN/m3 and angle of 

repose is 300 . Adopt M30 grade concrete and Fe 415 steel respectively. Sketch the details of the 

reinforcement.( any single section) 

Solution: 

I Data: 

Clear span L=3m 

Height of the vent h= 3m 

Dead load= 12.8 KN/m2 

Live load =50KN/m2 

Density of soil =18 KN/m3 

Angle of repose =300 

Concrete: M20 

Steel: Fe415 

II Permissible Stresses: 

𝜎cc= 5 N/mm2; m=13 

𝜎Cb=7 N/mm2; j=0.86 

𝜎𝑠𝑡=150 N/mm2 (water face); Q=1.198 

𝜎𝑠𝑡=190 N/mm2 (away from water face) 

III Dimensions of box culvert: 

Adopting thickness of the slab as 100mm/meter span 

Thickness ts=tw=300 mm 

Effective span=3300 mm 

IV loads: 



 

 

Self weight of top = (0.3x24)=7.2 KN/m2 

Super imposed dead load =12.8 

Live load=50.0 

Total load w= 70 KN/m2 

Weight of vertical side walls W =(0.3X3.3X24)=24 KN 

Soil pressure 𝑝 = 𝑤ℎ(
1−sin 𝜑

1+sin 𝜑
)  

At h=3.3m 

𝜑=300 

W=18 KN/m3 

P=(18x3.3x1/3)=20 KN/m2 

Uniform lateral pressure due to the effect of superimposed dead load and live load surcharge is 

calculated as  

𝑝 = (50 + 12.8)(
1−sin 𝜑

1+sin 𝜑
)=(62.8x1/3) = 21 KN/m2 

Uniform lateral pressure due to the effect of superimposed dead load surcharge only is given by 

 𝑝 = 12.8(
1−sin 𝜑

1+sin 𝜑
) = (12.8x1/3)=4.26 KN/m2 

Intensity of water pressure is obtained as 

𝑝 = 𝑤ℎ=(10x3.3)=33 KN/m2 

V Analysis of Moments, Shears and Thrusts: 

The various loading patterns considered as shown in fig. The moments, shears and thrusts 

corresponding to different cases of loading cases (6), evaluated using the co efficient given in the 

following table1 and are compiled in table1. The design forces resulting from the combination of the 

various cases yielding maximum moments and forces at the support and mid span sections are shown in 

table 4 

The maximum positive moments develop at the centre of bottom and top slab for the condition that the 

sides of the culvert not carrying the live load and the culvert is running full with water 

The maximum negative moments develop at the support sections of the bottom slab for the condition 

that the culvert is empty and the top slab carries the dead and live load. 



 

 

VI design of reinforcements: 

Section C7( mid span of the bottom slab) 

M=76.10 KN.m 

N=-7.43KN (tension) 

𝐴𝑠𝑡= (
76.10𝑋106

150𝑋0.86𝑋270
)=2234 mm2/m 

Provide 20mm diameter at 140mm centers 

Distribution steel =
0.3𝑋300𝑋1000

100
 = 900 mm2 

Section D6 (support section) 

M=-54.43 KN.m 

N= 34.65 KN.m 

𝐴𝑠𝑡= (
54.43𝑋106

190𝑋0.86𝑋270
)= 1233 mm2/m 

Provide 16 mm diameter at 150mm centers and distribution bars of 10 mm diameter at 150mm 

centers 

Section E4 (vertical side wall) 

M=-55.89 KN.m 

Mu= (1.5X55.89) = 83.83 KN.m 

N= 155.1 KN 

Nu= (1.5X155.1) = 232.5 KN 

(
𝑀𝑈

𝑓𝑐𝑘𝐷2𝑏
)=0.046  

(
𝑁𝑈

𝑓𝑐𝑘𝑏𝐷
)= 0.0387 

Referring to the interaction curve (chart 32) of SP: 16 (P/fck) =0.02 

Where, 

ASC=Ast=0.5(pbD/100) 

=(0.5(0.02X20X1000X300)/100)=600 mm2 



 

 

AS= 1200 mm2 

But minimum reinforcement of 0.8 percent of cross section has to be provided 

AS = (
0.8𝑋300𝑋1000

100
)= 2400 mm2 

Table 2 Force components for different cases of loading 

Section Forces Case 2 Case 3 Case4 Case5 
Case 
6a 

Case 
6b 

B1 
M 63.2 1.66 6.82 -4.13 -9.6 -1.92 

N 0 0 -18.18 11.0 34.65 6.93 

A2 

M -31.6 1.66 6.82 -4.13 9.6 -1.92 

N 0 0 -18.18 11.0 -34.65 -6.93 

V 115.5 0 0 0 0 0 

A3 

M -31.6 1.66 6.82 -4.13 -9.6 -1.92 

N 115.5 0 0 0 0 0 

V 0 0 18.18 -11.0 -34.65 -6.93 

E4 
M -31.6 -0.317 8.26 -5.0 -9.6 -1.92 

N 115.5 39.6 0 0 0 0 

D5 

M -31.6 -0.317 8.26 -5.0 -9.6 -1.92 

N 111.5 79.2 -36.26 21.9 0 0 

V 0 0 0 0 34.65 6.93 

D6 

M -31.6 -8.23 8.26 -5.00 -9.6 -1.92 

N 0 0 0 0 34.65 6.93 

V -115.5 -79.2 -36.26 21.9 0 0 

C7 
M 63.2 11.56 8.26 -5.00 -9.60 -1.92 

N 0 0 -36.26 21.9 34.65 6.93 

 

Moments are in KN/m; shear force and thrusts are in KN. 

Table 3 Design Moments and Forces in Box Culvert 

Section Load combination cases 
Moment 

(M) 
(kN.m) 

Thrust 
(N) 

(kN) 

Shear Force 
(V) 

(kN) 

D6 2+3+5+6(a) -54.43 34.65 -172.8 

A2 2+3+5+6(a) -43.67 -23.65 115.5 

B1 2+3+4+5+6(b) 65.63 -1.25 0 

C7 2+3+4+5+6(b) 76.10 -7.43 0 

E4 2+3+4+5+6(b) -55.89 155.1 0 

 



 

 

Provide 16 mm diameter at 150 mm centers on both faces in the vertical side walls. Distribution 

steel of 10 mm diameter at 150 mm centre is provided on both faces. The details of 

reinforcements in the box culvert as shown below: 

Loading cases considered in box culvert 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

EXPERIMENT NO: 4 

DESIGN OF CEMENT SILO 

1.A cement silo has an internal diameter of 10 m with the height of cylindrical portion of being 30m the 

density of cement is 15.2 KN/m3 coefficient of friction is 0.70 the angle of repose is 17.50. Adopt M20 

grade concrete and Fe 415 steel respectively design the thickness and reinforcement required at the 

bottom of the cylindrical portion of silo using Janssen’s theory. 

Solution: 

I Data: 

Diameter of the silo=10m 

Depth of the cylindrical portion=30m 

Density of cement=15.2 kN/m3 

Coefficient of friction between wall and the material 𝜇𝐼  =0.70 

Angle of repose of the material ∅ = 17.50 

Ratio of horizontal to vertical pressure intensity n=(
1−sin ∅

1+sin ∅
) = (

1−0.3

1+0.3
) =0.54 

II characteristic strength: 

Characteristic compressive strength of concrete=20 N/mm2 

Yield strength =415 N/mm2 

Permissible tensile stress in concrete= 2.8 N/mm2 

Modular ratio m=13 

III Design of Cylindrical Walls: 

Using Janssen’s theory, 

Horizontal pressure   ph=
𝑤𝑅

𝜇𝐼 [1 − 𝑒𝑥𝑝 (
−𝜇𝐼𝑛ℎ

𝑅
)] 

Where R=(
𝐷

4
)=(

10

4
)=2.5 

N=0.54 

H=30m 



 

 

W=15.215.2 KN/m3 

𝜇𝐼  = 0.70 

At the bottom of the cylindrical portion 9h=30m), the horizontal pressure is given by  

Ph = (
15.2𝑋2.5

0.70
) [1 − 𝑒𝑥𝑝 (

−0.70𝑋0.54𝑋30

2.5
)] =54 KN/m2 

Hoop tension in cylindrical wall per meter height =0.5 PhD =(0.5X54X10) = 270KN 

Ultimate hoop tension =(1.5x270) = 405 KN 

Area of tension reinforcement 𝐴𝑠𝑡=(
405𝑥1000

0.87𝑥415
) = 1122mm2. 

