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WORKING STRESS METHOD

5.1 THECRY AND PRINCIPLE:

5.1.1 In elastic stress (modular ratio) theory, the
moments and feorces ascting on a structure are calculated
from the actual values of tne applied leads, but the
limiting permissible stresses in tne concrete and tne
reinforcement are restricted to only a fraction of their
true strength, in order te provide an adequate safety
facter. 1In additien to ensure that if any likelinood of
failure dees occur, it is in a desirable form (eg. due
to the reinfercement yielding and thus giving advance
warning that failure is imminent, rather than the
cencrete crushing which may happen unexpectedly and
explesively) a greater facter of safety is employed

to evaluate the maximum permissible stress in Cencrete
than that used tefetermine the maximum permissible stress

in the reinfeorcement.

5.1.2 The modular-ratio method is based on a consi-
deration of the behavieur of the sectien under service
loads enly. The strength of cencrete in tensien is
neglected, (except in certain cases in the liquid
retaining structures) and it is assumed that fer both
cencrete and Steel, the relationship between Stress and

Strain is limear (that the materials behave perfectly

eful-tatatetetutetalntatetututuatototadatatatetslotutatalotototeleageies toiedetete;
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v

etatetegatatatoduteteledetuse;

elastically). The distribution of strain acress a Section

is also assumed to be linear (sectiens that are plane before

bending remain plane after bending). Thus the strezin

at any point on a sectien is proportional te the distance
of the point from the neutrszl axis and, since the relation-
ship between stress and strzin is limear, the stress is
alse proportienal te the distfance frem the neutral

axis. This gives a triangular distributiem of stress in
the cencrete, ranging frem zere at the neutral

axis to a maximum at the compression face of the section.
Assuming that no slipping occurs between the steel and
surreunding concrete, the strzin in beth materizls at that
peint is identical and since the medulus of elasticity

'E' of s material is equal té the stress 'f' divided by the
strain ‘e’ the ratie of the stresses imn the materials thus
depends only en the ratie of the elastic moduli of steel
and concrete., This ratie is knewn ss medular ratio. The
value of 'B' fer steel is abeut 210 x 103N/'mm2 but for
concrete the value of 'E' depends on several factors (the
modulus of elasticity of Concrete increases with increase
in Cement Cmntent, age, repetitien of stress =nd various
other factors.) The actual values range from 500 to 1600
times the Compressive strength.

5.1.3 The internal mement of resistance of a member

is assumed to result from the internal resisting couple due

to the cempressive resistance of the concrete (acting threugh

oted.tointetatatutotaloletatotulotelatatotatedalotutetol totegatetntes tstngal=sed

o
g
2
&

e e tataetatatalotutatataatetatatatotatctatatetotelatutatatatetag Bagusets
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the cemtreid of the triangular dist4ibutien of cempressive

stress ) and the tensile resistance of the tension reinforce-

ment. The arm of this resisting ceuple i.e, the distance
between thehines of action of the resultant ferces is known
as the lever arm.

5.1.4 According te modular ratio thepry fer members
reinforced in temsien only, each of the ratios involving
the depth to the neutral axis (x/d) the lever arm(a) the
proportion of reinforcement, the ratio of maximum stress
(fst/f£c) and the moments of resistance of the section in
terms of the maximum stress in concrete or steel =nd may be
expressed directly in terms of each other individual ratio

and b,d and m onlye.

5.2 CODE PROVISION AND REQUIREMENITS

IS:456-1978(clauses 43 to 48) specifies the exact
Codel previsions and requirements @dﬂ@fklﬁg stress method of
structural design under ‘'Section.b!.

1533370 Part II1/1967 prevides the limitting stresses
in respect of Liguid retaining structures.

The permissible stress in Cencrete in Direct Tension

Cempression, Bond and Shear for nen Liquid retaining structures

are given in clauses 44,1.1, Table 15 and Table 17

1S:456/78
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The Permissible stresses io Concrete ih calculations
relating te resistance te cracking fer liguid retaining
structures for grades of Cencrete are given in TABLE I.
TS:3370 PtII/1965.

The permissible stresses in Steel reinfercement are
given in TABLE-16 (IS:456-78) and TABLE-2(I8:3370 PtITI-1965)
c@r both Nen-Liguid and Ligquid retaining structures
respectively.

The Tersienal previsiens are dealt in clause 48 and
Appendix C 1-8 of 1S:456/78.

The tensile strength of cencrete ig described in
clause 5.2.2. of IS:456/78.
5.2.1 The general design requirements are as follows:~-
I. Slabs : Clause C 1.1 1IS:456/78

II. Fer balanceé singly Reinforced Rectangular Sections

L bnv cb (d-n/3)

n

1.Moment of Resistance: M

= 2 .
= 8075 bd for M 15

= 12.00 bd% for M

20

(1]
a,
L

2.Depth Required 0.338-/ M/b for My¢

ad = 0,289 / M/b  fer M 20

L]

3.Main reinfercement s:Ast

5,22 X 10’4

0.87 Ast o st.d.

Ast

L

=
\

8,21 x 10"4 M/d for M.S.Reds

M/d fer Tor 40

g
X
L
=
L
L
L
X
X
X
X

o Ta Lot latstadegetniniatetatotetateiatateiateledstatotetotetotototatut totatatotot
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: :
g I1I. Doubly Reinferced aznd Flsnged Sectiens: 5
g 1. Total Moement : M].-%M2 g
g M, = 8.75 ba® for M, g

