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OBJECTIVE

At the end of this course students should have learnt to design Reinforced Concrete Structures
such as building frames, Retaining walls and water tanks.
UNIT 1

YIELD LINE THEORY 12

Introduction-Assumptions - Characteristics of yield line - Determination of collapse load /
plastic moment- Application of virtual work method - square, rectangular, circular and
triangular slabs With point load and UDL (Simply support and Fixed support)- Design
problems.

UNIT II
BUILDING FRAMES12

Multi storeyed load bearing structures and framed structures-Elastic analysis ,Suitable
substitute frames for gravity loadings-Approxmate analysis of single and two bay frames up
to three storeys using portal method and cantilever method.

UNIT I
RETAINING WALLS12

Design of Cantilever retaining wall — Design of Counterfort Retaining walls-Stability Analysis.
UNIT IV
WATER TANKS 12

Classification-1S code provisions-Principles of design-Design of rectangular and circular water
tanks , below ground level, tanks resting on ground and Elevated tanks — Intze type water tank
(Theory only)

UNIT V

SELECTED TOPIC

12

Design of staircases (ordinary and doglegged) — Design of flat slabs — Design Principles of Mat
foundation and box culvert.
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LECTURE PLAN

Number of credits : 4

Contact hours

: 5 hours per week

Lecturer : Mr. V. Johnpaul
Course Type : Core
S.No | Period/ Topics Units | T(Book) | Page No
Hours
UNIT-1 YIELD LINE THEORY

1. 1 Introduction 1 T1 516

2. 1 characteristics, sign conventions, yield line Tl 517-519
patterns in slab

3. 1 Upper bound theory-Virtual work method , T1 520-528
Equilibrium method

4. 1 Design of simply supported square slab T1 521-523
with uniformly distributed and central
concentrated loads by virtual method

5. 1 Design of fixed supported square slab with Tl 523-524
uniformly distributed and central
concentrated loads by virtual method

6. Tutorial -1

7. 1 Design of simply supported rectangular slab Tl 525-527
with uniformly distributed and central
concentrated loads by equilibrium method

8. 1 Design of fixed supported rectangular slab Tl 533-534
with uniformly distributed and central
concentrated loads by equilibrium method

9. 1 Tutorial-2

Total | 9

hours(7+
2)
UNIT-II LIME - BUILDING FRAMES

10 1 Difference between multi-storeyed load 2 Tl 722
bearing and framed structures

11 1 substitute frames- Elastic analysis for Tl 723-725
gravity loads

12 1 Analysis of multi-storey building by T1 726-727
substitute framed method —load calculation,
formation of substitute frame

13 1 Fixed end moment and distribution factor T1 726-728
calculation




14 1 Formation of distribution table, to draw Tl 728-729
B.M and S.F diagram
15 1 Tutorial -1
16 1 Approximate analysis of two bay frames T1 733-735
upto 3 storeys for wind loads using portal
method- column shear and moment at the
end of the column calculation
17 1 Calculation of moments at the end of beams, Tl 735-736
beam shear and axial force, to draw B.M
and S.F diagram
18 1 Analysis of building frame subjected to T1 736-737
wind loads by cantilever method- location of
centroidal axis of column, axial force
calculation
19 1 Calculation of B.M and S.F in beam & T1 738-739
column , to draw B.M and S.F diagram
20 1 Tutorial-2
Total | 11hours(
9+2)
UNIT 11l - RETAINING WALLS
21 1 Retaining wall- angle of repose, back fill, 3 T1 671
surcharge, earth pressure
22 1 Types of retaining walls, forces on retaining T1 671-676
wall
23 1 Design of cantilever retaining wall- T1 680-682
preliminary dimensions, check stability of
retaining wall
24 1 Check for pressure distribution at base, 682-683
design of stem
25 1 design of toe slab, design of heel slab T1 683-685
26 1 design of shear key T1 685-686
27 1 Design of counter fort retaining wall- Tl 704-706
preliminary dimensions, check stability of
retaining wall, Check for pressure
distribution at base
28 1 design of stem, ,toe slab and heel slab T1 706-714
29 1 design of counter fort T1 714-716
30 1 design of horizontal and vertical stirrups Tl 716-719
31 1 Tutorial-1
32 1 Stability requirements Tl 676-678
33 1 Description of inclined backfill (no T1 674
problems)
34 1 Tutorial-2
14hours(
12+2)
UNIT IV- GORUND WATER TANK
35 1 Classifications-based on shapes, levels and 4 T2 254
functions
36 1 Principles of design-IS code provision-no T2 254-256
tension basis
37,38 | 2 Design of underground rectangular tank T2 274-282




