Doubly reinforce section

1.To iIncrease moment capacity of sections having limited
dimensions

2.To reduce the amount of long-term deflection

3.To support shear reinforcement (Stirrups)
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Balanced steel ratio:

Es = &
. =€, balance failure

Let

_ As . As
P=pd’ P ~ba

_ A .
pp =~ balance steel ratio

YEx =20
Asy, fy=As'fs'+85fcba +bdfy
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ASb As fS 5fC'*a
bd bd Ty O°Fy d

s fc a
Pp,—P E OISSW a ............................ (1)
From strain diagram "Scc_u — gcu;fgy

b

cp = Ecu « d

Ecu T &
a_B C_B % Seu d=B.* 0.003 *d_B 600 xq

1 1 Ecutey 1 0.003+ 20(1;)(/)00 1 600+fy

Subeg.2intoeq. 1

.(2)
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B fc 600

pb:p'*ﬁﬂ)b for fs<fy

f)b:p'+pb for fs=fy
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fs at balance condition:

Ecu— & & T Ey

d d
, d
€s = Ecu — E (Ecu gy)

fs=fy if e >¢,

fs<fy if e, <&,

' ' dl
~fs :ESSSZES [Scu' E (8CU+8y)

E,=200000 MPa , ¢,,=0.003
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. d
fs=600-— (600+fy)

d 600-fs

d 600+fy
_%>O.2 fs'<fy_

If ¥ for fy=400 MPa
g <0.2 fs':fy_
%>o 333 fs<fy

If ¥ for fy=300MPa
<0333 fs=fy
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To find p . ,flow the same steps above for p, , but e, = 0.004

[ d , d
fs=E; |ecy- 3 (g¢y10. 004) —Ts=600-1400— <

d
5 =ogsp et ofS
Pmax=-29F1 fy £,,+0.004 pfy
fc' fs
= (0.364
pmax ﬁl fy fy
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Bending moment capacity of doubly reinforced rectangular

section
Mu = @Mn

1. fs=fy
a

Mu=0 [O.85 fc' ba (d 2) +As fy (d'd')]

z Fx=0

As fy=Asfy+0.85 fcha <bafy

—_(= A fy *
=(P-P) ya5c O
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2. fs<fy

Mu=0 [0.85fc'ba (d

2 Fx=0

d

2

) +Asts (d-d)|

As fy=Asfs+0.85fcha  +hdfy

— [ = '*fsl * fy *
a—(p-p E) 085 o d......... (1)

From strain diagram

Scu~€s _ Scu

d C
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CcC=

.'.a:Bl,C:
Eq,=Eq,

_fs fy 6008,
p-p — * _*(= -*('
fy ) 0.85fc 600-fs

2" order eg. to be solved for fs' then fined (a) from egl or

eq2
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Condition for yielding of compression reinforcement

For large p , &,.>¢,—fs'=fy
For small p , e<e,—fs<fy
For min. p , e=g,—fs=fy
Pmin. 1he min. steel ratio required to iInsure yielding of
compression reinforcement
YEFx =20
As fy=As fy+0.85fcha +bd fy
fc a

:'+. —*_
p 0851,y r

ﬁmin
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From strain diagram

€ :
=— sub g =g,

d ¢

gud 600
gy — & 600 — fy
6008, wd
600-fy

gcu T gy . gcu

i

Cc=

.'.a:Blc:

600

ﬁmin:p'+0.85[31 Y * x * 500-Ty for analysis problems
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IF p=p . —fs'=fy For moment equation
IF p<p,..—fs <fy For moment equation

For design problems set (to ensure that

F_)min = [_)max

fs'=fy for moment equation)

p+0.85B, —*—* D - 0.85B e b, plfi’ -
lfy d 600-fy 1 fy e, + 0.004 fy
d 3
N H 2200 —— (600 — fy)

For fy=400MPa,, if < < 0.143 - fs' = fy

For fy=300MPa, if < < 0.210 - fs' = fy

Concrete Design-Doubly RCB 14



Reduction factor @

To find p, ,flow the same steps above, but &, = 0.005

—— fC' Ecu ' ' r_
p,=0.85B, > * 0,005 +p=p,tp For fs =fy

Ifp < p; =& =0.005-0=09
Ifp > p; - &, <0.005 - @ =0.483 4+ 83.3¢;
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5,=0.85 fe +—fS' for fs'<
P=0-85 Py e 0,005 P Ty orfs <ty

