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10111CE701
DESIGN OF REINFORCED CONCRETE & BRICK MASONRY STRUCTURESLTPC3104
OBJECTIVE

This course covers the design of Reinforced Concrete Structures such as Retaining Wall,
Water Tanks, Staircases, Flat slabs and Principles of design pertaining to Box culverts, Mat
foundation and Bridges. At the end of the course student has a comprehensive design knowledge
related to structures, systems that are likely to be encountered in professional practice.

UNIT I RETAINING WALLS 12
Design of cantilever and counter fort retaining walls
UNIT Il WATER TANKS 12

Underground rectangular tanks — Domes — Overhead circular and rectangular tanks —
Design of staging and foundations

UNIT Il SELECTED TOPICS 12

Design of staircases (ordinary and doglegged) — Design of flat slabs — Design of Reinforced
concrete walls — Principles of design of mat foundation, box culvert and road bridges

UNIT IV YIELD LINE THEORY 12
Application of virtual work method to square, rectangular, circular and triangular slabs
UNIT V BRICK MASONRY 12

Introduction, Classification of walls, Lateral supports and stability, effective height of wall
and columns, effective length of walls, design loads, load dispersion, permissible stresses,
design of axially and eccentrically loaded brick walls
L:45,T: 15 TOTAL: 60 PERIODS
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UNIT |
RETAINING WALL

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

A) Gravity wall (h<3m) — Masonry or Stone
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(e) basement wall
E) Bridge abutment [Additional horizontal restraint from bridge deck]
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(f) bridge abutment

Stability — Overturning and Sliding — Avoided by providing sufficient base width.

Earth pressure and stability requirements:

ﬁﬁ

B

P,
(neglect

Forces acting on a cantilever retaining wall

Pressure, P=Cy,Z

Where, Z = depth, y, = Unit weight
C. = 1—S!n¢; C =1+S!n¢
1+ Sing 1-Sing
Always, Cp > Ca. Eg: If & =30° Ca=1/3and Cp = 3.

In sloped backfill,

_ | Cos—/Cos?0—Cos?¢

Ca

Cos @ ++/Cos20 — Cos?g

1. Effect of surcharge on level backfill:

Cosé@;

Co - 1+ S?n¢
1-Sing
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. surcharge !

Ws ‘
bbby |

P, = Pa1 + Pa, where,
P = Ca. Yo h?/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. Effect of water in the backfill:

.
_p, DRYSOL

(Ye, Ca)
¥ }

| SUBMERGED
hw SOIL (Ysub)
‘ +
WATER (w)

Effect of water in the backfill

Overtuning

Stability requirements FOS against Siid >14
iding
i) Overturning:
0.9Mr
FOSoverturning = Mo 214

1 13

a) For sloping backfill, My = (P,.Cos 6’).% = Ca,. ye.% .Cos@
Mr=W(L — Xy) + (Pa.Sin@).L

b) For level backfill [with surcharge, My = (Pa1(h/2) + (Pa2(h/3).




CE701 — Design of Reinforced Concrete & Brick Masonry Structures

Mr=W(L — Xy) [as @ =0°]

i) Sliding: [Friction between base slab and supporting soil]
F=upR [where, R = W]
R -> Resultant soil pressure at footing base
J -> Coefficient of static friction [0.35 — Silt & 0.60 — Rough rock]

0.9F
P,Cosé

FOSsiiding = 214

When P, is very high, shear key projection can be provided below footing base [Produces
passive resistance Pps, which is generally neglected, otherwise].

Sliding is reduced by providing shear key [like a plug, anchors inside]

300 mm overburden
neglected ___4_
Tl

h | / - X
| ==
Py — Q
——)L/ b‘
| e
C:t :'/r"h

Passive resistance due to shear key

Pps :C}/e(hz2 _hlz)/z

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.

Preliminary proportioning of cantilever retaining wall:

The thickness of base slab is h/12 or 8% of the height of wall + surcharge.
The base thickness of stem should be greater than the thickness of base slab
The top thickness of stem should not be less than 150mm.

Clear cover for stem is 50mm and base slab is 75mm

Minimum length of base slab is given by

I-min = & L
3 oy

where, ar = Coefficient depending on the pressure distribution
ar = 0.5 for rectangular pressure distribution & 0.67 for trapezoidal pr.dist.

abrwnpE

6. Minimum length of heel slab is given by
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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.

4. 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.

W

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
6=15°
¢ = 30°
7, = 16kN/m?
0a = 160kN/m?
M=0.5

Minimum depth of foundation (Rankine’s),

wu_y/,« 0=15
150 N '
2\

\ 536 |
| ‘
|
11

4000 76 : S
| 75 »/,\, Pa siné h’ = 5786
h = 5250 Wa 8 ko4 \ & |
50 ' %
W1 } A‘z - Facesd
% o
450 A W'/3
1250 |
W —
L el —3 ’
420
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. 2 2
O = Jo[ 1SN0} 10PDY 4y
Ve \1+sing 16 \ 3

Earth pressure coefficient,

_ 2 2
C. = Cosé \/Cos 6 —Cos ¢ Cosd = 0.373
Cos @ ++/Cos20 — Cos?p
Ccp = L+5ing - 30
1-Sing

Preliminary proportioning:
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.

X :{ C—;Jh = @(5.25+0.4) =2.0m [where 0.4m is assumed as
height above wall]
Assuming a triangular base pressure distribution,

L=1.5X=3.0m
Preliminary proportions are shown in figure.

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

Stability against overturning:

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

FOS = 0.9 x Stabilising force or moment = 1.4
Destabilising force or moment

Therefore, FOS overtuming) = 0-9Mr 214

Mo

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 = My/W = 230.6/232.9 = 0.99m

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

09Mr  0.9x(468.1+77.6
FOS vertuming) = Mo = ( 186 1 ) =2.26>1.40

Soil pressure at footing base:

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

M, = 186.1 kKNm/m
!qT x X-.',=99()
W =232.9 kN/m

) | IJA“‘“;_A‘.-'" \ ; A 2
122.5 KN/m*/ (Tw: 1500 32.8 KN/m
e =289

calculation of soil pressures

Distance of R from heel, Lg = (My, + My) / R = (230.6 + 186.1)/232.9 = 1.789m
Eccentricity, e = L — 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,

10
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= 5(14- 6—fj % (1+0.578)=122.5kN/m?* <q, [where q. = 160kN/m’]  [Safel].

R( 6ej 232.9
L

Qrin = T =3 (1-0.578) =32.8kN/m? >0  [No tension develops] [Safe].

Stability against sliding:

Sliding force, P,Cos8 = 96.5kN
Resisting force, F = uR = 0.5 x 232.9 = 116.4kN [Ignoring passive pressure on toe side]

0.9F _ 0.9x116.4
P,Cosé 96.5

FOS(sliding) = =1.085<1.40 [Not sufficient]

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 —
p o
Pﬁ 7-. 1 0] :30‘
’ fe===<-1300
<—3000 =
design of shear key
h, =950 + 300 + 1300tan30° = 2001mm

Pp = Cp.Ye.(ho? — h1%)/2 = 3 x 16 x (2.001% — 0.950%)/2 = 74.11kN.

0.9(116.4 + 74.44)

=178>1.4 [SAFE]
96.5

FOS (sliding) =

Design of toe slab:

Assuming a clear cover of 75mm and 16mm & used,

d=420-75-8=337mm

V=15

{112 + 81'9}((1_ 0.337) =96.42kN [V, is design shear at ‘d’ from face of stem]

11
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M, = 1.5{(81.9 x 1%/2) + (112 - 81.9) x 1/2 x 1% x 2/3}

= 76.48 KNm/m length

. V, . 3
Nominal shear stress, 7, =— = 96.42x10° =0.286N / mm?
bd 1000x337
Using M20 concrete,
For a 7, =0.29N/mmy, p; (required) = 0.2% [Page 178, SP-16]
M : °
- M, _ 76480 =0.673N /mm? [Page 48, SP-16]

" pd?  1000x3372

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

2
Spacing = 1000)(526 /4 =298mm

Provide 16mm¢ @ 290mm c/c at bottom of toe slab

jo. (16).087f,

4z, 4z,

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

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

Design of heel slab:

V, = 1.5{82.54 +128.6}

X(1.55-0.337) =128.06kN

My = 1.5{(82.54 x 1.55%/2) + (128.6 - 82.54) x 1/2 x 1.552 x 2/3}

= 203.96 KNm/m length

: V, : ’
Nominal shear stress, 7, =— = 128.06x10° _ 0.38N / mm®

bd 1000337
Using M20 concrete,

For a z, =0.39N/mmy, p: (required) = 0.3% [Page 178, SP-16]

_ M, 203.96x10°

= L= - =1.8N /mm? [Page 48, SP-16]
bd? 1000x337

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

12
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2
Spacing = 100;);(83(1065 /4 =105.61mm

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

do (16).0.87 fy
Ld = S =
4z, , 4z,

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

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

Design of vertical stem:

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

o = 1.5(Ca.ye.h?/6) = 1.5(1/3)(16 x 4.923/6) = 150.24kNm.

6
_ Mli _ 150.24x102 — IN/mm?.
bd 1000x4.92

pt = 0.3%, As; = 0.295/100 x 1000 x 392 = 1200mm2.

Spacing = 1000 x 201/1200 = 160mm

Provide 16mm¢ @ 160mm c/c in the stem, extending into the shear key upto 47® =
752mm.

Check for shear: [at ‘d’ from base]

V, (stem) = 1.5(Ca.Ve.Z%2) = 1.5(1/3 x 16 X (4.83 — 0.392)%/2) = 53.83kN

3
T _Y, 538340 0.135N /mm?® <z, [where, . = 0.39N/mm?for p; = 0.3%))

" bd 1000x392
Hence, SAFE.

Curtailment of bars:

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

Temperature and shrinkage reinforcement:

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

13
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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
8 ¢ @ 300 c/c ———16 ¢ @ 330 ¢/
| ¢ i G 1500
4 || T80 @ 600c/c
10 ¢ @ 300 c/ q
4000 .8
80@200c/kc . [] ¢
) _/16m@?20c/c 1500
o |
8 ¢ @ 400 c/c
ks
- £ J ’
_ 10 ¢ @ 300c/c— ~Jj
[Dist. Bar] ‘
8 ¢ @ 100 c/c —— “
4 80 @ 200 c/c pist. Bar]
[E—1300—% L
¥ 5 /16@@110c/c [Main Bar]
-
b 16 ¢ @ 180 c/c
o ff 1

1250 e . ey PV e .

\ 420 : — —
W L ¢ —— A = :
T 16 0 @ 240 clc— 3001 L

™~

j( 300 x 300 shear key

«—— 1300 —>| 300
5 - - 3000 = -

Detailing of cantilever wall

14
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DESIGN OF COUNTERFORT RETAINING WALL

STEM 2\
retained earth

on this side

4 \\ 7~ COUNTERFORT

VNANA A\

(c) counterfort wall

Preliminary proportioning of counterfort retaining wall:

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 walll
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.

15
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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
@ 30m

h = 9000 clear spacing

720" 5 | W, 500 “"LCiroh

15003k X = 3000 _s,
K——L = 4500—>

. 2 . 2
Minimum depth of foundation = P 1—s!n(p _170 [1—s!n 30) =1.181m <1.5m
y\1+sing 16 \1+sin30

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( %Jh 03B am  [AsCa=128C,=3

Lmin = 1.5X 3 =4.5m

Thickness of counterfort = 6% of 9 = 0.54m

16
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Stability conditions:

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 0.5/2+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/M,
Where, Mo = Pa.h/3 = Ca.ye.h®6 = 0.33x16x93/6 = 647.35kNm.
Mr = (L — Xw).W =510.75(4.5 — 1.713) = 1423.6kNm.

FOS (overturning) = 198 > 14

Hence, section is safe against overturning.
Sliding:

FOS (sliding) = 0.9(|JR)/PaCOSG

F=puR=0.5x510.75 = 255.375kN

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

W =506.9 kN/m
M, = 648.0 kNm/m l
~ Xw = 1706
1500_,
o 2.5 kN/m?
222.8 kN/m
L=2984
R=W ) |
1€-2250
e=720 J
L =4500
Base pressure calculation:
Qo = E(l.,. Ej = 510.75 1+ 6X0'73) =223.97kN/m? > d, [where go = 170kN/m?]  [UnSafe].
L L 4.5 4.5
Qrin = E(l— @) = >10.75 Q- 6X0'73) =3.027kN/m* >0 [No tension develops] [Safe].
L L 4.5 4.5

17
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Where, Lg = (M + My)/R, e = Lg — L/2, where,

Lg = (874.688 + 647.352)/510.75 = 2.98m

&e=Lg—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.

YW =510.75+0.5x25x0.72 = 519.75kN

W =506.9 kN/m

M, = 648.0 kNm/m
- 1706
500 1500
=

AW=9.0 kN

39.4 kN/m*
167.0 kN/m?

e=515
L = 5000 2

* L=3015 )
i WJ‘;<—2500‘il
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.
Lr = (Mo + M) / R = (917.438 + 647.352)/519.75 = 3.011m

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

0. = %(u G_I_ej _ 5195'75 @+ X0 166 30kN/me <q,  where qu= 170w [Safe].
Qi = %(1— G_LGJ = 51%75 @a- 6X0'511) =41.58kN/m* >0 [No tension develops] [Safe].

FOS (Sliding) = 0.9(“R)/Pa = 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.

18
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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.

18.0 kN/m? 148.5 kKN/m”°

, 39.4 kN/m’
167.0 kN/m?®

|
47.3 kN/m?

f 109.1 KN/m”

149.0 kN/m”?

Net soil pressures acting on base slab

Design of Toe Slab:

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.

19
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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 — 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 @125mmcic.

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

Provide 10mm @100mm c/c.

Design of heel slab:

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, Mgy, = WI%/12 = 106.92 x 2.5%/12 = 55.688kNm.

Moment at the midspan, Mg = Wi?/16 = 41.76kNm

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

Factored Mg, = 83.53kNm - Ast = 570.7mm?

Factored Mmig = 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 ¢/s = 0.12/100 x 1000 x 500 = 600mm?

For 8mm bar, Spacing = 83.775mm - Provide 8mm @80mm c/c.

Check for shear:

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

¢v = 0.33N/mm?, Zc = 0.29N/mm?, {cmax = 3.1N/mm?

20
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Depth has to be increased.

Design of stem:

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
Msup = WI7/12 = 1.5 x 45.33 x 3.54°/12 = 71kNm

Mpmig = WI%/16 = 1.5 x 45.33 x 3.54°/16 = 53.26kNm

Effective depth = 500 — (50 + 20/2) = 440mm

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

Transverse reinforcement = 0.12% of c/s 2 8mm @ 80mmc/c

gy = 0.188N/mm?, . = 0.65N/mm?, {cmax = 3.1N/mm?  Safe in Shear.

Design of Counterfort:

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, Mmax = Ka.Ve.h*/6 X Le

Where, L. = c/c distance from counterfort

Mmax = 1932.5kNm, Factored Mmax = 2898.75kNm

Ast = 2755.5mm?, 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.

Curtailment of reinforcement:

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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_ 2
n-1 ZSh%, where n is the total number of bars and h1l is the distance from top.
n :

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

The second part is cut at a distance of,

_ 2
n-2 :hiz, h2 = 6.94m [from bottom]
n 8.5

The third part is cut at a distance of,

n-3 h3?
——=——>, 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.

Design of horizontal ties:

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.

L
0.87 fy

T = Ca.ve.h X h, Where, Ast =
T=1/3x16 x(9—-0.5) x 3.54 = 160.48kN
Factored force, T = 1.5 x 160.48kN

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

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

Design of vertical ties:

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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500
%
T_ B - o B
12¢ @ 230 cf L _12¢ @ 230 c/c
2830 ¢ % d _f_
126 @ 150 clc —_|d
N N\ 12¢ @ 150 c/c
7500 1 -
2830 12¢ @ 180 dcj* o — 12¢ @ 180 c/c
— -
p
h .
120 @ 1500!? ] 120 @ 150 cic
1 - 12 ¢ @ 180c/c + addl. 5 bars
i - in 1m span from free edge
b 12 @ 180 clc
1500 |, A < |
720 L e
R 2. T L e o e s
200 @ 150c/c | SUOI M ) @;150 fk
100 @ 200 cfc P ¢Cl__10¢ @200c/k

k—zooo < 500 > 2500———4

Reinforcement details of stem. toe slab and heel slab

: : I 6n0.s25 0
126 @ 150 c/c : 12¢ @ 150 c/c i,
: ) - 540
s s ST
toe slab i 4 1
: b 8/10 ¢ 2 legged horizontal
o] | & b ties @ 200 c/c
A * -
1 1L
126 @ 150c/c — | } Rl
: h 12¢ @ 150 c/c 3000
5 E
L o
" 1 10 ¢ 2 legged vertical
" 1 ties @ 100 c/c
. b P
& :} 540
2% . 4 s 2 s s s asessasaas B
[ ]| e )
[ ] 10 ¢ 2 legged vertical
i | ties @ 150 c/c
2000 | 500 |¢—————2500——

Reinforcement details of stem and counterfort
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A\
' \\
L \
/}‘ ‘. \ 4 nos 25
7, T
8 o 2 legged horizontal —
St @ v
stirrups @ 200 c/c ' 10 0 2 legged
; il vertical stirrups
/ Al 3 @ 150 c/c
A 8nos 25 ¢ (2
10 ¢ 2 legged horizontal ; j JAYEISIWIT 25
stirrups @ 200 c/c : Separatoss @ 1m
: 10 ¢ 2 legged
3000 ! \\ vertical stirrups @
3 100 c/c, with hooks
:. 444 \ |

Section through counterfort showing counterfort reinforcement
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UNIT 1l
DESIGN OF WATER TANK

—

Cylindrical Rectangular

1S3370 [Part | — IV]

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

I) Tank Resting on the Ground (b) Underground Tank

G L
7 >

(c) Elevated Water Tank

Types of Water Tanks

Components of water tank:

1. Side Walls [Rectangular or cylindrical]
2. Base slab

3. Cover slab or dome

4

. Staging [Overhead] - Columns, Beams, Bracings
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Types of Joints:

i) Flexible base
i) Hinged base
iii) Fixed base

/Tnnk wall

/-Seoling compound

Neoprene
or Rubber L

Pad 77| Base slab

S (a) Flexible Base
N—pve
water stop

/—Iank wall

/-Senling compound

Base slab iL(b) Hinged Base

Tank wall

—

Base slab

\j (¢) Fixed Base

A .