Adopt 16 mm diameter hoops at 160 mm centers (𝐴𝑠𝑡=1256 mm2) 

Using 200 mm thick cylinders walls, tensile stress developed in concrete is computed as  

𝜎𝑐𝑡 = (
𝐹𝑡

𝐴𝐶 + 𝑚𝐴𝑠𝑡
) 

𝜎𝑐𝑡= [
270𝑋1000

(200𝑋1000)+(13𝑋1256)
] =1.248 N/mm2< 2.8 N/mm2 

Vertical pressure intensity at a depth h=30m is computed as 

𝑝ℎ = (
𝑝ℎ

𝑛
) =(

54

0.54
)= 100 KN/mm2 

Equivalent depth of cement = (
100

15.2
) = 6.57 m 

 Even though there is 30m depth of cement, the effective vertical load is only due to 6.57 m of cement. 

30m depth of cement corresponds to the pressure = (15.2x30)= 456 KN/m2 

Vertical pressure intensity at 30m depth = 100 KN/m2 

And is (
100

456
× 100)=21.9% of the total weight. 

The remaining 78.1% is transferred to the silo walls by friction. 

Provide vertical distribution steel of 0.12% of the cross section equivalent to 8mm diameter bars at 

160mm centers. 

 

 

 



 

 

Experiment No: 5 

DECK SLAB BRIDGE 

1. Design a reinforced slab culvert for a state highway to suit the following data: 
Carriage way: two lane 7.5 m wide 
Materials: M25 grade concrete and Fe415 steel  
Kerbs: 600 mm wide 
Clear span =6m, wearing coat =80m 
Width of bearing=400mm, loading: IRC class A or AA, whichever gives the worst effect. 
 Design the reinforced concrete deck slab and sketch the details of the reinforcements in the 
longitudinal and cross sections of the slab. The design should conform to the specifications of the bridge 
code IRC: 19:1987 
 

Solution: 

I Data  

Clear span=6m 

Width of bearing=400mm 

Kerbs=600mm 

Materials: M25 grade concrete and Fe415 steel 

II Allowable Stress (According to IRC:21-1987): 

𝜎𝑠𝑡=200 N/mm2; m= 10 

𝜎Cb=8.3 N/mm2; j = 0.90; Q=1.1 

𝑓𝑐𝑘=25 N/mm2 

𝑓𝑦 = 415 N/mm2 

III Depth of Slab and Effective Span: 

Assume thickness of slab at 80 mm per meter of span for highway bridge decks 

∴ Overall slab thickness =(80x6)=500mm 

Using 25 mm diameter bars with clear cover of 25 mm 

Effective depth =[500-(25+12.5)] =462.5 mm 

Width of bearing =0.4m 



 

 

∴ Effective span is the least of: 

1. Clear span +effective depth = (6+0.4625) =6.4625m 

2. centre to centre of bearings = (6+0.4) =6.4m 

∴ Effective span L = 6.4m 

The cross section of the deck slab is as shown in fig 23.13 

 

IV Dead Load Bending Moments: 

Dead weight of the slab = (0.5x24)=12 KN/m2 

Wearing coat =(0.08x22) =1.76 KN/m2 

Total load = 13.76 KN/m2 

∴ Dead load bending moment =(
13.76𝑋6.42

8
) =70.4 KN.m 

V Live Load Bending Moment: 

The bending moment will be maximum for IRC calss AA tracked vehicles and hence computations will be 

made for this class of loading. Impact factor of class AA tracked vehicle is 25% for span of 5 m 

decreasing linearly to 10% for 9 m span. 

∴ For 6.4 m span 

Impact factor = [25 -
15

4
(6.4 − 5)] = 19.7%  

The tracked vehicle is placed symmetrically on the span, 

Effective length of load = [3.6+2(0.5+0.08)] = 4.76m 

Effective width of slab, perpendicular to span is expressed as: 



 

 

𝑏𝑒 = 𝑘𝑥 (1 −
𝑥

𝑙
) + 𝑏𝑤 

Referring to the fig above 23.14 

X=3.2m; L=6.4m; B= 8.7 m; (
𝐵

𝐿
)=1.36  

𝑏𝑤 = (0.85+2x0.08) =1.01m 

 

For (
𝐵

𝐿
)=1.36, simply supported slabs k=2.77 

∴ 𝑏𝑒 = 2.77𝑋3.2 (1 −
3.2

6.4
) + 1.01 = 5.442m 

The tracked vehicle is placed close to the kerb with the required minimum 

Clearance as shown in fig 

Net effective width of dispersion = 6.996m 

Total load of two tracks with impact =(700x1.197) = 838 KN 

Average intensity of load = (
838

4.76𝑋6.996
) =25.17 KN/m2 



 

 

 

Maximum bending moment due to live load is given by: 

𝑀𝑚𝑎𝑥 = (
25.17𝑋4.75

2
𝑋3.2) − (

25.17𝑋4.76

2
𝑋

4.76

4
) =  120.36 KN.m 

∴ Total design bending moment =(120.36+70.4) = 191 KN.m 

VI Shear due to Class AA Tracked Vehicle: 

For maximum shear at support, the IRC class AA tracked vehicle is arranged as shown in fig 

Effective width of dispersion is given by: 

𝑏𝑒 = 𝑘𝑥 (1 −
𝑥

𝑙
) + 𝑏𝑤 

Where, 

X=3.2m; L=6.4m; B= 8.7 m; (
𝐵

𝐿
)=1.36  

𝑏𝑤 = (0.85+2x0.08) =1.01m 



 

 

 

∴  𝑏𝑒 = 2.77𝑋2.38 (1 −
2.38

6.4
) + 1.01 = 5.16m 

∴ Width of dispersion = (2225+2050+5160/2) =6.855m 

Referring to the fig 23.15 

𝑤 = (
838

4.76𝑋6.855
) =25.68 KN/m2 

∴ Shear Force 𝑉𝐴 = (
25.68𝑋4.76𝑋4.02

6.4
) =76.80 KN 

Dead load shear = (
13.76𝑋6.4

2
) = 43.75 KN 

∴ Total design shear = (76.80+43.75)=121 KN 

VII Design of Deck Slab: 

Effective depth required is computed as: 

𝑑 = √
𝑀

𝑄𝑏
 =√

191𝑋106

1.1𝑋1000
 =417mm 

Effective depth provided= 462.5 mm 

𝐴𝑠𝑡 =(
𝑀

𝜎𝑠𝑡𝑗𝑑
)= (

191𝑋106

200𝑋0.90𝑋462.5
) = 2294mm2 

Spacing of 25 mm diameter bars =(
1000𝑋491

2294
)=214mm 

Provide 25 mm diameter bars at 200 mm centres. 

Bending moment for distribution reinforcement is: (0.3𝑀𝐿 + 0.2𝑀𝑑)= 50.2 KN.m 

Using 12 mm diameter bars, 

Effective depth = [462.5-(12.5+5)] =444 mm 



 

 

𝐴𝑠𝑡 = (
50.2𝑋106

200𝑋0.90𝑋0.44
)=628 mm2 

Spacing of 12 mm diameter bars at 150mm centres 

VIII Check for Shear Stress: 

 As per IRC: 21-1987, Shear stress in the slab is checked as follows: 

Design shear stress 𝜏 = [
𝑉

𝑏𝑑
]  

Where V = Design Shear Force 

b= width of the section 

d= effective depth  

Permissible shear stress in slabs without shear reinforcement is computed as: 

𝜏𝑐 = 𝑘1𝑘2𝜏𝑐𝑜 

Where, 

𝜏𝑐 = the permissible shear stress 

𝑘1 = (1.14- 0.7d)≥ 0.5, where d is expressed in meters 

𝑘2 =(0.5+0.25𝜌 )≥ 1 

𝜌 = percentage of longitudinal reinforcement = (
100𝐴𝑠𝑡

𝑏𝑑
) 

𝜏𝑐𝑜 = basic values of shear stress for different grades of concrete as shown in table 23.2 (refer to IRC:21-  

1987) 

AS = Area of longitudinal reinforcement which continues at least to a distance d beyond the section 

considered or fully anchored when support section is considered. 