1
g (a) Mr. of additienall M, = (M-1) Asctw cb(n-dl/d ) g
g reinfercement. | G (d-ﬁl) 1 g
o = AscT Sc(d-d™) s
o _ 1 ) o
g (b)Equivelent My ef § . = 1300 Asc (d-d7) for gégé. §
g additienal rein- = 1750 ASc(d-ﬁl)for Tor 40. g
forcement

o v
g 2.Flanged Sectiens (T or L sections) g
e
o when stress block < ds g
g M = Bn © _q_]% (8-n/3) §
g When stress bleck > ds g
O M = Bds (T cb+c'cbl) jé e ]
. 2 =
g MElange)= (B-bw)ds (d-ds/2) g
3  a &
o o
g 3. MR due to flange  Addticnal MR (B-dw) ds(d-g_g_ ) g
g (_s cb+ webl) g
& 2 o
g IV. Short axially loaded celumn: g
g Total lead carrying capacity ¢ P =9 C ac +8B8C  asc. g
o o
: :
& .
o O
o a4
o .
o pa
o ot
ot e
o s
L L
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g PAGE No. | (3 ﬁ
w3  »
§§ 00 D=0 = DelD = DD =D = FmD =D = DD =D =D =D =D =Y = = Ve Pom = D= D =D =0~ =D =D =O =D =P~ %g
% ggigiegg 1% steel 2% Steel 3% Steel T
g (») Ms Tor 40 MS Tor 40 M5 Tor 40 g
LF ©=0m0mOmOmD = Pm D= =B =D =D =0 =D =0 =0 =D =D =0=I=0 =D =0 =D=D =0 =0=0=0=0=-0=0 ~o—~%
g Myg 52.69D 57.1p  65.2bd 74.2 bd 77.8bd  91.3bD

u .

8 M, 62.5bD 67 bD  75. bD B84 bD 87.5bD 101.bD

o ¢

¥ 0 =0—0m0=0mD ~0 =@=0=0=0=0=0=0 =G =0=D=0=0=0=0=0=0=0=0=0=0=0~0 =0 =0 =0 ~0=00

. _S_k_l_ear
1.Nominal Shear Stress s+ 9 = Q@/bjd.

2.Allowable shear stress 5 KSC M 15

(with nominal shear rein- 4
forcement) 7 KSC M 20

3.Ma¥%.allowable design shear 20 KsC M 15 (4% )
Strength 28 KsC M 202 (4%)

4, Shear taken by concrete s Nil

5., Shear resistance ef imelired-ba¥ Q = G S5 Aw gﬁ
by vertical Stirrups S

etedetuaiotetelatetatefatotatnt tagetalotateatets

8ss A ss Sind

"

6. Shear resistance of inclined bar Q

stirrups jd = 0,87 d

8, Minimum area of stirrups : Not specified

Vi. Torsion:
1, Shear due teo tersien s According to shape of Cross Sectien

2. Shear reinfercement X

for resisting entire SFI : q + q1 ¥ 4v

If y 4¥ Redesign the section

*n

(2

(i) Vertical Stirrups
{(ii) Additional lengitudinal
reinforcement.

3. Provision fer
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ME 5/6.8F ss x X1l %
(for Rectangular sectien)

4. area of Vertical stirrups : AW

aw = Mt.S (for tube of
§SSxx,XY;  box sectiens)
5. Area of lengitudinal bars: Same volume of Steel per unit

length of members on the velume
of stirrups previded in legs
for tensioen.

5.2.2 The principal design formulae for rectangular and

flanged beam are taken from TABLE 114/REYNOLDS HAND BOCK,

5.2.3 The properties of flanged sections are given in TAZBLE
100/RHB,
5.2.4 Rectangular Panels with trisngulerly distributed load :

5.2.4.1 Though IS:3370/Part IV/1967 provides necessary design
moments for designing the side walls of a liquié retaining
structure, it does net provide these moments fer "all four
sides fixed " and cenditiens. Therefere, the Bending Mement
Coefficients have been referred from Reynolds and Steedman Hand
Book.

5.2.4.2 The intensity of pressure on the walls ef container
is normally uniferm at any given level, but vertically it may
very lineraly frem zereo at or negr the teop to s maximum at the
bottom. Frem the curves (vide/géygglzﬁs Hand Book) the probable
critical service bending moments on vertical and horizontal

strips of unit width cen be calculated when the slab is fully

fixed or freely supported eor unsupported aleng the top edge.
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5¢62.4.5 Tt is advantageous, wherever possible to provide
45° splays at the internal corners of containers and it should
be noted that the critical negative bending moments may not

necessarily occur at the edges of the splays.

5.2.4.7 A trapezoidally distributed pressure can be considered

by addifig the MB due to the triangularly distributed load given
by the curves to the BM due to & uniformly distributed lead. The
resulting negative moments are accurzte but thqbositive

moments are only avpproximste.

5.2.4.8 In designing sections to resist the forgoing
moments the bending moments on the horizontel span must ‘e

combired with the direct tensien due tc service loads,.

