Analysis and Design of Flanged Beams by LSM

9.1 Introduction

In the previ i ' 2
e previous chapters, we dealt with the analysis and design of RCC beams of rectangular secti
on,

The analysi i ier i i

i y: thlz ;r)er;(f:sdurg i:iescnbed earlier is applicable to beams of any other cross sectional shape a!

practc h,aVin S'abrce: hvoncrete floors/slabs are casted monolithically with beams. Such type ;Df rec"“rfqlln

g, bgi o W;lh L 0e St‘c::; (;ast;:l cr;.'\onoh’(hical!y behaves differently from the simple reinforced CL;nS:Je?e(
am stab.or with disconnected slabs. Such type '

slab are monolithic, can be of eithé,r T’ or ‘L’ type. In this chéptgp Lo e ety ot g

such types of beams which dre ericountered more frequenﬂy inp act

e.will discuss the analysis and design of
e thgxn simple rectangular beams.

9.2 Flangéd Beams
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Fig.9.1 Explanation of Tand L beams

In general, the floor slabs are casted monolithically with beams and hence the behavior of such beams
v s different from simple rectangular beams. In such type of beams, the slab acts in conjunction with beam. The
oJab portion is called as flange of ‘T or ‘L’ beam. The peam portion which is below the slab (flange) is called as
web of T or ‘L' beam.

" Actual width of the flange is the spacing of the beam which is same as the center to center distance
adjacent spans of the slab as shown in Fig. 9.1. However inthe flanged systems, a part of the width

petween the
han or equal o the actual width of the slab is considered to be effective. Thus the width of the slab

whichis lesst
is the cffective width of the flange.

When the fiange is too wide, then compressive stress distribution is not uniform over the entire width of
web. But theory of flexure as discussed in previous chapters, assume a uniform stress distribution across the
width of the section. Thus it becomes imperative to reduce the non-uniform stress distribution in the flange to a

uniform stress distributioq.
et

9.3 Effective Wﬁith of Flange

The effective width of flange is in fact a hypothetical concept and is defined as the width of the flange
that resists the uniform compressive stress that is equal to maximum stress in the original wide flange in
such a2 way that resultant longitudinal compressive force is same in both the cases. This is shown in
Fig. 8.1(d).

The effective width of flange depends upon the following:

1. Span of the beam.

2. Width of the web (b,).

3. Thickness of fiange (D).

4. Type of ioading i.e. whether the load is concentrated or uniformly distributed.
5. Type of beam supports.

AsperCl. 23.1.10f IS 456: 2000, the following requirements must be satisfied for ensuring combined

action of slab and rib (beam):

1 The slab shall be casted integrally with the web/rectangular beam or they shall be effectively bonded
in any other manner.
At the mid-span of the slab, the transverse reinforcementmust be atleast 60% of the main longitudinal
reinforcement of the slab which is parallel to the transverse beam.

2.

631 1S456:2000 Recommendations for Effective Width of Flange
Cl. 23.1.2 of IS 456: 2000 specifies the following values of effective flange width of T-beam and L-beams:
For T-beams: Minimum of the following is adopted as effective width of the flange:

1.
IO
b= 2+b, +6D;
6
' A
or ) b; = Dw-'r51+—5—

2. For L-beams: If/linir‘num of the following is adopted as effective width of the flange:
) I
b,= %+bw+30,

h

b= by, + >

or




. /

3. Forisolated T-beam: b,= 7 o +b,
o
= +4
b
0.5/

4. For isolated L-beam: b, = 7 % +b,
<+4

b |l !
Where, I = Distance between points of zero moment in the peam, which is the effective span of
simply supported beam and 0.7 times the effective span for continuous beams and

frames.
D, = Thickness of the flange
b, = Width of the web
b, = Effective width of the flange
b = Actual width of the flange

Remember' For: all the above cases inno. ‘case the effective wudth of ﬂange shall exceed the actual width of
“theflange. S .

