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| 3.2 |
3.0 INTRODUCTION

Congete is fairly strong in compression
can not be used in situations where conside
Eke beams and slabs are made of plain concre
to s low tensile strength. Since steel is very stro
resist tensile stresses at a place where the ma- mu

but very wea

rable tens

n

In case of simply su;:pérfed beam, tensile
of positive bending moment (sagging bending moment) a
provided near the bottom of the beam. In cantileve

the top of the beam to resist the tensile stresses develope

bending moment (hogging bending mom
Compression Neutral Axis Steel Bars
f— b —1.

.....

: b
7
. = Tension

(a) Reinforcement in Simply Supported Beam

Tension Steel Bars
' gd. 2 lpedb—!

Neu_'tral Axis
(b) Reinforcement in Cantilever Beam

FIG 3.1:

SESIGN AND DETAILING OF R.C. ELEMERTS

nd hence
r beams steel bars are placed ney,
d in top layers due the negatiy,

ent) as shown in the Fig.S.l.

”/ -. r/ DI— :LA' d

Section AA

= e :
1A | Compression " Al

!

k in tenslon. Hence Plain concreg,
ile stresses develop. If flexural Membe,

te their load tarrying capacity is very low dy,
g In tension, steel bars are provideq ¢,

m tensile stresses are developed,

stresses ate induced In bottom layers becayg,
. cel bars b

3.1 ASSUMPTIONS .
flexure is ‘based on the

The ;nalysis and design of a reinforced concrete section féir
following assumptions. (IS : 456 - 2000, Clause 38.1) '

(i) Plane sections normal to the axis remains plane after bending.

(ii) The maximum strain in concrete at the outermost compression fiber is taken as

0.0035 in bending regardless of strength of concrete.

(iii) The tensile strength of concrete is ignored.

(iv) The relationship between stress-strain distribution in concrete is assumed tobe
parabolic as shown in Fig.3.2. Compressive strength of concrete. in the structure

(size effect) is assumed to be 0.67 times the characteristic strength of concreté:

R O

-

B—
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@ Analysis and Design JF'Racta ngm‘Sr Be.ums
The partial safety factor Yir equal to' Phrabolic Curve s
1.5 is applied to the strength of ' : |
concrete in addition to it, Therefore, H |
‘ ¥ _-____.__,. {].6? fck

the design compressive strength of
concrete is 0.67 f/1.5 = 0.446 fo. §
v

(v) Thestressin reinforcement is derived

from the representative stress- strain
curve for the type of stee] used as
FIG 3.2 : Stress-Strain Cunre for Concrete

shown in the Fig. 3.3. The partial
safety factor y, equal to 1.15 is

ol
. 0.0035

0.002
" Strain——

3

d not

applied to the strength of
reinforcement. Therefore, the design strength of steel is fgl’l 15 0.87 fv

(vi) The maximum strain in fension relniorcement in the section at faﬂure shoul

be less than the 3
1155 e L,
Where fy = Charactgrls" » strength of steel 8 e e R
E; = Modulus of elasticity of steel
r ----------------- r I’ [ 4 £
‘5":'9:;"3{;::'.:::::::::‘I"r 4027 i oy ptd fyal S irie i
e o - . .
OSSf, --------- i;' ] ; v f},llrlls li ',fy
080 fy === il 7 - fy
- R T f,/1.15
'{‘: r"r I: - l: ‘:’
,'l 1 :' L E
el F- -
NN Nl
I A | ! ki :
i E =2 X 10° N/mm?
_‘-";' i ; E =2 X 10° N/mm?
Wl - '
’.’r.’ o Strain —=
ird
0001 - 002 ‘_{)m : =
0005 S e - Strain —= .
(b) Steel Bar with Definite Yield Point

0007 —
(a) Cold Worked Deformed Bar
Representative Stress-Strain Curves for Reinforcement

FIG 3.3 : Representa
REX LS se S e
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3.2 ANALYSIS OF SINGLY REINFORCE
! If the reinforcing bars are provided only on t
as singly reinforced beams. :

ELEME

OF R.C.

R T e
NTS

1

DESIGHN AND DETAILING

D SECTIONS

ension side

in the beam section, it is calleg ' \

" : eam subjected to bending under factored lﬂ.::rads. Sincfe plane |
;:Ef::: :::l:;:iis:: T::::'l:in plane jbre,-l’m'sa and _aﬂer bfznding, strai_n 15 ;::r_opcrtlolnal_tg ]\
distance from the neutral axis. Above the neutral axis the entire CTOss szctlon isin F:Ompresslnn \

- and below the neutral axis, the cross section is in tension. All the ien-sﬂ.e _stressdes .;:e assumeq

" to be resisted by the steel bars as the tensile strength of COﬂCIEtE‘IS Ignorg . The resultam_
tensile force, thus acts at the centroid of reinforcing bars.

3.2.1 EFFECTIVE DEPTH

Effective depth of a beam
and the maximum compression fibre,
placed monolithically with-the member.

d = D — clear cover.— ¢/2

is the distance between the centroid of tension reinforcement -
luding the thickness of finishing material not

I
O

exc

Effective depth,

Where D = Gross depth or overall depth -

¢ = Diameter of the bar
3.2.2 STRESS BLOCK PARAMETERS .

Fig. 3.4 shows stress block and strain diagram for a singly reinforced section. The
stress-strain curve at the crushing of concrete is assumed to be parabolic shape up'to
0.002 strain and then constant (rectangular)-up to the maximum strain of 0.0035. The

strain varies linearly across the depth of the section.

| fo—b —~] s gl —=10.446 foy l=—
[7 r O_.EE Xy
/ Xy G=0365xbry
B NA. l : - 7
- 5 \ (d-042x)
[ T B
J_ e __L ; 8
oo o L "
= T, =0.87 f; Ay
(e; > 0.002 + 0.87 fy/Ey)
(a) Cross section (b) Strain diagram | {r;} Stress diagram

FIG 3.4 : Stress FStrain Diag_ram for Singly.Reinforced Rectangular Section

— e ——
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b @ Analysis and Design of Rectangular Beams

The depth of parabolic part of the stress block = [

0.002 ) i

4
- X
0.0035 )4~ 7

The depth of rectangular part = X, —%x,, = %x,,

Area of the stress block = area of rectangular portion + area of parabolic portion

3 2 4
-?TXXUX0446 fck +-§Xw:?x,,)<0.446 f:k

0.36 fck Xu

The distance of centroid of stress block from the top fiber

3 1 3 : 2 4 3 4 e
[TX xD%fck](z ? J"'(SX?}C K0466_fck)(8 ?xu'k?xu)

.. 0.36f x,

x. = 0.42 x,
Hence, the total compressive force in concrete is 0.36 fe b x, and it acts at a distance
0.42 x, from the top fiber. :
3.2.3 DEPTH OF NEUTRAL AXIS (x,)

3.2.4 LEVER ARM (2)

The depth of neutral axis can be obtained by considering the equilibrium of internal

forces of compression and tension.

Force of compression C = Average stress x area of beam in compression
0.36 fox b x,

Design yield stress x area of steel.

0.87 f, A

I

Force of tension T

- Force of compression should be equal to force of tension
0.36 fox b xy = 0.87 f,. Ag

0.87f, A
Xu =036 f, b

The forces of compression and tension form a couple. The distance between t'ne lines .
of action of Compression and Tension forces is called as lever arm.

Lever arm, g2 = d=042 x,
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GN AND DETAILING OF R.C. ELEME

DESI

MODES OF FAILURES | TYPE OF SECTIONS

A reinforced concrete member is considered to have failed when the strain in concreq,
in extreme compression fiber reaches its ultimate value equal to 0.0035.
Balanced Section : When the maximum strains in steel and concrete reach their Maximy,
values simultaneously, the section is known as a balanced section. The percentage of steg]
provided for balanced section is called as limiting percentage of steel.

Xy = Xumax
Under Reinforced Section (Tension failure or Ductile Failure) : When the amount

of steel in a’section is less than that required for a balanced section, the section is calleq

as under reinforced section.
In under reinforced sections, the strain in concrete does not reach its maximum valye

while he strain in steel reaches ifs maximum value. The position of neutral axis wj|
shift upwards to maintain equilibrium between force of compression and tension.

Xy < Xy, max ;
So failure of the section is initiated by steel reaching its vield value. Before failure,

beam undergoes substantial deflection excessive cracking of concrete giving sufficient
warning of impending failure. For this reason and from economy point of view the
under reinforced sections are designed. IS code prefers design of under reinforced
sections and at the most it can be a balanced section (x, < X max)-

Over Reinforced Section (Compression Failure or Brittle Failure) : When the amount
of steel in a section is more than that required for balanced section, the section is called

over reinforced section.

In over reinforced sections, the strain in concrete reaches its ultimate value before steel
reaches its yield value. Neutral axis shift downwards to maintain equilibrium.

Xu 2 Xu,max
Hence, in over reinforced sections sudden failure occurs by crushing of concrete with

out giving any warning. So this type sections should be avoided. IS code also

recommends avoid of over reinforced sections.
— £y — - —] £y f—
i |
E oy
Actual N.A, 3
Balanced d “t 'J'7?"‘
s Bal. N.A
At i Agt < Ay max s
o0 00 . | o0 @ -
| | J—__ _"'l Esy e
Pl -

(a) Balanced (b) Under Reinforced
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@um and Doslgn of Mealanguler edme

o = Ullimata comprassive sirain In concreta
= 00,0040

daa ..I.lill'.u'.ﬂ.”... ) () ﬁ? f
Actual NA. | Ly = Yield strain In steel = ”“ﬁ-“”* +0.002
o
A > At b, &, = Actual siraln In concrete and steel
[ XN NN

respectively

—h! l'_..y -
(e) Over Rolnforcod

FIG 3.5 : Balancod, Under Rolnforcod and Ovar Reinforced Bections
3.2.6 MAXIMUM DEPTH OF NEUTRAL AXIS (*ulmu!

frrmme 00,0035 =]

The maximum depth of neutral axls Is ks
limited to ensure that tensile steel will
reach its yield stress before concrete falls Ko max
in compression, thus brittle fallure
(sudden failure with less alarming
deflection) is avoided

From the strain diagram

Xu,max 2 (d- X1 max ) o - 087 fy/Ey +—f l -
0.002 h 8
0.0035 0.87 f, +0.002 .
: 5 FIG 3.6 : Strain Diagram
Xumax : 0.0035 _
d 287hy . 0,008

&

It may be noted that x, max is dependent on grade of steel gnly.

. Table 3.1: Values of xymax/d for Different Grades of Steel

fy ( N/mm?) f%’-
250 0.53
415 ' 0.48 . : *
500 0.46
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3.2.7 _ LIMITING VALUE 0F MOMENT 0F RESISTANCE PN

. ' 3

Since the maximum depth of neutral a7is 1% !Jsz/: :‘ ,;; L y #;4 %
failure), the maximum value of moment of resistal

se fopice 7 V21608 it

= Compress
0,36 [ P Fu e (d ~ D574 Ly pnr)

Tensile force 7 [y 2078
087 f, As'd~ 02 Fyppmrd

For a singly reinforced section

M, i With respect to concrete
Mu,ﬁm

n

M, i with respect 10 steel

My tim =
= 0454d
5 steel, Xy,max
For Fe-41 0 b % OABd A d~042 7 045 Q)
SO Mﬁ,ﬁnﬁ = 0 6[.’J
- 0,13312;;?}-’»“3
= 053d
For Fe - 250 Steel, Xu,max .
Mysm = 03614 % 053d(d =042 2055,
u,
= 0,148 fy b
Similarly, My, i for other grades of steels are shown in Tzble 2.2
Table 3.2 : Limiting Moment of Resjstance for Singly Pﬁ'JﬁfOfﬁ“‘j Restangia] ff’r’f s
Grade of Concrete J ' Fe 250 Steel - .l _ Fe 4 4155teel | Fe 500 Kl 4
General i 0.148 fey bd? | 0928 fub o it 0422 1z ";?:_ o
120 ! 2.96 ba? Y | 3mef |
Il 125 | aze | 350 smed |
3.2.8 LIMITING PEBL"EHTAGE OF STEEL

The percentage of tensile reinforcement corfesprmdirzg to the limiting moment of
be obtained by equating force

resistance is known as limiting percentage of steel, It can
of tension and compression,

0.87 fy A-S!,ﬁm = 0.36 for b Xy, max
2 "

Aslim = = fgf D Somor
0877,

Limiting percentage of stee| Ptlim = ;j’" »%100

. Ooﬁfa/ uma//lrﬂ

0.87 £, d
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! @ysb and Design of Reclarigular Beams 2 ﬁ
The limiting values of tensile reinforcement percentage corresponding to different grades

of concrete and steel in a singly reinforced rectangular beam are given below.

e e e e —

Table 3.3 : Limiting Perceniaga of Steel for Slnglv,r Reinforced Rectangular Sections

T Limiting Percentage of Tenslle Steel
Grade of Coni:_rete . Fe-250 . Fe-415 1 Fe-500
M15 2 | . o7 \ 057
M20 1.76 - 0.96 \ 0.76 B
i E M25 2.20 1.19 l 0.94 _\\
d 3.2.9 _GENERAL DESIGN REQUIREMENTS FOR BEAMS |

1. Effective Span : The effective span of a simply supported beam shall be taken as clear
span plus effective depth of the beam ot center to center distance between the supports

which ever is less. _
The effective span of a cantilever shall be taken as its length to the face of the support

plus half the effective depth except where it forms the end of a continuous beam where

the length to the centre of support shall be taken.
2. Limiting Stiffness : The stiffness of beams is governed by the span to depth ratio. As
per Clause 23 2 of IS : 456 for spans not exceedmg 10 m, the span to effective depth

ratio should not exceed the limits (Basic values) given below.

N
7]' Canlti!evers' 2 7. .
] Simply supported - 20
f Continuous - 26

For sbans above 10 m, the above values may be multiplied by 10/span in m
Depending on the amount and type of steel, the above values shall be modified by
multiplying with the modification factors obtained from Fig 4 & 5 of IS : 456.

3. Minimum Reinforcement : The minimum area of tension reinforcement should not be
less than the following (Cla_usé 26.5.1 of IS : 456) | |
Ay 085
. bd
This works out only 0.2% for Fe 415 steel and 0.34% for Fe 250 steel.

4 Maximur Remforcement The maximum area of tension reinforcement should not
‘exceed 4 % of the gross cross sectional area (Clause 26.5.1 of IS : 456) |

L

P < 0.04 bD
gross depth of the beam

Where D =
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5.I Spacing of Bars : The horizontal distance between two parallel main reinforcing baif
shall usually be not less than the greatest of the following.

(a) Diameter of the bar if the diameters aré e
the bars are unequal

| maximum size of the aggregate.

qual

(b) Diameter of the largest bar if

(c) 5 mm more than the nomina
ws of bars, the bars shall be .
Horizontal

vertical distance between the o
f nominal maximum size of /

bars shall be 15 mm, two-thirds o ' - t
aggregate or the maximum size of the bars which ever is greater. ?it
|

The maximum spacing of bars in tension for beams is taken from
Table-15 of IS : 456-2000 depending. on the amount of

redistribution carried out in analysis and fy-
rcement shall have concrete cover of thickness ag

When there are two or more ro
vertically in line and the minimum

Vertical Distance

6. Cover to Reinforcement : Reinfo

follows.

(a) At each end of reinforceﬁ'nent bar not less than 25 mm nor less than twice the

diameter of such bar

(b) For longitudinal reinforcin
diameter of such bar.
Side Face Reinforcement : Where the depth of the beam exceeds 750 mm, side face

reinforcement shall be provided along the two faces. The total area of such reinforcement
<hall be not less than 0.1 % of the beam area and shall be distributed equally on two

faces at a spacing not exceeding 300 mm or width of the beam which ever is less.

3.2.10 USE OF SP16 FOR DESIGN AND ANALYSIS OF SINGLY REIHFUHCEﬁ BEAMS

g bar in beam, not less than 25 mm nor less than the

The Indian Standards Institution’s special publication SP16, Design aids for Reinforced
concrete to IS : 456, contains a number of charts and tables for design of reinforced

concrete members.

The following are the data presented in SP16 for design and analysis singly feinfurcéd

beams.

(i) Tables 1 to 4 gives the percentage steel required for various values of (Mufbdzl
and f, for concrete grades f., = 15, 20, 25 and 30.

(ii) Charts 1 to 18 gives the moment of resistance per meter width for varying
depths (5 to 80 cm) and varying percentage of steel, for various values of fck
= 15 & 20 using steel grades of f, = 250,415,500.
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3. To design the beam given M,

MMRSLLEEI Analyais and Design of Nwor, o O —
T R ey MI‘_‘! Neatanguiag Neams o
g_;?;ll .‘Tvpl:snll_l'nﬂn]fun B o e e -—@

I, Th d fermi 'h mm
ment " i
[ : "l’ n ¥i ol I:)f r .'lfﬂ" " ﬂr '--h‘" Il"l.”n"r "ll“ n ‘.”""'".l“"“ n

0.36 i b x, = O.R7 fu Ay

087 1, Ay
o " 086 [ b

() Determine the limiting depth of neutral sectlon x, max as explained in 3.2.6
(i) Determine the moment of resistance of the section as the case may be.
(a) Under Reinforeed Section (X, < Xu,max)
M, = 0.87f, Ay ld - 0.42 x,)
(b) Balanced Section (x, = Xy max) .
Mutim = 0.36 fek b Xymax (d = 0.42 Xy, max)
(or) Muim = 0.87 fy Ag(d = 0.42 Xy max)
(c) Over Reinforced Section (x> Xumax/
x,, Is limited to Xy max
M, = 0.36 fex b Xymax (d = 0.42 Xy,max)
2. To determine the aréa of steel, given dimensions and My

Area of steel can be calcu
resistance with respect to tension steel

M, = 0.87 f, As (d - 0.42 x,)

: 0.42%0.87 f, Ag
. 0.87 [y Ast [d 0.36 fi b

(A
M” = (].87 fy Aat “l f{k h, {l

the above equation and taking the lower root.

Ay can found by solving

(i) Assuming breadth, find the minimum depth of the section by equating

Mu W“h Mu'“m
Mu . MU-,“H]' . kf(‘k bd?'

lated by equating the bending moment to the moment of

I ———————

_l__—#
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DESIGN AND DETAILING OF R_C_ Firy, el

"
-~ = T

i g f‘g’

Where kisa factor-which depends on grade of steel
For Fe4l5. k - 0.138, for Fe 250, k = 0.148

2. Calculate the A. using the following equation.

¥ fy Asi
M, = 087f, Agd |17} pd

EXAMPLE - 1 i e—— A
The dimensions of a singly reinforced, simply suppor ted rectangular beam ol

300 mm wide and 450 mm deep effectwe provided with Fe-415 steel and M-2p g"flde

concrete. Determine the Limiting moment of resistance of the beam
(OCT/NOV-2016.[TS] ;

Solution:
Breadth, | b = 300 mm
Effective depth, : ©d = 450 mm :
Charecterisiic strength of concrete, fy = 20 N/mm?
Characteristic sirength of sieel, - f, = 415 N/mm?
For Fe415 steel - | Xymax = 0.48 d

Moz = 0.36 T b Xy may (d — 0.42 X max )
=036y b (0.484) (d — 0.42 x 0.48q)
- 0.138.f, bd? -
0.138 x 20 x 300 x 4502
167.67 x 10® N-mm
167.67 kN-m

| EXAMPLE - 2 B

Find the depth of neutral axis of smgfy reinforced rectangular beam 230 mm x 400 _
mm effective depth, reinforced with 4 bars of 16 mm diameter. Concrete is of M 20

grade and steel Fe 4]5.
(OCTINOV-2015)

Solution :

b = 230 mm
d = 450 mm
-fﬁk = 20 N/mm?2
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@'ﬁﬂyﬁt and Design of Rectangular Beams |

fy = 415 N/mm?

n
Area of steel, Ay = 4x3x162 = 804.2 mm?

Equating Compressive force in concrete to Tensile force in steel
C=T
0.36 fok b x, = 0.87 f, A,

vy n SOTL A 087x415%8042 | o g i
0.36f, b 0.36x20x 230 '

230% 480

Find the moment carrying capacity of singly reinforced rectangular beam
mm effective depth reinforced with 3 bars of 20 mm diameter. Concrete is of M 20

grade and steel Fe 415, |

Solution : oo & : — 230 —]
' b =230 mm 0 v ansy iigh wil piE=— =)

d =480 mm--
fek = 20 N/mm?2 _ | ) 1 g ¥ =
- fy =415 N/mm2 ' R R 0

Ay = 3x§xz'02 - 942.5 mm?