Water pressure distribution:
1. On side walls, it acts linearly varying from 0 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 = Ogye = 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

1

_Sﬂgsﬁsﬂ{ﬁl/mmz) M-15 | M-20 | M-25 | M-30 | M-35 | M-40
Direct Tension 1.1 1.2 1.3 1.5 1.6 1.7
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 1.1 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

2
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As per clause B — 2.1.1, the tensile stress is given by,
Ft
O' - —
A, +MA,

ocbc is the permissible compressive stress.

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

Permissible stress in steel is given in IS3370 Part 1l as,
Tensile stress: Fe250 - 115 N/mm?, Fe415 - 150 N/mm?
Bending stress:

< 225mm > 225mm
On Face On face away On Face On face away
Fe250 115 115 115 125
Fe415 150 150 190 175

Reinforcement requirements: [As per 1S3370]
1. Minimum Ag; is 0.3% for 200mm 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 soil

or liquid.

HOOP TENSION AND BENDING MOMENTS IN CYLINDRICAL TANK WALLS

X —
=i Fixed base Fixed base y
Hinged
bage Hinged
e _Sliding
H base (u=0-5)
Noa -0
t A=0 M
) p \
No -+ WH—#F Sliding Tension —ete¢— Tension
base a1 =0-5 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?|

N.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,

Hoop tension = MTD =(9.81 x 3.8 x11.5)/2 = 214.34 kKN

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

Ag 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.

Ft

OCt = - @@

A +mA,
Ac =1000t, F =214.34kN, m =280/ 3 Ocnc =280/ (3x7)=13.33=13
Ou=1.2= 214.34

1000t + (13.33x1428.9)

= t=160mm
Minimum thickness as per empirical formula is,
tmin = (30h + 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 200mm section and 0.2% for 450mm section.
Therefore, for 170mm thickness, Ast required is 0.28% of c/s
As = (0.28/100) x 1000 x 170 = 476mm?
Provide 8mm @ 100mm c/c
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Curtailment of reinforcement:
At 2m height,

Hoop tension = MT'D: (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

Design of base slab:

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 ¢/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.

B /—Free board 200
‘ ! é FTL
1 Im |

\ ¢ 12 @ 300 (hoops) 20_—.&;;;

1 ] 100

Tank wall T Strip painting

Joint sealing

Im J L  p—— ¢ 16 @ 290 (hoops)
% |_- ¢ 8@100 200 Prepated sliding
T | surface or rubber pad
@ 16 @ 140 (hoops) Details at A
20m il ¢ 8 @ 220 (both
l r= -—— StTP fﬁ ways and both faces)
painting
L H H N S WY - : T
] " e S o o e e |I50

A1 | s

—__/ ~
,_T/ B Layer of tar felt
Layer of M 10 grade concrete

Sectional elevation

Design of dome: - 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 =1/5x11.5 =2.3m

—D=12-6m (Diameter)

r=2-5m
(Rise)

\

R=92m
(Radius)

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.

oc=5 N/mm?

Assume thickness of dome as 100mm

Meridonial thrust, T = & where ‘W’ is the loading of dome slab, self weight of slab

1+ Cosé
and any live load acting on it.
Self weightof slab =0.1x25 = 2.5 kN/m?

Live load = 2kN/m?
W = 4.5 KN/m?
= 4983 o) a6kN
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,
1 j _ 4.5x8.3 (0_74 1

Hoop stress = WR Cosé — —
t 1+ Cosé 100 1+0.74

j = 0.06 N/mm? < 5 N/mm?

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=Hicomp/0s  where, Hi comp = T.Cos8 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,

— Ft

A +(M-D)A,

Here ring beam is not subjected to water load. So, permissible tensile stress for M20
concrete is 2.8 N/mm? (Annex B-3.11) of 1S456-2000.

Ot = 2.8 N/mm?
R
A, +13.3x608

Oct

> 28-= Aq = 608 mm?

F=TCos6xD/2=21.46 x0.74 x5.75=91.31 x 10°N

> A = 25314mm?>,

Provide 150 x 150 mm size of ring beam with (2# 16mme + 2# 12mme) bars. If any tensile
stress is developed, the steel will take the tensile stress.

Spherical dome

g

¢ 6 @ 150 (ties)
¢ 8 @ 160 (meridional and
circumferential stress)

150%150 _
ring beam
2-¢12 +
2-¢16 /—Freeboard 200
I Ly FIL
| m ~
¢ 12 @ 300 (hoops)
Ilm L  —— ¢ 16 @290 (hoops)
L8
1 B |_— ¢ 8@100
|
¢ 16 @ 140 (hoops)
“m o ¢ § @ 220 (both
= - | — Strip ways and both faces)
painting
170 j B
- ) |
it R T P AP~ 3 1)
g = \\\ ] 75
Layer of tar felt

Layer of M 10 grade concrete

Sectional elevation
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DESIGN OF CYLINDRICAL WATER TANK: [With fixed base]
For cylindrical tanks fixed at the base, bending moment and hoop tension are developed,

. . H 2 . . .
whose values are based on non-dimensional parameter,ﬁ. The vertical reinforcement is

provided for the bending moment developed and the transverse reinforcement is provided

for hoop tension developed.

2
The coefficients of the non-dimensional parameter % are given in Tables 9 (HT) and 10 (BM).

Maximum hoop tension = Coefficient x W.H.D/2
Bending moment = Coefficient x w.H?
Where, R - Radius of tank, D - Diameter of tank

3) In the above problem, design a water tank for fixed base condition. Permissible stresses
are, for Fe415, o = 150N/mm?, as per 1S3370 — Part Il and for M20, o = 1.2 N/mm?.
H=4m, D =11.5m
t =30h + 50 = 170mm

2 2
|_[|)t ) 11.5L:<o.17 - 8184
From Table 9 of IS3370 — Part IV, the coefficient for maximum hoop tension is taken and from
Table 10 of IS3370 — Part IV, the coefficient of bending moment is taken.

2
% - 8, Hoop Tension Coeff. > 0.575 @ 0.6H

2
HFt - 10, Hoop Tension Coeff. > 0.608 @ 0.6H

2
> 4 % - 8.18, Hoop Tension Coeff. > 0.578 @ 0.6H

Therefore, T = Coeff. X WHR =0.578 x 9.81 x4 x 11.5/2 = 130.41 kN

2
% - 8, BM Coeff. 2 -0.0146

2
HFt - 10, BM Coeff. - -0.0122

2
4 % - 8.18, BM Coeff. - 0.01438

Max. BM = -0.01438 x 9.81 x 4° = -9.031 kNm
The vertical reinforcement is provided for the above moment and transverse steel is

provided for hoop tension.
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For hoop tension as,
Ast = HT/150 = 130.41 x 10° / 150 = 869.33 mm®.
Provide 12mm @ 130mm c/c along the transverse direction.

For bending moment,

M
Act =
T
Where, for M20,j=0.84, R=1.16, Ocpc = 7 N/mm?
Ag = L: 555 mm?
150x0.84x129
d =D — @Qur— @ew/2 - Cc

=170 -12 - 8/2 - 25 = 129mm

6
d= ‘/ﬂ = W/ﬂ =88.23mm < d [129mm)]
Rb 1.16x1000

Min. depth required = 88.23mm

0.3% of c/s (vertical steel) = 0.28/100 x 1000 x 170 = 476 mm?

Provide 8mm @ 100mm c/c

The maximum of Ast for BM at A {maxmum iS provided as vertical reinforcement [555mm?].
Provide 8mm @ 90mm c/c

Provide 10mm @ 130mm c/c as vertical reinforcement. If the reinforcement is provided as
double layers on both the faces, the spacing is doubled.

Provide 10mm @ 260mm c/c as vertical reinforcement along the two faces with transverse
hook reinforcement at 12mm @ 260mm c/c along both the faces.

Design of base slab:

Provide a nominal thickness of 150mm for base slab with 0.3% distribution steel [Bmm @
200mm c/c, along both faces, both ways].

Also provide a haunch of size 160mm at the junction of the wall and the base slab.

/l 12mm @ 260mm

/
/ / 10mm @ 260mm

8mm @ 200mm c/c

Haunch 150mm

|
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DESIGN OF RECTANGULAR WATER TANK

L/B>2

LIB<2
When L / B < 2, cantilever moment generates at the base and maximum bending action
takes place along the continuous edges of the side walls in both short and long direction.
When L / B > 2, only cantilever action takes place in long wall. Whereas, a short wall is
designed for horizontal bending and cantilever action.

[Cylindrical - Hoop Tension - Transverse reinforcement ]

When L/B < 2,

i) Cantilever moment at base = w.H.h?/ 6

where, h = 1m or H/4, whichever greater

T

ik

i) For horizontal bending of the walls, the maximum moment is found from,

a) Fixed end moments,
PL%/12 & PB%/12
b) Positive moment at midspan,
Mi=PL%8 & M; = PB%/8
Where, M;is the final moment at the supports (junction between long wall and short
wall). The maximum value is taken for design. Here,
P - water pressure given as p = w(H — h)
For the maximum moment, the area of steel along the longer direction and shorter direction

are found from the relation,
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Where, P_ & Pg are tension in long and short walls
p — Pressure exerted by water

Tension in the walls is given by, PL=pxB/2 & Pg=p

1. Design a rectangular tank of size 4m x 6m with height 3m. The tank rests on firm

ground. Use M20 concrete and Fe415 steel. Take design constants j = 0.853 & R = 1.32.

Pressure exerted by water, p =w (H —h)
Where, h = 1m or H/4 = 1m or 0.75m = 1m [greater]
P=9.81(3-1)=19.62 kN/m2
To find the final moment at the junction of long wall and short wall based on the fixed end
moment and distribution factor, the moment distribution is done.
Joint A:
I, /L,
I,/L +1,/L,

The stiffness along the long wall and short wall are the same (I, =1,), since uniform

thickness of wall is adopted along long wall and short wall.

AB AD
DE. I /L, | 1, /L, |
/L +1,/L, /L +1,/L,
1/6 1/4
1/6+1/4" 1/6+1/4"

Short wall is stiffer than the long wall.
Meag = pL?/ 12 = 19.62 x 6%/ 12 = 58.86 kNm (3p)
Meap = pB? /12 = 19.62 x 42/ 12 = 26.16 kNm (1.33p)

Joint A,
AB AD

FEM 3p -1.33p

DF 0.4 0.6

BM (-1.67 x 0.4) (-1.67 x 0.6)
=-0.67p =-1.002p

CO - -

Mg +2.33p -2.33p

Mf = 2.33p = 2.33 x 19.62 = 45.72kNm
Moment at midspan,
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Long wall:
L .= 4257 kNm,
Short wall:
pgz ~M, = -6.48 kNm,

The reinforcement is provided for maximum moment generated.

Therefore, maximum moment generated in the water tank is

45.72kNm.

o4.jd o ou.Jd oy

PL=pxB/2=19.62 x4/2 =39.24 kN
Pe=pxL/2=19.62x6/2="58.86 kN

6
dreq = /ﬂ _ I45.72x10 — 186mm
R.b 1.32x1000
Provide d = 190mm, D = 220mm

Provide effective depth of 190mm and effective cover of

30mm

X =D /2 — Eff. Cover
=220/2-30
= 80mm

Area of steel required for Tension in the wall

along the longer side and shorter side, g
A = 45.72x10° — (39.24x80x10°%) . 39.24x10° .

st 150x0.853x190 150 1
2013mm? |
A= 45.72x10° — (58.86x80x10%) s 58.86x10° .

o 150x0.853x180 150 2
2079mm? !

Provide 20mm ¢ bar, spacing required along
horizontal direction is 150mm
Provide 20mm @ 300mm c/c along both faces in

20mm @ 300mmc/c

_—

10mm @ 220mmc/c

10mm @ 300mmc/c

the horizontal direction, along short wall and long °

wall. oLl

BASE SLAB
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The vertical cantilever moment for a height of ‘h’is  =w.H.h?/6 [L/B < 2]
=9.81x3x1%/6 = 4.905 kNm
Ax= —M = 201.76mm?
oy.Jd

Min. Ast = 0.3% of c/s
=0.3/100 x 1000 x 220
= 660 mm?
Spacing is provided for the maximum of the above two [66mm?]
Required, 10mm @ 110mm c/c
Provide, 10mm @ 220mm c/c as vertical reinforcement along both the faces. For the base
slab, provide a nominal thickness of 150mm and minimum Ag; of 0.3% of c/s.
As = 0.3/100 x 1000 x 150 = 450 mm?
Spacing of 10mm bars required = 170mm
Provide 10mm @ 300 mm c/c along both faces, both ways.
Provide 75mm lean mix with a layer of tar felt which acts as a water bar, provided between

the tank and lean mix concrete.

2) Design a water tank of size 4m x 9m with height 3m. Use M20 concrete and Fe415

steel. The design constants are j = 0.853 and R = 1.32.

Since L/B > 2, the tank behaves such that the long wall acts as a cantilever member with
moment w.H%*6 and short wall is subjected to both cantilever moment and horizontal
bending moment.

Long wall:

Cantilever moment at base = w.H%/6

Where, h = 1m or 3/4m = 1m = 9.81 x 3° / 6 = 44.145 kNm

Short wall:

Cantilever moment = w.H.h?/12 = 9.81 x 3 x 1% /2 = 14.715 kNm

Horizontal bending moment = pB%/16 = 19.62 x 4%/ 16 = 19.62kNm
(Where,p=w (H—-h)=9.81 (3-1) =19.62kN/m)

Maximum of the three moments = 44.145kNm

- P
Asy = ——=—+—-, where, PL=p x B/2=19.62 x 4/2 =39.24 kN and Pg = p = 19.62 kN

oy.jd oy
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6
deq= | M - 4414507 _ 05 g7mm
Rb ~ \ 1.32x1000 S

Provide d = 190mm, D = 220mm |

Provide effective depth of 190mm and effective cover of

30mm.
X =D /2 — Eff. Cover bii¥
=220/2-30 =80mm

Area of steel required for Tension in the wall along the longer

side,

44.145x10° — (39.24x80x10°%) . 39.24x10°
150x0.853x190 150

Provide 20mm ¢ bar, spacing required along horizontal

Ag = = 1948.35mm?

direction is 160mm. Provide 20mm @ 300mm c/c along both faces in the horizontal

direction, along short wall and long wall.

Along the shorter side,

Along vertical direction,

14.72x10° — (19.62x80x10°%) N 19.62x10°
150x0.853x180 150

Required - 10mm @ 220mm c/c on both faces.

Agg = = 690.45mm?

Along horizontal direction,

19.62x10° — (19.62x80x10°%) N 19.62x10°
150x0.853x180 150

Required - 10mm @160mm c/c on both faces.

Agg = = 897.5mm?

Distribution steel:
100mm - 0.3%
450mm > 0.2%
220mm > 0.26%
Min Ag; = 0.26% of c/s = 0.26 / 100 x 1000 x 220 = 572mm?

Min. Required - 10mm @ 260mm c/c, which is less than the above two values.
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Base slab:
Since base slab is resting directly on the ground, nominal thickness of 150mm is provided
and minimum reinforcement of 0.3% of cross-section is provided both ways along both
faces.

As; required = 0.3% of c/s = 465mm?.