5.2.4.9 The final diagram illustrates a typical distribution
of vertical and Horizontal mements in a half slab subjected to

a triangularly distributed lead where the bottom anc s=ide edges
are fully fixed and the top edge is unsupported. The actual
values and distribution of the BM in each directien depends con
the ratio of vertical to herizontsl spar but the generszl distpi-

bution is basically similar in all cases,

3R 3030 304 0% R 308 30k 0% 30% 30£ X0 30 30 30 50¥ 30130 X0% 30 30 30 10308 X0k 30K 30¥ 30 X 0K 3O 30K 306 30k 3OL I 30K 306 XN

=
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o o
o
o { 5,3  WORKING STRESS DESIGH e
o o
o § The following shall be the individu:l component L
o &
g of Design. O
o

g 5.3.1 General cazlculstions znd Coenstants e
b

g 5.3.2 Design of roof slab of the tank o
&

5 5,33 Design of Side Wall e
¥ L
g 5.3.3.1 Design of 3utrasses o
&

g 5.3.4 Design of floor slab of water tank o
&

g 5.3.5 Design of office floor =1lab bu !
o

g 5.3.6 Frame analysis O
xx

g ‘ 5.3.7 Design of 'T' besrs &
o

g 5.3.8 Design of Column inside the tank <
o

g 5.3.9 Degign of mein column b a
o

o g 5.3.10 Desicn of foundztion (footing) Tt
& £t
Xt o
8 &
X %
Xt o
2 Xt
Xt 2
X o
% e
X o
o 2
X &
o o
% o
It &
2 &
Kt Lk
o 2
o o
5 o
o ot
5 o
o <3
2 %
. s
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5.3.,1 General czlculaticns znd Constants

08 308 308 30% 30X JOR10% 308 YO8 308 S0 308 308 30% X0 30 3O X0 T 0k 308 X0¢ 30# 30K 30¢ 30K 30% 30¢ T0% Ot S0 3O JOL Tk F0k R R oKWK RN XX

PAGENo.l 1 &

edulsn

Capacity of tank

Dreadth
<. Storage depth
Provide 2.40 m, stor:=ge,
Total depth:
Storage denth
Scour depth
Free 2oard

Total

Individual Pannel size

Constents:

M = gba?
To find @

Q= ¥ cik F
K = Mc = (1~}
Me 3
For M, st = 150 kse, ¢t = 70 Xero, » =13
= bld G
K 13 % 7 = 0,372
13x7C+1500
i = (1~ 0.378) 0.274
3
: ® = I x 70x0,374x0,378

a3egetotetetstedetatetatatrtutatotatetatatetateletotutetatototetatetutal. totatatate]

= G2
- ol
= 30 0w

=  3000/42%3C = 2,30 n

- s e T e o TGS T

= 4 x 4m (PLATE 1)

U0 30308 30 10% 308 3% 301 30% X0 3CE30E 030X 30% 3030 308 30 0k X0k S0 308 X030 30K 30K 30X 0K 30 308 30K 30X X0 3030 X0 o 0¥ X060 30% X0 0K 06 30 30K e 308 30% 0006 YX
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ainstotstatetagetogetegotetetututetotetel tutetoatatatetateded tet. tutututetutatatatedeatatotatototatatntetotol

%

11t value for uncrzcked gection

e = £~ e
A = Moo= £I = 17 x 1 wxba”
T 4 s e
Y % 12
EVE)
A ,‘ L
= 2,83 I
DESIGH ¢ ROOR SLaz O ‘Dhlil
Sizge of Panel = 400 mmxd00mm
Ilcadst
Referring I5%456/73 and Tesad on stilifrness considersition,
asaure 15 om thick glzb, (clzuze 22.2.1
- e S 2
D.L. 3600 1/m
LL i5¢0 ¢
FF 750 M
2
Total 53852 17/m (585 kg/m")
The slab is constructed mornclithicelly with teonvs -nd

columns, it is assumed that sla are continucus o0 o1l
sides.
L/3 = 4/4 = 1

Referring IS8:456/78 (Interior Panel Teble »,.133;

Max =ve BN : 0,032 x 538 = 4 : 300 kogm,
= - - oo - < LT T -
Max +ve BN s 0.024 x 585 = 4 s 225 T,

Using MZO Concrete znd RTS rods.

Q = 11.55 i 0,374

Eff,depth) / 300x1CO = 5,096 cm or 50,08 mm,
a ) 11.55%100C

.« Provide overall depth

Eff. depth

o or 150 mm

130 mm

[y

U
b}
5

s
[
w
0
1
O
’

Qﬁﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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e

oM at top (PLATE 2)

Torisional reinforcement cn corners:

Ast 3% x 4.35 (C 1.8/0140/13)

3,27 cm

corngrs.

5.3.3 DESIGN CF SIDE WaLL : (FLATE 3}

petetatoatetntuiotetetetotutet tatatutatngsat ot otunntatodototatatatotatotatatetoaiototetst

at top and bottom f£loor at & distance of 1/5 = 0,2 &

rage depth : 2¢4 m
Sto a2 i
Scour depth 2,15 m
2.55 m.
fixed or 211 Tour

- 2 .- z
-ve BM ¢ 300 x 100G = 1.76 om” or 17.5 mm
1500x0C,874 % 13
- Z . z
+ve DM ¢ 225 % 1CO = 1.32 cm” oy 13,2 m
1500x6,874 = 13
Minimum reinforcement for )
water retaining structure b 3 0.1 ¥ 3
} - @ b ~ s
Clause 7.1 (IS:337C(Ft.II) : 35
1965, )
G, 280%
3
C.28 » 15 = 4,29 cnm”
e
42,9 ma
3 3 N o} A ~ 2\ N SR 2
Provide 10 mm dia rods at 18 cm o/c (4.3% om®™) in hoth
Airections at bottom, st mid span and crank alternstive Dars
at 1/4 th span on either side znd tzke them to the tol at

edges to give reinforcement ( 10 mm diz et 18cm c/c; Zor -ve

Provide 8 mm dia bars at 15 cm </c along both directions

Side wall is desicned zs wall sanels

prieteietateduutatel

et detot-gagetatoiataietatutotuletadatutetotedotatotatatototototutul, utatatatel

jietngetugated efetagotepeietoteototateted tal otetatetotetatutatatatetotoPetutotatotatatodatotatatutatototetntns