39 1 Design of rectangular ground level tank T2 269-272
40 1 Design of circular ground level tank T2 258-263
41 1 Tutorial -1
42,43 | 2 Design of overhead rectangular tank T2 289-294
44 1 Design of staging for rectangular tank with 4 T2 294-296
columns only
45 1 Descriptions of Intze tank (no problems) T2 296-299
46 1 Tutorial-2
12
hours(10
+2)
UNIT V- BRIDGES
47 1 Types of bridges-IRC loadings T3 4,146-181
48 1 Design of single span slab bridges for class T3 471-472
A loading only- preliminary dimensions,
load calculation
49 1 B.M calculation T3 472-473
50 1 S.F calculation T3 473-474
51 1 Design of slab T3 474-475
52 1 Concept of skew slab bridge. (no problems) T3 526-527
53 1 Tutorial -1
PRESTRESSED CONCRETE
54 1 Materials-Principles of prestressing T4 1-3
55 1 Different methods and systems T4 73-84
56 1 Losses due to prestress (no problems), IS T4 124-139
code provisions
57 1 Analysis of stresses for rectangular section T4 90-96
only
58 1 Tutorial -2
Total | 12
hours(10

+2)
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RETAINING WALL

Retaining wall — Retains Earth — when level difference exists between two surfaces

A) Gravity wall (h<3m) — Masonry or Stone

toe

(a) gravity wall

B) Cantilever wall (h>3m and h<ém)

C)

D) Counterfort wall (h>8m)

k

\
\
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» retained earth
on this side

' COUNTERFORT

(c) counterfort wall

TOE SLAB ﬁ—“‘“
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(b) cantilever wall
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(d) buttress wall




E) Buttress wall [Transverse stem support provided on front side]

i ~—— approach
/ pavement
_E::_._._.___.--.;..,-.ﬁ g ‘é_ l -
REQDRISLAD retained BRIDGE DECK— retained
earth earth
L | - o e
wALL WALL -
ABUTMENT
h - _ BASE SLAB ~ BASE SLAB
l | 2R
(e) basement wall (f) bridge abutment

F) Bridge abutment [Additional horizontal restraint from bridge deck]
Stability — Overturning and Sliding — Avoided by providing sufficient base width.

Earthpressureandstabilityrequirements:

(neqiect)
toe

Forces acting on a cantilever retaining wall

Pressure, P CJ.Z
Where, Z = depth, J, = Unit weight

1 Sinl 1 Sinl
= — Cp -
1 Sinl 1 Sinl
Always, Cp > Ca. Eg: If ¢ =30° Ca=1/3and Cp = 3.

In sloped backfill,

%CosT A/Cos*T _ Cos?l 1 Sinl

Ca=« C

«CosT /Cos’T Cos’l % P 1 Sinl




1. Effectofsurchargeonlevelbackfill:

P, = Pa1 + Pao, where,
P2 = Ca. Yeh?/2 [h/3 above heel]

Note : Purpose of retaining wall is to retain earth and not water. Therefore, submerged
condition should be avoided by providing and maintaining proper drainage facilities
[including provision of weep holes].

2. Effectofwaterinthebackfill:

Stability requirements FOS against Overtuning 214

Sliding
i) Overturning:
I:Osoverturning = 0.9Mr 214
Mo
h' h*®

a) For sloping backfill, My = (P4 CosT ). 3 = Ca.Je.?.CosT
Mr =W(L = Xy) + (Pa.SinT ).L



b) For level backfill [with surcharge, Mo = (Pa1(h/2) + (Pa2(h/3).
Mr = W(L — Xu) [as T =07
i) Sliding: [Friction k R0 v oven
F=uR ' btk
R > F . v - |
u->C , G

| rock]
FOSsliding:—F h ' = ] |

When P, is very hig _ ng base [Produces
passive resistance | s

Sliding is reduced b

e resistance due to shear key
P, Cl.(h,"> h})/2

Xsk -> Flexural reinforcement from stem is extended straight into shear key near the
toe.

Note: For economical design, soil pressure resultant(R) must be in line with front face of
wall.

Preliminaryproportioningofcantileverretainingwall:

. The thickness of base slab is h/12 or 8% of the height of wall + surcharge.

1
2. The base thickness of stem should be greater than the thickness of base slab
3. The top thickness of stem should not be less than 150mm.

4

5

. Clear cover for stem is 50mm and base slab is 75mm
. Minimum length of base slab is given by
I‘min § Qg "ﬁ
oV 3 1Dg
where, ar = Coefficient depending on the pressure distribution
ar = 0.5 for rectangular pressure distribution & 0.67 for trapezoidal pr.dist.

6. Minimum length of heel slab is given by



§ .
X . C—a,h'
eV 32
Notes:

The critical section for moment is at front face of stem.

The critical section for shear is at ‘d’ from face of stem.

The stem, heel and toe slabs are designed as cantilever slabs for the resultant
pressure.

Temperature and shrinkage reinforcement is provided as 0.12% of cross section
along the transverse direction to the main reinforcement and front face of the stem.

wN e

e

1) Determine suitable dimensions of a cantilever retaining wall, which is required to support
a bank of earth 4.0m high above ground level on the toe side of the wall. Consider the
backfill surface to be inclined at an angle of 15° with the horizontal. Assume good soil for
foundation at a depth of 1.25m below ground level with SBC of 160kN/m?. Further assume
the backfill to comprise of granular soil with unit weight of 16kN/m? and an angle of shearing
resistance of 30°. Assume the coefficient of friction between soil and concrete to be 0.5.