Provide 8mm @ 200mm c/c.
Below the base slab, a layer of lean concrete mix is provided with 75mm thick tar felt layer

between them.

o ] ® ] ] [l [] L] o ] hd ] ] ] * @
® @
8 I 2 8 [} 2 L] (] 2 ] (] () (] L] ()
& L) L] L
220mm
il L L] [
8mm @ 140mmc/c
./. o d
© o) ® L
o o 10mm @ 160mmc/c o d
ZZ
L] L L] L
L] L L] L
10mm @ 260mmc/c 20mm @ 300mmc/c
® L L] L
L] L L] 9
220mm
® 9 ’7 } ® q
L] ® L] L] L] ® o L] ® @ L] o L] L] ]
/ °® L
o Iy S I/ 3 [} a Py Py 2 Py 2 [ Py Py

DESIGN OF UNDERGROUND WATER TANK

Design of underground water tank is similar to that of tanks resting on grounds (for

rectangular water tanks based on L/B ratio), where additional moment if any due to the
earth pressure on the side walls need to be considered. If the soil is submerged, pressure
exerted by water is also considered. Thus the side walls are checked for the two critical
conditions,

i) No earth pressure with pressure from water inside, p = yw(H — h)

i) Earth pressure exerted on wall under tank empty condition, p =H/3.(y-yw)+YywH
The tank has to be checked for uplift water pressure for which frictional resistance should

be sufficient.
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Design an underground water tank of size 12m x 5m with height 4m. The density of soil is
16kN/m? and coefficient of friction between soil and concrete is 0.15. The soil is saturated.
Here,L/B=12/5=24>2
The tank walls are checked for two critical conditions,

i) No earth pressure with pressure from water inside, p = yw(H — h)

=10 (4-1) = 30kN/m?
i) Earth pressure exerted on wall under tank empty condition, p =H/3.(y-yw)+YywH
= 48kN/m?
Where, h = 1m or (H/4 = 1m)

Therefore, the maximum pressure is used in finding out bending moment on the wall.

Long wall,

3

Cantilever moment = yW: =10 x 4% /6 = 106.67kNm

Short wall,

) Hh?
Cantilever moment = 7w2 = 20kNm

2 2
Horizontal bending moment = pB = 301);;5 =46.875 KNm &
2
= B _ 25 Nm
Long wall:
M-Px P
Aq = 220X PL \where,  PL=pxB/2=48x25 =120 kN

oy.).d Oy

Pg = p =48 kN

6
o= | = L0670 _ ) 57mm
Rb  \ 1.32x1000 P —

Provide d = 290mm

Provide, D = 290 + 30 = 320mm
x=320/2-30=130mm
Asiviy = 2454.35 + 800 = 3254.35 mm? .
Ay = 0.237% of c/s
(For 200mm 0.3%
For 450mm 0.2% |
For 320mm 0.237%) | N

Astry = 0.237 X 1000 x 320 = 758.4 mm?
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Provide 10mm @ 200mm c/c
Short wall:
Asivry = 370.8 + 320 = 690.8 mm? < Agimin
Provide Astmin, 20mm @ 200mm c/c
Asthiy = 2173.09 mm?
Provide 16mm @ 180mm c/c

Check for uplift:

The tank is checked for uplift pressure. When the uplift pressure exceeds the downward
load due to the self weight of the tank and the frictional resistance required. The base slab
is projected all around thereby increasing the downward load. The pressure of submerged
earth and water at the bottom of the base slab for 1m length of the wall is found. The
frictional resistance of the tank is found by multiplying the coefficient of friction between sail
and concrete with the pressure exerted.

Assume the thickness of the base slab as 400mm and provide a projection of
300mm all around the water tank.

12m

0.3m—=) |

|
|
I
oszm:—- -
|
|
I
|
|
[

Downward load due to self weight of tank:

Longwall =2 x12.64 x0.32 x4 x 25 = 808.36 kN

Shortwall =2 x5 x0.32 x4 x 25 =320 kN

Base slab = (12.64 + 0.6).(5.64 + 0.6) x 0.4 x 25 = 826.176kN
Total =1955.136 kN

Weight of earth retained over projection,
Long wall =2 x (12.54 + 0.6) x4 x 0.3 x 16 = 508.42 kN
Shortwall =2 x5.64 x4 x0.3x 16 = 216.576 kN
= 724.996 kN
Total load = 2680.132 kN
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Frictional force required = 3635.174 — 2680.132 = 955 kN
Pressure exerted by water at a depth of 4.4m,

p=H/3.(y = vyw) * Yw.H

= % (16 — 10) + 10 x 4.4 = 52.8 kN/m?

Considering 1m length of wall, the force exerted is =% xH x p
=% x 4.4 x52.8=116.16kN/m

The frictional resistance per metre length of wall = p.F = 0.15 x 116.16 = 17.424 kN/m
For the entire perimeter of the wall, the frictional resistance offered,

=2Xx(12.64 +5.64) x 17.42 = 637 kN < 955 kN
Hence the downward load due to self weight and cantilever projection of bse slab is
insufficient against the uplift force. The length of projection has to be increased. Increase
the base projection to 0.7m, all around.

Downward load due to self weight of tank:

Long wall =2 x12.64 x 0.32 x 4 x 25 = 808.36 kN

Shortwall =2 x5x0.32 x4 x 25 =320 kN

Base slab = (12.64 + 1.4).(5.64 + 1.4) x 0.4 x 25 = 988.416kN
Total =2116.78 kN

Weight of earth retained over projection,
Longwall =2 x (12.54 + 1.4) x 4 x 0.3 x 16 = 1257.98 kN
Shortwall =2 x5.64x4x0.7 x 16 = 505.34 kN
= 1763.32 kN
Total load = 3880.1 kN

Frictional force required = 4349.03 — 3880 = 469.03 kN < 637 kN

(Frictional force offered by walls)
p = 52.8 kN/m?,
The water tank is safe against uplift.

The base is design as a continuous slab, supported between two short walls, for the self

weight and weight of side walls.
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Design of base slab:

Loading on the base slab includes the self weight of base slab and weight of side walls.
Considering 1m strip,
Weight of base slab =7.04 x 0.4 x 25 = 70.4 kN/m
Weight of walls =2 x4x0.32 x 25 =64 kN/m
Total =134.4 KN/m

Short walls Shott walls

- N

086 532 0826

\JUU\JUUU\JUUUU\JUUUU\JUUVUUUUUUVVVVUK ~

134.4 kN/m

Reaction at the support = 134.4 x 7.04 / 2 = 473.09 kN
B.M. at the support = w.I?/2 = 134.4 x 0.86% / 2 = 49.7 kNm
B.M. at centre = 134.4 x 3.522 / 2 — 473.09 (2.66) = -425.8kNm [sagging moment]

M 425.8x10°

= =9118.2mm?
o,.jd  150x0.853x365

Agt required =

[D =400mm, d = 400 — 35 = 365mm]
Provide 25mmg in two layers [both faces].

Provide 25mm @ 100mm c/c on both faces.
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UNIT Il
YIELD LINE THEORY
Yield lines — Typical crack patterns — generated when ultimate moment is reached
Characteristics of yield lines are,
i) Yield lines are straight
i) Yield lines end at supporting edges of slab
i) Yield lines passes through intersection of axis of rotation of adjacent slab elements

iv) Axis of rotation lies along lines of supports and passes over columns

Z L £
g 7 7
Square Slab Rectangular Slab
e~~~ Positive Yield Line A S S e 0
(Tension in bottom face | -ve yield line :
! +ve yield line |
&EI é
— — — — — Negative Yield Line : :x
[ Ik
Lttt Simply Supported Edge P '
T 777 P .8 4 aVAVaN TeV IR §TAVAVAV VL O 0T
. : i lab
Y OOOONXNNY Triangular Slab Re;tangular )
Continuous or Fixed Edge (Fixed support)
— . ——-—— Axis of Rotation A
Beam Support
@) Point Load /
% Column Support “
Hexagonal Slab Circular Slab

Notations For Yield Lines and 5upp0rts Typical Yield Line Patterns in Reinforced Conc. ete Slabs

Assumptions:

The following are the assumptions of the yield line analysis of reinforced concrete slabs.

1. The steel reinforcement is fully yielded along the yield lines at collapse. Rotation
following yield is at constant moment.

2. The slab deforms plastically at collapse and is separated into segments by the yield

lines. The individual segments of the slab behave elastically.
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3. The elastic deformations are neglected and plastic deformations are only considered.
The entire deformations, therefore, take place only along the vyield lines. The individual
segments of the slab remain plane even in the collapse condition.
4. The bending and twisting moments are uniformly distributed along the yield lines. The
maximum values of the moments depend on the capacities of the section based on the
amount of reinforcement provided in the section.

5. The yield lines are straight lines as they are the lines of intersection between two planes.

Rules of yield lines:

The two terms, positive and negative yield lines, are used in the analysis to designate the
yield lines for positive bending moments having tension at the bottom and negative bending
moments having tension at the top of the slab, respectively.

The following are the guidelines for predicting the yield lines and axes of rotation:

1. Yield lines between two intersecting planes are straight lines.

2. Positive yield line will be at the mid-span of one-way simply supported slabs.

3. Negative yield lines will occur at the supports in addition to the positive yield lines at the
mid-span of one-way continuous slabs.

4. Yield lines will occur under point loads and they will be radiating outward from the point
of application of the point loads.

5. Yield line between two slab segments should pass through the point of intersection of the
axes of rotation of the adjacent slab segments.

6. Yield lines should end at the boundary of the slab or at another yield line.

7. Yield lines represent the axes of rotation.

8. Supported edges of the slab will also act as axes of rotation. However, the fixed supports
provide constant resistance to rotation having negative yield lines at the supported edges.
On the other hand, axes of rotation at the simply supported edges will not provide any
resistance to rotation of the segment.

9. Axis of rotation will pass over any column support, if provided, whose orientation will

depend on other considerations.
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Upper and Lower Bound Theorems

According to the general theory of structural plasticity, the collapse load of a
structure lies in between the upper bound and lower bound of the true collapse load.
Therefore, the solution employing the theory of plasticity should ensure that lower and

upper bounds converge to the unique and correct values of the collapse load.
The statements of the two theorems applied to slabs are given below:

(A) Lower bound theorem: The lower bound of the true collapse load is that external load
for which a distribution of moments can be found satisfying the requirements of equilibrium
and boundary conditions so that the moments at any location do not exceed the vyield
moment.

(B) Upper bound theorem: The upper bound of the true collapse load is that external load
for which the internal work done by the slab for a small increment of displacement,
assuming that moment at every plastic hinge is equal to the yield moment and satisfying the
boundary conditions, is equal to the external work done by that external load for the same

amount of small increment of displacement.

Thus, the collapse load satisfying the lower bound theorem is always lower than or equal to
the true collapse load. On the other hand, the collapse load satisfying the upper bound

theorem is always higher than or equal to the true collapse load.

The yield line analysis is an upper bound method in which the predicted failure load of a
slab for given moment of resistance (capacity) may be higher than the true value. Thus, the
solution of the upper bound method (yield line analysis) may result into unsafe design if the
lowest mechanism could not be chosen. However, it has been observed that the prediction
of the most probable true mechanism in slab is not difficult. Thus, the solution is safe and
adequate in most of the cases. However, it is always desirable to employ a lower bound
method, which is totally safe from the design point of view.
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Yield moments:

a
C ™M d

cd
Mg.a.b = m.cosa.c.d. > my= (_bj m.cosa = my = m.cos’a
a.

where, m - yield moment per m length along the yield line

EEREE RN

- One mesh reinforcement

-

Mq = M.cos?a + pm.cos?.(90 — a)

= m.cos’a + pm.cos? (90 — a)

_ b -m 2 . 2
— = m.cos“a + ym.sin“a
/i JAM
— For isotropically reinforced slab,
Rein. — Qmﬁ}f
_ (n=1) & Mg=mMm
: O< - - -
— When reinforcement is same horizontally and

d
¢ m| | vertically, p =1 & Mg =Mm

EERERRRE NN

Rein.

Methods of yield line analysis:
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1. Virtual work method

2. Equilibrium method (Equilibrium of individual elements of slab along yield line)

Virtual work method — Applied load causing virtual displacement is equal to internal work

done or energy dissipated in rotation along the yield lines.

1) Isotropically reinforced — square slab — simply supported — udl

External work done = w.d

Where, w = load, & - virtual displacement
Internal work done = M.6 = ¥m.L.0

m - Ultimate moment / unit length

L = Length of yield line

M - Total moment produced along all the yield lines

QA Lolsid 4
,n:‘ 74
/
¢ ii
™ f / L
e A i/, A N
¥, v 4 A 7 >
»f 4 i A & A
/vl \J. &7
4 il ©
f‘i / i Vg 7 f P ;’ 4 }5 e I 3 4
: < Y,
K .
Y
(€

[Opposite of isotropically reinforced is orthotropically reinforced]
Centre point is the place where the first ultimate moment is reached and the crack
originates at this point as,

L/+2

TanB®=1/(L/~2)=+2IL
1

5(M.6)ac = £(M.L.6) ac= M. /2 L. i =4m [i - since defl. Is on two sides]

Work done by ‘bd’ is same as ‘ac’
Total internal work done = 2M.6 = 8m

For a virtual displacement of 1 at centre (i.e) CG of each triangular deflects 1/3
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2

SW.O=[(1/2xLxL/I2xw)x1/3]x4= wi ,  Where, w - udl on slab
wl? wl?

External work done = w.0

Where, w = load, & - virtual displacement

Internal work done = M. = Zm.L.6 = m. \/E L.i =4m

2
L
Work done by ‘bd’ is same as ‘ac’

Total internal work done = *M.0 = 8m

Internal work done by negative yield line (ab, bc, cd, de) for,
©=1/L12=2/L, ZIMB=4[wxLx2/L]=8m

Total internal work done = 16m

External work done,

SW.S=[(1/2xLxL/2xw)x1/3]x4=wL?/3

SM.8=5W.5
16m =wL?/ 3 > m=wL?/48

M - moment per metre length along the yield line
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[11) Orthotropically reinforced (Diff. rein. bothways) — rectangular slab — simply supported — udl

=Y b K.
> Jamgawkﬁf -7
: /E ,-:""*i s
| 4° " b AlS
1 4 &N YN ’
R """ B
. /S L A\
- ‘v‘(w PEPVFT? »p;,««,,
A § & ‘
TPk Geagh T
! <G — L ualnewn
Qf,‘? =)
For element A,
2
aL
My = mL
2m

(Mx O + My @y]A - ;

For element D,
Internal work done,
Ox=0, 0y =1/(BL), My = a.L.pm

SM.6 = 2 X {zm ““m}
a p

External work done = Zw.®

w.a L2
m= = @+ ua’ —auT

I\VV) Orthotropically reinforced — rectangular slab — fixed along long edges - simply supported

along short edges — udl

L 2 2 2
- Wb, [tan” 4 : where, tan ¢ = | 1.5u+-— £ (”j
24 7, 4o’ 2a

p > Coefficient of orthotrophy [Ratio between reinforcement
provided along shorter direction and longer direction]

V) Orthotropically reinforced — rectangular slab — all four edges fixed — udl

m = W, I—yz [tanz ¢j
48 Y7,
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1. Design a square slab fixed along all four edges, which is of side 5m. The slab has to
support a service load of 4kN/m?. Use M20 concrete and Fe415 steel.
As per IS 456-2000,
I/d = (0.8 x35) =28 = 5000/28 =d
= d =178.6mm = 180mm
Provide D = 200mm
Loading on slab:
Self weight =0.2x25 =5KkN/m?

Live load = 4 kN/m?
Floor finish = 1 kN/m?
Total = 10 kN/m?
Factored load (W) =1.5x10 =15 kN/m?

2

By vyield line theory, m = V\:llé =7.8125kNm

Limiting moment, Myjim = 0.138.fc.b.d? = 0.138 x 20 x 1000 x 180% = 89.424 x 10° Nmm

Mu < Mulim

M

K=—4=0.241
bd

Ay = 122mm?

Provide 8mm @ 300mm c/c

1b) In the above problem, design the slab using 1S456 coefficient method.
ly/ k=1

Four edges are discontinuous

ax = ay = 0.056

My = a.W.l,2 = 0.056 x 15 x 5% = 21 kNm

M, = ay.w.l,> = 0.056 x 15 x 5% = 21 kNm

= Required spacing of 8mm bar is 140mm.

Provide 8mm @ 140mm c/c.

2. Design a square slab of size 5m, simply supported along its four edges and subjected to

a live load of 4kN/m?.

wL?
m =
24
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As per IS 456-2000,
I/d = (0.8 x35) =28 = 5000/28 =d
= d =178.6mm = 180mm
Provide D = 200mm
Loading on slab:
Self weight =0.2x25 =5KkN/m?

Live load = 4 KN/m?
Floor finish =1 KN/m?
Total = 10 kN/m?

Factored load (W) = 1.5 x 10 = 15 kN/m?

2

By yield line theory, m = V\;Z

=15.625kNm

Limiting moment, Myjim = 0.138.fc.b.d? = 0.138 x 20 x 1000 x 180% = 89.424 x 10° Nmm
Mu < Mulim
Ag = 247.59mm?

Provide 8mm @ 200mm c/c

3. Design a rectangular slab of size 4m x 6m simply supported along all its edges,
subjected to a live load of 4kN/m?. The coefficient of orthotrophy is 0.7. Use M20 and
Fe4ls.
For four edges simply supported condition,

w.a?L?
m= = —@+ua* —auf
Assume span/depth = 28 =» Eff.depth = 4000/28 = 142.86mm
Provide d = 150mm, D = 170mm
Loading on slab:

Self weight =0.17 x25 =4.25kN/m?

Live load = 4 KN/m?
Floor finish = 0.75 kN/m?
Total = 9 KN/m?

Factored load (w,) = 1.5 x 9 = 13.5 kN/m?

