


























CANTILEVER RETAINING WALL
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Ex No. 2 COUNTERFORT RETAINING WALL
DATE:
AIM

Design a counterfort retaining wall using the following details.
Height of wall above ground level = 6m

Safe bearing capacity of soil at site = 160 kN/m?

Angle of internal friction = 33°

Density of soil =16 kN/m’

Spacing of counterfort = 3m

Adopt M20 grade concrete and Fe415 HYSD bars.

Draw the following,

(1) Sectional elevation at midway of counterfort.
(11) Sectional elevation between counterfort.

(ii1) Sectional plan at base of counterfort

SOLUTION
Step 1 — Dimensions of retaining wall
Minimum depth of foundation, « =(2)(:5222)" =0.84 m

Provide depth of foundation, d =1 m
Overall height of wall, H=6+1 =7 m
Spacing of counterfort, L =(1/3) Hto (1/2) H=2.33t0 3.5=3m

Thickness of base slab, t =2LH =2 x 3 x7 =42 cm = 450 mm (say)
Width of base slab, D =0.6 Hto 0.7 H=4.2 to 4.9 m = 4.5 m (say)
Height of stem, h = H — base slab thk =7 — 0.45 = 6.55 m

Toe projection = (1/4) D=1.13=1.15m
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Step 2 — Design of stem

Pressure intensity at base , W = k,ph

k. = (1-sin @) / (1+sin@) = (1-sin33)/(1+sin33) = 0.29

W =0.29x16x6.55 = 30.39 kN/m’

Working moment, M = (WL?*/12)= (30.39 x 3°)/12 = 22.79 kNm

Working moment, M, = 1.5 x 22.79 = 34.19 kNm

M, = 0.138 f, bd’

34.19 x 10°=0.138 x 20 x 1000 x d?,

Hence d=111.3 mm = 150 mm

Assuming cover as 50 mm, Overall depth = 150+50 = 200 mm

Main bars

M,-0. 87 £, A d [1- (A« fy/bdfek) where d = 200-50 = 150 mm, b=1000 mm
Ay = 698.87 mm’

Minimum Ay = 0.12% b D = 240 mm?

Provide 12 smm dia bars, Spacing = (1000x(1v4)x12%) / 698.87 = 161.83 = 160 mm
Provide 12 mm dia bars @ 160 mm c/c as main reinforcement

Provided A = (1000x(174)x12?%) / 160 = 706.86 mm?

Distribution bars

Minimum A =0.12% b D = 240 mm?,

Provide 8 mm dia bars, Spacing = (1000x(174)x8%) / 240 = 209.444 = 200 mm

Provide 8 mm dia bars (@ 200 mm c/c as main reinforcement
Provided Ay = (1000x(1/4)x8%) / 200 = 251.33 mm’
Step 3 — Stability Check
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Load Magnitude (kN) Distance (m) Moment @ a
W1 (Weight of stem) 6.55x0.2x 25 (0.2/2)+3.15 106.44
W2 (Weight of base slab) | 4.5x0.45x 25 4.5/2 113.92
W3 (Weight of earth fill) | 3.15x6.55x 16 3.15/2 519.94
W4 (Weight of earth fill) | (1-0.45)x1.15x 16| (1.15/2)+0.2+3.15 34.54
Moment due to earth pressure =(k,p h*)/6 = (0.29x16x6.55°)/6 217.32

>W =423.62 kN, ZM = 992.16 kNm

Point of resultant force acting from base, z=I M/ W =2.34 m
Eccentricity, e = z- (b/2) = 2.34 — (4.5/2) = 0.09

Maximum eccentricity = b/6 = 5/6 = 0.83 Hence safe.

Opmax, min = 2W/b [1 £ 6e/b] = 423.62/4.5 [1 = (6x0.09)/4.5]

0 max = 94.89 KN/m? <160 kN/m? 0 1, = 74.56 kN/m’
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Step 4 — Design of heel slab

Net moment on structure

Consider 1 m strip from ‘a’ on heel slab




Load Pressure (kKN/m?)
W1 (Weight to earth fill) 6.55x16=104.8
W2 (Weight of base slab) 0.45x25=11.25
Upward pressure (abhi) 74.56

Net pressure on structure = 116.05 [174.56 = 41.49 kN/m*

Working moment, M = (WL*12)= (41.49 x 3%)/12 = 10.87 kNm
M,=1.5x10.87=16.31 kNm

M,-0. 87 £, A d [1- (A« fy/bdfk) where d = 450-50 = 400 mm, b=1000 mm
Ag=113.6 mm?

