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7. %/Orﬁmg Slress Melthod

[7-1 Introduction:
WSM design of RCc member is the oldest metho

desr'gn. Main adwantages of WSMare following

i Less deffection due to Larger 5€ction Size

ib Less crack wmidlbh due to lower stress FPevel ofsteel,
f‘fﬁﬁ?ﬁfﬁfﬁfkﬂﬁSiZG.

CPOP

ify Lo %o of otecl becaus€ o

€ Note:
l L8M is econemical than hNSM. _J

172 Assumplions .
4+ Plane section remains plane aFter bend:hg,
= Tensile strengkh of concrele is gnored,

280

3% pe

- Both makerials are assuwrned bo be Ain€aily <lastic.

- Moqdular ralbio s
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17.3 Permissible Stiess of Mate; Vel f

> Cencrele:
o 3-0 1.2
M5 oo
M2 i
o 3.9
i 3.6
™M 35 A
M40 10.0 P
i - sso
0z = Permissible shress under drreck eompre '
‘ MP ression.
Copc= Permissible  slresg under bending comp
Che ™

o, = Under tension.

B> 'S‘[it"f" (0_5 {)

500
Types of Skress Pe 250 Fed15 Fe
« Tension:
- Q_7
¢ <20mm 140 230 5
. L35
¢ > 20mm 130 230
190
s Compression 130 190
i . fok nd [k yespe.
. Fk g fek
Ore and Ocp, Qre Qpproe/mately = g

; ) 2 : :
-~ Above values are 'Ncreased by 33.33 % for strtictu
Slfbjf?(jf{# [_Q W}ﬂfi F(‘r‘acﬁ '(n_‘_ (*Qi”)f?u'(]f*r -*{'J(:'('fd;
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17 .4 Use of Mod'l ILGI“ Ratjo.
—_‘I——’ P = pc+ PS

sy Br BoBat FsBs

‘Crom skrain compatibiliby,

GSZGC
F . fe
Es s
Fs: %FC
Jcsszc - oe =30

from Gy and i)
Pz FhAc+@F)As

> Pz KA+ f(mAs)

- Fromn above Cx pre€ssicn, it is clear Fhat area ot stkee) can

be converted nrto equf"vaﬂen% area of corxrete 53 mulklp-

’3:‘n9 modular ratio to arca of steel

Fx. Compare maodular ratic of WM with short lerm and fc?'i?

beriry Maodular rakie. M30 roncrete andl €reep coektficient 1.6

. WSM
280 o)
30che  3X10
eShorl Term
m= Bs _ 2x0”
Ec 5000430 ~ 1>
= Lonfj Te‘rrh
5
= -_E_:S_.. e —-—ﬂ’—g-___—_-,-_— & 38‘?5’
Ton SO0 Uc¥30
{416

Since . m of WSM [ies between short term § ’C”Z? L
J ded that mm ok WS rM t's Paf'ffh_ﬂ-/y

madular ratro so 1t canbe conclu
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incorporat N9 the effecl ¢fcieep
9.5 anujs:‘.s of S’w‘ngid Reinforced Section:

17.51 Positign of Neutral Axis

e, — |
4
d = e — j— — L q— — -
‘L AJL j MASE I'I
I 1
kbl ,:,’._
Skrain Equivalent
Secbron

For Pogition of NA

C=T
-~ & ol
Jiac?(‘a;(caxb* r:;xmAsi @

Fromm sEress dl"c,lgrcim_‘
ca _ ta/m

— T

Xq d-Aq
= Ca = ( Xa J . .‘_:_3. . - ——
d-¥ |

i S
fromd) and Gi)
% Xa €0 s o , 3
> froax(EL) B x b ta st

= b Xa %C_l = mAst (d- Xe)
=~ MWaomeni of arca of Moament o Carea of A €nsioy
zonet aboul NA

tom p.zone (-113(,1,{{

A A
Above expression shaws that po;r'h“on of NA coan be
directly calceylated by equah‘@ moement of are @ of comp,
and tension zone about NA., This cannot be Applied rn Lim
hecause sectian [s of two diff. maler)als.
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T~ W SM steel s converted Info concrele So above

expressian is valld,

iF-5.9 ijeg of Section:
Basecl on quantity of steel present 10 section, three l:jpes oF
Sections are defined.

D Balanced Seclion:
AmountcoF steel Insection is suclk thodt cencrebe and

stee! both attam bheir permissible skress simultaneously.

gy et 7_‘* Jebe
R lf/ Caz Obe  ta= O3
| N
AS["’ /’_”‘ :’ o Y X,
d 6 o !
m
Po(‘ Z¢=)
¢ O
ArZEe g 8 s
I y A8 (D
P &3 /
o 52
D_"f | ¢ cbe St/l"f)
i‘f_s_'g = p, = (™ Ococ d
m \md"cbc—!- O

i
7
o

é xt'

* Nole:
Position of NA for balenced section (Z:) depends on

g rgde oF stee only.




11-6

2> Under Reinfthiced SechHon:
Ameunt of steel in Section js Such that Stee)
aftainsg ks permissibie stress hefore concrete.

- Bailyre of under reinforced secktion (s Eension
Fariqre

Pailinder reinforced seckion gives sufficrent
war inwng befere failure so it is preferable.