212
m = W'02‘4L [V@+ua? —aul?  =8.8209 x 1.602 = 14.13 kNm

Limiting moment, Myjim = 0.138.fy.b.d* = 62.1 kNm

Mu < Mulim. The section is under-reinforced.
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K = Mu/b.d® & Agq = 277mm?
Minimum Ag; = 0.12% of ¢/s = 204mm?
Ag along longer span = p x Ag; = 0.7 x 237 = 194mm? < 204 mm?
Provide 8mm @ 240mm c/c

Check for shear (factored):

[
V, = WUZ x=135x4/2 =27 kN
V 3
K, = % = 21407 _ () 18 N/mm?

bd  1000x150
Z. for [L100Ag/bd = (100 x 277)/(1000 x 150) = 0.185N/mm?]
0.15-> 0.28
0.25 > 0.36
0.185 > 0.308
As per Cl.42.4 of 1S456-2000,
K-> 13 for d = 150mm
K->1 for d = 300mm
K-> ((1.126 + 0.133) = 1.26) for d = 170mm

K. .= 1.26 x 0.308 = 0.388 N/mm? > g, (0.18 N/mm?)

Section is safe in shear.

4. In the above problem, design the slab if all the supports are fixed.

For four edges simply supported condition,

w.L,® tan?
m = _V[M],
48 Y7,

2
_ H H
where, tan ¢ = | 1.5u+ -
M ( H 40{2J 2c

u=0.7,a=0.66, tanp = 0.8, ¢ = 38.65°

Assume span/depth = 28 =» Eff.depth = 4000/28 = 142.86mm
Provide d = 150mm, D = 170mm
Loading on slab:

Self weight =0.17 x25 =4.25 kN/m?

Live load = 4 kN/m?

Floor finish = 0.75 kN/m?
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Total = 9 kN/m?
Factored load (W) = 1.5 x 9 = 13.5 kN/m?

wlL 2 2 2 2
y [tan ¢] _ 13.5x6 [0.801 1 = 9.28 kNm
48 y7i 48 0.7

Limiting moment, Myjim = 0.138.fy.b.d* = 62.1 kNm

My < Muim-  The section is under-reinforced.

K = Mu/b.d® & Ag = 175mm?

Minimum Ag = 0.12% of c/s = 204mm?

A along longer span = p x Ag; = 0.7 x 175 = 122.5mm? < 204 mm?
Provide 8mm @ 240mm c/c bothways [Min. Ag{]

Check for shear (factored): {No change}

m=

[
V, = WUZ x=135x4/2=27kN
V 3
K, = -+ = 21407 _ () 18 N/mm?

bd  1000x150
Z. for [100As/bd = (100 x 277)/(1000 x 150) = 0.185N/mm?]
0.15-> 0.28
0.25 > 0.36
0.185 > 0.308
As per Cl.42.4 of 1IS456-2000,
K-> 13 for d = 150mm
K->1 for d = 300mm
K-> ((1.126 + 0.133) = 1.26) for d = 170mm

K. {c=1.26 x 0.308 = 0.388 N/mm? > g, (0.18 N/mm?)

Section is safe in shear.

5. Solve the above problem if two long edges are fixed.

w,L 2 2
m = Vb tan” ¢
24 7,

Provide 8mm @ 240mm bothways.
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Trianqular slab:

) Isotropically reinforced — Equilateral triangular slab — simply supported along all edges —
udl

w L?

— u

)

II) Isotropically reinforced — Equilateral triangular slab — simply supported along two
adjacent edges — udl
2
M= M Sin2 ﬁ
2
[1) Isotropically reinforced — Right angled triangular slab — simply supported along all edges
—udl

IV) Isotropically reinforced — Circular slab — simply supported along edges — udl
Failure takes place by formation of infinite number of positive yield lines running radially
from centre to circumference, forming a flat cone at collapse.
w,r?
6

M=

6. Design an equilateral triangular slab of side 5m, isotropically reinforced and is simply
supported along its edges. The slab is subjected to a superimposed load of 3kN/m2. Use
M20 concrete and Fe415 steel.
Assume span/depth = 28 =» Eff.depth = 5000/28 = 178.57mm
Provide d = 180mm, D = 200mm
Loading on slab:

Self weight =0.2x25 =5KkN/m?

Live load = 3 KN/m?
Floor finish =1 KN/m?
Total = 9 KN/m?

Factored load (w,) = 1.5 x 9 = 13.5 kN/m?

LZ
m= " _ 4688 kNm
72

Limiting moment, Myjm = 0.138.fy.b.d? = 89.42 kNm
Mu < Mulim. The section is under-reinforced.
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K = Mu/b.d® & Ag = 72.754mm?
Minimum Ag; = 0.12% of c/s = 240mm?
At < min Ast [240 mm?]
Provide 8mm @ 200mm c/c

Check for shear (factored):

w, .|
V= “2 x=13.5x5/2 =33.75 kN
V 3
K, = % = 21407 _ () 1875 N/mm?

bd  1000x150
Z. for [L100Ag/bd = (100 x 277)/(1000 x 150) = 0.185N/mm?]

0.13 > 0.28

As per Cl.42.4 of 1IS456-2000,

K->13 for d = 150mm
K->1 for d = 300mm

K- ((1.04 + 0.2) =1.24) ford =180mm

K. Z.=1.24 x 0.28 = 0.3472 N/mm? > Z, (0.18 N/mm?)

Section is safe in shear.
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UNIT IV
MISCELLANEOUS STRUCTURES [STAIRCASE, FLAT SLAB, RC WALL]

DESIGN OF STAIRCASE

GEOMETRICAL TYPES OF STAIRCASE:

(a) straight stairs (b) quarter-turn stairs

-

4

(c) dog-legged stairs (d) open-well stairs

PLAN VIEWS

central
post

(8) il i (f) helicoidal stairs' o

Common geometrical configurations of stairs

58



CE701 — Design of Reinforced Concrete & Brick Masonry Structures

FLOOR
LANDING | GOING : LANDING
< -+ ; 1
_._~__T T
i A : Ar
1 T (a)
=t B ’PT WIDTH PLAN
. l
| I
|
— + __¢
step may be in
concrete or brick
TREAD /
T

\ (b)
waist slab ‘waist slab'
thickness t type

]
 — :
L 7T | ¥ “tread-riser
' . type
Yo ¢
( |
—— (d)
E =i ‘isolated
=% . I tread slab’
I I e e
Uil — {
Fard
—ch R

S 10 mm overlap

A typical flight in a staircase
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I=G+x+y
X = X or 1 m (whicheveris less)
y =Y or 1 m (whichever is less)
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(b) landings supported on three edges

Special support conditions for longitudinally spanning stair slabs
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Based on loading and support conditions:
o Spanning along transverse direction
Cantilever staircase

Slab supported between stringer beams

width of flight - |

(span L)
tread surface

o] R (
J| SPANDREL BEAM _ ridif Bare
or R.C. WALL

{ distributors

(a) slab cantilevered from a spandrel beam or wall

width of flight — = = —
main bars - .

o T

i :
"__ span o] : Z distributors

(cantilever) (6 ¢ @ 250 c/c)

A -SPINE BEAM

(b) slab doubly cantilevered from a central spine beam

L 'PofsteP —  width of flight "
Y (span L) P
— Beeaanibe om0 )
|
.<——l—— distributors
t8
Zﬂain bars (6 6 @ 250 c/c) = 80mm

STRINGER BEAM
or WALL

(c) slab supported between two stringer beam or walls
Typical examples of stair slabs spanning transversely

o Spanning along longitudinal direction
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[Most commonly adopted]

< CORRECT DETAILING
waist slab ) i , At . §
thickness —J— “‘j} & IINC(.HHL’(_,Y DETAILING
” r " : - (bar in tension may break
: : through at the kink due to the
o k >< : tendency to straighten up
beam ! : under tension)
e effective span - — — — — — 5
EEEE T 7 T il il
TTTTTT1
N
SRR s ) (2 ! L._!_L_J...‘-,~.‘s_‘
A B C s}
landin oin i
,danding  going | landing
(a) simply supported arrangement
C D ;
(1)
(i)
(i1i)

(b) alternative support arrangement

Typical examples of stair slabs spanning longitudinally
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CE701 — Design of Reinforced Concrete & Brick Masonry Structures
Loading on staircase:
Dead load:
- Self weight of slab
- Self weight of step
- Tread finish  [0.6 — 1 kN/m?]

Live load:
For overcrowding = 5 kN/m?
No overcrowding = 3 kN/m?
For independent cantilever state, the following live load condition is also checked:
1.3kN
A

— l

STAIRCASE SPANNING TRANSVERSELY

1) A straight staircase is made of structurally independent tread slab cantilevered from a
RC wall. Given, the riser is 150mm and tread is 300mm with width of flight 1.5m. Design a
typical cantilever tread slab. Apply live load for overcrowding. Use M20 concrete and
Fe250 steel.

Loading on the staircase (0.3m width)

Dead load:
Self weight of tread slab = 25 x 0.15 x 0.3 = 1.125 kN/m
Floor finish (0.6 kN/m2) = 0.6 x 0.3 = 0.18 kKN/m

Total =1.305 kN/m
Dead load moment, Mp = 1.305 x 1.5/ 2 = 1.468 kNm
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Live load: Maximum of,

i) Overcrowding > 5 kN/m?
L.L.=5x0.3=1.5KkN/m
ML =wl*/2 =1.5x1.5°/2=1.69 kNm

1.3kN

g ¢

|— 1.5m —I

ML =1.3x1.5=1.95KkNm
The maximum of the above two values is M| = 1.95 KNm
Total moment = 1.468 + 1.95 = 3.42 kNm
Factored moment = 5.13 kNm
Effective depth = 150 — (20 + 10/2) = 125 mm
[Slab cover - 15mm to 20 mm]

0.87.f A M
M, =087.f A, d-042 ————— [OR] K= —> =» Take p; from SP16
0.36.f,.b bd

5.13 x 10° = 65.25 x 10°. A — 9.19.A
> Ag = 202 mm?

No. of bars = Ac 2 2—022:3
a 7.10°/4

st
3 nos. of 10mm ¢ are provided at the top.

Distribution steel:

MS - 0.15% of c/s > 0.15/100 x 300 x 150 = 67.5mm?

aSt

Spacing = 1000 x =744.67 mm

st
Provide 8mm @ 300 mm c/c
Check for shear:
¢,=Vu/b.d
Shear force due to dead load = w.I =1.305 x 1.5 = 1.958 kN
Shear force due to live load,
i) 1.5x 1.5 =2.25 kN
ii) 1.3 kN
Vy=2.25+ 1.958 = 4.208 kN
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Factored Vu = 6.312 kN

As per Cl.40.2.1.1, 1S456 — 2000, . value is modified when thickness is less than 300mm
Upto a depth of 150mm, > K=1.3

When depth is > 300mm, > K=1

Development length = (28 =453.125 mm

Thd
Provide a development length of 450mm
Providing a 90° bent, length required = 450 — 80 = 370mm

VLI

= = 0.168 N/mm?
G b.d

For p: = % = 0.54%,

e = 1.3 x 0.4928 = 0.6406N/mm?

Cv<Cc
Hence, safe.
2 Lg=453 mm -3  3-10 p—\ 310
G—— 1 [ A P v \ [
’ & i -
,.:,T : o " ! v ] ) LBO X -+
Z , ! T 1150 /
\.,.,7 ..... .............. : ) ; : /
‘ i /  SECTION A=A
3-8 ¢ ; ! 2 86 @ 220 c/c—

(desirable — to |
resist possible
stress reversal
under seismic
loads)

L
T T

2) Design a waist slab type staircase comprising of a straight flight of steps supported
between two stringer beams along the two sides. Assume an effective span 1.5m, a riser of
150mm and tread of 270mm. Assume a live load of 3kN/m?. Use M20 concrete and

Fe250 steel. Assume mild exposure condition.

S Waist slab S
— 15m ——|

S - Stringer heam
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CE701 — Design of Reinforced Concrete & Brick Masonry Structures
The staircase is spanning along the transverse direction.
The main reinforcement should be provided along the transverse direction and distribution

steel is provided at the top.

Inclined length of one step = JR? +T? =308.87 mm ~ 309mm

The loading on the slab is found for an inclined width of 309mm, which is later converted for
1m length.

Assume I/d = 30 = 1500/d = 30 = d = 50mm

Assume d = 60mm

D =60 + cover + Bar dia./2 = 60 + 20 + 10/2 = 85mm

Loading on slab over each tread width:

Self weight of slab = 0.309 x 25 x 0.085 = 0.657 kN/m
Self weight of step =% x0.15x0.27 x 25 =0.50625 kN/m
Tread finish =0.27x0.6 =0.162 kN/m
Live load (3kN/m;) =0.27x 3 =0.81 KN/m

Total =2.135 kN/m

The load 2.135 kN/m acts vertically downwards. The load acting along the inclined slab is
the cosine value of the above.

= 2.135 x cosB = 2.135 (270/309) = 1.866 kN/m

The distributed load for 1m step along the inclined slab is 1.86 x 1/0.309 = 6.02 kN/m
Factored load = 9.03 kN/m

M = wl?/8 = 9.03 x 1.5%/ 8 = 2.54 kNm

0.87x250xA,, D

2.54x10° =0.87.250.A,, | 60— 0.42 —— "=t
0.36x20x1000

> Ag = 205.72 mm?/m

Provide 8mm, spacing required is 240mm c/c

Spacing < [300mm and 3d = 180mm]

Provide 8mm @ 180mm c/c

Distribution steel:

MS - 0.15% of c/s

= 0.15/100 x 1000 x 60 = 90mm?

Provide 6mm ¢, spacing required = 314.15mm < (5d = 300mm)
Provide 6mm @ 300mm c/c
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STAIRCASE SPANNING LONGITUDINALLY
1) Design the staircase slab shown in figure. The stairs are simply supported on beams
provided at the first riser and at the edge of upper landing. Assume a floor finish of
0.8kN/m? and a live load of 5 kN/m?. Use M20 concrete and Fe415 steel. Assume mild
exposure condition.
L=3+15+(0.15+0.15) =4.8m
Assume L/d as 20,
4.8/d =20 =» d = 240mm
D =240 + 20 + 10/2 = 265mm

Loading on going slab:

Length of the inclination of one step is VR* +T7,
Where, R = 150mm, T = 300mm

L =335.41mm

Self weight of waist slab = 25 x (0.265 x (0.3354/0.3) = 7.4 kKN/m?

Self weight of step =25x%x0.15 = 1.875 kN/m?

Floor finish = 0.8 kN/m?

Live load = 5 kN/m?
Total = 15 kN/m?

Loading on going slab:

Self weight of slab =25 x 0.265 = 6.625 kN/m?

Floor finish = 0.8 kN/m?

Live load = 5 kN/m?
Total = 12.425 kN/m?

Considering 1m strip,

The staircase slab is idealized as given below:

15 kN/'m 12.425 kN/'m

e e e T ey

T 3.45m 1.35m /I\

Ra X 4.8 — (15 x 3.45 x 3.075) — (12.425 x 0.675 x 1.35) = 0
Ra = 35.69 kN, Rg = 33.11 kN
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(3.45 - Xo)

35.69 33.12
Xo |

,— 3.45m I

Mmax

Xo=Ra/udl=35.69/15=2.37m
Moment at 2.37m is,
35.69 x 2.37 — (15 x 2.37 x 2.37/2) = 42.23 kNm

Factored moment = 63.35 kNm

0.87.f A, M
M,=087.f A,|d-042 ———— [OR] K= — =» Take p; from SP16
Y 0.36.f, b bd ?

63.35 x 10° = 86.625 x 10°. Ay — 7.604.As°

2 Ag = 785.19 mm?

Provide 10mm @ 100mm c/c

Distribution steel:

0.12% of c/s > 0.12/100 x 1000 x 265 = 318mm?
Provide 8mm @ 150mm c/c

Check for shear:

¢v=V,/b.d

Maximum shear force = [35.69 — (15.08 x 0.24)] x 1.5 = 48.1 kN
V : 3

g = L= 48.1A0° _ 4 5 N/mm?

~ bd  1000x240
p: = 100.Aq/b.d = 0.327%

For 0.25% - 0.36

For 0.5% > 0.48 For0.33% =~ 0.0.398
.= 0.398 N/mm?

The (. value is modified based on CI|.40.2.1.1 for D = 265mm

For D = 150mm, 1.3

For D = 300mm, 1 For D = 265mm, 1.07
Ce modified = 1.07 x 0.398 = 0.426 N/mm?

Gv<Ge

Hence, safe.
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2) Design a dog legged staircase having a waist slab for an office building for the following
data:
i) Height between floor = 3.2m
i) Riser = 160mm
iii) Tread = 270mm
iv) Width of flight is equal to the landing width = 1.25m
LL = 5 kN/m?, FF = 0.6 N/mm?
Assume the stairs to be supported on 230mm thick masonry walls at the outer edges of the
landing parallel to the risers. Use M20 concrete and Fe415 steel.
Note : Based on riser, number of steps is found. Based on tread, length of staircase is found.
No. of steps = 3.2/0.16 = 20
10 numbers of steps are used for first flight and other 10 to the second flight.
Loading on going:
Self weight of waist slab = 25 x 0.283 x (0.31385/0.270) = 8.22 kN/m?