9.4 Compressive Stress Dlstrlbutlon in the Flange s

Average stress Actual stress
distribution distribution

Maximum compressive stress in the flange occurs at the location
above the rib of the flanged beam as shown in Fig. 9.2. Due to this
complex variation of stress distribution, the concept of effective width Y
of the flange was introduced. r

9.5 Analysis of Flanged Beams Sections i
(by Limit State Method) D} ® B

In aflanged beam, the neutral axis may either be in the flange or
web of the section which depends upon the dimensions of effective flange
width (b)), web width (b,), and thickness of flange (D)) of the flanged
beam. [XX)

ks
Fig. 9.]2‘ Variation of Compressive
Stress in Flanged Beams

oY

If neutral axis lies in the flange of the T beam (i.e. x,< D) then
flanged beam can be taken as arectangular beam of width b,and effective
depth d because the concrete on tension side is not taken into account.
Thus equations derived in the previous chapters on rectanigular beams
are still applicable with the only difference that width of the beam (b) will get replaced by effective width of the
flange (by).

But if the neutral axis lies in the web of the flanged beam (i.e. x,> D) then compression is taken by
flange and part of the web of the beam. In this case, the total compressive force (C,) comprises compressive
force due to the web portion (b,x ) and compressive force due to the flange portion [(b, - b,) DjJ. The compressive
force and moment of resistance in the web portion is given by:

C,, = 0.361yb,,

M, = Cuyld—0.42x,) = 0.36f,b,x,(d -042x,)

uw
But estimation of compressive force in the flange is difficult because it depends on the shape of the

compressive stress distribution curve i.e, whether only the rectangular portion of compressive stress distribution
or the rectangular and part of parabolic portion of the compressive stress distribution lies in the flange portion.
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Fig.9.3 Atypical T~beam section.

However it is to be noted that the compressnve stress rematns constant between the concrete compressive
strains of 0.002 and 0.0035 which-is equal to 0.45. fok Sl )

Let h = Depth of concreté stress block where the compresswe stress remaxrjs constanti.e. depth between
compressive strain of 0.002 and 0,0035

If depth ‘A’ where the sompressive strain is 0.002 lies in the web of the flange beam then whole of the
flange will be under a constant compressive stress of 0.45f .

From Fig. 9.3(b)

0002 _x-h  h _3
0.0035 - x, x, 7
Inthe limiting case when  x, = X, i,
3
, h= 7-’funm

= 0.227dfor Fe 250 since x,,;,, = 0.53d
= 0.205d for Fe 415 since x,,;,, = 0.479d
= 0.197d for Fe 500 since x,, ;= 0.46d
From the above resullts, it can be inferred that,

! h ~0.2
d
Thus for all the three grades of steel i.e. Fe 250, Fe 415 and Fe 500, h= 0.2d. Let the value of ‘h'reaches
Dy
the depth of flange i.e., at the bottom of flange 3o that h = D, and thus the strain will be 0.002 if —d— =02,




lfg’—
d

>0.2, then only a part of flange of the beam will be under a constant compressive stress of

0.45f . i.e. the strain is more than 0.002,
Thus, in balanced flanged bea h = o of 2L ig
g ms (when x, = x, . ), the ratio of 5 'simportant to determine i.e. the

rectangular stress block i by D
lo] kis for the full depth of flange (when p <0.2) orfor a part of the flange (where 7’ >0.2).

Similarly, for the case of under reinforced flanged beams (when x, < x,,), replace b, by &

X, "

: If 23 50.43(= §) ,f'tﬁen e
X 7

u

If . ‘>0.43(- 7) ,«Att}en ion‘ly apart offlange depth will be having a constart stress of 0.451,.

u

Thus, there are four cases

: flanged beams which aré explained below:
Case 1: When x, < Dji.e:

hen neutral axis is in the flange
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(a) Cross section (b) Strain diagram (c) Stress diagram

Fig.9.4 T-beam, when x,<Dy,
Concrete below the.neutral axis remains i i
¥ under tension and hence ignored. Thus the beam i i
as a rectangular beam of width'b,and effective depth d. s consicered
Actual depth of neutral axis is given by,

c=T
0.36f,b,x, = 0.871A,

P

0.87f, Ay
= 0.36fb;

X

Moment of resistance is given by,
M, = Cx Lever Arm = T x Lever Arm
= 0.36f,b;x,(d-0.42x ) = 0.87fyAS,(d -0.42x)

Case 2: When x> D;i.e. when neutral axis is in the web and the section is balanced (i.e., x, = x,,;,)

Sub case (i) When %— <0.2.
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(a) Cross section (b) Strain diagram - (c) Stress diagram (d) Flange (e) Web

Fig.9.5 T-beam when D, /d <0.2 and balancedx,, ;.. > D;

In this case, the depth of constant stress (= 0.45f ;) block is greater than D, The section is divided into
two parts viz.