KRR



in between buttresses =nd bezms.
Assume all Panels es fixed.
Thickness of roof slab ¢ 15 <m,.
Rocf bheam s 20 x 35 om

I

size of floor slab of) : 30
at

pra——
LRSS

35w

[P I S

| )
5' \}cm Reok SLAB | —

.}
Zocm FREE BOARD | J__
25—

<+
-
4

J.Aom

A

r
L btw

|

|
31“,, FLooR SLAB —‘L— i
+

‘1

Bifective height : 3,075 m,

v s 3.075 m.

P £
Bl f i
#

[8%] >
. L]
O O
] 5|

Ut
i
}.
w

1o s le e teloretntugetetntnsnieteotetotutegatataiuntetatat-ioietctaiaiateai-teiataetatotetolateltuliotolsl
efeteiaingatugutniotatatataiutatateatatatataotutetatetototeadutatatetatnt -Pudnl tagotalotngesetagagntetotelyia
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x

referring Reynold's

torizontal spant

nending moments:

Max -ve M
-ve

Vertical span @

—ve =M (pottom)

B (topld

o
X
a3
o
t
o
o
o
o
o
=
o
o
=,
o
o
o
o
o
o
o
.
&
XX
o
o,
o
&
g
o
o,
X
&
.
o
&
&
o
X
¢
&
&
o
o
X
5
<&
s
o
a
&
o
o
o
o
o
u

nard booin 1o

(fixed on four sides)

-ve 2} at suppork CL.UL3

e B at centre C,012
Vertical spanl ¢

-ye 7 ot bottonm 0,025

Ve T =2t topr J.016

+ ve OM =t VLV
ax -=ve D,M = 531 kom.
depth regquired zgainsc <1
provide overall Jdepth 20

a&st =
ninirum reinforcement s

otad.tatatetatetatatatatotutotatuatetalatotatetetstutedodototegatoteted-teielatelel
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3

1} "

£,025x2550x3.075%2.55 = 300 Hgm.
5, 016%2550x3.07582,55 = 320 kgm.
0,016%2550x3,075%2.55 = 320 kKom.

cliing ¢ ./ 5310C/2.83x1700
= 13.59 com,

5 [y U T P - o
2 effective Jdenth 1T om.

[ .
‘-303 - (“-l -E: 1‘O - \/‘&zlll Pic]
35
3
= 0,271 % 20 = 5,4 Cw

.
o
2
o
5
&
o
8.
o
&
Xt
&
&
o
&
o
&
2
2
&
o
o
o
&
o
&
) o
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o
-
2
&
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o
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i.e, Provide 10 mm d rods =t 12 om o/ for 211 momsnis,
Vertical stirrups will czrry trisnguler lopd wuhich wdill
cause Dending mements of 500 kgm end 320 kom at Dovtom and
top resnectively.
KA =
= g % a2 = g ==, 103
3 3 3
aotton -ve DM = =0,103x2pu3.073 = 500
s 2
p = 789 kg/m
3 -~
K, = az + 3 = 0,06
s 6 3
BT = 0,06 x 2p x 3.075 = 32C
- t‘“y
T ) P - Q€7 1 u{
>
Averzoe o’ = 828 kg/m
2

L.ozd taken by bottom hor.strin = 2550-828 = 1722 wog/m

o ;o Rk L R I <
side wall panels. The beam will span vartically and 1t v

take some amount of water ioad,and will be constructed

monolithic with roof and flcor tean of water tank.

jogal.totutetatatatetateletuletatatotodetetatete tutedatototogetetntod teiotatel

Petstatatutatadatntotatatetutaintetetotatatatotatotatetal tuatatutatatageteoetntotagotatateogetetotedagototeteiaie
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W = Lx1722x%2.55x4 = 38752 kg.
a= 0,874 -
VB = 32/10(5*29) = 0,25
KA = <-0,103 K3 = 0.06 ?‘ﬁ
XKe =VBC = -1 (a+e-1) 341, | L stioEw
2 2t 3
3a
= 0,25x0,561 - 1 4r
' 0.878%%3 tﬁ
= (0.,878+40,561-1)+40,05 { LL

BuTTRLESS BEM
Ke = 0,043

Dending Moments:

Bottom = -0,103:8782x3,075 = 2781 kg.nm
Top = .0437x8782x3,075 = 1130 kg.m
Width of flange H { r 53 % +hues L,
: ' TY8450 j z
{
3,075 + 0,2 + & x CG.2 = 190 cm.
6
e 190cm !
‘ T
T 20 tw
4
' botm
F‘—Qo&"
Assume approximate lever srm = 40 = 20 (3= ds/2;
5
= 35 onm

Petstatetntatudatnietotatatatatutetetetalotatotatotetetelotealatutetatateto eotal tagotatotstatategetnteiototetess
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Pmnum’ 25

ast  for -ve B.M = 278100

provide 3 rods of 18 mn» dis.