Self weight of step =25x%x0.16 = 2 kN/m?

Tread finish = 0.6 kN/m?

Live load = 5 kN/m?
Total = 15.82 kN/m?

Loading on landing slab:
Self weight of slab = 25 x 0.283 = 7.075 kN/m?
l/d =20 > 5.16/d = 20
= d =258mm
D =258 + 20 + 10/2 = 283mm
Length of inclination of one step,
R =160mm, T =270mm, L =313.85mm

Self weight of slab = 25 x 0.283 = 7.075 kN/m?

FF = 0.6 kN/m?
LL = 5 kN/m?
Total = 12.675 kN/m?
12.675kNm me 12.675kNm
,|\ 1.365m 2.43m 1.365m T
l |
I |
1.215m
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Rax5.16 — (12.675 x 1.365 x 4.4775) — (15.82 x 2.43 x 2.58) — (12.675 x 1.365 x 0.6875) = 0
Ra=36.54 kN
Rg=36.51 kN
Maximum moment at centre = 36.5 x 2.58 — (12.675 x 1.365 x (0.6825 x 1.215) — (15.82 x
1.215%/2) = 49.66 kNm
Factored moment = 74.49 kKNm

0.87.f
M, =0.87.f .A | d—-042 0871, A
Y 0.36.f, b

b = 1000mm, d = 258mm

74.49 x 10° = 93.15 x 10% Ay — 7.4 Ay
A = 868.99 mm?

Provide 12mm ¢ @ 130mm c/c
Distribution steel:

0.15% of ¢/s = 0.15/100 x 1000 x 283 = 424.5 mm?
8mm @ 110mm c/c

Check for shear:

¢,=Vub.d

Maximum shear force = [36.5 — (12.675 x 0.258)] x 1.5 = 49.84 kN
g, = 0.193 N/mm?

€S

Pt = 100.Ast/b.d = 0.336%

For pt = 0.25% - 0.36

For pt = 0.5% - 0.48

For pt = 0.336% - 0.40

. = 0.40 N/mm?

Modification factor,

For D = 150mm, ->13

For D = 300mm, ->1

For D = 283mm, - 1.03

Cc modified = 1.03 X 0.40 = 0.412 N/mm?
Gv<Cc

Safe in shear.
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&,

1250 } 270 x 9 = 2430 ﬂL 1250 |

T=270
R=160 |

VR? fTZ =314 mm

SECTIONA—A

(a)
15.90 kN/mz 22.74 kN/m2 15.90 kN/mz
I IIIHIIHIHHI'H!IIHllHHHIHIH[HHlTnan < FACTORED LOADS
4 1.365 ’%, 243 m 11, 1.365 m 'Jr R
k 2.58 m———> <_BENDING MOMENTS

M, = 69.30 kNm/m

(b)

10 ¢ @ 220 c/c
80 @ 250 c/c
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TREAD RISER STAIRCASE
Actual analysis - Theory of plates
I/d limited to 25
Support conditions:
i) Transverse direction — Stair is spanning along transverse direction
i) Longitudinal direction

iii) Stair slab spanning longitudinally and landing slab supported transversely

In Tread — Riser stair span by depth ratio is taken as 25 and the loading on the folded slab
comprising the tread and riser is idealized as a simply supported slab with loading on

landing slab and going similar to a waist like slab. The loading on folded slab includes,

i) self weight of tread riser slab

i) floor finish

iii) live load > 5 kN/m? (overcrowded), 3 kN/m? (No overcrowding)
Note:

For staircase spanning longitudinally where the landing is supported along the transverse
direction only. While finding the effective length along the longitudinal direction only half the
length of the landing slab is considered. There is no change in the loading of going slab.
But the loading on landing slab is half (waist type and tread-riser type). The landing slab is

designed separately for the full load on landing plus half the loading from going slab.

1) Design a dog legged staircase having a tread-riser slab for an office building for the
following data:

i) Height between floor = 3.2m

i) Riser = 160mm

iii) Tread = 270mm

iv) Width of flight is equal to the landing width = 1.25m

LL =5 kN/m?, FF = 0.6 N/mm?

Assume the stairs to be supported on 230mm thick masonry walls supported only on two
edges perpendicular to the risers. Use M20 concrete and Fe415 steel.

The length of the landing slab is halved while finding the effective length along the
longitudinal direction since the staircase is supported only on the landing slab along the

transverse direction.
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Effective length =2.43 + 1.25 = 3.68m
Assume I/d =25, 3.68/d =25
= d =147.2 mm ~ 150mm
D =150 + (20 + 10/2) = 175mm
Loading on the going and landing slab: [Folder Tread Riser]
Self weight of tread riser = 25 x (0.27 + 0.16) x 0.175/0.27 x 1 = 6.97 kN/m2

Floor finish = 0.6 kN/m2
Live load =5 kN/m2
Total =12.57 kN/m2

Considering 1m strip, w = 12.57 KN/m
Loading on landing slab:
Self weight of slab = 25 x 0.175 = 4.375 kN/m?

Floor finish = 0.6 KN/m?
Live load = 5 KN/m?
Total = 9.975 kN/m?

Considering 1m strip, w = 9.975 kN/m

50% of load on landing slab is considered along the longitudinal direction.
Along the longitudinal direction, the loading is,

Ra X 3.68 — (4.99 x 3.3675) — (12.57 x 1.84 x 2.43) — (4.99 x 0.3125 x 0.625) = 0
= Ra = 18.39 kN

= Rz =18.39 kN

Moment at centre, (i.e. 1.84m),
Mmax = 18.39 x 1.84 — (4.99 x 0.625 x 1.5275) — (12.57 x 1.215 x 0.675)
= 19.79 kNm
Factored moment = 29.69 kNm
For b = 1000mm, d = 150mm,
K = My/b.d?
2 Aq=598.36 mm?/m
Provide 12mm ¢, spacing required = 189mm
Provide 12mm @ 180mm c/c [Main bar as cross links on riser and tread]

Distribution steel:
0.12% of ¢/s = 0.12/100 x 1000 x 175 = 210 mm?
Provide 8mm @ 230mm c/c [Dist. bar along the width of stair]
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Check for shear:
¢, =Vub.d, V,=[18.39-(4.99 x0.15)] x 1.5 =26.46 kN
g, = 0.1764 N/mm?
Qe :
100As/b.d. = 0.3989%
For pt=0.25 > 0.36
Forpt=05 -> 0.48
For pt =0.39 > (0.1584 + 0.2688) = 0.427
Modification factor (K):
For D = 150mm > 1.3
For D = 300mm -> 1
For D = 175mm -> 1.08+0.17=1.25
{c modified = 0.534 N/mm?
(v < (.. Hence safe in shear.
Design of landing slab:
The landing slab is designed as a simply supported slab which includes the load directly
acting on the landing and 50% of the load acting on the going slab.
The loading on the landing is,
i) Directly on landing =9.98 kN/m
i) 50% of load on going slab = (12.57 x 2.43)/2 =15.27 kN/m
w = 25.25 kN/m

3o -
|=2.6m (. =T T 2-100
M, = wl?/8 x 1.5 = 32 kNm 150| !OO 150| :
7 I | ST
b = 1000mm, d = 150mm 100} 00 T b [ seves 0t
K = My/b.d? 00 T100 100 P MRS
Agt = 650.19 mm? @) (b)

Providing 12mm ¢ bar, spacing required = 173.9mm

Provide 12mm @ 170mm c/c

Distribution steel:

0.12% of c/s

Provide 8mm @ 230mm c/c

3 numbers of 8mm bars are provided between the cross links as distribution bars. A
nominal reinforcement of 20mm @ 200mm c/c is provided at the top of landing slab.

Note : Shear in tread riser slab is negligible. Check for shear is not required.
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DESIGN OF REINFORCED CONCRETE WALL
- Compression member
- In case where beam is not provided and load from the slab is heavy
- When the masonry wall thickness is restricted
- Classified as
o plain concrete wall, when rein. < 0.4%

o Reinforced concrete wall, when rein. > 0.4%

Load from slab is transferred as axial load to wall. When depth is large, it is called RC wall.
Design is similar to a RC column, breadth equal to thickness of wall and depth equal to 1m.
- Axially loaded wall

- Axially loaded with uniaxial bending

General conditions:
Classification of concrete walls:
1. Plain concrete wall

2. Reinforced concrete wall

In plain concrete wall, the reinforcement provided is less than 0.4% of c/s. In reinforced
concrete wall, the percentage of steel provided is greater than 0.4% and is designed similar
to reinforced concrete columns. Slenderness ratio is equal to

Least of (I/t or h/t), where,

| > effective length of wall, h - effective height of wall, t = thickness of wall

If A <12, the wall is short and if A > 12, the wall is slender.

Braced and Unbraced:
Braced : When cross walls are provided for the walls such that they can take lateral load
and 2.5% of vertical load, then the wall is braced. Otherwise, the wall is known as

unbraced wall.

Note: Other walls under special cases are,
i) Cantilever wall
i) Shear walls — To take lateral loads [Take care of flexure developed due to lateral
loading on the structure, depth is provided along the transverse direction]
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Guidelines for RC wall:

1. The limiting slenderness (Aim) if any for unbraced wall is 30 and for braced wall is
45.

2. For short braced RC wall (A <12), Py = 0.4.f.Ac + 0.67.f,.Agt

3. For short unbraced RC wall, along with the above axial load Pu, the moment due to
minimum eccentricity is checked for emin = t/20 or 20mm, where, M =P x e.
For the above axial load and moment, the RC wall is designed similar to RC column
subjected to axial load and uniaxial moment.

4. Slender braced wall (A < 45):
The additional moment due to additional eccentricity as per Table 1 of SP16 is

considered. Where the additional eccentricity,

L2
ey = ¢t Ma=Pxe
" 2000t ° 2

The additional moment due to eccentricity is added with the moment on the column

and moment on the wall. The wall is designed for axial load with uniaxial moment.
5. For slender unbraced wall [A limited to 30]: Similar procedure as in case 4 is
adopted.
6. Detailing of reinforcement [IS456 Guidelines]:
a. For plain concrete wall, minimum vertical steel is 0.12% for HYSD bars and
0.15% for mild steel bar
For RC wall, minimum vertical reinforcement is 0.4% of c/s
In plain concrete wall, transverse steel is not required
In RC wall, transverse steel is not required (not less than 0.4%)

Maximum spacing of bars is 450mm or 3t, whichever lesser

-~ ® oo T

The thickness of wall in no case should be less than 100mm

If thickness is greater than 200mm, double grid reinforcement is provided

Q

along both the faces.
7. BS 8110 guidelines:
a. Horizontal reinforcement same as 1S456
b. Vertical reinforcement net to be greater than 4%
c. When compression steel is greater than 2% of vertical reinforcement,
horizontal reinforcement of 0.25% for HYSD bars or 0.3% of MS bars are
provided. [As per IS456, it is 0.2% for HYSD bars and 0.3% for mild steel

bars].
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d. The diameter of transverse bars (horizontal) should not be less than 6mm or

@ /4.
8. Links are provided when the compression steel is greater than 2%. Horizontal links
are provided for thickness less than 220mm. Diagonal links are provided when
thickness is greater than 220mm. The spacing of links should be less than 2t and

diameter of links not less than 6mm or @ /4.

The support conditions:

1. Both ends fixed (Restrained against rotation and displacement) - le¢ = 0.65l, — 0.75I,

2. Both ends hinged 2 lef = o
3. One end fixed and other end free 2 lesf = 2l
4. One end fixed and other end hinged D lerr = lo/ V2

1) Design a reinforced concrete wall 3m height, 4m length between cross walls. The wall is
100mm thick and carries a factored load of 600 kN/m length. Use M20 concrete and Fe415
steel.
Since cross walls are provided, the wall is braced.
A =hftorlit

= 3000/120 or 4000/120

=30 o0r 40
Assume both ends fixed (restrained against rotation and displacement)
Let =0.751, where, |, is least of length and height

=0.75x3=2.25m
A =2250/100 =22.5> 12
ANim =45 > 225 [A < Nim]
Accidental minimum eccentricity due to,

€min = 1t/20 or 20mm

=5o0r 20mm
Therefore, moment due to accidental eccentricity of 20mm is considered.
Additional eccentricity due to slenderness,
_ L’ _ 2.25°x1000°
2000t 2000x100

Total eccentricity = enin + €5 = 20 + 25.3 = 45.3mm
Moment M, = P, x 45.3 = 27.2 x 10° Nmm

= 25.3125mm

€a
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For the axial load and moment, RC wall is designed similar to a RC column subjected to

axial load and uniaxial moment.

P, _ 600x10° _
f, bt 20x100x1000

M, =0.136

f, bt

From SP16 chart, for Reinforcement along two sides, Fe415 steel, d’/D = 0.1, Referring
Chart 32,
P _007 > p=007x20=14%

ck
Area of steel = 1.4/100 x 100 x 1000 = 1400 mm?
Provide 16mm @ 140mm c/c as vertical compression bar
Horizontal — Provide a nominal transverse reinforcement of 0.4% of c/s
Ast = 0.4/100 x 1000 x 100 = 400 mm?
Provide 8mm @ 120mm c/c

Since vertical reinforcement is less than 2%, no horizontal links are required.

2) A reinforced concrete wall of height 5m is restrained in position and direction carrying a
factored load of 600 kN and factored moment of 25kNm at right angles to the plane of the

wall. Use M20 concrete and Fe415 steel. Design the wall.

M, _ 25x10°
P,  600x10°

u

Eccentricity for the given moment is, e = =41.67mm

The eccentricity is compared with eni,. The larger of the two is added with additional
eccentricity due to slenderness, if any.
Assume I/d of 22. [Generally assume I/d from 20 — 25]
d = 5000/22 = 227.27
Assume a thickness of 225mm
Let = 0.75 x5 = 3.75m
Aact = 3750/225 = 16.67 > 12
The given wall is slender.
emin = t/20 or 20mm
= 225/20 or 20mm
=11.25mm or 20mm < 41.67mm

Additional eccentricity due to slenderness,
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.. = L2 37502
72000t  2000x225
Total eccentricity = enqin + €53 = 41.67 + 31.25 = 72.92mm
Moment M, = P, x 72.92 = 600 x 1000 x 72.92 = 43.75 x 10° Nmm

For the axial load and moment, RC wall is designed similar to a RC column subjected to

=31.25mm

axial load and uniaxial moment.

P, _  600x10°

= =0.13
f bt  20x100x225
M, _ =0.0432
f . bt

From SP16 chart, for Reinforcement along two sides, Fe415 steel, d'/D = 0.1, Referring
Chart 32,

P o No reinforcement is required.

fck
But minimum reinforcement of vertical compression steel of 0.4% is provided.
Area of steel = 0.4/100 x 225 x 1000 = 900 mm?
Provide 12mm @ 120mm c/c as vertical compression bar
Since thickness of wall is 225mm, reinforcement is provided on both faces of the wall.
Therefore, provide 12mm @ 250mm c/c < 3t and 450mm
Horizontal — Provide a nominal transverse reinforcement of 0.4% of c/s on both faces.
Ast = 0.4/100 x 1000 x 100 = 400 mm?
Provide 8mm @ 120mm c/c
Since vertical reinforcement is less than 2%, no horizontal links are required.

3) In the above problem, design the wall for factored axial load of 1000kN and factored

moment of 50kNm.

P, = 1000kN, My = 50kNm

e = 50 x 101000 x 10° = 50mm

I/d =22 [Generally I/d taken from 20 — 25]
d =5000/22 = 227.27mm

Adopt a thickness of 225mm.
let = 0.75 x 5000 = 3750mm
Aact = 3750/225 = 16.67 > 12
Amin =45 > 16.67

Wall is slender.

79



CE701 — Design of Reinforced Concrete & Brick Masonry Structures
emin = /20 or 20mm

= 225/20 or 20mm

=11.25mm or 20mm < 41.67mm
Additional eccentricity due to slenderness,
o = L’ _ 37507

2000t  2000x225

Total eccentricity = enin + €5 =50 + 31.25 = 81.25mm
Moment M, = P, x 81.25 = 1000 x 1000 x 81.25 = 81.25 x 10° Nmm

For the axial load and moment, RC wall is designed similar to a RC column subjected to

=31.25mm

axial load and uniaxial moment.

3
P, _ _1000x10° _ ..,
f bt 20x100x225

M, = 0.0802

f, bt

From SP16 chart, for Reinforcement along two sides, Fe415 steel, d'/D = 0.1, Referring
Chart 32,
P _003 3 p=003x20=06%

ck
Area of steel = 0.6/100 x 225 x 1000 = 1350 mm?
Provide 16mm @ 140mm c/c as vertical compression bar
Horizontal — Provide a nominal transverse reinforcement of 0.4% of c/s
Area of steel = 0.4/100 x 225 x 1000 = 900 mm?
Since thickness of wall is 225mm, reinforcement is provided on both faces of the wall.
Therefore, provide 12mm @ 250mm c/c < 3t and 450mm

Since vertical reinforcement is less than 2%, no horizontal links are required.
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DESIGN OF FLAT SLAB
a) Interior panel

b) Exterior panel

Various components of flat slab:
i) Without drop and head
i) With drop and without head
iii) With drop and head

Column strip : It is the design strip having a width of I,/4, where |, is the span transverse to
l;. I, — longer span, moment is considered along the span |1
Middle strip : It is the design strip bounded by a column strip on its opposite sides

Proportioning of flat slabs:

As per cl.31 of 1S456-2000, the span by depth ratio of two way slab is applicable for flat
slabs and the values can be (I/d)modified by 0.9 for flat slabs with drops.