Given: h=4.0 + 1.25m
8 =15°
¢ = 30°
J, = 16kN/m?®
0a = 160kN/m?
M=0.5

Minimum depth of foundation (Rankine’s),

-~ o
150 3 Kl
\ 536 |
[
4000 - 7
| 75 o ,& Pa sinf W = 5786
h = 5250 Wa & =
250 ' /
Watr 8
" — 8
| 150108
1250 BN
420 —f
)
1000

X = 2000=
L = 3000 1



. 2 2
Gz D231 S0l 10051 g 1ym
J.el sinli 16 ©31
Earth pressure coefficient,
CosT z
C.= Cos’T Cos?l »CosT - 0373
«CosT J/Cos’T  Cos’l y,
1 Sinl - 30
1 Sinl

Preliminaryproportioning:
Thickness of footing base slab = 0.08h = 0.08 x 5.25 = 0.42m
Provide a base thickness of 420mm for base slab.

Assume stem thickness of 450mm at base of stem tapering to 150mm at top of wall.

For economical proportioning of length ‘L', assume vertical reaction R at the footing base to
be in line with front face of the stem.

§/C—a',h' 19373 (525 0.9)
o' 31 3

height above wall]

Assuming a triangular base pressure distribution,
L =1.5X =3.0m
Preliminary proportions are shown in figure.

=2.0m [where 0.4m is assumed as

For the assumed proportions, the retaining wall is checked for stability against overturning
and sliding.

Stabilityagainstoverturning:

Force Force (kN) Distance from heel Moment
ID (m) (KNm)
W1 16(1.85)(5.25 - 0.42) = 143.0 0.925 132.3
W2 16(1.85)(0.5x0.536) = 7.9 [2tan15°=0.536] 0.617 4.9
W3 25(0.15)(5.25-0.42) = 18.1 1.925 34.8
W4 (25-16)(4.83)(0.5x0.3) = 6.5 1.75 11.4
W5 25(3)(0.42) = 31.5 1.50 47.2
PaSin6 | 25.9 0 0
Total W =232.9 Mw = 230.6

Pa = Active pressure exerted by retained earth on wall [both wall and earth move in same
direction]
Pp = Passive pressure exerted by wall on retained earth [both move in opposite direction]

Ca -> same for dry and submerged condition, since ¢ for granular soil does not change
significantly.



Force due to active pressure,
P. = Ca. yeh?/2
Where, h’ = h + Xtan®
= 5250 + 2000tan15° = 5786mm
P, = 0.373(16)(5.786)2/2 = 99.9kN [per m length of wall]

FOS = 0.9xStabilisingforceormoment = 1.4
Destabilising force or moment
0.9Mr >1.4

Therefore, FOS overturning) =

Overturning moment, M, = (P,CosB)h’/3 = 96.5(5.786/3) = 186.1kNm
To find the distance of resultant vertical force from heel,

Distance of resultant vertical force from heel,
Xw = MW/W = 230.6/232.9 = 0.99m

Stabilising moment (about toe),
M; = W(L — Xu) + PaSinB(L) = 232.9(3 — 0.99) + 77.6
= 468.1kNm [per m length of wall]

0.9Mr _ 0.9x(468.1 77.6) _
Mo 186.1

2.26 > 1.40

FOS overtuming) =

Soilpressureatfootingbase:
Resultant vertical reaction, R =W = 232.9kN [per m length of wall]

M, = 186.1 kNm/m
a T T Xw= 990

W =232.9 kN/m
faamea i 2l
N ] )2
122.5 KN/m [ ':“‘I/‘-»>>‘-1F>OO 32.8 KN/m
e =289 ¥ J
R=W Xq.= 1789

calculation of soil pressures

Distance of R from heel, Lg = (My + M) / R = (230.6 + 186.1)/232.9 = 1.789m
Eccentricity, e = Lg — L/2 = 1.789 — 3/2 = 0.289m < L/6 ->[0.5m]
Hence the resultant lies within the middle third of the base, which is desirable.

Maximum pressure as base,



q. RS e 233&(1 0.578) 1225kN/m® q, [where = 160kN/m?  [Safe].

Rs. 6e. 232.9

A min Te Lt T(l 0.578) 32.8kN/m? 10  [No tension develops] [Safe].

Stabilityagainstsliding:

Sliding force, P,CosB = 96.5kN
Resisting force, F = yR = 0.5 x 232.9 = 116.4kN [Ignoring passive pressure on toe side]

FOS(sliding) = 09F _ 09x1164 1.085 1.40 [Not sufficient]

P.CosT 965

Hence a shear key may be provided.

Assume a shear key 300mm x 300mm at a distance of 1300mm from toe as shown in

figure.
300 neglect
1000} |
hy = 950 r;;;‘ L__‘___
h, T
Po2 geaot | | T
- E==c-1300 3
300
K——3000——>
design of shear key
h, =950 + 300 + 1300tan30° = 2001mm

Pp = Cp.Ye.(h2” — h1%)/2 = 3 x 16 x (2.001% - 0.950%)/2 = 74.11kN.

