Working Stress Design Method

Singly Reinforced Concrete beams:

b

i

NA

_fc .

fc<0.45fc

kd

=fc kd.b/2

As

fs/n

d-kd

jd

i

Based on cracked-elastic section:

[fct = fr = 0.62\/fc", fceomp < 0.5fC"]
fCeomp < 0.45fC’

fs <05fy « {
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T=As.fs

fc'
0.5fc

140MPa for fy = 300MPa
170MPa for fy = 400MPa

&C



kd As
b.kd.7=n.As. (d — kd), p=1
(kd)*
b. > = n.pbd. (d — kd)
kd)?
b.( 2) = n.pbd*. (1 — k)
(k)?
5= np — npk

(k)? + 2npk —2np = 0 - k = /(np)? + 2np — np
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~ fckdb
L=
T =Asfs

_ fc,;db.jd
fc.kj.b.d?

T2

Ms =T.jd = As.fs.jd

Mc=C.jd

Mc=C.jd

jd =d > J=1—=
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kd - d > K 1 +_;£§_

kd

d-kd

fs/n
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Ex1:

If M=150kN.m, n=8, As=4000mm2, d=500mm, b=300mm,

find stresses In steel and concrete.
Solution:

4000
P =300 %500

k=y/(np)? + 2np —np

= 0.0267

k =/(8%0.0267)2 + 2 * 8 x 0.0267

— 8% 0.0267 = 0.474

ke 04ra
J=T3 T 3
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300mm|

500mm

As=40(

)Omm?




fc.kj.b.d? ; 2M
— > C

M

2 S T ki b.d?
B 2 %150 % 1073 owp
0474 %0842 %03 +052 “
150 * 10~3

S S J4 = 1S = 4 = 1000 % 106 0.842 = 0.5

= 89MPa
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EX2:

For data given In Ex1, If f¢'=30MPa, 1S, jowanie=140MPa, find
moment capacity of the beam.

Solution:

fCa||owab|e:O.45fC':O.45*30213.5M Pa
assume steel failure fs=140MPa

fc
fs i i
N .
kd d—kd ~0.474 %500 =
140 i
p— ? “
500 — 0.474 * 500 E
| | /fs/n
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fc =15.8MPa > fcy0w = 13.5MPa -

s~ concrete failure, fc = 13.5Mpa

fs fs
fe 13.5 5

kd _ d—kd 0474500 500 — 0.474 % 500
fs =120MPa < fsg;,n = 140MPa

fc.kj.b.d® 13.5x0.474 % 0.842 % 0.3 * 0.5°

Mc=C.jd =

2 2
= 0.202MN.m

OR Ms =T.jd = As. fs.jd = 4000 * 1076 % 120 * 0.842 x
0.5 = 0.202MN.m
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Ex3: Design of concrete beam.
If M=300kN.m, fc'=30MPa, fs=140MPa, n=10, fy=300MPa.

Solution:
fCa||Owab|e:O.45fC':O.45*30213.5M Pa

1 1
k = . =120 = 0.49 balanced failure
nfc ' 10%13.5
o k , 049 084
R T T
fc.kj.b.d? 13.5 * 0.49 * 0.84 = bd* ,
M = > > 0.3 = > > bd
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Assume d=2b— b=d/2

d3

> =108* 1073 - d = 600mm, b =300mm

M =As.fs.jd - 0.3 = As * 140 x 0.84 * 0.5 — As
= 4251mm?

use 7028 = 4312mm?

4251 1.4

_ = 0.0226 > p; = — = 0.0046 0.K
300 * 600 Pmin = 37

p
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Doubly Reinforced Beams:

] b
ﬁ il
: o fic *——ﬂl—*ﬂ Z
i AS fs72n 7 = _pcar ¥
i e =fc kd b2
NA
O
g
. =]
=
1 As fs/n ol ToAS fs
As' > (2n — 1)As’,
transformed to concrete
A > NAS

transformed to concrete
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> My

kd
b * kd * > + (2n —1)As’ *x (kd — d') = ndAs(d — kd)

_AS ,_AS’
P=pa’ P = bd
b(kd)?

> F(2n — 1)p'bd(kd — d’) = npbd(d — kd)
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k= |2(2n — 1),0’5 + 2np + n*(2p" + p — %)2 —n(2p’
N

!

o,
p n)

If As' = 2np'bd

!

k= [Zn(p'—+p) +n%(p" +p)* —n(p’ + p)
\

jd=d-z —j=1-z/d
Ms=As fs jd
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Mc=(cl+c2)(d—1z) =(

d 2 4 1o, _dl
~ k +p'(2n—-1)(1 —)d

fckdb
2

Z =
ko4 _ _a
Y P (Zn 1)(1 kd)
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Ex1:
If M=150kN.m, n=8, find fs' fs,fc

-
S| 1300 S
- mim D
' —TT —_
1 Ag'=500mm*= lg“ 5 fs /7n ,fé—eQ:As'fs' :
! o = =fc.kd.b/2
= 1
E = BT
D I'I’? Lnll. o
O S|y =
nk S
' As=4000mm* | fs/n
S | e | =AS.fS
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Solution:

_As__4000 . _As'_ 500
P =5d ~300+500 < P Tbd T 300%500
— 0.0033
d’ p,
k= [202n — 1)p’E + 2np + n?(2p’' + p — z)z —n(2p’
\

!

