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Analysis and Design by Limit State Method (LSM)

4.1 Introduction

In any type of structure, the basic structural elements viz. beams, columns, walls, slabs, footings etc.
are subjected to bending, transverse shear, torsion and axial tension or compression. In the subject of Strength
of Materials, we talk of pure flexure i.e. shear stresses are zero. But in practical situations, the concept of pure
fiexure rarely exists; rather flexure is often associated with transverse shear and/or axial forces (tension or
compression). Torsion is also sometimes encountered along with flexure.

Inthis chapter, we will look into the analysis of reinforced concrete beams subjected to pure flexure only.
Furthermore, we will discuss the design aspects of reinforced concrete beams by limit state method. The
additional effects associated with flexure viz. transverse shear, torsion etc. are dealt in separate chapters.

4.2 Analysis of Beams by LSM

Inthe previous chapters, we studied the WSM of analysis and design wherein the structure was subjected
to working loads. This chapter deals with the limit state method of analysis and design at ultimate loads. Two
types of Limit States are defined in Limit State Method of design viz. Limit State of Collapse and Limit State of
Serviceability which are defined as below: -

Limit State of Collapse: In this state, loads are corresponding to impending failure of structure and lead
to complete collapse of the structure. It depicts the imaginary behavior of structure at the time of failure. It
includes limit state of flexure, shear, compression and torsion.

Limit State of Serviceability: In this state; the loads and stresses which are applicable in the day-to-day
service of the structure and structure is expected to perform its intended function. It depicts the actual behavior
of structure at the time of service of the structure. It includes limit state of deflection, cracking, vibration,
corrosion etc.

4.2 Assumptions in the Analysis Design by LSM

As per Cl. 38.1 of IS 456: 2000, the following assumptions are made while analyzing the reinforced
concrete beam by LSM:



Plane sections normal to the beam
axis remain plane after bending,
i.e., in an initially straight beam,
strain varies linearly over the depth
of thé’se&foh Thus Ns“tr'éin diégrém

The maximum compressive strain
in concrete at the outermost fiber
(¢,,) is taken as 0.0035, regardless
of whether the beam is under-
reinforced or over-reinforced,
because collapse invariably
occurs by the crushing of concrete.

The design stress-stram curve of
concrete in flexural compresswn as
recommended by IS 456: 2000 is
as shown in Fig. 4.2 The IS 456:
2000 also allows the use of any

other possible shape of the stress-

strain curve: wh|ch results in
substantial agre ént with the
results of the tests’ on remforced
concrete.  ~ 7

For design purposes, compressive
strength of concrete' may be
assumed as 0.67 times the
characteristic strength of concrete.
The partial safety factor of y, = 1.5
shall be applied in addition to this.

The tensile strength of concrete is ‘

ignored i.e. not taken into account.
Cl. B-1.3(b) of IS 456: 2000
states that all tensile stresses are
to be taken up by reinforcement
and none by concrete, except as

otherwise specifically g Qgrmmed

The stress in reinforcement is
derived from representative stress
- strain curve for the type of steel
used. The design stress-strain
curves for mild steel and cold-
worked bars are as shown in Fig.
4.4 and Fig. 4.5.
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Fig.4.1 Singly reinforced beam section
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Fig.4.2 Stress-strain curve of concrete in flexural compression
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Fig.4.3 Characteristic, actual and design stress-strain curve of

concrete in flexural compression
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Fig.4.5 Characteristicand design stress

Fig.4.4 Characteristicand design stress
strain curve for cold worked Fe 415 grade steel

strain curve for mild steel (Fe 250)

7. For design purpose, the partial safety factor for steel is taken as y = 1.15 i.e.

: ) f
design stress of steel = 1—% =0.87f,
8. The maximum strain (g,) in the tension reinforcement atthe level of centroid of reinforcement stee!
at the ultimate limit state shall not be less than e, which is defined as:

0.87f,
Y 4+0.002

st
S

0.87f,
Mild steel has a well defined yield point [E y=TF y)but this is not so for HYSD bars. IS 456: 2000
8

specify a uniform criterion of yield for all grades of steel. This is done to ensure that the yielding of the tension
* steel takes place at the ultimate limit state, so that the consequent failure is ductile in nature and thus providing

f
4 +o4002]A

0.
ample warning of the impending collapse by limiting the minimum permissible steel strain to [ 5
s

A very rare type of RCC failure is “FRACTURE OF REINFORCING STEEL" which happens due to

. x extremely low amounts of rei_nforbing steel and under the conditions of dynamic loading.
‘ i

Limitation of the Assumiption “Plane Sections Remain Plane before and after the Bending”.

This assumption is NOT applicable in case of deep beams where warping of cfoss-section
occurs due to shear deformations.

Remember

iy



4.4 Analysis of Singly Reinforced Sections

4.4.1 Limiting Depth of Neutral Axis

It corresponds to the loading when concrete compression and steel tension, both reach their ultimate
limit state simultaneously. N )
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Fig.4.6 Reinforced concreterectangtilar section at ultimate limit state of flexure

Strain diagram is used for caiculating the Iiminng depth of neutral axis. From strain diagram, by similar
triangles,

f =
Y
: —Y 40,002
00035 _ TsE, 0%
Xyim d = Xyjim
fy +0.002
d=Xym _ 1156,
Xy lim 0.0035
Thus, Tulim e = 700
d 0.87f, + 1100
700
= x ., = ki=| ———ou|d
Tulim (\0.87)} 1 100]

44.2 x—”d'ﬂ For Different Grades of Steel

The limiting depth of neutral axis corresponds to balanced failure ~ Table 4.1 Limiting depth of neutral axis

at ultimate limit state i.e. concrete and steel will reach to their limiting Stoel grade | Fe 250 | Fe 415 |.Fe 500

strain in simultaneously. If x, < x,,.. then the section is under-reinforced

. e . . ) S ¢ = Suim 053 | 048 | 046
leading to yielding in steel first and if x, > x ;.. then the section is over- d

reinforced leading to crushing of concrete first.

4.4.3 Analysis of Singly Reinforced Rectangular Section

Analyzing a reinforced concrete member at ultimate limit state is equivalent to determining the ultimate
moment of resistance (M, ) of the reinforced concrete section. This is computed by,
MUH = Cu'Z :Tu'z

Where, C,and T are the ultimate compression and tension forces in the concrete and steel respectively.

Analysis of Stress Diagram

fe———b— A e =045 fy >
ogr T . Tn I? »

-.f 0.002 YJ I —1=C

¥ B ‘- - J_ C, .
u : ‘C2

PR R l cl/ . Neutral _ ;
B Axis
Asl -
e e o ) L T=0871,Ay
0.87 f,
Ey +0.002

Fig.4.7 Analysis of stress diagram

By similar triangles of strain diagram,

BC _ 0002 _4

AC 00035 7
4 4

! BC: —Y—AC=—7-XU

T
AB = J‘u"?"u=7-"u

Compressive Force 3
For determining the value of C,,and its line of action, it is essential to analyze the concrete stress

block under compression.
C, = width x area of stress diagram

= bx 045 f,x (%)xu =0.193 f.bx,

(G-

bx(gxomfckx;xu) = 01714 1, b,
3 4
v, = (%)xu +(g} XL7)XU =0.643x,

C,=C,+GC,
01937, bx, +0.1714fy bx, = 0.36 fybx,

RS
f

Total Compressive Force

0]

This total compressive force (C) acte at a distance y from top of compression fibre which is given by,

Cur+ oy (0.193X0214+0.1714x0.643)
y="¢+c, 0.3644 u




= 0416x, (As per previous code IS 456: 1978)
=042x, (As per recent code IS 456: 2000)
AIternatlver it can also be derived as,

The line of action of G is determined by the centroid of the concrete stress block in compression. Thus
distance of C, from the fibers subjected to the maximum compressive strain is:

IS (452

0.362fbx, ¥ = (0.447fy bx,

Ny

=1

= = 042x,

b ———y te—0.45f =i

Tensile Force Ly | T IOAZX"
: x, - c
T,= 1y Ay s 1
Where  f, = 0.87f fora!l;_gusjcu”m d_piies e i
T 0.87f A . R Lever amm (z)
yost 4 =(d-042x,)
The line of action of T, is the.centroid-of tension steel. o '23( o i S
YL . : , T=0871.Ay

Actual Depth of Neutral Axis

For any given section, the location of neutral axis will be such that it satisfies the condition of static
equilibriumi.e., C, = T, Thus, -l

Total force of compressic)n = Total force of tension
woC=T
0.36 b, = 0.87f A,

.

(f = 0.87F, ifx,<x, )
0.871,A

st
= x,= ————~O %00 for allxu < Xylim

NOTE: When x> i ihen section is over~remforced and fy # O 87f,and in thrs case, a trial and error
procedure is followed for determmmg e value ofx,:

Table 4.2: Difference between Tension and Compression failure of a beam section

TENSION FAILURE COMPRESSION FAILURE

Tension reinforcement yields before limit state of Tension reinforcement does not yield prior to limit state

collapse of beam. o of collapse of beam.
In this, the beam shows large amounts of deflection In this, the beam fails by crushing of cont;rete. This
and excessive cracks before its actual failure. This type of failure is sudden without giving any warning
type of failure gives ample warning and is said to be and thus this type of failure is always to be avoided.
ductile failure.

Moment of Resistance

For determining the moment of resistance Mg, the lever arm zi.e., the distance between compressive
force (C) and tensile force (T) is given by:

z=d-042zx,

Thus moment of resistance w.r.t. compressive force of beam section
M, = 0.362 f,, bx (d-0.42x)
and the moment of resistance w.r.t. tensile force of beam section
Mg = f,- Ay(d-0.42x)
=087fA,(d-0.42 x,) i, <X,

Limiting Moment of Resistance
The limiting moment of resistance for a singly reinforced rectangular section is obtained whenx, =x, .-

Thus, M, 4 = 0.362 £, bx, 1 (d-0.42x, )
M_ ulim (Xulim ) ( xulim)
= 0.362 | Zuim | [ 10 407uim
= f,bd? d d

Myii
The values of the above quantity i.e. ; bd2 is obtained as.0.148,0.138 and 0.133 for Fe 250, Fe 415
ok -

Xy lim

and Fe 500 respectively by substituting the values of as discussed earlier.
Cemparison of x, and ulim -

(@) Whenx, <x;.. thenthe section is under remforced

ulirm
0.871,As . " o ‘
x = ——22je. steel has been yielded (f, = 0.87f)
and v *u 036 1b a= 2 E
(b) When x, = x,,, then section is balanced and use x, ,, for calculation the moment of resistance (M)

= 0.36fy bryim (d- O.42xU,,-m) (from compression side)
= 0871,Aq (d-042x,m)

then section is over-reinforced and M, is limited to M, by limiting x,,to x, ;..

(from tension side)

(c) When x >x
M

ulim*
can be found using compression side formula as:

= 0.36y bryjim (d - 6.42xyjm)

vlim

UIIITI

Remember: Do not use tension side formula because f,, # 0.871, in this case. Due to more reinforcement,
steel has not reached to its yield stress value.

Design Formula
While designing a beam section, x, is limited to x,, ;. i.€.

Xy = Fim

and . Mu = /wuhm
From compressidn side,
. M, =0362f,bx,, (d-042x,,)

Put Xym = kd
: M, = 0.362 1, bkd (d - 0.42 kd)
= [0.362 £, k(1-0.42 K)] bd?



Thus, M, = Qbd?