FOS (sliding) = 0'9(112': 574'44) 1.7811.4 [SAFE]

Designoftoeslab:

Assuming a clear cover of 75mm and 16mm ® used,
d=420-75-8=337mm

v, = 157112 8190

. «Tffx(l 0.337) 96.42kN [Vu is design shear at ‘d’ from face of stem]
A ]



My = 1.5{(81.9 x 1%/2) + (112 - 81.9) x 1/2 x 1% x 2/3}

= 76.48 KNm/m length
V, 96.42x10

Nominal shear stress, W, ¢ 0.286N / mm?®
bd 1000337

Using M20 concrete,
Fora W, 0.29N/mm,, p; (required) = 0.2% [Page 178, SP-16]

(o M, 764802

= g 1000x337° 0.673N / mm? [Page 48, SP-16]

For p; = 0.2%, Ag = 0.2/100 x 1000 x 337 = 674 mm?/ m

1000xSx16Z /4
674
Provide 16mm1 @ 290mm c/c at bottom of toe slab

Spacing = =298mm

16).0.87f
Ld = v, ¥ =16 x 47 = 752mm, beyond face of stem.
4Wbd 4Wbd

Since length available is 1m, no curtailment is sorted.

Designofheelslab:

V, = 1.52%}%(1.55 0.337) 128.06kN
l 4
My = 1.5{(82.54 x 1.55%/2) + (128.6 - 82.54) x 1/2 x 1.55° x 2/3}

= 203.96 kNm/m length
V. 128.06x10°

Nominal shear stress, W, ¢ 0.38N / mm?
bd 1000x337
Using M20 concrete,
ForaW, 0.39N/mm,, p; (required) = 0.3% [Page 178, SP-16]
M . 6
K= —! 203.96x10 1.8N /mm?* [Page 48, SP-16]

" bd? 1000x337°

For p; = 0.565%, Ag = 0.565/100 x 1000 x 337 = 1904.05 mm? / m



2
Spacing = Logﬁ(—lc?; la_ 105.61mm

Provide 16mm1 @ 100mm c/c at bottom of toe slab

v, (16).0.87f,
4'Wbd 4Wbd

Lg = =16 x 47 = 752mm, beyond face of stem.

Since length available is 1.55m, no curtailment is sorted.

Designofverticalstem:

Height of cantilever above base = 5250 — 420 = 4830mm
Assume a clear cover of 50mm and 16mm® bar,
da[ base = 450 - 50 - 16/2 = 392mm

My = 1.5(Ca.Ve.n%/6) = 1.5(1/3)(16 x 4.92%6) = 150.24kNm.
8
- Mu_ —150'24@; = IN/mm?.
bd?>  1000x4.92
pr = 0.3%, Ag = 0.295/100 x 1000 x 392 = 1200mm2.

Spacing = 1000 x 201/1200 = 160mm
Provide 16mm1 @ 160mm c/c in the stem, extending into the shear key upto 47 =

752mm.

Checkforshear: [at ‘d’ from base]

V. (stem) = 1.5(Ca.ye.Z%/2) = 1.5(1/3 x 16 x (4.83 — 0.392)%/2) = 53.83kN
V. 53.83x10°

u

where, Z. = 0.39N/mm? for p; = 0.3%
" bd  1000x392 : ‘ P b))

0.135N /mm? W

c

Hence, SAFE.

Curtailmentofbars:

Curtailments of bars in stem are done in two stages:
At 1/3" and 2/3" height of the stem above base.

Temperatureandshrinkagereinforcement:

Asi= 0.12/100 x 10 x 450 = 540mm?

10



For | 1/3 height, provide 2/3" of bar near front face (exposed to weather) and 1/3' near
rear face.

For Il 1/3" height, provide 1/2 the above.

For 11l 1/3" height, provide 1/3" of | case.

Provide nominal bars of 10mm @ 300mm c/c vertically near front face.

200 450
— . * s -V* »
| —
I
8 ¢ @ 300 c/c -—1 /
I B 60@]330cc 1500

T80 @& 600cic
Jf- ,(

1
169 @ 220c/c 1500
' |
'} 8¢ @ 400 c/c

.

10 ¢ @ 300 c/c—

o |

- - v
10 0 @ 300 c/c
[Dist. Bar]
B¢ @ 100 c/c
—8 ¢ @ 200 c/c [Dist. Bar]
| [ 1300 ,"
—— e — 16 ¢ @ 110 c/c [Main Bar]
10 6 ‘ [~ 160 @ 180¢cic
1250 —teleiey ——— v
420
| s > - .
T 16 0 @ 240 c/c— 300 | L_~

‘ 300 x 300 shear key
& 1300 » 300 '

k 4

Detailing of cantilever wall

11



DESIGNOFCOUNTERFORTRETAININGWALL

(€) counterfort wal

Preliminaryproportioningofcounterfortretainingwall:

1.

2.

Thickness of heel slab and stem = 5% of Height of wall
Thickness of toe slab [buttress not provided] = 8% of Height of wall
Thickness of counterfort = 6% of height of wall

In no case thickness of any component be less than 300mm.
Spacing of counterforts = 1/3" to 1/2 of Height of wall

Each panel of stem and heel slab are designed as two way slab with one edge free
(one way continuous slab).
The toe slab is designed as

a. Cantilever slab when buttress is not provided

b. One way continuous slab, when buttress is provided

Counterfort is a triangular shaped structure designed similar to a T-Beam as vertical
cantilever with varying depth (stem acts as flange). The main reinforcement is along

the sloping side. Stirrups are provided in the counterfort to secure them firmly with

the stem. Additional ties are provided to securely tie the counterfort to the heel slab.