3y Over Rein F’GJ'(‘F(J S"f—‘_rf fc_-n.'
Amount ¢f steel in seckion /s such Hhab conerele
attains its permissible Stress before stee)

777 b

/1 Ca=Tibe la<sy

7
/ 7
7

G i ZLa 27X,
Astg s
0 0 © £
'
‘ ;-z’o_éi
Ost et
m

- Farlure of over reinforced section is comprsiim
J%”UJ’P

~Failure of over veinforced seckon sudden
cw:‘mou'rwqmmﬁy se itis undesivable.
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X Comp(}!ff"?? far"!ure Strcgsj d:“(‘{910m of G,P thnf‘t:‘ i_ypf'.s‘ OF

section.

Ocbe
» -Under reinferced
c over reinfoerced
e / >~ Balanced
Ost ,5':"/ 5
‘:7._.___5__’

¢ @ o } ]‘

Equivalent
Section,

MR=C xLA

1-2Lx'k’qx(‘axb(d“' Sii

MR = TxLA

g ¥ Rsp ~ (d- Lo
3

1> Balanced Secltion -
MRbaI = LXLA
= dxx %0z, xb g B
5 e B9 - —=)

=1 x(kad)*0pe b (4 - 3)

x k (’“5) %be bd*
A T *sed %

: Yehe
e
Mrebﬁ’ = bC'l

I
.

N
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W’Qb@r.{_ T’(}-A

= Usr A (d‘ ,S_.g—h{,\

=05t - Ast (' - g-)c)

Ji’ jc:l = LA oF balanced secton

2> Under Reinferced Sectien

ME= CoxLA

T_‘_ég ")faxCa ?b(d ?)

i fress o Vagranas
Ca can be calculated frormn Stréss (Jiagrt
fol lows —
(Ca

%a

d b (gj x TH

. eferable
= Oy A”’(d'gfq‘) ( Preferable)

3> Qver Reinforeed Se ction.

MR= C xLA

X i . .
— i{x?ﬁ’qxdqcbcxb(d" -g_cg.) ('p‘;}f‘f( rﬁbl@)
MR= TxLA

. Xq
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60 can be cai’cu!o_{r’ﬁd 'FYOI’YU S“LLFLC’SJ C’:’a_gram as JCOUGPU_S'.'-
o-t:-,bc

_ [d-Xa
'(“g d ELL - ( 'XOC.( (gD @—(b(‘
™m

V7.6 Axiad Load (hnymg Capa('iz‘\y el Colurmn:

P
4%; pShort = pc + P5
0 [

pShartz Occ Ac+ O'Sc‘A.Sc

fr

Oce (ﬂS‘Asc) 4+ Osc Asc

o By, AR N PShOrL = U_cc‘Ag 3 (O_SC'SCc)' Aac
: : NOVU:
p\-t)nj = Cr Pshort

where, Crz= Reduction coefficient

. Lepr
Cy= 129="I35h

& Note: SE— . .
- Modulg r ratto of compression steels (-5 Hmecg

modu gy rakto of tensien steel Thi's enhancement is
done ks take care af-(}'f‘-fp effect of concrel e

m =z ).5m
wheére . m = j_ﬁ_'_z_
3 0che
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Ex Calculale equr'vozf ent area of section 3:‘»!{—*;« belowy
b

Ast _
a é a2 : E | As b ™ Ast
Gﬂ =

~1)Ast
PRSI S

Aecr_ = bd+ (]W—})'As.{ :

~

x . Calculale
iy Positionaof critical N-A.
iy Ast reguived Por balanced sectlion.
iiiy MR of balanced Section,
vy Jf Asp 15 3-20¢ bhen calculate MR alse calculate
steel For BM 100 kNm. (WSM

Skress of concrete and special)
o TF Agp is 5-20¢ Ehe calculate MR
£ 250
M20O
700 Fe415.
Ast
4 |oocoo
= (B g 280 5 %QO - 13.33
30.be b 4
. e . 13:83 X F
me +¢ 13.33 x4 230
k=06288
Xez kd

- 0.288 x 700
_Xc':_ 201.6 mm
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(1) e=T

3 x%e x Ope *b = T5p Ast

d » Bo1E Y B0 BTN ek
Asp= 1380.5m
Qi) MR, , = 3 k-] Oipe bd *

= . 0.-28% - 2
,;1 x028& (t- _S_) ¥ F X450 X700
MR, . = 20092 knN'-m

@) For posikicn of NA.

? X
b f-tax—f - ™ Agy (d")f’a)

2

TC ‘
450 x % = 18:33x3x T8 x 20" (700~ %q)

Za= 1317 4mm

Since Ag< Xe So section is under reinferced

MR: Tx LA

=P Fat ="
3

171.%
= 230x ]x gx 200% x (?OO- "'———-?3 4)
MR -

139.32 £N-m
Caf
BM= Resistance of secljon
—tg
BM = ¢ xlA
2 1 Sookn m = - e T
y 0 Bm= 1 2q¢q b(d- ;3)
i

6
(eOX 10 = _1_!,( 171,774 x Ca ¥A50
x ( Foo- ———4’1;'7)

(o' = 4:03 Nrmm*
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From Stress d rag¥am:

D v _ [Feo - 17I.
ta = <d/;i ) Lo ° C_Mﬁ)ﬂ'3‘33x q4.03

191.7 4

i

~ )65 23 N)mmL

3=

v
For position efF NA .

b-Zq ?_;_G_ = ¥ Ag) - (d-%a)

oLk |
45‘0><_;._ = 18.89% sx}xpoﬂ ( 700-Xa )

Xao 212-906MM
Since, Xa> X. SO Stction Is over reinforeed

MR- CXT A = %Xa-gc;bckb(d~3;?/)

MR- 210. 93 kN

o ... Chapter 17 EndsS Here