= d= A/’i
Qb
where, Q=0.362 f, k(1-0.42k) g
For example: ForFe 415, k=048 1 %, jim = 0.48d for Fe 415)
g Q=0361,048(1-042x 0.48)= 01381‘
Lever Arm: For fimiting section, lever arm is given as:
Leverarm = d--0.42x
= d-042kd=(1-042Kkd=jd
where j = Leverarmfactor=1-0.42k
=1-0.42x053=0.777 For Fe 250
=1-0.42x0.48=0.79 For Fe 415
. =1-042x0.46 =0.806 For Fe 500
Thus if can be inferred that j~ 0.8 for all the thre grades of steel.
Reinforcement Stee! Requirement
M, i = 0.871, Aq (d—-0.42xyjim)
A - Mulxrﬁ . Mullm
st™ 0.877, ,(d-0: 42xu,,m) 0.871,jd
Alternate procedure for determnmng the area of steel required
Let ) M, = M, andx,<x, ., sothat f, = 0.871,
Now, C=T '
= 0.36 f, bx, = 0871, A,
- (X_L) _ 0.87f, Ay
d 0.36fbd
M, = 0.36 f bx, (d-0.42 x)
X X 2
= M, = 0,36fckb(—j)[1 _0'42_5—)d
2
X, X M N
0.42 J—} —(~“)+ i — =0
= ‘( o) "\d) 036t,bd?

\
This is a quadratic equation in ( p ) which on solving gives,

% 2021 [1- 22008
d fox

where, the quantity 22”2 is soretimes denoted as 'R’

11

Now,

[}

0.87 f,A, (d~0.42x,)

= A = — MU
- st~ 0877, (d-0.42x,)

M,
- X
O.8/Iyd(1 —0.42—‘9—'-)

As

= bd

M,
2 X
0.87f,bd (1 - O.42—d”-)

n

By substituting the value of ( 4 ) as computed above, area of steel required (A, can be determined.

Alternatively: Area of steel can also be determined without actually calculating (i‘au_)

M = 0.87 fyAs,(d~ Okt}biﬁxy) for allx, £x, 0,

Now, =T -
= 0.362 1, bx, = 0.87f, A,

é : : Ag - P 08623, where =B L %100 and p,<p,
= . bd T 100" 087,d Pr=%d Puim
iu_] _ _O8Thp

= o) T 100(0.362)f

M, = 0,87§,As,{d-o.41exug,'

My 087@,&(1_0416&_)
= b bd %
_ ogr [PL _O.416(0.87fyp,)
- Y1100 100(0.362f )

ams [P [ _fyP
= 0.87f,| = |{1-
087l (100)L 10015,
( by [ 'P{)fy
= 0.87f,| 21— ==
087VL100)L (100 for

- (X e Y (P )+ F__o where, R = M“2
7o Goo) “\100) " 087, bd

-

This is & quadratic equation in (1%0) which on solving gives,

|



R
<k 1{- [1-4.598— M
100 bd ~ 2f, \J fck] be

where, R = —4

The above expression can be directly used for calculating the area of tension reinforcement required.
Limiting Percentage of Tension Steel

Corresponding to limiting moment of resistance for singly reinforced sections, there is a limiting percentage
of tension steel given by:

100 Ay
ptlim = b; = when, Xu= Xy lim
Now, C=T .
= 0.362fy bx,;m= O.87fyAsl im
N - i
‘ Kypim -~ -0.87 fy Ptiiny . B Y : Agtim
Zudm < . e o =——x100
Td T 03621, 100 - where, Ptim =—p
- .
G Fo ) (X )
= PR Pyii =~4161] &£ (—
’ﬂ'm f, I\ d

v

Under reinforced sections undergo ductile failure giving ample warning to the users prior to its complete
collapse. For this, p, < p,» and corresponding x,Sx

Thus,

When p, = p., then section is balanced. '

u lim®

When p, < py;.., then section is under-reinforced. .
When p,. > p,... then section is over-reinforced.

Table 4.3:p, ;. (in %) for different grades of concrete and steel

T Fe 250 Fe 415 Fe 500
(Nimm®; | (f,= 250 Nimm’) | (£, = 415 Nimm’) | (F, = 500 N/imm’)
20 177 0.96 077
25 221 12 0.96
30 265 1.44 115
35 3.09 1.68 1.34
40 3.54 1.92 153
45 3.98 2.16 : 1.72
- 50 4.42 24 1.91

Comparison of WSM with LSM of Design
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Determine the depth of neuiral axis of a beam section of 250 mm x 400 mm | Solution:

size reinforced with 3-20 mm diameter bars of Fe 250 grade steel. The beam is made up of M 20 Working moment to be resisted = 30kNm
concrete and effective cover to reinforcement is 50 mm. Factored moment to be resisted (M,) = 1.5 x 30 kNm = 45 kNm
Soluti Let effective cover of the beam section = 50 mm
olution: H
! i jon (d) = 500 mm - 50 mm = 450 mm
Effective depth of the beam (d) = 400 mm - 50 mm = 350 mm Thus, effective depth of beam section (d) i
" ! o o M 85100 o
Area of tensile steel (A,) = 3x (Z) x 20% = 942 .5 mm? bd? (300x 4502)
Limiting depth of neutral axis (x,,;,.) for Fe250 steel ' }' Area of steel required:
= 0.53 d=053 x 350 mm = 185.5 mm ! P A [1 1-4.598 fﬂ}
Let depth of neutral axis (x,) < x,,,,s0 that 7, = 0. 871, v 100 bd  2f ok
From statical equiliorium, C =T b As, o 5980 = oootress
0.36 1, bx, = 087 A, : : = 100 bd 2x500 _

o - OBThA: 087x250x0425 oo - o p, = 0476%

Y7 036fxb  0.36x20x250

- . A, =2 176><300><450 = 2383 mm?
<X, 4 (= 185.5 mm) : o ) 100
So, the assumption of x; < x,, ;. is true and thus stress in steel reaches to yield stress i.e. 0.87 f f, 3 Depth of Neutral Axis:
Therefore, depth of neutral axis (x )=113.26 mm. From statical equilibrium, - - C = Lo »
: , ' “0.36 f, bx; = 087 A"
E Determme the lever arm for a rectancular beam of size 300 mm x 450 mm with : A 238.3
50 mm effectwe cover which is made up of M 25 concrete and is reinforced with 4-20 mm diameter x, = 087 f;’ ;’ =»0'§;Z 502(;21 300‘ =38.18mm
: S0 X
bars of Fe 415 grade of steel. 3 0.36 ok e )
Solution: o o ' Check: R
Area of steel (A,): : Limiting depth of neutral axis (x, ) for Fe500 steel = 0.46d = 0.46 x 450 mm = 207 mm>x, (OK)
st ) : .

Thus, the steel reaches its yield point first i.e. f, = 0.87 f,

- T 002 = 2 )
Ao = 4x rie 20° =1256.64 mm Also limiting percentage of tension steel (D),

Compressive force of concrete (C) = 0.36 1. bx,

o ol ot Y X
Tensile force of steel (T) = 0871, A, ifx,<x, Pum = 4».61[73—;‘)(—“(3—’"-)
From statical equilibrium, cC=1T :
i
0361y bx, = 08714, , Pum = 4161 22 (o 46)=0957%> 0.176% (OK)
0.36x25x300x, = 0.87x415x 1256.64 ’ i tem
x, = 167.11mm ' ) : rawy
Also limiting depth of neutral axis (v, ) = 0.48d . (for Fe 418) Examplf_’4.4 Determine the ultimate moment of resistance of a rectangular beam of w
= 0.48x{450-50) = 192 mm > x, (= 167.11 mm) : 350 mm with 550 mm effective depth which is casted with M30 grade of concrete and reinforced with
Thus, 4 numbers of 25 mm diameter bars of Fe250 steel grade.
steel will reach its vield point firstie. f, = 087 f
Thus, leverarm(z) = d-042x, Solution:
= {400-0.42 x 167.11) mm = 330.48 mm ; Area of steel (A,):
. T 10R 2
] i Arectangular beam of size 300 mm x 500 mm is required to resist a moment of - A, = 4X % xd? =4x s 252 = 1963.5mm
30 kNm. Find the reinforcement required for the beam if grade of concrete is M25 and steel is Fe500.

Limiting!depth of neutral axis (x,;,,) for Fe250 steel = 0.53d=0.53 x 550 = 291.5 mm
Assume effective cover is 50 mm.




Actual depth of neutral axis (x,):

.- 0.871, Ay _0.87x250x1963.5 =112.36mm<y
U 0.36fyb 0.36x30x350 u fim

(=291.5 mm)

Thus, steel stress 1,, = 0.87 £, is correct.
Ultimate moment of resistance of beam:
Since, the section is under-reinforced, the ultimate moment of resistance of the beam is given by
 M,q= 0.87f, A, (d-042x,)
= 0.87 (250) (1963.5) (550 - 0.42 x 112.36) Nmm
= 214.92 kNm =~ 215 kNm

Determine the lever arm and moment of remstance of the beam section as
shown. Use M 20 concrete and Fe 250 steel.

Solution: 075

Given o b = 275mm

- Ay 4x§x162='804.25 mm2

Effective cover = -35mm §
" Effective depth (d) .=, 40535 = 390 mm.
L:mmng depth of neutral axis for Fe 250 steel (x, ;) = 0.53d ' SRV
= 053(390)=207.09mm . ille e o o
Let depth of neutral axis () < xyum :
’ fy = 087
From statical equilibrium cC=T
= 0.36 f,, bx, = 0.87f A, '
0.87(250)804.25
= Xy = T iAo
0. 36(20)275
= 87.86mm<x,,, '
Thus assumption of x, < x,, ,..is correct.
= Steel will yield first i.e. fy = 0.87 1 is correct
g Leverarm(2) = d-0.42x,=390-0.42(87.86)

= 353.45mm
Moment of resistance = 0.87(250) (804.25) (353.45) Nmm = 61 .83kNm
Ultamate moment of resistance corresponding to balanced section
M, m = 0.148f, b (for Fe 250)
0.148(20) 275 (390)2
= 123.81 kNm > 61.83 kNm '
Thus the giyen beam section is under-reinforced (x,, < x,, ;,,)
with leverarm(z) = 353.45mm
and moment of resistance of 61.83 kNm

A beam of size 350 x 500 mm is having a duct of rectangular section of size
100 x 200 mm whlch is symmetric about the vertica! axis of beam section and the centre of ductis ata
distance of 176 mm from the top of the beam section. Compute the moment of resistance of the
palanced section and thus the area of steel required. Assume M 20 concrete and Fe 415 steel. Assume

effective cover is 50 mm.

Solution:
l 0.446 1
fe—— 350 —| A _B i
- B T == T I
% By
‘ 1 —c 178 EZI e
- = i -
e 200 x l ﬁ : 100 & /
e |75 ) g + e
8 [ 3 A e RTNA
100 :
’ 125 1 . 125
eo e 0@ I e e 6 e 0 L .t

Given, M20 concrete - = fy = 20 N/mm?

Fedi5steel = f, =415 N/mm?
b = 350mm
D = 500mm
Effective cover = 50 mm :
Effective depth (d) = 500 mm — 50 mm = 450 mm

Distance of top edge of duct from top of beam = CK =756 mm

Limiting depth of neutral axis (x, ) = 0.48d=0.48(450)=215.55mm

Ullm
3 3 5
Depth of rectangular portion of compressive stress = 2 Fulim = —7-(21 5.55) mm =92.38 mm

Divide the area above the balanced neutral axis into 3 parts with
portion ABFE — Part|
portion BCKJ — Part Il

and portion CDHG - Part Il

Part | and Il are each of width 125 mm and are under the influence of complete compressive stress
block overadepthof x,,;,, (= 215 55 mm). Part Il is of width 100 mm which is under the influence of compressive
stress block for a depth of h,= 75 mm. This part Il is within the rectangular stress block because h=75mm

depth <%xl,:,'m (= 92.383mmi)
Let, ' C, = Compressive force due to Part |
C = Cy=036f, bx,,
= 0.36(20)(125) 215.55 N = 193.995 kN
C, = Compressive force due to Part |l




G, = 0.45f, bh=0.45(20) (100) 76 N = 67.5 kN
C, = Compressive force due to Part Il

From statical equilibrium,

Ci+C+Cy=T
= 195995+675+19399 =T
= T = 455.49kN

At balanced stage, fo =087 fy

T = 087 f, A, = 45549 x 10°N

7.046% 10°

= A

st

= 126157 mm?