B= width of the section 

Basic Permissible Values Shear Stress(𝜏𝑐𝑜) 

Grade of 
concrete 

M15 M20 M25 M30 M35 M40 

𝜏𝑐𝑜 0.28 0.34 0.40 0.45 0.50 0.50 

 

Hence shear stress 𝜏 = (
𝑉

𝑏𝑑
) =[

121𝑋103

1000𝑋462.5
] =0.26 N/mm2 

𝑘1 = (1.14- 0.7x0.4625)=0.817≥ 0.5 



 

 

𝑘2 =(0.5+0.25𝜌 ), where 𝜌 =(
100𝐴𝑠𝑡

𝑏𝑑
) 

Assuming the longitudinal reinforcement of 25 mm diameter bars spaced at 400 m centers at support 

section(alternate bars bent up), we have: 

AS =(
1000𝑋491

400
) = 1227.5 mm2 

𝜌 =(
100𝐴𝑠𝑡

𝑏𝑑
)= (

100𝑋1227.5

1000𝑋462.5
)= 0.265 

𝑘2 = (0.5+0.25X0.265)=0.566≥ 1 

𝑘2 = 1 

For M20 grade concrete, 𝜏𝑐𝑜 =0.34 N/mm2 (Refer to table 23.2) 

𝜏𝑐 = 𝑘1𝑘2𝜏𝑐𝑜 =(0.817X1X0.34)=0.277 N/mm2 > 𝜏 

Since𝜏𝑐 <  𝜏, the shear stresses are within safe permissible limits. 

The details of reinforcement in the slab is as shown in fig 23.17 

 

 

 



 

 

 



 

 

Experiment No: 7 

TRANSMISSION POLE 

A reinforced concrete pole is to be designed to suit the following data: 

Line voltage: 2 phase, 400v 

Number of circuits: one 

No of conductors (including neutral and street lighting wire); five 

Size and material of conductor: 7.1 mm diameter copper 

Size and material of neutral wire: 5 mm diameter copper 

Size and material of street lighting wire: 4 mm diameter copper 

Normal span: 50m 

Wind pressure: 1KN/m2 

Load factor: 2.5 

Overall length of the pole: 7 m 

Materials: M20 grade of concrete and fe415 steel bars 

Arrangement of conductors: as shown in fig  

Tension in conductors: 3kN 

Design and detail the reinforcements  

 

Solution: 

I wind load calculations: 

Wind load on three conductors/span=(1.00𝑋
2

3
𝑋

7.1

1000
𝑋3𝑋50)=0.71 KN 

Wind load on neutral wire/span=(1.00𝑋
2

3
𝑋

5

1000
𝑋50)=0.167 KN 

Wind load on neutral wire/span=(1.00𝑋
2

3
𝑋

4

1000
𝑋50)=0.133 KN 

II Bending Moments: 

Total bending moments at ground level due to windage on all the wires     

=(0.71X5.6)+(0.167X5.6)+(0.133X5.95) =5.70 KN.m 

Equivalent load at 0.6m from top corresponding to windage on all the wires =
1

5
[(0.71𝑋5.6) +

(0.167𝑋5.6) + (0.133𝑋5.6)] = 1.097 KN 

Assume the pole to have uniformly tapering square section having dimensions as shown in fig 19.2 

Wind load on pole above ground level = 1.00X5.80(
0.125+0.2286

2
) = 1.025KN 

Bending moment at GL assuming the load to be acting at centre of gravity of pole  



 

 

 

= 1.025𝑋
1

3
X5.80[

0.2286+2𝑋0.125

0.2286+0.125
]=2.682 KN.m 

Equivalent load at0.6m from top corresponding to windage on pole = (2.682/5.2)=0.515 KN 

Total transverse load at 0.6m corresponding to windage on the conductors and pole = (1.097+0.515) 

=1.612kg 

Ultimate load with load factor= (1.612X2.5) =4.03 KN 

From table 19.1, a reinforced concrete pole belonging to class 9 can be chosen 

III Design of reinforcements: 

 Using M20 grade concrete and Fe415 steel, the ultimate moment capacity of the pole section at ground 

level is given by 

∴  𝑀𝑢 𝑙𝑖𝑚 = (0.138𝑓𝑐𝑘𝑏𝑑2) 

Assume an effective cover of 30mm. 

Effective depth at ground level =(228.6-30) =198.6mm 

∴  𝑀𝑢 𝑙𝑖𝑚 = (0.138𝑋20𝑋50𝑋198.62)=27.2 KN.m 

Total service load bending moment at GL due to windage on wires and pole = (5.70+2.682) =8.382 KN.m 

Ultimate moment with a load factor of 2.5 Mu = (2.5x8.382) = 20.955 KN.m 

Since𝑀𝑢 < 𝑀𝑢(𝑙𝑖𝑚), the section is under reinforced. 

∴  𝑀𝑢 = 0.87𝑓𝑦𝐴𝑠𝑡𝑑 [1 −
𝐴𝑠𝑡𝑓𝑦

𝑏𝑑𝑓𝑐𝑘
] 

20.955𝑋106 = 0.87𝑋415𝑋198.6𝐴𝑠𝑡 [1 −
𝐴𝑠𝑡415

20𝑋198.6𝑋20
] 

Solving, 𝐴𝑠𝑡 =342 mm2 



 

 

 

IV Torsional Moments: 

Due to skew snapping of the wires torsional moments develop in the pole.  

Torsional moment T=3(1.4+0.6) = 6 kN.m 

Tu= (2.5x6) =15 kN.m 

Bending moment at base Mu=20.955 kN.m 

Vu=4.03 kN.m 

Equivalent bending moment 𝑀𝑒𝑙 = 𝑀𝑢 + 𝑀𝑡 

Where,𝑀𝑡 = 𝑇𝑢 [
1+(𝐷/𝑏)

1.7
] =15 [

1+(250/250)

1.7
] = 17.6 kN.m 

∴  𝑀𝑒𝑙 = (20.955 + 17.6) = 38.6𝑘𝑁. 𝑚 



 

 

The longitudinal steel should be designed for this bending moment. 

For the assumed section at ground level, Mulim=27.2 kN.m 

𝑀𝑒𝑙 − 𝑀𝑢,𝑙𝑖𝑚 = (38.6 − 27.2) = 11.4𝑘𝑁. 𝑚 

11.4𝑋106 = 𝑓𝑠𝑐𝐴𝑠𝑐(𝑑 − 𝑑′) 

Assuming cover of 30mm, d=198.6 mm, d’=30m 

𝑓𝑠𝑐 > 0.87𝑓𝑦= (0.87x415)=361 N/mm2 

∴  𝐴𝑠𝑐 = (
11.4𝑋106

361𝑋168.6
) =187.3 mm2 

𝐴𝑠𝑡1 = (
0.36𝑋𝑓𝑐𝑘𝑏(0.48𝑑)

0.87𝑋𝑓𝑦
) = 475 mm2 

𝐴𝑠𝑡2 = (
𝐴𝑠𝑐𝑓𝑠𝑐

0.87𝑋𝑓𝑦
) = 187.5 mm2 

∴ 𝐴𝑠𝑡 = 𝐴𝑠𝑡1 + 𝐴𝑠𝑡2 =662.3 mm2 

Provide 4 bars of 22m diameter, one each at the corners (𝐴𝑠𝑡=720 mm2) 

V Transverse Reinforcements: 

𝑉𝑒 = 𝑉𝑢 + (
𝑇𝑢

𝑏
) =4.03+1.6(15/0.25) =100 KN 

𝜏𝑣𝑒 = (
𝑉𝑒

𝑏𝑑
) = (

100𝑋103

250𝑋198.6
) = 2N/mm2 

(
100𝑋𝐴𝑠𝑡

𝑏𝑑
) = (

100𝑋720

250𝑋198.6
) = 1.45 

𝜏𝑐 = 0.70 N/mm2 

Balance shear 𝑉𝑠=[100 −
0.7𝑋250𝑋198.6

1000
]=65.3 KN 

Using 10mm diameter two legged stirrups, spacing is 

𝑆𝑣 = (
0.87𝑋415𝑋2𝑋79𝑋198.6

65.3𝑋103 )=173mm. 

Adopt 10mm diameter two legged stirrups at 170 mm centers spacing throughout the length of the 

pole. 

The reinforcements are as shown in fig 

 



 

 

 

 

 



 

 

Experiment No: 8 

CONICAL HEAD WATER TANK 

1. Design a funnel shaped overhead water tank to suit the following data 

Capacity of the tank=350000 liters 

Height of tower shaft=20 m below GL 

Basic wind pressure =1.5 kN/m2 

Adopt M20 grade concrete and Fe415 steel for all RCC work  

Depth of the foundation =1.5m 

Safe bearing capacity of soil=200 kN/m2 

Design the conical shaped water tank, supporting cylindrical shaft and foundations for the tank and 

sketch the details of typical reinforcements in structural components 

Solution: 

I Data: 

Capacity V= 350000 liters 

Height of supporting shaft=20m 

Wind pressure=1.5 kN/m2 

SBC of soil=200 kN/m2 

Depth of foundations=1.5m 

II Permissible Stresses: 

For M20 grade concrete and Fe415 steel   

𝜎𝑠𝑡=150 N/mm2; m= 13 

𝜎Cb=7 N/mm2; j = 0.906; Q=0.897 

𝜎CC=5 N/mm2; 𝜎ct= 1.2 N/mm2 

𝑓𝑐𝑘=20 N/mm2 

𝑓𝑦 = 415 N/mm2 



 

 

III Dimensions of tank: 

Diameter of the supporting shaft is assumed to be 5m. 

