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The Vasuous types of leadk Jkato act on a smcho 

Deacd londs 

i) Lve Loacly 
ind incl loacs 

Snouo lods 

)Seisic loads 
(Dead Aoacks Dead Aaads ane detoselt ot of Le shtkoe 
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The imboxtant limit slales wich ane to be consicehed 
dusgo ase -

Limil slak f collobse 
i) Limil slek thviLabil 

sA 

umit adale mthod efead to as Non- del9miniaho, biaause 

ut s bageol 00 dichbos okach olepend upon axbe3 tence 



Unit9 3 

skea delobment lnath 
SM) 

Inkoduchoo 
A beam bacedl orth kangvenk loads s subyecked to skear force 

and bendng nament he sheav force at any tchon o} bom u e9ual 
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us zeo the sheay forte y mar hui Hy elevent subyeh 

eo eo to max") sheao she 3 no bencung shes Due to A A teH 

Conduhon te clagonal s uubje ckol to ensile sCBeY, 
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CLece sheas cack olue to Combinoa etect o} plaause 
hear bolh.) 
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Conceht of Um Aale Methool 

Corcebt o LSM 
The aim of LSM u that the sbuctuhe should be gneoltov- 

a) Wthslenol Aolely ell e oaols hal ahe Jable to act on it 

throughout i Jfe 
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tion and Oackicg 
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blace becauge it us bageol on solely at imak locoly 
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Limik alek; 
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ii) 
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exetence $ tjeld data. 
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He mafkrual 
beloo ushch not mo bhn 5bercent of i 

esulK 
ane eapecksl to tal 

means 
that te 

characksti Apength has 9S), 3aaliabi 

O 
He only 5% brobabuley 9 ockak skeph berog luss 
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Shel 
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12.1 INTRODUCTION 

Beams are the flexural members which are provided in the structures to resist bending 

caused due to external loading. Beams may be singly reinforced or doubly reinforced. 

The R.C.C. beams in which the steel reinforcement is provided only in tension side, are 

known as singly reinforced beams. But in case of doubly reinforced beams, the main 

reinforcement is provided in the tension zone as well as compression zone, i.e. above and below 

the neutral axis of the beam. 

12.2 BASIC RULES FOR DESIGN OF BEAMS 

DESIGN OF R.C.C. E BEAMS 

1. 

follows : 

We have already discussed the theory of singly and doubly reinforced beams. While 

designing R.C.C. beams, the following rules as per IS:456�-2000 must be kept in mind. 

less 

Effective Span : Unless otherwise specified, the effective span of a beam shall be as 

(a) Simply supported beam: The effective span of a simply supported beam (that is not 

built integrally with its supports) is taken as the least of the following : 
() centre to centre distance between supports 
(ii) clear span + effective depth of beam 
(6) Cantilever beam : The effective span of a cantilever beam shall be taken as 

length of the overhang plus half the effective depth 

(c) Continuous beam : 

(Limit State Method) 

except where it forms the end of a continuous beam where the length upto 
centre of support shall be taken 

If the width of support is less than 

supported beams. 

1 

12 
th of the clear span 

In this case the effective span off the beam shall be taken as given in case of simply 

If the width of support is greater than 
12 

th of the clear Span or 600 mm 
whichever is 

In this case the effective span of the beam shall be taken as under 
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For end span with one end fixed and the other continuous or for intermediate spans, the 

2 

eftective span shall be 

For end span with one end free and other continuous, the effective span shall be equal to the clear span plus half the effective depth of the beam or the clear span plus half the width of the discontinuous support, whichever is less. 
Control of Deflection : The deflection of a structure or part thereof shall not adversely ect the 

appearance or efficiency of the structure. 
eal deflection limits may generally be assumed The vertical to be satisfied provided that the qun to depth ratios are not greater than the values obtained as below : 

Dasic values of span to effective depth ratios for span upto 10 m 

be the clear span between supports. 

Simply supported beam =20 

Modification Factor (k,) 

Continuous beam =26 

(6) For span above 1Om, the values in (a) may be multiplied by 10/span in meters, except 
for cantilever in which case deflection calculations should be made. 

2.0 

(0) Depending on the area and the stress of steel for tension reinforcement, the values in (a) 
or (b) shall be modified by multiplying with the modification factor (4) obtained from 
Fig. 12.1. 