= T087(415)

Moment of resistance at balanced stage (MOR)
=(Cy+ Cy) (d-0.42x ) + C, (d-75/2)

=2x193.995 x 103450~ 0.42 x 215.55)+67.5 x 10%(450 - 37.5)Nmm

= 167.314kNm

Exampl
with: (a) 3-16 mm¢ (b) 6-25 mm¢ (c) 8-25 mm¢

Calculate MR of a rectangular beam of size 400 x 650> mm. Which is reinforced

Calculate area of steel required for limiting section also. Use M 20 concrete and Fe 415 steel.

Assume effective cover is 50 mm.
Solution:
Case (a) 3-16 mm ¢ bars
D =
d =

Area of steel =
Limiting depth of NA
Xytim
Actual depth of NA

C =
0.36f,bx, =

0.36x 30 %400 % x, =

Xy

Je——— 400 ———1

650 mm i
650 - 50 = 600 mm’
3x X %162 = 603.2 mm? 18

4 g

= 048xd (forFe4i5)
3166

0.48 x 600 = 288 mm e o ®
.
0.87f, A, ’

(Assuming under reinforced section so that £ = O.87fy)
0.67 x 415 % 603.2
50.41 mm<x, . (=288 mm)

u lim

Thus assumption of under-reinforced section is correct.

ie., ¥, <
Moment of resistance
MH =

= Unfactored moment/working moment =

x
“utim

0.367,bx,(d~0.42x,)
036 x 30 x 400 x 50.41 (600 - 0.42 x 50.41)
126.05 kKNm

126.05
1

=84.03 kNm

From tension side

Unfactored Mg
Case (b) 6-25 mm ¢ bars

Given : A

st

Limiting depth of NA

= Xylim
Actual depth of NA
C
0.367 b,
0.36 x 30 x 400 x x,;
X

N u
So section is under reinforced section

Moment of resistance
Mg

Unfactored roment/working moment

Moment of resistance from tension side

Mg

)Ugfactored moment
Case (c) 8-25 mm ¢ bars

! Area of stee!

Given:
Limiting depth of NA
Actual depth of NA

Sultim

Tu

! X

Tu

[}

L}

I

0.87f A{d~0.42x,)
0.87 x 415 x 603.2 (600~ 0.42 x 50.41)
126.06 KNm

12605 _g4.04 kNm
15

e—— 400 —i

650

6x§x252 =2945.24 mm? v
625¢ .

0.48d XX XX
0.48(650 -50) mm = 288 mm -

T
0.87f A

As (assuming under reinforced section)
0.87 x 415 x 2945.24
246.15mm < x, , (= 288 mm)

ulim

- 0361, bx, (d—0.42x,)
0.35 x 30~ 400 x 246.15(600 - 0.42 x 246.15)
528.09 kNm

5—21%03 =352.06 kNm

0.87f, A fd~0.42x,) = 528.09 kNm

0.87 x 415 x 2945.24 [600-0.42 x 246.15]

52809 _ 352.06 kNm
15 b 400 ———

8xg~x252 =3927 mm?

Thus section is over reinforced and £, # 0.87f,. So limit x, 10 x,,

- M,

u

Alternatively M,

H]

0.480 = 0.48 x 600 = 288 mm 2
0.36f, bx, = 0.87 i, A, . RARN

328 mm > x,,;, (= 288 mm) ® e e 6 | |
0.36f, bx, i (d-0.42 %)

0.36 x 30 x 400 x 288 (d- 0.42 x 288) = 596 kKNm
0.138f,, b? = 596 kNm (for Fe 415)




Unfactored M, = %=397 kNm
Area of steel for limiting section:
Y — Mulim
stim " 0.871, (d - 0.42X,m )
B 596x 10° ,
= 0.87xA415(600-042x268) = 24459 mm
Alternatively Puim = 41.61[%}""{’;”) - 41.61(%%)(0.48) — 1.44%
N
1.44 /
Agim = 7og X400%600 = 3465.6 mm?

4.5 Requirements of Fiéthal Design

1.

Concrete Covgr to Reinforcement: Concrete cover is provided to protect the reinforcing bars from
corrosion, fire and alse proyidessuﬁicient bond between steel and concrete to prevent slipping out
of reinforcing ba'r§ from'goncrete. Clear cover is defined as the distance of exposed surface of
concrete to the nearest surface of reinforcing steel.:Cl. 26.4.1 of 1S 456: 2000 defines nominal
cover as “The desig_n depth of concrete cover to all steel réinforcement, including links.”
IS 456: 2000 speCifies the deviation in concrete cover from 0 mm to +10 mm. The tolerance ‘0 mm’
indicates that no reduction in the prescribed nominal cover is allowed.

Table 4.4: Nominal cover requirements based on exposure conditions

Exposure | Mini Grade!| Nominal Cover Permitted
condition of concrete {mm) © -allowance

Mild . M20 20 Can be reduced by f
5 mm for bars less
than 12 mm dia

Moderate M25 30
Severe M30 45 Can by reduced by
5 mm if concrete
Very Severe . M35 50 grade is M 35 or
higher
.| Extreme M40 75

_The” earlier version of code i.e. IS 456: 1978 specified clear cover requirements based on the
type of structural elements (like 15 mmiin slabs, 25 mm ir beams, 40 mm in columns etc.), but
inthe latest version i.e. IS 456: 2000, clear cover réquirements are now made applicable forail
types of strugiural elements. Cl. 26.4.2.1 of IS 456: 2000 specifies certain hir|imum clear
cover requirements for columns (genérally 40 mm) and Cl. 26.4.2.2 of IS 456: 2000 specifies
a ceitain minimum clear cover requirements for footings {generaily 50 mm).

Apart from the above stated clear cover
requirements, Cl. 26.4.3 of IS 456:
2000 specifies clear coverrequirements  ciosed f—0 — .

based on fire resistance (expressed st ‘-_j:__‘_ Compression bars
in terms of hours). For 1 hour fire ‘1 3 - G = Clear cover
occurrence, a nominal cover of 20 mm to‘re‘ nforcement
for beams and 40 mm for columns has
been specified in the code. Larger cover
is required if the member has 1o be
specifically designed for fire resistance.

d

Line through centroid
of bar group
 Tension bars

(bundled bars
shown here)

Spacing of Reinforcing Bars: Minimum } S
spacing of parallel reinforcing bars are v &
specified in order to ensure that the t "!Sl" ), = Horizontal clear
concrete can be-easily placed and " spacing of bars
compacted during casting. Maximum

limit on spacing of parallel reinforcing

bars are specified for ‘controliing the

cracks in concrete i.. crack widths.

(¢) Doubly reinforced beam
Fig. 4.8 15456:2000 requirements for placement of reinforcing bars

in beams, where the width of the member (i.e. beam) is fixed, often it is the minimum spacing
requirement that dictates the selection of bar diameter. When ali the reinforcing bars cannot be
accommodated in oné layer conforming to the requirements of minimum spacing of reinforcing bars
and the clear cover, then either we have to increase the width of the beam, or place bars in more than
one layer or bund'e the group of parallel bars. This problem does not occur in slabs where the width
of slab is large encugh to accommodate the bars and also the percentags of reinforcement in slabs
is low as compared to beams in general.

Cl. 26.3 of IS 456: 2000 specifies the requirements of piacement of reinforcing bars in concrete
members (i.e. beams, slabs) which is explained in Fig. 4.8.

e |
Open stirrup l b
——  _hanger bars
. —— (stirrup holders)
\ (¢ = 10 mm)
A
vertical clear spacing Sy
should not be less thanmax.  p d
bar dia
or
2/3 of max. aggregate size
X 1 @ .
' Sy~ F line tr_\rough centroid
. __._F <3 & f bar grou
i R r | of bar group
| bt
' clear cover C, ! h‘ T horizontal clear spacing Sy,
for main bar to be not less than max. bar
dia. or max. aggregate size

plus 5 mm

(a) Singly reinforced beam



Main Bars (dia not te exceed
DI8; cic spacing not to
exceed 3d or 360 mm)

1 N H
Distribution Bars * T
(c/c spacing not to
exceed 5d or 450 mm)

clear cover

(b} One-way siab
Fig. 4.9 Placement of reinfocing bars in beam and slab

For a given area of tension reinforcement, it is beneficial to usa large number of small diameter

bars (distributed uniformly in one or more layers) rather than small number of large diameter

bars to have efficient contrel on cracks.

In case of slab, Cl. 26.5.2.2 and Cl. 26.3.3b of IS 456: 2000 limits the maximum diameter of

reinforcing bars to /8" of the totai slab thickness with maximum spacing of these bars being

limited to 3c or 300 mm (whichever is less).

In very deep structural members (like deep beams), a considerabie portion of the web is under

tension. Wider cracks may deveiop in the higher regions of web, Also, in regions of large exposed

unreinforced concrete surfaces, cracks appear more frequently due to shrinkage (because of

temperature variations). Cl. 28.5.1.3 of IS 456: 2000 states that side face reinforcement has to e
rovided on the two faces of the beam if overall depth of beam exceeds 750 mm (or 450 mm for

beams subjected to torsion) such that:

“The total area of web reinforcemeni is NOT less than 0.1% of web area and shall be distributed

equally on the two facCes at a spacing not exceeding 300 mm or web thickness, whichever is

small.”

Maximum and Minimum Areas of Reinforcement: A minimum area of tension steel is required in

flexural members (iike beams) in order to resist the effect of loads and also conirol the cracking in

concrete due to shrinkage and temperature variations.

Minimum flexural steel reinforcement in beams: Cl. 26.5.1.1 of IS 456: 2000 specifies minimum

area of tension reinforcing steel as: )

Asrrin 085
bd f,
85
or prrnin 2 f
= 0.34% for Fe 250

0.205% for Fe 415

= 0.17% for Fe 500
For flanged bearns, replace 'b' by width of the web 'b,.
Minimum flexural steel reinforcement in slabs: Minimum steel requirements in slab are based
on shrinkage and temperature considerations and not on strength consideration because in
slabs, there occurs a better disiribution of load effects unlike in beams, where minimum steei
requirement is based on strength consideration. Cl. 26.5.2 of IS 456: 2000 limits minimum sieel
reinforcement requirement in slabs in the either direction as:

" for Fe 250
for Fe 415

where, gross area (A Yis bx D. For one way slabs also, this minimum area of reinforcement has to
be provided in the transvel se direction as secondary or distributor reinforcement. The spacing of
distribution bars shall NOT exceed 5d or 450 mm, whichever is less.

Maximurn flexural steel reinforcement in beams: Excessive reinforcement leads to congestion of
bars which adversely affects the placement and compaction of concrete. Cl. 26.5.1 of IS 456:
2000 limits the maximum area of steel reinforcement in tension (A, ,,,,) and compression (A, max)
to 4% of gross area i.e. 0.04bD.

4. Control of Deflection; Excessive deflection in slabs or beams is not desirable as it leads to discomfort
to the occupants and also adversely affects the flooring and finishes. Cross sectional sizes of the
flexural elements (particularly depth of the section) governs the criterion of deflection conirol. It is
the ratio of span/depth that needs to be controlled in order to control the deflection. Cl. 23.2a of
IS 456: 2000 limits this span/depth ratio to 260 as final deflection due to all types of loads (including
the long term effects of creep and shrinkage).

A

i

= 0.15% of gross area

st min

1]

0.12% of gross area

4.6 Deflection Control by Limiting the Span/Depth Ratio
Let a uniform rectangular S|mply supported beam.of size bx D and made up of a linear elastic material
s subjected to a uniformly distributed load 'w per unit Ieng thover the entire apan ‘l' The central deflection (A) in
the beam is given by .