12



1) Design a suitable counterfort retaining wall to support a leveled backfill of height 7.5m
above ground level on the toe side. Assume good soil for the foundation at a depth of 1.5m

below ground level. The SBC of soil is 170kN/m? with unit weight as 16kN/m®. The angle

of internal friction is @ = 30°. The coefficient of friction between the soil and concrete is 0.5.

Use M25 concrete and Fe415 steel.

Counterforts
@ 3.0m
clear spacing

Pa

W3

72&)’“‘ §; e A N
5 WQ 500 T~ CQ Ye h

€ 15005~ X = 3000 <
K——L = 4500—>

2 2

P§1 sinM- ) .
170 1 sin30
Jol sinMx2 16 1 sin30t

Minimum depth of foundation = 1.181m 1.5m

Depth of foundation = 1.5m
Height of wall = 7.5 + 1.5 = 9m
Thickness of heel and stem = 5% of 9m = 0.45m = 0.5m

Thickness of toe slab = 8% of 9m = 0.72m
x  [Cdp 9386 _gzom [AS Ca= 1/3 & C, = 3]
min © 3 N 3

Lmin = 15 X 3 = 45m

Thickness of counterfort = 6% of 9 = 0.54m

13



Stabilityconditions:

Earth pressure calculations:

Force Force (kN) Distance from heel Moment
ID (m) (KNm)
W1 16(7.5+1.5-0.5)(2.5) = 340 (3-0.5)/2=1.25 425
W2 25(0.5)(9 — 0.5) = 106.25 05/2+25=275 292.18
W3 25(0.5)(3) = 37.5 15 56.25
W4 25(1.5)(0.72) = 27 1.5/2 + 3=3.75 101.25
Total W =510.75 Mw = 874.69

Xw = 874.69/510.75 = 1.713m

FOS (overturning) = 0.9M/Mo
Where, Mo = Pa.h/3 = Ca.Ye.h3/6 = 0.33x16x93/6 = 647.35kNm.

Mr = (L — Xw).W =510.75(4.5 — 1.713) = 1423.6kNm.
FOS (overtumning) = 1.98 > 1.4
Hence, section is safe against overturning.
Sliding:
FOS (siiding) = 0.9(UR)/P,Cos8
F =pR =0.5x510.75 = 255.375kN

P, = Ca.Ye.h?/2 = 215.784

W =506.9 kN/m
M, = 648.0 kKNm/m
Xw = 1706
| 1500 L5

- >

2.5 kN/m’

222 8 kN/m* in
~ L2084
R=W ) 2250
| =720 '
&— L = 4500 »
Base pressure calculation:
U max B§1 Ge-  2L0.5 @ 6)(0'73) 223.97kN /m? ' q [where g, = 170kN/m?  [UnSafe].
Lo L1 4.5 4.5 a
0 min B§1 be. 51005 @ ﬁ;(:0'73) 3.027kN /m* 10 [No tension develops] [Safe].
Le L1 45 4.5

14




Where, Lg = (M + Mp)/R, e = Lg — L/2, where,

Lr = (874.688 + 647.352)/510.75 = 2.98m
&e=Lgr—L/2=298—(4.5/2) =0.73 <L/6 - (0.75m)

Since the maximum earth pressure is greater than SBC of soil, the length of base slab has
to be increased preferably along the toe side. Increase the toe slab by 0.5m in length.

>W =510.75 + 0.5 x 25 x 0.72 = 519.75kN

W = 506.9 kN/'m
M., = 648.0 KNm/m

1706
500 1500 i SN

\W=9.0 ut?;—l -—ﬂ

167.0 kN/m*

39.4 kN/m*

—t L#=3015 |

, A= Wj}«'—zsoo- >
e=515

€L = 5000 4

Additional load due to increase in toe slab by 0.5m is,
Moment = 0.5/2 + 4.5 = 4.75m

YM =874.69 + 42.75 = 917.438kNm.

Lg = (Mo + M) / R = (917.438 + 647.352)/519.75 = 3.011m

e=Llg—-L/2=3.011-(5/2) = 0.511m < L/6 > (0.833m)

%(‘Zl 6_Lei 5195'75(1 6x05.)511) 166.32kN /m> g,  [where g, = 170kN/m?]  [Safe].

Olmax

R§1 be. 519.75 1 6)0'511) 41.58kN /m* 10 [No tension develops] [Safe].

qmin t© Lz 5 5

FOS (Sliding) = 0.9(MR)/P, = 0.9(0.5 x 519.75)/215.784 = 1.08 < 1.4.
Hence the section is not safe against sliding. Shear key is provided to resist sliding.

Assume shear key of size 300 x 300mm.
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300 neglected

Pps = Cp.Ye.(h2? — h1%)/2 = 164.5kN/m
FOS (siiding) = 0.9(UR + Pps)/Pa =1.77 > 1.4 [where, h1 = 1.2m, h2 = 1.2 + 0.3 + 1.39 = 2.88m]

Hence, section is safe in sliding with shear key 300 x 300mm.