Minimum Ag =0.12% b D = 540 mm?,

Provide 10 mm dia bars, Spacing = (1000 x (T04)x10%) / 540 = 145.444 = 140 mm
Provided Ay = (1000x(T04)x10%) / 140 = 561 mm”®

Provide 10 mm dia @ 140 mm c/c bars as both main and distribution reinforcement

Step 5 — Design of toe slab

Net moment on structure

Load Magnitude (kN) Distance (m) | Moment @ c
W1 (Weight to earth fill) (1-045x1.15x16 | 1.15/2 5.82
W2 (Weight of base slab) 1.15x0.45x 25 1.15/2 7.44
Upward pressure (denf) 86.69 x 1.15 1.15/2 57.32
Upward pressure (nfe) (172)x5.2x 1.15 (2/3)x 1.15 2.29
Net moment on structure = 13.26 [159.61 46.35

M, =1.5x46.35=69.53 kNm

M,-0. 87 f; Ay d [1- (A« fy/bdfek) where d = 450-50 = 400 mm, b=1000 mm

Ay =494.11 mm®

Minimum Ag =0.12% b D = 540 mm?,

Provide 10 mm dia bars, Spacing = (1000x(T04)x10%) / 540 = 145.444 = 140 mm
Provided A = (1000x(T04)x10%) / 140 = 561 mm’

Provide 10 mm dia @ 140 mm c/c bars as both main and distribution reinforcement



Step 6 — Design of counterfort

Moment, M=[(k,pH?)/6] x L=[(0.29x16x7°)/6] x3 = 795.76 kNm
Factored moment = 1.5 x 795.76 = 1193.64 kNm

M,-0. 87 f;, Ay d [1- (A« f;/bdf)]

tan B = 6.55/2.95, 6 = 65.75

sin 65.75=d/3.15,d=2.87 m

Thickness of counterfort, b=0.2 +0.2=0.4 m

Ay =1176.96 mm’

Minimum reinforcement is given Ay/bd = 0.85 f|,
AJ/(400 x 2870) = 0.85 x 415, A= 2351.33 mm’
Provide 5 no’s of 28 mm dia bars (A = 3078.76 mm?*)
Step 7 — Connection between counterfort and stem

Pressure intensity @ base = 30.39 kN/m*

Consider the bottom 1 m height of stem,

Lateral pressure transferred = 30.39 x (3.15-0.2) x1 = 89.65 kN

Factored force = 1.5 x 89.65 = 134.48 kNm

Reinforcement required per metre length = F/0.87f, = (134.48 x 10°)/(0.87x415)
=372.47 mm*

Minimum Ay = 0.12% b D = 540 mm?,

Provide 10 mm dia bars, Spacing = (1000x(Tv4)x10%) / 540 = 145.44 = 140 mm

Provided A, = (1000x(T74)x10%) / 140 = 561 mm®



Provide 10 mm dia bars @ 140 mm c/c for connection between counterfort & stem

Step 8 — Connection between counterfort and heel slab

Pressure intensity @ base = 41.49 kN/m’

Consider the bottom 1 m height of stem,
Lateral pressure transferred = 41.49 x (3.15-0.2) x1 =122.4 kN
Factored force = 1.5 x 122.4 = 183.6 kNm

Reinforcement required per metre length = F/0.87f, = (183.6 x 10°)/(0.87x415)
=508.52 mm®
Minimum Ay = 0.12% b D = 540 mm?,

Provide 10 mm dia bars, Spacing = (1000x(n/4)x10%) / 540 = 145.44 = 140 mm
Provided Ay = (1000x(7/4)x10%) / 140 = 561 mm’

Provide 10 mm dia bars @ 140 mm c/c for connection between counterfort & heel slab
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Shear force
5.96 m

b 2| 22.087 kN/m
— F//
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Total downward load = 23805 * 4.96 = 105-673kN o488 kn

\ 22 08)
Reactions Ry = 36.715 kN & Ra = 72.837 kN

SF @ support = 72.837 kN

Step 6 — Design of deck slab

Main reinforcement

Total Moment=Dead 105'151__r£clment + Live load moment = 114.722 + 128.87 = 243.592 kNm
Hepgassafc ol = N\ b = N oy3-ary ¥[ot = §E A3 CeBasmm: Meawm S

Provide 25 mm dia bars, S = [1000% (@/4) *25%] / 2432.879 = 201.767 mn Py m = 13-l

Provide 25 mm dia bars at 200 mm c/c (A= 2454.369 mm”) Gl J‘}\ PrEQ ;:‘:‘ 4
. ]
Distributor reinforcement 212 8719
Total Moment=0.3M_ + 0.2Mp = (0.3 x 128.87) + (0.2 x 114.722) = 61.605 kNm
by b = Orbesxias = Q53810
i U&'f& 2w 6 FAXSL S
Provide lfmm dia bars, S = [1000* (p/4) ¥127]/615.281 = 183.814 mm
Provide 12 mm dia bars at 180 mm c/c (Ax= 628.319 mm’)
Step 7 — Check for shear stress
Total Shear = Dead load shear + Live load shear = 62.012 + 72.837 = 134.849 kN ~ )
el
Permissible shear stress for slabs without shear reinforcement is given as TN
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Also, hence provide minimum shear reinforcement.

