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4 D@ubfy Reinforced Redanguhw Sectio

4.1 Introduction:
IF reinforcerment s provided in tension and compression
zone of sechon then such seckion is called as doubly

reinforced. It is provided /'f seclion Size i's restricted €b ¢
both) and BMy > My 4imn

4.2 Analysl's of Doublj Reinforced Section:
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For position of N.A.
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From obove expression %« cannot becalculated
without knowms fgc Since . )PSC df‘pends on ESC S0 Cg¢
IS bei’ng calcclaled  from straln df”agmm as follews.
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In above cal culodion, . depends an fsc and fsc depend
on €s¢ - Sitnce Ese also df‘pendj onXy 30 this (sa Cgéff'c
problem which can be sglved by 7 Cxp
bial and erroronly, x‘*\}ﬂ j

fsc



4.3 Position of Neubtral A x(s.

4-3.1 Balanced Sectign’
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432 Under Reinforced Section:
Stepl;  Calculate Xy, and assume xu,= Xu.pim

Slep 2, Ca?adate GSC

Xy,~d
€Cor = (—1— )o 0035
e Xeq,

Step 3 Take fs¢ Ffrom stressstrain d:’agmm of stee] under
tempression , correspond i N9 te €5

| a Fe 415 ' Fe So0
| Stress leve) ) N nc kil N
- __Strain Stress Skrain Stress
0.8 fyq 0-00l144 | 288.7 0-00174 | 347.8
| 0.85Fyd 0.-00163 | 306-7 0.00195 369.6
1 0:90 fyd 0.00192 | 324.8 0.00226 | 391.3 |
0959 | 0.00241 | 340.8 0.00 277 | 413.0
' 0.975Fyd - 0.00276 | 351.8 0-00312 | 423 9
| 1.0 fyd ' 0.00 380 [ 360.9 0.60417 | 434 8
| B - : -




% Note:
- fyd — Design yield stress = 0.87fy

- IF Esc les between values of above table then
Fsc is calculated by tinear interpolation.

> My

GSC F'SC
Xl B HQ

fzc: ﬂd' 3?13‘1)(15c ~%1)

~IF €5¢ s less than 0.00144 and 0.00174 for Fe415
and Fe 500 respectively then fs. is calculated by

dr’rectly mulfl'pldms Esc lo Eg

‘Equate net compressive force to net Etensile force of

Step 4
section to calculate pesition of N-A.
E=T
Covillse T
086 fckXub+ ( Fsc-945 fck) Ase= 0.87 }\j'/‘};‘;b
Xy=?? -
dlepS: IF %y of step4 is nol equal to Xy, then assume u,-4 of

step 4 and  repeat step 2 lo step 4



Fx. Calcudate positjon of N-A
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Zuy= T, g m= 0-48d
=6:'48x (700-60)
= ¥uj = 3a7F-2mm
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=$€3C = 0.0028]

fees Sid (%,n—ji) (€se-"2)

- S il

2. 60.9 - 3518 )
= 351.8+ 0.00281-0.00 97
(5.0-038 - 0.00276 ¢ 6)

= fs¢=352.23 N/mm?
=T
C-3GFer Xurb+ (f5¢-045Fck) Asc=0-87 'J:y-Ast

0.36X30x % X 360+ (352.23— -4 5X so)xmeg:uea

— 0.8 1Tx416 x 5f%x15‘9‘
= Ta= 157.85mMm F Xy, (307.2mm)

So.s5econd Tral (s reguired.,



I[nd Trf"ﬂ.' 2
S Xy, = Xu=(57-85mm

& {Iu’ =2\« 0.0035
aC X
g

2 157.85-60 s B BBEE

15%-89

=E€5cz0.00217

LJS‘.“:_‘]
f‘SC = S'[ ¥ ( xi'*:t’: CE:,( - xr)

= 3248 + (34'2‘8“ i ) (0.00217-0.00192)
0.0024!1- 000192

1

=fc=333.99 Nlmm
Now, €E<7T
0:36 fFere Xy'b + (Fse-0485fek) Ase = 0-87;[}/ Ast
0.36x302Xyx 360 + (5’33.9?10.45x30)x4x££x|52
= 0:87X41Sx5x _4E;<251

= Xu= 161 87 hm £ %y, (1587.85mm)
So, I trial is requir‘t—"d.
Few more trials are required for refalfue!j closer to exact

position of N-A. Assuming X¢= 160mm as an approximate
Positian of N.A. to reduce calculation effort.