2000 500 2500

18.0 kN/m” 148.5 KN/m’
) 39.4 kN/m°
167.0 kN/m"*
47.3 kN/m"*
\ 109.1 kKN/m*
149.0 KN/m’ 98.0 KN/

Net soil pressures acting on base slab

DesignofToeSlab:

Effective cover = 75 + 20/2 = 85mm
Toe slab is designed similar to cantilever slab with maximum moment at front face of the

stem and maximum shear at'd’ from front face of stem.

16



d =720 -85 =635mm.
M = 80.38x2%/2 + Y% x 2 x 49.94 x 2/3 x 2 = 160.76 + 122.76 = 227.35kNm.
SF at 0.635m, = 49.94/2 x 0.635 = 15.606kN

Area of trapezoid = %2.h.(a + b) = %2(2 — 0.635)(130.32 + 95.98) = 154.44kN
Factored SF = 231.66kN; Factored Moment = 341.02kNm.
K = My/bd? > Ag = 1551.25mm? > Spacing = 1000as/Ast > 16mm @125mmc/c.

Transverse reinforcement: = 0.12% of c/s
=0.12/100 x 1000 x 720 = 864mm?

Provide 10mm @100mm c/c.

Designofheelslab:

The heel slab is designed as an one way continuous slab with moment wi*/12 at the support
and wl*/16 at the midspan. The maximum shear at the support is w(l/2 — d).

The maximum pressure at the heel slab is considered for the design.

Moment at the support, Msyp = wl?/12 = 106.92 x 2.5%/12 = 55.688kNm.

Moment at the midspan, Mmiq = wl?/16 = 41.76kNm

The maximum pressure acting on the heel slab is taken as ‘w’ for which the Ag required at
midspan and support are found.

Factored Mgy, = 83.53kNm > Ast = 570.7mm?

Factored Mumig = 62.64kNm > Ast = 425.4mm?

Using 16mm ¢ bar, Spacing = 1000ast / Ast = 110.02mm - Provide 16mm @ 110mm c/c
At midspan, spacing = 156.72mm - Provide 16mm @ 150mm c/c

Transverse reinforcement = 0.12% of c/s = 0.12/100 x 1000 x 500 = 600mm?
For 8mm bar, Spacing = 83.775mm - Provide 8mm @80mm c/c.

Checkforshear:

Maximum shear = w (/2 — d) = 107 (2.5/2 — 0.415) = 89.345kN
Factored shear force = 134.0175kN

Zv = 0.33N/mm?, {c = 0.29N/mm?, {cmax = 3.1N/mm?
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Depth has to be increased.

Designofstem:

The stem is also designed as one way continuous slab with support moment wi*/12 and
midspan moment wl*/16. For the negative moment at the support, reinforcement is

provided at the rear side and for positive moment at midspan, reinforcement is provided at
front face of the stem.

The maximum moment varies from a base intensity of K,.ye.h=1/3x16x(9—-0.5)= 45.33kN/m
Msyp = WI?/12 = 1.5 x 45.33 x 3.54%/12 = 71kNm

Mmig = WI?/16 = 1.5 x 45.33 x 3.54%/16 = 53.26kNm
Effective depth = 500 — (50 + 20/2) = 440mm

As: at support = 1058mm?, For 16mm ¢, Spacing = 190mm. Provide 16mm @ 190mm c/c
Agt at midspan =718mm?, For 16mm @, Spacing = 280mm. Provide 16mm@280mm c/c
Max. SF = w (/2 — d) = 60.29kN, Factored SF = 90.44kN

Transverse reinforcement = 0.12% of ¢/s 2> 8mm @ 80mmc/c
g, = 0.188N/mm?, . = 0.65N/mm?, {emax = 3.1N/mm?  Safe in Shear.

DesignofCounterfort:

The counterfort is designed as a cantilever beam whose depth is equal to the length of the
heel slab at the base and reduces to the thickness of the stem at the top. Maximum

moment at the base of counterfort, Mmay = Ka.ye.h3/6 X Le

Where, Le = c/c distance from counterfort

Mmax = 1932.5kNm, Factored Mmax = 2898.75kNm

Agt = 2755.5mm2, Assume 25mme bar, No. of bars required = 2755.5/491.5 =5.61 ~ 6
The main reinforcement is provided along the slanting face of the counterfort.

Curtailmentofreinforcement:
Not all the 6 bars need to be taken to the free end. Three bars are taken straight to the

entire span of the beam. One bar is cut at a distance of,
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n 1 hi?

n 852

where n is the total number of bars and hl is the distance from top.

When n =6, hl = 7.75m [from bottom]

The second part is cut at a distance of,

2
n_2 :% h2 = 6.94m [from bottom]

n

The third part is cut at a distance of,

2
n_3 hiz h3 = 6.01m [from bottom]
n 8.5

Vertical ties and horizontal ties are provided to connect the counterfort with the vertical
stem and the heel slab.

Designofhorizontalties:
Closed stirrups are provided to the vertical stem and the counterfort. Considering 1m strip,

the tension resisted by reinforcement is given by lateral pressure on the wall multiplied by

contributing area.
T

T = Ca.Ye.h X h, Where, Ast = 0.87 fy

T=1/3x16 x(9-0.5) x 3.54 = 160.48kN

Factored force, T = 1.5 x 160.48kN

A = 666.72mm?. For 10mm ¢, Spacing = 110mm.

