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3.833’09@ Reinforced Recfamgulfar Section

31 Introduction:

If reinforcement Is provided in tension zone only bhen
section 1s classif'ed as smgle reinforced.
3.2 Position of Neutral Axis:
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From above expression, it Is clear that posibion of NA is
directly proportional to the amoaount of Steel in kension.

3.3 Types of Section:
Based on amoaunt of tension steel in section, three types of
section are defined.
1) Balanced Section:

Amount of steel 1n section s such Bhal strain in cencreke

(s 0.0035 ard strain 1n tensjon steel s 0.002+ % s at
Fhe time of failure Es
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2y Under Rernlorced Section.
Armount of steelinsection is such bhal strain in concrele
s 0-0035 and strain in tension steel is greater than
O Do+ E’_gifi al the trme of failure
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' * Comparring failure shrain profile of balanced and under
reinforced seckico
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- For strain profile T and II net tensile force is same
because stress in Fensicn stee| remains constant (0.874y)
s CompreSSf\/E’ force for strain profile III is more than

Cempressive force for strain profile 11
-Te maintain tensile fForce cqual ko compressive F&TCC.‘.

NA shifts upward and Fined sérmin profile becomes IV

3»Over Reinforced Sechion
Amount of steel in secHon Is such that strarn 1o concrele
is c.oe3s and strarn 'n tension Steel is fess Fhan
0.0092 + 087Fy , at the Hme of failure.
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-——% Note: — E —

- Seckion G_J\A)O_yj Fails due to Crushin9 of concrete [n LSM.
- Steel nevet fails (fracture) r'talways y1elds.
- Tgpes of failure:
YUnder R/F —= Tension farlure
— S(‘(‘or":darj Comp«fo{'furp

iDOver R/p — Compression failure

—=Primary comp. failure |

- Over-reinforced seclions are not permilled because
failure rs brittle and sudden (without warning) |
- Under rernforced seckions are preferable beccw-fcé
l:hey give s FFicient Wormnﬁ beforce failure and |
show duchile failure. |
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-Tn ander reinforced section , defleclton and crack mj

are more than aver reinforced section,

- Prcmh‘callj, all flexure seclions are under |
rein forced in LSM |




3.4 Moment of Resistance of Section:
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MR = C xLA & TxLA

1y Balanced Section:
MR = Cx LA
= 036 FCk"xu,ﬁim'b (d-0.42 Xu,ﬂ.'m)
0148 fcx bd? (Fe 250) |

I

0.138 fclk bd? (Fe 415)
=0.133 fexbd? (FPe 500)
MR‘-@bdz = Nlu,fim'

MR= TxLA
Mu,gim= 087 fyAst-(d~042%.1im)

For Asi of balanced section:
E=T
C-36 Fck utim' H€ = 687 Fb"p‘\st;h”m

)Cck
ﬁst;hmi 0 414 ‘@‘) Tq,g,-m-b

2) Under Reinfor ced Section .
MR=CX LA % MRz 036fck Xyb (d-~042 %)

MR=TxLA= MR= 087 fy-Ast (d-0-42%y)



3> Over Reinforced SecHon:
MRz ¢c X LA
MR = O 36 Fck Xy-b (d-0-42 %)

MR = T x LA
MR= {st Ast (d-0.427¢)
where,
fst<0.87Fy

3.5 Types of Problem:
A Hnahjg[s'
1.Position of NA.
9. MR of Section
3.Ast required for badancedl Section.

B> D esign -

I.Seckicn size 1S giveﬂ ancl Ast is tobe calculated
2.Seckieon size and Ast both are to be calculated |

3.5 Paosition of NA.

Always equate net compressive force and net tengrle
Force of section ko get Xy and compqre it with Xy, pm:

Ex. Deleimine the posilion of N-A. for n"hf’\(j:'vc*r) section .
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> For Positionof NA.3> C=T=> 036 fek %y b =0.87 fy-Ast
0:36 ¥ 20% Xy x 300= 6.8 Fx250% 4x55y 25%
Zu= V- F trnen
Nownwd, My 1imm=0.53¢ - .53 X506 = 265 MM
Since Xy< Ay, 4im SO seclion 15 under rf’mFOrced,