Minimum shear reinforcement is given by Al (b*S,) = 0.4/ (0.87*1})
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A rectangular RCC water tank resting on ground with an open top is required to store
80000 litres of water. The inside dimension of the tank may be taken as 6 x 4 m. The
tank rests on wall on all four sides. Design the side walls of the tank using M20

concrete and Fe 415 steel.
Draw the following,

(1) Cross sectional elevation of rectangular water tank
(11) Plan of rectangular water tank

DESIGN DATA

Volume of tank = 80000 litres

Size of tank =6 m x 4 m

Grade — M20 & Fe415

SOLUTION

Step 1 — F issibl
From IS : 456 — 2000 — Table 21,

Permissible stress in direct compression, 6.. = 5 N/mm’
Permissible stress in bending compression, Ga. = 7 N/mm*
Permissible stress in steel, 6. = 0.6 fy = 150 N/mm’ (Assume)

m = 280/3 6. =280/(3*7)=13.333 k= 1/[1+ (0, /m 64.)] = 0.38
1= 1-k/3=0.87

Q=0506ak)=1.16

Step 2 — Dimensions of tank
Depth of tank = Volume/Area =(80000 x 10 *)/(6 x 4) = 3.33 m Assuming free board
as 150 mm, Depth=3.33+0.15=348 m

Hence take depth of tank as 3.5 m

L/B = 6/4 = 1.5 < 2, Hence walls are designed as continuous slab subjected to water

pressure above an height of H/4 or 1m, whichever is greater, h=3.5/4 (or) 1 = Im



Intensity of water pressure, p=p (H-h)=10(3.5 — 1)=25 kN/m’

Step 3 — Moment on side walls

Long wall
BM at fixed end of long wall = (pL?)/12 = (25 x 6°)/12 = 75 kNm

BM in centre of long wall = (pL?)/8 = (25 x 6%)/8 = 112.5 kNm
Short wall
BM at fixed end of short wall = (pB*)/12 = (25 x 4*)/12 = 34 kNm

BM in centre of short wall = (pB?)/8 = (25 x 4%)/8 = 50 kNm

i Sq\win g™
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Step 4 — Design of side walls (vertical reinforcement)

Maximum moment, Qbd*> = 59 kNm

d =225.53 mm, Eff depth = 225 mm, Overall depth =250 mm

Minimum Ay = 0.3% b D =750 mm®

Provide 12mm dia bars, Spacing = (1000x(174)x12?%) / 750= 150.08 = 150 mm
Provide 12mm dia bars @ 150 mm c/c as vertical reinforcement in side walls

Provided Ay = (1000x(T74)x122) / 160 = 753.98 mm’

Step 5 — Design of long walls (horizontal reinforcement)

Direct tension in long wall, Tx = pB/2 =(25 x 4)/2 = 50kN
Moment at long wall ends, M = 59 kNm

Ay (long wall corners) = 2% 4 L — 5347 yyny®
Fer jid Ter

Provide 20 mm dia bars, Spacing = (1000x(Tv4)x20%) / 2341=134.20 = 130 mm
Provide 20 mm dia bars @ 130 mm c/c as horizontal reinforcement at corner of long

wall.



Provided Ay = (1000x(1/4)x20%) / 130 = 2416.61 mm*

Moment at long wall centre, M = 53.5 kNm

A (long wall centre) = 2153.68 mm*

Provide 20 mm dia bars, Spacing = (1000x(T04)x20%) / 2153.68= 145.87 = 130 mm
Provide 20 mm dia bars @ 130 mm c/c as horizontal reinforcement at centre of long

wall.

Provided Ay = (1000x(11/4)x20%) / 130 = 2416.61 mm?

Step 6 — Design of short walls (horizontal reinforcement)

Direct tension in short wall, Ty = pL/2 =(25 x 6)/2 = 75kN

Aq (short wall comers) = ===+ 2> —2506.81 mm?
gt jd =t

Provide 20 mm dia bars, Spacing = (1000x(T074)x20%) / 2506.81= 125.32 = 120 mm
Provide 20 mm dia bars @ 120 mm c/c as horizontal reinforcement at corner of short
wall.

Provided Ay = (1000x(T04)x20%) / 120 = 2617.99 mm®

Moment at short wall centre, M = 9 kNm

A (short wall centre) = 803.96 mm?

Provide 12 mm dia bars, Spacing = (1000x(T04)x12%) / 803.96= 140.68 = 120 mm
Provide 12 mm dia bars @ 120 mm c/c as horizontal reinforcement at centre of short
wall.

Provided Ay = (1000x(T74)x122) / 120 = 942.48 mm’

Step 7 — Design of reinforcement for cantilever action

Cantilever moment = (1/2x3.5x1x10 ) x ((1/3) x 1) = 5.83 kNm
Ay = M/ostjd = (5.83 x 10°)/(150 x0.87x225) = 198.55 mm”*

Minimum Ay = 0.3% b D = 750 mm?*
Provide 12mm dia bars, Spacing = (1000x(17/4)x12%) / 750= 150.08 = 150 mm

Provide 12 mm dia bars @ 150 mm c/c at junction of side wall and base slab

Provided Ay = (1000x(11/4)x12?) / 160 = 753.98 mm>



Step 8 — Design of base slab
Taking overall thickness of base slab as 250 mm, effective depth = 225 mm (Cover =

25 mm)

Minimum Ast =0.3% b D = 750 mm®

Provide 12mm dia bars, Spacing = (1000x(n/4)x122) / 750= 150.08 = 150 mm
Provide 12mm dia bars @ 150 mm c/c as vertical reinforcement in side walls

Provided Ay = (1000x(11/4)x122) / 160 = 753.98 mm?
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Design an RCC circular tank resting on ground with a flexible base and a spherical dome for
a capacity of 500000 litres. The depth of storage is to be 4m. And free board is 200mm.
Materials used are M20 grade concrete and Fe 415 HYSD bars. Draw the following,

(1) Cross section of the tank showing reinforcement details in dome, tank walls and floor
slabs.