P
p n)
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k:[2(2*8—1)*0.0033*%+2*8*0.027+

1

82(2 + 0.0033 + 0.027 — 22222 |* — 8 (2 +0.0033

0.027 = 0.45

0.0033)

kd=0.45*500=225mm

fsr fsr
E_ % fC __ 2%8

kd  kd—d 225 175
fc.kd.b fc*0.225%0.3

-2 2

c2 =As'fs' =500 107°*12.44fc = 6.22 * 103 f¢
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c1 = 0.03375f¢



c =cl+c2=0.03375fc + 6.22 * 10~3fc = 0.03997fc

2 Mtop fiber —

Cl*?-I-CZ xd =cx*xz

cl*I;—d+CZ*d’

7 =
C

~ 0.03375fc * - 6.22 * 1073 fc = 0.05

_ — 0.0711
0.03997fc m

0.225

OR
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d 2 1o _als
k2 +p'@n—- 1D - Lyd

p'(2n - D(1 - 1)

7 =

N | &

=/1.1mm
jd=d-z=500-71.1=428.9mm

M = Asfsjd 150+ 107 87.43MP
— - — — .
SISIE = S = 4000 + 106 * 0.4289 !

Mc = c.jd - 150 * 1073 = 0.03997f¢ = 0.4289 - fc
= 8.75MPa
fs'=1244fc =12.44 % 8.75 = 108.85MPa
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EX2:
For data given in ex1,if fs=140MPa, fc'=25MPa, n=8, find
moment capacity.

(-]
I >
o fc
[ fs72n @zﬁs.fgﬁ
N & L c=c1+c2
i'l“il — fc.kd.b/2
S -
S| | MNA—=!
T —
I E 5=
LY
e
<
© fs/n
Yy ¥ e | —As. s
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Solution:

Assume steel failure, fs=140MPa

fs 140

fe W J¢ _ 7§
kd d—kd 225 275
= 0.45 % 25 = 11.25MPa —.. concrete failure

fs fs
fo__wo M2 _ oo
kd - d—kd 225 " 275 /S F a > JSau

= 140MPa

> fc = 14.3MPa > fcyy
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fsr fsr

T TT T T T = MOMPa = fq,
= 140MPa

M = Asfsjd = 4000 107 % 110 * 103 % 0.4289
= 189 kN.m

OR

M = ¢jd = 0.03997fc. jd = 0.03997 * 11.25 = 103  0.4289
= 189kN.m
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EX3:
If M=300kN.m, fc'=30MPa, fs=140MPa, n=8, design beam for

flexure.

Solution: =
Assume singly RC beam and balanced § 300mm
Qs -
failure —
} As'
fc allowable=0.45*30=13.5MPa -
=
1 1 =)
k = 75 = —— = 0.44 o
1+— 1+
nfc 8%13.5 ‘ As

kd=0.44*550=242mm
J=1-k/3=1-0.44/3=0.85
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]d=0.85*550=467mm
c.kd.b.jd cx0.242 x 0.3 *x 0.467
M:f J \03:f

2 | 2
= 17.6MPa > fc,; = 13.5MPa -
~. compression reinforcement is required
M=Asfsjd
0.3 = As x 140 x 0.467 > As = 4.584 * 1073m?*
= 4584mm?*

Concrete Design-WSD
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 fe.kd.b.jd  13.5%10% % 0.242 % 0.3 % 0.467
B 2 B 2

= 229kN.m
M'=Mt-Mc=300-229=71kN.m

71
140 = 103 * (0.55 — 0.05)

= 1.014 * 1073m? = 1014mm?*

M' =As'fs'(d—d') » As' =

use 9925 + 1920 = 4733mm? tension reinf.

use 4920 = 1256mm? compression reinf.
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~As 4733 As' 1256

= = — 00287 o =— =
P = 5d ~ 300 %550 P =54 T 300 * 550
= 0.0076
dl p’
k= [202n — 1),0’3 + 2np + n?(2p' + p — ;)2 —n(2p’
\

!