3.5.2 Mamenl of Resistance of Section'
Use procedure as illustrated in section 3.4

Bx. Calculate MR. sf given seckion

PR > Ask= 3-25¢
M25 b |
700 Fe 415 Tty Ast For balanced seclion.
Ast

4 S C CcOon

=
i> Ast = 3-25¢
For pesibion of NA .
Pl
036 fek¥u'b = 087 FyAst
G- 36%25 xXyx 4002 0.81x415x 3*% yIE*

Zy=147.65mm
Now,
Ay, gim= 0498 d
-0.48x 3700
Xy,eim z 336 mm
Since. Xy <%qy,8im SO Section is under reinfeyced

Moment of Resistance:
From compression side,
MR = CxLA
=036 fep ¥y b (d=-0:42%)
=G-36x25 X14F. 65 x 400 = ( 7¢Q ~ 0 42 x 147F65)
MR=339.19 kN m
From tension sivde,
MR=T xLA = 0-87fy Ast - (d-0-42%y)
= 081*A15x 3% =5 26 (Foo- 0-42X14%.65)
MR- 339.19 kN M,



:i}ﬂst:S-QS(’}
For positren oF NA,
g=T
0.36 fck X' b = 087 fy As)
0.36x25xHy*x 40020 -87 X5 X 8 x ’%xasl
Ru= 393. 84 mm

Since Xy>%u,bimm SO section Is ayver YeiﬂFQ}'('ﬁd'
Exaclt position of NA Ffor bhis Section wil) lie
between Xy, 1im(336mm) and 393.84mm  because

stress in tension Skteel will be less Fhan O.gqfrj_

Since cver reinforced seckions are Nolk permitted
so we are not intrestec in calcwlation of exact
positioncF NA and MR of section

iy Ast for balanced sectiorn

Ast = 0:414 (i}f‘cf-) 2ydim b

25
=0 it A 3 40
=0 -4(4 x = 36 x 400

Ex. B rermngulm under reinforced section of effective size
(E’OOxSOO)mm s reinforced with 3~16‘¢ of Fedis.M20p
Concre €

Assume sbmtghr fine instecad of parabolla for
stye-strarn curvecef concrele and pairtia| BEOS. = 1
ey Calculate position of N.A. w.r.l extreme comp fibie

» Calculate diffeience between depth of N.A . calaylaled
as per I545¢ and part @) of thisS probiem.
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=4 (2qt %wq)- 067 fek
Areaof Stress block = 0.4785 £, %w

a) Positien of NA:
EEY
0.4785 Fex Xy b= 087 Fj'ﬂ.jt
0 4985%20x %, F0 - or8?x416x3x-}x161

= Xuz 75.85 mm.
by Posttion of NA as per 15456

el
036 ek Hy b = 0 8% Fy-Ast

0-38%20x ¥y % 3007 0.8Fx 4IS X SK%X T

= Xuz 100, 82 mm.

= So,difference = 100.82 -15.85 ~ 25mm.



Ex. In the C‘,E’Jig‘ﬁ of beam bb: LSM in flexure as per 15456,
det the maximum strain Iimited to 00025 For Hys
sitbuokion, consider a vrecka ngu_rqr sethion oF effeckve 3ize
(256 x350)mm - Astz 1500 mm*, Fe 250 and M30

a Position of NA- for balanced section

b> At the Limit statboF collapse ofF Flexure, calculate

force acting on <cmpression zonc of section

= Streﬁ_‘j
o Y e e
| i
: .
I i
| ‘
I | 5
g Q Strenn
2 o
o o
N (8]
n
i §0:0025
// f Fram Similar tn‘ang;e
|
’x'qf.iim / ! ’XL[,,[ f"m d e ?u,_l"m
L S : : = .
Ao CI"P C 0025 0.002 0-89fy
' I Es
Pae——c o = X 5 _Rutim _ F50- Xuim
\ ot 0.002 - :
‘-ZG'GQQ-}QS-}'fH = 0.002 ¢ w
3 2R 105
= Zutim=156. 59 mm),
f 3 9— 3 : p . - ' ¥
b)_wTB___P,_OQ _-'5‘_?( ; Br___QfLS_EE. C from strenn diagram
Ay ot fm
ooz /5 gAa' » 018
LR st > i . R A'D' B¢
| 2x
u
—_— O -
F O
-—-“H —




o'A'