L
b
=
E=3
e 480 —

1. Depth of Neutral Axis : Equating Compressive force in concrete to Tensile force in

steel
C='T _
0.36 fox b xy = 0.87 f, A
| 0.87f, Ay
Xu = 0.36f, b

0.87x415x%x942.5 = 205.5 mm
Xu = 70.36x20%230 iy

The limiting depth- of neutral axis, for Fe-415 steel
| . 0.48d = 0.48 x 480 = 230.4 mm

Xu,max

Xy < Xymax

Theréfore, the section is Under reinforced section.

= Y — ]
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2, Moment of Henlstnnce :

rm
Mu = Tenslle force % Lever a,
M, = 0.87fy Auld= 0.42 %u e G
0.87 416 # 042.5 I'430 - 0.
- 13397 % 100 N-mm .
= 133.97 kN-m \‘1
M, can also be calculated from | |
M, = 0.36 fek b xy (d- 0.42 xy

, , _ o4
£ 205.5) J
0.36 x 20 % 230 X 205.5 (480 — 0.42 *
. |
133,97 x 108 N-mm ‘ |
- 133,97 kN-m |

 coction 2iure meybe |

i inforced section i@ o
M s out to be same. This is because, 1 ux_ld-er reinfo ) 5.1
o IE u failure occurs by crushing of concrete. \.
initiated by steel but finally fa !\

i
. 9425 400 = 0.854 % | \
Pt = 530%480 -

Refer, Table No.2 of SP-16 and read out the valg_e ‘of M,
- 415 N/mm? and fex = 20 N/mm?

M,/bd? = 2.53

' ! i ection
By Using SP 16: Percentage of relnforcement inthes

/bd2 correspondingto f; |

M. - 2.53 % bd? = 2,53 x 230 x 4802 = 134.07 % 108 N-mm = 134.07 K-
u ' -

 Find the Ultimate moment of resistance of singly reinforced rectczr;g’ular beam

230 500 mm reinforced with 5 bars of 20 mm diameter with an effective cover of 30
mm. Concrete is of M 20 grade and steel Fe 415.

Solution : ir e
Breadth, b = 230 mm ' I
Overall depth, D = 500 mm '

Effective depth, ~ d = 500 — 50 = 450 mim

5-200
Characteristic strength of concrete,

m\

| 480 ="

| 500
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@ Analysle and Design of Rectangular Bbams

fek = 20 N/mm?
Characteristic strength of steel,
fy = 415 N/mm? !

Area of steel, Agt = 5)(%:4202 = 1671 mm?

1. Depth of Neutral Axis : Equating Compressive force in concrete to tensile force in steel.

C=T
0'36 .f-l:k b xu 0.87: f_u Ast

1]

0.87f, Ay  087x415x1571°
Xu = .36 f b | 036x20x230 #8300

The llmltmg depth of neutral axis for Fe-415 steel
Xumax = 0.48d = 0.48 X 450 = 216 mm '
Xy = Xy,max
_ The section is-over reinforced.

For over reinforced sections, as per IS 456, x, is limited to. Xy max |

Xy = Xymax = 216 mm

2. Moment of Resistance : M, should be calculated with respect to concrete

M, = 0.36 fu b Xy max (d — 0.42 X, k)
' 0.36 x 20 x 230 x 216 {450 042>< 216) -

1]

128.5 % 1{}5Nmm :

128.5 kN-m

" Find the ultimate moment of resistance of singly reinforced fectangular beam
200 x 400 mm effective depth remforced with

3 bars of 20 mm dmmeter Concrete

- isof M 20 grade and steel Fe 250. : _ |
Solution : | | ' : _ ]"__Em__ﬂ
| b =200 mm - T
d =400 mm o
fox = 20 N/mm? | : 4
: AB S0

1

f, = 250 Nimm?. W POl ]

Agt = -E’»><£’—><.‘ZO2 = 942.5'mm2I
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- 2.

| EXAMPLE - 6 g

Depth of Neut.ral Axis :
el
0.36 fux b Xu = 0-87 fy Ast
' 0.87f, As
Xu * 70.36fx b |
087x250x9425 1404 mm 1'
Xu = T0.36x20%x200 \
' i« for Fe-250 steel |
The limiting depth of neutral axis, 1or |
Xy,max = 0.53.d |
- 0.53x400 = 212 mm
Xy < Xu,max
Therefore, thé section is Under reinforced section.

M, = 0873'9 Ast (d — 0.42 xy)
' 0.87 X 250 x 942. 5 (400

]

69.74 x 106 N-mm_
69.74 kN-m

Moment of Resistance : The moment of r'esistance is .gc')verned b.y steel

0.42 x 142. 4)

A singly reinforced concrete beam sectmn 200 450 mm is 1 emforced with 4 bars of
20 mm diameter with an effective cover of 40 mm. The beam is simply supported
over a span of 4 m. Find the safe uniformly distributed load the beam can carry Use

M 20 gmde concrete and Fe-415 steel. -

lution :

b = 200 mm
d =450 - 40 = 410 mm
fek = 20 N/mm?2

fy =415 N/mm?

" - . F
Asl‘ = 4)(‘;1;)(202 = 1256-6 me

L(APRIL: 2008)

450
fom— 410 ——=1 .

4-20¢
L -O0-0-0--0O-

—
=N
=
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g Anal l j
Y618 and Dﬂs@n of mnfmgmw Maams

, Depth of Neutra] Ay :
’:.‘ E:ua""ﬂ Compressive forea in concrete to Tensie loree in stedd
0.36 fek b Xy = 0,87 fy A
0871, Ay
ﬂ 36 f,,,

X » 0.87 %416 %1266,6
0.36 % 20 % 200
The limiting depth of neutral anls, for Fe-4156 steel
Xumax = 0.48 d
= 0.48 % 410 = 196,8 mm

Xu 2 Xy max

.xu -

=3165.1 mm

Therefore, the section Is over reinforced section,
For over reinforced sections, as per IS: 456, x, 18 limited to %y max
Xy = Xymax = 196.8 mm -
2. Moment of Resistance : The moment of resistance should be calculated vith res*pect
to concrete.

My = 0.36 fob. Xy max (d = 0.42 Xy mizs)

0.36 % 20 % 200 % 196.8 (410 ~ 0.42%196.8)
92,77 % 108 N-mm :
92.77 kN-m

L]

n

]

L

3. Safe Load : _
Let Wy kN/m be the safe ultimate load the bearn can carry
w, 12 _w, 4

Factored bending moment = 2 2
the Moment of resistance of the section

=2 wy

Equating factored bending moment to

2wy = 92.77 i iy
DT o |
Uy = 9 2 402" KN/m (OO /:‘."Y“\Wﬁ."“{"\
wﬂ - wu
Safe working load W = 75,4 factor = 15 —4m \

4’5’39 ~30.92 kN/m (including self weight )

u

—
=

Self weight of the',beam 0.2%0.45%25 = 2.25 kN/m
Net super imposed load the beam can cary = 30.92 — 2.25 = 28.67 kN/m
: _#‘
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ELEMI | 1";-:..,

ILING OF R.C,

DETA

/ e
B EXAMPLE-7 m

0 mm % 560 mm is reinforced wip, 5
per of 60 mm. The beam is simply
mly distributed load the beam can

A singly reinforced concrete beam sectio” s
bars of 16 mm diameter with an effcctwunifor
supported over a span of 5 m. Find the safe

carry. Use M-20 grade concrete and HAIHE RIL/MAY-2015, OCT/NOV-2011,
Solution : - —300—|
b =300mm T - W |
4 = 550 — 50 = 500 mm | ?Ll
iy = 20 Nimm? | g T |
f, = 415 N/mm? o }' -o~oﬁ-3-6g - l
Ay = 5)(—2—)(162 = 1005-3 n'_ﬁmz ,. L

(i) Depth of neutral axis | i
' ' rote to Tensi in stee
Equating Compressive force in concrete to Tensﬂel force in steel

. E=7
0.36 f4 b xy = 0.87fy Ast
0.87f, Ay
Xu = 0.36fyb

. 0.87x415x1005.3 165 o
Xu = T036x20%300 .

The limiting depth of neutral axis, for Fe-415 steel |
Xymax * 0.48d = 0.48 x 500 = 240 mm
Xy < Xu,max
Therefore, the section is Under reinforced section.
(ii) Moment of Resistance | |
The moment of resistance is governed by steel
My = 0.87 f, Ay (d - 0.42 x,)
0.87 x 415 x 1005.3 ( 500 - 0.I42 x. 168)
155.87 x 10 N-mm £ 2 |
155.87 kN-m

T ————

L]

|

n
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-?tn-ﬁfm and Design of Anetangular Réhms g

(i) Safe load

Let wy KN/m be the safe ultimate load the beam can carry

?

wl’ w5
Factored bending moment = ._h;_ =" . 3195w,

8
Equating factored bending moment to the Moment of resistance of the section
3.125 w, = 15587

155.87 "
wy = 3125 © 49.88 kN/m " -
Safe working load Mﬂ_ﬁ.ﬁ/jf‘m—fm
G i, & o L
~ load factor 1.5
49.88

15 ° 33.25 kN/m (including self weight )
Self weight of the beam = 0.3 x 0.55 x 1 x 25 = 4,125 kN/m

Net super imposed load the beam can carry = 33.25 - 4.125 = 29.125 kN/m
EXAMPLE-8

A singly reinforced concrete beam section 260 mm x 550 mm overall is reinforced
with 3 bars of 20 mm diameter with an effective cover of 50 mm. The beam iz =
cantilever over a span of 3 m. Find the uniformly distributed load the becm con
carry. Use M 20 grade concrete and Fe 415 steel.

(APRIL/MAY-2012)

Solution :
e
b = 250 mm RS
| |
d = 550-50 = 500 mm ‘ !_
fo = 20 N/mm? z | %
1
fy = 415 N/mm? 3.200 1 |
tO---- 0= 0 —
n ‘ r 5
Ag = 3xx20° < 942.5 mm? L

(i) Depth of neutral axis

Equating Compressive force in concrete to Tensile force in steel

o I
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AL D ME M tas

OF R.C.

DESIGN AND DE TAILING

= 0.87 fy Ptsl

0.87%, Ag
Xu ® 036 fy b

0.87x415x942.5 % 104 -mm
Xy = ~0.36x20%x250
axis, for Fe-415 steel |

0.36 fox b Xu

The limiting depth of neutral

> x = 240 mm
Xy.mex = 0.48d = 0.48 500 ‘
Xy < Xymax ; : \

Therefore, the section is Under reinforced section.

(i) Moment of Resistance

The moment of resistance is governed by steel

M, = 0.87 fy Aq(d—042 X
0.87 x 415 x 942.5 (500 — 0.42 189.1)

143.12 x 108 N-mm = 143.12 kN-m

n

lii) Safe load : ' = !
. : g

Let w, KN/m be the safe ultimate load the beam can carry -
Factored bending moment

wi? w3 :

= —4 =—U__ =45 3
2 2 Wy . r 3m ‘ l
Equating factored bending moment to the-Moment of resistance of the section - 1\
45w, = 143.12 '1

143.12 '

Safe working load
Wy Wy = 31.8

W = Load iactor=1.5 1.5 |
21.2 kN/m (including self weight )
Self weight of the beam = 0.25 x 0.55 x 1 x 25 = 3.44 an’ﬁl

.NEt super imposed load the beam can carry = 21.2 — 3.44 = 17.76 kN/
. g ‘ = . m

e —— )
. i
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ff”ﬁ! ultimate load moment in 80 hN-m, what is the ﬂm?(‘.'”l!e dep!h afﬂfﬂﬂt.‘*' l'éiﬂfﬂr‘(!é’d

conerete ""L‘”If"l. {f the width of the beam i 200 mm and concrete grade ia M 20 and
type of steel in Fe-415,

sollon: CWARCHAPRIL 2000

b =230 mm

Analyala and p
; nyn of nfﬂg_ngum Noama

My = BO kN-m = 80% 10 6 N-mm
| fek = 20 N/imm?
Jy = 415 Nimm?
For Fe-415 steel, M, ,, = 0.138, f,.bd?

80 x 100 = (0,138%20%230% d”

i - J 80x10°
0.138x20% 230

= 355 mm -

"EXAMPLE - 10

A singly reinforced réctangu!ar beam of width 230 mm and 535 mm effective depth
is subjected to a bending moment of 90 kN-m at working loads. Find the steel area
required. The materials used are M20 grade concrete and HYSD reinforcement of

grade Fe415 steel, _
Solution :
b =230 mm
d =535 mm -

fox = 20 N/mm?
fy =415 N/mm? ‘
Factored Bendihg moment M, = 1.5 X 90 = 135 kN-m

For Fe 415 steel, limiting moment of resistance is given by

My im = 0.138. fobd? = 0,138x 20% 230 5352
= 181.7x10% N-mm
= 181.7 kN-m =
Mu < Mu,ﬂm |
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As the Ultimate moment to be resisted 1s less than the limiting mr:mrent the mﬂﬂncan
.be under reinforced section.

| fy A
M, = 0.87f, Ayd (Ff;",;;

ST 135X 106 = 0.87x415% A %535 (1'

- 1 Asi )
698.9 = AS! x " 5930.1

AZ - 5930.1 Ay + 698.9 x 5930.1 = 0

202230 535

: oot
By solving the above quadratic equation and taking the Jower 1

4 o 59301- —/5930.1% - 4x6989/5930l_ d00.4 2
st T 2

Ty , 5
Provide 3-20 mm bars, Ast provided = 942.5 mm
" By Using SP16 : '

M, 135x10°

bd2 " 230x535°

= 2.05

Refer, Table No.2 of SP-16 and read out the value of Percentage of reinforcement
‘corresponding to f, = 415 I\J;’ﬂrwﬂ:‘l and fe = 20 N/mm?

M

u

bd2 = 2.05, Pt = 0.6585 %

For CETER
_ Pxbd 06885 o0 o oo
A= ~To0 T 100 mm®

Provide 3 - 20 mm bars, Ay provided = 942.5 mm?
EXAMPLE - 11

Calculate the area of reinforcement required for a simply supported reinforced concrete

beam 230 mm wide and 400 mm effective depth to resist an ultimate moment of 50 kN-m
Assume M 20 and Fe 415 combination of concrete and steel

(MARCH/APRIL. 2007)
Solution :
| b = 230 mm

" d = 400 mm
fek * 20 N/mm?2
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Ulimate bending moment M, = SQ kNum
For Fe 413 steel. miting moment of resistarce is civen Bw

My jim = Q138 f. ba®
= L138x20x 2304002 = 10157 10% Mo
= 101.57 kN-m
M, <M,

As the ultimate moment to be resisted is less than the imiting moment:. Se socion oo
be under reinforced section. :

M, = 0.87 f, Aud [1—%“::5}
50x106 = 0.87x415xA X400 [1 Eﬁf{‘;:;im |
3462 = Ax [:L— @‘;;J
AZ —4433.7 Ay + 346.2x4433.7 — 0
: By solving the above ciuadraﬁc equaiion and t=king the lower oot
44337 —/4433.7% —4x 4433 Tx34532

ASIZ_E 5

ASI = 3?8-5 mm‘z
Provide 4-12 mm bars, Ay provided = 452.4 mm™

EXAMPLE - 12

A reinforced concrete beam has a section of 200x 500 mm: cvercll. I s sugfactea

factored moment of 80 kN-m. Design the reinforcement using Fe-250 steel and M 20

grade concrete. Use effective cover of 50 mm.

2001%

(SEPTEMBER/OCTOBER

.

— 20—

- | T
b = 200 mm. _’ E
d = 500 — 50 = 450 mm 1 E
fue.= 20 Nimm? l
L 2 | 3
fy = 250 N/mm*® 1 ®
e — -
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OF R.C. ELEMENTY

DESIGN AND DETAILING

Factored Bending moment M, = 80 kN-m

For Fe 250 steel, limiting moment of resistance is given by_

0.148. f.x.bd?

Mu,ﬁm =
= 0.148x20x 200x 4502
- 119.88x 106 N-mm
= 119.88 kN-m
Mn < Mu,ﬁm e s ' ' N ;
ment, the section cay

As the Ultimate moment to be resisted is less than thg limiting mo

be under reinforced section

. 1 fp Asf
My = 0.87f, Asd [ 777 hd |
; L25U‘><A1 -
6 ~ _ 5
80 10° = 0.87x 250 % A, 450 [1 20 x 200 x 450]_. .

= ) ]_.__AiL N
817.4 = Ay | 7200
As? — 7200 Ay +,817.4x 7200 = 0

7900 —+/72002 — 4% 817.4% 7200

Ag =

940.2 mm?

Ast
Provide 3 - 20 mm bars, A provided = 942.5 mm?

EXAMPLE - 13

- A singly reinforced rectangular beam is Subj;éé.ted to a bending moment of 45 -kN—m at
working loads. Design the beam for flexure. The materials. used are M 20 grade concrete

. and Fe 415 steel, Provide effective depth 1.5 times the breadth.
- (OCT. 2005)

lution : b -
fere = 20 N/mmé o |
~ fy = 415 N/mm?
Factored Bending moment
M, =1.5 x 45 = 67.5 kN-m

" #ny rode s
—

3 wiry
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@‘Anaﬂfs s and Design.of Rectangular Bearns : ﬁ =

1. Dimensions of the Beam :

Given, d'epth = 1.5 breadth
d=15b |
Equating factored moment to the limiting moment of resistance
Mu = Mu,!im. '
M, = 0.138. f..bd?
67.5%x10% = 0.138 x 20 x b{15b)2 = 6121'b*
b = 221.5 mm
d =

1.5 b = 1.5x221.5 = 332.3 mm
. Adopt 230% 350 mm effective section |
#_ Tension Reinforcement :

,fyAst' e = |
M, -087fyAstd Tabd) o7 ok s

67.5% 105 = 0.87 x 415 x Aq %3501 50230350
o
534.2 = Ast{ " " 38795 _
| A2 3879.5Aq+5342x38795-0 FNL A
3870,5—+/3879.57 —4x534.2x38795 -

A= 8397 mm?
Provide 4 bars of 16 mm diameter.

 Ag provided = 804 mm? - - | o R
Deszgn a rectangular s;mply supported remforced concrete beam over a clear span
of 4000 mm. The super:mpo ed load is 20 kN /m and support width is 300 mm each.

Use M 20 grade concrete and Fe 415 grade steel. Check the design for deflection.
2015 2008, MARCHIAPRIL-?OUS)

Solution :

fa = 20 N/mm? -
fy = 415.I"Jf'mrn2 m
]=4m

Scanned with CamScanner




1. Depth of the Beam %

_ . = |
i ; d on stiffness .
Selecting the depth in range of =5 © T5 e

12 15 e ’l

!

g = 2000 az3.g'mm e |

12 :=

|

Adoptd = 350 mm . !
D = 400 mm

Assuming width b = 300 mm | _ _ |
2. Effective Span : It is the least of the followmg. -. i lll
| éentretocentreof_supports=4+0-3=4'3‘m | | ' s -1

Clearspan+d=4+0.35=4.35m_' : " . - _ |

Hence, Effective span = 43 m
2. Loads Per Meter Length of the Beam :

Self weight of the beam = Area X length X Umi wt. of RCC -

03x040x1><25 3 kN/m
Imposed load = 20 kN/m
Total load = 23 kN/m _
Factored load w, = 1.5 x 23= 34.5 kN/m

Factored Bending moment

4. Depth. Required :

The minimum depth required to resist the Bending Moment

M, = Mu.ﬁm
| M, = 0,138, fy:bd?
79.74 x 106 =

0.138 x 20 x 300 x 42

d=\l 79.74x10°

| 0.138x20x300 310.3 mm < 350 mm, eﬁectwe depth provided
Hence provided depth is adequate ' |

—_h‘-____
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e @ Analysis and Desigm of Rectangular Beams

e 5. Tension Reinforcement :

f;r A#
My = 087fy And [1-fct bd

415x A

o - — e _ 415x%A.
. 79.74x106 = 0.87 x 415 x Ay % 350 [l 502300 350

' A
= Aglll- st
631 st[ : 5060.2)

A2 — 5060.2 Ay + 5060.2x631 = 0

i - 5060.2 —/5060.22 — 4 x631x5060.2
st~ z
2 =

Ag = 738.9 mm?

- Provide 4 bars of 16 mm diameter.
A, Provided = 804 mm? '
Check for Deflection (Stiffness) :

Modification factor for tension steel F;

| ‘804
5 —x100 =
9% of steel 30{]x350x __0.766

Stress in steel under service or working loads

area of steel requiréd
0.58 % fy % A, provided

"

fs |

38.9

7
= 2
0.58 X 415 X ~goo— = 221.2 Nimm

From Fig.4 of IS : 456, modification factor = 1.15

Maximum permitte% ratio = 1,15 % 20 = 23

L iieq e B0 1055 5s
7 provided = 5 = 12 <

Hence deflection control is safe.