(11) Plan of the tank showing reinforcement details.

DESIGN DATA

Capacity of tank = 500000 litres = 500 m’

Depth of storage =4 m

Grade — M20 & Fed15

Codes — IS 456 & IS 3370

SOLUTION

Step 1 — Permissibl

Permissible stress in direct tension (tank wall), 6.= 1.2 N/mm® (IS 3370 (Part 11) - 1965,
Table 1)

Permissible stress in direct tension (dome & ring beam), 6, = 2.8 N/mm’ (IS 456 -2000, Pg
80)

Permissible stress in steel, 6,= 0.6 fy = 150 N/mm* (IS 800)

Permissible stress in direct compression, 6. = 5 N/mm*(IS 456 — 2000, Table 21)
Permissible stress in bending compression, 6. = 7 N/mm® (IS : 456 — 2000, Table 21)

m = 280/3 ou.= 280/(3*7) = 13.333

k=1/[1+(64/m 6a)] = 0.38

1=1-k/3=0.87

Q=050xk)=116

Step 2 — Dimensions of tank

Depth oftank =4+ 0.2 =42 m

Volume of tank = (rD%/4) * 4.2 = 500



D=1293m
Central rise = (1/5to 1/6) D=(1/6) D=2.16 m
Radius of dome, R* = [6.465°+ (R-2.16)"]
R=10.755m
sin q = 6.465/10.755 = 0.6, cos g= 8.595/10.755=0.8, q = 36.87

Step 3 — Design of top spherical dome

Thickness of top dome, t = 100 mm (Assume)
Load calculation

Self weight = 0.1 * 25 = 2.5 kN/m*

Live load & finishes =2 kN/m?

Total load, w  =4.5kN/m?

Meridional stress
Meridional thrust, T, = wR / 1+cos q = (4.5%10.755) / (1+0.8) = 26.888 kN/m
Meridional stress =T,/t=26.888 /100 = 0.269 N/mm>< 5 N/mm?

Hoop stress
Circumferential force, T,=wR{cosq-(1/[1+cosq]}

=4.5%10.755*{0.8 - (1 /[1+ 0.8]} = 11.831 kN/m
Hoop stress =T,/ t=11.831/100 = 0.118 N/mm*< 5 N/mm*
Reinforcement
Ay =0.3 % bd = (0.3/100) * 1000 * 100 = 300 mm*
S =[1000 * (n/4) * 8°] /300 = 167.55 mm

Provide 8mm dia bars at 160mm c/c circumferentially & meridionally

Step 4 — Design of top ring beam

Reinforcement

Hoop tension, F,= T, * cos q * D/2 =26.888 * 0.8 * (12.93/2) = 139.065 kN
Ay =F/ 064=(139.065 * 10°) / 150 = 927.1 mm?

Provide 3 no’s of 20 mm dia bars (A = 942.478 mm?)

Minimum shear reinforcement is given by A,/ (b*S,) =0.4 / (0.87 * {)

Provide 2 legged 6 mm dia stirrups at 250mm c/c.



Size

Permissible stress in ring beam = F,/ (A.+ mAy)
2.8=(139.065*10) / (A.+ 13.33 * 942.478)
A.=37102.84

Provide top ring beam of size 200 x 200 mm

Step 5 — Design of tank walls

Horizontal reinforcement

Hoop tension, F,=g,*H * D/2=9.81 *4.2 * 12.93/2 =266.371 kN/m
Ay=F/04=(266.371 * 10°)/ 150 = 1775.807 mm*/m

Ay on one face = 1775.807 / 2 = 887.904 mm*/m

Provide 16 mm dia bars, S = [1000* (n/4) *16*] / 887.904 = 226.446 mm
Provide 16 mm dia bars at 200 mm c/c on both faces (A;=2010.62 mm?)

Size
Permissible stress in tank wall = F,/ (A.+ mAy)
1.2=(266.371 *10°) / (A.+ 13.33 * 2010.62)
A.=195174.269
1000 * t=195174.269
Provide tank wall of thickness 200 mm throughout the tank wall
Vertical reinforcement
Ay =0.3 % bd = (0.3/100) * 1000 * 200 = 600 mm*
Ay on one face = 600/2 = 300 mm®
Provide 10 mm dia bars, S = [1000 * (n/4) *10°] / 300 = 261.8 mm
Provide 10 mm dia bars at 250 mm c/c on both faces (Ay= 628.319 mm?)

Step 6 — Design of tank floor slab

Reinforcement

Ay =0.3 % bd = (0.3/100) * 1000 * 200 = 600 mm*

Ay on one face = 600/2 = 300 mm®

Provide 10 mm dia bars, S = [1000 * (n/4) *10°] / 300 = 261.8 mm
Provide 10 mm dia bars at 250 mm c/c on both faces (Ay= 628.319 mm?)
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Ex No. 4 INTZE TYPE WATER TANK

Design the Intze type water tank with capacity of one million litres, supported on an elevated
tower comprising of 8 columns. The base of the tank is 16 m above the ground level and the
depth of the foundation is 1 m below the ground level. Adopt M20 grade concrete and Fe
415 Steel.