P
+p n)
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50
500

k:[2(2*8—1)*0.0076* -2 % 8 % 0.0287

1

0.0076 2]5

+ 8%(2 % 0.0076 + 0.0287

0.0076

— 8 (2 ¥ 0.0076 + 0.0287 3

) = 0.429
kd=0.429*550=236mm

d 12 4 (9 _d

6k +p'2n—-1)1 kd)d

k , B _d_’
> +p'2n—-1(1-—)

Concrete Design-WSD
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224 0.4292 +0.0076(2 * 8 — 1) (1 — =) * 50
p 236

0.429

7 =

. _ _ =0
F0.0076(2 % 8 — 1)(1 — =)

=70.2mm
jd=d-z=550-70.2=480mm

0.3
Asjd 4733 % 1076 % 0.48

< fSall = 140MPa O.K

= 132MPa

M = Asfsjd — fs =
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fs 132

— fc e fc
I d ~kd 550236 ~ 236 ~ J¢ = 124MPa < fea
— 13.5MPa 0.K
fsr fsr
% _ fC 2%*8 fC

hd—d'  kd  236-50 236 /S T 1>64MPa

> fs; = 140MPa N.G

Increase As' gradually, till fs' < fs,;

use 2025 + 2022 = 1740mm? compression reinf.
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~As 4733 As' 1740

= — = = 0.02 N —
P=3d —300=550 V%87 P =0 = 300w 550
= 0.0105
dl p’
k= [202n — 1),0’3 + 2np + n?(2p' + p — ;)2 —n(2p’
\

!

P
+p n)
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50
k = [2(2*8—1)*0.0105*500 2+ 8x0.0287

1

0.0105 .72
7|

+ 8%(2 *0.0105 + 0.0287

0.0105
8

— 8 (2 * 0.0105 + 0.0287 ) = 0.411
kd=0.411*550=226mm

d 12 4 (9 _d
6k +p'2n—-1)1 kd)d

Z =
kg — _a
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250 4 0.4112 + 0.0105(2 * 8 — 1) (1 — ﬂ) £ 50
6 226

0.411

7 =

| _ _ 20
F0.0105(2 % 8 — 1)(1 — =)

=65.8mm
Jd=d-z=550-65.8=484mm
0.3
Asjd ~ 4733 * 1076 * 0.484

= 131MPa < fsy; = 140MPa 0.K

fs 131

— :fc \ 5 _ fc
d—kd kd 550—226 226

< fcall = 13.5MPa O0.K
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> fc = 11.42MPa



fsr fs!
% _ fC 2*8 fC

kd—d _kd  226—50 226
— 140MPa 0.K

> fs' = 140MPa < fsyy;
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T-Beam Section:
EX1:

If M=200kN.m, n = 5— — 12, find fc and fs.
1000 ,E‘
fc -
==tz | I

-2 | NA
=
<t
fs/n _ T=As fs As=3p00mm*

. 250 _|

Concrete Design-WSD

34



Solution:

Assume N.A at x-axlIs

> My x

moment of comp.area = 1000 * 100 * = 5% 10°mm3

moment of ten.area = 12 * 3000 * 400 = 14.4 * 10°mm?
Since moment of ten.area > moment of comp.area —

NA within web

zMNA =0
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d— 100

kd k
1000 * kd * -~ (kd —100)(1000 — 250)(

2
= nAs(d — kd)
kd?
1000 = > (kd — 100)% = 375 = 12 * 3000(500 — kd)
— kd = 165mm > hf

fc fc
cl =7*kd*b =5 165 *x 1000 = 825001 ¢

fc  fcl fc  fcl
kd kd—hf 165 165 — 100

> fcl = 0.39fc
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0.39fc

c2 = > * (kd — hf)(b — bw)

- 0.39fc
2

c =cl —c2=82500fc —9506fc = 72994 fc

2 Mtop fiber — 0
kd

% (165 — 100) (1000 — 250) = 9506f¢

1 2 (h v — hf)
¥ — — % : = C *
C 3 C f 3 C*Z
165 165 — 100
82500fc * 3 95061 ¢ * (100 | 3 )

= 72994fcxz - z = 46.3mm

Concrete Design-WSD
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Jd=d-z=500-46.3=453.7mm
M = Asfsjd fs = 0.2 = 147MP
— - — —
>J5) > 3000 * 1076 x 0.4537 “

M =cjd - 0.2 =72994fc x 0.4537 - fc = 6.04MPa
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EX2:
For data given in ex1,if fs=140MPa, fc'=30MPa, find moment

capacity.
Solution:

fc =6.04MPa < fcy; = 0.45fc’ = 0.45 * 30 = 13.5MPa
fs =147MPa > fs,; = 140MPa —-. steel failure
M = Asfsjd = 3000 * 107° %« 140 % 103 = 0.4537
= 190kN.m
OR

fs 140
fe W Jc
kd d—kd 165 500—165
M = c¢cjd = 72994 % 5.74 « 0.4537 = 1073 = 190kN.m
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