)

I
~ For simply supported beams basic value of Fl ratio = 20

B el e T L e
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" DESIG

EXAMPLE - 15 g

Design a rectangular simply supported reinforced concrete bea
6 m. The superimposed load is 30 kN/m a
grade concrete and Fe 415 grade steel.

lution :
fa = 20 N/mm?
fy = 415 N/mm?
] = 6m.

N AND DETAILING OF R.C. ELEMENTT]

/

(i) Depth of the beam : Selecting the depth in range of 575

d

Adopt d
' D

6000

—Tzf- = 500 mm:

500 mm
550 mm -

Assuming width b = 300 mm

(ii) Effective span : It is the least of the following

Centre to centre of supports

Clear span + d

Hence, Effective span

n

6+0.23=623m
6+05=65m
6.23 m

(il) Loads per meter length of the beam

Self weight of the beam

Imposed load
Total load

Factored load w,

u

&

Area x length x Unit wt. of RCC

0.3 x 0.55 x 1 x 25
4.125 kN/m

30 kN/m

34.125 kN/m

1.5 x 34.125

51.19 kN/m

-
— to — based on stiffness

m over a clear span of
nd support width is 230mm each. Use M 9
Check the design for deflection.

(MARCHMPR!L. 2018, APRIL/MAY. 2015, 2014)
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5\.\ .' @ “Analysis and Design of Roectangilar Beams v @ |
t : l | . *

l:é: " - Factored Bending moment
g ML e WP 5L19x(6.23)°
%; il ! 8 8
= 248.35 kN-m

248.35 x 10° N-mm

(iv) Depth required

The minimum depth l'equlréd to resist the Bending Moment

Mu = MU.“TTI
My = 0.138. fg,bd?
248.35 x 106 = 0.138 x 20 x 300 x d?

¥ 248.35x10°
- 0138><20><300

547 66 mm > 500 mm, effectwe depth provlded

1}

Hence provided depth is not adequate. Prowde an effectwe depth of 550 mm.

(v) Tension reinforcement

My,

il

fyAr '
0.87 fy Astd bd

| 3 ; 415x A }
0.87 x 415 x Ag x 550 | * 7505 300%550

I

048.35 « 106

A5{“7‘951.8)

A 79518At+12506x795182 0

7951.8 —y7951.8% - 4><12506><79518
% . B | g A

1250.6

n

1554.5 mm?

g
!
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S 30,

Provide 5 bars of 20 mm diameter.

Ag provided 5 x 314.16

. 1570.8 mm?
(vi) Check for deflection (Stiffness]'

: ot
For simply supported beams basic 'vgluf_z of 1 ratio =20

Modification factor for tension steel F1. -

1570.8x100 . -
% of steel = W-U%Z Ty

Stress in steel under service or working loads .

E f '( area of steel requlr'ed G : : |
by = 0BGy A, provide¢ = )

(15545
- 058 x 415 x (1570.3]

- 238.2 N/mm?

From Fig.4 of IS 466, modification factor = 1.2 v
d 3
3 ratlo = 1.2'x 20 = 24

o Maximum permitted

i 6230 ey e o
a4 provided = 550 . , : '
" , 21132224 -

Hence deflection control is safe. |
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@ Analysis’and Desj, - . -
'gn of Rectang War Beams ﬁ
' A beam simply su
Dieegn the ai:giy;:zz,r;eri over an Cffecrwo apan of 5.3 m carries a LL ﬂ,f' 20 kN /m.
iforced beam for flexure. M 20 concrete and Fe 415 steel are

used. Breadth of the beam is 300 mm.

Solutlon :
fek = 20 N/mm?
fu = 415 N/mm?
Effective span . I'=53m
Breadth b = 300 mm
1. Depth of the Beam : Selecting the depth in range of ::—2- to —L based on stiffness
e 441.7 mm .
12
Adopt  d = 450 mm
D = 500 mm

2. Loads Per Meter Length of the Beam :
03><05><1><25 3. ?5kam

Self weight of the beam
20 KNfm

23.75 kN/m
1.5 x-23.75= 35 625 Kme

Imposed load

Total load

Factored load wy

‘ Wy L2 i (5.3
Factored Bending moment Wy =|'w“8 :35.625>< ( 8} = 125.09 kN-m

3. Depth Required : The miﬁimum depth recju‘&red to resist the Bending Moment

M, = Mu,lim
M, = 0.138. f o bd? -
125,09%106 = 0.138 x 20 x 300 % d?
= :
| d = 1‘% = 388.7 mm < 450 mm, provided dgpth

As the assumed depth is much highgr, adopt

d = 400 mm
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4. Tension Reinforcement :

' : 4
Asl ; ; : ?:
_‘ff.-"" ;
d[l_" ,bd) _
o TR I 415%Ag 0} | g&
1- 300%40 : _
125.09%x 106 = 08?><415><""$l"400 ( 20 \ﬁ
] | 3
1- . - ¥
866.2 AS;( 5783.1 4 _ | y
2= : -
A2 = 5783.1 A« % 5783'1)(866 g & el lsH |
" - B : i
3.1-v5783. 12 - 4x5783 1% 866. | ‘ .
783.1- | . # .
st T > ! _ _2 ; -. .

Ay = 1060.8 mm?®
Provide 6 bars of 16 mm diameter.-
: 2
Ast provided = 1206.4 mm

|
Check for Deflection (St,iﬂness_} N S h _ 0 : \
y ' . valup o= ratio’= 20
For simply supported beams basic value of.l P r. .
Modification factor for tension steel F1

- -1206.4
% of steel =

_L20R 1007 =1%;
300x 400

Stress in steel under service or working loads

LEFE |

sl h .'areu of steel required -

Ay proi:ided

10608
= 0.58 X 415 X 12064 ° 211 7 N/mm?
86| _ _ ' |
From Fig.4 of IS : 456, modification factor = 1,15~ o\ £ i
Maximum permltte 9 ratio = 1,15 x 20 = 23, =
Hence deflection control is safe e
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@ Analysis and Design of Rectangular Beams = j’ﬂ
13 DOUBLY REIWFORCED BEAMS K 14

- Beams which are reinforced in both compression and tension sides are called as doubly
reinforced beam. These beams are generally provided when the dimensions of the
beam are restricted and it is required to resist moment higher than the limitind moment
of resistance of a singly reinforced section. The additional moment of resistance required
can be obtained by providing compression reinforcement and additional tension
reinforcement.

MATIDNS UNDER WHICH DOUBLY REINFORCED BEAMS ARE USED

1. When the depth of the beam is restricted due to architectural or any construction

problems |

At the supports of a continuous beam‘where bending moment changes its sign
[n precast members (during handling bending moment changes its sign)

In bracing members of a frame due to changes in the direction of wind loads

To improve the ductility of the beams in earth quack regions

o T A W

" To reduce long term deflections or to increase stiffness of the beam
3.3.2  ANALYSIS OF DOUBLY REINFORCED BEAMS .

e ———

Fig. 3.7. shows a typical doubly reinforced section and the varia

tion of stress across the.

depth. : itrs )
' b Area of Holes = Ag _ _
b=t | 14 T/ﬁﬁ}%— REHEHOE 0 Bal, .,_L
 [o o o |4 T R ‘e ® o':d‘
| T et vl A CIREE RAD-T |
R ' i
N'A' i L . ‘! “'-. i ' e
' e e o =hfiicd ] s
: )
Ag ' Agt E & _Asr. 2 E_‘—
| oeooeoe |. e o o i @, e g
_ | gssew (e o o e ..
Section Subjected to Sectio: - | : Resisting ‘Section - |l : Resisting Balance
Moment My Moment Myq = Mu, lim' Moment M,z = My = Mylim
(a)
i - VPl R "t o=l As
" Ru 2= | Cuy = 0.36 fey bxy oA
= Lgg + PMEC
A I il L 3
=

(b)
FIG 3.7 : Doubly Reinforced Section

[d._-- 0.42 xy) , 1 ,
Ty =087 f,- Ayl g Ty =087 fy As

_#—
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- Y reinforced : |dpred t
¢ .an be consics
Siven below, section can |

(a) A s
ingly reinforced section with Mo, tim |
nd addiﬂonal teel to resist addmana’l !-,

(b
) A section with compression steel -
AR MU? - Mu s Mrr,.‘fm}* je. 2 S'IEQI i
nforced beam

tension 3
th out concrete.

He .
nce. moment of resistance of doubly rél

My = My, tim + Mu2 : '
Where M, iy = Limiting moment of resistance of singly reinforced section
w fim 3
Myz = Additional moment of resistance o0 be resisted by compressioy
u 5 . |
steel and additional tension steel

of resistance Mz is equal to the distance’

The lever arm for the additional moment
i.E-. d'd, . Hence1

between the centroid of the tension and compressio
the additionzl moment of resistance is given by

foo = Stressin compression steel

ntroid of compression reinfo
to compre

n reinforcements,

Where
rcement from the maximum

4 = Distance of ce
ssion reinforcement)

ession fiber (effective cover

compr
A, = Areaof compression reinforcement reqqired to resist Mu2
Aup = Areaof additional tensile reiﬁforcem’ent to balance compression steel
4. = Area of tensile reinforcement for a balanced singly reinforced section.

h of neutral axis can be calculated by equating total force of

Neutral Axis : The dept

compression to total force of tension.

Compressive force in concrete C. = 0.36 fx b xy

Compressive force in Compression steel Cs = fsc Asc
Tensile force T = 0.87 fy Ast

Equate force of Compression with Tension
CotCy=T
0.36 fox b xy + foc Asc = 0.87 f, Ag

X, = 0'87fl’ Asr"fsc As.c
T 036fb
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@ naﬁ,-sis and Design of Rectangular Beama

_ Ultimate Mome The
2 i ment of Resistance : The Ultimate Moment of resistance of doubly
reinforced section Is given by |

p‘f" = Mu] + .h1u2
My = 0.36 fex b xy (d = 0.42 x,) + foe Agc (d = ')
When Xu = Xy, max; Xy ls “m“ed to Xy, max |
M, = 0.36 fci\ b Xu,max (d = 0.42 Xu, max) + fsc Asc (d - d)
. Area of Compression Steel :
Additional moment of resistance Mg = f, Asg (d=d) "
Mu2
fx(d -d')

The mammum area Of comptess:on remforcement shall not exceed 0.04 bDi.e. 4% of

Asc =

gross cross sectional area.

. Area of __'I‘ension Stgellz The limiting rhoment' of r_esisiance of singly reinforced section

is given by - d
My lim = 10.87 fy st1( d 0.42 Xu, max)

M.u Him
0.87f,(d- 0.42x,,,max )

Agy =
Additional area of tensile steel (Agg) can be calculated by equating the compressive

force in compression steel and tensile force in additional tension steel.

0.87 fy Ago = fee Ase e f

Ve fsc Asc
Asiz = 0.87f,

AstZ can also be calculated by usmg

0.87 fy Astz ey

: - MuZ
Asz = 0.87f,(d-d)

| Mu2

Total area of tension steel Agt = Ast1 + Agt2
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BETAILING OF R.C. ELEMENTS

DESIGN AND

3.3.3 STRESS IN COMPRESSION STEEL fge)

If £, is the strain at the level of
compression steel, from the strain
diagram at failure

€oe 0.0035
xu = dl xu

n

x,~d
00035 |~ .

dl ; .. it
0.0035 (1'}—] : : FIG 3.8 : Strain

. X Diagram
n compression steel can be obtained from stress strain
A of SP16 which is given below.

€s

n

ss i

Knowing the strain, the stre
| or from the Table-

curve of corresponding stee _
TAELE 3.4 : Salient points on the Design Stress Strain Cuww%
= b s
! | Fe 415 Fe 500
| Stress Level :__r-—*——r"“"r".—‘-—r“—"_" _ T .
; | Strain stress N/mm” Strain Stress N/mm
i’ | 0.00144 © 288.7 0.00174 347.8
306.7 £0.00195 369.6
324.8 0.00226 391.3
342.8 0.00277 413.0
351.8 - 0.00312 423.9
‘ 100, | 360.9 o 0.00417- 348 |
|:=~—_::F_:______4_.—____.d———‘_———-——-;_,—-—4_ﬂ__—______-——#__ —_— _. - = —
Hote : Linear interpolation may be done for intermediate values
fya = Design yield strength = 0.87 Iy
irectly. Trail and exror procedure

_Sofs and x, are interrelated and can not be found d

chould be adopted.

For mild steel direct relation ¢
‘dealized stress strain curve is finear up to fy

an be established between stress and strain since the

and then itis constant equal to fy.

foe = strain X és
Sybstituting the value of strain and E for steel = 2% 10° I“i’ifmn‘n2
0.0035 (1 — d'/xy) 2% 10°

700 (1 — d /%), subjected to a maximum of 0.87 fy '

il

1

A ———————— d
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- @ Ysls and Design of Rectanguiar Boams ﬁ

Stress in Compression Steel (f,c) based on d'/d % 3
on d' : :

o) the.

¢ per SPIG, in. designi
A»H pwing i .iv:Slts:]nmg doubly reinforced beam (by assuming Xu = Xu,m
folle L values of f,. for different values of d'/d. '

. Gtress in Com .
TABLE 3.5 pression Steel fs;, N/mm2 in Doubly Reinforced beams with Cold Worked Bars

E

(Table-F In SP16) when_ d' /d < 0.2

: rade of Steel T7d -
| Fe413 355 389« 342 ” "
[ 1o 2 412 w1 m ||

For d'/d < 0.2, f. for mild steel is 0.87 J,
1.3.4 USE OF DESIGN AIDS SP16 =

Spl6 design tables 45 to 56 gives the percentage of tension and compression

reinforcement (P; and P.) for different ratios of (d'/d) varying from 0.05 to 0.20
;.md for various grades of concrete (fcx = 15 to 30 Nlmmz) and ;lifferent grades of
steel (fy = 250, 415 and 500 N/mm?) cdv_ering the moment of resistance factor (My/

bd2) varying from 2.24 to 8.30.
" 435 TYPES OF PROBLEMS

i.e. to find the ultimate moment of resistance, given the section

1. Analysis of the Section,
ension & compression reinforcement.

dimensions and area of t
Method-1 (Strain Compatibility Method-Exact Met_hod}'

(a) Assume X, = ku'max 5, |
" (b) Calculate the strain in compression steel, g, = 0.0035 (1- d'lxu) and the
corresponding stress fsc from the stress strain curve of steel or from table 3.4

(Table A of SP16}.
(c) Determine the depth of neutral axis Xy

. = OS?fy A.'st"fsc-‘d‘sc
" - 036fckb

This value should be equa
the value obtained in step C and

| to the assumed value. Otherwise, asSur_n.e xy equal to
repeat the steps (a) to (c). - | _

i ; T
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DESIGN AND DETNLING O

(d)

Method-2 (Approximate Method) :

(a)

(b)

(c)

2. Design of Doubly |

(a) Find My jimas2$

Moment of resistance of the section is given by
I
= 0.36 f b x, (d = 0.42 x,) + foc Asc (4~ d)

d"

I xy > Xumao xu is Ilmited to Xy max

My = 0.36 fox b Xymax (d = 042 Xu ) S Ase (d -

_ . o ;
.= on d'/d ratio from Tay), |
Determine the stress in compression steel dependlﬂg : blg

3.5. (Table-F of SP16)

DEtermin.e the depth of neutral axis Xu

0.87f, Ag = fsc Asc
Xu = 7 0.36fu b

‘Moment of reswtance of the secti

036fckbx (d O42xu

on is given by
) * fsc.Asc I(d o d.r) .

M, =
If  x, > Xumaxo Xu is lirmted to Xymax™ . <. ; ,
M, = 0.36 fok b Xumax (d — 0.42 xymad + fsc Asc d— d) |
.-on Moment of Resistance :

Reinforbed Section for a Give
ingly reinforced section

My lim = 0.36 fck b Xu,max (d— 0.42 xu,max]

(b) Calculate corresponding steel

or

(c)

(d)

(e)

A " Mu,h’m
stl = 0,87 £, (d — 0.42 Xy max)
Ast1 = Ptlim X _lt_}t%

Find the excess moment to be resisted by compression steel

Mu2 = Mu - Mu,ﬁm
Find the stress in compression'steel fec
(Table-F of SP16) -

depending on d/d ratio from Table 2.5

Find the area of compression steel

Mu2 — fsc AS-C (d » dl)
MuEI

By 2 S TR
'c fsc (d_d':l
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Analysis and Design of Rectangular Beams |

(f) Find the additional tensile steel, Ag2
0.87 fy Asiz = fse Ase

f sc Asc
0.87 f,

Total area of tension steel = Ay + Ag2

EXAMPLE= 17

A doubly reinforced beam of width 25
with 2 bars of 16mm diameter as compression reinforcement at an effective cover of

50 mm and 4 bars 20 mm diameter as tension steel. Find the ultimate moment of
resistance of the beam section. Use M20 grade concrete and Fe 415 steel.

I (MARCH/APRIL. 2018,2013) §

Ast2 =

0 mm and 550 mm effective depth is reinforced

Solution :
Breadth, b

Effective depth  d

250 mm
550 mm

Effective cover to compression steel d'= 50 mm

Area of tensile steel, - Ag

4' _:- (202 = 1256 mm2

Area of compression steel, Ay iz LX Ex 16 = 402 mm?

fek
fy
Method - I (Exact Method) :
- 0.48 d = 0.48 x 550 = 264 mm

25 N/mm?
415 N/mm?

I

Xy, max
‘First Trail :

(i) Assume Xy = Xymax = 264 mm

(i) Strain at the level of compression steel
(x,—d)
0.0035 —

u

Esc

(264 -50)
262900 _'0,00284
0.0035 — 0

(iii) Corresponding to this strain,

oad the stress from the Table 3.4 (Table-A of SP16).

fie = 352 Nimm® | e

i
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_ DESIGN AND DETAILING-OF.R.C. ELEMENTY

4. Depth of Neutral Axis : To l‘-ilnd the depth of neutral axis, equate total compresg;,
force to tensile force s e :
0.36 fuie b xy + fic Age = 0.87 fy Ast
- 0.36 x 25 x 250 x x, + 352 x 402 = 0.87 X 415 x 1256

2250 x, + 141504 = 453478.8
_ Xy = .1-3.8.66 mm’ :
This is much less than the qssumed value.
Second Tfail-: o
(i) Reassﬁme x;;, =139 mm.
(i) - Strain at the level of compression steel
= 50) = 0. 00224

T =d'k-
g, = 0.0035 ﬁ—;-— = .0.0035 139
) u : g .
¢ stress in compression steel from the

(iii) CorreSpondmg to. thils strain, read th
: Table 34. (T able A of SP16}

fre = 33656 N/mm?