At Tor + ve BN = 113800
c.274 150036
N 2
= 2.5 om
Provide 2 rods =zf 1€ mm Jis rods.

fi

|
©
L[]
[\e]
U
R4
25
2]
~J]
6]
~3

L3
i

= SqFo 8782

o

= 57587 ka. " > 5
shear stress : 6587/20x39
Provide 20 mm dia bars st 1% o </c =t top and
" 30crm ¢/c a2t mid gpan (FLATE 3

5.3.4 Degign of f£locor slabh of

fagetatetntatotatatatetatetcuatuatutuatateget-tel tuiautatntentatoteteiotatoteietatotetetel
308 308 301 308 3030 30t 0% 30 X0£ Y0 O£ 30K 303G 30 30 0% 30 30 308 30K 301 301 J6 306 0% 30% 301 308 3¢ 0% 308 306308 0% 306 306 X XX X e ¢

- a - 2
1. Wt, of water s 2,35 1000 = 2550 ko/om
2. Wt. of glav : 30 24 = 728000
Acsumina 3C om thick) 3270
Panel size ¢ 4m x 4m,
Since the slab will be conssructed monclic vith ~uame ond
ovar =11 edces.
/3 = 1
Referring IS s 456/1978
n e 2 e
YMax ~ve DM = 0,032 7 327C x 4 = 1374 luom,
- P 2 » o -

Max o+ DM = 0,024 3 3270 x 4 = 125& .

pugetelatstelntngatatadel
JOLOX JOLX08 304 30% 30% 308 30 304 X ICE3CHI0H

adat-tegetegatedutegaleietntatodatetototatntedelatatatateteoatatatutal. titalt ety
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[

e

[
{

[

*

{

{

Mininum reinforcement ¢ Co3 ~_Uld ¥ o2 s DL 245%

-

. Drovide 7.29 om® reiniorcement for both -ve (0o WO Cending
moments
Provide 12 ma dis RTS rods =t 10 om o/c (7.33cmT ) ir Toth

directicns at mid spen ot

. . -, o - - o T e oy oy 2 ey F -
either gide so as to to hsve necessary reinlorcemsnt (.2,

fateduisiatetutatetatetatetetatatatuetatatatotatotatatantatatedel-tototuintatelatataiatagotntogetettotetoteiatas et
ntelatutatututatetotaotatatatetatuataieta talelatatelotetatugatatagetelofeinlotagetalategaatotauietototetuln]

o 3a
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DPartition = 1258

- — 5 i
i o~

L]
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o]
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l o )
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i
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AN
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i
3
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m
]
<
©
[as}
=
|
e)
L]
Q
W
(%]
b
W0
-
X

4
S OE Y - 2 NES S e
* ve TM 0.024 x 9E0C =z 4 s 369 .

s
e

W)
Y]
Lol

Use 1M 150 corncrete ¢ =nd tor stael:s

]
[
a
~ ‘
]
b

effective depth,

iy
ek

(&)

i
™
38 12N
W
2% 1 3%
A
i
O
Q

C
h)

- v - Y o i . I, o K b IO T L) —
Tence provide overzll depth = 15 om and eff,demth 13 o,

i
>
jt]
DI
W]
S

st (=ve M)

hst (+ve D)

rig,reinforcement

e

ageteialatetatatetetetotatetetetatulotetatelotatetpatuatutetatedat et ointatatelniatatetetotetotagetotatatotndessl
i i
etetatutatatetetatotutateteteetatate tatctatedelotatatutatotetate Fedut tatetatotetotaiatotutatetetetutad

[o3agnts
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X0£ 30k 30 30430 30 30E IO X0k 30% 30 101 30 308 30 30630 0% Yo% 308 10 I K0 X030 0 08 0% X0k Yo YO 30K 30% 10 30K YO 308 30 10 308 X0 30£ 30t 50k 0% X0k

jugetelatstetstatatatodel

jotui-gatet=tedetntotaleiotutatatetelodotatatodedotutotatatotatatatutal. tutelatated

PAGE No. ! 286

jedugn

S e e " e A S RN e, e .
reiniorcement 2 mm Jia & 285 o C,-/ c Eto o oTo o roesist W0 T o=t ko
¥

Ast = 3/4 x 2,0096 = 1.5072 cm2

Provide 6 mm rods @ 18 cm c/c along both directions zt top
and bottom for a distance at Q/S = 0.8 m at corners,

5.3.6 Fame Analysis (KANIS METHOD ) PLATE &,

Ausume
1. Size of roof beam of water tank 20 x 35 cm.
2. Size of floor beam cof water tenk 35 x 60 cm.
3., 8ize of office floor beam 30 ¥ 50 cm.

Flange width:

1. Roof beam of water tank:

bo = lo + Bw + 6 Df
6

lo =0,7x 4 = 2,8 m.