0002 000295
[
O'A'z B Tu

Now, A'8'= 0'B'-0O'A’

= By~ L
Y S'Xq

g Xy
AB - 5
Area of stress block — A

sApe + An BCDA

- 8
< Aoapeo t PAagena

W

= Z( & 2yx04s Fck) 8 (%L x0:45 Feic)

Area of stress block = ¢.33 ey -
For position of N-A.
C=F
0-33 Fer Xy b =087 fy Ast
0:33x30x ¥ux250 = 087 x250x 1500

Ayz=131.-81 mm
Since Ay< ¥y, bim - S0 s€clion jg under reINforced

C=033FckZy b
~—0'33x 30%¥131.81x 250

= C=326 kN



5.5.3 Design of S”’"?’y Rernfarced P('(‘i(mgulﬂr Sect 1’00,

Casel: Section Size 15 given and Ast is to be calcwlated

Skep] ;

Ste [C}Q.'

StePSL

Calculate design/factored /Uitimate 8M by SRRy
partial FO0-S to service/ working Yending moment .

Calcwlate My gp, of given secekion.
Mu gim= Q@bd?
Where,=0)48 fck  (Fe 250)
0138 Fck (Fe415)
=0.133 fcp  (Fe500)

IF BMy> Mu,iim bthen doubly reinforced section rs
desu‘gned

IF BMu< My.pon Hhen singly under reinferced sechon
'S des:gned .

BMy= MR
BMyz 036 Fek Xu b (d-042%u)
Xy= 27

Eor Bslkt =T
0-36fcic™u b= 0-87113'/\5[
Ast = 27

Famn e "o Ve i i S T T T e T T Y e e e T e Vs T T T T T T L

Alteinafively,

* oskaebd [, [ acoma
fist = ﬁ_racj ):‘ “) 1' fie bd? J

B o i S S L S, S, S G S N U S N O O SR V. (P S e N L

Stepd:  Ast calculatec above should be within permissible §imit

Ast.min S 0.85 (To prevent anysudden failure and
bd fy For duckility)

<Ask, Lim ( Over reinfore ed

. 471 0fgvoss areq (Problem yn compa chion)
= 0.04bD

Ast < MioiMum 3



Ex. Design cribical section of RCC beam of overald] Slze
(350x 7 s0)mm, subjecled to Uve Load of 30kN/Mm over ap
effective simply supported span € m. E Ffective cover 50mm.
M30, Fe 415,

> 36kN/m o s

D‘T
1
Skepi:  Factored JUltimale BM:

DL=0-35x0.75x1%x2S = 6.56kN/m
Lis SckNsm

Total Factored foad = 1.54(6.56 +30) = 54 .84 kN/m
wul?
8
54.84x g2
8

BMucmid-span) =

BMu=246.78 kN-m

SfeEQ-' Mu,tim :
Mu,jim= 0138 e bd?

6
=0-138 X30x350x (750-50)
Mu,tims F10.01 kNmM

Step3:  Since BMy< Mugim 56 seclion is desfgrwd as sing
under reinforced section
BMy=mR
BMu=0.36fck Xy'b Cd-0:422y)
246-?8)(106:0-362(30 XZux350 x (100~ 0:42 Ry
= Au= 99.16 mm

ly,

For Ast2> c=T

©-36 fck X b =087 Fy- Asy

036X 30 x99-16 x 350 = 0-8F X415x Agy >
Ast = 1038.15mm*



Alternatively,

05 fck bd [ J 4.6 BMy J
A,l: e 1- [ = r———y
. }j Fok bd2

0-5x30x 350%x700 el y F A6 X 246‘48;(1;6' :
415 K 30% 350 x 700"

AsE=1057.73 mm>

1

Step 4  Permissible Linmits:

Ast, min o 0-&5

bd Fy
0.85 380X 700
415

Ast,min > 501 81 mm*

Askt, min 7

ot TP TN
sAsk 1im= 0‘4‘4(113' e

Ast < Minimum = 0414 x(g_OS} 99.16 x 350
)

T 3519.4 mm*
*0-04hD =004 x 350%x 750= 10 Sopmm”

Asi- < 3519. 4 mm?