(iv) Depth of neutral axis.
To find the depth of: neutral axis, equate total compressive force to ten

036fckbxu+ fsc sc 087fy Ast
036X25><250><xu+33656><402 087X415X1256

sile force

1800 Xy + 138609 6= 453478 8

141.41.mm, this is nearly equal to the assumed value _

Xy

141 mm’

S0, X
(v) The moment of resistance of the sex.tlon is
M.“ = 0.36 fex b xy(d — 0.42-x) + foc Asc (d d)
0.36 x 25 x 250 141 (550 0. 42x 141) i 336 56 X 402 (550 50)

1]

223.35 ><106N mm
293.35 kN-m

L
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\: @ nalysis and Design of Rectangular Beams I
Method - II (fs. based on d/d'Ratioj |

1. Stress in Compression Steel :

2.5 -
d = 550~ 00

fic = 353.4 Nimm? from the Table 3.5 (Table-F of SP16)
2. Depth of Neutral Axis : To find the depth of neutral axis, quuate- total compressive
force to tensile force
0.36 fok b Xu + frc Asc = 0.87 f, Ag
0.36 x 25 x 250 x x, + 353.4 x 402 = 0.87 x 415 x 1256
2250 x,, + 142066.8 = 453478.8 :
x, = 138.4 mm '
Limiting depth of neutral axis _
Xir.midx = 0.48d = 0.48 x 550 = 264 mm
Xy < xu,m-ax S | T
3. _Moment of Resistance :
M, = 0.36 fux b xy (d — 042 xu) + fsc Asc (d-d) dovick=nlii
0.36x 25 x 250 % 138.4 (550-0.42 138.4) + 402 x 353.4 (550 — 50)

219.68 x 10® N-mm

= 224.20 kN-m
the value obtained in method 1.

in

n

It is nearly equal to _ _

‘EXAMPLE -*18" ; _ T S e
Calculate the ultimate moment of resistance of an R.C. beam of rectangular section
200 mm wide and 400 mm deep. Area of steel consists of 6 No

and 3 Nos 18 ¢ in compression side. Assume steel of grade Fe

grade M 20 and an effective cover 35 mm On both sides.

s 18 ¢ intension side
415 and concrete of

Solution: A _Lt'_‘m;_-—-l-__
Wi b = 300 mm | { }12 W |
d = 400 — 35 = 365 mm PR 18 | boiioB
d = 35mm | e i |
fic = 20 Nimm? | 2l ﬁ&
f, = 415 Njmm” | poasl o A
s
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TAILING OF R.C. ELEMENT

5.2 |

“DESIGN AND DE

Agt = 5><%><182 = 1526.8 mm”
Age= 33‘%"182 =763.4 mnrl2I

1. Stress in Compression Steel :

d 35 ;006
d r 365 e .09 --
. 3539 N/mm? from the Table 3.5 (Table-F of SP 16)

2. Depth of Neutral Axis :
rce to ten_sile force

To find the depth of heutral axis, equate total compressive fo

0.36 fex bXs¥d fai Ag = 0.87 fy Ast

;3534 x 763.4 = 0.87 x 415 % 1526.8

0.36 x 20 x 300 X Xu
2160 xy + 069785.6 = 551251.14

Xy = 130.3 mm :
axis

" Limiting depth of neutral i
48 x 365 = 175.2 mm

&m=0.48d=0.
Xy < Xymax

3. Moment of Resistance - _ :
M, = 0.36 fx b %, (d = 042 Xy) + fsc Agld—d)

00x 130.3 (365 — 0.42x130.3) + 353.4x763.4 (365 — 39

- 0.36x20%3
17636 x 108 N-mm = 176.36 kN-m

eam of rectangular section

Calculate the moment of resistance of a reinforced concrete b
950 mm wide and 500 mm deep, if it is reinforced with 6 numbers of 20
tension side and 2 numbers of 20 mm bars on compression side. Assume steel of grade

Fe 250 and concrete of grade M 20. Effective cover provided is 40 mm on both the sides.
OCT/NOV. 2016 [TS]

mm bars on

Solution >
b = 250 mm-
d = 500 — 40 = 460 mm
d = 40 mm

__,_..---""'

Scanned with CamScanner



|

p—— Analysis and Desj, .' .
| esign of Rectangu/ar Beams -

fck_ = 20 N/mm?2

0 ‘ - f—-250—1
fy = 250 Nimm? s
i By, -
Ast = 6XEX202 = 1885 mm?2 T i 2-200 460
) : ' 500 -
VIR | N | ; L
| .sc ><4><20 = 628.3 mm? l %chg*‘i
1. Stress in Compression Steel : T
d 40 ' ' '
d = AeD = 0.09 < 0.2, Hence for mild steel
fsc = 0.87 f, = 0.87 x 250 = 217.5 Mmm2 from the Table 3.5

(Table-F of SP16)

! Dept'h of Neutral Axis : To find the depth of neutral axis, equate total compressive
force to tensile force. '
0.36 fok b Xyt fse Ase = 087)‘5,
0.36 X 20 X 250.%. x,+ 217.5,% 628.3 = 087 x 250 1885
1800 x, + 136655.3 = 409987.5 - o
o = 1BLB5 M« vap § B RS A Laat w n R s
Limiting depth of neutral axis,
%y = 0.53'd =053 x 460 = 2438mm
Xy < Xy,max
3. Moment of Resistance :
M, 036fckbxu d 04:, xu] + fscAsc (d d')
0.36 x 20 x 250 % 151 85 [460 0.42 x 151. 85] +217.5 %
628.3 (460 - 40) :
165.69 x 10% N-mm
16509 kN-m_m

EXAMPLE:- 20. : '
A doubf—ﬂf ” einforcéd beam of width 250 mm and 500 mm effective depth is reinforced -
with 6 numbers of 20 mm bars on tension side and 2 numbers of 20 mm bars on
compression side. Find the ultimate moment of resistance of the section.. Effective cover
provided is 40 mm on both the sides. Concrete of grade is M 25 and steel is Fe 415

B (MARCH/APRIL-2014)
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Solution; - : : _
: f— 250 —~
b = 250 mm . lel]_ ke
Onnnannee of |
d = 500 mm T 2-0
d = 40 mm 2
fae = 25 N/mm? 6-200
 fy = 415 N/mm? : L0-00-000| 75
- ' s S
Ag = 6X§X202 - 1885 mm?
A e 2x£—_x202 = 628._3 mm?
(i) _Stress in compressibn steel
d 40
- 00 - 0.08<0..2 |
f,. = 354.2 N/mm? from the table 3.5 (Table-F of SP16)
(ii) Depth of neutral axis _
ive force to tensile force

To find the depth of neutra! axis, equate total compress

0.36 £ b xy+ foc Asc = 0.87 fy Ast
0.36 x 20 x 250 x x, + 354.2 x 628.3 = 0.87 415x1885 .

1800 x, + 222543.9

Xy

680579.3
254.5 mm -

Limiting depth of neutrai axis
= 048d = 0. 48 x 500 = 240 mm

Xu,max
Xy > Xu,max
-But'as per code, x is ]imited to Xy max
(iii) Moment of Resistance |
M, = 0.36 fck bxumax (d - 0.42 xumax] + fs,:.ﬂssc (d —d)
0.36 x 20 x 415 x 240 (500- 0.42x 240) + 354.2 x 628 g (500—»40)

n

n

388.64 x 106 N-mm
388.64 kN-m

1}
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Analysis and D R e
9n of Recta
ngular B e - ——
e —CT0Gur Boams
5 — . . ————

(e super

mm. T

pesign @ rectangular rein \
forced concrete beam for a elear span of 4000
w 400 mm. [Use

i;nrp{]sf.‘d- load is 35 kN /m and :
Nl grade concrete and Fe -j?;je size of the beam is limited to 260 mm
steel. Support width is 300 mm cach and effective

cover is 40 mat.
: _ MARCH/APRIL. 2006

ﬁgﬂg’ﬂgﬂ_;

= 250 mm
d = 400 - 40 = 360 mm
d = 40 mm
fok = 20 N/mm?
fy =415 Nimm?

1 Effective Span : Least of
_Ceﬁtre to centre of supports = 4 + 0.3 =43 m

Clear span + d = 4 +0.36 =4.36m

Hence, Effective span = 4.3 m

9. Loads
Self weight of he beain= 0.25 x 0.4 x 25 - 2.5 kN/m
Super impésed load = 35 kIN/m :
= 37.5 KN/m

Total load = 35 + 2.5
1.5 x 37.5 = 56.25 kN/m

2 5625x4.3°
w, > _56.25%X45" _ 130 kN-m

1

Factored load wy

———

Factored Bending moment My = S

f resistance of the given section as a singly reinforced section

3. Limiting moment 0
My lim 0.138. fo-bd?

0.138 x 20 x 250 X 3602

89.42 x 100 N-mm

89.42 kN-m

tion should be designed

nding to Muy,lim (As1)

n . ]

Tm

As M, > Mu im, the sec as a doubly reinforced section.

4. Area of Tension Steel Correspo

0.87 f,Aut = 0.36 fek b Xumax

SN Y
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0. 36fck b Xy max -

st]. - 0.3?,&.
. 0.36x 20 250% 0.48 %360 _ gg1 5 mm® |
B 0.87x415 '.

5. Compression Reinforcement (A-sc)l:

For i _ 30 . 011, stress in compression steel fsc Emm‘ table F of SP16
d 360 '
f.o = 351 N/mm?

[For design problems take fsc from Table-F of SP16 for differeni values of =,

For analysis problems (to find M . ) take fsc from Table-A of SP16 or from 5“3_55 strain

curve of corresponding steell - T
. . to be resisted by couple consisting of compression

The remaining bending moment has
~ steel and the corresponding tension steel.
Myp = My '—Mn;r,iim_ K
- 130 — 89.42 = 40.58 K_N—m
My = feAxd—d)
40.58x 108 = 351 X A (360 - 40)

: 40.58x10°
Asc = 351(360—40)

6. Additional Tensile Steel (As2) :
- 0.87 fy AstE = _fsc Asc _
fe A 351x361.29

- 361.29 mm?

Asz = 087§, = (087x415) - Sor2 mm*
Total tension steel Ag = Agy + Ag2 | .
- 8615 + 351.2 “
= 1212.7 mm?

" Provide 4 - 20 mm bars in tension (Agt = 1256 mm?) and

2 - 16 mm bars in compression (A, = 402 mm?)

USING SP-16 :
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Analysis and Design of Rectangular Bo nmsl

' 130x106
M, /bd? it
250x3602 - +01
d _ 40
d " 360 - 011

Refer Table 50 of SP-16 corresponding to f, = 415 N/mm? and f = 20 memfz, read

the correspunding values of percentage of reinforcements Py and Pe

P = 1.342 and P, = 0.408 .
bd  1.342 -
Ast = P:_ 100 - 100 . % 250 x 360 = 1208 mm?
bd  0.408 '
Ase = Pe 755 = o % 250 x 360 = 367 mm?

‘ _ ‘ _. P _ ar
Determine the main tensile and compressive reinforcement required for a rectang ul

beam with the following data.
Overall size of the beam. = 250 x 550 mm
Concrete grade = M 20 .
Characteristic strengrh of steel = 415 N,’Jﬁmz
Factored moment = 200 kN-m

Effective cover = 50 mm e
W : (APRIL/MAY: 2011 ; SEPTEMBER/OCTOBER: 2004)

Solution : B | : : | 250 — |
Ll y W T
. d = 550 — 50 = 500 mm _ Ase
& = 50mm | = i
f, = 415 Njmm? P e e
M, = 200 kN-m

1. Limiting Moment of Resistance of the given Section as a Singly Reinforced Section :

0.138. fo.bd? = 0.138 x 20 x 250 x 5002

Mu,ﬁm

'~ 172.5 x 108 N-mm

172.5 kN-m
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~DESIGN AND. DETAILING-OF-R:C. ELEMENTS

M, > My jim , the section should be designed as a doubly ;ginforced sectioy, :

2. Area of Tension Steel Corresponding to My, lim (Ast1)

0.87 fy Agt = O'.36 fek b J'-'u.arrm:c-

0.36f4b Xymax _ 0.36x20x250x048x500 15005 2
A1 = = 0.87x 415 .
. 0.87f, |

3. Compression Reinforcement (Ase) :

For g: . gsb% = 0..1, stress in mrnpressim steg'l foc from'ta‘t.:ls_: F of .SP16
o = 353 N/mm?.
Mz = My = Myjiim
- 200 — 172.5 = 27.5 KN-m
Myz = fic Asc (d = d') |
27'.5_>< 106 = 353 X Ag (500 — 50) | "
.. 275x%10°
Asc =. 353 (500-50)
- 173.1 mm?

4 Additional Tensi[f: Steel,(A§tg) -
0.87 fy Astp = fse Asc

fSC ASC

ASIZ = 087 f_u

353x173.1
(0.87x415)

169.3 mm

Total tension steel

Ag = Ag1 + Ag
11965 + 169.3
1365.8 mm?

Provide 5 - 20 mm bars in tension (Ay = 1570.8 mm?) and

2 - 12 mm bars in compression' (Asc =226 mm?2) -
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- Anﬂ!ﬁ!s»ind De;ign of Sﬂcfangu!ar'ﬂaams ——"ﬂ

Design the remforcemen‘t for a rectangular beam with the following data.
Overall size of the beam = 250 %450 mm.
Factored moment = 1709 EN-m

Effective cover on both sides = 50 mm,
Use M 20 grade concrete and Fe 250 steel.

Breadth, b= 250 mm. - #+
Effective depth, d = 450 — 50 = 400 mm l _' '
Effective cover to compression steel d' = 50 mm

foe = 20 N/min2 ' 3

" f, = 250.N/mm2

1. Limiting Moment of Resistance of the given Sectlon as a Smg‘lg Reinforced_Section 5

Myjim = 0.148. fo bd2 |

0.148 x 20 x 250 x 4002
= 118.4 x 106 N-mm

= 118.4 KN:m

My > My jim, the sect:on should be demgned as a doubly remforced section.

 As
" 2. Area of Tension Steel Correspondmg to My tlim (Asﬂ)

0,87 fy Sf]. - 0.36‘ ka b Xujmux

p 0.36 fck b Xu,max
Astl S5
e ORLE

4 0.36x20x250x0. 53><4GO ST s i
- 0.87x 250

3. Compression Reinforcement (Asc) :

d 50 ' l
;i 125 < 0.2, Hence for mlld stee
7 foams

0.87 fy = 0.87 % 950 =-217.5 Nir_nml_‘

i
8
n

- Muz =._Mu = Mu,!im _ :
- 170 — 118.4 = 51.6 kN-m

__-_u-gﬂ-'—
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ol DESIGN AND DETAILING OF R.C. ELENm

DESIGN AND

| 3.50 |

Mz = foc A ld = )
217.5 x A (400 - 50)

A = 51.6x10°" _  677.8 mm?
€~ 217.5(400-50)

4. Additional Tensile Steel (Ag2) ¢
0.8? fy Asf_z = I.S‘C ASC

fabe, 217.5%677.8 . B2
Awz = 087f = (0.87x250) Alpc

1]

51.6 x 10°

Total tension steel Ag = Ag1 + As2
1754.5 + 677.8 = 2432.3 mm?

Provide § - 20 mm bars in tension (Ag = 2513.3 mm?) and
4 - 16 mm bars in compression (Ag. = 804.3 mm?) .
[In case of design of doubly reinforced beam with rnﬂd steel, Ago will be equal to A;, 3

the design stress is same (= 0.87 f;) both in compression and tension when d'/d <0, )

EXAMPLE 24

A doubly reinforced beam of width 230 mm and 500 mm total depth is remforced
with 4 bars of 16 mm diameter as compression reinforcement and 6 bars 20 mm
diameter as tension steel at an effective cover of 40 mm on both the sides. Find the
safe uniformly distributed load the beam can carry if it is szmply supported over an
effective span of 5 m. Use M 20 gmde concrete and Fe 415 steel. :

(OCT/NOV. 2016 [AP] ; 2009)

QOJLIM

b = 230 mm

d = 500 - 40 460 mm P! -

d = 40 mm | , 3 __4_{+]_ .. |__

foe = 20 N/mm? - : T ?4.531%0

£, = 415 Nimm? | B i :
1 = 5m ; _L 1y

Ag = 6"'}?‘202 = 1885 mm? J a0 0-000-00- -

L L 2
Age = 4x%x162 = 804.2 mm?2 |
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Anal an’ ——
@@.ﬂp? Design of Rectangiilar Boama -

1. Stress in Compression Stee] -

4 . 2
d - 46-6 = 0.087
fsc = 353.5 N'mm? from the Table 3.5 (Table-F of SP16)

9. Depth of Neutral Axis : To find the depth of neutral axis, equate total compressive
force to tensile force

| 0.36 fck b xy+t fsc Age = 0.87 fy A
0.36 x 20 % 230 X x, + 353.5 x 804.2 = 0.87 x 415 x 1885
1656 x, + 284284.7 = 680579.25

= 239.3 mm

Limiting d-Epth of neutral axis
Ximie = 048d 54 - . | |
| 0.48 x 460 = 220.8 mm %l . 1

I}

xu > xu,mﬂx 1 xU iS ]imited tD xU.max .

3 Moment of Remstance |
M, = 0.36 f b xy (d = 042 x,) + fic A L= d)

| 036><20x230><2208(460 042><2208)+3535><

804.2 (460 — 40) | | |

253.69 x 10° N- m.m 253. 69 kN m

]

1]

kN/m be the safe ultlmate load the beam can carry

2/8 = w,5%8 =3.125 wy,

4. Safe Load : Let w,

Factored bendmg moment = Wy

Equating factored bendmg moment to the Moment of resistance of the section

3125 wy = 253.69 S oKNm
| 953,69
’ - 81.18 kN/m
Wy = "3125
wu F . 5m - 3 ‘

Safe working load W = Joqd fdac-to_r

w, _ BL18 - 54 12 kNim (including self weight)

meqE g
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“DESIGN AND DETAILING OF R.C,

[ 3.52 |
3.4  SHEAR

Bending is usually accompanied by shear. The combination of shear and bending Stresge

‘produces the principle stress which causes diagonal tension in the beam section The
diagonal tensile stress caused by the shear and combination of shear and bending Is

likely to cause failure of the section by producing cracks as shown in the Flg. 3,8 This
should be resisted by providing shear reinforcement in the form of vertical Sﬁrt‘upg or

bent up bars along with stirrups.

- Diagonnl Tension " - |
lexura

Crack at 45° (Shear Flexural-Shear
Crack) Cruck Crack at 90°
: / —7
Crushing of CL
Concrete

FIG 3.8 : Crack Pattern in Beams (Simply Supported Beam)

3.4.1 SHEAR STRESS IN BEAMS

Homogeneous Beams : The distribution of shear stress across the homogeneous beam
of rectangular section is shown in Fig. 3.9 (a). The variation of shear stress is parabolic.

It is zero at the top and bottom and is maximum at the. neutral axis.

.0

1.5 x Averagesheaf stress

Vv
Toae = 1.5 T, 15)(-@

The maximum shear stress

il

Shear force

Where V
In reinforced concrete beams, the concrete below the

2. Reinforced Concrete Beams :
neutral axis is neglected being in tension. The shear is assumed to be resisted by the.

bond between concrete and steel.

~ Hence, the shear stress in reinforced concrete beams varies parabolically with zero at
the top compression face, reaching maximum value at the neutral axis and constant
from neutral axis up to the centre of gravity of steel bars as shown in Fig. 3.9 (b).

L
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3.4.2

Ngidar Aoams ﬂ
e

shear stress Is given by
v

T s
[/}
lyli)A b,f,

The maximum

i '-——_ h n——_....l I“'—"- h_ﬁi
. !
...... —L Trriax
1 bl Bl T . ; .
; o NA
L | 0-0-00nteeeeas
(a) Homogeneous Bsamg (b)- Reinforced Concrete Beam

FIG 3.9 : Shear Stress Distribution in Beams
However the procedure presented by IS: 456-2000 is based on average shear stress

across the section, The average shear stress also called as nominal shear stress is
given by '

Y
b.d
Ult?mate shear force

Nominal Shear stress 1, "

Where:  V,
d
b

u

Effective de;pth
Width of the member

In case of beams of varying depth
. Vs (ﬂd“—] tanf -
Nominal Shear stress 1, = bd

Factored bending moment at the section

n

Where M,
f

(Négaﬂve sign when bending moment increases with the  increase in effective depth
& positive when BM decreases with the increases in effective depth)

DESIGN SHEAR STRENGTH OF CONCRETE e

Angle between top and bottom edges of the beam

Concrete is capable of resisting shear force to some extent. This value depends mainly
on grade of concrete and the area of steel provided for resisting bending moment.

]

=
— e i e . -
et

e ———————
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DESIGN A

Table 19 of IS : 456-2000 and Table 61 of SP:
concrete in beams as 4 function of g

However in finding the percentage of steel in an
at least one effective depth beyond ff

1e section con

rade of concrete and percen
y section, the steel bars should extend

MD DE h\“ I

o——

sidered.

16 glves the design shear “'f"ﬂulh ﬁ‘
tage of tenslon stes),

Table 3.6 : Design Shear Strength of Concrete 7z memz (Tﬂmﬂ 19 '“ '9 455-?000} o
il - ——— — —— = g : [ e ———
. 100 A /bd M15 ] M20 25 M]D 1A35 MA0 and
. ' above |
I. = F-____._._____._-________________'_____,_,_,_____,_._.__ I - —_— - |
| <0.15 0.28 028 | 029 ___?_L% 20 E
r ' 37 0. ﬁ
. 0.35 0.35 0.36 0.36 ;_%L 038 ¢
' 0.49 0.50 - 0.50 0.51 |
0.50 0.46 0.48 . T T W |
| 0,59 0.60 |
| o075 | 054 0.56 0.57 0.59 - J
' ' 0.64 0.66 0.67 | 068
1.00 0.60 0.62 _ X F____..—G 7._._~——3 e _._J}!
1.25 0.64 0.67 0.70 . 0.71 e F |
> o canbie et Sosppnmma, (1 5 ]
1.50 0.68 | Y 2 0.74 _ﬂ__ _Fg_,:_"g_ o 79 H%
"1.75 0.71 0.75 0.78 ~ 0.80 0.82 0.34 %
2.00 0.71 0.79 0.82 0.84 0.86 0.28 J:
2.25 0.71 0.81 0.85 0.88 0.90 .- 092 |
i
2.50 0.71 0.82 0.88 0.91 0.93 0.95 t
2.75 0.71 0.82 0.90 0.94 0.96 098
3,00 and 0.71 0.82 0.92 0.96 0.99 1.01 |
i I I S S a2

3.4.3

MAXIMUM SHEAR STRESS IN CONCRETE

To avoid compression failure of
not exceed the maximum shear stress in concrete Tc,ma

456-2000.