1. Rectangular beam of width b, and effective depth d
2. Rectangular flange of width (b,— b,,) and depth D;
Total compressive force (C) = Compressive force of rectangular beam of width b, and depth d +
Compressive force of rectangular flange of width (b~ b, ) and depth D,

Compressive force, C = 0.36f byxyiim + 0.45fy (b — b, ) Dy

Doyou know?:inthe above expression it is assumed that constan{,pompressjve stress.is 0.45f én‘,d_ NOT

" 0.446f , as per Cl.G-2 ICf 1S 456 2000. : o R I
Tensile force, T=0871 Ay

Lever arm for rect?ngular web partis (0-0.42 x,,;,,,) and for the flange part is (d-0.5D).

Total moment of resistance = Moment due to rectangular web beam + Moment due to rectangular
flange

M, = 0.367 Dy Xy (0~ 0.42% ) + 0455 (01 = b, ) D, (d - %L)



X0 -
or M, = o.se(-—-ﬂm ) [1—0.42(—"“(;"" )] fby0? +0.457,(b; —b,,) D; (d-%)

The above equation is given in Cl. G-2.2 of 1S.456: 2000.

Sub case (ii) When % >0.2 .
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(a) Cross section {b) Strain diagram = (c) Stress diagram (d) Flange (e) Web

Fig.9.6 T-beam, Case'(; -b), Df/d> 02 andbalancedxu >

In this case, the depth of rectangular portioh of stress plock lies in the flange of the beam only. The depth
of constant stress (= 0.45f,,) is taken as 'y; where 'y, is given by:

I¥s = (01534 +0.650;) < )]

The derivation of above expression for y; is given in the next section.

D, . s .
When —£<0.2 , the eguations derived in sub-case(i) are applicable here also just by replacing D, by y,

Thus the equations are:
C = 0.36 f,b,, x, i+ 0.45 1, (b= b,)y, i
~
T=087f A, P .
Lever arm for rectangular web part is (d - 0.42 x, ;) and for the flange part is (d - 0.5y,). Thus the

moment equations are:
1, = 03610, 5,0 (0-0.425,10) + 0457 b=, ), yzf)
or M, = 0.36] 2uim W\ _0 40 Xuim |\ £ b o 40,45, (b, - b, Y
u - d - d Tokbud™ + oic(Dr = by) V' >

Case 3: When x, > D, i.e. when neutral axis is in the web and the section is under reinforced

D,
Sub case (i) When :L <043
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(a) Cross section (b) Strain diagram  (c) Stress diagram

Fig.9.7 T-beam, Case (iii-a), when D//x, < 0.43 and under-reinforced x,>Dy
Now since the flange depth D,does not exceed 0.43x,and h(depth of compressive fibre of strain 0 002)

is 0.43x, the whole flange is under éonstant compressive stress of 0.45f,.
C = 0.36 [,b, x,+ 045 f, (5~ b,)D;

T= 0871, A, .
D,
= -0.36(%)[159.42(%)] fubyd? ?»o.45fd(gb, —bw)( —;’)D,

Thus,

Sub case (ii): When —S—'— >0.43
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Fig.9.8 T-beam, when D/d < 0.2and x> D;

In this case, D;>0.43x,and h (depth of compressive fibre of strain 0.002) is at a depth of 0.43x, part of
the flange will be under the constant compressive stress of 0.45f,, and this depth is denoted as y,.
Thus
y; = (0.15x,+0.65D) < D;
C = 0.36f, b, x,+ 0.45f . (b~ b,)y;

CKTwWTU

T=087 1A,
= 0.36(%)[1-0.4'2(%)]tokbwd +0.45 f (b w)y,( s )



Case 4: When x,,> D, i.e. when neutral axis is in the web and the section is over reinforced

In case of over reinforced sections, the actual depth of neutral axis (x,)is greater than the limiting dep h
of neutral axis (x,, ;).