DESIGN DATA

e Capacity of tank = 1 million litres = 1000 m*
e Base of tank = 16 m above ground level

e Depth of foundation = 1 m above ground level
® Grade - M20 & Fe415

e Codes— 1S 456 & IS 3370

SOLUTION

Step 1 — Permissible stresses

Permissible stress in direct tension (tank wall), cg= 1.2 N/mm? (IS 3370 (Part I1) — 1965,
Table 1)

Permissible stress in direct tension (dome & ring beam), o4 = 2.8 N/mm? (IS 456 -2000, Pg
80)

Permissible stress in steel, o5 = 0.6 fy = 150 N/mm? (IS 800)

Permissible stress in direct compression, o =5 N/mm? (1S 456 — 2000, Table 21)
Permissible stress in bending compression, g, = 7 N/mm? (IS : 456 — 2000, Table 21)
m = 280/3 ¢y = 280/(3*7) = 13.333

k = 1/[1+ (o4/M Gepe)] = 0.38

j=1-k/3=0.87

Q=050kj=1.16

Step 2 — Dimensions of tank

e Depth of tank = 0.65 D t0 0.75 D = 0.75 Dy where ‘Dy’ is the diameter of tank at top

Volume of tank = (rD?/4) * 0.75 D, = 1000



Dt =12m
e Depthoftank=0.75D;=9m
e Central rise = (1/5t0 1/6) D; = (1/6) Dy=2m
e Radius of dome, R? = [6°+ (R-2)?]

R=10m

® sin0=6/10 = 0.6, cos 6=8/10 = 0.8, 6 = 36.87

Step 3 — Design of top spherical dome

e Thickness of top dome, t = 100 mm (Assume)

e | oad calculation

Self weight = 0.1 * 25 = 2.5 kN/m?
Live load & finishes =2 kN/m?
Total load, w  =4.5kN/m?

e Meridional stress

Meridional thrust, T; = wR / 1+cos 0 = (4.5*10) / (1+0.8) = 25 KN/m
Meridional stress =T, /t=25/100 = 0.25 N/mm? < 5 N/mm?

e Hoop stress

Circumferential force, T, =wR{ cos 6 - (1/[1+ cos 0] }
=45*10*{0.8-(1/[1+0.8]} = 11 KN/m
Hoop stress = T, / t = 11/100 = 0.11 N/mm?< 5 N/mm?

e Reinforcement

A = 0.3 % bd = (0.3/100) * 1000 * 100 = 300 mm?
S =[1000 * (n/4) * 8°] / 300 = 167.55 mm
Provide 8mm dia bars at 160mm c/c circumferentially & meridionally

Step 4 — Design of top ring beam

e Reinforcement




v Hoop tension, F;= T, *cos 0 * D/2=25*0.8*6 =120 kN

v Agq=F/ 4= (120 * 10°) / 150 = 800 mm?

Provide 4 no’s of 16 mm dia bars (Ag = 804.25 mm?)

v" Minimum shear reinforcement is given by A,/ (b*S,) = 0.4/ (0.87 * f,)

Provide 2 legged 6 mm dia stirrups at 250mm c/c.

o Size

Permissible stress in ring beam = F/ (A + mAg)
2.8 = (120%10% / (A, + 13.33 * 804.25)
A.=32136.49

Provide top ring beam of size 200 x 200 mm

Step 5 — Design of tank walls

e Horizontal reinforcement

v Hoop tension, F;=vy,*H*Dy2=9.81*9*6=529.74 KN/m
v Ag = F/ 64=(529.74 * 10*) / 150 = 3531.6 mm*/m

A on one face = 3531.6 / 2 = 1765.8 mm?/m
Provide 20 mm dia bars, S = [1000* (n/4) *20%] / 1765.8 = 177.91mm

Provide 20 mm dia bars at 170mm c/c on both faces (A4=3695.99 mm?)

Height (from top) | Height (range from top) Fi | Aston one face | Ag provided
3 0-3 176.58 588.6 12 @ 190
6 3-6 353.16 1177.2 16 @ 170
9 6-9 529.74 1765.8 20 @ 170

* Size
Permissible stress in tank wall = F;/ (A + mAg)
1.2 = (529.74 *10°) / (A, + 13.33 * 3695.99)

A.=392182.45




1000 * t = 392182.45
Provide tank wall of thickness 400 mm at bottom and gradually reduced to 200 mm at top.

e Vertical reinforcement

v Agq=0.3% bd = (0.3/200) * 1000 * 300 = 900 mm’

v A on one face = 900/2 = 450 mm?