_ s’ . [ d '
pt:pt+pW for fs<fy, fs=E;|gy- 3 (g, 10.005) —

fs':600—1600% < fy
It p<p,— 0=0.9
if p>p,— $=0.483+83.3 &,

dt — c
C

€t — Ecu *
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Summary

-ﬂ—l

] e
As'
AS

] & ®

dl
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__As
P=bd

1. Check

ik

pmax

2. Checkp<p, _ =085p, ——o

P>

i) I

. As
~ bd

< Prnax (singley - Singly reinforced section -
Pmax(Single) Doubly reinforced section

rfS'
1 fy gcy+0.004 PP Y fy

: d _ :
fs = 600 — 14005 <fy forp,__ equation
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fcd 600

3. Checkp 15 deoory TP

= 0.858

min

a. Ifp=>p.. —fs =fy

min

Mu = ¢ [0.85 fc'ba (d — %) +As'fy(d - d)|

_ N by N 1Y
a:(p_p)o_gsfc’*d_)a:(AS_AS)O.SSfC'b

_ - fc' €cu | ' —
Itp < p, = 0856, fy  6eq40.005 ' P 0 =09

Ifp > p, - @ = 0.483 + 83.3¢
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b. |If ﬁ<§min—>f5'<fy

: d : -

Mu=g |0.85fc ba (d-7) +As fs'(d-d )

fs\ fy

a= (f)-p ) d......... (1)

fy/0.851c solve for fs'and a
. 600p, .
87 g @, _

fc Ecu  fs

Fp— -0 =09
1Ty eeqt0.005 P fy 0

, d
fs'=600-1600— < fy
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Ifp >p, > @ = 0.483

dt — c

€t = Ecu

83.3¢,
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Ex1: % — ﬁ MPa, find Mu, If

1. 3@32, As=2413mm?
2. 6@32, As=4826mm?

3. 5@32 +1@25. As=4513mm?

Solution:

As'=20125=982mm’ , — p’ = == =
%2 0.0055

300x600

63mm

_300mm __|

600mm

As'=2025

As

Concrete Design-Doubly RCB
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1 - 3032,

A 2413
As = 2413mm? - [_):—S = = 0.0134
bd 300 % 600
fC’ ECU
= 0.850(1
Pmax P fy €. + 0.004
for fc = 35MPa > 28,
¢ — 28 35 — 28
f1l = 0.85—0.05*f . = 0.85 — 0.05 « .
= 0.80
35 0.003
0 =0.85%0.8 % — 0.0246

400 0.003 + 0.004
p=0.0134 < p,qr = 0.0246 — singly R. S
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Pmin

1.4 14 Jfe V35
— T~ 0.0034,Y— = = 0.00
- R (fy 414 4fy 4414 36)
= 0.0036 < = 0.0134 0.K
Mu = ¢pbd?fy(1 — 0.59p ]]:Z
f , ECU
— 0.8541
Pe = 0850 o 0,005
35 0.003
— 0.85 * 0.80 — 0.0215

414 0.003 + 0.005
5=0.0134 < p, = 0.0215 > @ = 0.9
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Mu = 0.9 * 0.0134 % 0.3 % 0.62 * 414 (1 — 0.59  0.0134 =

ﬁ) — 0.489MN.m
35
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2 — 6032,As = 4826mm? - p= =

= 0.0268

p=0.0268 > ppax = 0.0246 - doubly R. S
fc' €cu fS

[y é&q + 0. 004 fy

Pmax=0.89p1

fs'= 600 — 14005 = 600 — 1400 *—— = 453MPa > fy —

fs = 414MPa

0.003 414

B =0.85%0,8% = - 0.0055 * —— = 0.0301

*
414 0.003+0.004

5=0.0268 < Pa=0.0301 0.K
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= _ogr 1fC'd' 600
Pmin=0.85p Fy d 600 — fy Fp

+ 0.0055 = 0.025

5 gasroge D, 83, 600
414" 600 600 — 414 -

p=0.0268 > p,in=0.025—1s'=fy for moment equation

5=0.0268 < ﬁt:O.85[311;; +p=ptp = 0.0215 +

gcu+o 005
0.0055 =0.027 - =0.9
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zfxzo

As fy=0.85fc' ba + As'fy —[As-As']fy=0.85fc' ba

(4826 —982) * 1070 x 414

=01
0.85 * 35 % 0.3 0.178m
a 178 _ 597
“TpB1 08 e

Mu = 9[0.85fc'ba (d —5) + As'fs'(d — )]

Concrete Design-Doubly RCB
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Mu = 0.9 [0.85 «35 0.3 * 0.178 (0.6 0'1278) |
928 % 1076 * 414(0.6 — 0.063)]

= 0.927MN.m

for check: s’ _&u s’ _ 0.003
c—d' ¢ 222 — 63 222

= 0.00215 - fs = Es*Es = 200000 * 0.00215
= 430MPa > fy — fs = 414MPa for moment eq.