= 2.8 + 0,2+ 6 x 0,15
6

= 1,56 m,

2. Floor beam of water tank:-

]

2.8 + 0.35 + 6 x 0.3
6
2.62 m

-

3., Office floor beam :=-

= 2.8 + 0.3 + 0.9
6

= 1.66 m,

jelngatagaingetatalelatsintepetoatotel tutotatotelrtugatatetutegutatoPatatetagatatotototatatotututot.
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jtulun]

Te find value of Ixx:

. Roof beam of Water tank:

is‘ = 1 = 0.43 156 ci
d 35 .
br = 20 = 0.13 l lrom
B 156 —
Refer Reynolds hand bock (P.311)ushle @ 12
cr = 0.127 I = ibw h3
3 4
I = 0,187 x 20%35 = 160353 om

16004 x 10%cm?

ﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ#ﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁ

2. Flcor beam of water tank:
ds = 30 = 0.5
60
d‘ - . 2b2 cm »
e -3 - o - L
b 1
30cm
from Takles = Cr = 0,198 ‘—3?&;'
Ixx = 0.198 x 35 x 60°
= 1496880 cm°
4 4
= 149,688 x 10" cm
3, Office fleoor beam:-
ds = 15 =0.3
dm 50 |6k tm
br = 30 = 0,18 s
b 166 1 e
Cr = 0,164 20 tm
Ixx = 0,164 x 30 x 503
= 615 00@ cm”
4 4

61,5 x 10 cm
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- 4 = No o
b | PAGE No, ; 30 o
- P 2 & B o
: i :
§ 25w § §
g _IE,E‘ E E G T%H g
o | X%
o 2
X o
g 3.80m Q( g
g + 4 1 4 k  4m L g
o ‘; &
X ; 8
: :
: :
e 330 g
e o
A P .l 5
g Step 1 = To find FEM:~ g
B vaal = 585 x4 x 1% +96x 12 = 1218 kg.nm. o
g 3 > g
¥  _ora =wFa = 5 WL 4 wl® O
X Zg 12 o
g (Live) (Dead) g
g = 5 x1/2x% 4% 2% 2x 585 x 4+ 96 x 4° g
g 3

L

g = 2078 kg.m, §
g End moment EE = 0.2 X 2.85 x 2400 + 0.2 % 0.3 x 2.85 x 2400 x 1 g
g +327Om;;{}x12 + 2,52 x ].2 g
e 2 2 2
% = 5472 + 144 + 6540 + 5.29 g
§ = 12685 kgm. g
: B
o &
n .
3.'.(ﬂﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁnﬁﬁnﬁﬁﬁnﬁﬁﬁﬂﬁg
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deisistatutetetetetetegotatotatuatetototetotatetotatatatet ettt et tutadututntototatatotatotatatetetetetstnss:

%

e Z
WL o+ wl

2

L
a
tr
]
i}
k3
x|
i
qslm
[§2] i
pod

5. x 1 x4 x 2 x 2x 3270x4 + 252 x 4°
48 2 12

= 10200 + 336

CELx

3\

e u

7771777E

e ]

O

8

&

L&

e g

2

O

= 11236 kgm 5

Mg IJ =Mp JI = 5 x 960 x 8 x 4 % 252 x 4° + g

8 12 O

, 2 o

0.125 x 3,8 x 2000 x 4 o

12 83

£

= 3200+326 + 1267 O

o

= 4803 Kgm O

8

Assume col.inside water tank = 20 x 20 cm. &

3 4_ 4 2

I = 1 x 20x 20 =1,33 x 10"em Kk

12 &k

o

Assume main column = 40 x 40 cm. &

3 4 a4 X

I = 1 x 40 x 40° = 21,33 % 10%cm &

12 o

. wp B
Stepe Rotation fzctors: Rotation = =L(Ib/1)

Factor s 1/% g

Joint A £

- W, , &

RAR = -.1,,5 & &:& 16.04 ¥ 10 4 ; n

16.04 xlO‘yf& +1,23 = 1"4/31: i g

&

= % £ 4,01 3 o

4201 = 0.42 3 e 4

‘ £t

= 0,453 3 ]

RAE = 0,047 A 4 —%3 g

L

pu

L

2, 15 ﬁ

o

o

o

O

o {
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PAGE No,
A 4 B ¥
4 Fw pew ~f C
3.05Mm
L a
%
= =k K 4,01 i
4.01+4.01 +0.42
= =0,238 = REC
= -g 0.5 - (0.233x2) ;
= 9,024,
A
XY
E 4w 2
/ ¥
3.86mw
W/ 74
_ 4 4 T
= 21.33 x 10%cm? T2 = 149.688x10%ar?
4
149,688 x 10 3
= _1/2 4 e 3
145.688 x 10T + 1,33 x 10% + 21.33 x 104%
- 4 3. 15 3.8 )
= =% 37.422

d
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g PAGE No, l 34 &
g o
u - n
% Joint T E 5
g o s d
u s ﬁ
g b g
8 O
3 3.80MW 2
2 e g
3 b m
g o 4
5 <
: o g
3 T
ﬁ N ﬁ
: : :
g Tor = 21.33 x 10%cn? g
o d
O
g I = 61.5 x 10%en? g
o
g Iy = 21.33 x 10%c? g
5 Lt
g >
T =
g RIS = L 61.5 = 104 2
o 4 — . 8
g E -2-]“32.-_*‘?—8{—;9 21 33 x 104 + 61.5 x 104§ 1t
5 : 3.5 2 I,
e = oL | &
g 5 g ‘15,375 § g
s 5.€13 #* 5,47 + 15,375 1§ 3
% —a |
==l 15,375 = 9 =
§ E 26.4583 0,291 g
g Joint B = - { 5.613 ; = 0,106 g
g - . 26,456 §
; = = 5.4 = :
g é 26.:1]5435 o.te3 2
g o
3 o
o 4
5 b n
¢ pu !
5 84
gﬁﬁﬂﬁﬁﬂ g
SO0 30K TOE30% 108 100 30% 0%
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F
774