Table 3.7 : Maximum Shear Strass 1,; maxs N." mm2 (Tabla 20 In Ib 453

IConcrete Grade[ M15 I

3.4.4 DESIGN OF SHEAR HEIHFDHBEMEHT

the section in shear, the noml
. values given in table 20 of

-2000)

M35 | M40 on Words

nal shear stress 7, should

IS:

5 e

4.0

b b i S, SRR

Shear reinforcement has to be provided agalnst dlagonal tensile stresses caused by the
sheafr force. The Iongltqdinal bars do not prevent the diagonal tension failure, The

e
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@ ‘Analysl, : - . ..
¥5is and Design of Rectanguiar Beams |

inclined shear crack starts at t
~ compression zone. The shear re
forms as shown in Fig 3.10

he bottom near the support and extend towz_irds

inforcement can be provided in any of the following

(a) Vertical stirrups

(b) Bent up bars along with stirrups
(c) Inclined stirrups

S Vertical

) . Stirrups

(a) Longitudinal View

l'e

One Legged Two Leggéd Four Legged Multi Legged

. (b) Cross Sectional View

Vertical Stirrups

Inclined Stirrups

Bent up Bars

A

| =

/

Filg 3.10 : Different Forms of Shear Reinforcement

VERTICAL STIRRUPS :

Fig. 3.11. shows the ge
stirrups are provided as two legge
reinforcement and taken to the compression
Hanger bars are provided to keep vertical stirrup

displaced while concreting:

neral arrangement of vertical stirrups. Generally the vertical
d or four legged stirrups bend round _the_ tensile
zone and anchored to the hanger bars.
s in position otherwise they may get
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ETAILING OF R.C_ELEnr 8

DESIGN AND D

[langey Bars :
/#’ A
Vertical

| Stirrups .

\
Main

Reinforcement

Fig 3.11 : General Arrangement of Vertical Stirrups -

The shear to be resisted by the shear reinforcement is given by

Vis = Vu— Vuc
V,- 1. bd

Shear resistance of concrete = T, bd

Where V. =
Let Ag, = Total area of thlfe legs of vertical stirrups
S, = Spacing of stirrups |
d = Effective depth of the section '
The number o.f stirrups cut by the 45° crack line is
d | . .
n ey

Total shear resistance of vertical stirrups is given:by -
Force resisted by each stirrup x Number of stirrupé_ i

S.F'=
0.87fu A, d
Vs = G GEE
087f9 ASU'd
Sy = “"—V-—-—

s

BENT-UP BARS :
Ifome of Iongz‘tudinal bars can be bent up'nearithe supports as the bending moment to,
e resisted near the supports is very little. Such bent up bars resist diagonal 'tension.

If all the bars are bent up at the same cross section at an angle of a , the shear resistance

of bent up bars is given by
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Mr_@@ SHEAR REINFORCEMENT f

Vish = 0.87 fy Agpysin o,
Where Vusb = Shear resistance of bent up ba
_ s
Aqp, = Total area of bent up bars
o = Angl |
gle between the bent up bars and the axis of the member (>
£S,, the shear resista

Anal ’
W ysls and Dosign of Roctangular Boams - ﬂ

n

45°)

u

fthe pent up bars or inclined stirrups are provided .at aspacing O peE

of bent up bars

stb = 0.87 fy Asb (Sin o+ cosa )Si' . |

The shear resistance of bent up bars shall ot excoeds 50 % of the total sheal to be
tirrups) are

resisted bY the el reinforcement, Because bent up bars alone (with 0ut
1ot effective in preventing shear failure. | '

us

Vusb. < 2

ir
'

rcement that should be provided for all beams
26.5.1.6 by the -

The minimum quantity of shear reinfo
IS : 456, Clause

oxcept those of minor importance like lintels is given

revised equation
A 0.4

e —

Sl 1 TR
bs, ~ 0.87f, |
MAXIMUM SPACING OF SHEAR REINFORCEMENT

7.4.6
)-300 mm which ever is less as

Spacing of vertical stirrups should not exceed 0.75 d '{dr
hould not less then 6 mm.

given in Clause 26.5.1.5 of 1S : 456 and the diameter s

s at 45°, the maximum spacing is d or 300 mm which ever is less.

For inclined stirrup

east of the following (for verlical stirrups)- .

Hence, spacing should bel

(a) Spacing calculated to resist Vus

0.87f, Aw 9

St T,
us : ,

(b) Spacing calculated from minimum shear reinforcement consideration

0.87f, A e B
g BT Y ¥
v T 0.4b

(c) 0.75d
(d) 300 mm

’
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: B DESIGN AND DEfAMJNG OFric_E '
R o> 2\ AND DETAIL TS LEMERS
_UBEDUBE FOR DESIGN oF SHEAR K¢ - TR

3.4.7 P

INFORCEMENT : (18500

L. Ca
. Culate the Factored Shear force V,, in the beam

2. C he
alculate the nominal shear stress
|74

u
3 o bd .
- Lalculate the % of tension reinforcement at the section P; and obtain the desigy Sheg

Strength of concretéﬁ:&cf‘;ﬁpm table 19 of IS : 456.

T, =

Case (a) ; When T,<71, provide minimum shear reinforcement as explainedin2 4

Case (b).  When 1, > 1T, (and less than T, max given in table 20 of IS : 456, degjo,
the shear reinforcement as explained in 3.4..4. | :
Case (c):  When 1, >T_max, the section must be redesigned suc_h that the nofﬂ'lina]
: ' ‘shear stress falls with in the maximum-ljmit. 3 i |
The ultimate shear force at a section of a RCC beam is 2(_30 KN. The effective depth
and width of the beam is 500 mm and 250 mm and 1 % steel is provided. What is the

(NOVEMBER. 2003

shear for which shear reinforcement is required.

Solution :

b = 250 mm
d = 500 mm
Ultimate shear force,
| V, = 200 kN |
Percentage of tension steel / A
P=1%

Referring to the Table. 19 of IS : 456, Shear strength of concrete is (assqming_ M20

grade concrete)
| 1, = 0.62 N/mm?
" Shear resistance of concrete

Vie = 7, bd = 0.6 x 250 x 500 = 77500 N = 77.5 kN

s

Shear to be resisted by shear reinforcement
Vis = Vyu=V,. =200- 1775 = 122.5 kN

_“2 = o

Scanned with CamScanner



Analysls and Desinn o o
] sion AT v
| @ 29N of Rectangular Beams

P Y

A stng;: :mf)t‘c‘;r:;d rectangular beam 230 mm. x 460 mm effective ,_,jepm jslg.ubjected toa
shear = N under working loads. Calculate the nominal shear stress 5?‘ concrete:

(MARCH/APRIL-2016, 2013, OCT/NOV-2015)

b = 230mm
d = 450mm .
Shear force, V =40 kN
Factored Shear forceV,, = 1,5 x 40 = 60 kN I'
NomiﬁaI Shear stresst,, = Yy M = 0.58 N/mm?

P
A

Calculate the Spacing_oftwo legged 8 mm didmeter vertical stirrups as p%r_minimum
shear reinforcement forf a beam of 350 mm wide and 500 mm overall deph if Fe 415
bars are used. Effective cover is 35 mm. :

(OCT/NQV:2013, APRIL/MAY-

b = 350 mm
- D = 500 mm \
Effective depth _ d = 50035 < 465 mm e

For 2-legged 8mm stirrups
Ay = 2x5x8 = 100.5mm? .

Spacing from minimum shear reinforcement consideration-as per IS 456

Aw 0.4
bs, 0.87f
0.87f,A, - 087x415x1005 - ', _
e et yeec =259.2 mm.

b

Maximum allowed spacing : . |
2/0.75d = 0.75 x 465 = 348.75 mm .

Or 300 mm which ever is lesg X - -
Spacing should be least of the above. |
Hence provide 2-legged 8 mm stirrups @ 250 mm c/c.

ik e

T
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TAILING OF R.C. ELEM

EXAMPLE 28 1 ____,,/———_,_,\

DESIGN AND DE

Determme the spacmg of 8 mm 2 legged stirrups for 1.C : b;‘;\’mg:‘?z;g;nm %,
and 450 mm effective depth to resist a fac.fored shear force of 85 Conerey,

and Fe 250 steel. .

lution ; ,
b = 230 mm
d = 450 mm |
V, = 85 kN = 85000 N .

For 2-legged 8 mm stirrups
Ay, = 2 % E_x 8Z2: 100.5_mm2
Spacing of stirrups to resist Vs '
0.87f, 4, d
Syl Ty T e
. 0.87x250x100.5x450 - 115.7 mm

00, - P
Eﬁgar remforcement consnderatlon as per IS : 456

Spacing from minimum

pe oo 08
bS, 087f, o
087f, A,  087x250x1005 .
So=-oab" - . 0.4x230 237.6 mm

Maximum allowed spacing = 0.75.d = 0.75 x 450 = .337‘5 mm

or 300 mm which ever is less.
Spacing- should be least of the above.
Hence provide 2-legged 8 mm stirraps @ 115 mm c/c
An R.C.C. beam 230 mm wide and 450 mm dEep- ts reinforced with 4 bars of 16 mm ib
and of grade Fe 415 on tension side. If design shear force is 60 kN. Design.the shear
reinforcement conststmg only of vertical starrups The grade of concrete used is M20.

.J'”\ E
| (APRIL/MAY. 2011 : MARCH/APRIL. 2007)

S_Q[U_tlDL;
Breadth b = 230 mm
Gross depth, < e

'450_ mm
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A —_—
@ nalysle and Design of Reciangular Beams
Design shear force, v -
i u = 60 kN = 60000 N
Area of steel, Ag = 4xTx162

Assuming an EffEC”"JQ cover ﬂ-f 5'0 “;m. Q{CE’C“UE depth d’ 450 50
Nominal Shear Stress :

Nominal shear stress

i VY. _ _60x10°
- bd " Z30xagp - 68 Nimm®

Shear Rlesistam:fe of Concrete :
Percentage of tension steel at support

A, x100 804.3%x100 .
P = st = s % =
f * bd 230x 400 0Fa

Referring to the Table - 19 of IS : 456, shear strength of concrete 1s

1, = 0.59 N/mm?

(Interpolation has to be done for int.erme_di'a'te values of P; as given below)

T N/mmZ

D ?5 : - ' : § 0.56
' 0.62

[‘: 1.0 ] o e ek e #40. '
(0:62-0.36) /5 674 -0.75)=0.59

400 mm

L L | Ry (1.0-0.75)
Maximum shear stress in concrete
Tomax = 2 8mem ; :
As T, < Tomas and T, > T, , Shear reinforcement has to be designed.
3. Design of Vertical Stirrups Shear to be resisted by shear reinforcement [_Vertica'l'
 stirrups) Wil ¥ '
V = Vy,— 1, bd
T 60,103 —0.59.%;:230 x 400 = 5720 N
Spac:ng of 2- legged 6 mm stirrups -
Ay, = 2xEx6? = 56.5mm’ At 3
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0.87/, Ad
Su = ——-—V_._.__._.

]

0.87x415x56.5x400 1426.5 mm

as per IS ¢ 156,

: ) 5720
Spacing from minimum shear reinforcement conslderation
L
bs, - 087,

M@ = 221.7 mm

0.87 f, Aw
; 4 0.4x230

Sv = T04xb

d spacing = 0.75d = 0.75 x 400 = 300 mm

Maximum allowe

(or) 300 mm which ever is less

f above. .

m sfirrups @ 220 mm cl¢ throlugh‘
2-6¢220ck

Spacing should .be least 0 _ .
out the span of the beam,

Hence provide 2-Ieg§ed 6m

NipniaEil
-4-5]_0
I ‘
4-\16¢ |
FIG 3.12:

300 %600 mm effective depth corries @

A singly reinforced rectangular beam
uniformly distributed load. of 40 kN/m including its self weight over a simply
supported span of 6 m and is reinforced with & bars of 26 mm diameter of which 2

bars are cranked up near the support. Fe 415 grade steel and M 20 grade concrele

are used, Design the beam for shear reinforcement at support.

- Solution :

b = 300 mm
d = 600 mm .
fox = 20 N/mm? -
fy = 415 N/mm? | : ,
s : e
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@ __A'_w ysf_s and F:asfgn of Rectangular Beams ﬁ

y. Nominal Shear Stress :

Factored load w,

1,5 x 40 = 60 kN/m

Factored Shear force V), = Wyl _60x6 o kN =180 x 103N

| 2 2
'Nominal Shear stress 1, = Y, _ 180x10° _ 2
| v bd 300><600 1 NImm
9. Shear Resistance of Concrete :
Percentage of tension stee at support '
) 3 ! 2
A w00 3xEx258x100
P = 2 -4 - 0.818%

~bd  300x600
Referrmg to the Table. 19 of IS 456 Shear strength qf concrete is

= (.58 N/mm
FF'*_% | B gt tc Nimm? _i_‘__/j -
B7D. . . le s B % 0.56 3
0.818 . 0.56+ Eﬂ_‘o_sﬂx (0.818-0.75) = 0.58
T o - b el ¢

Max;mum shear stress in concrete . ’rc s fror_n-_'l'able. 20 of 15456

T = 88 N/mm? . : . e
As 1, < Temax and 1, > T, Shear reinforcement has to be designed
Shear to be resisted by shear reinforcement (bent up bars & vertical sti_rrups)
/ Vus = VU'_Tde 3

_ 180% 103 - 0.58 x 300 x 600 =75600 N,
-3 Shéar Reéistgnce-of_ Bent up Bars : '

Shear .resisténce of bent up bars

Vush = 0.87 fy Ash sma
| =037')(415:&2><—><252><5m£15'f’-
- 250641 N |

——,__—’_——
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i
Theoreﬁcally the two inclined bars can carry shear force completely. But 1S456 Specifig, ' |
half of the design shear must be resisted by vertical stirrups. i '

- Design of Vertical Stirrups : :
Vs 7560v -

Shear resistance to be proxrided by the vertical stirrups Vysy = 2 S~ - 37800!\!

Spacing of 2-legged 6 mm stirrups

Ag = 2 x %" 62 = 56.5 mm?
0.87f, A,d  0.87x415%56.5x600 .
W =T A 37800 R
= 323.8 mm
Spacing from minimum shear reinforcement c'dnsid.e_raﬁbn as per IS 456
S T
bs, - 087f,
0.87f, A B
fy v _ 0.87x415x56.5 % 170%m

% “TAxb . 0.4x300

Maximum allowed spacing

= 0.75d = 0.75 x 600 = 450 mm p
(or) 300 mm which ever is less, '

Spacing should be least of the above;
Hence'pmvide 2-legged 6 mm stirrups @ 170 mm c/c through out the'spari of the beam. -

2-20 ¢ 2-66@170c/ '

| — 1 [J :
1L \f! e
I . 5_\% o e s

FIG 3.13 :
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<Ly

An RCC beam 250
250 mm wi ="
6 mm diameter - fens:‘lde -ﬂnd 450 mm (’I'E'C'p t‘fﬁ}cﬁve is re["forf_‘ed with 6 bars of
If the design shear forcon- side of which two bars are cranked up near the support.
bent-up bars. Concrete ‘e is 120 kN, design the shear reinforcement considering
rete is M-20 grade and steel Fe-415.

MARCHI/APRIL. 2016 :

solution =

b = 250 mm

d = 450 mm
fex = 20 Nimm?
fy = 415 N/imm?

(i) Nominal Shear Stress :

Eactored or Design Shear force, = V, = 120 kN = 120 x 10°N

Nominal Shear stress - L:M 5 Nimm?
T T pd 250450 1,{3.67‘ /mm

(i) Shear Resistance of Concrete :

Percentage of tension steel at support -

x100 _ 7 »
: _As:x _w/4x16 x4x100.= 0.715 %

% bd 250x450
_ Referring to-the table-19 of 19456, Shear strength of concrete is
o = 055NMmm? o -

= SEeaee I = _L 3 _ 7. N/mm? _-_-]
0.5 0.48 i;i
0.75 0.56 !
: |
‘ 0.715 & 0‘4“%—_51?5,__.06%”0‘715'0‘5) = 0.55 l.

I from table 20 of 15456

Maximum shear stress in concrete ¢ max

T, max = 28 memz

and T, >' 1, Shear reinforcement has to be designed.

y shear reinforcement (bent up bars and vertical stirrups)

As 1, < T max’

Shear to be resisted b

/_

B
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S :
N -:- :;g x.;;d_o,sa x 250 = 450 = 58125 N
(i#f) Shear Resistance of Bent up Bars :
Shea”ﬁ“!ancec?bmmpbgﬁ
Vop = 0.87f,Apsina
0.87 x 415 = 2 * f;' x 16Z = sin45°

102662.6 N
Theoretically the two inciined bars can carry shear force completely. But IS-456 specifies

1]

1]

half of the design shear must be resisted by veriical strrups.

(iv) Design of Vertical Stirrups :
Shear resistance to be provided by the veriical stirrups

ol S
Vi = 12%38;2"’ - 26062.5 N

Spacing of 2-legged 6 mm stirrups
A= 2x§x62=56.6mm2_

0.87f,Axd  0.87x415x56.5x450
S T 29062.5 '
316 mm

Spacing from minimum shear reinforcement consideration as per IS 456

Sy

Ay~ 0.4
bs, 887f,
g 0.87f, As,  0.87x415x56.5
b7 04xb ~  0.4x250
= 204 mm |

Maximum allowed spacing.= 0.75 d = 0.75 x 450 = 337.5 mm

(or) 300 mm whichever is less.

Spacing should be least of the above,

Hence provide 2-legged 6 mm stirrups @ 200 mm c/c throughout the span of the beam.
TR e i — - - —

ey
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'_’_’____‘_Ma'ylf‘ and Dﬂﬂ"gﬂ 0’( nﬂd'ﬂﬂﬂu’ﬂf‘t};:‘;;ﬂ“ T ————— ; : m

A simply supported beam with span 5.6 m hos an effectivg dopth of w7t mom intl
wlfﬂh of 275 mm. It carries a wervice load of 100 kN |m Including wlf welyht, 11 19
reinforced with 4 bars of 20 mm diameter, Uge MI0 grode conerely apid oA 115 groty

steel. Determine whether shear reinforcement is requlred, If pequired design the
shear reinforcement,

(OCT/HOV, 2010 4 OCTOBER, 2004)/
Solution :
b = 275 mm
d= 575 mm
fex = 20 NImm?
fy = 415 N/imm?

2. Nominal Shear Stress :

Factored load w, = 1.5 % 100 = 150 k¥/m
: 50%5.5 -
Factored Shear force ¥, = 24° = 22 L o5 = 125 7 107N
. vV, 412.5%10° . ’
Nominal Shear sfress T, = Tj = ,%2-57%- = 2,61 Nimm?

3. Shear Resistance of Concrete : Percentage of tension steel at support

(4 g'
2% 20° %4 %100
P_Ag,*/:l(){):;; - 0.8%
£ bd 275%575 ‘

Referring to thé Tab]e; 19 of IS : 456, Shear strength of con;rete is

(0.62 - 0.56) 0 : 2
< = W02 =10 o« (0.8-0.75) = 0.57 Nimm
g, = 0.56 + L.0-075 % |

Maximum shear stress in concrete Te ., from Table. 20 of 15456

T = 28 Nimm#
As T, < Topm and T, > 7., Shear reinforcement has to be designed.
{1 HIL ’

4, Design/of Vertical Stirrups : Shear to be resisted by shear reinforcement (vertical stirrups)

u

V, - 1. bd
412.5 % 10% — 0.57 % 275 % 575 = 322369 N

A o

Vs

i
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e i
Hpacing of 2- quill-i”I 12 mm SiTyP

A ) w12t » 2262 mm”
G 1
f'.'.ﬁ'? .{Hr'ﬁ‘li!'
Sv g MT"IM !
0, /7% A16 % 226.2% 675 145 7 mm

W 2369
il ion as per IS 456

t considerat
Spaclng from minimum shear reinfnrclemén

Ay 04
HFSM - G'HTIU
0.87 [, A
S ® T04b |

0.87x415%226. _ 740 mm
0.4%275 ’

0.76 d = 075%575 431 mm

Maximum allowed spacing =

(or) 300 mm whlch ever is less.