However x, is restricted to x,, ;...
Sub case (i): When %’ <0.2 !
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Fig.9.10 T-beam, D,/d > 0.2and x,>D;

From the above expressions, itis quite evident that for over reinforced beams, the additional moment of
resistance beyond balanced section is not possible because it will restrict the failurefyielding of steel. Thus the
section is either redesigned or we go for doubly reinforced beams.

9.6 Derivation of the Expression to Determine 'y,
Fig. 9.11 shows two stress blocks viz. the IS 456: 2000 stress block and the Whitney's stress block.
Now,
y,= Depth of constant portion of stress block when D,/d > 0.2.
Since y;is a function of x, and Dyand thus y, can be assumed as:
;= Ax,+ BD;
Here Aand B hre constants to be determined ¢ -f
from the following tw:if:ondmons viz.: 0'4|3
1. When D,=0.43x,, ¥;: Q.43x T Y
57
l

fe——0.45 f, ——] f—— 0.45 f, ——>]

2. When D;=x, ¥= (_J.Bxu

Thus solving equation of y,for the conditions 1.

and 2. gives, j_
¥p=0.15x,+0. 65D,

(a) IS 456 stress block - (b) Whitney’s stress block

= Fig.9.11 Stress blocks
9.7 Types of Analysis Problems

(Given data: by b,,, D, d. D, Ag and concrete grade and steel gradﬂ

f
{"Checkif x,< D,
) ; R}

@euk if x, > Dy assuming x, > Dy
|

[Determine C, Tand M, as rectangular beam with b = b, (case @

(Case 3, Under reinforced if x, <x, ﬁmJ @ase 4, Over reinforced if x,, > x, ,imJ
Proceed as per Case 2
using x, = Xy jim

((Case 30 lfD,Ixu»<=0A43 Determine C.7and M, ) (Case 3(i) If Dylx, > 043,Determine y, C,T and M, ]

@se 2, Balanced if x, =Xy i)

("Case 2 (1) If Dd <02, Case 2(i) If D,ld> 0.2 Determine
L Determine C, T, M, ¥p C,Tand M,

i
I
9.8 Integral Action of Slab and Beam

The combined (or the integral) action between the siab and beam can be ensured by providing stirrups.
Sufficient transverse reinforcement must be provided near the top of the flange which is present in the form of



negative moment reinforcement in continuous slabs which
spans across and form the flange of T beams as shown in the L ey »
Fig. 9.12. s
In the other case (i.e. when bars run paralle! to the beam
in flange as shown in Fig. 9.13), Ci. 23.1.1b of IS 456: 2000
specifies to provide transverse reinforcement in the flange of the N
T or L beam. The area of such steel should not be less than 60% ’
of the area of main mid-span steel reinforcement and should extend
on either side of the beam for a distance not less than (span/4).

Fig.9.12 Integral action of slab and beam

f—— > 14—

1= span of beam

e— > 14—

9.9 Design of Flanged Beam Sections
(by Limit State Method)

The combined action of slab and beam occurs in.cast in-
situ constructions. If the slab and beam are not casted
monolithically, flanged action on the beam cannot be considered
unless special shear connectors are provided at the interface of
slab and beam.

Fig.9.13 Flanged beam with top bars running
parallel to flange

In continuous flanged beams, the propomomng ofthe section’is govemed by the negative moment at
the support which is invariably larger than the mid span positive moment. For this case (i.e. negative moment at
support in the flanged beam), the flange portion is under tension and thus the concrete in the flange portion is
ignored. In other words, the flanged beam section at supports is designed as arectangular beam section for the
factored negative moment. At the mid span of the beam, the beam is actually a flanged beam with flange portion
under compression. Now as the web width (b,) and effective beam depth (d) has already been determined
(hence fixed) from the factored negative moment at support, only the reinforcing steel required is to be determined.
The effective width of the flange (b)) is determined as per provisions of IS 456: 2000.