5 wi* .
A= —0— i)
384 EI.
. ' wi?
Also maximum mid-span moment, M., = r
Bl sz i
= w = / = ( Z)—'(G ]2 ... (i)
- e " bD® (
Substituting eq. (i) in (i) and writing 7 = E7R it comes out that:
_A_ —_ t t L
. 7 = constantx &

24E "

controlied for any type of loading and support conditicnis. The above resuit does not apply to reinforced
concrete as such because reinforced concrete is a non-homogeneous and composite material. However

! .
Where, the constant is S0 Thus by limiting the ( D] ratio, the deflection in the member can be

I .
IS 458: 2000 adopts this concept and prescribes limiting values of D ratios.

Cl. 23.2.1 of IS 456: 2000 prescribes limits for limiting /D ratios for prismatic rectangular beams of
span upto 10 m as:

- N

1) [ . )
= = | =] kK here Dis effective depth
(D ,!nax D } basic e




!
where, (EL = 7 for cantilever spans

=20 for simply supported spans
= 26 * for continuous spans

For spans above 10 m, the (//D), ... values may be multiplied by [10/span (m)], extept for cantilever.

basic

Here the modification factor k, varies with percentage of tension reinforcement (p)) and £, as given in
Fig. 4 of IS 456: 2000 and the modification factor k_ varies with percentage of compression reinforcement (p,)
as given in Fig. 5 of IS 456: 2000.

The factor 'f is defined as:

Area of steel required

fy = 0.581, Area of steel provided

For flanged beams, Cl. 23.2.1e of IS 456: 2000 recommends the values of p,and p, to be based on the
area equal 1o 'b,.d" and the calculated (D), . should be multiplied by a suitable reduction factor, the value of
which depends on the ratio b, /b, Altéfné{iVely, for deflection control in flanged beams, the overhang portions are
ignored and the flanged beam is.considered as a rectangular beam of effective depth ‘d’ and width ‘b, (width of
the web).

4.7 Selection of Member Sizes .

The ratio of overall depth (D) to wudth (b) of rectangular beam sectoh should in general lie in the range of
1.5 to 2. This ratio can go up'to 3 for beams carrying heavy loads. The size of the beam is also governed by
shear force at the section of the beam Many atimes, architectural requirements also dictate the sizes of beams
and columns. If these architectural requ:rements are too stnngent then required strength of the beam is achieved
by making the beam doubly reinforced and using higher grade of concrete and steel:

For building frames, the width of beams should, in general, be less than or equal to the lateral dimension
of the columns into which they frame in. Generally adopted beam widths are of 200 mm, 250 mm and 300 mm.

Often the beam is required to.support a masonry wall and in such cases, the width of the beam is often

made such that the beam sides are flushed with the finished surfaces of the wall and therefore beam widths of -

230 mm are quite common in India.
In designs, the beam depthis often taken as 1/10% to 1/15 of span for simply supported and continuous
beamns. For cantilever beams, lower ratios are adopted and depth of cantilever beam is usually tapered.
1. Preliminary proportioning of slab thickness: For siabs, the thicknesses are very small as compared
to depths of beams and thus limiting the span /depth ratios will generally govern the proportioning.
For determining the thickness of the slab, the clear cover (based on exposure condition) plus half
the diameter of the main reinforcement (usually along the shorter span) have to be added to the
effective depth. The calculated value of the thickness should be rounded off te the nearest multiple
of 5 mm or 10 mm.
2. Deep beams and slender beams:
Deep Beam: When span to depth (I/d) ratio is less than 2 for simply supported and 2.5 for
continuous beams, then such beams are called as deep beams.
Slender Beam: When span of the beam is very large as compared to cross secnonal dimension of
the beam, then such beams are called as slender beams. There is always possibility of instability
in slender beams and thus Cl. 23.3 of IS 456: 2000 specify ‘slenderness limits’ to ensure lateral

stability. The clear distance between the lateral restraints must be minimum of 60b or 250b2/d for
simply supported and continuous beams and minimum of 25b or 100b?/d for cantilever beams.

4.8 Design of Reinforced Concrete Rectangular Beams
The design of reinforced concrete rectangular beams consists of determination of the following:
1. Cross sectional dimensions of the beam i.e. width (b), effective depth (d) and thus the overall
depth (D). ‘
2. Area of tension reinforcement required to resist the factored bending moment (M, ).
Apart from the above, the material properties viz. grade of concrete (f,,) and the grade of steel (f ) are
fixed at the prior stage itself.

‘am, Inunder-reinforced sections, the effect of concrete grade on the ultimate moment of resxstance
Do ? of thé beam section is NOT sngnmcant and thus it is’ not 'so-much econormical 10 use higher
You _grades of concrete but at-'the same tlme higher grades of concrete is beneﬂc-al from the'
me @ durability point of view. :

The basic requirements for the safe design of beam'in flexure are:

1. Factored moment (M,) should be less than or at most equal to the limiting moment of resistance of
the beam sectioni.e. -

M £ Mulln
2. The failure at the ultimate limit state should be ductile and not brittle.
Thus
< Myjim such that x, < x,,;,, S0 that f,, = 0.87,

But for under-reinforced sections, moment of resistance is given from tension side as steel yields earlier
than the attainment of ultimate strain (i.e. 0.0035) by concrete.

Therefore,
v M, = 0.87f,Ay(d-0416x,)forall x,<x,;,
From statical equilibrium, c=T
0.36f bx, = 0.87FA,
0.87f,Ag
T = 036f,b
Substituting this value of x,in M,
f A
_ 08714, |d-04228 A | Agla -
M, = 0871, S,[ 0.361,b 0.87f,Aq b
M, _ 08ThA.(
= 1 bd2 = bd2
i
| M,  087fp fy P,
' = - L Provided p
= bd? 100 £, 100 Pi= tiim
A t
where p, = ﬁxmo



The expression for p, . as derived in previous sections of this chapter is:

P = 4161 %k. ,(_J‘U‘J/;m]
v

= 0.0882f for Fe 250
= 0.048f,, N forFe 415
= 0.0387, o for Fe 500

Myim '

Thus ——. = 0.148 . ' : for F

f;:kbdg . or Fe 250
= 0.138 forFe 415
=, 0133 forFe 500

Arriving at the Dimensions of Rectangular Beam

Once we know the factored moment (M,) from the principles of Structural Analysis, this factored moment
is equated to the moment of resistarice of the beam section depending on the grade of steel (viz. 0.148f b2,
0.138!'C,(bd2 or 0.133f,,bd? for Fe 250, Fe415 and Fe 500 respectively). From there, éffective depth of the beam
section can be computed as:

M, = Rbd?

MU

= 9= VAo
Where S R = 0.148f, - for Fe 250
' ' = 0.138f, _ for Fe 415
= 0.133f, ’ for Fe500

The overall depth of the beam (D) is then computed as:
D = d+ Clear cover + (1/2) x Dia. of reinforcing bar
+ Dia. of stirrup

The value of D so calculated must be rounded up (and NOT rounded down) to the nearest multiple
of 100rb.
Determining the Area of Tension Steel Required
As stated earlier, for design purpose s
so that x, < x
M, M,

Asl = =
0.871,(d-0.42x,) 04871‘},d(1-0,42—l§J

M, =M

u ulim

and f, = 0.87f

ulim y

Now

Here the question arises:

Xy

d
Design the beam as balanced section by equating factored moment (M,) with the ultimate moment of

resistance of the beam section (M, ) and in that case, M, can also be computed from the compression side

of concrete as:

“How to compute —; for determination of area of steel required A,?"

M, = 0.36f,bx, (d-0.42x,)
2
X, X, M,
42| e e — =
= 042[0’] (d] oser,ba” = ¢

N
This is a quadratic equation in (E”) the solution of which comes out to be:

%o 1- 11- 5081 here, R =V
- 1.202{ 4.5 » where b

Alternate Solution
Earlier we arrived at the following expression:

u, . oo e )

bl 100 £ 100

The above equation'can be rearranged as:

(YeY (P )M _,
(& K100) (100" 0.87fbd

Solution of the above quadratic equation gives,

Po [ Astrequied | ok 1—“’1—4.598ﬂ o where, R = Mu
) 100 bd 2f, ek ba?

- (As derived in section 4.4.3)

From the above expression, we can directly compute the percent'agg of steel required and hence the
area of steel required to resist the factored moment M, Alternatively, we can use Design Aid SP: 16 wherein

!
different charts are given for different values of f,, f, and bdu2 .
Computing the Number of Bars Required in Beams

Once we have Ay e number of bars required of particular dia (say ¢) is calculated as:

Asi required
n.2
7 ¢

) No. of bars =

The computad number of bars must be rounded up to the nearest whole number.

Computing the Spacing of Bars Required in Slabs
In case of slabs (where b s taken as 1000 mm), instead of computing the number of bars required, we
compute the spacing of bars required (s) of particular dia (say ¢) which is given as: )

. - } 10004,
Spacing of barsof dia¢ = W
\st required
where, Ay = gtbz = Area of one bar



4.9 Reinforcement Arrangement in Different Types of Beams

The figures given below depict the arrangement / placement of reinforcing bars in various types of

beams commonly encountered in day to day life.

Hanger bars (for supporting
shear stirrups)

5

Steel bars in compression (Ag,)

TN

i

+— Concrete i <} Concrete in
compresSior:l compression
- Neutral axis
Depth (D) Neum axis Depth (D) ")
— Steel bars | Steelbars
in tension

No effective width

No effective width
3 T — Depth of ] . i
B S : ]LI flange gt R T e Depth of
= Al ‘ | L (sab) (0) i ; S R fi

ange (slab)
t .
3 Y| Steel bars in tension 1 Steel bars in tension (Ag)
NA - =z SRTTE H NA
<] g )
% . 2 < Concrete in
a " == Concrete in compression ° compression
Steel bars % S
in continuity ./\«. o] i— Steel bars in
X Q_L N compression (Ag)
Breadth Breadth
of web (b,)

of web (b,,)

T-beam = Rectangular beam (no flange action

T-beam = Rectangular beam (no flange action

2 /‘ !: in'tension(Ast)
L 5 \ E

. ; Tension concrete

= Bread th ) “’l ‘ . plfov»dlng cover

© 7 = "Breadth (b) —|

Fig.4.10 Slnglyreinforcédie&ﬁhgﬁlbfbgarﬁ

e Fig. 4,1 1 Ddubly reinforced rectangular beam
under positive bending moment (nedr midspan)

underpositive bending moment (near midspan)

Steel bars in tension {A,)

Sgeél bars in tension (Ag)

7| Neutral Axis (Na) : : .
Depth (D) ~1-- e it Depth (D) - Neutral Axis (T\IA)
L -+ ™7 compression T 4——0%‘:':‘;'::;:;‘
o [ Hanger bars — Steel bars in
‘ ‘/i— compression
S R (Ase)
|«—Breadth (b)—=|

|«— Breadth (b)—|
Fig. 4.12Singly reinforced rectangular beam

Fig.4.13 Doubly reinforced rectangular beam
under negative bending moment (over the support).

under negative bending moment (over the support).

Effective width of
. Effective width of
flange (by) Concrete in  |a—— flange (b) — Concrete in
KHanger bars compression Steel bars in I —1 , _compression
— ‘ ‘ — § , compression T
$ : : $T0emh of flange (Aso) L E / $ID‘323‘|“ g)f (ﬂgf)‘ge
> . slal :
NA } : ; I -y (slab) (Dy) NA — 7
. € g
20 5
5 :
£ —t—— Steel bars in £ —]—Steel bars in tension (Ag)
s ‘/E tension (Ag) 8“_ ‘f 'Y
— [
Breadth Breadth
of web (b,) of web (b,,)

Fig.4.14 Singly reinforced T-beam under

Fig.4.15 Doubly reinforced T-beam under
positive bending moment (near midspan)

positive bending moment (near midspan).

as concrete above NAs in tension) as concrete above NA s in tension)

Fig.4.16 Singly reinforced T-beam under negative bending moment

Fig. 4.17 Doubly reinforced T-beam under
(over the support). (concrete above neutral axis is in tension)

‘negative bending moment (over the support).