Provide 10mm@110mm c/c closed stirrups as horizontal ties.

Designofverticalties:
The vertical stirrup connects the counterfort and the heel slab. Considering 1m strip, the

tensile force is the product of the average downward pressure and the spacing between the
counterforts. T = Avg(43.56 & 107) x Le =266.49 kN

Factored T = 399.74 kN
Ast = 1107.15mm?. For 10mm @, Spacing = 70.93mm.

Provide 10mm @ 70mm c/c.
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DESIGN OF WATER TANK
1S3370 [Part | = IV]

CyIiLdricaI RLctangular

Further, water tanks are classified based on their positions as,

1. Resting on ground

a. Flexible or free base
b. Hinged

c. Fixed

2. Elevated or overhead

3. Underground

e M S T
| n J

|} Tank Resting on the Ground (b) Underground Tank
|
|
|
(€ L

(¢} Elevated Waler Tank

T'ypes of Water Tanks

Components of water tank:

1.

Side Wallls [Rectangular or cylindrical]

2. Base slab
3.
4

. Staging [Overhead] - Columns, Beams, Bracings

Cover slab or dome
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Types of Joints:
i) Flexible base
i) Hinged base

iii) Fixed base

N /Tonk wall
/—Seohng compound
Neoprane i
e N\ZAZZE:|]  Bosesiab L (q) Flexible Base
N—pve
water slop

Tank wall

N

Sealing compound
d

Base slab

(b) Hinged Base

X

(¢) Fixed Base

Water pressure distribution:
1. On side walls, it acts linearly varying from O at top to ‘wh’ at bottiom.
2. On base slab, uniform pressure acts with intensity ‘wh’
Permissible stresses:
The method of design adopted for design of water tank is working stress method.

The permissible stress values in concrete and steel are given in Tables 21 and 22 of 1S456-
2000, as follows:

For M20 = Ocpe = 7 N'mm?, o = 5 N/mm?
For Fe250 steel, ost = 130 — 140 N/mm?
For Fe415 steel, ost = 230 — 240 N/mm?
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Permissible Concrete Stresses in calculations relating to Resistance to
Cracking in Water retaining Structures (IS: 3370-Part-11-1965)

Grade of Concrete
Stress (N/mm?) M-15 | M-20 | M-25 | M-30 | M-35 | M-40
~ DirectTension | 11 | 12 | 1.3 | 15 | 16 | 17
Bending Tension 1.5 1.7 1.8 2.0 2.2 24

Permissible Stresses in Steel reinforcement for Strength Calculations in
Water retaining Structures (IS: 3370-Part-11-1965)

Stress Plain Mild Steel HYSD
(N/mm?) bars bars
Tensile stresses in members 115 150

Under direct tension
Tensile stresses in members

In Bending
a) On liquid retaining face of members 115 150
b) On face away from liquid for members less 115 150
than 225 mm thick
c) On face away from liquid for members 225 125 190
mm or more in thickness
d) Compressive stresses in columns subjected 125 175

to direct load

For liquid retaining structures, the stress values are further reduced and given in 1IS3370

Part Il [Reinforced concrete structures].

Concrete Grade Direct Tension Bending Tension
M15 11 15
M20 1.2 1.7
M25 1.3 1.8
M30 15 2.0
M35 1.6 2.2
M40 1.7 2.4
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As per clause B — 2.1.1, the tensile stress is given by,

o= ﬁ where, m = modular ratio = 280 / 3 o¢he = ES/Ec
m

C st
ocbc is the permissible compressive stress.
Permissible stress in steel is given in IS3370 Part 1l as,
Tensilestress: Fe250 > 115 N/mm?, Fe415 > 150 N/mm?

Bendingstress:

< 225mm > 225mm
OnFace Onfaceaway OnFace Onfaceaway
Fe250 115 115 115 125
Fe415 150 150 190 175

Reinforcement requirements: [As per 1S3370]
1. Minimum Ag is 0.3% for 100mm section and 0.2% for 450mm section.
2. If thickness exceeds 200mm, the reinforcement is provided in double layers.
A minimum cover of 25mm is provided along the liquid retained face and the
cover is increased by 12mm (37mm) if the wall is subjected to aggressive sail

or liquid.

HOOP TENSION AND BENDING MOMENTS IN CYLINDRICAL TANK WALLS

ik —

=t Fixed bose Fixed base y
Hinged
base Hinged
!
base L—Sliding
H base (a1 =0-5)
N\
L—br Al =0
mMz0
- 7
No += WH—¥ Sliding Tension —eje— Tension
base au =05 outside (+) inside [~)
Tank Wall Fluid Hoop Tension Vertical Bending Moment
Pressure
Hoop Tension and Bending Moments in Cylindrical Tank Walls
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CYLINDRICAL TANK WITH FLEXIBLE BASE:
The wall is designed for hoop stress, for which circumferential horizontal steel is provided.
Minimum reinforcement is provided along the vertical direction
1) Design a circular water tank with flexible base for a capacity of 4 lakh litres with the tank
having a depth of 4m, including a free base of 200mm. Use M20 concrete and Fe415 steel.
Area of water tank = Volume / Height
=400 / 4 = 100m? [As Vol. = 4 Lakh Litres = 400 m?]
M.d%4 = 100 m* = d = 11.28m
Provide a diameter of 11.5m
The height of water to be retained = 3.8m
The wall is subjected to hoop tension acting along the circumferential direction. The hoop

tension per metre height is given by,
J.h.D
Hoop tension = ? =(9.81 x 3.8 x 11.5)/2 = 214.34 kN

Permissible stress in tension as per 1S3370 for Fe415 steel is 150 N/mm?.