In case of simply supported flanged beams, the web dimension has to be determined / designed. The
web width is usually fixed as 250 mm, 300 mm or 350 mm etc. with overall depth preliminary taken as 1/13" to
1/16™ of span. The area of tension steel is then determined as:

U

0.87f,z

Asl required =

Dy Y !
Where, the lever arm (2) is approximately taken larger of 0.9d or (d— ?l )

Determination of reinforcing steel in flanged beams depends on the location of neutral axis (x,), whichin
any case should not exceed x,, ;.. If factored moment (M,) exceeds the limiting moment of resistance of the
flanged beam section (M,,,,,) then either the beam depth should be increased or the section has to be designed
as doubly reinforced.

Case 1: Neutral Axis Lies Within the Flange (x, < Dy)

In practical situations, the compressive force contributed by the flange of Tor L beams is usually very
large and thus the depth of neutral axis (x,) is less than the flange depth (D). Here, the section behaves as &
rectangular section of width b,and effective depth d.

v

Now the question arises,
“How to check whether x,, < D, without actually calculating the neutral axis depth x,?

The answer to the above question is that first calculate moment of resistance of the section at x,= Dyi.e.

(Muﬁ)xu=Df as :
(Myg)y-0r = 0.362fbDy(d ~0.42D;)

-0; with the factored design moment (M,). If M, 1, S(Mp), Dy

/ he above calculated moment (M,z).
et iy < Dthen M,,;,is calculated from the above

then it implies that x, <D, But all this is valid only if x,, ,,m> Dy WXy jim
expression by replacmg D,by Xy i
Case 2: Neutral Axis Lies within the Web (x,>D;)

In this case, M, > (M), =0 and thus x>0,
neutral axis (x,) which is quite ted|ous Now as discussed above, the compres

compressive force due to the web’(c ) and due to the flange (C ,)as
-G, = 0.362f L Dax, :
, Cu,—045 b= b)Yy
ge thxckness ( y)is less than or more than Dy depends on whether x,, is greater

This leads tb the accurate determination of the depth of
sive force in concrete consists of

Here the equivalent flan

7Dy
than or less than 3

. e 7D, .
sis = = D;is
If Xyjm > ZQ—, then the ultimate moment of resistance (M), S0y (‘ e. at W= yand y;= D;

comp! ted first i je.atx,=— then it i pl e‘S"lai Xy > aldy—_ D
| MUZ (MUR)x —7Dﬂ( u 3 ) J u 3 f f
Else Df X — 1ol M and
< < 3 (MU)X —Df< Mu<( UR)x =7D43

! y; = 0.15x, + 0.650;
x,is then calculated from the following equation,

M, = Cyy(d—042x,)+Cys (d—-VL)

. ,can be determined fromthe above equations. Area of reinforcing

i

Once x, has been determined, C,,,and C
steel required is computed as:
Cuw + Cu!

A
0.87f,

st required =

Determine the moment of resistance of a flanged beam as shown below. The
m2 (6-25 ¢). Use M 20 concrete and Fe 415 steel.

area of stee! in the tension zone is 2945 m

Solution:
Calculating the depth of natural axis N

~ From statical equilibrium, c=T



= 0.36 f,,bx, = 0.87 f, A,
0.87x415x 2945
= = — = =
= 36 x20%110 133.51 mm > D, (= 100 mm)
D, 100 b= »‘v11o'o v ﬂ’
= 5 =0211>02 sl T 1
¥¢=0.15x,+0.65 D,
= 0.15 x, + 0.65 (100)
=0.15x, +65 375 ézw
and from C=T J. (2845 mm?)
0.36 fyb,x, + 0445 £, (b,- b,)y, = 087 {A, ol |8eed
= 0.36(20)(315)x, +o445(20)(1100 315)(0.15x,+65) . T st
Sl = 087(415)(2945) '
= 2280.6x,+ 1050 33x, +455143 = 1063292.25

= Sl x, = 182,58 mm
: ' Xyim = 0.479 d = 0.479(475) = 227.525 mm > x,
Thus beam is under- relnforced '
Moment of resistance - .- (MR) =087f Asg(d 042x )
=087 x415%: 2945 (475=0.42'x 182.58) Nmm

= 423.53kNm

Calculate the moment of res:stance ofa continuous lsolated T beam of clear
span 9 m and (.ross-sectlon as shown in the figure. Use M 25 concrete and Fe 500 steel. Use WSM.