Let R be the radius of the conical shell. The dimensions of the tank are expressed in terms of R as shown 

in fig  

X= radius of shaft =2.5m 

H=(R-x) =(R-2.5) 

H= (H-r) =(R-2.5-1) =(R-3.5) 

If V=volume of the tank then  

V= (volume of cone ODC)-(volume of cone OAB)-(volume of dome AEB)-(volume of inner shaft) 

𝑉1 = Volume of cone ODC = 
1

3
𝜋𝑅𝑅2 =

1

3
𝜋𝑅3 

𝑉2 = Volume of cone OAB = 
1

3
𝜋𝑥3=

1

3
𝜋2.53 

𝑉3 = Volume of dome AEB = 
𝜋𝑟2

3
(3𝑅 − 𝑟)= 

𝜋12

3
(3𝑅 − 1) 

𝑉4 = Volume of inner shaft =𝜋0.52(𝑅 − 3.5) 

∴ 𝑉 = (𝑉1 − 𝑉2 − 𝑉3 − 𝑉4) 

V = (
1

3
𝜋𝑅3-

1

3
𝜋2.53-

𝜋12

3
(3𝑅 − 1)- 𝜋0.52(𝑅 − 3.5)) 

But V=(
350000

1000
)=350m3 

By placing the values and solving the equation, R=7.15m 

Adopt R=7.5 m to allow for free board. The capacity of the tank with radius R=7.5m is computed as 

V=3.88m3 which is marginally greater than the required volume capacity of 350 m3. 



 

 

 



 

 

IV Design of top conical dome: 

The geometry of the conical dome is shown in fig 8.12 

Assume a central rise of 2m 

If 𝛼 is the semi- vertical angle at apex, tan𝛼= (7.5/2)=3.75 

∴ 𝛼=750, 𝜃 = 15° t= thickness of slab=100mm 

Self weight of slab =(0.1x24)=2.4KN/m2 

Live load =0.6 KN/m2 

Total load w=3 KN/m2 

Maximum meridional thrust at base is  

𝑇1 = (
𝑤ℎ

2𝑐𝑜𝑠2𝛼
)=(

3𝑋2

2𝑐𝑜𝑠275°
)=45kN/m 

Maximum circumferential force at base is  

𝑁𝜃 = 𝑤ℎ𝑡𝑎𝑛2𝛼 = 3𝑋2𝑋𝑡𝑎𝑛275° = 84.3𝑘𝑁/𝑚 

∴ Meridional stress = (
45𝑋103

1000𝑋100
)=0.45 N/mm2< 5 N/mm2 

Hoop stress=(
84.3𝑋103

1000𝑋100
) = 0.843 N/mm2< 5 N/mm2 (safe) 

Since stresses are within permissible limits, nominal reinforcements are provided in the conical dome. 

𝐴𝑠𝑡 = (
0.3𝑋1000𝑋100

100
) = 300𝑚𝑚2 

Provide 8 mm diameter at 160 mm centers both meridionally and circumferentially. 

 



 

 

V Design of top ring beam: 

Hoop tension 𝐹𝑡 = (
𝑇1𝐷 cos 𝜃

2
)= (

45𝑋14.30 cos 15°

2
)=311 KN 

𝐴𝑠𝑡 = (
311𝑋1000

150
)=2074 mm2 

Provide 8 bars of 20 mm diameter (𝐴𝑠𝑡 =2512 mm2) 

If Ac= cross sectional area of ring beam 

(
311𝑋103

𝐴𝐶+13𝑋2512
)=1.2 

∴ Ac= 225610 mm2 

Provide a ring beam of size 600mmX400mm 

Provide 8 mm diameter stirrups at 200 mm centers 

VI Design of conical shell: 

The geometry of the conical shell is shown in fig 8.13 

Thickness of shell at top = 200mm 

Thickness of shell at bottom=300mm 

Average thickness=250mm, r2=7.5m 

Slope of wall=450, r3=2.5m 

Height of cone=h3=5m 

Self weight of slab= (0.5X24) =6.0 KN/m2 

Length 𝐿𝐶 = √(𝑟2 − 𝑟3) − (ℎ3
2)= √(7.5 − 2.5) − (25)=7.07m 

Weight of conical wall 𝑊1=2𝑋𝜋 (
7.5+2.5

2
) 𝑋0.25𝑋7.07𝑋24=1333kN 

Weight of water over the conical wall 𝑊2 = 𝜋(52 − 2.52)5𝑋10 =2945 KN  

Self weight of top dome = (𝜋 X7.5X7.76X3) =549 KN  

Self weight of top ring beam = (0.4X0.6XΠX15.4X24) =279 KN  

Total vertical load at base of conical shell 

W=5106 KN  



 

 

Meridional thrust 𝑇 = (
𝑊𝐶𝑜𝑠𝑒𝑐𝜃

2𝜋𝑟3
)=460 KN/m 

Assuming thickness of conical shell at base, t=300mm 

Meridional stress=(
460𝑋103

1000𝑋300
)= 1.53 N/mm2< 5 N/mm2 (safe) 

The hoop tension in the conical shell varies with the depth of water and is given by  

𝐹𝑡 = (𝑝𝑐𝑜𝑠𝑒𝑐𝜃 − 𝑞𝑐𝑜𝑡𝜃)D/2 

Where ,D=diameter at any horizontal section 

P= intensity of water pressure normal to the inclined walls=(10h) KN/m2 

H=height of water above the section 

𝜃 =angle made by the conical shell with the horizontal 

q= weight of conical slab per square meter of surface area 

Hoop tension at bottom of conical shell is computed as follows: 

h=5m, D=5m, 𝜃=450 

p= (10x5) =50 KN/m2 

q= (0.3x24) =7.2 KN/m2 

𝐹𝑡 = (40𝑐𝑜𝑠𝑒𝑐45° − 7.2𝑐𝑜𝑡45°)5/2 =195 KN  

Hoop tension at 1m above base is computed as follows: 

h=4m, D=7m, 𝜃=450 

p= (10x4) =40 KN/m2 

q= (0.28x24) =6.72 KN/m2 

𝐹𝑡 = (50𝑐𝑜𝑠𝑒𝑐45° − 6.72𝑐𝑜𝑡45°)7/2 =222 KN  

Hoop tension at 2 m above base is computed as follows: 

h=3m, D=9m, 𝜃=450 

p= (10x3) =30 KN/m2 

q= (0.26x24) =6.24 KN/m2 

𝐹𝑡 = (30𝑐𝑜𝑠𝑒𝑐45° − 6.24𝑐𝑜𝑡45°)7/2 =219 KN  



 

 

Maximum hoop tension occurs at 1m above the base section. 

𝐴𝑠𝑡 =(
222𝑋103

150
)=1480mm2 

Provide 10 mm diameter bars at 100 mm centres on both faces (𝐴𝑠𝑡=1570 mm2) 

Maximum tensile stress =[
222𝑋103

(300𝑋1000)+(13𝑋1570)
]= 0.69 N/mm2< 1.2 N/mm2 (safe) 

Distribution steel =(
0.3𝑋300𝑋1000

100
)=900 mm2 

Provide 10 mm diameter at 160 mm centers on both faces along the meridians. 

 

VII Design of bottom dome and internal shaft: 

Diameter at base =5m 

Rise of dome=1m 

Thickness t=150mm 



 

 

If R is the radius of the dome, then (2R-1)1=(5/2)2=3.625m 

Self weight of dome slab =(2XΠX3.625X1X0.15X24)=82 KN  

Internal diameter of vertical shaft =800mm 

Thickness of walls=100mm 

External diameter=1000mm 

Weight of water over bottom dome=Π (2.52-0.52)4.5x10=848kN 

Weight of vertical shaft = (Πx0.5x0.1x4x24)=28 kN 

Total weight on dome =(82+848+28)=958 kN 

∴ Load/unit area w=(
958

𝜋𝑋2.52)=49 KN/m2 

∴ Meridional thrust 𝑇 = (
𝑤𝑅

1+𝑐𝑜𝑠𝜃
)=106 KN/m(𝜃=47°) 

∴ Meridional stress =(
106𝑋103

150𝑋1000
) = 0.706 N/mm2< 5 N/mm2 (safe) 

Circumferential force =𝑤𝑅 [cos 𝜃 −
1

1+cos 𝜃
]=15 KN/m 

Hoop stress =(
15𝑋103

150𝑋1000
)=0.1 N/mm2 

Provide nominal reinforcements of 0.3% 

∴ 𝐴𝑠𝑡=(
0.3𝑋400𝑋600

100
)=720 mm2 

Provide 8 bars of 12 mm diameter two legged stirrups at 200mm center. As the girder is supported by 

the shaft walls, there will be no shear in the ring beam. 