1.6 

1.2 

Cantilever beam =7 

0.8 

0.4 

0 

f= 0.58f 

120 
145 

Load in N/mm 

i-190� 

f= Steel Stress of Service 

1.6 

i-240 
-F290 

0.4 0.8 1.2 2.0 

Percentage of Tensile Reinforcement 
Area of steel required 

225 

2.4 2.8 3.0 

Fig. 12.1: Modification Factor for Tensile Reinforcement 
Area of steel provided 
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(d) Depending on the area of compression reinforcement, the values in (a) or (b) shall be 
further modified by multiplying with the modification factor (ke) obtained from 

3. 

Fig. 12.2. 

Modification of 

Factor 
(k) 

1.5 

1.4 

1.3 

1.2 

1.1 

i.e. 

1.00 0.5 

Effective 
the beam. 

where d is the effective depth of the beam 

1.0 

Percentage of Compressive Steel 

Slenderness Limits for Beams to Ensure Lateral Stability 

the clear distance between the lateral restraints does not exceed 60 b or 

(a) For a simply supported or continuous beam : The beam shall be so proportioned that 

the cantilever to the lateral restraint shall not exceed 25 b or 

Fig. 12.2 : Modification Factor for Compressive Reinforcement 

reinforcement. Generally the breadth of the beam is kept 

1.5 

b= 

and b is the breadth of the compression face midway between the lateral restraints 
(b) For a cantilever beam : For a cantilever beam, the clear distance from the free end of 

D 

2 
to 

4. Beam Dimensions : The rough estimate of self weight of beam is made by assuming 

2.0 

Breadth: The breadth of the beam should be sufficient to accommodate the required 

Hence effective depth of beam (d) = 

2D 

3 

2.5 

10 of span Total depth of beam (D) = d+ Effective cover (Effective cover is assumed as 40 mm to 50 mm) 

10082 
d 

2 

ISHAN'SR.C.C. Desian 

to 
2 

3.0 

25062 
d 

3 

Depth: The effective depth of the beam may be assumed as 

whichever is less, 

whichever is less. 

of its total depth. 

1 
10 

th of the span of 

dimensions of the beam i.e. breadth and depth. 



9ofR.C.C Beams (Limit State Method) 

, Reinforcement in Beams 

Tension reinforcement 
um reinforcement : The minimum area of tension reinforcement shall he not sihan that given by the following: 

where A, = Minimum area of tension reinforcement 

Testraint. 

A, 
bd 

0.85 

b= Breadth of beam or breadth of the web of T-beam 

() Maximum reinforcement: The maximum area of tension reinforcement shall not 
ateed 0.04 bD (i.e., 4% of the cross-sectional area of beam). 

NOTE : IS:456- 2000 has recommended the following amendment 

fy 

d = Effective depth of beam 

f =Characteristic strength of reinforcement 

"The use of 4 percent reinforcement may involve practical difficulty in placing and 

ompacting concrete, hence lower percentage is recommended." 

(6) C Compression reinforcement: The maximum area of compression reinforcement shall 

Iexceed 0.04 b D i.e., 4% of the cross-sectional area of beam). 

Compression reinforcement in beams shall be enclosed by stirrups for effective lateral 

NOTE: IS: 456 - 2000 has recommended the following amendment-

Whichever is less. 

6. 

wThe Use f 4 percent reinforcemnent may invove practical dificulty in placing and 

Compacting COncrete, hence lower percentage is recommended" 

(a) 

(c) Side face 
reinforcement: When the depth of the web in a beam exceeds 750 mm, side 

'ace reinforcement shall be provided along the two faces 

Chapter-10. 
adjacent 

shall be distributed equally 
an fwo faces at a spaCing not exceeding 300 mm or web thickness The total area of such 

reinforcement shall be not less than 0.1 percent of the web area and 

(d) Shear 
reinforcement : 

The shear reinforcement in beams shall be taken around the 

Vutermost tension and 
compression bars. The design of shear reinforcement bas been discussed in 

Horizontal 
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Spacing of Reinforcemnent 
distance between bars : The clear horizontal distance between two 

the maximum of the following : 

Parallel main bars shall be not less than 

() Diameter of the bar if 
diameters are equal 

(ii) Diameter of the 
largest bar if diameters are unequal 

(iii) 5 mm 
more than the 

nominal 
maximum size of coarse aggregates 
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layer. 