. — ’
St?lutton: l 1900 mm . E T
Given: Flange'width(b) = 1500 mm L j 18

Effective depth () = 75050 "
‘ = 700mm £
Flange depth (d) = 120 mm 3
Area of tension steel (A,) = 4x % %322 mm2 s 432‘;&
A = 3216.9mm2- ~ sommn (2999 1
Design coefficients ) ! 400 mm
m = 11,¢c=8.5,1t= 275 N/mm? -
k= 28 o _T1X85 _,on,

mc+t 11x8.5+275
Critical depth of neutral axis

x, = kd=0.253 x 750 mm = 189.75
Effective width of flange ¢ m

__b
bf_lﬁ+4+bw -
b

0.71=0.7x 9m=6.3m=6300 mm

+400 = 1168.3 mm < 1500 mm

b -
roe0,
1500

Actual depth of neutral axis
(a) If neutral axis lies in the flange of the beam (x, < d,)

2
bfx?a = mAst(d“Xa)

2

1168.3><%3 11x 3216.9 (750 -x,)

1

1

b 389.43x2 = 35385.9(750-x,)
"~ x. = 185mm > 120 mm

a

\Ji
. Neutra! axis does not lies in the flange of the beam
(b) If neutral axis lies m,the web of the beam (x, > d;)

. _d 2
b,df(xa df)+b (xa Zi = mAy(d-x,)

120Y). 400 ;
1168. 3x120(xa———2-)+———(xa—120) =11x3216.9(750 - x,)

140196 (x, - 60) + 200(xa + 1202 - 240x,) = 35385.9 (750 - x,)

x, = 193mm

x, =193 mm > 120 mm - NA ties in the web of the beam

Now, : X, > X,
». Section is over reinforced C, = Og=85N/mm?
Stress at the junction of flange and web
xg =0 193-120
c, = aXa - XOcpe = ——193—X8-5 =3.215 N/mm2
Moment of resistance _
Cc,+C c,+2¢; _d,
M, = ba |2l g2 1, 91
R ” ( 2 )[ c.+c, 3
) —d,
-d
+by, (x, ,)2( 3 )
8.5+3.215 85+2x3.215 120
= 1 3x120| ———— || 700 - ——F————x—
1689 ( 2 )( §5+3215 3 )

3.215

) ) .
i +400(193 - 120)—(700 120 - MJ

559.05 kKNm

FELLCES  Find the moment of resistance of the T-beam of cross-section as shown in the
figure below. Use M 20 concrete and Fe 415 steel.




Solution:

Step-1: Determine the depth of N.A.

Let NA lies in the flange i.e., x,

C

036, byx,

xu

Thus assumption of x,
Also Xy lim

So section is under reinforced

Step-2: Determine moment of resistance of section -

-~ Section is under reinforced
. Steel will yield first
Moment of resistance

<

A n

| E— 1000 mm —————>
D/
T £
087fA, y g
1 .
_o 87(415)4x 2 (25) e
O.36><20x1000 50min €99 i+
97.92 mm < D,(= 100 mm) 300 mm
Dis correct.
0.48d - (for Fe 415) = 0.48 (450) = 216 mm > x,,

= 0.87 x415 % 1963 (450-0.42 x 97. 92)

0.87f,A(d-0.42x)