IX Design of supporting cylindrical shaft: 

Diameter of the shaft=5m 

Height of the shaft (above ground level) =20m 

Thickness of shaft walls above GL=150mm 

Height of shaft (below GL) =1.5m 

Thickness of the shaft (below GL) =300mm 

Self weight of shaft=Πx5x24x [(20x0.15) + (1.5x0.3)] =1300KN 



 

 

The vertical shaft has an external diameter of 5.30m and an internal diameter of 4.70m, thickness of 

wall being 150mm. 

Loads acting on the shaft at ground level are as follows: 

a. The dome    = 549Kn 

b. top ring beam   = 279Kn 

c. conical shell     =1333KN 

d. bottom spherical dome  =82 KN 

e. internal shaft    =28 KN 

f. bottom ring beam    =90Kn 

g. supporting shaft   =1300 KN 

h. Plastering, pipes,ladders,railings,etc.,=339 KN 

Total dead loads=4000KN 

Weight of water =3880KN 

Wind pressure: 

Vertically projected area of overhead tank is =(
1

2
𝑋15.4𝑋2) +

1

2
(15.4 + 5.4)5 =70 m2 

Wind force on tank=(0.7x1.5x70)=73.5KN  

Acting at a distance of 24 m from base, 

Wind force on shaft =(0.7x1.5x5.3x20)=112KN  

Acting at 10m from the base, 

Total moment due to wind about base M= (73.5X24) + (112X10) =2884kN.m 

Area of cross section A=Π (2.652-2.352) =4.71m2 

Second moment of inertia I=
𝜋

4
(2.654 − 2.354)=14.92m4 

X Stresses at base section: 

Tank empty condition: 

P=4000KN; D=5.3M; M=2884KN.m 



 

 

𝑒 = (
𝑀

𝑃
)= (

2884

4000
)=0.72m< (

𝐷

6
)=(

5.3

6
)= 0.88m 

This section is under compression only. 

𝜎𝑐 = (
𝑃

𝐴
+

𝑀𝑦

𝐼
)= (

4000𝑋103

4.71𝑋106 +
2.8884𝑋106𝑋2650

14.92𝑋1012 )= 2.185 N/mm2< 4 N/mm2 (safe) 

Provide minimum reinforcement of 8% 

∴ 𝐴𝑠𝑡 = (
0.8𝑋150𝑋1000

100
)=1200 mm2 

Provide 12m diameter bars at 180mm centers both vertically and circumferentially on both sides 

 (𝐴𝑠𝑡 =1256mm2) 

Check for seismic forces: 

(Weight of tank portion water)W1= (2361+3880) =6241KN 

(Weight of shaft finishes etc.)W2= (1300+339) =1639 KN 

Seismic coefficient 𝛼𝑛=0.015 

Moment due to seismic force at ground level 𝑀𝑞 = 𝛼𝑛(𝑊1ℎ1 + 𝑊2ℎ2) 

=0.015(6241X23+1639X10)=2399KN.m 

Total load P= 7880KN,M=2399KN.m 

𝜎𝑐 = (
7880𝑋103

4.71𝑋106 +
2650𝑋2399𝑋106

14.92𝑋1012 )=2.09 N/mm2< 5 N/mm2 (safe) 

XI Design of raft foundations: 

Total load from tank and shaft =7880KN  

Self weight of the footing (10%) =829KN  

Total load W=8700 KN  

SBC of the soil =200 kN/m2 

If A=area of the footing 

   D=diameter of the footing 

   Direct load W=8700KN 

Moment M = 2884 KN.m 



 

 

Then  (
𝑊

𝐴
+

𝑀

𝑍
) =200 

Hence [
𝑊

𝜋𝐷2/4
+

𝑀

𝜋𝐷3/32
]=200 

SOLVING, D=8.54m 

Adopt diameter of raft slab D=9m 

Intensity of soil pressure w=[
8700

𝜋92/4
]=137 kN/m2 

The loading on the base is taken as annular loading on the mean diameter of the shaft. The design 

procedure is similar to that described in the design example in section 5.9 

Diameter of raft slab= 2a = 9m 

Diameter of the shaft =2b=5m 

Maximum bending moment in the section is governed by the radial moment. 

Radial moment at centre of footing is given by 

𝑀𝑟 =
𝑊

8𝜋
[2𝑙𝑜𝑔𝑒

𝑎

𝑏
+ 1 − (

𝑏

𝑎
)

2

] −
3

16
𝑤𝑎2 

= 
8700

8𝜋
[2𝑙𝑜𝑔𝑒

4.5

2.5
+ 1 − (

2.5

4.5
)

2
] −

3

16
137𝑋4.52 

=126KN.m 

Moment at junction of footing and tank walls at a radius of 2.5m is given by 

𝑀𝑟,𝑚𝑎𝑥 =
𝑊

8𝜋
[2𝑙𝑜𝑔𝑒

𝑎

𝑏
+ 1 − (

𝑏

𝑎
)

2

] −
3

16
𝑤(𝑎2 − 𝑏2) 

=
8700

8𝜋
[2𝑙𝑜𝑔𝑒

4.5

2.5
+ 1 − (

2.5

4.5
)

2
] −

3

16
137𝑋(4.52 − 2.52) 

=287 KN.m/m 

Design ultimate moment 𝑀𝑢𝑟= (1.5x287) =430.5 KN.m/m 



 

 

Effective depth required 𝑑 = √
𝑀𝑢

0.138𝑓𝑐𝑘𝑏
 = 395 mm 

To resist shear stresses, depth required will be nearly 1.5 times that required based on moment 

considerations. 

Hence adopt d=600mm and overall depth =650mm 

Compute the parameter: 

[
𝑀𝑢

𝑏𝑑2] = [
430.5𝑋106

130𝑋6002 ] = 1.19 

Refer to table 2 of SP:16 and read out the percentage reinforcement as  

𝑝𝑡 = [
100𝐴𝑠𝑡

𝑏𝑑
] =0.359 

∴ 𝐴𝑠𝑡 =(
0.359𝑋103𝑋600

100
) = 2154mm2/m 

Adopt 25 mm diameter bars at 150mm centres in both ways  

Also provide 12 mm diameter bars at 200mm centres both ways at the top of the footing. The details of 

reinforcements in the conical tank, supporting shaft and foundations are as shown in fig 8.14 and 8.15 



 

 

 

 



 

 

 

 

 



 

 

Experiment no: 9 

INTZE TYPE WATER TANK 

Design an intze type water tank of 1 million liters capacity, supported on an elevated tower comprising 

eight columns. The base of the tank is 16m above ground level. Depth of foundations is 1m below 

ground level. Adopt M20 grade concrete and Fe 415 steel .The design of the tank should conform to the 

stresses specified in IS: 3370 and IS: 456. 