3.em L= 2133104

2 1;5L5x|s4

RJI =
RJF =

R = -0,065

ﬁﬁﬂ#ﬁ#ﬁﬁQﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁ

4w 7
/K

4

2o 1:2123X0

RIR = =k i

15,375

26.458 + 15,375

; = ~-0.184

5.613 _ .
41,833 3” =0. 067

W
w
e fugal
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Coi;ﬁn mééééfs
Max.moments in the cel.inside water tank

= 2 x 167 + 130 = 464 Xgm.
Max.moment in the column below water tank

= 2x1669 + 343 = 3681 Kam.
séép é Fiéeigm
l. Por roof beasm of water tank

| = WL + w12/8
6
= Lx4x2x2x535x4  + 96x4°
6 8

= 3120 + 192 = 3312 Kgm
2. For water tank floor beam

= 3270 x32 + 252 x 42

6 8
= 17440 + 504 = 17,944 Xon,

3. For office floor beam

= 960%x32 + 252 x 42

+O.125x3.@x2000x42

6 8 8
= 5120 + 504 * 1900

= 7524 kom,

5.3.7 Design of 'T' Beams

5.3.7.1 For roof bear of water tank (FLATE 2)

Max =--ve Bm = 2893 kgm,

Maxtve BE 3312 —§<£905+2130§ = 1295

2

wn - -~ : Dortio -
Edge moment =zt cantilever po 5; o % = 1218 Kom.

‘Qﬁﬂﬂﬁﬁ#ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁ
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S eiotutetatetetetedstatotatutelototat tatetctatatatotatated ot  tutudutetatototegedetetatatatotstatetotnse:

a3 ete

Section of beam

238

Let cover = 4 cm, isbCr
A S i c = 3 1S = - F
ssume lever arm 31 lé ] Zocw
20w
= 23.5 om,
Ast (+) = 129500 = 3.67 o
23.5%1500
Provide 2 nos.l16 mm rods @ bottom throuchout
Section at support
The beam is designed as rectasngular beam.
Moment of Resistznce of Section
= 11,55 » 20 x 312
= 2,21,991 kg.om.
Actugl BM = 2,389,300 kg.cm.
311y RM .+ design as deubly reinforced beam.
MR to be provided hy compsteel = 289300-221991
= 67309 kg.com.
Steel on tension side (top)
= 221991 +  673C%
0.904x31x1500 27.5 % 1500
= 5.28 +1.53 =6.91 em?
Provide 4 bars of 16 mm &
Depth of N.A. = C.4 x 31 = 12,4 cm.
Area of steel on Compression side
= 67309 = 3.97 cn®
T0x13x12,4-4%27.5
12.4

Provide 2 bars of 16 mm &

ﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁnnﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁﬂﬁ

ﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁnﬁﬁﬁﬂﬁbﬁﬁﬁﬁﬁﬁﬂbﬁﬁﬁﬂﬁﬁnﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ



PAGE No, 29 &

2

o

Check for strees g
S.F. = L x 4x2x585 = 1940 kg. g
Stear stress = 1940 = 2.46 kscailows sl 7 kgc.ﬁ
0.904x31x20 o

o

Hdowever provide 8 mm £ two lecged stirrups @ 20 om o/c g
at supports and 30 cm C/c et mid gpan. g
5.3.7.2 Floor beam of water tank : 1200, RTS, M13 (PLATE 4) o
2‘7-6"\) ﬁ

[ B Boaw gy

| [socw <&

B5m Q

Max -ve BM = 17022 kgm. g
Maz+ ve BM = 17884 kg - g 100065 + 11592 g
? 0

= 7116 Xkgm. o §

s

at edge beam +ve BM @ support = 8517 kagni, o
o

cover = 5 cm, o §
o

.+ lever arm = 55 -~ 30 ) ® ¢

2 &

&

= 35 om. o

o 5 o

Ast = 851700 = 16,22 om £t
35 x 1500 O

Provide 6 bars of 20 mm @ rods =t bottonm &
&

Section at_support : Section : rectanguiar. b o
o

MR = 11,55 x 35 x 552 =12, 22, 856 kgcm. £t
O

&ctual BM = 17022C0 kg om > 12, 22, £56 Lk
. Designed as doubly reinforced beam g
MR to be provided by comp.steel = 1702200-1222856 g
= 479344 kgem. §

o

o

o

3&

&
)5ﬁﬂl&ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁnﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ
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PAGE No,

=
o
o3
&

SSsuming 5 am cover to C/c of comm.steel and tension

ast at top

Provide 5 bears of

dentn oI .h.

ast {comp)

Provide 4 bars 2f 20

Check for sheers:
S.FO

1 -
11X e

25 o

i

1222856

+ 479344

0.904x55::1550

16.4 + ©.27

3270x4+252x4
2

13584 xg.

51x1500

Two bars of 20 mm @ are beont at L/5 distance

and taken to the top.