Effective width Effecti idth
l.- of flange (b _.i Concrete in e’;:txve w , Concrete in
compression “_"f_ ange (b) | compression

Hanger bars

NA

IDep‘h of ¢ s » TDepth of

77y flange (D) Steelbarsin__| _\/ “TNA 1 lange (D)
L compression - 1
§ : (Asc) . ﬂ;)
s s
£ : £
: 3 e 3 4
e Steel bars in . - Siee_i bars in
‘ﬁ tension (Ag) A. tension (Ag)
X X
fe— . e
Breadth Breadth
of web (b,) of web (b,)

Fig. 4.18 Singly reinforced L-beam under

Fig. 4.19 Doubly reinforced L-beam under
positive bending moment (near midspan).

positive bending moment (near midspan).

Steel bars No effective width

Steel bars, Nc effective width
in tension“7\ (as concrete is in tension) in tension \ (as concrete is in tension) .
Ay [/ | | (A l R
* 1 Depth of é % Depth of
flange (D) flange (D))
-+ NA 8 - ----NA
E g
kS K
£ £
- a
3 . o
Concrete in [s] Concrete in_| [a} Steel bars in
ion | compression
compression ‘/X Hanger bars o /T compression (Ao
'
i
Breadth | Breadth

of web (b,,) of web (b))

L-beam = Rectangular beam

L-beam = Rectangular beam
(no flange action as concrete above NAis in tension)

(no flange action as concrete above NAs in tension)

Fig. 4.20 Singly reinforced L-beam under negative bending moment Fig. 4.21 Doubly reinforced L-beam under negative bending moment

{over the support). (Concrete above neutral axis is in tension) (over the support). (Concrete above neutral axis in in tension)




numerous sets of valuPs of w1dth (b) deptb \d) and remforc,mg steel {A ) for pamcular
ign problems are obtained very quickly. )

The: \}alues glven in'SP: 16 already take mto account the va!ues of steel remforcement
; where itisnot’ admrssmle !

4.10 Comparison between WSM and LSM of Design
Table 4.5: WSMversus LSM of design

Concrete | Stress factor _ Characteristic Stress Stress factor Characteristic Stress _
ofsafety  ~ Allowable stress 8| ofsafety = " Allowable stress 0457
For M15, 15/5=3

For M20, 20/7=2.86. .
For M25, 25/8.5 = 2.94
For M30, 30/10=3.0

Loads Load factor of safety = 1.0 Load factor of safety = y; = 1.5

Total FOS = Stress FOS x Load FOS Total FOS = Stress FOS x Load FOS
=30x10=3.0 ] =222x15=333

| 3 Design a rectangular beam of effective span 4.3 m subjected to a live load of (
12.5 kN/m use M 25 concrete and Fe 415 steel.

Sotution:
Effective span (I) = 4.3 m = 4300 mm
For preliminary proportioning of beam section, take

D = L = ——-—4300 mm = 430 mm
10 10
Adopt overall depth, D = 500mm
So that effective depth, d = 500- 35 = 465 mm (Assuming 35 mm effective cover)
b = 300mm

Loads
Self weight of beam = 0.3 x 0.5 x 25 = 3.75 kN/m
Liveload = 125kN/m
Totalload = 3.75+12.5 = 16.25 kN/m 8
Factoredload(w,) = 1.5x16.25=24.375kN/m

w,l? 4.3
Factored moment (M) = —o— = 24.37¢
8 8 le—— 300 —=
= 56.34kNm

Calculation of depth required
Ultimate moment of resistance for balanced section for Fe 415 = 0.138 f,,bc?

= 56.34 x 10° = 0.138(25)(300)d?
= ' d = 233.31mm
D = 233.31+35 (Assuming 35 mm effective cover)

268.31 mm ~ 300 mm (say)
Revise cross-section size to 250 mm x 300 mm
Self weight of beam = 0.25 x 0.3 x 25 = 1.875 kN/m
Liveload = 12.5kN/m
Totalload = 14.375kN/m
Factoredload = 1.5x 14.375=21.56 kN/m

! Factored moment(M,)) = 21 56xi§—— =49.83 kKNm
Now, 49.83x10° = 0.138f, bcP-
= 0.138(25) 250 oe
d = 240.36mm
' D = 24036+35
. = 275.36mm <300 mm (assumed D) {OK)
4=

300-35= 265mm el N
Thus adopt beam size as 250 x 300 :
Reinforcement requirement
' oo M a083x10°
T bdP T 250%2652

S Py L] o
00 = bd 2[ » i

fe—— 250 mm———=|

300 mm

=2.838

28538] =9.295 x 1078

f,
- 1- 4,508
2(415)[ 4598

' p; = 0.93%
Limxtmg percentage of tensile reinforcement

_ Tk | *uim
Ptim = 41.61(;7}[—0,—) 4 61(415](0 48)

= 1.203% > p, (= 0.93%) (OK)
- A, = 0'$§§5x250x265 =615.79 mm?
15.7
No. of 20 ¢ bars required = i S.79 =196 ~ 3 (say)
' 7 (20y*

. As per IS : 456, minimum two number of bars is to be provided so provide 3 - 20 ¢ bars.



Minimum reinforcement

and Fe500 steel.

Assuming an effective cover of 50 mm,
Effective depth.of the beam (d)

Loads and bending moment
: Live load

Self weight of the beam™

" Total load

. Féciored load (w,)

Factored bending moment (M,)
Limiting depth of neutral axis

Xulim

Actual depth of neutral axis
Compression force
0.361,bx,,
and i M,

Alternatively

Calculation of x,, for M,
MU
179.89 x 10°

bd
Astmin = 0.85—
y Hanger bars
(10¢ nominal)
0.85x250% 265
= _—215—" Shear stirrup
= 135.7mm? ¥
< 615.79 mm2 (OK) o 1 Clear cover =25
Example 4.9 An RCC beam of size 380 x 700 mm overall depth is designed for an effective
span 6 m and is subjected to a live load of 20 kN/m. Design the beam using LSM. Use M30 concrete
1
Solution: L .
Given: “ Width of beam (b) = 380mm
Overall cive:pth«oftht_ébb,eam (D) = 700mm
_ Span(l) = 6m

=700 ~50.mm =650 mm - !

= 20KkN/m

. 0.38 % 0.7 x 25 KNjm'< 6:65 KN/m

= Deadload + Live load N

= Selfweight of the beam + Live load
= 6:65%.20 kN/m = 26.65 kN/m

= 1.5 x 26.65 kN/m = 39.975 kN/m

= 0.46d
=.0.46 x 650 mm = 299 mm

wl?  39.975x6?

Nm =
g = 3 kNm = 179.89 kNm

(For Fe 500 steel)

= Tension force
= 0.87 fyAs,
= 0.87 fyAs,(d—OAqu)

= 0.36f,bx

ulim (d-0.42 Xy Iim)

= (.36 x 30 x 380 x 299 (650 - 0.42 x 299) = 643.5 kNm

< M

= 0.133f, bo?

(for Fe 500)
640.6 kKNm (which is very close to 643.5 kNm)

|, im@ndthus we require an under reinforced section
0.87 f,Ay(d~0.42x)

0.36 x 30 x x,, x 380(650 - 0.42 x,)

43832846 = 650x,-0.42 xu2
x, = 70.7 mm
Area of tension steel required

. M, ~ 179.89x10°
st = 087f,(d-0.42x,) ~ 0.87x500(650-0.42x70.7)
= 666.7mm?2
Alternatively
6
R = MUQ=_——————179'89X102 =1.120461
bd?  380x650
B FU i Y /1~4.598x1'—1—294—m
. 100 bd ~ 2(500) 30
= . p, = 0.2679%
0.2697
= Ay = oo %380x650

= 666.16 mm? (same as-above)

Design a RCC beam for an effective span of 8.5 m subjected to a live load of
45 kN/m. Width of the beam is 400 mm. Use M 30 concrete and Fe 500 steel. Design by both LSM and
WSM and compare the results.

Solution:
By LSM .
Let overall depth of the beam is 850 ram
Assuming an effective cover of 50 mm
Liveload = 45kN/m
Self waight of the beam = 0.85 x 0.4 x 25 kN/m =85 kN/m
Totalload = 45 + 8.5 kN/m = 53.5 kN/m
Factored load (w,) ‘= 1.5 x 53.5 kN/m = 80.25 KkN/m
w2  80.25x8.5°

Factored bending moment(M,) = g =

kNm = 724.76 k<Nm

Design of beam as balanced section
M = M, =Qbd?

u ulim
Where Q= 0361 k(1-0.42 k)
~ 0.36x30 x 0.46 (1-0.42 x 0.46) (for Fe 500, k = 0.46)
= 4.008

724.76 x 10° = Qbd?
72476 x 106 = 4.008 x 400 x d?

i d= 672.36mm
Alternatively |
‘ M, = 0.133 f, bd? (for Fe 500)
= 724.76 x 108 = 0.133(30)(400) d?
d= 673.87mm

D= 673.87 + 50 mm = 723.87 mm




Provide D=
y self weight of the beam =
Total load =

Factored load =

Factored bending moment (M) =
Area of steel required

st =

Using 25 mm dia. bars, no: of bars required

1]

By WSM
Total load =

Bending moment(M) =
Beam depth required

d=

d=

D=

d=

Self weight of the beam =
Totalload =

Bending moment (M) =

d=

Assume D=
g d=
Self weight of the beam =

Totalload =

725 mm, d-= 675 mm

0.725 x 0.4 x 25 =7.25 kN/m
45 +7.25 = 52.25 kN/m

1.5 % 52.25 = 78.375 kN/m

2 R
78.375x85" _ 767 Bokm
8 !
0.5fck( 46M, )
bd
i

6
O.5><3O[1_ /1_4.6x707,82><1(2) < 400% 675
500 L 30x400x 675

2948485 mm?
2 .
_%‘_‘55_4_8_53 =6 bars
T, 252
e
52.25 kN/m
2 .
_522%8-5}_ KNm = 471.88 kNm
M
Vav
A
=% cjk
5%l
me 9x10
mc+t  9x10+275 02
0918

%x10x0.246x0.918 =113

6
\‘)18_%17:10. =102176= 1022 mm

1.13x400
1022 + 50 mm = 1072 mm = 1100 mm
1100 - 50 mm = 1050 mm
0.4 x 1.1 x 25 kN/m = 11 kN/m
11 + 45 kN/m = 56 kN/m

2 2
% - 56_X88‘5_ KNm = 505.75 kNm

6
f%%%%%mm:w% MM > 1050 mm (Not OK)

1110mm

1110 - 50 mm = 1060 mm

1.11 x 0.4 x 25 kN/m = 11.10 kN/m
11.1 + 45 kN/m = 56.1 kN/m

2 2
Bending moment (M) = % = —521—)8@5— kNmi = 506.65 kNm
6
g= (29885107 1 1059 mm < 1060 mm  (OK)
1.129x 400
Area of steel required
M 506.65x 10°
' = _OPoR Y = 2
_ Aq= 513 = 275x0918x 1060 T - 1893 MM
Comparison of results
LSM Wsi

Width (b) = 400 mm
' Depth (D) = 725 mm
d=675mm

Width (b) =400 mm
Depth (D) = 1110 mm
d=1060 mm

2
A= 2948.485 mm Ay = 1893 mm’

“Rémember: Thus With LSM, section comes ouit to'be smaller than’ that of WSM but in LSM, ‘steel comes out
40 be larger than that coming out from WSM. :

E & Determine the permissible value of service load that can be imposed on a
beam of ﬂffectxve span 7 m. The beam size is 300 mm x 550 mm with an effective cover of 50 mm. Use
M 25 concrete and Fe 500 steél. The beam is reinforced with-4-20 ¢ bars on tension side.