(b) Vertical distance between bars : When number of longitudinal bars are large and 

cannot be accommodated in a single row, then the longitudinal bars are provided in horizontal 

(i) 

rows by providing minimum vertical distance with the help of a spacer bar. Normally spacer bam 
are provided @ 1 m c/c. Longitudinal bars in upper layer are provided exactly over the bottrm 

(i1) 

The minimum vertical distance between two rows of longitudinal bars should be maximum 
of the following: 

15 mm 

7. 

A 

2 

3 

Horizontal 
distance 

Fig. 12.3 : Horizontal Distance Between Bars 

D 

rd of nominal maximum size of aggregates 
(iii) Maximum diameter of the longitudinal bar 

D 

Nominal Cover to Reinforcement 
Fig. 12.4: Vertical Distance Between Bars 

Spacer bar 
(for vertical spacing) 

reinforcements including shear stirrups or column ties. 

Nominal cover : Nominal cover is the design depth of the concrete cover to all ste 



sgn of R. 
C.C Beams (Limit State Method) 

.the dimension used in design and indicated in the drawings. It shall be not less than the 

ueter of f the bar in any case. 

Anchor bars 
(Compression steel) 

Shear stirrups 

Clear cover to 
tensile steel 

() To protect the reinforcement against corrosion and fire. 

NOTES : 

Fig. 12.5: Nominal Covers to Reinforcement 

Nominal cover is provided in R.C.C. structures for the following reasons: 

Exposure Conditions 

(i) To develop the desired strength of the steel bar by ensuring proper bond between 

concrete and steel. 

Nominal Cover to meet Durability Requirement : Minimum values for the nominal cover 

o normal weight aggregate concrete which should be prOvided to all reinforcement, including 

IKS depending on the condition of exposure shall be as given in Table- 12.1. 

Mild 

Table - 12.1 : Nominal Cover to meet Durability Requirements 

Nominal Concrete Cover (in mm) not less than 

Moderate 

Severe 

Very Severe 

Nominal 

Extreme 

COver 

may be reduced by 5 mm. 

iOminal cover by + 10 mm and -0 mm. 

20 

COncrete grade is M35 and above. 

D 

30 

45 

50 

229 

75 

) For main 
reinforcement upto 12 mm diameter bar for mild exposure the nominal cover 

(ii) Unless specified 
otherwise, aciual concrete cover should not deviate from the 

(iii) For exposue 
condition 'sever and 'very severe reduction of 5 mm may be made, where 

required 
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(iv) For a longitudinal reinforcing bar in a column nominal cover shall in any Case not be less than 40 mm, or less than the diameter of such bar. Such a large cover is provided 

8. 

M concrete column so as to prevent uckling of the main longitudinal bare 
compression. 
In the case of columns of minimum dimension of 200 mm or under, whose reinforcing 

() For footings minimum cover shall be 50 mm. 

bars do not exceed 12 mm. a nominal cover of 25 mm may be provided. 

Curtailment of Tension Reinforcement : For curtailment, reinforcement shall extend 
Deyond the point at which it is no longer required to resist flexure for a distance equal to the effective depth of the member or 12 times the diameter of the bar, whichever is greater except at simple supports or end of cantilever. 

The detailed procedure has been discussed in Chapter-11. 9 Unit weight of concrete: The unit weight of plain cement concrete (P.C.C.) is taken as 24000 N/m' and for reinforced concrete (R.C.C.) it is taken as 25000 N/m 

12.3 DESIGN STEPS FOR SINGLY REINFORCED BEAMS 
For the design of singly reinforced beam generally following steps are taken : Step 1. Assume approximate dimensions (b, D) of the beam 

Effective depth (d) = span span 

10 

Total depth (D) =d + Effective cover 

to 

(Effective cover is assumed as 40 mm to 50 mm) 

ISHAN'S R.C.C. Desian 

D Breadth (6) =,toD 
Step 2. Calculate the effective span () 
Assume width of support (or bearing of beam), if not given. Calculate the effective span of the beam. 

Step 3. Calculate the factored design load (w,) 

M, = 

Calculate the self weight (Dead load) of the beam per metre Self weight of the beam/m =b xD X 1 x 25000 N/m (Here b and D are in meters) 
Total u.d.l. (w)/m = Self weight/m + Live load/m Factored design load (w.)/m =1.5 w/m 

Step 4. Calculate the factored bending moment (M,) 



Desgn of fR.C.C. Beams (Limit State Method) 

Step 5. Design the beam section 

Design the beam section as a balanced section 

By equating M, to Molim, find effective depth of beam. 