Solution: 

I Data: 

Capacity of tank=1000m3 

Height of supporting tower=16m 

Number of columns=8 

Depth of foundations=1m below ground level 

II Permissible stresses: 

M20 grade concrete and Fe415 steel for calculations related to resistance to cracking (IS: 3370) 

𝜎𝑠𝑡=150 N/mm2; 𝜎ct= 1.2 N/mm2; 𝜎cb= 1.7 N/mm2 

For strength calculations, the stresses in concrete and steel are same as that recommended in IS: 456 

𝜎Cb=7 N/mm2; j = 0.906; Q=0.897 

𝜎CC=5 N/mm2; m= 13 

𝑓𝑐𝑘=20 N/mm2 

𝑓𝑦 = 415 N/mm2 

III Dimensions of tank: 

Referring to fig 8.1, let D be the inside diameter of the tank. Assuming the average depth=0.75D, we 

have 

(
𝜋𝑋𝐷2

4
𝑋0.75𝐷)=1000 m3 

Therefore D=12m 

Height of cylindrical portion of tank=8m 



 

 

Depth of conical dome=2m 

Diameter of the supporting tower=8m 

Spacing of bracing=4m 

The salient dimensions of the tank and the staging are shown in fig 8.6 

 

IV Design of top dome: 

Thickness of dome slab T=100mm 

Live load on dome=1.5kN/m2 

Self weight of dome= (0.1x24)=2.4KN/m2 



 

 

Live load =1.5 KN/m2 

Finishes=0.1 KN/m2 

Total load w=4.0 KN/m2 

Diameter at base D=12m 

Central rise r= (1/6x12) =2m 

Radius of the dome, R=[
(𝐷/2)2+𝑟2

2𝑟
]=10m 

Cos Ө= (8/10) =0.8 

Ө=36015’ 

Meridional thrust T1=(
𝑤𝑅

1+𝐶𝑂𝑆𝜃
) = (40/1+0.8)=22.22kN/m 

Circumferential force = wR[𝑐𝑜𝑠𝜃 −
1

1+𝑐𝑜𝑠𝜃
]=4x10[0.8 −

1

1.8
]=10 kN/m 

Meridional stress=(
22.22𝑋103

1000𝑋100
)=0.22 N/mm2< 5 N/mm2 (safe) 

Hoop stress = (
10𝑋103

1000𝑋100
)= 0.10 N/mm2< 5 N/mm2 (safe) 

Hence the stresses are in safe limits. 

Provide nominal reinforcements of 0.3% 

𝐴𝑠𝑡 = (
0.3𝑋100𝑋1000

100
)=300mm2 

Provide 8 mm diameter at 160mm centres both circumferentially and meridionally. 

V Design of the top ring beam: 

Hoop tension 𝐹𝑡 = (
𝑇1𝐷 cos 𝜃

2
)= (

22.22𝑋0.8𝑋12

2
)=106.6 KN 

𝐴𝑠𝑡 = (
106.6𝑋1000

150
)=710 mm2 

Provide 8 bars of 12mm diameter  

If Ac is the cross sectional area of the ring beam, then 

(
106.6𝑋103

𝐴𝑐+13𝑋904
)=1.5 

Therefore Ac=77082 mm2 



 

 

Provide 300mmX 300mm size top ring beam with 8 bars of 12mm diameter as main reinforcement and 6 

mm diameter stirrups at 200mm centers. 

VI Design of cylindrical tank wall: 

Maximum hoop tension at base of wall Ft=(
𝑤ℎ𝐷

2
)=(

10𝑋8𝑋12

2
)=480 kN/m 

𝐴𝑠𝑡 = (
410𝑋1000

150
)= 3200 mm2/m height 

Provide 20mm diameter at 180mm centre on each face (𝐴𝑠𝑡=3492 mm2). Steel area required at 2 m 

below top is 𝐴𝑠𝑡 =(2/8x3200)=800 mm2 

Provide 10mm diameter at 180mm centres on each face 

If t=thickness of side wall at bottom, then 

[
480𝑋103

1000𝑡+(13𝑋3492)
]=1.2 

t=358 mm 

Adopt 400 mm thick walls at bottom gradually reducing to 200mm at top  

Distribution steel: 

At bottom, 𝐴𝑠𝑡 = (
0.2𝑋400𝑋1000

100
)=800 mm2 

Provide 10 mm diameter at 10 mm centers on both faces. 

At top, 𝐴𝑠𝑡 = (
0.3𝑋200𝑋1000

100
)=600 mm2 

Provide 10mm diameter at 250mm cnetres on both faces. 

The details of reinforcements provided in the cylindrical tank walls at different height are as follows: 

Distance from top Main hoop steel 
(each face) 

Vertical  distribution steel 
(each face) 

0-2m 10-180mm c/c 10-250 mm c/c 

2-4m 16-200mmc/c 10-250 mm c/c 

4-8m 20-180mm c/c 10-180 mm c/c 

 

VIII Design of bottom ring beam: 

Loads on ring beam are as follows: 

A. load due to top dome= (meridional thrust x sin Ө) =(22.22x sin36050’)=13.3kN/m 



 

 

B. load due to top ring beam= (0.3x0.3x24)=2.16 kN/m 

C. load due to cylindrical wall = (0.4+0.2/2)x8x24)=57.6 kN/m 

D. self weight of the ring beam (assuming a section 1.2mx0.6m) 

= (1.2x0.6x24) =17.28 kN/m 

Total vertical load =V1=91 kN/m 

Horizontal force H= V1cotӨ = (91xcot 450)=91 kN 

Hoop tension due to vertical loads 𝐻𝑔 = (
𝐻𝐷

2
) = (

91𝑋12

9
)=546 kN 

Hoop tension due to water pressure 𝐻𝑤 = (
𝑤ℎ𝑑𝐷

2
)= (

10𝑋0.6𝑋8𝑋12

2
)=288KN 

Total hoop tension= (𝐻𝑔 + 𝐻𝑤) = (546+288) =843 kN 

𝐴𝑠𝑡 = (
843𝑋1000

150
)=5560 mm2 

Provide 8 bars of 200mm (𝐴𝑠𝑡=5562 mm2) 

Max tensile stress =[
834𝑋103

(1200𝑋600)+(13𝑋5562)
]= 1.05 N/mm2< 1.2 N/mm2 (safe) 

Provide a ring beam 1200mm wide by 600mm deep with 18 bars of 20 mm diameter and distribution 

bars of 10mm diameter from cylindrical wall taken around the main bars as stirrups at 180 mm centers. 

Viii design of conical dome: 

Average diameter of conical dome =(
12+8

2
)=10m 

Average depth of water =(8+2/2)=9m 

Weight of water above conical dome= (Πx10x9x2x10) =5655 kN 

Assume 600 mm thick slab 

Self weight of slab= (Πx10x2.83x0.6x24) =1280kN 

Load from top beam, top ring beam, cylindrical wall and bottom ring beam = (Πx12x91) =3430 kN 

Total load at base of conical slab= (5655+1280+3430)=10365 kN 

Load /unit length V2=(
10365

𝜋𝑋8
)=413kN/m 

Meridional thrust T= V2Cosec𝜃 =584 kN 



 

 

Meridional stress= (
584𝑋103

600𝑋1000
)=0.973 N/mm2< 5 N/mm2 (safe) 

Hoop tension in conical dome will be maximum at the top of the conical dome slab since diameter D is 

maximum at this section. 

Water pressure p=(10X8)=80 kN/m2 

Weight of conical dome slab per m2 is computed as follows: 

 q = (0.6x24) =14.4 kN/m2 

𝜃 = 45° 

D=12m 

Hoop tension 𝐻 = (𝑃 𝑐𝑜𝑠𝑒𝑐𝜃 + 𝑞 cot 𝜃)D/2=765 KN 

𝐴𝑠𝑡 = (
765𝑋1000

150
)=5100 mm2 

Provide 25 mm diameter at 180mm centres (𝐴𝑠𝑡=5470 mm2)on both faces of the slab. 

Distribution steel = (
0.2𝑋600𝑋1000

100
)=1200 mm2 

Provide 10mm diameter at 130mm centres on both faces along the meridians. 

Max tensile stress=[
765𝑋103

(1000𝑋600)+(13𝑋5470)
]= 1.13 N/mm2< 1.2 N/mm2 (safe) 

Ix design of bottom spherical dome: 

Thickness of dome slab is assumed as 300mm. 

Diameter at base D=8m 

Central rise r=(1/5x8)=1.6m 

If R=radius of the dome, then  

2(𝑅 − 𝑟)𝑟 = (𝐷/2)2 

R=5.8m 

Self weight of dome slab= (2xΠx5.8x1.6x0.3x24) =420KN 

Weight of finishes and fittings etc.,=300 KN 

Volume of water above the dome= 𝜋𝑋42𝑋(8 + 2) − [
2𝜋𝑋5.82𝑋1.6

3
−

𝜋𝑋42

3
(5.8 − 1.6)]=460 mm2 



 

 

Weight of water=(460x10)=4600 KN 

Total load on dome = (420+300+4600)=5320 KN 

Load /unit area w=(
5320

𝜋𝑋42)=106 kN/m2 

cos 𝜃 = (
4.2

106𝑋5.8
)=0.724 

𝜃 = 44.5° 

Meridional thrust T1=(
𝑤𝑅

1+𝐶𝑂𝑆𝜃
) = (106X5.8/1+0.724)=357 kN/m 

Meridional stress=(
357𝑋103

1000𝑋300
)=1.19 N/mm2< 5 N/mm2 (safe) 