A required = 214.34 x 10%/ 150 = 1428.9 mm?
Spacing = 1000.ast / Ast, > 16mm @ 140mm c/c

Thickness of tank is adopted based on the tensile stress concrete can take.

O = Ft

A mA,
Ac = 1000t, F = 214.34kN, m =280/ 3 O¢pc =280/ (3x7) =13.33 =13
Gu=1.2= 214.34

1000t (13.33x1428.9)

= t=160mm
Minimum thickness as per empirical formula is,
tmin = (30O + 50)mm where h > m

=30 x 3.8 + 50 = 164mm
Provide a thickness of 170mm.
Minimum reinforcement is provided as vertical steel.
Minimum Ast is 0.3% for 100mm section and 0.2% for 450mm section.
Therefore, for 170mm thickness, Ast required is 0.28% of c/s
Ast = (0.28/100) x 1000 x 170 = 476mm?

Provide 8mm @ 100mm c/c
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Curtailmentofreinforcement:
At 2m height,

Hoop tension = “17D =(9.81x1.8x11.5)/2=101.5335 kN

Ast = 101.535 x 103 / 150 = 676.89 mm?
Provide 10mm @ 110mm c/c (or) 16mm @ 290mm c/c

Designofbaseslab:

Since the base slab rests directly on the ground, a nominal thickness of 150mm is provided
and a minimum reinforcement of 0.3% of c/s is provided along both ways and along both
the faces.

0.3% of c/s > 0.3/100 x 150 x 1000 = 450 mm?, Required 8mm @110 mm c/c

Provide 8mm @220 mm c/c on both faces.

Below the base slab, a layer of lean concrete mix M20 is provided for 75mm thickness with

a layer of tar felt.

/— Free board 200

~ Tank wall Strip painting
1 O ™~ 170
I m f
0
\ ¢ 12 @ 300 (hoops) 2 _"{ : . |
=1 53 = IS HH H Joint sealing
100, compound
Im L —— ¢ 16 @290 (hoops)
¥ ¢ 8@ 100 200 Prepared sliding
n L] P/ surface or rubber pad
@ 16 @ 140 (hoops) Details at A
20m -~ , # 8 @ 220 (both
- |~ |— Strip ways and both faces)
painting
170 B o
. »l v P Y 20 - d
| R R e e A j;so
2] > = Z578

A
\— Layer of tar feit

Layer of M 10 grade concrete

Sectional elevation

Designofdome: - Roof covering for cylindrical water tanks
[A dome acts as a roof covering for cylindrical water tanks. The dome slab is cast between
the ring beams provided at the top edge of the side walls of the water tank. The dome is

designed for meridonial thrust and hoop force].
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2) In the above problem, design a spherical dome having a central rise of one fifth the
diameter.
Height = 1/5 x 11.5 = 2.3m

\ \/ /

Details of Dome of Circular Water Tank

Radius of curvature of the dome [R]

R?= (R —2.3)° + 5.75°

2> R =8.33m

CosB =6.04/8.33=0.724

The dome is subjected to meridonial thrust and hoop force, for which the permissible stress
should be within permissible compressive strength of concrete.

0. =5 N/mm?

Assume thickness of dome as 100mm

. . WR . . .
Meridonial thrust, T = 1 CosT' where ‘W’ is the loading of dome slab, self weight of slab
0s

and any live load acting on it.
Self weight of slab =0.1x25 =2.5kN/m?

Live load = 2kN/m?
W = 4.5 kKN/m?
7= AD83_ 51 6kN
1 0.74

Meridonial thrust = T / (c/s area) = 21.46 x 10%/ (100 x 1000) = 0.21 N/mm? < 5 N/mm?
The hoop stress developed in dome slab is given by,

Hoop stress = %§C05T 1 _ 45838 74 L = 0.06 N/mm?2 <5 N/mm?

t o 1 CosTt 100 @ = 1 0741

The provided 100mm section is sufficient. Minimum reinforcement of 0.3% of c/s is
provided both ways.
0.3% of ¢/s = 0.3/100 x 1000 x 100 = 300mm? - 8mm @ 160mm c/c
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Design of ring beam:
The horizontal component of meridonial thrust acts on the ring beam. The horizontal thrust,
Ast= Hi comp / Os where, Hi comp = T.CosB x D/2 = 21.46 x 10° x 0.74 x 5.75 = 91.3kN
Ast = 91.3 x 103 / 150 = 608 mm?
Provide (2# 16mme + 2# 12mme) = (626mm?)
Size of ring beam is obtained based on tensile stress relation,
_ Fy
CA(m DA,
Here r