289.78 KNm

Example9.4

and Fe 415 steel, determine Agimand M, .- o < 1000 mm {
- _E_
Solution: | i : |I§
_ Step-1: Determine (D,/) ratio -
Let Effective cover = 50 mm £
In the limiting case, X, = X,m=0.48d (for Fe 415) §
= 0.48(450) 7
= 216 mm > D;(= 100 mm) }
B 19 oms02 — N
bt A _ >
d 450 300 mm
Let N.A. lies in the web.
Step-2: Calculate y, Cand T. "\
y, = 0.15x,,, +065D,% D, A
= 0.15(0.48 x 450) + 0.65 (100) : ‘f‘; "
= 97.4mm < D; (= 100 mm) (OK)
C= 03621, bm jm + 045, (b~ b,)y, )
= 0.362(20) (300) (216) + 0.45 (20)(1000 - 300)97.4
= 1082.772kN
In the limiting case, fy = 0.87fy
T = 0.87f
from C=T e
A 1082772x10° _ 1082772x10° o000 o
ot 087, osi(ats) oo

A

st lim

A T-beam of cross-section as shown in the ftgure below. Using M20 concrete

= 2998.95mm? = 2999 mm?

Step-3: Calculate M,, .,
M,

ulim

= 0.362f,

ck w Xy lim

it

97.4 (450-97.4/2)
414.81KNm

"

(d - 0.42x,, )+ 0.45f, (b;— b,)y,(d - y,/2)
0.362 x 20 x 300 x 216 (450 - 0.42 x 216)+ 0.45 x 20(1000 - 300)

[REEIEEESE  In the previous question, determine the moment of resistance of the T-beam

when it is reinforced with 6-32¢ bars on tension side. Use M20 concrete and Fe415 steel.

= 1000 mm — =
Solution: T JIE_.
]
Areaof tension steel Ay, = 6)(1‘:‘><322 =4825.5 mm?
€
£
Step-1: Determine depth of N.A. (x,) g
Let N.A lies in the flange i.e:,x, < D; : n
: : R P 6 32@
L 0.87f,Aq _ 0.87(415)4825:5 50| Seos ]
T 0.362f,b;,  0.362(20)1000 —_ -
, e 300 mm
= 240.64mm v
Lmntmg depth of N.A. x5, = 0. 48d=0. 48(450) 216 mm:
x > Xylim
So section is over relnforced -
2 Limitx, o x, i€, - x, =%, 4, = 216 MM
D, 100 i
L2 —=0222>02
Also J = 250 >

-. Depth of constant stress block (= 0.45f ) < D;
y;=0.15x,+0.65 D # D,

X, = Xy, =216 mm

y 0.15(216) + 0.65(100) = 97.4 mm
Step -2: Calculate mement of resistance of beam ‘

Here

'

I

(450-97.4/2) = 414.81 kKNm

M, = 0.362 f b, X, jim (d-0. 42x, )+ 0.45F, (b= b, )y,(d - ¥/2)
= 0.362(20) (300) (216) (450-0.42 x 216)+ 0.45(20)(1000-300)97.4

Example 9.6 :

A T-bgam section as shown below is supposed to resist a moment of 300 kNm

at working loads, Usmg M20 concrete and Fe415 steel, design the reinforcement required in the

beam. — 800 _1_
] N J 100
Solution: ]
. Factored BM (M,) = 1.5 x 300 kNm = 450 kNm ’ 8
Let effective cover to reinforcement is 50 mm. - l
So, effective depth of the section (d) = 600 - 50 mm = 550 mm
: =200




Depth of the flange (D) = 100mm

So, Dy _ 100 '
= 559 = 0.1818=0.2

Limiting depth of neutral axis (%, jim) = 0.4790d = 0.479 x 550 mm = 263.45 mm

Let neutral axis lies in the web of the T-beam section.

Ultimate moment of resistance of the T-beam section:

Mg = 0.1387, b, d2+0362f « (b= b,) D(d~ 0.5D)

b

166.98 x 108 + 217.2 x 106 Nmm

i}

N 384.18 kNm< 450 kNm
Thus a doubly remforced beam sectlon is requwed

Area of tension steel correspondmg to hmmng moment of res:stance isp
thim

Pum = 41, o1 ) 2t

Prim = 41 61( J(0479) 0.9605% - - .

g 0.960.
As,,,m = =% (200)(550)-105655mm2

Balance moment to be reszsted by compressron steei (AM )= 450 384 18 kNm = 65.82 kNm

Let effective cover to compresszon steel (d’) = 50 mm

So d' 50
7 = 550 =0.0909 = 0.1
For o
7= O.1andFe415, £ =351.9N/mm?