Provide 10 mm dia bars, S = [1000 * (n/4) *10°] / 450 = 174.53 mm
Provide 10 mm dia bars at 170 mm c/c on both faces (As= 923.99 mmz)

Step 6 — Design of bottom ring beam

e Reinforcement

v" Load due to top spherical dome = T * sin 6 = 25*0.6 = 15 kN/m
Load due to top ring beam = 0.2 * 0.2 * 25 = 1 kN/m
Load due to tank wall = 0.3 * 9 * 25 = 67.5 kN/m
Assuming size of bottom ring beam as 1.2m x 0.6m, load due to bottom ring beam
=1.2*0.6*25=18 kN/m
Total vertical load = 101.5 KN/m
Total horizontal load = 101.5 * cot 45 = 101.5 kN/m
v Hoop tension due to vertical load, F,= 101.5 * D/2 = 609 kN
v Hoop tension due to water, F; =y, * H*h*D;/2=9.81*9* 0.6 *6 = 317.84 kN
v" Hoop tension, F, = 609 + 317.84 = 926.84 kN
v Ay =F oy = (926.84*10%)/150 = 6178.93 mm’
Provide 8 no’s of 32 mm dia bars (Ag = 6433.98 mm?)
v" Minimum shear reinforcement is given by A,/ (b*S,) = 0.4/ (0.87*f,)

Provide 2 legged 8 mm dia stirrups at 150mm c/c.



Step 7 — Design of conical dome

e Dimensions

Length of bottom of tank = 12-2-2 =8 m

Average dia of conical dome, D, = (12+8) /2=10m

Average depth of water, H.=9 + (2/2) =10 m /

e Load Calculation l

Weight of water above conical dome = (nD.* H.* 2) * 9.81 = 6163.8kN

Assuming thickness of conical dome as 600 mm, self weight of conical dome

= (nD¢* 0.6 * V(2%+ 2%) ) * 25 = 1332.865kN

Total horizontal load = 101.5 * #D;=101.5 * © * 12 = 3826.46 kN
Total load = 11323.125kN
Load/m length=11323.125 / (n*Dy,) = 11323.125 / (n*8) = 450.533 kN/m

e Meridional stress

Meridional thrust, T; = 450.533 * cosec 45 = 637.15 kN/m
Meridional stress=T;/ t=637.15/600 =1.062 N/mm? < 5 N/mm?

e Horizontal Reinforcement

v Hoop tension, F; = (p cosec 0 + q cot 6) * Dy/2
Where p = Water pressure = 9.81 * D, = 9.81 * 8 = 78.4 kN/m?
q = Self weight of conical dome = 0.6 * 25= 15 kN/m?
Fi = (78.4 cosec 45 + 15 cot 45) * 12/2 = 755.246 kN
v Aq = Fd 04 = (755.246 * 10%) / 150 = 5034.973 mm?’
A on one face = 5034.973 / 2 = 2517.487 mm?
Provide 20 mm dia bars, S= [1000 * (r/4) * 20°] / 2517.487= 124.791 mm

Provide 20 mm dia bars at 120mm c/c on both faces (A4=5235.988 mm?)



e Vertical reinforcement

v' Ay =0.3% bd = (0.3/100) * 1000 * 600 = 1800 mm?

v A, on one face = 1800/2 = 900 mm?

Provide 12 mm dia bars, S = [1000 * (r/4) *12°] / 900 = 125.66 mm

Provide 12 mm dia bars at 120mm c/c on both faces (Aq = 1884.956 mm?)

e Stress check

Permissible stress in conical dome = F/ (A + MAg)
= (755.246 * 10°) / (600*1000 + 13.33*5235.988)
= 1.128 N/mm?® < 2.8 N/mm?

Step 8 — Design of bottom spherical dome

e Diameter at bottom, D, = 8m

Central rise = (1/5 to 1/6) Dy, = (1/6) Dy = 1.33m
Radius of dome, R? = [4%+(R-1.33)?]
R =6.68m
sin © = 4/6.68 = 0.6, cos 6 =5.35/6.68 = 0.8, 6= 36.87
e Thickness of bottom dome = 300mm (Assume)

e | oad calculation

11 m

1.33m

Self weight = (2n* 6.68 * 1.33) * 0.3 * 25 = 418.667 kN

Volume of water = [ r*h — (2/3) * 7 r’h]
= [n* 42*11 — (2/3) * 1 * 4°*1.33] = 508.352m°
Weight of water = 508.352 * 9.81 = 4986.933 kN
Total load = 5405.6 kN
Load/m? = 5405.6/(n*4%) = 107.541 kN/m?

o Meridional stress

Meridional thrust, T; = wR / 1+cos 0 = (107.541 * 6.68) / (1+0.8) = 399.097 kN/m




Meridional stress= T/ t = 399.097/300 = 1.33 N/mm?® < 5 N/mm®
e Hoop stress
Circumferential force, T, = wR{cos 06-(1/[1+ cos 0]}
=107.541 * 6.68 *{0.8-(1/[1+ 0.8]} = 175.603 kN/m
Hoop stress = 175.603/300 = 0.585 N/mm? < 5 N/mm?

e Reinforcement

Ay = 0.3 % bd = (0.3/100) * 1000 * 300 = 900 mm?®
S =[1000 * (r/4) *122] / 900 = 125.66 mm
Provide 12mm dia bars at 1220mm c/c circumferentially & meridionally