Spacing should be least of the above, i.e. 145 mm c/c.

The above designed spaclng has.to be adopted in the regions where Ty
and minimum shear reinforcement has to be provided in the remaining reglon '

where 1, < T,

If x Is the distance from the centre of the beam to the section where the nominal shear
siress Is equal to the shear strength of concrete, then from the principles of triangles

TVU'ZI . : i
n:m? \

oo ]

o 275 — |
FIG 3.14 :
057 ° 2.61
2,75 o
057X261”“5m_
e : “
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ysls and Doaign of Reciangutar Boamn J .ﬂ

———————

designed shear
1,2 m) in mid

——

Therefore for .
reil‘lfOTCement?sc:::tsnce-OI 2.75 - 0,6 = 2,15 m from the supports, the

a'n onlv nominal ¢ va.]ded and for the remalning distance (0.6 # 2n»
sp v nal shear reinforcement 1s fo be provided,

stance of 2.156m from

Hence provide 2-legged 12 mm stirrups @ 145 mm c/c frj,;'a di
1.2 m where minimurm

the sup;?o;rts and @ 300 mm c/c In the mid span for a length of
shear reinforcement has to be provided as shown In the Fig. 3.15.

_ Using Sp 16 :
_ From Table 61, corresponding to
P; = 0.8%, 7. = 0.57 N/mm?

V,, 33234
d 57.5

= 5.78 KN/em

_Frém Table 62, correSpoﬁding to %“5- '(= 5.78) and the diameter'of the stirrup
s = 14.5 ¢m = 145 mm. '

(12 mlm), spaf:ing; of 2-legged 12 mm stirrup

2-12¢@ 145¢clc
kit 52 ol s - _
o . —] . :
I ] T
575 2-12¢ @300¢ck
L |
' : Q.Jﬁm——'———f‘-—'[}.ﬁm-—-—_
o : o
FIG 3.15:

A canﬁle_ver beam with
and 200 mm at the free end and a cons
EN/m including self we

M20 grade concrete and Fe4l5 gra
75 KN/m

span 3 m has an effe
tant wi

ight. It is rein
de steel. Design the shear reinforcement

1

3m

FIG 3.16 :

ctive depth of 400 mm at the support
dth of 250 mm. It carries a load of 75
forced with 4 bars of 20 mm diameter. Use
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p = 250 mm
fu = 20 N/mm?
fy = 415 N/mm? %
g | h X 75 = ‘ 5
Factored load Wy v oK 3375 X (03N
Faﬁtored Shear force Vu = wyl = 112.5 % 3 =337 |
. Nominal Shear Stress - . _
For beams of varying depth
Nominal Shear stress
v, +(M, /d)tanﬁ
e “bd |
¢ of depth

reases with the increas

Adopt negative sign as BM inc
a moment at the section

Factored bendin

M, =
_wl 1125x8° _ 506,25 kiN-m = 506 25 10° N-mmt
= 9 2 !
_ @396(%99_’ 0.067 :
 3375%10° - (—5—0—%%&0*} B
Nominal Shear stress Ty = W .
- 2.53 N/mm?
_ Shear Resistance ‘of Concreté g
Percentage of tension steel at-support ;
o A1 gxzozxa}xmo s
- bd 250 x 400 i
Referring to the table-19 of IS : 456, Shear strength of concrete is
= 0.67 Nimm? |
Maximum shear stress in concrete Temqy from Tab]e 20 of IS : 456
Vosrme: ™ 2.8 N/mm? i
As 1, > 1., Shear reinforcement has to -Ee designed,
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TER-3 Analysis and D 3 . .
esign of Rectangular Beams ; LI

3.

" Hence, provide 2-legged 1

[)esigﬂ of Verfical Slin‘_ups .
ghear to be resisted by .Shear reinforcement (vertical stirrups)
Vis = Vu— chd
- 337.5 x 103 0.67 x 250 x 400 =270.5 x 10°N

gpacing of 2-legged 12 mm stirrups

p e 25 R % 137 2262
ok Oﬁ7gﬂaud
L =
VUS
0.87x415%226.2 %400
270x5x10°
= 120.8 mm :

Spacing from minimum shear reinforcement censideration. as per IS 456, ~

A, 0.4
p'S, = D8y
o o8 f, A 'ﬂ"o.87><41'5'><z'25.2
Sv* “gaxp - - 04%250
- 816.7 mm

Maximum allowed spacing = 0.75.d = 0.75 X 400 = 300 mm

(or) 300 mm which ever is less.
2 mm vertical stirrups @ 120 mmclc through out the l'eng.th

of the beam.
4-120@ 120ck

4-200

FIG 3.17 :
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| 3. 72 |

DESIGN AND'DETAILING OF R.C. ELEMENT?

3.5

BOND | | - i

The important assumption made in the theory of reinforr:ed concrete is that there g a
perfect bond between steel and concrete. They have to act together without any slip,
Due to bond only the force will be transferred to the steel from the surrounding concret,

and to concrete from steel.

BOND STRESS

3.5.1

Bond stress is the shear stress acting parallel to the bar on the interface between the
reinforcing bar and the surrounding concrete. Hence, it is the stress developed betweep,
the contact surface of steel and concrete to keep them together. It resists any force that

tries to pull out the rods from the concrete.

" Bond is deve]oped .iue to combined effect of

Table

Note :

3.5.2

" (a) Adhesion between concrete and steel (provided by cqncrete during setting)
(b) Friction (provided by gripping of bars.du_e to shrinkage of cohcrete}
(c) Interlocking of ribs-in. bars wirh corrcreté {! déform:ed bars with transverse ribs)
Bond stress depends on grade of concrete, diameter of the bar, bar profile condition,

nature of force in the bar, grouping of bars, bends and hooks in the bar. The values of
design bond stress prescribed by IS 456-2000 are given in Table 3.8 for plain round

bars in tension.
3.8 : Design Bond Stress in Plain Bars in Tensmn {Clause 26 2, 1 1 in IS 456- 2000)

Grade of Cmcrete ' r Mz20 [ M25 M30 | . M35 M40 and Above T

| .
b7 dod s 1.9

Design Bond Stress Tpg Nimm’-J 1.2 1.4 1.5

For deformed bars these values may be increased by 60%

For bars in compression, the above values may be increased by 25%
For deformed bars in compression, the above values may b_é multiplie'd b'y 1.25 x 1.6.

TYPES OF BOND -

The design of reinforced concrete sections with reqpect to bond has to take care of the
following two cases of bond failures. |
(a) Anchorage Bond : For transferring the force from the bar to the surroundan
_ concrete before it is termmated |

(b) Flexural Bond (Local Bond) : For transferrmg the chanqe in bar force along its .
length due to the variation in bending moment. : 0
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@ Analysis and Design of Rectangular Boams ﬂ

ANCHORAGE BOND AND DEVELOPMENT LENGTH

3
35
Anchorage. bond arises when a bar carrying certain force is terminated. In such car:eisr;
it is necessary to transfer this force in the bar to the surroundirig concrete over a Céf a
length. ' | -
The length of the bar L, required.to —— _____-—
transfer the force in the bar to the B s B0 Bty
surrounding concrete through bond is ' * ‘ P,
called development length. N T
The development length can be easil.y _ o % ARG el e .
determined by pull out test. 1 ol
" FIG 3.18 : Anchorage Bond
Fig. 3.18 shows a steel reinforcing bar embedded'in concréte and subjected to @ pull T.
T = Design stress x area of bar = 0.87 fy (-4*‘1}2-] : |
This force must be transferred from steel _to'cpncr'e'té through bond acting.over the
‘perimeter of the bar over a lengthLg - :
If Tpq is the auefage design bond stress, for*equilibr_ilmh /3
Ultimate bond force = Pull out force
: : 5 q;;? ;
Sty () Ly = 0.8Tf [T~ =5
0.87/,0
Ly =ty
4 T
Where ¢ is the diameter of the bar .
Hence. all the bars should extend to a distance of L4 beyond the section where théy are,
required to take full design force.
354  EQUIVALENT DEVELOPMENT LENGTH OF HOOKS AND BENDS |
ed due to lack of space

here straight anchorage length can not be provid
orage of bars many times standard hooks are provided

are provided in deformed bars as shown in Fig 3.19.
hs for these standard hooks and bends may be taken

In situations w
(at suppots), to improve the anch
in plain bars and standard bends

The equivalent development lengt
as given below (IS : 456 -2000, clause, 26.2.2)
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AND DETAILING OF R.C. ELEMERR

For mild stecl, k 2 2

—f k+1o F—
(a) Standard Hook
T For Fe 415 and Fe 500 Steel K=>4
Ko
| f""‘(k+D¢—'5—1 '

(b) Standard Bend
' FIG 3.19 : Standard Hook and Bend |
(a) The anchorage value ofa sténdard U-type hook shall be equal to 16 times th.‘"
diameter of the bar. : | ' o :
(b) The anchorage valye of a standard bend shell be taken as 4 times the diameter
of the bar for each 45° bend subjected to a maximum of 16 times the dia.

Table 3.9 : Anchorage Values for Hooks and Bends

Type of Hook/Bend U-Hook ~ 45° Bend 90° Bend ’ 135° Bend | 180°Bend & More

Anchorage value | '16_'¢ 40 8D J 120 g 16 ¢
3.5.5 FLEXURAL BOND | |

Flexural bond at a point is the rate of change of tension in the steel at a given location

in a reinforced concrete member due to variation of bending moment.
= M & :

P . Q
Fluxural
i ~ bond '
T ~4 -~ | /TH+dT

=iy,

FIG3.20 : Flexural Bond

..
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ﬁ ANz Design of Rectangular Beams :ﬂ
| ' 0

ConSid_er two sections P & Q at a distance dx apart along the beam as shown in Fig. 2.20.
Tension in bar at P =T- MI/Z Where Z is lever arm
Tension in bar at Q = T+dT = (M+dM)/Z

dM/z

Change in the bar force  dT
This force has to be transferred through flexural bond

If Thd is the bond Stress actmg along the surface Of the bar then for ethbrlum
e dT -

Bond force along the periphery of the bar = Change in the bar forc

Tod T ¢ dx = = (¢ = dia of the bar)
T O L = ke % (Shear force V =_d_x_}.
1% V 3  : | . vend il d
i = 7oz ZO ©is the"p'erimeter_.éf the bar)

If there are N bars of equal size

T et
o M Z(2.0)
Where N Sum of perlmeters of all the bars at a gwen section
V= Shear force at the section

T LENGTH FOR FLEXURAL BOND AT SIMPI.E SUPPDRTS

1.5.6 CHEBK F[lH DEVELOPMEN

The flexural bond i« maximum at the section where the shear force is large. Th
the check for flexural bond is necessary at the secti

and bending moment is zero. The locations of such sections are

(a) Simple supports

(b) Point of contraﬂécture | e

(c) Point of curtailment of mid span reinforcement

erefore

ons where shear force is maxnmum
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SIGN AND DETAILING OF R.C. ELEMENTS

Development Length at Simple Support :

v ——
M”' ; Simply Supported
//] ' Beam _

FIG 3.21 : Deve!opmenl Length at Simple SUPPC’”

Conmder a srmply supported beam as shown in Flg 2.21. The bending moment a B ig
zero and hence tension in the bar at B is zero. The bending moment increases tOWards

the mid span.
Let T be the tension at C correspondmg to the bending moment Ml
TI p ﬂ ' -
i = =

This force has to transmit over.a length BC which is called as development length L

If it falls short of Lq then the bar can extended up to A so that AC = Ly

B o0

S T s
M]_ = (TMZE.O)HBC
M; = VBC '
| M,
BC = "y ,

- As per the requirements of the deue]op'm_ent Iéngﬂi

i
{

AC > L4

M,
v o g T8

Ld 1 7+ L,
Moment of resistance of section corresponding to the area of steel -

Continued in to the support.

- Where M

Shear force at the support due to the design loads -

<
1

I}

Lb Extended length of the bar beyond ppini of zero bending.
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] Anal) ] | | L
j@ alysis and Design of Rectanguylar Beams
M | .

value of —L j | ;
The v _Inthe above exXpression may be increased by 30 % when the ends of

the remfo.rcements are confined by a compressive re

. ATAILMENT OF TEusmu‘nEanacEMEm iy

action.

Tensi?n remforcemer:t is designed for sections where bending moment is maximum-
Bending moment varies along the span of a beam depending on the loading and support

conditions. For economy it is general practice to curtail the bars where the bending
moment is less. . B .

The actual point of curtail_ment shell extend beyond the theoretical point of curtailment

'mx#afds the support for a distance equal to 12¢ or the effective depth of the beam -

which ever is more.

Simplified rules for curtailment of bars in S_-imp]y supported and cantilever beams are
shown in Fig. 3.22. : _ e :

Cut off 50 % of Bars
f
I.
// U;Z—-—i’
//’ ' e

(a) Simply Supported Beams

: g 5 30
...__m(m}[_,dg__l /— Cut off 50 % of Bars
& X -

X

51

MATTLLATATALALALELLARRY

l i
(b) Cantilever Beams
FIG 3.22 : Simplified Curtailment Rules

In case of cantileve_r_beéms, 50
more from the face of the support. - ot

In simply supporte'd beams at 'le;-ist 50% of bars shall extend in to the support for a
length of L,/3 from the face of the support and the remaining 50% can be curtailed at

a distance of /12 from the centre of the supports.

% of bars may be curtailed at 0.5 I or L4 which ever is

R —
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ORCEMENT

lable is less than that requirey

3.5.8  SPLICING OF TENSION REINFORCEMENT -
avai

Splices are provided when the Iengt}; OC: t‘:ti::'at;y lapped joint or mechanical joint 0.\' I'

vided e ded in the reinforcing bay !

The splicing of reinforcement is pro et
rovi

e ‘23 Where splices are p : )
ded joint as shown in Fig. 3.2 from the sections of maximum stresses any

they shall be as far as possible be away T
should be staggered. In flexural members splices shouid-rﬁ;c;and not mc;:?}?l‘e ':
bending moment is more than 50 % of the moment of resis ‘ R |
half the bars shall be.spliced at a section.

ed for bars larger than
n flexural tension s
2 L 4or 30 ¢ which ever is grea
24 ¢ which ever is greatet.

6 mm. For'larger diameters, by
Lap splices should not be us 3 .
' - .or 30 which
may be welded. Lap length for bars i hall be L. or - T‘Ee‘;p‘i:\' i
greater and for direct tension shall be: * ath

in compression shall be equal to the Lq or
* — Spirals

I FEFFIS g |
\TE I TE T TFTTE T
I Lap -y
Length . "
Mechanical Joint
=1

. . Butt Welding - - =
[ £ - T W

i Lap Welding

S - ,
& |

—

- FIG 3.23 : Reinforcement Splicing : .
EXAMPLE - 34 ey e SR R

t lenigth of 20 mm Fe 415 bar in tension & compression

Determine the developmen

with M20 grade concrete. |
(APRIL/MAY. 2011,

- MARCH/APRIL:2009; OCTINOV: 2016 [ESE 72!

Solution : B
20 N/mm? .

415 N/mm? _

~ Bond stress for plain bars t,; = 1.2 N/mm? (from Table 3.8)

o
==
n

="
n

For deformed bars bond stress should be increased by 60 %

Hence Ty = 1.2 x 1.6 = 1.92 N/imm?
1. Bars in Tension : L E 3
0.87f,6  0.87x415x20 T
AL ' = 940.2 mm

Development length Ly = e = 1%1.92
: - _ . Ty x1.92
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Ana'f}'sl S ; : ' .
a d Desjgn of ecta gula B . /_——_——/—ﬂ/@
I n R C : fl'_ lar eams .

g. Rars in Compression :

ond stress for bars i
B Is in Compression shall be incr d
Tod = 1.25%1.99 R

_ 0.87 fy 0
4y,

1]

Dguelopment‘length Ly

. 0.87x415%x20
Using SP 16 : From Tabl AXT25x197 - ‘et min
: able 65, read out the development length corresponding to M 20

concrete and 20 mm diameter bars
L4 for Tension bars = 940 mm

L4 for Compression bars = 752 mm
SR

.A simply supported beam is 6 m in span and carries a uniformly distributed load of

60 kN /m. If 6 Nos. of 20 mm bars are provided at the centre of the span and 4 Nos.

' of these bars are continued in to the supports, check the development at the supporis
assuming M 20 grade concrete and Fe 415 steel. _

ol tion :

20 N/mm?
415 N/mm?

fck_ ;
fy

Bond stress for deformed bars, Ted =

16 % 1.2 = 1.92 Nimm? (ffom table 2.8)
1.5 60 = 90 kN/m

Factore'd load J wy =
Factored Shear force Vy = -—;—4 = - 270 kKN
| 2 2
. 90x 6 o :
Factored bending moment iuﬂg— = 3 = 405 KN-m -
Moment of resistance of the bars continued in to-the support (4 bars)

g, &
M; = 405 % ¢ = 270 kN-m S "
Development length of 20 mm diameter bar with M 20 concrete and Fe 415 stec!

0.87 1,0

L& "0

4 bd

M ='.94O mm
Ax1.92" 5 i B

n

—
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13M,  1.3x270x10°
270x10°

= 1300 mm
Lo+ 1300 > Ld

Hence, Development length is satisfied without any anchcrage value.

—
~
ll

——

"EXAMPLE - 36" :
Design a rectangular simply supported R.C. Beam over a clear span of 6 m, if the
superimposed load is 12 kN /m and the support width is.230 mm. Use M 20 grqq,
concrete and Fe 415 steel. The beam is to hiave width of 300 mm. Design the sheq,

reinforcement and do the check for deflection.

Solution : o
. b.= 300 mm " -
£ = 20-Nimmi2
fy = 415 N;‘mm?
1= 6m
1. Depth. of the Beam : Selectmg the depth in range of == Ito % based on stlﬁness
d = 6000 =400 mm | | |
' 15
Adopt = d = 400 mm
D = 450 mm

2. Effective Span : Least of
Centre to centre of supports = 6.+ 0.23 = 6.23 m
Clearspan+d=6+04=64m I
Hence, Effective span = 6.23 m

3. Loads:
Self weight of the beam

Imposed load

03x045><1><25 3375kam
12kN/m
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@ Analysls and. Design of Rectangular Boams
A : Total load ;

e T

= 156.375 kN/m
1 Factored load w, = 1.5 x 15.375 = 23.06 kN/m
gactored Bending moment M, = w, I”
! 8
| e
23.06x6.237
- —(’;ﬂ - 111.9 kN-m
Factored shear force V, = _th;f < 23.06 % -6% - 71.83 kN

" pepth Required :
The minimum depth required to resist Bendmg Moment
M, = 0.138. fox. bd?
111.9 x 106 = 0.138 x 20 x 300 x d*

I

i J 111.9%10°
| 0.138%20x300

Hence provlded depth is adequate

5. Tension Reinforcement :

: _r . 1'__ fp Asi '_
M, = 087 fyAxd |17 g
111.9x10° = 0.87 x 415 x Ast x 400 [1
; | 1 .Ast J '
774.8 = Ast (* " 5783 1

367.6 mm < 400 mm, prowded depth

L 415% Ag ] -

20x 300 x 400

A2~ 5783.1 Ay * 774.8 x 5783.1 =0

'5783.1 __qJ5783,12 - 4)<77428 %x5783.1 _ 92']'“7' mmr

A * IR T PR
. e 3
Provide 3-20 mm bars, Ast provided = 942.5 mm

6. Design of Shear Rei'nforcement :

Nominal Shea}* strégs Ty 7 EE - "300x400

V, _ 71.83x10° _ 4 598 Nimm?
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% - R.C. ELEMEN:

Per,
centage of tension steel at support

p, - A, x100 _9425x100 _ 5 735 %
bd 300x400

Referring to the Table-19 of IS : 456, Shear strength of concrete Is
1. = 0.57 Nimm?

Maximum shear stress in concrete 7. from tabie 20 of IS456
Tcm,-.; = 2.8 Nimm? '

As 7, > T.. Shear reinforcement has to be designed.
Shear resistance of concrete -
Ve = 1. bd = 0.57x300x400
68400 N = 68.4 kN

Shear to be resisted -by shear reinforcement (veriical stirrups)

Vis = Vu—Vie
=" 71.83 —68.4 = 3.43 kN

Using 8 mm, 2 legged Fe 250 steel stirrups

o
2 x — x 82 =100.5 mm?

ASD = 4
0.87f,A, d
Spacing, S, = -——‘;——
) 0.87x250x100.5x400 9549.1
3430 B dia _
Spacing from minimum shear reinforcement consideration as per IS : 456
AS!? 0.4
bS, ={1 &7 fy
0.87 f,. Ay 0.87x250x100.5
Sh® “Gaxh L, o oo

" Maximum allowed spacing = 0.75 d = 0.75 x-400 = 3’00 mm

(or) 300 mm which ever is less.