Take - I/d as 32 for HYSD bars

As per ACI — The drop thickness should not be less than 100mm or (Thickness of slab)/4.
While calculating span by depth ratio, longer span is used.

The thickness of slab should not be less than 125mm.

The purpose of column drop is to reduce the shear stress and also reduce the
reinforcement in the column strip.

The increase in column diameter at the head flaring of column head takes care of punching
shear developed at a distance of d/2 all around the junction between the slab and column
head.

Two methods of design are available for flat slabs:
1. Direct design method

2. Equivalent frame method

Direct design method: (Cl.31.4.1, 1S456-2000)

Requirements for direct design methods are,
1. There must be atleast three continuous spans in each direction
2. The panels should be rectangular with ly/Ix = I,/I; ratio < 2
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3. The columns must not offset by more than 10% of the span from either of the
successive columns
4. Successive span length in each direction must not differ by more than one third of
longer span.

5. Design live load must not exceed 3 times the designed dead load

Design procedure:
As per Cl.31.4.2.2, 1S456-2000, the total moment for a span bounded by columns
laterally is My, = WIo/2, where M, is the sum of positive and negative moment in each
direction. W is the total design load covered on an area L,L
W=wxLsXL,

This moment is distributed for the column strip and middle strip

Moment distribution for Interior Panel:

Column strip Middle strip
Negative moment (65%) 65 x 0.75 = 49% 65 x 0.2 = 15%
Positive moment (35%) 35x0.6 =21% 35 x 0.4=15%
WL
Mo = 5 ¢

Also L, should not be less than 0.65 times of L1[L, > 0.65L,)

1) Design a flat slab system (interior panel) to suit the following data:
Size of the floor = 20 x 30m

Column interval = 5m c/c

Live load on slab = 5kN/m?

Materials used are Fe415 HYSD bars and M20 concrete
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j—6 m—»f—0O6m —f=——066m -t m -—
|

oOm
CKL —Q rP <\ L
S 11
Columns 6m
O— O O- O o+
6 Im
o O O O Qo +
6m
o—0—y0 O o

Proportioning of flat slab:

Assume I/d as 32, = d =5000/32 = d = 156.25mm

d = 175mm (assume), D =175+ 20 + 10/2 = 200mm

As per ACI code, the thickness of drop > 100mm and > (Thickness of slab)/4
Therefore, 100mm or 200/4=50mm

Provide a column drop of 100mm

Overall depth of slab at drop =200 + 100 = 300mm

Length of the drop > L/3=5/3 =1.67m

Provide length of drop as 2.5m. For the panel, 1.25m is the contribution of drop.
Column head = L/4 =5/4 =1.25m

L; =L,=5m

Lh=L,—D=5-1.25=3.75m

WL,

As per code, M, =

o |

| i |
; ! % izoo -I %
=— lﬁ m —= 3(')0 k f=— D |
| N\ ! L 'I ' |

T
|

Drop
Column head >4

Column

- 6n] V: }

f~—— Column strip (3 m) ——s—|==—— Middle strip (3 m ) — | =— Column strip 3 m) ——w—
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Loading on slab: (Average thickness = (300 + 200)/2 = 250mm)
Self weight of slab = 25 x 0.25 = 6.25 kN/m?

Live load = 5 kN/m?
Floor finish = 0.75 kKN/m?
Total = 12 kN/m?

Factored load = 1.5 x 12 = 18 kN/m?
W=wyXxLxL,=18 x5 x 3.75 = 337.5 kN
Total moment on slab panel = (337.5 x 3.75)/8 = 158.203 KNm

Distribution of moment:

Column strip Middle strip
Negative moment (65%) 65 x 0.75 = 49% 65x 0.2 =15%

0.49 x 158.2 = 77.52kNm 0.15 x 158.2 = 23.73kNm
Positive moment (35%) 35x0.6 =21% 35 x 0.4=15%

0.21 x 158.2 = 33.22 kKNm 0.15 x 158.2 = 23.73kNm

Check for depth adopted:

Column strip:
My = 0.138.fe.b.d? b=2.5m
77.5 x 10% = 0.138 x 20 x 2.5 x 1000 x d?

> d =105.98mm ~ 106mm < 275mm

Middle strip:
My = 0.138.fe.b.d? b=2.5m
23.73 x 10° = 0.138 x 20 x 2.5 x 1000 x d?

> d =58.68mm ~ 59mm < 175mm

Check for punching shear:
The slab is checked for punching shear

at a distance of d/2 all around the face

—L
N
N
N
N
N
~
PSS | | . SN ) [
N
~
N
N
T b
SO

of the column head. The load on the /
slab panel excluding the circular area of
diameter (D + d) is the punching shear

force.

Critical section for shear in a flat slab
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Shear force = Total Load — (Load on circular area)
=18 x5 x5 — (T1(D + d)%/4) x w,

=417.12 kN
Shear force along the perimeter of the circular area = ShearForce =87.06 kN
7(D+d)
Nominal shear stress: (b = 1m)
3
G = Vv, _ 87.06x10° _ 0.317 N/mm?
b.D  1000x275
Design shear stress: ¢ = K.g(’
Where, K= (0.5+p) < 1
=1.5<1
G’ =0.25.,/f, =1.118 N/mm?
Ge=1x1.118 = 1.118 N/mm?
Gv < Gc
Safe in shear.
Reinforcement:
Column strip: (b=2.5m), (d =275mm)
Negative moment = 77.5 x 10° Nmm
0.87.f A M
M,=087.f A, d-042 ——F— [OR] K= — =» Take pfrom SP16
0.36.f,.b bd

77.6 x 10° = 99.29 x 10°. Ay — 3.04.As°

2 Ag = 800.16 mm?

Required 10mm @ 240mm c/c

Min At 0.12% of ¢/s = 0.12/100 x 1000 x 275 = 825 mm?
Provide 10mm @ 230mm c/c

Positive moment = 33.2 kNm

Ast = 337.876 mm?

Provide 8mm @ 370mm c/c

Min. steel: Provide 10mm @ 230mm c/c

Middle strip: (b =2.5m), (d =175mm)

Negative and positive moment: 23.7 KNm

Ast = 382.6 mm?

Ast min. = (0.12/100 x 1000 x 2500 x 175) = 525 mm?
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Provide 8mm @ 230mm c/c.

'—— Column strip 25m) —s=—{—=— Middle strip 25m) —s——e— Column strip 25m) —e—
S — o mmmmmmnem o ~-—:} #10 @230 (top) | -
‘ B
25m T AA A E
#10 @230 s
/ (bottom) &)
= |
_______ el I
. , #8 @ 230 5
= : —] =
ssm | (oP) + \\ (top) »
- 5
| \ 46020 | >
X / (bottom) .
1
| - |
1
[ ‘ |
Column |
B
25m  —— - — - — == — 1 — -—- £
hirs '
S
Column head |
’ (1.25mdia.) | |
Plan (interior panel)
FLAT SLAB [EXTERIOR PANEL] (ClI31.4.3.3, 1S456-2000)

Stiffness of slab and column = % where, | = bd*/12 (or) md*/64, E = 5000, f,

0¢ is checked with a¢ min given in Table 17 of 1S456. From CI.31.4.3.3, the interior and

exterior negative moments and the positive moments are found.

Interior negative design moment is,

) K
0.75- ﬁ where, a; = 2K,
1
1+ — s
[04

c

Interior positive design moment is,
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0.28
0.63——1

1+ —

«,

Exterior negative design moment is,
0.65

1+i

278

The distribution of interior negative moment for column strip and middle strip is in the ratio
3:1(0.75:0.25)

The exterior negative moment is fully taken by the column strip. The distribution of positive
moment in column strip and middle strip is in the ratio 1.5 : 1 (0.6 : 0.4).

Design an exterior panel of a flat slab floor system of size 24m x 24m, divided into panels
6m x 6m size. The live load on the slab is 5 kN/m? and the columns at top and bottom are
at diameter 400mm. Height of each storey is 3m. Use M20 concrete and Fe415 steel.

I/d =32 = d=6000/32 = 187.5 mm

Length of drop = 3m

Length of drop = Column strip = 3m

Assume effective depth, d = 175mm, D = 200mm
As per ACI, Assume a drop of 100mm

Depth of slab at the drop is 300mm

Diameter of column head =1/4 = 6/4 = 1.5m

Loading on slab:
Self weight of slab = (0.2 + 0.3)/2x25=0.25x 25 = 6.25 kN/m?

Live load = 5 kN/m?
Floor finish =0.75 KN/m?
Total = 12 kN/m?
Factored load =1.5x 12 = 18 kN/m?
TK,

To find the value of a; =

S

as per Cl.3.4.6.,

a. = flexural stiffness of column and slab
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> K. = summation of flexural stiffness of columns above and below

>Ks = summation of flexural stiffness of slab

_ (4ElY _ _[4xExl_ | _ 2x4x22.3606x10°x1.25x10°
SKe=2—|=2 =
L L 3000

C

Where, | = 1d*/64 = 11 x 400" /64, E = 5000,/ f, = 22.3606 x 10°

3
SK, = 4XEx6000x(250) _ 508 x 10°E

12x6000

a.=0.644
From Table 17 of IS456-2000
acmin: LZ/L]_ = 6/6 = 1

L /Di=—>  =071~1
(6.25 +0.75)

GC min — 07
GC min ShOU|d be < GC min
a.=0.7

Total moment on slab = W;‘" = 273.375 kNm

W=w,XL,xL,=18x6 x4.5 =486 kN

Lh=6-1.5=45m

As per Cl.31.4.3.3 of 1S456-2000,

Exterior negative design moment is,
0.65

X Mg = 73.168 KNm where, a.= 0.7

1+ —

278

Interior negative design moment is,
: K
0 12 X Mo where, a; = 2K,

1+ — s
a

0.75—

=193.775 KNm
For column strip (75%),
=0.75x193.775 = 145.3309 KNm
For middle strip (25%),
=0.25x 193.775 = 48.44 kNm
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Interior positive design moment is,

0.28
1 X Mo

1+ —
o

0.63 -

= 140.708 kNm
For column strip (60%),
= 0.6 x 140.708 = 84.43 kNm
For middle strip (40%),
=0.4 x 140.708 = 56.28 kNm
Check for depth:
Muim = 0.138 fck.b.d?
= 145.331 x 106 = 0.138 x 20 x 3 x d?
= dcs = 132.484 mm < 275 mm
Mms = 82.4 KNm
= dns =82.4 mm < 175 mm

Check for punching shear:
SF =TL — (Load on circular area)

=18 x 6 x 6 — [1(1.775)%/4] x 18 [wn = 18]
= 648 — 44.54 = 603.45 kN [D+d=15+0.275=1.775m]
Shear force/m along the perimeter of the circular area = % =108.216 kKN/m
(D +

V, _ 108.216x10°

u

b.d 1000x275
Design shear stress: ¢. = K.¢.*
where, K= (0.5 + ) <1
=(0.5+6/6)<1
=1.5<1 2>K=1

¢’ =0.25 \/f, =1.118 N/mm?

= 0.394 N/mm2

Nominal shear stress = ¢, =

Gv<Gc
Section is safe in shear.

As; for exterior negative moment (73.168 kNm), b = 3000mm, d = 275mm,
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M, =0.87.f d—0.42 087.1,A, [OR]
0 =087 1, A 1 0.36., b

73.168 x 10° = 99.28 x 10%. Ay — 2.53.A
> Ay = 751.373 mm?
Required 10mm @ 310mm c/c

K= 23—”2 = Take p; from SP16

Min Ag: 0.12% of ¢/s = 0.12/100 x 3000 x 275 = 990 mm?

Provide 10mm @ 230mm c/c

Similarly the reinforcement required in CS and MS for —ve and +ve moments are found and

listed below:

Location Ast Req. Min. Act At Provided Rein. Provided
Ext. -ve Mom. CS 751 990 990 10 @ 230 c/c
Int. -ve Mom. CS 1522 990 1522 10 @ 150 c/c
Int. -ve Mom. MS 791 630 791 10 @ 290 c/c
+ve Mom. CS 869 990 990 10 @ 230 c/c
+ve Mom. MS 925 630 925 10 @ 250 c/c
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UNIT V
DESIGN OF BRICK MASONRY
[1IS1905-1987] — Reaffirmed 1998

Brick
(Comp. strength > 3.5 to 40 N/mm?) |

l l

Clay Calcium Silicate (Cement, FAL-G)

Used for,

1. External and internal bearing walls
2. Load bearing piers and columns
3. Paritition walls

4. Brick masonry foundations

5. Floorings and Pavings
Advantages of brick masonry:
Attractive appearance, economical light weight, durable, strength, fire resistance, sound

insulation, low thermal conductivity, minimum maintenance.

Classification of bricks: [Based on shapes]

1. Solid bricks — Perforations or holes not greater than 25% of volume

2. Perforated bricks — Perforation is greater than 25% of volume. Advantages:of perforated
bricks are high thermal insulation and light weight. Water absorption should not be greater
than 15% after 24 hours of insertion and compressive strength not less than 7N/mm?.

3. Hollow blocks — Holes greater than 20% and sizes of holes greater than 20mm.

4. Cellular bricks — Holes greater than 20% and closed at one end

5. Ornamental bricks — Bricks used in corbels, cornices, etc.

Size of bricks: [As per 1S1077]
Standard size —19x9x 9 cm
Modular brick — 20 x 10 x 10 cm

The average compressive strength of brick unit as per 1S3495 (Part I) — 1976 is,
3.5 - 40N/mm?.
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Tests on bricks:

1. Water absorption: Brick units immersed in water for 24 hours has,
i) upto 12.5 N/mm? strength and water absorption should not be greater than 20%
i) for higher classes, water absorption should not be greater than 15%
2. Efflorescence:  Leaching of water soluble salts (white coloured) under efflorescence.
Test for efflorescence is done as per 1S3495 (Part 1ll) — 1976. The brick is kept in a
dish with water height as 25mm and the time for water absorption and evaporation is noted.
This value is compared with the same dish with 25mm water height kept for evaporation
alone. Based on the code, efflorescence in brick is reported as nil, slight, moderate, heavy
and serious.
3. Hardness: For the brick to be hard, it should create no impression by finger nail.
4. Soundness: When two bricks are struck, it should not break and produce a clear
ringing sound.
5. Compressive test: 3.5 — 40 N/mm?

6. Flexure test: Rarely done

Classification of brick based on structure and usage:
1. Solid wall

2. Cavity wall

3. Faced wall

4. Veneered wall

Based on loading, walls are classified as,
1. Axially loaded walls [Load applied at centre t/2]
2. Eccentrically loaded walls

3. Laterally loaded walls [Loading applied at sides]

Design procedure:

Slenderness (Least of le/t & he/t) : (Amax= 27)

(A =60 for RC columns, A = 45 & 30 for braced and unbraced RC walls)

1. Actual stress on the brick masonry wall is found based on the load from slab and self
weight of wall.

2. The permissible compressive stress for masonry based on the type of mortar and
compressive strength of brick unit is taken from Table 8, IS1905-1987. This table is valid

for slenderness ratio A < 6 and eccentricity e = 0.
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3. Corrections are applied for slenderness ratio, eccentricity (if any), shape and size of brick
unit. Shape modification factor and cross sectional area of masonry (area reduction factor).
4. Slenderness ratio is found as the least of l¢/t or he/t, where, (le = Effective length and he =
effective height).

Effective length is found from Table 5, IS1905 — 1987 and effective height is found from
Table 4, 1S1905-1987.

Table 4 — Effective height:

Support condition Effective height
Fixed — Fixed 0.75H
Fixed — Hinged 0.85H
Hinged — Hinged H

Fixed — Free 1.5H

The permissible value of A is 27 (Anmax) for cement mortar (OPC & PPC), given in Table 7,
1S1905-1987.

5. Eccentricity of loading is determined (for axial loading e = 0). Eccentricities for various

other cases are to be checked as per Appendix B of 1IS1905-1987.

6. For the permissible stress adopted, shape modification factor is found based on height to
width ratio of each brick unit given in Table 10, 1IS1905-1987.

7. Area reduction factor is applied for elements having cross section less than 0.2m?. The

area modification factor, k=0.7 + 1.5 A

8. After applying modification factors, the actual stress is verified with a modified
permissible stress, Oact < Oper

The permissible stress (strength of the wall) depends upon the following factors:

i) Compressive strength of masonry unit

i) Compressive strength of mortar used

iii) Slenderness ratio of the wall

iv) Eccentricity in loading

v) Shape and size of brick unit

vi) Cross sectional area of masonry
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1. Design an interior cross wall for a two storeyed building to carry 100mm thick RC slab
with 3m storey height. The wall is unstiffened and supports 2.65m wide slab. Loading on
the slab is given as below:

i) Live load on floor slab = 2 kN/m?

ii) Live load on roof slab = 1.5 kN/m?

iii) Floor finish = 0.2 kN/m?

iv) Roof finish = 1.96 kN/m?