4.4 Moment of Resistance of Section:

mb_n_wu?:whn_ on) (h-p) Y hg LB = My

VIx L = atn
p=th

Yrwztro =R

4gqy cloy Wotd
41> R = 92204 3NISTDAPUSOD
. 13N Jo voHsod

PPLS UDICUs |l NN

NU ey

(24stro- Un..m,v

(p-p)y Py (Pisko-254
(Pret-0-p)q Px ¥2{ 980 =¥

=10 & o=
AW+ AN TP

IPIS uolssaudlwod wory HIN

H2HS¥ O S L0900



Ex Calcwdale ™MR of sechion gmﬂn N previous example

Ay= 160 MM
:'_?
=Xgc 166MMM

GSC: (33]-;—01—-) 0.00385

= _160__;6_9—. x0.00355
16 o
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foee ot (H ) (Esc=X4)
$y X,

= 3504894 (342-8— 324.8
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> Foc= 334.62 N/pmp
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TG xXxLAy+ CorlA,

) (0.:0028 -0.00192)

=2036fx Xy b(d-0.422 )+ (F50-0-45 fck)Ase cd-d’)

=0.36X30%x 160X 360 x (640~ 0.42X60)

+ (3349.€2 —0.45*%30) % 4 x%xisil x(gqg_-é’@)

=S MR. =566. | kNmM



4.5 Design of Doubly Reinfarced Pectanju/ar Section:
Doub!y reinforced sections are designed \'F Sectian Sjze is
restricted. Tt means. secHcon Size /s known and Steel is to be
de-sfgned

Step1: Calculate design/factored / Ultimate bend:‘n(? ament.

Step2: Calculate Muy,1im of 8?\/&1’) section.
MU;[l‘m = ch)z

Step3: IF BMuy < Muy,1im then 5:‘ngiy urnder reinforced seckion
IS demgned.

" ::OSkad[I_J}_ 468Muj
e )Cj )Fck bd?

If BMy > My, 1im then doublj reinforced balanced section
(s desf9ned,

e—bh—=

Mo o |14 |
Asc 2Ll lim ; Asc

{1 NS 1 SR S (S T T
Ast Ast | Asty

Ilo oo & o

Balanced 1 . IT '
Section.

Step4: (Calculate Ast,

Ast; = Ast,iym = 0.4 14 (%ﬁ)?(u,.hm' b
J

Step5: Calculate Moment resisted by Section II
BMU:MR:MR-"‘" Mpl
MRy= BMu ~Mutim - (" MRz Mu,tim)



Step 6: Calculate Ag,
MRy = T; xLA,
BMu— Mu,lim= 0.87 F'j Ast,-Cd=d’)

A‘sill ??
Step 71 Calculate Age
C?.: Ti
(fSC --0\45Fck',) Asc: .87 Fje AS‘EQ‘
Ase = 7P

Step8:  Asc and Asp calculated abeve should be within
permissible imits.
Asc,min =No value
Asc,max = 0:04bD
Ast, min = No need to check

Ast,max =0 04 bD



Ex. Design a section for Factored BM 110kN m if size Is restricted
ko 250 x 380 mm. Effective cover 50mm, M20, Fed15.
e
Step1: :]BMu = 110 kN—mJ

Step 2:  Mu,gim = 6.138 fo) bd?
20138 x20 x 250« (380-50)2
MU, 1im = 75.14 k_N-mI

Since, BMy> Muy,1imm So doubly reinfyreed balanced section
is desighed.

J

= 0.414 &( QO)X 0.48 x 330x 250
415

=Ast,= 790.1 mma

Step4: MR,= BMy~ Mu,1im
=110 -75.14
=>\le2: 34,86 kN-m

Step5: M™Ry= Ty x LA,
0.87 fy Ast, * (d-d")

MR2 =0.87 x415 xAgp, x (330-50) = 3486 x16°
= |Ast, = 344.8 mmﬂ

]

Step 6. Xy, ;ym= 948d = 048x 330

?q,f(m: 158-4 mm

e b 4-50
e = (M’ﬂl__d.) ¥6.0035 = (1584 S)x 0.0035

Ly.irm 158.4
€sc =0.00239 -



fsc = H?+(5'L 3') &3

:ez X

= 324.8 + (M%;S___) (0.00239-0.00192)
0-00241-0.00192

Fsc = 342.06 NJ/mm?
Now, C=T,
(Fsc-045fck) Ase = 087 Iy - Ast,
(342.06- 045x20)xAsc = 0.87 ¥ 415 x344-8
:;,IASC: 513,77 mmzl

Step1: Ast= Astyt Ast, = 790.1 + 344.8

Asp =1134.9 mmj

Asc = 373-77mm?

| Asc,max < ’qst,max — 0.64bD = 0.04x 250x 380
3800 mm?=

H

|

[

= Prowdmj Ast= 2-25¢ + 1-16¢
Ascz,@ = 2-20¢

Compression steel 15 increased by more amount bhan
¢ncrease (n lension slee] ko make section under-reinforced
because fo. <0.87Ffy

X Note :

- If reduction of concrete area due to presence of steel s not
considered then term 0.45f. Asc !5 removed from al)
expressions.

- IF table of fsc (s not givenin examinabion then assume
fse between 0'75F3 to 0.8fy for HYSD and O.B?fj For
mia Skeel

<=« Chapter 4 Ends Here