> ES
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3 — 5032 + 1325, As = 4513mm? —

_ As 4513
== = = 0.025
bd 300%600

p=0.025 > p,,4 = 0.0246 — doubly R.S

p=0.025 < pmax=0.0301 0.K

=0.025 < pmin=0.025 - fs' < fy

fs'
a= (5-p fi/) .W e T (1)

0l
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=1 0.025-0.0055 fs *0.6 1
— - k
@ | ' 414/0.85 «35 (D

600p, :
a= BO0fe G o rrr e (2)
600080 &
— K UUD D .. i h s i s ts e ssnnesnesnsennesssenasaessnsnns
4= "600-fs

0.0055(fs')*-13.65fs'+4690.62=0 solve for fs'
fs'=412MPa< fy
a=0.163m
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- _oas fc Ecu s’
= (). % —
Pt PR e 0005 TP Ry

, d 63 ,
fs'=600-1600 — =600-1600 — = 432MPa > [y — fs

d 600
— 414MPa
_ 35 0.003 414
Pe = 085+ 0.8 % 472 * 0.003 + 0.005 + 00> * 714

= 0.0271

5=0.025 < pt = 0.0271 > @ = 0.9

Concrete Design-Doubly RCB 32



Mu = 9[0.85fc'ba (d - %) +As'fs(d —d)]

Mu

0.163)

= 0.9 [O.85 * 35 *% (0.3 %0.163 (0.6 >

+928 1076 * 412 = (0.6 — 0.063)] = 0.874MN.m
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EX2: % = % MPa , factored load Pu=200 kN, ignore beam

wt., Design beam for flexure.

= Pu=iDDkN
3| |.250mm_
! ! ; As # dm _L 4m @
) ' As

Concrete Design-Doubly RCB 34



Pu.l 200%8

Solution: Mu gy, = —= = — 400 kN.m
Let ©=0.9

Mu = ¢pbd?fy(1 — 0.59p ]7:2'

0.4 = 0.9 % p x 0.25 * 0.42 * 400(1 — 0.59p * 400)

30

0.041 , ,
p = (O 086) choose min.postive value, p = 0.041
’ €
Pmax = 085412

fy & + 0.004

Concrete Design-Doubly RCB
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for fc = 30MPa > 28,

fc —28 30 — 28
1 = 0.85 — 0.05 * - = 0.85 — 0.05 *

= 0.83

30 0.003

— 0. | = 0.0227
Pmax = 085 * 083 * 700 o504 = -0

p=20.041 > p,,,;r = 0.0227 — doubly RCS
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= b
ol
ecu=0.003 | 0.85fc’ ..
1 1 =L - ——— AS™fg
1 Se—
'_-"" o y————————
I —
——
i~ o ——
y Asitapal) LS *fy
£5 ‘
& 0_85fc st S TS
— %+ =
-
A S =
single A -Asmaxisingle) ¥
gﬁgﬂlg}iw [A5 —Asmaxisinglel]
Mu Mu2
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for p = pmae,— & = 0.004,- 0 = 0.483 + 83.3 * 0.004
= 0.816

fy

Mu, = ¢ppmaxb dzfy(l — 0. 59,0 fC

Mu,
= 0.816 * 0.0227 * 0.25 * 0.4%

400
* 400 (1 — 0.59 % 0.0227 = 30 ) = 0.243MN.m

Mu total = Mul + Mu?2

400 = 243 + Mu?2
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Mu2 = 157kN.m

et fs'=fy to be check later

da’ _ 50 _ D fe —
OR il 0.125 < 0.143 - fs = fy

Mu2=0 As' fs' (d-d")
0.157=0.816*As"*400(0.4-0.05)

AS 1370

As'=1.37*10"° m*=1370mm‘= p = - = 0.0137

d 250*400

Total tension reinforcement(As)= p,,,,bd + As' L

fs
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400
As = 0.0227 * 250 400 + 1370 *

- 2
200 3640mm
_As_ 3640 _
P=hd ~ 250« 400
smin=0.851 L% 699
IN=0. F o'
P P de00—ry TP
o 30 50 600
pmin=0.85*0.83* 0.0133

200 400 600 — 400
— 0.03354
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p=0.0364
> pmin=0.03354—The previous assumption is valid, fs'=fy O.K

fc' €cu fS

max=0.85p1 |
P Bf;vecu+0004 fy

| ' 50
fs'= 600 — 1400— = 600 — 1400 x - = 425MPa > fy
— fs' = 400MPa
smax=0.85*0.83* 50 0.003 0.0137 100
=0. . * + 0. *
& 400  0.003 + 0.004 200

= 0.03637
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p = 0.0364 < pmax=0.03637 0.K

Use 20336+3@28=3883mm°  tension Reinf.