Hence,- provide 2 legged 8 mm stirrups @ 180 mm c/c throughout.
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. Analysis and Design of HeclangulaT Bas
ms

. Check for deflectmn (Stiffness) :

EXAMPLE -237 pum

ot _ simply supported beams basic valy
e jo =
of — d ratio = 20

Modlf!catlc}-ﬂ factor for tension steel F;
% of steel = 0.785

0.
I 58 x fy x (area of steel required/Ast provided)

"

922
From Fig.4 of IS 456, modification factor = 1.1 - ;
R s ] s
Maximum pefmitted — ratio = 1.1 XZO =22 | |

d
6230

a_ provlded = 400 w15 575 % 22.\._-

Hence deflection control is safe..

etails of Rei_nforcement_ are shown in Figure 9 24.

2:8¢ @ 180
? i Cf,c : ; |-——3:::u——-{
[ - ' ' i :

E

D

|

230~ '
FIG 3.24 :

-

using M 90 concrele @
span o,

Design a szmply remforccd beam
5.13 kN/m. The effective

total working load of 2
9

design the shear reinforcement. Assume b = d

Solution :

20 N/mm”
415 N/mm?

'-'fck

b~
1"

—

2-8¢p@
180 cic

nd Fe 415 steel to carry a
f the beam 13 53 m. Also

3 (MARCH/APRIL; 2010) |

Ly = 5.3 i,

s ey
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ND DETAILING OF R.C_Er8

_—-——__-_‘__-__-
gt 0P

i .
Mensiong of the Beam :

3
2. Loads -
Total load = 25.13 kN/m
Factored load wy =°1.5 % 25.13 = 37.695 kiN/r..
- w, I°
Factored Bending momient My = —g—
9
_ 37.695%9.3" _ 13936 kNem
8 L
'. _ 8.3 '
Factored shear force Vi = Rg = 99.89 kv

3. Depth Required : The minimum depth required to resist Bending Moment
M, = 0.138. f.bd? '

. 2 :
0.138 x 20 x (ngxd"’

132.36 x 106

- '- 6 N
40 | 13bgexants - oo
- 10.138x20x(2/3)

Provide 420 mm depth

b.-= 2d’=—2—>-<42(fl 280mm
3 3

Adopt 280 x 420 mm effective section.

4. Tension Reinforcement :

M,

fAst
087fyA5td fk—bd .
415%x A, J

. 2 : 6 ] 1_
132.36x10° = 0.87 x 415 Ag x 240 [ 20x 280 x 240

: _‘ s As!
872.9 = Ag [1 . 5)
, Ast ~ 5667.5 Ag + 872.9 X 5667.5 = 0

| 2 ' |
A - B6675- J5e675 : —4xB12.9%56675 _ VLR,

Provide 3-22 mm bars, Ay provided = 1140.4 mm?
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@nﬂyﬁs and Design of Rectangular Beams
Design of Shear Reinforcement : -
5 .

Nominal Shear stress 7, = Vi _ 99.89x10°

T bd = "280x420 -
percentage of tension steel at support

- 0.849 N/mm?

- Agx100 _ 1140.4x100
bd 280x 420

Referring to the Tﬂblé-l‘) of IS : 456, Shear strength of concrete is
= 0.61 N/mm? i ' :

Maximum shear stress in concrete T,,,q, from table 20 of 15456
Temax = 2.8 Nimm? J

P:=

=0.969 %

e

E As 1, > T.,Shear reinforcement has to be designed.
Ghear resistance of concrete |
Vi = 7. bd = 0.61%280%x420
= 71736 N =71.74 kN |
Shear tlo be resisted by shea-r-reiriforcemént (vertical stirrups)
Vas = Vu—Vie a e BT
= 99.80 — 71.74 = 28.15 kN IR T
Using 8 mm, 2 legged Fe 250 steel stirrups

Agp = 2x%x32 = 100.5 mm?

: 0.87 {4, d
Spacing, S, = — - v
i} 0.87x250x100.5%420 _ 326.1-mﬁ’1
| 28150
Spacing from minimum shear reinforcement consideration as per 15 : 456
o B 0.4
. bSu - 087 f}' .
- 0.87 f,.Ay, - 0.87x250%100.5
E = = 195.2
| S * “0axb 04x2s0  _ Lo>Amm
Maximum allowed spacing = 0.75 d = 0.75 x 420 = 315 mm
(or) | 300 mm which ever is less.

Hence, provide 2 legged 8 mm stirrups @ 190 mm c/c throughout.

— e
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_ 5
6. ‘Details of Reinforcement are shown in Figur

elow

il Hﬂ I

FIG3.24:

EXAMPLE. - 38

A simply supported R.C.C beam carries
.over an effective span of 6.5 m. The overa

2 udl of 30 kN /m (exclusive of self weight)
Il size.of the beam has to be restricted to
he beam for flexure and check

300 mm x 580 mm. Design the mid span section of t
5 steel. Effectwe cover 18 40 mm,

the beam for stiffness. Use M 20 concrete and Eel 41

Solution :

. b = 300 mm
D = 580 mm _
d - 580 — 40 = 540 mm
d = 40 mm
fx = 20 N/mm?
f, = 415 N/mm?

1. Loads :

- Self weight of the l_aeam'

Imposed load

Total load

Factored load w,
' Factored Bending moment M,

'Factored shear force V,

Il

(MARCH/APRIL. 2003)

0.3 x 058>< 1 ><25 '4.35 kN/m

30 kN/m

34.35 kN/m |
1.5 34,35 = 51.525 kN/m

* 6. 5}

- 27212 KN ©

w

> = 51,

% 525 x _
el . 65" |
s~ =51.525 x — = 167.46 KN

Scanned with CamScanner



"'-\—u-‘“_-_-‘
Anm‘yerg and D
e 228000 ot ﬂﬁctnm--_ﬁ____ i K o e _

p llmlﬁn.l moment of Yesistance of 1l
My m = 0.138, Jokbel?
- O- ldq -

¢ glven sectlon ae n alngly reinforced section

20 x 300 X 5AN2
" 24145 x 106 Noyny
= 241.45 kN-:-n '
As M,, > My, the section should be dc.slgnc,d ag-a doubly rpinforcpd section.
5 Aren of Tension Steel Coruspond’.ng Lo My i (Agn) ¢
157 fo As1 = 0.36 fo b Xu, max '

0, 36 fck b xu Hlﬂlx 0.36%20% 300 % 0,48 x 540 i 1550,7 mm2
0.877, ~ 0,87x415 .

Asrl

e

4. Compression Reinforcement (Age)

4 a0
d 540 - 007

From table F of SP16, stress in, compression steel . i
fec.=. 354 N/ mm? :

The remaining bendmg moment has to be resxsted by couple conmstmg of compressnon

steel and the additional tension steel

v

Muz = Mu‘TMQ.Hm-. | e
. 27212 - 241.45 = 30.67 KN:m

Myg = fsc Asc.(d = d']_
30.67 x 106 = 354 X As (540 - 40)
© 30.67x10° i oo g
Asc’= 354 (540-40)

5. Additional Tensile Stgel (Agt2)

0.87 fy -ASIZ - fsc_ASc
B B, ﬁ% - 169.9 mm?
| | Astz = -0'87fy | 0.87X |
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Total tension steel Ag = A + Ast2 - : _ .

- 1720.6 mm?®

2) and
Provide 6-20 mm bars in tension (Ag = 1885 mm ) an

2
2-12 mm bars in compression (A = 226.2 mm )

. Design of Shear Reinforcement :

. .
Vu _léz_ﬁ_léf_l_o— ~1.034 N/mm?

Nominal Shear stress 1, = bd  300x540 |
50 % of bars are extending in to

Percentage of tension steel at support (assuming only

support) :
1885 .
- ——x100
p, - A«x100 __ 2 _=0.582%
bd . 300x540 - ]
Referring to the Table-19 of IS : 456, Shear strength of concrete Is.

t, = 0.51 N/mm?
Maximum shear stress in concrete T e from Table -20 of IS : 456
Foer: =l N.’lmmz :

As t, > T, Shear reinforcement has to be designed.

~Shear resistance of cbncreté | |
Ve = 7,bd = 0.51 x 300 x 540
82620 N = 82.62 KN

Shear to be resisted by.shear reinforcement (vertical stirrups)

Vus = Vu - Vuc. . -
167.46 — 82.62 = 84.84 KN

Us_ing 8 mm, 2 legged Fe 415 s_téel stirrups

1]

Ag = 2 X —g'x 82 = 100.5 mm?
. 0.87 f, Asvd
v Vis :
_ 0.87x415%100.5x 540 4
£ 32620 8 237.2 mm
g S5 . E : : ; .
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bS, ~-087f,

— -U;M
04 xp

_ 0.87x415x1005
0.4x300

302.4 mm

0.75 x 540 =405 mm

il

Maximum allowed Spacing = 0.75 ¢

_(or) 300 mm which ever is less. -
Hence, provic_le 2 legged 8 mm stirrups @ 230 mm c/c throughout.

Check for Deflection :
For simply'supported beams basic value of é ratio = 20

Modification factor for tension steel F1

% of steel @ mid’ span = 1 164

0.58 x f - area of steel required
- L Ag provided

Js

8 x 415 x EZ@—@
e AL RRG

219.7 N/mm?

l

From Fig.4 of IS : 456, modification factor Fy= 1.05 2

Modification factor for compression steel F2

%XIOO __2262_ . 100=0.14

% of compreésion steel = 300 540

From Flg 5 of IS 456, modification factor Fo = 1.05"
Maxir-num{ permitted — ratio = 1.05 X 1.05 X 20 = 22.05

6500 _ 19 04 < 22.05

l -_— —— p—

7 provided =

Hence deflection control is safe.
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3. 90 |

, | Figure '_3‘25,‘

8. Detaj .
. ails . ow!
of Rgqurcement are sh i
. 2-12% 2.g¢.(mzﬁﬂcfc . f ; I
A~ P
' :’f —_— 2-124
| PR 580 40
7 | S G-200 | 2-%44
| - <l
s \'\\-l ] 1 -
H \‘l : . ! Section at Mid
—6-200 Span
I e rn—-i 3 Bars
Curtailed
FIG 3.25: ; /
—

an of 2.6 m, if the SUperimpogy

Design a cantilever beam of uniform depth for a sp ' ,
load is 20 kN /m and it is monolithic with R.C column of 300 mm width qng

400 mm deep. Use M20 grade concrete and Fe 415 steel.
L ety RN (OCT/NOY201)

Solution :

fek = 20'N/h1m2
fy = 415 N/mm?
I=25m

1. Depth of the Beam :

" . I ! g
Selecting the depth as 7 based on stiffness

d = @ - 357 mm .
Adopt.- - d = :4.00 mm
D = 450 mm
Width b = 300 mm
2. Loads:
Self weight of the beam = 0.3 x 0.45 % 1 x 25 = 3.375 kN/m
Imposed load i 20 kN/m |
Finishes = 0.625 kN/m ,
Total load = 24 kN'm
Factored load w, s 1.5 x 24 = 36 kN/m
Factored Bending moment M, - m‘;z— - 36><£2.5)2_ - 112.5 kN-m
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| . ' Analysls and D .
@ Design of Rectangiiar Boama s
F .

_‘__._,___.—--'——"""'"‘m'r

| actored shear force Vi o wol o8
3 Depth Requireﬂ : u 36 x 2.5 a 90 kN
The minimqm depth required to resist Bending M L

omen
M, = 0.138. f..bd?

112.5 6
X 10° = 0.138 x 20 % 300 % d?

n

d=J 112.5%10°
0.138x20x 300

368.6 mm <400 mm, proqidei':l dGPEh :

Hence provided depth is adequate

Tensmn Remforcement

M, = 0.87f, Ay d —'_'f =

1 f!,-' Sf fkbd . .

11. T : _ e T B e H5x ‘st]
2 0.87 X 415 x Ast x 400 [1 20x300% 400

A
..,779- SR ( "57855 1)

At -57831A£+779><57831-0

2
e 57831 57 8312 4x779><5’7831 < S, Gl

Provide 3-20 mm':bars,'As_'l;.t‘ow.'id'ed = 942-.5'mm

Shear Reinforcemeﬁt :
i V, 5056105 1 i
Nominal Shear stress =~ Ty ~ —53 = 300x400 £ 0.75 N/mm

7 Desigin of

gt

Percentage of tension steel at support

Ay ><100 9425><100 _0.785 %
P, = — -~ 300x400

le- 190f 1S 456, Shear strength 'of cohcrete is

Referring to the Tab

T, = 0.57 N/mm?. _ _
Maximum shear stress in concrete T¢max ff‘?m Table_ -20 of IS :.456

_ 2.8 N/mm?

Tc,max : : .
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DESIGN AND-DETAILING OF R.C. ELEMERS

As ; k
by Tc, Shear reinforcement has to be designed.
Shear resistance of concrete

Vie = Tebd = 0.57x 300x400
= 68400 N = 68.4 kN _
Shear to be resisted by shear reinforcement (vertical stirrups)
Vis = Vy=Vie
= 90 - 68.4 = 21.6 kN
Using 6 mm, 2 legged Fe 415 steel stirrups

- .
. g % B & E-x62=56.55mm2

087, Ay d  0.87x415x5655x400 _ e

Sy = =
e Vis 21.6x10% |
Spacing from minimurn shear reinforcement consideration as per IS : 456
e 0.4 &9
bS, - 087, ) :
0.87f,A,  0.87x415x56.55
S0 “Gaxb - o04xso0 - 170mm

Maximum allowed spacing = 0.75 d = 0.75 x 400 = 300 mm -
(or) ' ‘ 300 mm which ever is [éss

Hence, provide 2 legged 6 mm stlrrups @ 170 mm cle throughout

: Check for Deflection :

. g .
For cantilever beams basic value of q ratio = 7

Modification factor for tension steel F;

% of steel = 0.785 -

area of steel required =~ ! -
A provided '

fs = 0.58 x f,

0.58 X 415x—942—2—2356N/ |
942 mim?

From Fig.4 of IS : 456, modification factor F; = 1.05
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3.6

jAnalysls and Deslgn of Rectangular Beams

!
Maxim“m permitted 9 raio= 1,1 x 7=177

J 2500
i ]lTOUidBd o 400 = 6,25 <77

Hence dgﬂection control is safe,

anchorage Length at Support :

. The anchorage length requ!lred is given by

0.87/,®  0.87x415x20

Lg = =
d 474 4%x1.2x1.6

= 940 mm

nt at 90°

The main tension bars extended in to column to a length of 350 mm and be

“and extended up to 600 mm as shown in Fig.3.26.

}*350.“ 3-200 - _2-a¢@1?0cfc
_ / -
— ma— "‘;"__ : —
|—'2-|q¢ :
- =—RC Column |
FIG 3.26 :
LINTELS

~ of brick masonry. It may be taken as

walls for doors, windows, cupboards etc.; are
called lintels. They support the load of the wall above the openings. Due to the good
bond in brick masonry, only a portion of the load of the wall above the opening will be -
acting on the lintel and the remaining will be transferred to the sides of the opening by
arch action. Therefore, it is assumed that a load o

considered to act on the lintel: The base angle of the triangle d_epends upon the quality
| 45° for good masonry and 60° for poor masonry.

Beams prodided over the openings in

f traingular portion of the masonry is

The arch action is possib]e provided height of the wall above the top of the lintel is

more than or equal to 1.25 times the height of the triangle.

Scanned with CamScanner



SESIGN AND DETAILING OF R.C.ELEMENT:

‘::'l"‘t'i-:l._ I.UA[]S
ON THE LINTEL

In : ' '
; ddltion to the self welght, weight of masonry above the lintel Is to be considereq In
HGSiQning the lintel. The portion of masonry (trlangular or rectangular) which acts on

1¢ lintel depends on the helght of masonty above the lintel and length of wall on eac

side of the opening, The loading on the lintel for different situations shall be taken 5, |
given below. : : - f
1. Triangular masonry load on the lintel is considered only when the following conditiong
are satisfied, o :
(a) The height of the wall above the opening s m,oré than 1.25 times the height of
the triangle and ' 1y ik fui A

(b) Length of the wall on each side of the opening is at least equal to half 6f the

effective span of the lintel as shown in Fig 3.27 (a).

2. Rectangular masonry load on th_e Iintef is c.onsid.el_z:ed under the following situations,
(a) - If the height of the wall above the opening is less than 1,25 times the height of

the triangle, full rectangular load above the lintel is considered as shown in Fig

3.27 (b). e . et |
|

(b) If the length of the wall on one side of the opening ié less than half of the effective

span of the lintel, load from masonry of height equal to the effective span of

lintel is to be taken as shown in Fig,.3.27 (c). -

n both sides of the "opefn_ing is less than half of the

(c) If the length of the wall o
height of the wall above

effective span, the loading must be computed for the full

the lintel as shown in Fig. 3.27 (d}'.

the triangular portion, the rectangular load of masonry

3. If a roof slab comes with in
ular portion of masonry above the

above the lintel, load from the slab and the triang
slab is taken to act on the lintel as shown in Fig .27 (e). | -

4. When there are openings above the lintel in the triangu1ar-_portioﬁ, the loading is -
computed allowing dispersion lines at 60° as shown in Fig. 3.27 (f).

—_-_-i—_-__-_ . = i .
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Analys
ysis and Design of Rectangular Beams

o

r
| | | = !
<~ T I?\ T{Er
! "“['L_[

|

ciBh—=

'.3‘_.-—-\

H

-

élT

2051

,..20,51—-| o [+ 0.5~ . 20.5.'* , |

of Load when Length

(a) Triangular Distribution of Load! when Length - (b) Rectangular Distribution
of wall on Either Side of Opening > 0.5 Effective Span  of Wall on Either Side of Opening = 0 Effective SPa"
il — [ I ] == —"
2l - | 3
I T Z
[ [ | =
I I I : 1 z
I £
| T [ 3
- =
[ zher | 5 ) £
i N
o] |
ma
i <051 F— o' f—>051— .
| ' <051

~ (d) Rectangular Bistribution of Load when Length of

d when Length of
Wall on Either Side of Opening < 051

(c) Rectangular Distribution of Loa
Wall on One side of Opening < 051

_ { Pl
: |~—-20,er l—> 051~
. (e) Distribution f Load when Wall Carries @ Slab A
_ ares aSieb
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’ 1
AND DETﬁ\|L—'fNG=OF Ri.C. ELE'MET'-JT(.

<4

DESIGN

]
— -

Hy > 125 hy

—— H;>1.25h,

—2051— —>051—
(f) Distribution of Load when Wall has Opening

FIG 3.27 : Diélribution qf-L_oads on Lintels

3.6.2  DESIGN OF LINTEL |
- The design of lintel is similar to that of a simply supported rectangular beam. The width.
of the lintel may be taken equal to the width of the wall.

1. When -trianguiar load is considered over the lintel, the maximum bending moment is

given by 0
W | wyl?
M, = 4L
£ 6 8 _ _ )
Where W, = Total welght of masonry in the triangular portion
wq = Self weight of the lintel beam per meter length

The maximum shear force is gi.uén by

w wd'l
Vy = —2+—4-
! 2 2 , ,
2. When rectangular load is considered over the lintel, the maximum bending moment is
given by
2
w, /!
M, = =
7 8

n

Where w, = weight of masonry and self weight of lintel per meter length. -
The maximum shear force is given by Sl

- w,l

2

Wy =
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Analysis and Design of Rectangular Beams :

pLE - 40,

Design ;{“”‘ez aner = door of 2.4m wide. The height of brick work a
;s 3m. Masonry weighs 19 kN |/m3. The brick walls are 230mm t
grad'-’ concrete and Fe-415 grade steel.

><
>
=

\

bove the opening
hick. Use

M-20

20 N/'mm?2
415 N/imm?

fck
Fy

1. pepth of the Beam : Selecting the depth in range of %54 to :‘2% based on stiffness

2400

. d = 20 - 120 mm
Adopt  d = 120 mm )
D = 150 mm
Width b = width of the wall = 230 mm "~

Assume 150 mm bearing on walls

9. Effective Span : Least of
Centre to centre of supports = 2.4 +0.15 = ?.55_m_

Cloar span dd'=12:4 +'0:12' 252m

H'ence, Effective span - 2.52 m

3. Loads:
Assuming 60° dispersion, height of equilaferal triangle
h = 18Sin 60° '
| = 2.52 x Sin 60°=2.18 m
1.25h = 1.25 x 2,18 =273 <3 m

e lintel is mofe than 1.25 times the height of

Since the height of the masonry above th
idered on the lintel,

- the triangle, triangular load has_to' be cons

|
Masonry load (triangular) ~ Wm = Ex 252 x 2.18 x 0.23 x 19 = 12KN -

Selfwelght of the Lintel . wa = 0.23 % 0,15 x'1 x,25'= 0:86 KN/m .