Circumferential force = wR[𝑐𝑜𝑠𝜃 −
1

1+𝑐𝑜𝑠𝜃
]=106x5.8[0.724 −

1

1.724
]=88.5 kN/m 

Hoop stress = (
88.5𝑋103

1000𝑋300
)= 0.3 N/mm2 

Provide nominal reinforcement of 0.3% 

𝐴𝑠𝑡 = (
0.3𝑋300𝑋1000

100
)=900 mm2 

Provide 12mm at 120mm centers circumferentially along the meridians 

X Design of bottom circular girder: 

Thrust from conical dome T1 =413 kN/m acting an angle 𝛼=45° to the horizontal 

Thrust from the spherical dome T2=357 kN/m acting at an angle 𝛽 = 44.5° to the horizontal 

Net horizontal force on ring beam =( T1cos 𝛼- T2cos 𝛽)=[(413x0.707)-(357x0.713)]=38 kN/m 

Hoop compression in the beam= (38x8/2) =152 kN  

Assume the size of the ring girder at 600mm wide by 1200 mm deep  

Hoop stress= (
152𝑋103

600𝑋1200
)= 0.21 N/mm2 

Vertical load on ring beam = (T1sin 𝛼- T2sin 𝛽) =[(413x0.707)-(357x0.70)]=542 kN/m 

Self weight of beam = (0.6x1.2x24) =17.28 kN/m 

Therefore total load= (542+17.28) =560 kN/m 

Total design load on the ring girder =W=(𝜋𝐷𝑤)=14074 kN  



 

 

The circular girder is supported on 8 columns. Using the moment coefficients given in table 4.1, we have 

Maximum negative BM at support section = 0.0083WR= (0.0083X14074X4) =467KN.m 

Maximum positive BM at support section = 0.0083WR= (0.0041X14074X4) =231KN.m 

But minimum area of steel in the section=(
0.3𝑋600𝑋1200

100
)=2160 mm2 

Provide 5 bars of 25 mm at mid span section and stirrups 10mm four legged at 300mm centers. Design 

of section subjected to maximum torsion is as follows: 

T=34 KN.m ;V=521 KN ; M=0;D=1200mm ; b=600mm;d=1150mm 

𝑀𝑡 = 𝑇 [
1+(𝐷/𝑏)

1.7
]= 34 [

1+(1200/600)

1.7
]=60 kN.m 

𝑀𝑒𝑙 = 𝑀 + 𝑀𝑡=(0+60)=60 kN.m 

𝐴𝑠𝑡 = (
60𝑋106

150𝑋0.9𝑋1150
)=387 mm2 

But minimum area of tension steel is 

𝐴𝑠𝑡 = (
0.3𝑋600𝑋1200

100
)=2160 mm2 

Provide 5 bars of 25 mm diameter (𝐴𝑠𝑡 = 2455𝑚𝑚2 ) 

Equivalent shear force 𝑉𝑒 = [𝑉 + 1.6(𝑇/𝑏)]= 521 + 1.6(34/0.6)=612 kN  

𝜏𝑣𝑒 = (
𝑉𝑒

𝑏𝑑
)=(

612𝑋106

600𝑋1150
)=0.88 N/ mm2 

(
100𝑋𝐴𝑠𝑡

𝑏𝑑
)=(

100𝑋2455

600𝑋1150
)=0.32 

𝜏𝑐=0.24 N/ mm2 

Since  𝜏𝑣𝑒 > 𝜏𝑐,shear reinforcement are required 

Using 12 mm diameter four legged stirrups with side covers of 25 mm and top and bottom covers of 50 

mm, spacing is given as follows: 

𝑆𝑣 = [
𝐴𝑠𝑣𝜎𝑦

(𝜏𝑣𝑒−𝜏𝑐)𝑏
]= [

4𝑋113𝑋150

(0.88−0.24)600
]=188mm 

Adopt 12 mm diameter four legged stirrups at 180 mm centres. 

XI Design of columns of supporting tower: 

The supporting tower comprises 8 columns equally spaced on a circle of 8 m diameter. 



 

 

A. Vertical load on each column= (14074/8) =1760 kN  

B. self weight of column of height 16 m and diameter 650mm= (Π/4X0.652X16X24) =127 KN 

C. self weight of bracings = (3x0.5x0.5x Π/8x24)=57KN 

Total vertical load on each column=(170+127+57)=1944 KN 

Intensity of wind pressure=1.5 KN/m2 

Reduction coefficient for circular shapes=0.7 

Wind forces on columns are as follows: 

a. Wind force on top dome and cylindrical wall=(8+2/2)x0.7x1.5x12)=114 KN 

b. wind force on conical dome=(2x10x0.7x1.5)=21 KN 

c. wind force on bottom ring beam=(1.2x8x0.7x1.5)=11 KN 

d. wind force on five columns=(5x0.65x16x0.7x1.5)=55 KN 

e. wind force on bracings=(0.5x8x3x1.5)=18 KN 

Total horizontal wind force=219 KN 

Assuming contra flexure points at mid height of columns and fixity at the base due to raft foundations, 

the moment at the base of columns is computed as follows: 

M= (219X4/2) =438 kN.m 

M1=moment at the base of the column due to wind loads 

=(114x23)+(21x17)+(11x16)+(6x12)+(6x8)+(6x4))=3299 kN.m 

V= reaction developed at the base of exterior columns 

𝑀1 = ∑ 𝑀 +
𝑉

𝑟1
[∑ 𝑟2] 

3299=438+
𝑉

4
[(2𝑋42) + 4(4√2)

2
] 

Therefore V=179 KN 

Total load on leeward column at base= (1944+179) =2123 KN 

Moment in each column at base = (438/8) =55 kN.m 

Design ultimate moment in each column MU= (1.5X55) =82.5 kN.m 



 

 

Design ultimate axial load Pu= (1.5x2123) =3184.5 KN 

Compute the parameters as follows: 

(
𝑃𝑢

𝐷2𝑓𝑐𝑘
)= (

3184.5𝑋103

20𝑋6502 )= 0.376 

(
𝑀𝑢

𝐷2𝑓𝑐𝑘
)= (

82.5𝑋106

20𝑋6502 )=0.015 

Refer to chart 56(SP: 16) for circular columns with compression and bending and eight longitudinal bars 

and the ratio (d’/D) =0.10. The corresponding percentage reinforcement is readout as follows: 

(
𝑃

𝑓𝑐𝑘
)=0.02 

P=(20x0.02)=0.4% 

But minimum reinforcement in columns=0.8% 

Providing 1% reinforcements, we have 

𝐴𝑠𝑐 = (
𝑝𝜋𝐷2

400
)=3318 mm2 

Provide 8 bars of 25 mm diameter 

Diameter of lateral ties not less than [(1/4) x25] =6.25mm 

Adopt 8 mm diameter lateral ties  

Pitch of lateral ties shall be least of: 

a. least lateral dimension=650mm 

b.(16x25)=400mm 

c.300mm 

Hence, adopt 8 mm diameter lateral ties at 300mm centers. 

XII Design of bracings: 

Service moment in brace, M= (2xmoment in columnx2^(1/2))=(2x55x2^(1/2))=156 kN.m 

Design ultimate moment, Mu= (1.5x156) =234 kN.m 

Section of brace =500x500 mm 

Therefore b=500mm and effective depth d=450mm 

Limiting moment of resistance of the section is computed as: 



 

 

M u,lim=(0.138fckbd2) 

M u,lim=(0.138x20x500x4502)10-6 

M u,lim=279 kN.m< M u 

Hence the section is under reinforced. 

Compute the parameter as  

(
𝑀𝑢

𝑑2𝑏
)= (

234𝑋106

4502𝑋500
)=2.3 

Refer to Table 2 of SP:16 and readout the percentage reinforcement as 

𝑝𝑡 = (
100𝐴𝑠𝑡

𝑏𝑑
)=0.757 

𝐴𝑠𝑡 = (
0.757𝑋500𝑋450

100
)=1703 mm2 

Provide 4 bars of 25 mm diameter both at top and bottom since wind direction is reversible. 

Length of brace L=(2x4xsin22.50)=3.06m 

Maximum service load shear force in brace is computed as 

V=( moment in brace/half length of brace)=(156/0.5x3.06)=102KN 

Design ultimate shear force Vu=(1.5x102)=153 KN 

𝜏𝑣𝑒 = (
𝑉𝑢

𝑏𝑑
)= (

153𝑋103

500𝑋450
)= 0.88 N/ mm2 

(
100𝑋𝐴𝑠𝑡

𝑏𝑑
)=(

100𝑋1964

500𝑋450
)=0.87 

𝜏𝑐=0.59 N/ mm2 

Since   𝜏𝑣𝑒 > 𝜏𝑐, shear reinforcement are required 

Shear force carried by concrete =(𝜏𝑐𝑏𝑑)=(0.59x500x450)10-3=133KN 

Balance shear force =(153-133)=20 KN 

Using 10mm diameter two legged stirrups, spacing is computed as 

𝑆𝑣= [
0.87𝑋415𝑋2𝑋79𝑋450

20𝑋103 ]=1283 mm 

Hence provide 10mm diameter two legged stirrups at 300 mm centres. 