Step 9 — Design of girder

e Thrust from conical dome, T; = 637.15 kN/m, oo = 45
Thrust from bottom spherical dome, T, = 399.097 kN/m, 3 = 36.87

e Stress check

Horizontal force = T, cos a - T, cos f3 Conical Dome Bottom Dome
= 131.256 kN/m >j/(
Hoop tension, T = 131.256*Dy/2 /”/ -
= 131.256*8/2 - L o
= 525.024 kN : R/S(
Hoop stress = (525.024*10°) / (600*1200) L
= 0.729 N/mm? < 5 N/mm? ~Citeular Gircer

e | oad on girder

v Vertical load on beam = T;sin a + T,sin = 689.99 KN/m

v Assuming size of girder as 0.6m x 1.2m, load due to self weight of girder
=0.6*1.2*25 = 18 kN/m

Total load, w = 707.99 kKN/m



Total design load on girder, W =707.99 * t * D, = 707.99 * 1 * 8 = 17793.73 kN
e BM&SF

For 8 columns,

v Negative BM = 0.0083*W*R = 0.0083*17793.73*4 = 590.752 kNm

v Positive BM = 0.0041* W*R = 0.0041*17793.73*4 = 291.817 kNm

v" Torsional moment=0.0006*W*R = 0.0006* 17793.73*4 = 42.705 kNm

v’ Shear force at support = [w*R*(n/4)]/2 = [707.99*4*(n/4)]/2 = 1112.108 kN

v SF at maximum tension =1112.108-[w*R*(9.55*1/180)]

=1112.108-[707.99*4*9.55*1/180)] = 640.08 kKN

Tapie 4.1 Moment Coefficients in Circular Girders Supported on Columns
Moment Coefficients

Positive Maximum
MNumber of Megative Bending Twisting Anpular distance
columns Bending moment at moment or for maximnm
i MO Mment centre of Torgue torsion
at support S PAns K
. ¢ K,

4 o0” 00342 00176 053 19— 127

3 60" 00148 00075 ¢.0015 127 — 44"

B 45" 00083 LANN SO 00006 9% — 33"
1 de” 00054 G023 0.0003 7307
12 30° O.0037 0.0014 00,0017 Tr— 15

A at support:

M =590.752 KNm, V = 1112.108 kN

d= JE - /M = 921.293 mm < 1200 mm
Qb 1.16X600

Hence safe
Adopt effective depth = 1150 mm, Cover = 50 mm

M 590.752 x 10°
" o,jd 150 x 0.87 x 1150

Ay = 3936.378 mm?

Minimum 4g, = 03 % bd = (1) x 600 x 1200 = 2160 mm?



Provide 5 no’s of 32 mm diameter (Ag = 4021.24 mm?)

_ V,1112.102 x 10°
“bd 600 x 1150

T, = 1.612 N/mm2

10045 _ 100x4021.24 _ N
= ———=0.583, Hence 7, = 0327 "/,

Also 7. < 1, , hence provide shear reinforcement.
V. =V, —1.bd = (1112.102 x 10%) — (0.327 x 600 x 1150) = 806.472 kN

Provide 4 legged 12 mm dia stirrups, Ay, = 4 x (T/,) x 10? = 314.159 mm?

Spacing is given by V,,, = 0.87fyAsvd

v

Substituting the values, S, = 161.743 mm

Provide 4 legged 12 mm dia stirrups at 160 mm c/c
A at middle:

M =291.817 kNm, V = 640.08 kN

M 291.817 x 10°
St ggjd 150 x 0.87 x 1150

A = 1944.47 mm?

Minimum 4;; = 03 % bd = (1) x 600 x 1200 = 2160 mm?
Provide 5 no’s of 25 mm diameter (Ay = 2454.37 mm?)

_V,  640.08 x 10°
~ bd 600 x 1150

T, =0928 N/,

1004, _ 100 X 2454.37
bd =~ 600 x 1150

= 0.356
Hencer, =025 N/,
Also 7. < 1, , hence provide shear reinforcement.

V.=V, —t.bd = (640.08 x 103) — (0.25 X 600 X 1150) = 467.58 kN

Provide 4 legged 12 mm dia stirrups, Ay, = 4 x (/) x 10> = 314.159 mm?



Spacing is given by 0.87fy Agyl

us — :
S

Substituting the values, Sy =278.97 mm

Provide 4 legged 12 mm dia stirrups at 250 mm c/c



, 3000 , 3000 200 2000
| | |

3000

6000

8 mm dia

4 # 16 mm dia
200

.\ 6 mm dia @ 250 mm c/c

12 mm dia @ 190 mm c/c

10 mm dia @ 170 mm c/c

16 mm dia @ 170 mm c/c

20 mm dia @ 170 mm c/c

400 L 8 # 32 mm dia
-

600

8 mm dia @ 150 mm c/c

12 mm dia @ 120 mm c/c

20 mm dia @ 120 mm c/c

100

@ 160 mm c/c

‘300‘

12 mm dia @ 120 mm c/c

4000 |

1200

/—5#

600

CROSS SECTION OF INTZE TYPE WATER

5# 25 mm dia
10 mm dia @ 160 mm c/c

32 mm dia

All dimensions are in mm
TANK M20 Grade Concrete

Fe 415 Grade steel
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10 kN WT OF CRANE

Fig, 14.5.

Welght of trolley + lifted load = (300 + 100) = 400 kN
The welght of crane (excluding trolley) 190 kN acts as uniformly distributed lve
load as shown In Fig. 14.5,

The vertical reaction on each wheel of crane would be maximum, when trolle
s al nearest distance (o trolley girder as shown in Fig. 14.5.