—_—-—___'—‘—
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_ G AND DETAIUNG OF R.C. ELEMErJT5

.F t . i ment M, = 8 l
actored Bending mo u 6 1.5x0.86% 2.522
_‘_'____—'-—'—'—_'___—-*
+

15){12%252
- 8
6
= 858 KN—m
Wym wud"’
Vu = _é'_'+ 2
2.52

Factored shear force

1
—t
)

X

4. Depth Required : e
The minimum depth required to resist Bending Moment
M, = 0.138. fubd? - NZiv
8:58x106 = 0.138 x 20 x 230 x d* °

'd_J 8.58x10°
~ 10.138x20x230

116.3 mm < 120 mm

Hence provided depth is adequate. "

5. Tension Reinforcement :

Area of steel is calculated by equating C & T (as a baIance_c_l section)

0.87 fy Ast = 0.36 fox b. Xy max
i 036 fck xu,mclzx-
Ast = 087 1 _
0.36 x 20 x 230 x 0.48 x 120 1y
- ks il X2 2
0.87x415 2?64'2'{'”’”

Pr'ovi'd.e 3 — 12 mm bars, Ag provided - 339.3 mm? -

6. Design of Shear Reinforcemeﬁt 3

| 'V, 1063x10° |
Nominal Sh t : = s 2
earstress- T, = ' 230x120 0.39 N/mm
Percentage of tension steel at support

p . Axx100_3393x100 -
PROT R 1 230%120 -0 LA

e
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Analysis and Design of Rectangular g, a
ms

—

Refemng to the table- 19 of IS ; 456 Shear strength of concrete is
1. = 0.67 N!mm2

Makimumm shear stress in concrete 1

emax from Table-20 of IS : 456
Ve =2 8 N/mm?2 =

ps Ty < Tes Minimum Shear reinforcement has to be provided.
ysing 6 mm, 2 legged Fe250 steel stirrups

T
Ag = 2><E><62 = 56.55.mm?2

gpacing from minimum shear reinforcement consideration as per 1S : 456

* Ay ~ 04
bS, 087§,
0.87f, A
S, 0.4 b “Raiursd ¥4 Jo s
 0.87x250x56.55 i e &
Y P el s

Maximum allowed spacmg 0.75 d 0 75X 120 90 mm
(o) 300 mm whithvever-1s Tosbes R YRR j
Hence, provide 2 legged 6 mm stlrrups @ 90 mm clc thrg_}gghogt.

7. Check for Deflection (Stiffness) :

- f I -ﬂ i " )
For simply ;upported _beams pas_is: ya:lleg{‘c?f a* E‘é.llt_lol— 20 |
Modification factor for tension steel F1 0]

1.23

v
1Y

% of steel

area of steel required
© Ay provided

n

fs = 0.58 % fy %

B e 264.2) 2.1
= 187.4 N/mm L
. .0.58 x 415 X [339'3) . S 9

From Fig 4 of IS 456, modification factor = 1.1 ——

Maximum pesmitted é— ratio = 1.1 x: 20 = 22

B s
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/ 2520
~ provided = =
d Feviet= 5o

Hence defiection control is safe.

8. Detalls of Reinforcement are Shown in Fig. 3.28
2106

=21 %22

/ :
1T T | | 2-648%
| L |y
?—m— ; 2. ! N
“J'J 2-124 3-12¢ L"""
FIG3.22:
8 EXAMPLE - 41 7 - —
2 of 1.2 m width on @ masonry wall of 220 mm

Design an R.C.lintel for an openin.
width using M 20 grade concrete an
above the opening is 2.0 m: The lintel has o beari

d mild steel grade I. The height of masonry wall
ng of 150 mm on the walls. The

2 No shear reinforcement dezign

unit weight of masonry may be taken as 19 EN/m?.
iz required. . ;
OCTINOV. 2016 [TS & AP] ; 2007, 2005 - MARCH/APRIL. 2013 ; 2009
fd: =20 N/mm2
f, = 250 Nimm?

1. Depth of the Beam : Sefectmg the depth in range of —{0 _2'% based on stiffness

1200

d= _EO— = 60 mm (too small)
'Adopt d = 90 mm
D = 120 mm

Width b = width of the wall = 230 mm
Bearing on walls = 150 mm

2. Effective Span : Least of
Centre to centre of supports = 1.2 + 0.15 = 1.35 m

Scanned with CamScanner



' Aﬂ&l s,f 1 ) ' 2 wilfr "
g Y212 and Désign of Rectangular Beams : :ﬂ

Clear span + d=12+ 0.09 = 1.29 m

Hence, Effective span = 1,29 m

3, Loads :
- Assuming 690 dispersion, height of equilateral triangle,
h = 1 Sin 60°
=129 % Sin60° - 1117 m
1.25 h = 1.25 x.1.117 =|1-.4 < 2.0 m, height of masonry above the linftel

 Since the height of the'masonry above the lintel is more than 1.25 times the height of

the triangle, triangular 'loaq has to be considered on the lintel.

'y

Masonty load (triangular) Wy, = Exi.zg . 1117 x 0.23 x 19 =3.15 kN

Self weight of the Lintel - wg = 68 bl 125, 0,69 Y
Wy y wud.jz |
6 8 _ i
1.5x3.'15x1.29'+1.'5x0.69x1.292
6 &
1.23 kN-m " :

“Factbred -B'ending moment M,

un

4. Dept.hBequire_d s o _
The minimum deptﬁ required to resist Bending Moment
M, = 0.148. facbd?

123 % 106 = 0.148 x 20 % 230 x d2

T 193%108
0.148 x 20 x 230

42.5 mm < 90 mm

1]

d

Hence provided depth is adequate

5. Tension Reinforcement :

el is calculated_By equ;xting' C& T (as a balanced s_ecticm)

Area of ste
2 087 fy Ast = 0.36 f.:k b Xu,max

E————— ]
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Ay = _”f,’lm_.frﬁ. _h *tmu
0N/,

L 0B6R 2020 OBBHIN e
047 5 2050

D . I
Provide 4-12 mm bars, A Drovided = 4624 mm?

ﬁ!

Check foy Dellection (Sillfness) |
For simply supported beams basle valua of r/f ralio = 20
Modifieation factor for fenston afeal Iy

M of slee] = ""ﬁ!_‘ii.ﬂﬂ - 4&%’1&[@ & 2’ 10 %

hxil 230 1 9)

area of ﬁ!m{ req r;!rc({
Ag provided

368,2 |
= (0.bB % 260 [47;5,‘71“) = 1164 Nimm”

fﬁ & ﬂ.ﬁﬂ 5‘:/” ”

From Fig.4 of 1S 456, modificalion faclor = 1,2

Maximum pr_:rmllled,:j’ rallo = 1,2 % 20 = 24

/ ) b0 AN
.;!-. Prou]ded = 90 = 14.33 < 24

Hence deflection confrol Is safe, R (

7. Details of Reinforcement are Shown In Fig. 3.29,

2= 104 (Hnger Bars)

=T

120

L
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Analysis and Design ' ' |
gn ‘'of Rectangulat |
_ ngular Beam
é ﬂﬂ@ﬂqum ~
er Questions : : '

i ,"-\I'lsw
5o

; four assum ti
| List the (]EI::I; ?Aade in the deslign of flexural members by limit state
pril. 2017 2007, 2003 ; April/May. 2011 ; C”NOU 2004

thod.

.+ (a) Depth of : (
) Explein _neutra] axls and (b) Lever arm | (Oct/Nov- 2005)

e the types of secti 'y Yol
3 Na:;? _ il of a singly reinforced rectangular beam. HOW do
ea B (April/May. 201

atis 2 balancedd i '
4 Wha is esign | (Marchﬁ\pril- 2006)

rcement in beams

' State the equations for minium and maximum area of tension reinfo
wx 450 mm

and hence calculate minimum and maximum area of steel for a beam 300 mm

ffectwe dimensions, effective cover 40 mm, Fe-415 grade steet is used.
i 5 % (Oct/Nov. 2004)

[Ans : Astmin = 276.5 mm2, Astmax = 5880 mm?]

te moment is 100 kN-m, what is the effective depth of singly reinforced concrete

¢ width of the beam'is 230 mm and concrete grade is M 20 and type of steel is
= il [Ans : 396.9 mm]

¢ Iftheultima
section, if th
Fe 4157

7. Find the depth of neutral axis of smgly reinforced rectangular bearn 230
offective depth, relnforced with 4 bars of 12 mm diameter. Grade of concr

grade of steel is Fe-415. ‘Use Limit state! method (March/Apnl 2015)

having effectlve depth 400 mm is of

oment of resistance
(MarchlApnl '2007)
"[Ans : 55.64 kN-m]

ced concrete beam 230 mrn wude and
M 20. The steel is of grade Fe 415. What will be the m
ted to 0.3 d?.«

8. Asingly remfor
concrete grade
is the depth of neutral axis is restrlc

mm wide and 450 mm

9, The dimensions of a simply supported rectangular beam are 230 m
deep effective and_,provided with Fe 415 steel and M 20 grade concrete Determine the
' _(Oct. 2005)

limiting moment of resistance of beam. :
' - \ . [Ans : 128.55 kN-m]

10. - The dimensions of a singly retnforced simply supported re rectangular beam are 300 mm
provided with Fe-415 grade steel and M20 grade concrete

wide and 450 mm deep effective,
Determine the limiting moment of resistance of the beam.
| : (March/Aprtl. 2019 ; Oct/Nov. 2013)

ghy T e

e
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DESIGN

AND DETAILING, OF R.C. ELEMEI"-JTS

11. State four situations in which doubly reinforced sections are used.

(March/April. 2017, 2003 ; April/May. 2011 ; Oct/Nov. 2006, March/April, 2003,

12. What is meant by doubly reinforced beam and mention two situations where It is used,

. |
13. For what purpose shear reinforcement is provided in beams. (Oct/Nov. 2003)

14.

15,

16.

17.

18.

19,

20.

22.

reinforcement for a beam 350 mm wide and 500 mm 'overall depth. Fe-415 bars are used.

23. What is bond ? Define development length. ’ " ‘isxeh/April. 2007)

24. Define development length and State factors affecting bond str:ength

(April/May. 2011 ; Oct/Nov. 2003,

What are the ﬁifferent forms of shear reinforcement in beams?
(March/April. 2016 ; Oct/Nov. 2009, 2003)

What are the different forms of shear reinforcement in beams?  (Oct/Nov. 2009, 2003)
Give steps involved in shear design of.é simply supported beam (March/April. 2007)
State various modes of shear failure; " @4+ '_ ‘(March/April. 2005)

A singly reinforced rectangular beém of size 230 x 459 mm (effective size) is reinforced
-with 4 16 mm dia. HYSD .bars as tension steel. The ultimate shear force at the section is
- 120 kN. State whether shear reinforcement is required or not. _ (Oct/Nov. 2004)

lA singly reinforced rectangular -beam of-size 230 x;450 mm-(effective size} is reinforced
with 4-16 mm dia. HYSD bars as tension steel. The ultimate shear force at the section is
120 kN. State whether shear remforcement is requlred or not.

(Marchr’Apnl 2014 Oct;‘Nov-2004)_

Calculate the spacing of two legged 8 mm ‘diameter stirrups as per. minimum shear
reinforcement for a beam 250 mm wide and 400 mm overaﬂ depth, if FeZSO bars are used.
Rt (ApnliMay 2011)

Calculate the spacing of two legged: 8 mm diameter stirrups as per minimum shear
reinforcement for a beam 350 mm wide and 500 mm overall depth of Fe415 bars are used.
(April/May. 2012)

Calculate the spacing of two legged 8 mm diameter stirrups as per minimum shear

(Oct/Nov. 2013 ; April/May. 2012)

(March/April. 2004)
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Analysis an
d Desigp of Recsang ; :
s

What is development iength-; ﬁ
Sta
teiits impc'flarw:_- In teinforced concrete structures.
(March/April. 2005)

95

415 grade stéel barof 12 mm diameter -
Compression . (Oct/Nou. 2005)

20 concrete. tension for Fe-250 bar of 25 mm diameter and M-

. j - (April/may-2015)
o, Whatls the necessity of anchorage of reinforc t.
) : emen

9, Calculate the anchorage le;t; A
9 concrete grade M 20, St tension for a smgle HYSD bar of diameter ¢ in

(Marcha’Aprl! 2006)

Write the anchorage value of 4 standard hook and 90° hend ' (Oct/Nov. 2006)

w the sketch of a st
2. Dra s andard bend. What Is its anchorage value '?(AanMay 2012)
32. Draw a sketch of a Standard bend. What i is its anchorage value?
. ! | {Marcthpnl 2014 2012)
93, - State s_implified rutles for curtailfﬁeht of bérs in
(a) Simply SUPPOﬁEd beams' - -"".(b} ICantlIevers‘ L (ApritMay. 2011)
34, Define a 11r1tel and e‘cplam any one case, how the load on a lmtel can b found

R S ~~ " —~(Oct/Nov. 2005)
35. What are"the functions ofa lintel _ _J | o (MarcthpriI .2008)

36 Explain with neat sketch how the loadmg on lintel is taken for chfferent situations.

(Octhov 2009)

a7, Explam with-a neat sketch; when do you con51der the triangular masonry load cn the
lmtel : .- ourelt Sl : (Or.t/Nov 2010 ; Apm”May 2011)

- 38. Define lintel and clraw a neat sketch of lintel cum sunshade w1th structural detailing
(March/April. 2010)

Essay Type Questiohs : : ;
! Find the limiting moment of resistance of a singly reinforced beam of size > 250 mm X
400 mm- effective depth. Concrete used is of M 20 grade ans steel Fe 415. Also

determine the limiting percentage of 5teel -, ((QetiNow. 2009)
~ [Ans : Muhm = 1104 kN m &P”Im = 096%]
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2. Find the ultima

AILING OF R.C. ELEM

. - : tangular b ‘
te moment or resistance of singly relnforcgd rec . g eam 23, l; 10.
f 16 mm diameter, ancrete

4 bars ©
l[Ans i 1238 kN'm] \

j mm X 500 mmi effective depth reinforced with
is of M 20 grade and steel Fe 415. ,
orced rectangular beams 230 m i

Find the ultimate moment or resistance of singly reinf ter. Concret !'
x 400 mm effective depth reinforced with 4 bars of 20 mm diameter. Concretelsofy |
_ [Ans : 101.54 kN.py |

20 grade ans steel Fe 415.

[Hint : Section is over reinforced and hence limit xy, 0 %, 1

0 mm and effective width is subjecteq
if M20 grade concret,

A simply supported rectangular beam of width 30
[Ans : Agt = 830 mm?

to a factored moment of 185 kN-m. Find the area

and Fe 415 grade steel is used.
mply supported reinforced concrete

Calculate the area of reinforcement requiréd for as si
beam 230 mm wide and 400 mm effective depth to resist an ultimate moment of 50 kN.
(Apr. 2007)

m. Assume M 20 and Fe 415 combination of concrete and steel. _
' oy - ~ [Ans, 378.5 mm?)

f steel required

d concrete beam of rectangular section 300 mm wide and 550 mm effective

. A reinforce :
is simply supported over an

depth is reinforced with 4 bars and 25 mm diameter. The beam
rmly distributed ultimate load the beam can carry if M

effective span of 7 m. Find the unifo :
[Ans : wy = 40.81 kN/m]

20 grade concrete and Fe 415 grade steel is used.
A reinforced concrete beam 300 mm «x 600rhm overall depth is reinforced with 4 bars
of 20 mm diameter at an effective cover of 40 mm. What uniformly distributed load

this beam can carry exclusing self weight, over a simply supported span of 5m. Assume
(April/May. 2011) .

M20 concrete and Fe415 steel.

A singly reinforced concrete beam of rectangular section 250 mm x 550 mm overall

depth is reinforced with 5 bars of 16 mm diameter with an effective eover of 50 mm.

The beam is simply supported over an effective span of 6 m. Find the uniformly
distributed ultimate load the beam can carry excluding its self weight. Use M 20 grade

concrete and Fe 415 grade steel. Use Limit state method:
(March/April-2016)

Design a singly reinforced beam of width 230 mm simply supported over a clear span
of 3.5 m. The width of the support is 230 mm and it carries a live load of 22 kIN/m. Use

M 20 gr_ade concrete and Fe 415 grade steel. Also check for development length.
- (Oct/Nov. 2009)

i
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Analysis | i ' |
@s and L ?sign of Rectangular Beams L

10. Calculate the yl - :
_ e ultimate moment of resistance of an R.C. beam of rectangular section

11.

1

13.

14

15.

16.

ig: Tsmq)b:fij;d 409 mm deep. Area of steel consists of 6 Nos 18 & in tension and 2
el B L :resswn. Assume steel of grade Fe 415 and concrete of grade M 20
| /e cover 35 mm on both sides. ._ - (March/April 2007)

[Ans : 176.36 kN-m]

E::lgn a rectangular beam for an effeqitve span of 6 m. The superimposed load is 80
kN/m and size of rectangular section is limited to 300 mm wide and 700 mm deep

“I’ifh an effective cover of 70 mm for both tension and compression. Assume M 20
and Fe 413, - (Oct/Nov. 2007)

A doubly reinforced beam of width 250 mm and 500 mm effective depth is reinforced
with 2 bars of 20 mm diameter in compression and 6 bars of 20 mm diameter in

tension zones. Find the ultimate moment of resistance of the beam section. Effective

_ &over is 40 mm for both the steels. Concrete grade is of M 25 and steel i" Fe 415.

(March/.pril-2014)

A rectangular doubly reinforced beam of size 230 mm wnde and 500 mm effective

: depth is subjected to a factored moment of 175 kN-m. Find the reinforcement for

flexure. The materials used are M 20 concrete and HYSD bars. (MarrthpnI 2010)

An R.C.C. beam 230 mm wide and 450 mm deep is reinforced with 4 bars of 16 mm
] and grade Fe 415 on tension side. If design shear force is 60 kN. Design the shear
reinforcement consisting only of vertical stirrups. The grade of concrete used is M20.

_ (March/April. 2007)
A simply supported R.C. beam 380 mm wide and 750 mm effective depth carries a

UDL of 80 kN/m (including self weight) over a span of 6 m. The beam is reinforced
with 6 Nos. 22 mm diameter bars of grade Fe 415 on tension face. Design the shear

‘reinforcement using vertical stirrups and bent up bars. Assume 2 Nos. of 22 mm dia.

(March/April. 2004) :

are bent up.
[Ans:2-8 ¢ @240 mmclc]

An RCC beam, 250 mm wide and 450 mm effective is reinforced with 6 bars of 16
mm diameter on tension side of which two bars are cranked up near the support. if
the design shear force is 150 kN, design the shear reinforcement con51denng bent

~ up bars. Assume 2 Nos. of 22 mm dia. are bent up. Concrete grade is of M 20 and

steel is Fe 415. - (Oct/Nov -2015)
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17 An R.C. beam of breadth 300 mm and overall depth ©
d with 4 nos of 25 mm. ¢ bars e

18.
19,

20.

f 550 mm is provideq

hay

-effective cover of 50 mm and reinforce me,
reinforcement, Demgn shear is 150 kN. Use M 20 grade concrete and Fe 415 Steg]

(i) Value of nominal shear stress

(i) Shear resistance of beam |

(ili) Spacing of 2 legged 8 mm dia vertical stirrups. . _
) Check for maximum spacing of stirrups (Mar C}fIAP"f- 203,
[Ans : T, 1 N/mm?, 7, = 0.68 Nimn

Design a lintel over a door of 2.0 m Wlde The height of brick work above the Openin
is 2.3 m. Masonry weighs 19 kN/m3. The brick walls are 230 mm thick. Use M20 gryg,
concrete and Fe 415 grade steel. i - (March/April. 2003,
A lintel is to be prowded to support a masonry wall of 230 mm fthk over an Opening

of 2 m. Concrete grade M 20 and steel grade Fe 415 are used. Assuming perfect arch
(March/April. 2010)

(iv

~ ‘action, design the lintel.
Design a lintel over a door of 1.2 m wide. The hezght of brlck work above the opening

is 2 m. Masonry weighs 19 kN/m3, The brick walls are- 2_30mm thick. Use M-20 grade
concrete and Fe-250 grade steel. (Marcthpril-ZDl.‘i)
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