XIII Design of foundations: 



 

 

A circular grider with a raft slab is provided for the tower foundations. 

Total load on foundations=(194x8)=15552 KN 

Self weight of foundations at 10%=1555 KN 

Total load =17107 KN  

Safe bearing capacity of soil at site =250 KN/m2 

∴ Area of foundation= (17107/250) =68.4 m2 

Providing a raft slab with equal projections on either side of a circular ring beam and if b=width of raft 

slab, then  

(Πx8xb)=68.4 

B=2.72m 

Adopt a raft slab having 5m inner diameter and 11 m outer diameter (b=3m) 

Design a circular girder of raft slab: 

Total load on circular girder=W=15552KN 

Load per metre run on girder =(15552/(ΠX8))=618.8 KN/m 

Referring to moment coefficients given in table 4.1, the maximum moments in the circular grider is 

computed. 

Maximum service load negative moment at support = (0.0083WR)=(0.0083X15552X4)=516 KN.m 

Design ultimate negative moment Mu(-ve)=(1.5x516)=774 KN.m 

Maximum service load positive moment at mid span = (0.0041WR)=(0.0041X15552X4)=255 KN.m 

Design ultimate positive moment Mu(+ve)=(1.5x255)=382.5 KN.m 

Maximum service torisional moment (at 9.50 from either support) 

= (0.0006WR)=(0.0006X15552X4)=37.3 KN.m 

Design ultimate Torisional moment Tu(+ve)=(1.5x37.3)=56 KN.m 

Working shear force at support section V= [618.8X4X(Π/4)/2]=972 KN 

Design ultimate shear force at support section Vu= (1.5x972) =1458 KN 

Working shear force at section of maximum torsion  



 

 

𝑉 = [972 − (
618𝑋𝜋𝑋4𝑋9.5

180
)]=562 KN 

Design ultimate shear force = (1.5x562) =842 KN 

The support section is designed for a maximum negative moment given by  

Mu=774 KN.m and shear force Vu=1458 KN 

Assume width of girder section, b=750mm to house the column of diameter 650mm 

Effective depth = 𝑑 = √
𝑀𝑢

0.138𝑓𝑐𝑘𝑏
 = 612mm 

The depth required for shear force is nearly 1.5 times that required for moment. 

Hence, adopt effective depth d=1000mm with effective cover of 70mm. 

Compute the parameter as  

(
𝑀𝑢

𝑑2𝑏
)= (

774𝑋106

9302𝑋750
)=1.19 

Refer to Table 2 of SP:16 and readout the percentage reinforcement as 

𝑝𝑡 = (
100𝐴𝑠𝑡

𝑏𝑑
)=0.356 

𝐴𝑠𝑡 = (
0.356𝑋750𝑋930

100
)=2483 mm2 

Provide 6 bars of 25 mm diameter both at top and bottom since wind direction is reversible. 

𝜏𝑣𝑒 = (
𝑉𝑢

𝑏𝑑
)= (

1458𝑋103

750𝑋930
)= 2.09 N/mm2 

(
100𝑋𝐴𝑠𝑡

𝑏𝑑
)=(

100𝑋2946

930𝑋750
)=0.42 

𝜏𝑐=0.38 N/ mm2 

Since   𝜏𝑣𝑒 > 𝜏𝑐, shear reinforcement are required. 

Shear force carried by concrete =(𝜏𝑐𝑏𝑑)=(0.38x930x750)10-3=265KN 

Balance shear force =(1458-265)=1193 KN 

Using 12 mm diameter two legged stirrups, spacing is computed as 

𝑆𝑣= [
0.87𝑋415𝑋4𝑋113𝑋930

1193𝑋103 ]=127 mm 

Hence provide 12mm diameter two legged stirrups at 120 mm centres. 



 

 

Reinforcement required for mid span section to resist the bending moment Mu=382.5 KN.m will be less 

quantity. Hence provide minimum reinforcement computed as 

𝐴𝑠𝑡,𝑚𝑖𝑛 = (
0.85𝑏𝑑

𝑓𝑦
)= (

0.85𝑋750𝑋930

415
)=1429 mm2 

Provide 3 bars of 25 mm diameter at mid span section 

The section subjected to maximum torsional moment and shear should be designed for the following 

moments: 

Tu=56 KN.m ;Vu=843 KN ; Mu=0;D=1000mm ; b=750mm;d=930mm 

𝑀𝑡 = 𝑇 [
1+(𝐷/𝑏)

1.7
]= 56 [

1+(1000/750)

1.7
]=77 kN.m 

𝑀𝑒𝑙 = 𝑀 + 𝑀𝑡=(0+77)=77 kN.m 

The magnitude of moment being very small, provide minimum reinforcement of  

But minimum area of tension steel is 

𝐴𝑠𝑡 =1429 mm2 

Provide 3 bars of 25 mm diameter (𝐴𝑠𝑡 = 1473𝑚𝑚2 ) 

Equivalent shear force 𝑉𝑒 = [𝑉 + 1.6(𝑇/𝑏)]= 843 + 1.6(56/0.75)=963 kN  

𝜏𝑣𝑒 = (
𝑉𝑒

𝑏𝑑
)=(

963𝑋106

750𝑋930
)=1.38 N/ mm2 

(
100𝑋𝐴𝑠𝑡

𝑏𝑑
)=(

100𝑋1473

750𝑋930
)=0.1 

𝜏𝑐=0.28 N/ mm2 

Since  𝜏𝑣𝑒 > 𝜏𝑐,shear reinforcement are required 

Balance shear = [843-(0.38x750x930)x10-3] 

Using 12 mm diameter four legged stirrups with side covers of 25 mm and top and bottom covers of 50 

mm, spacing is given as follows: 

𝑆𝑣 = [
𝐴𝑠𝑣0.87𝑓𝑦

(𝜏𝑣𝑒−𝜏𝑐)𝑏
]= [

4𝑋113𝑋0.87𝑋415

(0.88−0.24)600
]=198mm 

Adopt 12 mm diameter four legged stirrups at 190 mm centres. 

XIV Design of raft slab: 

Maximum projection of raft slab from face to column = (3-0.75/2)=1.125m 



 

 

Soil pressure = 
155.52

(5.52−2.52)
 = 206 kN/m2 

Consider 1 m width of raft slab along the circular arc 

Maximum bending moment = (
206𝑋1.12

2
)=124.63 kN.m 

Design ultimate bending moment Mu= (1.5x124.63)=187 kN.m 

Effective depth required is computed as 

𝑑 = √
𝑀𝑢

0.138𝑓𝑐𝑘𝑏
=√

187𝑋106

0.138𝑋20𝑋1050
 = 260mm 

Provide an overall depth of 500mm and effective depth d=450mm to limit the shear stress within 

permissible limits. 

Compute (
𝑀𝑢

𝑏𝑑2)= (
187𝑋106

1000𝑋4502)=0.92 

Refer to Table 2 of sp:16  and readout the percentage of reinforcement as 

𝑝𝑡 = (
100𝐴𝑠𝑡

𝑏𝑑
)=0.27 

𝐴𝑠𝑡 = (
0.27𝑋1000𝑋450

100
)=1215 mm2 

Provide 25 mm diameter bars at 200mm centres to reduce the shear stress to be within safe permissible 

limits 

Distribution reinforcement =(0.0012x500x1000)=600 mm2 

Ultimate shear force at a section 450 mm from face of column is computed as 

𝑉𝑢=1.5(200x0.65x1.00)=201 kN  

𝜏𝑣𝑒 = (
𝑉𝑢

𝑏𝑑
)= (

201𝑋103

1000𝑋450
)= 0.44 N/mm2 

(
100𝑋𝐴𝑠𝑡

𝑏𝑑
)=(

100𝑋2454

1000𝑋450
)=0.545 

𝜏𝑐=0.48 N/ mm2 (from table no 19 of IS:456-2000) 

Since   𝜏𝑣𝑒 > 𝜏𝑐, shear reinforcement are required. 

The thickness of footing is retained up to a distance of 500mm from the column face and thereafter 

gradually decreased to 350 mm at the edge. The details of reinforcements in the various structural 

elements of an intze type tank are detailed in following 

 



 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 