Je——300 —|
Solution: -
Given: f = 26 N/mm2, f,= 500 N/mm?2, b = 300 mm
, Ay = 4xZx20? =125664mm2 g
s 2 8
D = 550mm
d = 550-50 (effective cover) l 4-200
Let X, < Xy so-|e e e ©
Where, Xy = 0.46d=0.46(500)=230mm
0.87f, Ay 0.87(500)(1256.64)
y st
= = =201.34 mm<x,
’ " T 036f,b  0.36(25)(300) Fulim
-, Assumption is true and fy = 087 fyis correct

-, Ultimate, moment of resistance of the beam (MOR)
0.87 fy Ay(d-0.42x)
= 0.87(500)(1256.64)(500-0.42 x 201.34)=227.094 KNm

n

Now MOR = (for simply supported beamn)
8(227.094)
= w, = ——g——= 37.077 kN/m = Factored load
FactoredlQad _ 37.077
Serviceload = orecae - = 24.718 kN/m

15 T 15
0.3 x 0.55 x 25 kN/m = 4.125 kN/m

: Self weight of beam




~. Maximum service imposed loads that the beam is able to take
w, = (24.718-4.125)kN/m
= 20.593 kN/m = 20 kN/m

ERTINEPE  Design a simply supported rectangular beam whose centre to centre
distance between the supports is 7 m and is supported on 230 mm thick walls. Assume live load

7 kN/m length of beam. Use M25 concrete and Fe415 steel.

Solution:

‘Step: 1 Unknown Parameters : b, d(and thus D), Ay

Step: 2 Effective Span : As per Cl. 22.2 (a) of IS 456: 2000, effeciive span is taken as :
(i) Clear span + effective depth

(ii) Centre to centre distance between the two supports whicheverisless

1

230

N

8
\\l
N

k 7000

el
Ciearspan = 7000 - %9 —332-9 =6770 mm

Now Cl. 23.2.1 of IS : 456 - 2000 gives basic ratios of span to effective depth which is 20 for simply
supported beam for beam upto 10 m'span.

Here, Span = 7m<10m !
L on )
d
= ' d > _1_=7ooo=350mm
=20 20 )
Adoptd = 350mm '

.. Effective span is
(i) Clear span + d= 6770 + 350 = 7120 mm

(i) c/c distance between supports = 7000 mm
Hence, Loy = 7000 mm = Effective span of beam

} whicheverisless

Step: 3 Assume percentage of steel reinforcement for calculation of actual effective depth

ForFe 415, -—X“C'}'m = 048
fk Xyl ’ 25 '
Pyjm = 41.61(L)(ﬂ) = 41.61[——)0.48 =1.203 %
o (K d 415

= Maximum percentage of tension steel reinforcement
Also, as per Cl. 26.5 . 1. 1(a) of IS 456: 2000, minimum percentage of steel reinforcement is given by,

Astim - O_§§
bd o
Let p, = 09%<p,, (0K

Step: 4 Effective Depth (d) : The basic value of span/ depth ratic is multiplied by modification factor
(k) to account for tension reinforcement.

f, = os8f Areaofsteelrqulred =058 (415)
Y1 Area of steel provided

Assuming area of steel required = Area of steel provided = 240.7 N/mm?
From Fig. 4 of IS 456: 2000,

k, = 1forf,=2407 Njmm? and p, = 0.9 % (assumed)

1

Actual span/depthratio = (—} k,x k. Where, k, = 1forp,=0%
lbasic

d
= 20(1)=20
g = span 7000 _ aghmm
20 20

Which is same as assumed earlier
Let ‘ Effective cover = 50 mm
i Overall depth (D) = 350 + 50 = 400 mm

b .
Width of Beam (b): The ratio o should preferably lie between 0.5and 0.7

Let b = 250mm
50
b = 250 =0.625 (between 0.5and 0.7) (OK)
D 400

Step: 5 Design loads and design bending moment
Cl. 19.2.1 of IS 456: 2000 specifies unit weight of reinforced concrete as 25 kN/m?
Self weight of beam = 0.25 x 0.4 x 25 kN/m = 2.5 kN/m
Liveload = 7kN/m
Totalload = 2.5+ 7 =9.5kN/m
Factored load (w,) = 15x9.5 kN/m = 14.25 kKN/m
(Partial safety factor for dead and live loads is 1.5 for limit state of collapse)

2

W, /Zeﬂ 7°
Factored bending moment(M,) = _"?— =14.25x% 5= 87.28 kNm

Step: 6 Effective depth of beam required from design moment consideration

For Fe 415, M, = 0.138 f, bd?
= 87.28x 108 = (0.132)(25)(250)d?
= d = 318.11 mm < 350 mm as calculated above (OK)

Step: 7 Area of steel required

Since d = 350 mm and effective depth required from design moment consideration is 318.11 mm which
is less than adopted effective depth (= 350 mm).

. Design momenti is on conservative side and need not to be revised.

o

I P A ey 1~4,598,'7—'}
100 bd 2, o

v 87.28x10°

M, = ————— = 2.85 N/mm?

Wh R = —%
ore . bd? ~ 250%350°



P Ag 2 [y [T e 285
100~ bd 2(415)[ \/1 45985
= 0.343x 102

. 2 — 10 ¢ {Holder bars for stirrups)
p, = 0.9343% |

~ p,assumed (=0.9 %) |
0.9343
00

st

x250%350

= 817.51mm?
817.51

f(zof

w
i
o

4

|

|
Stirrups

Using 20 mm ¢ bars, number of bars reqd. =

2.6 ~ 3nos.
Provide 3-20 ¢ bars at bottom and 2-10 ¢ bars at top for holding the
stirrups as hanger bars.

fem—— 250 ——— | |

Reinforcement Detailing

load of 17 5 kN/m. Use M 25 concrete and Fe 415 steel.

Solution:
Given Clearspan = 2700mm
Clearspan 2700
d = ~—7—p———7— =385.7 mm

' Adopt overall depth as 450 mm at the fixed end with constant width b= 0.5(D) = 225 mm. Depth of the
beam is reduced to 200 mm at the free end with linear variation of depth along the span.

) 0.45+0.2
Self weight of beam = (——2———2><2..7><0,225><25 =494 kN = 5kN
} 2700 |
l i 200
450 ce i
[ T T
Distance of centre of gravity (CG) of beam fror fixed end
= X
_ {2x200+ 45012700 .
L 200+ 450 ——3—_11.0.92mm

) )52
Factored BM(M,) = 'i.5[5x1417692+1745xg§} =104.51 kNm

i}

M, = 0.138 f, ba?

= 104.51x 108 = 0.138(25)(225)¢?

Design a cantilever beam of clear span 2.7 m carrying a superimposed live i

d

Qverall depth, D

Limiting depth of neutral axis

Limiting reinforcement

Minimum reinforcement

366.93 mm at fixed end.

20
366.91 + 25 + > + 8(for shear stirrups) = 408.91 mm

D = 450 mm at fixed end

d

(X llm) =

stlim =

stmin =

Assuming clear cover 25 mm, dia. of main bar 20 mm and stirrups 8 mm.
Thus adopt

450-25- géq—8=407mm

0.48d = 0.48(407) = 195.36 mm

0.362 fy bx,

_ 0.362(25)(225)195.36

0871,

0.87(415)

1101.79 mm? (corresponding to balanced section)

bd 0.85(225)(407)

0.85—=

f, 415

187.56 mm? < 1101.79 mm?

Provide 320 ¢ bars at [Op(Ast =3x %‘- x 202 = 942.5mm2)

Providing A, > 1101.79 mm? will make the section over-reinforced

Shear Check (is covered in more detail in later chapters)

) =

Factored SF at fixed end

Nominal shear stress

.

Shear strength of M 25 concrete for

v,

t) =

tanp =

Py =

P

<

15[5+17.5x27] =

M,

—-—Ltan
p p
bd

450 -200

=0.092
2700 0.09259

78.375kN

104.51x 10° (0.09259)

78.375x10% - —————

407

225(407)

3x X x 202
225% 407

%100 =1.029%

=1.115 Nfm?

1.029 % as pef table 19 of IS : 456 (1) = 0.65 N/m?

7, (= 1.115 N/mm?)

So, shear reinforcement is required for a design shear stress of

Using 2 legged 8 ¢ stirrups,

T

vs

sV

i

TV—TC

1.115-0.65 = 0.465 N/ram?

-

2><§-><82 = 100.53 mm?



0.87f, Ay, _ 0.87(415)100.53

Spacing of shear stirrups
pacing B P Tus b 0.465(225)

¥ 0.75 d(=0.75 x 407 mm = 305.25 mm)

But spacing of shear stirrups S,) < {300mm (whichever is less)

0.75d
~.Provide 2 legged 8 ¢ stirrups @ 250 c/c

. 04bS, _ 0.4(225)250

svmin = 087f, ~ 0.87(415)
62.32 mm? < 100.53 mm?
Development Length (is covered in more detail in chapters)
0.87,¢ !
Tty

Ty = 1.6x1.4=224Nmm?
. 0.87(415)20
47 4(2.24)

A

whera

'

S,) < < <346.9 mm c/c

=805.92 mm = 810 mm (say)

225

(0K)

2700 |
N T

LT Ir

3 e —
= 2 legged 8 ¢ @ 250 clc

2-10¢
inal
L A (nominal)

2-10¢
{nominal)

2legged 8 ¢ @ 250 c/c

Reinforcement Detailing

Determine the moment of resistance of a beam of size 300 x 600 mm (overall
depth)? It is reinforced with 804 sq. ‘mm compression reinforcement and 2060 sg.mm tension

reinforcement. Take effective cover as 50 mm. Use M20 concrete and Fe 415 steel.

Solution:
MOR of over reinforcement section
Effective cover = 50 mm
fe = 20 N/mm?(M20 concrete)
f, = 415 N/mm? (Fe 415 steel)
Effective depthi (d) = 600-50 =550 mm =

Xyim = 0.479d = 0.479 x 550 = 263 45 mm

1

600 mm ——>

fe— D

b =300 mm

eeoe
A= 804 mm”

A= 2060 mm| |

e6eco !

Let

jstiteration

- Let

1Ind iteration

Let

Hiiteration

Let

ivth iteration

Let

XU<X

0.362 1, bx, = 0.87f, A

st

0.87x 415 x 2060
0.362(20)300

342.43mm > x
0.87 f y

ulim

342.43+263.45
2

=302.94 mm

0,0035( 550 --1): 0.0028544

302.94
351.817 Nfmm?

f Ay _ 351.817x2060

= =333.675 mm
0.362f b OA362(2O)300

302.94+333.675

5 =318.3075 mm

550
318.3075

345,538 Nfmm?

0.0035( 1) =0.0025476

faAs 345.538 x 2060

= =327.72 mm
0.362f,b  0.362(20)300

318.30756+327.72
2

=323.01375 mm

(500
0'0935L323,01375

343.273 Nfmm?

- 1) =0.0024595

343.273x2060

it =325.572 mm
0.362(20)300

323.01375+325.572 _ 0y pga i

B

550
. 35[-———
0.00 \ 324.293

342 6683 N/mm?