Shesr taken oy tine pent ud

it

2x3,14x1500x0,7C7
S660 kg.

ilet snear = 13584-5660 = 6524
Siiezr strees = 6924
U, 9045535
) 2
= 3.98 kg/cu '
sowever provide 108 .. B two legged

® 20 o c/c =t supports

K
TKsc .1l
stirrups

end 30 cm C/c ot mid span.

,Qﬁﬂﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁﬂﬁﬁﬂﬁﬁﬂﬁﬂﬁﬁﬁ

A0
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&

5.3.7.3 Office floor peai (PLZTE 5)

.ax ~veBiu = 5540 xgid,

la =
ax -—-velii = 7524~ {4795+45811)
2
2719 Xam.
Lever arm + 46 ~ 15 = 385 crm.
2
= % ~
Hot = _2_2195\1»00 = 3,07 cr®
2.5x%2300C

Provide 3 nos. 16 m3 @ rods »t bottom taorougnont

Section at support : shepe : rectangulsr

MR = 6.6X3OX462 = 4,158,963 ko,

'R to be provided by com.st = 554000-4F396¢
= 135032 =g,

cover = 4 c<m.

teel on tension(top) = 418948 4+ 135032

g

PAGE No, 41

0.903x46x23C0 42x2300

it

4.39 ® 1.4

= 5,79 sz

Provide 4 rods of 16 mm & at top

C.4 3 4C = 18,4 cia.

i

Denth of il.A.

ast comp (Dottom) = 135032
50x%18x18.4~4 » 42
18,4
= 4,55 cmZ

Provide 3 nos. 16 mm @ rods

1-&'33\5. S. FO

]

38404+50C4+1CC0 = 5244 e

= 6244
0,203:2463:30

Snear stress = 5.01%5 Tsc
@ e — sl -

Jﬁﬁﬂﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁnﬂﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁ

CEO0uAR2E2x2+0,125w2,82 3 20002

- u LiLe

ﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁbﬁﬁﬁﬁﬁﬁﬁbﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ



&
fu

However provide 8 mo 7 2 Lesged
at supports znd 30 am C/c ot mid Sleil.

Plinth bean

D
[#3]
n
w
[@)
3}
J
®)
L]

Assun the giz
Ioad from wall
Szsum LL =
load = 1375 Kg/u.

Totsl

Since plinth bez

it
[
w
~J
U

A
Pl
W

i

Frovide totzl deptn = 30 < +2d e/, = 27 <.
1100 x 100
0.903 x 2300x27

. .2
= L, 2w om

Ast =

)v

Provide 4 os 12 ma £ rods st t

L

R

and 8 mn 12 legged stirrups =t 25 o C/c,

5.3.2 Desiagn of column inside tank

20 x 2T cm,
0e2x0, 2%3,75%240C = 302 Yg.

Load froom roof slah = 58¢ v 16 = 2360 k.
Total 2662 ko,
Bl = 464 liom,

Assume 4 lYos ~f 16 mm & RTS rods

»
equivalent area = 20x20F (13-1)x4x2, 01
= 496, 48
Roo] n — - (0 N 2
Eq.M.I, = _20° 4 12 x4x2,01 x7

12
= 18061.33 cm™

‘uﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁlﬁﬂﬁﬁﬁ

iooottom throvcio
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aliieiatetutetagetatetatotatotutatatatetegotateotatatut et atetet-to]  Tutututotntatatutnteteiernsntntnietetoote

&

C'c
Cl
.
gﬁ§A + C#
§.c T

5.3.9 Desion of main

i
N
2]
.

Ioad £from roof slab

Load from water tank

beam

Load from office
£floor beam

Ioad from nlinth beam =

Load from col,ingsicde

Self wt.ascuming
40 3 40 col.

1

29,
.4

UP‘
Ol

.. Design as short

Moment gt bottom

from water tank
zlab

from wall 2.125

X
I

from office floor

X

il

(3.3+3.2)x2000x83

252%8

Q¢ 330, 3%x2420x8

tank

G,4x0,4x(3.8%3,5+
1.6)x2400 =

= 1,03,000 kg.
= 9,75 ¢ 12
column (IS.24.1.2)

i

333 kom.

PAGE No,

— YT DN S e
QZED e

= 201% o,
= 1728 Xco.
= 302 g,

3571 a.

S o . s B

ﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ#ﬁﬂﬂﬁﬁﬁﬂﬂﬁﬁﬁﬁ
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s tEetatetetetetotetetutatotatetatotatel tetotatetagat ottt tutatutetatototatatetutetatotategutotainte:

X0 X00K

Assume 40 x 40 col & 12 tog. 32 mm @B rods.
Eqguivalent =zrea = 4040+l TxE2:8, 04

~ - 2
= 3 2 4 LW ]__ &) ::,\

Eg.lie I, = §94+l7x(8X@.O4X162

12
= 5,2%,244 - cm4

o C = 1,03,000 = 32
3245,1¢6

c! = 33300x20 = 1,
52844

o C' + c! = 31,78 4+ 1,26 =
40 5C

5.3.1 Design of fourdzstion

0
i
£
[
ct
m
<
D

The foundation is subject

of 4099 Kg + & bending moment of 21315 lkom. Let theo zref
~J o 4

welght of foundation he =

Total vetticsl load = 4099441C + 4509 Ky,
Let '3' be the side of the column.

. L .
maximum, st the based will Le

W+ = 2
&
B?.. 13370 .
{ ) ah B = ™
Provide 42°%§§é3%§“8x§é1/ 25

tiet upward distributicn varistion will be sive
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