In 3ener@? » 60-70 ™ m Cclc Spacing I's SUFFicrent for
cemfortoble concrebing,

E’-‘ N T T TV

S T T i E e

P /\,_T Fornominal stze of
-=3om 2
- R— $:=3 'rr_‘)zg_gg aggfnfgate 20mMmmMm
ST $_~:éi) G _\(D @ Minimum clear spacing
| e T W — = g8 % 5
~—350 MM 60-70

o e O B, O U, S N o B S S O Y A
FPor Shars » ¢l Spa.ciﬂ3: '9‘50/2 = 12.5mMm
4barg » ¢l¢c spacing =250/3 = 83.33™Mm
5-hars, CiC 3pac) ng ~250/4 = 62-ST™M M)
6 bars » C/c spacng = 250/5= somm ( Neb prcFeable)



Ast= 1038 mm?
e 2-28¢
e 2-95¢ +1-12¢
« 4- 20§
© 2-204+3-16¢.

r—*% NotLe:

- Reinforcement isalways provided sirmme brically
tn beam cross-seclion,

Ar

Qo eO

|
w—Line of Symmetry

-Secklon never becomes over reinforced even If
more Steel is given than calculated. provided

grven Steel rvs Less than Ast,lim .

Ay-=--=--t---—--=-—-Ast = 1038 mm?

- = i
Eislfs =——1—=== =~~~ Askurm?= 5519mm




Casell: Section Sizeé and Ast both are to be calculated,
Stepl: Calculate Fachj;-ed/tf!tmvat‘e/Dfsrgaw BM

Slep 2. Agssume sutkable value of L ratio
&

( Lateral 8“‘”‘”9 )O‘3< §'< 0.7 (Uneconomical)’

ab—:o.s for exarm

Step3: Calculate d required for balanced seckion
BMy=z Mu.tim
BMy=Q@bd?
0 =7?

Stepqd: Provide d su:’l‘ably hr:«j"aher than cal culateqd above and
colculate b aCCOrdr"nng

Step 5. Sechion s7ze  provided is stepd s larger than required o
stepz , so provided section s under reinforced

F‘L_ bCCJ — 'r'__‘bpravf"“"
Step3 | d.
|'C'Qf S}:(.apﬁl- dpr(_\v
| ¥
[ | l
b e | i
BMus Mulim BMu <Muim

- O‘;F(kbd | 4.4 BM-E_
Asf S|t = [t =———— 5
£ fex bd

Step6:  Asp caleulated aboye should be within permyssible dimits



Ex Design a f‘r’n\glj e nforced rt‘C(d‘Qyu_[C&f Section for service
BM 2060kNmMm . M30, Fed415 ,effective cover somm

Step1: BMy= 1-5x200= 300kNmMm

Step2: Assume b -4.s
d
Step3: d' required for balanced section
BMu:Mu,ﬁm
BMuz0.138F.k bd2

300 x106=0.138x 30 x 0-59°
d=525.29mm

Sbegél: Providms. dz €ECOMIM
b- 0-5d= 300MmM

D=d +effective cover
=600+ S50
D=€30mMm

S’EEES‘: Asi Qﬁqu ired

. 0.5fkbd [ / 468!\%]
Ast = - (- i —
fj fek bd?
_ 0-5X30x300X600 4.6 X 300%)0
415 LI Ly spremr e

Asf= 1576 56mm?

SEEEG.' PerimiSs ible (irnil:

As ; 0.85 0.85x 300X
SL.mi'n > 2 Askumitn > __8 X 600

bd fy 415
Ast‘min - 3686?1'7’) ”jl




Fek
eAst 0im=0-4¥ (-——;y) Xd.1im b
Ast £ Minimum = 0414 x (i‘l) x 04Agx EooX 300
415

= 2585. 15 mMmm? "
S0.04bD= 0.04x300x 8§50 = F800MM

Ast= 157¢.56mm?2

Provide (O 2-324
® 3-28¢
3) 2-25¢ t+2-204¢
@ 2-28p 4+ 2-169

—--Chapter3 Ends Here