- 1) =0.00243599




. 3426683x2060
“ 7 0.362(20)300

= 324.99 mm (converged) = 325 mm
Thus X, > Xy |
Moment of resistance (MOR) = 0.362 fobx, (d-0.42x)) |
= 0.362(20) 300 (325) (550-0.42 x 325)
= 291.89kNm :
Alternatively
MOR = f,A,(d-042x)

= 342.6683(2060) (550-0.42 x 325)

= 291:89kNm

4.11 Slabs as Rectangular Beams

Slabs under uniaxial flexure behave in a same way as that of beams. A slab of constant thickness which
is subjected to a bending moment uniformly dxsmbuted over its entire W|dth can be treated as wide shallow
beam. In such type of slabs, the remforcrng bars are placed unrformly over the width of the slab. As stated
above, computations are generally done by consndenng im ( 1000 mm) W|de strip of the slab. The spacing of
bars is given by: :

- 1000- A,
. = A

st

Here, A, is the area of one reinforcing bar and Ay is the area of tensile reinforcement required for 1 m
wide strip. Reinforced concrete slabs are generally singly reinforced.

4.12 Transverse Moments in One Way Slabs

In the bending of a normal beam under the influerice of gravity loads like dead and live loads, as the
beam bends about the neutral axis, the top portion comes under compression and bottom portion under tension.
Inthe top portion under compression, due to Poisson’s effect, a lateral expansion/elongation takes place. Simitarly
due to Poisson's effect, lateral contraction also takes place in the bottom tensile portion of the beam. Thus the
cross section of the beam acquires a trapezoidal shape rather than a rectangular shape.

However in the case of one way slab, such latera! displacements are invariably prevented due to the
remaining part of the slab on either side of the 1000 mm wide strip of the beam considered except at the two
extreme edges. The remaining part of the slab restraints the transverse displacement of the 1000 mm strip by
inducing lateral stresses. This is called as plain strain condition. These restraints induce secondary moments in
the slab in the transverse direction.

Thus one way slab requires secondary transverse reinforcements in the transverse direction to resist

these secondary moments. Shrinkage and temperature also induce secondary moments in slab which is to be
resisted by secondary transverse reinforcement.

Typical Strip under
consideration
1000 mm wide

M, per raeter width

(a) Siab

1000 mm
|
T,L S .8 6 4 I N .
L
‘ s
== g
A, =n§-(mm ) —— {mm) A b b

" {b) Cross section (c} Gesign strip

(d) Rectanguiar beam bending

walls ali around.

Solution:

Assuming

Restraint offered by
siak; on either side

/— Induced
\ secondary

—

y - moments in

(' g - transverse
\ 2 et _/: [ direction

(e) Design strip, subject to
primary bending one-way

\7 Cross section

i
after bending T- .

Fig. 4.22 Transverse moments in one way slabs

A simply supported roof siab of clear size 7 m x 3 m subjected to a live load of

Pl e

> 2 = Oneway slab

H

(_,JX N

Let effective depth of siab =

clear cover 15 mm and dia. of main reinforcernent is 20 mm.

Overall depth ot slab (D) = 150+15+ 2 =175mm =~ 190mm {say)

N

d = 180-15-=-=165mm




Effective span(I,) =
Loads
Assuming 1 m strip of slab
Self weight of slab
) Live load
Assume miscellaneous load
Total load

Factored load (w,)

Factored moment (M, )
Reinforcement requirement in-slab

R
P
100
= o,
= A

st

Using 20 mm diameter bars, spacing
Using 12 mm diameter bars, spacing

Using 10 mm diameter bars, spacing

Maximum bar spacing

Provide 10¢ bars @ 230 mm c/c.
Distribution reinforcement

Distribution reinforcement @ 0.12%

Using 10¢ bars, spacing

Maximum bar spacing

Clearspan+d
c/c distance between the supports

P

230 | 230

[3000-+165 = 3165 mm
[3000 B _zmom

= 3165mm

0.19 x 25 = 4.75 kN/m

4 kN/m

1 kN/m

4.75 + 4 + 1 kN/m = 9.75 kN/m
1.5 % 9.75kN/m = 14. 625 kN/m '

ﬂg’_.- 116-2—5(3 165)2 -1831 Km

LU I T I 1}

My 1830 o
bd 1000 x 165

Aq fx '4.598R .
= Ost _Jekel g L =192 x 1072
bd - 21, - ok g

= 0.192%

= 01'2)%2 %1000 165 = 317.493 mm?/m

} whichever isless

whicheverisless

(Not OK)

(Not OK) '

(0K)

1000x.§><202
= — = 0989.5rmm> 300 mm
317.493 ; >
1000)(% %122
= TEr4m 356.2mm > 300 mm
1000x§x102
= oo =2474m n
317.493 mm < 300 m
3d =3x%x165 = 495mm[
’ [SOOmm 1(Wf"0he ver is small)
= %—(%MOOOMQO 228 mm2/m
1000><§-x102
D —— =344,
258 3 5nlm clc
50 =5x165 = 825mm (whicheverisless) = 450 mm
* 450mm i s) =

Provide 10¢ bars @ 300 mm c/c.
Check for deflection

Agtreqa. = 317.493 mm?/m
T 402
1000 %~ x 10
2
Agtprovided = g 341.48mm%/m
: 317493 . oo ,
fy = 058x 34148 x 415 = 223.79 N/mm
y)
p; = —§—1{§— =0.207 %
t 7 1000 %165
ko= 18 (from fig. 4 of IS 456: 2000)
I .
(E) = K- ke (é) =1.8(1) (20) = 36 where k=1 for p =0
7 max . basic
(!) 3165 _ 1945 <L) o0
d provided = 165 ’ (d ,Jmax ]

10 ¢ @ 300 c/c
{Distributor bars)
|

100 @ 230 clc
(Main bars)

190 I
oo % 10@02'10c/c l
clear cover
(Main bars) L_10¢@300clkc
SECTION AA (Distributor bars)

: 3 Design aone-way slab as shown in figure below which is subjected to imposed
load of 5 kN/m2. Use M 20 and Fe 415. Take dead load of finish as 0.5 kN/m2. Width of beams at support
is 300 mm. :

Selution:

Step 1:  Preliminary depth of slab " - v

The slab is simply supporied on edges | and IV and
continuous on edges Hand Hl. .

e——— 6000 —>I

i , 20+ 26
| Span/depthratic =

}e— 3500 —>=<— 3500 -—>}<— 3500—

=d and continuous limiting span/depth values.
= 23 (Ci. 23.2.1 of IS 456: 2000)
(Fig. 4 of 1S 456: 2000)

Average of simply support

[S)

Now for p, = 0.5% and f, = 240 N/mm?, & = 1.2




3500

Effective deptl i ] ior iteri = =
ective depth required from deflection criterion = d Bx12

=126.8 mm

Leteffective cover = 25mm
. Overall depth of slab, D
d

126.8 + 25 = 151.8 mm 5 155 mm (say)
155-25=130mm !

Step 2: Design loads, bending moment and shear force

DL of slab per meter width = 0.155 x 25 = 3.875 kN/m_
DL of floor finish given as 0.5 kN/m? = 0.5 kN/m per meter width of stab.
TotaiDL = 3.875+ 0.5=4.375kN/m
LL = 5kN/m2 =5 KkN/m per meter width of slab.
Totalload = 4.375 +5 =9.375kN/m
Factoredload = 1.5 x 9.375 = 14.06 kN/m
35
B -‘2
Maximum shear force (V) = (14:06)35(0.4) = 19.7kN
Step 3: Determining the effective depth required

Maximum positive BM. = (14.06)—== = 14.4 KNm/m

For Fe 415, M, = 0.138 7, bd?
= ) 17.2x 108 = O.v138(20)(1000)d2
= i d = 78.9mm <130 MM (= d, et {CK)

Step 4: Check for slab depth w.r.t. shear

Design shear strength of M 20 concrete for

£, <0.16 %, 7, = 0.28Nfmm? (Table 19 of IS 456: 2000)
k = 129 (As per Cl. 40.2.1 of IS 456: 2000)
kt, = 1.28(0.28) = 0.36 N/mm?
Tomax (M20 CONCTBtE) = 2.8 N/m? (Table 20 of IS 456: 2000)
v, _19.7x
Y bd 1%00: S gog = 015 Nimim?
Thus ’ Ty < T <Temax

. Depth adopted is OK and no shear reinforcement is required.

Step 5: Flexurai reinforcement requirement
Negative reinforcement

My = 17.2kNm/m
B MG 1018
R x130%
Ay 4598x1.018 |
100 ~  bd 2><415L 20 =0003

o = 0.3%
and Ay = 390mm#m

1000x§-x102
390

Using 10 mm ¢ bars, spabing = = 201.4 mm = 200 mm c/c (say)

Provide 10 ¢ bars @ 200 c/c
Ml‘; = 14.4kNm/m

14.4x10°
o T 0852
R = 1Px130?

oF - A;'r— 20 " 1_4.598)(0.852
100 bd  2(415) .20

pr o= 025%

Ay = 325mm/m

} =0.0025

. 1: -
1000x —x%10
i ing = . 4 — 241.7 mm c/c = 240 mm c/c (say)
1 bars, spacing =
Using 10 mm ¢ o] | 5
Provide 10¢ bars @ 200 clc
Distribution reinforcement @ 0 12 % along long span
' = 0;§x1000><130 —156mm2/m

0.12% of bd

0. 12><1000><130 =156 mm?/m
100

Also, minimum reinforcement - (Ag ) =

Using 8 mm ¢ bars for distribution reinforcement,

1000 %(8)2
156

Maximum spacing for main bars ¥ 3d or 300 mm which ever is less.

¥ 3x1300r300mm

# 390 or 300 mm

= 300mm
Maximum spacing of distribution bars # 5d or 450 mm which even is less

¥ 5(130)or 450
650 or 450
450 mm
280 mm (OK)

D 155
Maximum main bar dia. ? 3 =5 =19.375mm

Spacing = = 322.2 mm ¢fc = 280 mm c/c (say)

[

“

> 10mm (OK) (main bars)
> 8mm (OK) (distribution bars)



of 8 kN/m2. Floor finishing is 60 mm thick of cement concrete flooring. Thé slab is supported over
300 mm thick masonry wall s‘upport's,;“De“sign the slab using LSM Use M 20 concrete and Fe 500 steel.

Provide 8¢ bars @ 280 c/c as distribution reinforcement.

10¢ @ 200 clc
/

155

~1 106 @ 180 cic
) (Bottom)

80 @ 280 clc

H—‘————»I (Botiom) V
300 T

3500 i

A simply supported slab of size 3.6 m x 9.0 m (clear) is subjected to a live load

Solution:
Effective span:
Effective depth as per deﬂectlon cntenon

- span-

d=5
e 3600

tg= Z===180

= d 20 80 mm

Assuming effective cover of 30 mm,
Overall depth of the- slab (D)= 180 mm + 30 mm = 210'mm
Effective spanalongx, [ = ‘clear span+ d=36+0.18m -

i ='clear span + c/c distance between the supports

} whichever is less

whichever is less

=3.78m
=36+03m=39m

. =3.78m
Effective span along, y L= clearspan+ d=9.0+0.18 m

A whichever is less
= clear span + c/c distance between the supports } N

=9.18m
=90+03m=93m }whichever is less

@@

18m
18

I
,l =24252
X

w

.78
. itis a one way slab.
Load Calculation
Liveload = 8kN/m?2 (Given)

Liveloadfor imx 1mslabarea = 8 x1x 1kN=8kN

Dead load
Self weight of the slab = 0.21x1x 1x25kN
= 5.25kN
Dead load of floor finishing = 008 x 1 x 1x 24 kN = 1.44 kN
Total load, w = 84525+ 1.44kN
= 14.69 kN = 14.69 kN/m
Factored load, w = 1.5x 14.69 KN/m = 22.04 kN/m

Design Bending Moment

w2 2204x378°
Factored bending moment, M, —gi == kNm = 39.36 kN

Slab depth required

Q = 0361,k(1-042K)
= 0.36x20x046(1-042x0.46)=2.67  (k=0.48 for Fe 500)

[39.36x10°
QB T V267 x 1000
But depth required from deflection criterion = 180 mm
. Adopt effective depth of 180 mm.
Overall depth of the slab (D) = 180 + 30 mm
= 210mm N-

d =

=121.41 mm

/ﬂ/ _ / ///f/ Z/ _

A = je——— B=1000mm —=|

7 087hjd

210 mm

1

Area of stesl required

6
o 8936x107 2 - 628,35 mm?
0.87x500x0.8x 180

Alternatively, area of steei can be calculated as,

W,
A = 05fk{1_ 1_4598ﬁu}bd

Vo fBd*

i

U S —
o.5x20[1_ ,1_4.598x39.36x106
\

> %1000 x 180 mm?
500 [ 20 %1000 x 180

= 544.04 mm?
Using 10 mm dia. bars, spacing of bars required

10004, 1000 = ., _ 1000 m ..