Take moment about I3, then reaction at A

1.l 18
= 15 |400 % 16.8 + 190 x -,

This vertical load al one end of the crane bridge is transferred to the gantry girdes
through two wheels,

Maxtmum vertical load on each wheel of crane, = (1/2 x 468) = 234 KN
Step 2': Maximum bending moment (due to D.L. + L.L. + LLJ

The maximum bending moment in the gantry girder under a moving load
when the life of action of that load and c.g. of the loads are at equal distance
the centre of span. That s,

EC = CF = 0.875 (Fig. 14.6)

R, ], 468 kN

occur®
fro®

C.G. OF LOADS E
234 uN l 234 kN i

037 '

31 e ETH il (T 2.129m —=

4 0 £ c F 8
~~{0 875 <0 875} — T
S— —t= m —
Fig. 14.6,

The reaction at the supports A and B are as lollows :
R, « 24 “} [(6 - 0.375) + 2.125] = 302.23 kN

R = 2 x 234 - 302.23) = 165.77 kN 0
I




ym bending moment due to moving load

. ; M; = (165.77 x 2.125) = 352.3 kN
T wt impact moment vix., 88.1 kN-m
ent = (352.3 + 88.1) = 440.4 kN-m
;._t of the girder as 2 kN/m
section is 0.300 kN/m, Total dead load = 2.3 kN/m
: momcnt due to dead load

. _ (440.4 + 10.35) = 450.75 kN/m
-eampmssive stress, = (0.66 x 250) = 165 N/mm’
1 for moment is vertical plane (appmthtclyi

R
sy T

e et

YW nl »hl m ‘%‘-wll_‘FI '

..\ MT_-‘-_ ..'—J



Desian of Steel Su

Thickness of flange of beam section, {, Is 21.5 1

< tion 1ottt al
Let y be the distance of neutral axis of bullt-up sectiol
section

Moment of inertia of built-up section aboul XX axis
I, (gross) = (1061985 + 170.38 x 5.56° * 346 + l-’*ll
x (28.12 - 5.56)% x 10* mm? = 133334.5 X 10" mm
Moment of inertia of bullt-up section about yy-axis ; |
I, (gross) = [4702.5 + 6047.9] x 10* = 10750.4 X 10" mm
Bending stress due to vertical loading
Actual bending compressive stress lor vertical loading
450.75 x 1000 x 1000 x 251.1 |
Tbcax.cal = l 133334.5
Actual bendiﬁg tensile stress for vertical loading
450.75 % 1000 x 1000 x 355.6
122224.5 x 10*
< (1.10 x 165) = 181.5 N/mm?

Step 3 : Maximum bending moment due to horizontal (transverse) force
Horizontal force transverse to the rail

84 8867 N/mm?*

- 119.4 N/mm*

nl}(‘ x.cal

10 percent of (weight ol trolley + lifted load) = 1/10 x (300 + 100) = 40 kN
Horizontal force transverse to the rail on each wheel or crane, = 20 kN
Horizontlasl reaction at support A (Figs.

= 20/234 x 302.33 = 25.83 kN

Horizontal reaction at support B = 14.17 kN
Horizontal moment,

14.8 and 14.8)

14.17 x 2.125 = 30.1 kN-m

|
C.G.OF L
0378m, ,20kN #ADS

| 20 kN
/——!-75"\ —% |:75m 2:12%m
> C)L
—0-87% 0875 8
Im

BB .

By Fig. 14.8.
P 4 : Bending moment in horizontal plane
Horizontal Mmoment = 30.10 KN-m




Mexurall & shear strength of laterally unsupported Steel Beams 47,
- r -—-___-_-_‘_-___—-_-_‘__-._

M of inertia of compression flange about yy-axis (consid
jon - of beam section as hall of that for beam section) ering 1, of

m& + 1/2 x 4702.5] x 10* = 8399.6 x 10* mm*
o .fun in horizontal plane (Bottom flange is neglected).

l.x1000x1000x150

J = 53.58 N/mm




72 Design of Steel structures- 1

= 790.20 N/mm’ (MPa) | 2
Let the value of yield stress for {he structural steel be 250 N/mm
1Y (.28 2.
Ratio [tw | (1 1_‘2)._2 5>2
< Ly 18 mot increased by 20 percent. Prom 15 J
' ' - g compressive stress in extreme fibre

800-1984, Table 14.2, 0, = 145

&5 y: 9 I
¥ -~
¥ v
= ’
! |

(] »
x (75 + 251.1) = 7630.74
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UNIT-5 Connzdwm(wdded) .
B eam3 m&a be conneched to /Suppoa’hr\ ba wﬂ&mg&:ﬁ bolling. T pracice

waded connedions are Commm[j used nghead q bolted connedion .
The Qnde} the beam ma§1 be d@\gﬂzd o Afansjmzol sheas fo sUf)pozr%Aj

oo\umn bﬂ _Stiamed cormedlion -
—Sunshilfened Seaked conneciow
>8}fﬂwcl Seabed connedion |
The ond of the beam iy be clwanai to %ram%w W

nomend Bj — Mamenk Basiglant Connection,
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