A, Required in the compression side:
AMU = scAsc(d_ a)
65.82 x 108 = (351 9) A, (550~ 50)
Ag. = 374.08 mm2

Provide 2-16 mm diameter bars in the compression side.

Thus, Ascpmw deq = 402.13mm?

A, Required in the tension side:
foe Ase = 0.87f, AA, -

= 0. 138(20) (200)(550)2 + 0.362(20)(800 — 200)(100)(550-0.5 x 109

which is given by:

)

Q.1

G2

Q3

(351.9) (402.13)

AA, = m =391.94 mm?

Thus total area of tension steel = A, ;. + Ay, = 1056.55 + 391.94 mm? = 1448.49 mm?

Provide 5-20 mm diameter bars in the tension side.

Thus, Astproviged = 15708 mm?2> 1448.49 mm? b by

Maximum percentage of steel in a beam section < 4% r : | 100
= 0.04 x 200 x 600 mm? t
= 4800 mm?

Thus, A provideq = 40213 mm? < 4800 mm?  (OK)

and Astprovigeg = 1570-8 mm? < 4800 mm? (OK)

ahi

“Minimum tensig@_ steel A,
}

<A

'st provided

‘Objective Brain Teasers

550
> 0.85% 200X —— =225, 2
; X ><415 225.3 mm:

(=1570.8mm?)- (OK)

200>
Reinforcement Detailing

Aslab casted monolithically on-acantilever beam

under the influence of gravnty Ioads willactasa
(a) Flanged beam

(b) Curved beam

(c) Deepbeam

(d) Rectangular beam

A shed is casted with a central row of columns
with a central beam on the columns. Cantilevered
slabs are casted on either side of the central
beam to cover the shed area. The mid span
transverse section will be designed as a

(a) Flanged beam

(b) Continuous beam

(c) Spandrel beam

(d) None of the above

When %<0.2 is the limiting case then the

flange of Theam will habe:

(@ A constant compressive‘ stress of 0.45f
(b) A varying compressive stress

(c) A constant shear stress

(d) All of the above

Q.4 Inordertohave aconstantcompressive stress

in the flange (D) of a Tbeam, D, /x should be
(a) Greaterthan3/7  (b) Greater than 4/7
(c) Lesserthan4/7 - (d) Lesserthan3/7

Q.5 The expression for equivalent depth of flange

y; for a constant compressive stress is based
on

(a) Marcus stress block

(b) Grashoff’s stress block

(c) Whitney's stress block

(d) Rankine stress block

_Qﬁ ‘State true or false

An inverted T-beam subjected to gravity loads
actas T beam.

Q.7 The location of neutral axis ina RC T-beam

(@) depends on flange depth and total depth
(b) Lies inthe flange always
(c) Liesinthe web always
(d) Lies at the junction of flange and web
: Answers : SR
1. (d) 2 (a) 3. (a) 4. (d) 5. (c)

6. False 7. (a)




Q.1

Q.2

Find the steel reinforcement required for a simply
supported flanged beam of flange width
1000 mm, flange depth 100 mm, web width
300 mm and overall depth of 700 mm. Take
effective cover to reinforcement as 50 mm. The
span of beamis 12mand it carries an imposed
load of 10 kN/m?. Use M20 and Fe415.

Find the moment of resistance of a flanged beam
with b= 1000 mm, D,=100 mm, b,, = 300 mm,
effective cover = 50 mm and overall depth of
500 mm. (a) using M20 and Fe250, (b) using M20
and Fe415. s

Q3

Q.4

Find the area of steel required for a simply
supported flanged beam of flange width
1500 mm, fldnge depth 120 mm, web width
350 mm and ovérall depth of 700 mm. Take
effective coyér to reinforcement as 60 mm. The
span of beamis 10 m and it carries a live load of
5 kN/m2. Use M25 and Fe500.

Design a flanged beam with b, = 1000 mm,
D, =100 mm, b,, = 300 mm, subjected to a live
load of 4 kN/m2. Use M30 and Fe500.