2.65m 2.B65m

2.65

Assume the compressive strength of brick as 10N/mm? and mortar type as M1.
The loading on the wall includes the load from slab (LL + DL) and self weight of the wall.
Assuming the wall thickness as 100mm and size of each masonry unit as 200 x 100 x
90mm,
Loading on slab:
Live load:
on floor slab = 2 kN/m?
on roof slab = 1.5 kN/m?
Dead load:
Floor finish = 0.2 kN/m?
Roof finish = 1.96 kN/m?
Self weight of slabs = 2 x 0.1 x 25 = 5 kN/m?
Load from slab = 10.66 kN/m?
For 2.65m length of slab,
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Load from slab =10.66 x 2.658 = 28.36 kN/m
Self weight of masonry =2x0.1x20x3=12KN/m
Total = 40.36 KN/m

Permissible stress of masonry for M1 mortar and masonry unit of compressive strength
10N/mm? is taken from Table 8, IS 1905 — 1987.

Permissible stress = 0.96 N/mm?

Stress reduction factor, Area reduction factor, Shape modification factor are applied as per
Cl.5.4.

Stress reduction factor (Ks)

Slenderness ratio (Least of le/t & helt)
From Table 4,
he =0.75H =0.75x 3 =2.25m [Both ends fixed]
he/t=2.25/0.1 =22.5< 27
Therefore, the stress reduction factor from Table 10 for A = 22.5 and no eccentricity
condition is,
For 22 > 0.56 (e=0)
For 24 - 0.51
For 22.5 2 0.55

Ksi = 0.55

Area reduction factor (Ka) [Cl1.5.4.1.2, 1S1905-1987]

A=0.1x1=0.1m?><0.2 m?
Y/m Ka=0.7 + (1.5 x0.1) = 0.85

L

Shape modification factor (Kgh) [Cl. 5.4.1.3, 1S1905-1987]
Ksh for block of size 200 x 100 x 90 mm laid along 100mm side, from Table 10 for Height to
Width ratio of 90 x 100,

Height _ 90 _

Width 100
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For 0.75%, 2> 1
For 1x, > 1.1
For 0.9%x, 2> 1.06
Ksh = 1.06

Oper modified = Kst.Ka.Ksh. Oper
=0.55 x 0.85 x 1.06 x 0.96 = 0.48 N/mm?

3
Gaoem = 203007 _ 5 4036 Nimm? < Oper [0.48 N/mm?]

100x1000
Hence the adopted thickness of 100mm with M1 mortar and masonry unit with compressive

strength 10N/mm? is safe in carrying the load from slab.

2. In the above problem, design the wall if it is continuous and stiffened by cross wall of

100mm thickness and length of the wall being 3.6m.

2.B5m f 2.65m i

| : ! ' l —~| v
I 265 / | Cross walls
" TN

, | % |
X tp| } ' |
— p—

tp = 3tw i _f

) i
I E ﬁ * ’_I {
+ T
l tp— tw —J |

Here, S, = 3.6m
Loading on the masonry wall = 40.36 kN/m

Actual stress = 20-30X000 _ 5 436 N/mm?
100x1000
Oper for M1 mortar and masonry unit of compressive strength 10 N/mm? with 100mm
thickness,
Permissible stress = 0.96 N/mm? [From Table 8, 1S1905 — 1987]

Slenderness ratio, A > Least of He/t & L/t

He=0.75H=0.75x3 =2.25m

Le =0.8L=0.8x3.7 =2.96m [From Table 5, 1IS1905 — 1987]

For the cross walls provided, stiffening coefficients are found from Table 6, 1IS1905 — 1987.

t, = Thickness of pier
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t, = 3tw [for cross walls] cl.4.6.3, 1S1905-1987
Sp=3.7m, [Sp = c/c spacing of pier]
tw = 0.1m [t, = thickness of pier]
t, = 3tw = 0.3m [tw = thickness of wall]
wp =0.1m [wp = width of pier] cl.4.5.3, 1S1905-1987
t S
_p: E = 3, _p: ﬂ = 37
t, 0.1 0 1
S t
From Table 6, for 2= 37, +£=3
W, t,
Se=1

Thickness of wall =1 x 0.1 =0.1m

[Considering stiffness]

A=225/0.1=225<27

The stress reduction factor (Kg) for Table no.10 for A = 22.5 with no eccentricity (e=0)

condition,
For A =22 0.56

—_ 1m/'\
ForA=24 0.51 \(/
ForA=225 0.55 Am

Area reduction factor forarea=0.1 x1=0.1m2 < 0.2m2,

KA =07+ (15x0.1) = 0.85 /
Shape modification factor: [Cl.5.4.1.3] e

Ksh for block size of 200 x 100 x 90mm laid along 100mm side from Table 10 for height to
width ratio of 90 x 100mm,

Height _ 90 _

Width 100

For H/W = 0.75 1
For H/W =1 1.1
For H/W =0.9 1.06
Ksh = 1.06

Oper modified = Kst.Ka.Ksh. Oper
=0.55 x 0.85 x 1.06 x 0.96 = 0.48 N/mm? > 0.
Provided masonry wall of thickness 100mm with M1 mortar and compressive strength of

each unit 10 N/mm? is safe.
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3. Design an interior cross wall for a two storeyed building to carry 100mm thick RC slab.
Check the safety of the wall if the wall is continuous and cross wall is available on only one
side and the storey height is 3.5m. The wall supports 2.65m wide slabs on both sides.
Loading on the slab is given as below:
i) Live load on floor slab = 2 kN/m?
ii) Live load on roof slab = 1.5 kN/m?
iii) Floor finish = 0.2 kN/m?
iv) Roof finish = 1.96 kN/m?

| 2.65m i 2.85m i
[ | [

I 2.55/ !

=, =Wp
Cross walls
ﬁ
3 T H Sp =3.65m ——~]
Lt !
r T )
tp = 3tw J

Assume the compressive strength of brick as 10N/mm? and mortar type as M1.
Loading on slab:
Live load:
on floor slab = 2 kN/m?
on roof slab = 1.5 kN/m?
Dead load:
Floor finish = 0.2 kN/m?
Roof finish = 1.96 kN/m?
Self weight of slabs = 2 x 0.1 x 25 = 5 kN/m?
Load from slab = 10.66 kN/m?
For 2.65m length of slab,

Load from slab =10.66 x 2.658 = 28.36 kN/m
Self weight of masonry =2x0.1x20x3.5=14 kN/m
Total =42.36 KN/m
42.36x10° 2
o = —————=0.4236 N/mm
M~ 100x1000
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Permissible stress of masonry for M1 mortar and masonry unit of compressive strength
10N/mm? is taken from Table 8, IS 1905 — 1987.
Permissible stress = 0.96 N/mm?
Stress reduction factor, Area reduction factor, Shape modification factor are applied as per
Cl.5.4.

Stress reduction factor (Ks)

Slenderness ratio (Least of le/t & helt)

From Table 4,
Effective height, he =0.75H =0.75x 3.5 = 2.625m [Both ends fixed]
Effective length, le=15L=15x3.65=5.475m [One end fixed, other end free]

he/t =2.625/0.1 = 26.25 < 27

Therefore, the stress reduction factor from Table 10 for A = 26.25 and no eccentricity

condition is,
For 26 > 0.45 (e=0)
For 27 = 0.43
For 26.25 - 0.3375 + 0.1075 = 0.445
Ksi = 0.445
Area reduction factor (Ka) [Cl.5.4.1.2, 1S1905-1987]
L A=0.1x1=0.1m?<0.2 m?
im Ka=0.7+(1.5x0.1) =0.85

L

Shape modification factor (Kgh) [Cl. 5.4.1.3, 1S1905-1987]
Ksh for block of size 200 x 100 x 90 mm laid along 100mm side, from Table 10 for Height to
Width ratio of 90 x 100,

He_lght = ﬂ =0.9
Width 100
For0.75x, 2 1
For 1x, > 1.1

For 0.9x, > 1.06
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Oper modified = Kst.Ka.Ksh. Oper
= 0.445 x 0.85 x 1.06 x 0.96 = 0.385 N/mm?
< Oact/m [0.4236 N/mm?]
Hence the adopted thickness of 100mm with M1 mortar and masonry unit with compressive
strength 10N/mm? is not safe in carrying the load from slab. The thickness of wall is
increased to 200mm.
Load from slab = 10.66 kN/m?
For 2.65m length of slab,

Load from slab = 10.66 x 2.658 = 28.36 kN/m

Self weight of masonry =2x0.2x20x3.5=28 kN/m

Total = 56.36 kN/m

Loading on masonry wall = 56.36 kN/m

Actual stress Oag = 56.36x1000 _ , 5818 N/mm?
200x1000

Permissible stress of masonry for M1 mortar and masonry unit of compressive strength
10N/mm? is taken from Table 8, IS 1905 — 1987.

Permissible stress oper = 0.96 N/mm?

Stress reduction factor, Area reduction factor, Shape modification factor are applied as per
Cl.5.4.

Stress reduction factor (Ks)

Slenderness ratio (Least of I/t & helt)

From Table 4,
Effective height, he =0.75H =0.75x 3.5 = 2.625m [Both ends fixed]
Effective length, le=15L=15x3.65=5.475m [One end fixed, other end free]
he/t =2.625/0.2 = 13.125 < 27
/)\ Therefore, the stress reduction factor from Table 10 for A =
m 22.5 and no eccentricity condition is,
( For 12 - 0.84 (e=0)
o For 14 > 0.78

For 13.125 - 0.3675 + 0.439 = 0.806

Ksi = 0.806
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Area reduction factor (Ka) [Cl.5.4.1.2, 1S1905-1987]
A=0.2x1=0.2m?

Ka=1

Shape modification factor (Kgh) [Cl. 5.4.1.3, 1S1905-1987]

Ksh for block of size 200 x 100 x 90 mm laid along 100mm side, from Table 10 for Height to
Width ratio of 90 x 100,

Helght = ﬂ =0.9
Width 100

For0.75x, 2 1
For1x, 2> 1.1
For 0.9%x, > 1.06
Ksh =1.06

Oper modified = Kst-Ka.Ksh. Oper
=0.806 x 1 x 1.06 x 0.96 = 0.82 N/mm?
> Oact/m [0.2818 N/mm?]

Hence the adopted thickness of 200mm with M1 mortar and masonry unit with compressive

strength 10N/mm? is safe in carrying the load from slab.

4. Design the interior wall of a single storey building shown in figure. The height of the
ceiling is 3.5m and the load from slab including self weight is 30kN/m?.

Load from slab = 30 x 3.65 =109.5 kN/m

Self weight of wall = 0.15x 3.5 x 1 x 20 =10.5 kN/m

Total =120 kKN/m

ows ows

8 —={ /1= 0.15m

35m—— — |——

35m — —=

0.15 0.15
I I Ml

PLAN % ’
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120x1000 _ 0
150x1000

Permissible stress of masonry for M1 mortar and masonry unit of compressive strength
10N/mm? is taken from Table 8, IS 1905 — 1987.

Actual stress = 8 N/mm?

Permissible stress per = 0.96 N/mm?
Stress reduction factor, Area reduction factor, Shape modification factor are applied as per
Cl.5.4,

Stress reduction factor (Ks)

Slenderness ratio (Least of le/t & helt)
From Table 4,
Effective height, he =0.75H =0.75x 3.5 = 2.625m [Both ends fixed]
Effective length, le=1L=1.0x8.15=8.15m
he/t =2.625/0.2 = 13.125 < 27
For the cross walls provided, stiffening coefficients are found from Table 6, 1IS1905 — 1987.

t, = 3tw [for cross walls] cl.4.6.3, 1S1905-1987
Sp = 8.15m, [Sp = c/c spacing of pier/wall]
tw = 0.15m [t, = thickness of pier/wall]
t, = 3tw = 0.45m [ty = thickness of wall]
Wp = 0.15m [wp = width of pier/wall] cl.4.5.3, 1S1905-1987
t S
i:%:s’ _p:%:543
t, 0.15 w, 0.15
S t
From Table 6, for == 54.3, L£=3
w, t,
Se=1

Thickness of wall =1 x 0.2 =0.2m
[Considering stiffness]
AN=2625/02=175<27

Therefore, the stress reduction factor from Table 10 for A = 17.5 and no eccentricity
condition is,

For 16 > 0.73 (e=0)

For 18 - 0.67

For 13.125 - 0.1825 + 0.5025 = 0.685

Ks = 0.685
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Area reduction factor (Ka) [Cl1.5.4.1.2, 1S1905-1987]
m /\
\/ A=0.15x1=0.15m?
6.15m Ka=0.7 + (1.5 x 0.15) = 0.925
Shape modification factor (Kgh) [Cl. 5.4.1.3, 1S1905-1987]

Ksh for block of size 200 x 100 x 90 mm laid along 100mm side, from Table 10 for Height to
Width ratio of 90 x 100,
Height _ 90 _

Width 100
For0.75x, 2 1
For1x, 2> 1.1
For 0.9x, > 1.06
Ksh = 1.06

Oper modified = Kst.Ka.Ksh. Oper
= 0.685 x 0.925 x 1.06 x 0.96 = 0.647 N/mm?

< Gactm [0.8 N/mm?]

Hence the adopted M1 mortar and masonry unit with compressive strength 10N/mm? is not
sufficient in carrying the load.

Increase the strength of brick unit and mortar as,

H1 mortar and masonry unit compressive strength 15N/mm?

Oper = 1.31 N/mm?®

Oper modified = 0.88 N/mm?

Therefore, the interior wall of 150mm thickness is safe with H1 mortar and brick units of

compressive strength 15 N/mm?.
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5. Design a masonry wall of height 4m subjected to a load of 20kN/m. Use M1 mortar. The
wall is unstiffened[no need to find effective length] at the ends.

Assume a thickness of wall of 300mm

Actual stress = % = 0.066N/mm?

Oper = 0.96 N/mm?

He =0.75H=0.75x4 =3m

A= % =10

Kst = 0.89

ForA=0.3x1=0.3m2,KA=1

Ksh = 1.06

Oper modified = 0.27 N/mm? > 0, [0.066 N/mm?]
Hence, safe.

6. Design the wall in the GF level for the loading condition as shown in figure.
Loading on brick wall:

Load from slab =12+10+ 10 = 32 kN/m D
Weight of wall (self wt.) =3 x2x0.1x3x20 =36kN/m
Total = 68 kN/m =
Actual stress = — 202000 _ 4 34 Njmm? —
2x100x1000
Use M1 mortar and brick of compressive strength 10 N/mm?, 3m
Oper = 0.96 N/mm? [From Table 8, 1IS1905 — 1987] 10 kN/m
(A=6)
het =0.75xh =0.75x 3 =2.25m 3m
te = 2/3(tw + tw) = 2/3(0.1 + 0.1) = 0.133m
he 225 225 46 :
t 0.133

e

From Table 8, IS1905 — 1987,

A > 16, 0.75

A > 18, 0.67

A > 16.875, (0.421875 + 0.293125 =0.715)

Area of wall (each leaf) = 0.1 x 1 = 0.1m? < 0.2 m?
Ka=0.85

Ksh = 1.06
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Oper (modified) = Kst X Ka X Ksh X Oper
=0.704 x 0.85 x 1.06 x 1.96 = 0.61 N/mm?> 0aq
Therefore, the cavity wall is safe with M1 mortar and masonry unit of compressive strength
10N/mm?.

2. Design a cavity wall of overall thickness 250mm and thickness of each leaf 100mm for a

three storeyed building. The wall is 200 200

stiffened by intersecting walls 200mm I

thick at 3600mm c/c. The ceiling height is 3600 BS

3m and the loading from roof is 16 kN/m. ////// //////// // ////// // 100

The loading from each floor is 12.5kN/m. . 750
Load from roof = 16kN/m ////// //////// // ////// // 100
Load from floor =125+ 125 kN/m
Wall load [3x0.2x20] =36 kKN/m

Total =77 KN/m

3
Actual stress = 0, = o 0.39 N/mm?

200x1000
Oper
Assume M1 mortar and brick of compressive strength 10 N/mm?.
From Table 7, IS1905 — 1987,
Oper = 0.96 N/mm® (A < 6)
Effective height = heg = 0.75 x 3 = 2.25m
Effective length =l = 0.8 = 0.8 x 3600 = 2880mm = 2.88m
Stiffening Coefficient:

Since cross wall is available along one leaf, Sc for

S_p=£:18, t_p=3t_""=%=3

w, 0.2 t, t, 0.1

From Table 8, IS1905 — 1987,

> 15, 1.2

- 20, 1

- 18, 0.48 +0.6=1.08

Effective thickness of cavity wall, te = 2/3 (1.08(0.1) + 0.1) = 0.139m
A= % =16.18

A > 16, 0.73
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A > 20, 0.67

A > 16.18, 0.664 + 0.0603 =0.7243
Kst =0.72
Area=0.1x1=0.1m?<0.2 m?