T TAL T A, 407 54404 4
o = 144.36 mm c/c = 140 mmc/c
i % 3d (3 x 180 mm= 540 mm)
. % 400mm (OK)

Distribution reinforcement

Distribution reinforcement = 0.12% of bD = ——CXTOOOXZI = 252 mm2



Using 8 mm dia. bars, spacing of bars required
10004, 1000 % .. 1000 =
Ay A, 4 252 4
199.46 mmcfc=190mmc/c
I

82

Check for shear
!

Factored shear force v, Wl MkN = 41.66 kN

2

2
o M _41e6x10°
* ~ Bd  1000x180

< 1,(=0.28 N/mm?)

]

Nominal shear stress, N/mm? = 0.23. N/mm?

So the slab is safe in shear.
Check for bond (is covered in more detail later chapters)

: : 8mm@190cc -
L -2 2 i e [ ) J
§\ \\\ 10 mm @ 140 c/c
3_600mm

V,=4166 kNr

- v v

u_ u

T = =
b (dev) Toid ~ ronjd

4166x10°

N/mm? = 1.29 N/mm?
—»-)xnx10x0.8x180

Toapen = 1.2 % 1.60 N/mm? (for tension in LSM) = 1.92 N/mm?
‘ > 1.29 N/mm?
Check for development length (covered in more detail in later chapters)

N

k

'
0
s

g2
e

/ 7/ /
/
/ ///,/

e
I =300 mm

1/
L, = ~é5—-.\-’=igg—25 mm =125 mm

(OK

Q.1

Q.2

! X 1000} = 2
M, = 087f A, jd= (m)xzx(m) x0.87 x500%0.8x 180 Nmm
= 35.14kNm
V, = 41.66kN
, ' . . 1
Development length, Ly = % = % mm = 566.4 mm
ot per) :
M 35.14x10°
Now, 34 ————+125mm = 1221.57 mm
, an *lo 4166x10°
M,,
Ly # 1-3—‘/—*+L0 (OK)
u
e Brain Teasers-

When the neutral axis depth (x ) of abeam section - .

is more than the limiting depth (x,
in tension steel reinforcement:
{&) >0871, (b) < 0487fy
{c) =0.871, (d) 0.'67fy

im), lhen stress

The limiting percentage of tension reinforcemenit
in a beam made up of M35 concrete and
reinforced with Fe 415 steelis:
(a5 3.09% (b) 1.53%
(c) 1.41% (d) 1.68%

Aninverted T-beam subjected to gravity ioading
will act as: :
(a) Theam
{c) Lbeam

(p) Rectangular beam
(d} Data insufficient

The moment of resistance of a beam with
minimum amount of tension reinforcement
(Ag min) I8 @pproximately same as:

(a) Cracking torque of the beam

(b) Cracking moment of the beam

(c) Modulus of rupture of concrete

(d) None of the above

The minimum grade of concrete recominended
for severe climatic condition as per IS 456: 2000 is
(a) M40 (b) M30
(c) M35 (d)M20

Q.6

C7

Q.8

Qs

The minimum nominal cover to reinforcement
recommended forvery severe climatic condition
-as per IS 456: 2000 is:

(a) 30 mm (b) 75mm

(c) 45mm (d) 50 mm

The minimum diameter of hanger bars
recommended for holding the stirrups is:

(@ 6mm (b) 8 mm

(c) 10mm (d) 12mm

A beam of width 300 mm and effective depth
500 mm of M25 concrete is subjected to a factored
flexural moment of 100 kNm. The depth of neutral -
axis of the beam is:
(@ 79mm

(c) 240mm

(b) 265.5mm
(d) 50 mm

The limiting //D ratio for the end beam of a
continuous span whose one end is simply
supported and other continuous is:

(@ 7 (b) 23

(c) 20 (d) 10

Q.10 For an under-reinforced beam, the moment of

resistance of the beam can be computed from:
(a) Tension side formula

(b) Compression side formula

(c) Both tension and compression side formula
(d) None of (a)or (b)

-



Q.11 A continuous beam of span 3 m is considered
as a deep beam if:
(a) Beam depth < 1200 mm
(b) Beam depth < 1500 mm
(c) Beam depth > 1200 mm
(d) Beam depth > 1350 mm’

Q.12 The limiton span to depth ratio is specified in IS
456: 2000 because
(@) it ensures the limit or tensile crack width
(b) it-ensures safety against shear failure
(c) it limits the maximum deflection of beam
(d) it limits the maximum tensile stress in steel

Q.13 The depth of rectangular portion of stress block
of concrete in compression is

@ 3%, ® 2%,
j .
© 35 @

Q.14 The size of the test specimen to determine the
modulus of rupture of concrete is
(@ 150mm x 150 mm x 700 mm
(b) 100 mm x 100 mm x.700 mm
(c) 150 mm x 150.mm % 150 mm
(d) 100 mm x 100 mm.x 100 mm

Q.15 Withincrease in the rate of loading during testing,
compressive strength of concrete
(a) decrease
(b) increase )
(c) may increase or decrease depending on
concrete grade
(d) data insufficient

Q.16 Inorder to ensure durability for similar conditions
of exposure, water cement ratio in reinforced
concrete as compared to plain concrete is
(a) less (b) more
(cj equal (d) data insufficient

Q.17 Consider the following statements:
(i) Compressive strength of concrete decreases
with increase in w/c ratio of the concrete
(i) Water is needed in concrete for hydration of
cement and workability

(i) Creep and shrinkage of concrete are
independent of w/c ratio of concrete

of the above statement, irue statement(s) is are:

(a) (i)and (i) (b) (i)and (i)

(c) (ii)and (iii) (d) (i), (i) and i)

Q.18 Maximum strain in extreme fibre of concrete and
in tension steei of Fe 415 grade (E, = 2 x 10°
N/mm?) in a balance section in limit state of
flexure are respectively
(a) 0.0035 and 0.0031
{b) 0.0035and 0.0038
(c) 0.002and 0.0042
(d) 0.002 and 0.0038

Q.18 The modulus of elesticity of M30 concrete as
per IS 456: 1978 and IS 456: 2000 respectively
are o ‘

(a)" 31220 Njmm2, 27386 N/mm?

“(b) 27386 Nfmm2, 31220 N/mm?
(). '27386 N/mm2, 27386 N/mm?
{d) -None ofthese

Q.20 The main reinforcement in RC slab consists of
10 mm diameter bars at 100 mm cjc spacing.
When 10 mm bars are replaced by 12 mm
diameter barsthen spacing would be
(@ 175mm (b) 160mm
(c) 150 mm (d) 140 mm

Q.21 A RC beam is subjected to following flexural
moments
DL moment = 30 KNm .
LL moment = 40 kNm
Seismic moment = 20 kNm

The design fiexural moment for limit state of -

collapse is
(@) 105kNm {b) 108 kNm
(c) 135kNm (c) SOKNm

(2.22 Theassumption that “plane sections remain plane
before and after the bending” leads to
(@) uniform stress over the beam section
(b)l uniform strain over the beam section
(c) linearly varying stress over the bean section
(d) linearly varying strain over the beam section

Q.23 The basic principle of structural design is based
on
(i) strong column weak beam concept
(i) strong footing weak column concept
Which of the above statement(s) is/are true?
{a) (i)only (b) (i))only
(c) Both (i) and (i)  (d) Neither (i) nor {ii)

Q.24 A RC beam is of effective span 5500 mm. The
permissible deflection in beam including the
effect of ali heads along with temperature, creep
and shrinkage is
(@) 15.71mm
(c) 2.75¢cm

(b) 22 mm
(d) t.1cm

Q.25 The direct te‘nséle strength of concrete is
determined from
{a) modulus of elasticity of concrete
(b) modulus of rupture of concrete
(c) creep coefficient of concrete
(d) shrinkage cosfficient of concrete

Q.26 By controlling the span to depth ratio of abeam,
_the following can be controlied
(@) shear stress in beam
(p) flexural stress in beam
(c) deflection of beam
(d) All of the above

Lo i Bnswers et
1) 2.() 3 () 4 50
6. (@) 7.(c) 8 (a) 9. (o) 10.(a)
11 (0) 12. () 13. (a) 14. (a) 15.(b)
16, (a) 17. (&) 18. (0) 19. (@) 20.(d)
21 (b) 22. (d) 23. (c) 24. (b) 25.(b)

0
Py = 41.61(?4&
\

11.

18.

2Q.

21.

\a)

M
X, u
Zu -\ 12021~ ’1-4.598
Use 7 ( bdzlck]

or M, =0.36 f, Bx,(d-0.42 x)
(b)

It will be average of 20 and 26 i.e. simply
supported and continuous spans.

(c)
For continuous deep beams, L/D < 2.5 and for
simply supperted beams, this ratio should be
<2

(b}
f
- N, __ Y
€s= 0.002+ T
= 0.002+___‘”—°—5
1.156x2x10°
= 00038
(a)
o= 5700yf5 (1S 456: 1978)
= 5000fx (IS 456: 2000)
{d)
10004,
Ag = S
1OOO><%><102 1000x%x122
0 S
= S= 1OO><1—2—2=144 2140 ram(say)
107 :
{b)

1.5 (DL + LL) = 1.5(30 + 40) = 105 kNm
1.5 (DL + EQL) = 1.5(30 + 20) = 75 kNm
1.2(DL + LL + EQL)= 1.2(30 + 40+20)=108kNm

(o) ,
Permissible deflection
= 5500 =22 mm

250



Q.1

A RC rectangular beam is one brick wide (i.e.,
230 mm wide) and overall 400 mm deep. It is
reinforced with 4 nos. of 12 mm dia. bars of Fe415
at an effective cover of 31 mm. The beam is
simply supported over a span of 3.5 m. Calculate
the moment of resistance of the beam and the
maximum super-imposed uniformly distributed
load that the beam can carry. Use M 20 concrete.

Ans. [Moment of resistance = 53.5 kNm, Maximum

Q.2

Q3

super-imposed load = 21 kN/m]

Find the amount of tension steel required in a
reinforced concrete beam of size 230 mm x
390 mm to resist an ultimate moment of 50 kNm.
Assume effective cover as 40 mm and use M 20
concrete and Fe 500 steel.

-Ans. [Ay = 386-mm?]

Determine the ultimate moment capacity of a
rectangular beam of size 250 mm x 450 mm with

Q.4

Q.5

50 mm effective cover. The total area of tension
steel provideq is 3600 mmZ. Use M20 concrete
and Fe415 stesl..

Ans. [M

ulim

=110 kNm]

A 150 mim thick one way reinforced concrete slab
is reinforced with 10 mm dia. bars provided at
200 mm cfc. Assuming 25 mm effective cover,
determine the ultimate moment of resistance of
the section. Use M20 concrete and Fe4 15 stea|

Ans. [M,;,, = 16.6 kNm]

A reinforced concrete bearn of size 500 mm x
800 mm s provided with a duct of size 260 mm x
560 mm located concentrically with the beam.
The centroid of tension steel is at a distance of
60 mm fromthe bottom face of beam. Determine
the balanced moment of resistance of the section
and amiount of reinforcement required. Use M 20
concrete and Fe 415 steel.

Ans. [M, ;,, = 553 kNm, A, = 2478 mm?]

uhtim
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