Use 3@28=1847mm?* comp. Reinf.
Check reduction factor @#=0.816

AS single Provided=Ast-As™(fs'/ty)
=3883-1847*(400/400)=2036 mm®

zfxzo

AS;ingle Ty=0.85fc’ ba

Concrete Design-Doubly RCB
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~ 2036 + 107° % 400

— = 0.12
@=085%30x025 _ la8m
_a_128_
“TB1 o083
et Ecu et ~0.003

> et = 0.0048 -~ @

d—c ¢ 400—154 154
— 0.483 + 83.3 « 0.0048 = 0.88 > 0.816 0.K

Mu=g(Mul+Mu2)

Mu = 9[0.85fc'ba (d - %) +As'fs(d —d)]
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_ Ecu es"  0.003
c—d ¢ 154—-50 154
= Es*Es = 200000 % 0.002 = 400MPa

> es = 0.002 > fs’

Mu

0.128)

= 0.8810.85 x 30 * 0.25 * 0.128 (0.4 >
+ 1847 x 107° « 400(0.4 — 0.05)] = 0.469MN.m

> Muext = 0.400MN.m

~ no further reinforcement is necessary

Concrete Design-Doubly RCB 44



S 414 ]
EX3: il MPa , service

load (L.L=36 kKN/m,

D.L=15.3kN/m(self wt included)). Design beam for flexure.

LL=36kNm D.L=19.3kN/m(self wt. inclucec

T —

=
Sl 250mm
I:j::ll

! ' .-"-1'-.5'

=| S

S| S

E =T
' A

| ;jlllllllll"lllllll.lll
iy

-l

5.5m
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Solution:
Wu=1.2*15.3+1.6*36=76kN/m

Wul? 76 %5.52

Mu,,, = g = 2 = 287kN.m
Mu=@Mn
Mu = ¢pbd?fy(1 — 0.59p ]]2'
414
0.287 = 0.9 * p * 0.25 x 0.41% * 414 (1 — 0.59 % p % 28 )

130p2 — 14.9p + 0.287 = 0 > p = 0.0245
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fC’ ECU,
fy € + 0.004

Pmax = 0.85F1

for fc' = 28MPa < 28MPa, 1 =0.85

28 0.003

— 0.85 * 0. — 0.02
Pmax = 085 %085 27 5503 0.001 ~ 00207

p = 0.0245 > p,,qr = 0.0209 — doubly RCS

=0.0183

28 0.003
0. = 0.85 * 0.85 * —
414 0.003+4+0.005

Let p = p; = 0.0183(slightly fromp,,,4,) = ©® = 0.9
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Mu,
= 0.9 %« 0.0183 * 0.25 * 0.41%

414
x 414 (1 —0.59 0.0183 * — ) = 0.241MN.m

Mu total = Mul + Mu?2

287 = 241 + Mu2 -» Mu2 =46 kN.m

dl— b3 = 0.153 > 0.143 > fs
T=10=-" . - fs < fy

ASgingle Ty=0.85fc’ ba
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p:bd fy =0.85fc'ba
~0.0183%0.41 414

— —0.13

! 0.85 * 28 m
_a _130_

“TB1 085 o
s’ Ecu es’  0.003

> — > "= 0.001 '

—d ¢ “153-63 153 &5 =0.00176=7s
— Es«Es = 200000 * 0.00176 = 352MPa

Mu2=@As'fs'(d-d')—0.046=0.9*As*352(0.41-0.063)—

As'=4.18*10° m? =418mm?
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As = p.bd + As ' * (j;;)

352
= (0.0183 %250 * 410 + 418 (414) = 2231mm?

Use 4@328 (2463 mm?),  tension reinforcement

Use 20320 (628 mm?),  compression reinforcement

ZFx=0—>(As—AS' = 0.85fcbha - a

fy

(2463 — 628 E) « 1076 % 414

414
— — 01 4‘7”
0.85 %28 % 0.25 3
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& Ecu & B 0.003
d—c ¢  410—158 158
- @ = 0.483 + 83.3 % 0.00478 = 0.881 < 0.9

> et = 0.00478 < 0.005

Mu = §[0.85fc'ba (d — %) +As'fs (d - d)]

£s &y & 0.003
c—d ¢ 158—-63 158

> s = 0.0018 —

fs = Es*Es = 200000 % 0.0018 = 361MPa
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Mu

0.134)

= 0.881[0.85 * 28 x 0.25 x 0.134 (0.41 >
+ 628 x107° x 361(0.41 — 0.063)] = 0.310MN.m

> Muext = 0.287MN.m

~ no further reinforcement is necessary
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