Ka =0.85

Ksh = 1.06

Oper (modified) = 0.62 N/mm? > Oact [0.39 N/mmz]

3. Design a masonry column to carry a load of 150kN. The height of the column is
2000mm. The column is restrained against translation (hinged) only.
Assume a column of size 400 x 400mm.

Use M1 mortar and brick of compressive strength 10 N/mm?,

3
Actual stress = Ot = 150X10% _ ) 94 N/mm?

400x400
Oper:
hess = h[Table 4, 1IS1905-1987]
A =2000/400=5<6
There is no need for Stress reduction factor (Kg = 1)
From Table 7, Gper = 0.96 N/mm?
Ast=0.4x0.4 =0.16m* < 0.2m?
Ka=0.7+(1.5x0.4 x0.4) = 0.94
Ksh = 1.06
Oper (modified) = 0.94 X 0.96 x 1 X 1.06 = 0.98 N/mm?.
Oact < Oper
Therefore, the masonry column of size 400 x 400mm with M1 mortar and brick unit of

compressive strength 10N/mm? is safe to carry a load of 150kN.
Note: Boundary condition is assumed if not given.

4. Design an interior wall of a single storeyed workshop building of height 5.4m supporting a

RC roof. Assume roof load

0.2
as 45kN/m. The wall is [ HFloa Lo.2 ZH :
stiffened by piers at equal F | B T 7 | .
intervals shown in figure. | 36m ————|

Height = 5.4m, w = 45 kN/m
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Since there is an increase in width at the pier, the actual stress is found for the wall length
of 3.6m (One bay).

Cls area of one bay = (3.6 x 0.2) + 4(0.1 x 0.1) = 0.76 m?

Loading per bay (for 3.6m length) =45x 3.6 =162 kN
Load from brick wall =0.76 x5.4x20 =82.08 kN
Total =244.08 kN
_ 244.08x10°

Actual stress = Oae = = 0.321 N/mm?

0.76x10°
Oper:
hess = 0.75h = 4.05m [Table 4, 1S1905-1987] demise
leff =0.81=0.8 x 3.6 = 2.88m
A=288<6
There is no need for Stress reduction factor (Ks = 1)
From Table 7, Gpe; = 0.96 N/mm?
Ast=0.4x 0.4 = 0.16m” < 0.2m*
Ka=0.7+(1.5x0.4 x0.4) = 0.94
Ksh = 1.06
Oper (modified) = 0.94 X 0.96 x 1 x 1.06 = 0.98 N/mm?.
Oact < Oper
Therefore, the masonry column of size 400 x 400mm with M1 mortar and brick unit of
compressive strength 10N/mm? is safe to carry a load of 150kN.

Stiffening coefficient,

(tp = depth of pier (0.4))
Sc=1.04
tef = 1.04 x 0.2 = 0.208m

A is the least of Heir and Les

A= 288 _ 1385
0.208
Kst = 0.785
) . 0.76
Area reduction coefficient = % =0.211>0.2
Ka=1 [Cl1.5.4.1.2, I1S1905 — 1987]
Ksh =1.06
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Oper (modified) = 0.785 x 0.96 x 1 X 1.06 = 0.79 N/mm? > Gt
Inference : Hence the brick wall is safe with M1 mortar and brick of compressive strength
10N/mm?.

5. Design a brick masonry column of height 3m, tied effectively, fixed at top and bottom.
The load from slab is 100kN, including self weight of the brick pillar.
Load from slab = 100kN
Self weight of brick pillar = 0.4 x 0.4 x 20 x 3 = 9.6kN
Total = 109.6 kN

Assume a column size of 400mm x 400mm.

3
Actual stress = 109.6x10° _ 0.685 N/mm?

400x400
Assume grade of mortar as M1 and compressive strength of 0.96N/mm?
hef = 0.75.H = 2.25m

=25 5.625<6
0.4

There is no need of stress reduction factor.
Kst =1

A=0.4x0.4=0.16 m*<0.2m?
Ka=0.7+(1.5x0.4x0.4)=0.94

Ksh =1.06  [Brick unit 200 x 100 x 90]
Oper (modified) = 0.9565 N/mm?® > G

Hence the brick wall is safe with M1 mortar and compressive strength of 20N/mm?.

6. Design an interior wall of a 3 storeyed building with ceiling

height of each storey as 3m. The wall is unstiffened and 3.6m 7 /// / 100
in length. Load from roof is 12kN/m and from each floor is - == 5
10kN/m. Select a cavity wall with overall thickness 250mm and V& AR
length between each leaf as 50mm.

h=3m,|=3.6m
Load from roof =12 kKN/m
Load from each floor =10 + 10 kN/m
Self weight of wall =3 x2x0.1x3x20 =236 kN/m
Total =68 KkN/m
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3
Actual stress = _68d10° 0.34 N/mm?

2x100x1000
Use M1 mortar and brick of compressive strength 10N/mm?,
Oper = 0.96 N/mm?
hest = 0.75 x 3 =2.25m
te = 2/3(tw + ty) = 0.133m

A= % =16.875

e

From Table 8, 1IS1905 — 1987,

Kst = 0.704

Areaof wall=0.1x1=0.1m?<0.2 m?

Ka =0.85

Ksh = 1.06

Oper (modified) = 0.704 X 0.85 x 1.06 X 0.96 = 0.61 N/mm? > Oact

Hence the brickwork is safe with M1 mortar and brick of compressive strength 10N/mm?.

MASONRY WALL SUBJECTED TO CONCENTRATED LOAD
Obpr < Opr per

_ Load _from_beam P
where, oy = . =—),
Bearing _area A,

where, P - reaction from conc. load [Eg: From
Beam]

Apr = Bearing area

Obr per = 1.5 (Oper ) [Oper given in Table 8, 1S1905-
1987]

When concentrated load is applied on a masonry

wall, the wall is checked for load bearing stress.
Permissible stress in bearing is taken as 50% more
=l than the value given in Table 7 of 1S1905-1987.

The angle of dispersion below the concentrated load is 30° on each side.

Therefore, the actual stress is,
Oact = P /A,

where, A 2 Areafor Imrun =L x t,

L = Length of load dispersion = ——,
tan 60
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H - Height of wall

For the wall to be safe in carrying the load, Oact < Oper

1) Design a solid wall of a mill building 3m height securely tied with roof and floor units.
The wall supports two beams on either side exerting reactions of 30kN and 20KkN.
Thickness of wall is 230mm and the beam bears on the wall for 115mm (width of beam).
Neglect load due to self weight.

Agr = 230 x 115 = 26450 mm?

3
Obr = A% = % = 1.89 N/mm? < g, in bearing

The values given in Table 8 are increased by 50% for ope in bearing.

Therefore, assume H1 grade of mortar and brick of compressive strength 15 N/mm?.
Oper = 1.31 N/mm?

Operbr = 1.5 x 1.31 = 1.965 N/mm?

Check for compressive stress:

Ot =P /A, A=Lxt, where, L - Length of load dispersion

2H _ 28 _3464m

L=
tan60°  tan60°
A = 3.464 x 1000 x 230 = 796720 mm?

Gact = ?g;;g; = 0.063 N/mm?
Oper = 1.31 N/mm?

Ks = 0.89

Ka=1

Ken = 1.06

Oper modified = Kst X Ka X Ksh X Oper

=0.89x1x1x1.31=1.1659 N/mm? > 05 [0.063 N/mm?]
The wall is safe in carrying a concentrated load with H1 mortar and brick of compressive
strength 15N/mm?.

2) Design the exterior wall of a workshop building 3.6m height carrying steel trusses at
4.5m spacing. The wall is securely tied at roof and floor levels. The wall is of thickness
200mm and the truss bears on the wall for 200mm and load from the truss is 30kN.

[Length is considered only for piers and cross walls]

Apr = 200 x 200 = 40000 mm?
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30x10°
Opr=
40000

Assume M1 mortar and brick of compressive strength 10 N/mm?.

= 0.75 N/mm? < Gpy per > [1.5(Cper) = 1.5 x 0.96 = 1.44 N/mm?]

Check for compressive stress:
Oac = PIA
_ 2H

tan 60°

A = 4.157 x 10° x 200 = 956110mm?

=4.157m

_30x10°
™ 956110

Heif = 0.75 X 3.6 = 2.7m
Lett = 0.8 x 4.157 = 3.3256m

= 0.036 N/mm?

3
. 2;;‘;8 =135
A=4.157x0.2=0.8314 m?> 0.2 m?
Ka=1
Ks = 0.795
Ksh = 1.06

Oper modified = 0.81 N/mm2

3) In the above problem, design the wall if piers are available below the truss and size of
pier is 200 x 400mm.

Here, we need to take the length.

If the truss fully rests on

. . 0.2
pier, bearing area, [ Fo.1 \Lo,z ZH ir
Apr = 80000 mm? [
RZ i 7 '
P=30x10%N
3 — 45m ——— =

30x10
Obr = ————

200x400

Opr = 0.375N/mm? < Gy per > [1.5(0.96) = 1.44 N/mm?]

Using M1 mortar and brick of compressive strength 10N/mm?,
Check for compressive stress:

Oac = P/A

_2H
tan 60°

Hef = 0.75x 3.6 =2.7m

=4.16m
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Les = 0.8 XL =0.8x4.5=3.6m
te = Se Xt

S t
_p:£:22.5, _pzﬁzz
w, 0.2 , 02
S.=1
t,=1x0.2=0.2m
x=31=135
0.2
A=LXt=45x0.2=09m?>0.2m?
KA =1
K¢ = 0.795
3
Oact — 30x10 = 0.03N/mm2
4.5%0.2
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Oper modified = 1 X 1 X 0.795 x 1.06 x 0.96 = 0.8089 N/mm?

Hence the wall is safe with M1 mortar and brick of compressive strength 2Z0N/mm~.

ECCENTRICALLY LOADED BRICK MASONRY

2

Eccentricity — Offset distance from CG of member to CG of load

Occurs in,

i) Exterior wall —Bearing not sufficient

i) Flexible slab — Excessive deflection (timber)

i) When span is very large, code recommends to take some amount of

eccentricity
M

P
Oact = K + ? < 1-25(0perm0dified)1

where, M > P xe, Z- b.tY/6,

Guidelines given in Appendix A

b =1m (wall)

Eccentricity in loading occurs in loading on walls due to various reasons causing

reduction in stress. The cases where eccentricity needed to be assumed are given in

Appendix A of 1IS1905-1987.

1. For an exterior wall, when span of roof is more than 30 times the thickness of wall,

the eccentricity assumed is one sixth of the bearing width.

L >30t,
E = 1/6(tw)

2. When bearing is not sufficient, eccentricity assumed is t,/12
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3. When flexible floors are adopted, for full width bearing, eccentricity assumed is t,/6.

4. For interior walls, when there is unequal length of slabs on both sides and then the

difference between the loading is greater than 15%, moment is generated for which,

e=M/P.
L2

L1

WL1 > WL2 by 15%

Actual stress (04) is the sum of direct compressive stress P/A and bending stress

M/Z. The permissible stress given in Table 8 can be increased by 25% and

modification factors applied on it.

1) Design an exterior wall of height 3.5m, which is unstiffened. The slab is light weight

flexible slab of length 3.5m. Assume the unit weight of slab as 15kN/m?® with thickness

0.2m.
15kN/m3
J0.2m //
[
i Flexible Slab
3.5m———————
3.5m

-
-+

Loading on wall:

Load from slab = 15 x 0.2 x 3.5/2 =5.25 kN/m

Self weight of wall = 0.2 x 3.5 x 20 = 14 kN/m
Total =19.25 KN/m

e = ty/6 = 33.33mm

M=Pxe

Moment due to eccentricity = 19.25 x 10° x 33.33

Z = bt*/6 = 1000 x 200° / 6 = 6.67 x 10° mm?

Half of the load from the slab comes to the
wall and since the slab is flexible,
eccentricity considered as per Appendix A
of 1IS1905 — 1987.

Assume 200mm thick wall with M1 mortar
and brick of compressive strength of
10N/mm?.

= 641.67 x 103 Nmm
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M/Z = 0.096 N/mm?

3
% = 1925407 | 1 496 = 0.192 N/mm?

1000x200

Total stress = — +

P
A
Oper

Use M1 mortar and brick of compressive strength 10N/mm?,
Oper = 0.96 N/mm?

Stress reduction factor (Ks)

Slenderness ratio (Least of le/t & helt)
From Table 4,
he =0.75H =0.75x 3 =2.25m [Both ends fixed]
he/t =2.625/0.2 = 13.125 < 27
Therefore, the stress reduction factor from Table 10 for A = 13.125 and no eccentricity
condition is,
For 12 > 0.78 (e=0)
For14 = 0..7
For 13.125 - 0.735

Ks = 0.735

Area reduction factor (Ka) [Cl1.5.4.1.2, 1S1905-1987]
For thickness t = 0.2m, A = 0.2 m?

Ka=1
Shape modification factor (Kgh) [Cl. 5.4.1.3, 1S1905-1987]
Ksh for block of size 200 x 100 x 90 mm laid along 100mm side, from Table 10 for Height to
Width ratio of 90 x 100,
Height _ 90 _
Width 100
For 0.75%x, 2> 1
For1x, 2> 1.1
For 0.9x, > 1.06

Kep = 1.06

Oper modified = Kst.Ka.Ksh. Oper
=0.735x 1 x 1.06 x 1.25 x 0.96 = 0.935 N/mm?
Oact [0.192N/mm?] < 1.25 Gper [ 1.17N/mm?]

Note : For brick masonry columns laterally supported by beams,
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He=H
Only when the column is not laterally supported (laterally unsupported),
He = 2H

2) Design a masonry column tied effectively at top and bottom. Load from slab is 100kN.

Assume size of column as 400 x 400mm

Oact = %: 0.625 N/mm?
Oper = 0.96 N/mm?

Heff =H =2m

A=5<6

Kee=1

Ksh = 1.06

Ka =0.94

0per modified = 0.957 N/mm2

Oact < Oper

3) Design an interior wall of

a single storeyed building | 3.6m |

supporting unequal concrete /1/
roof slabs. The plan is as

shown in figure. Assume 1.8m

triangular pressure [

distribution and unit weight

of slab is 10kN/m*®.  The
height of the wall is 3.8m 1.8m

/l/

and the wall is fixed to the

foundation block below.

Height = 3.8m
t, t, 2t, _t,
ez —~4+ -2 = % = =2
6 6 6 3
Gui= LM
act A Z

Loading from slab 1:
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= Area of triangle x Load intensity on slab = (1/2))(?;%)(1'8)(10 =9 kKN/m

Loading from slab 2:

= Area of rectangle x Load intensity on slab = @/ 2)x(1.2/62)x3.6x10 = 4.5 kKN/m

Self weight of brickwork = 0.2 x 3.8 x 20 =15.2 KN/m
= 28.7 KN/m

Since the difference in loading is 100% [> 15%], there is an eccentricity in the loading. The

eccentricity in the loading as per Appendix A of 1IS1905-1987 is,

M -> (Difference in load from slab x Eccentricity)
= (9 — 4.5) x 10% x 200/3 = 300 x 10° Nmm

M bt? _ 1000x200°

Oact = E+—, where Z = = =6.67 x 10° mm?®
A Z 6

_ 28.7x10° . 300x10°
1000x200  6.67x10°

e =1t,/3 > elt, = 1/3
A is least of (He/te and Le/te)
Assume width of the cross wall as 200mm

= 0.1885 N/mm?

Oact

te =t X Sc

S t
_P:ﬁzlg, 12%23
W, 02 t, 0.2
Sc=1.04

te=txSc=1.04x0.2=0.208m
Herf = 0.75 x 3.8 = 2.85m

A= 220457
208
Lerr= 0.8 L = 0.8 x 3.60 = 2.88m
A=138
A>12 072
A>14  0.66
AN>137  0.67
Ket = 0.67

A=0.1x1=0.1m?<0.2m?

117



CE701 — Design of Reinforced Concrete & Brick Masonry Structures
Ka=1
Ksh = 1.06
Oper modified = 0.96 X 0.67 x 1 x 1.06 = 0.68 N/mm?
Oact [0.1885 N/mm?] < 1.25(0per) = [0.851 N/mm?]

4) Design an exterior wall of height 4m, unstiffened and supports a flexible slab 150mm
thick with unit weight 12 kN/m®. The length of

the slab is 4m. f 12 ki3
Load fromslab=2x0.15x12 =3.6 kN/m 0.\11/5111 {
Self weight of wall = 0.2 x 4 x 20 = 16 kN/m 1\

Total =19.6 kN/m
e = tyw/6 = 200/6 = 25mm 2m

M=Pxe=19.6x10°x25=6.53x 10° Nmm

bt? _ 1000x200?
6

Oui= LM
act A

Z= =6.67 x 10° mm®

=0.098 + 0.097 = 0.195 N/mm?

Heff = 0.75H =3m
Assuming M1 mortar and brick of compressive strength 10 N/mm?,

A= 300 g
200
A 14 0.7
A 16 0.63
A 15 0.35 + 0.315 = 0..665
Ks = 0.665
A=0.1x1=0.1m?<0.2m?
Ka=1
Ksh = 1.06

Oper modified = 0.96 X 0.665 x 1 x 1.06 = 0.677 N/mm?
Oact [0.195 N/mm?] < 1.25(per) = [0.846 N/mm?]
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