Equate 

Mslim =0.148 f& ba 

Calculate the value of 'd. 
M,, 

= 0.138 fk ba 
-0.133 fet ba 
=My, im 

Compare this 'd with the assumed value of'd in step1. 

For a balanced section, 

where 

and If d (calculated) is more than d (assumned), then redesign. 

Ifd (calculated) is slightly less than or equal to d (assumed), then proceed further. 

Step 6. Calculate the area of tensile steel (A,) 

Redesign of the beam means assume the new increased dimensions of beam in step 1 and repeat all the steps till the calculated value of'd comes to be slightly less than or equal to assumed value of'd. 

A, = 0.36fkb xXu,ma� 
0.875y 

u, max 0.53 d 

=0.48 d 
=0,46 d 

b = Breadth of beam (in mm) 

(depending upon the type of steel used) 

Step 7. Check for minimum and maximum area of tensile steel 

Jy =Characteristics strength of steel (in N/mm) 
) Calculate minimum area of tensile steel (A) = 

Jek =Characteristics strength of concrete (in N/mm) 

(i) Calcuate maximum area of tensile steel =0.04bD 

0.85bd 

The detailed procedure has been discussed in Chapter-10. Step 9. Check for development length 

Calculate the percentage of steel (p) = 

(For Fe 250 steel) 
(For Fe 415 steel) 

Step 8. Check for shear and design shear reinforcement 

Check that the actual area of steel provided (A,) satisfies both these limiting conditions. 

The detailed procedure has been discussed in Chapter-1 1. Step 10. .Check for depth of beam from deflection consideration 
100Ast. 

(For Fe 500 steel) 

bd 
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(For Fe 250 steel) 
(For Fe 415 steel) 
(For Fe 500 steel) 
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(ii) Calculate f, - 0.58 f, 

(iii) Calculate the values of modification factors k, ke and k 

(iv) 

(vi) 

(v) Find 

k, = Modification factor for tension reinforcement corresponding to the values of p, 

max 

k, = Modification factor for compression reinforcement from Fig. 12.2 

(And k, = 1, if no compression reinforcement is provided) 

Area of steel required 
Area of steel provided 

and f, from Fig. Fig. 12.1. 

k, = Modification factor for flanged section 

= 20. k,. kç. kf 

provided 

provided 

Given 

should be less than 

This will satisfy the limit state of serviceability. 
Step 11. Provide side face reinforcement along the two faces (if required) 

SOLUTION. 

If depth of beam exceeds 750 mm then provide side face reinforcement along the two faces. 

Calculate A, =0.1% of web area 
0.1 

100 

max 

XD 

Step 12. Draw neat sketches (Drawings) 

Calculate the number of bars and distribute them equally on two faces at a spacing not 
exceeding 300 mmn or web thickness whichever is less. 

1SHAN'S R.C.C. Design 

Draw a neat sketch (longitudinal section and cross section) showing all the desigred 
parameters. 

Superimposed load =15 kN/m 

EXAMPLE. 12.1. Design a simply supported rectangular beam with the following dala : 
Clear span =4.5 m 

(And k= 1, for rectangular beam section) 

Live load = 12 kN/m 

Use Fe-415 grade steel and M-20 grade concrete. 

Clear span of beam (L)= 4.5 m=4500 mm 

Superimposed load =15 kN/m 



Lie load 

Beams (Limit. State Method) 

AsSume nominal COver 

Efective cover 

= 12 kN/m 

s =415 N/mm 

Sek = 20 N/mm? 

Width of support at each end=300 mm 

= 20 mm 

Step I. Assume approximate dimensions (b, D) of beam 

Breadth of beam 

= 40 mm 

Effective depth (d) = 
span span 

10 

4500 

10 

Take effective depth (d)= 500 mm 

Superimposed load/m 
Live load/m 

to 

to 

Total depth of beam (D) = Effective depth + Effective cover 

D 

= 450 mm to 560 mm 

540 

= 500 + 40 = 540 

2, (0) -to D 
to 

Take breadth of beam (b) = 300 mm 

4500 

8 

2 

Hence effective span of beanm=4.8 m 

8 

3 

=270 mm to 360 mm 

Step 2. Calculate the effective span () of the beam 

Effective span of the beam will be the least of the following: 

-X540 

() clc distance between supports = 4.5 + 

=4.8 m 

X 

(i) clear span of beam + effective depth = 4.5 + 0.5 = 5.0 m 

Step 3. Calculate the factored design load (w) 

0.30 

300 540 

1000 1000 

= 4050 N/m 

2 
+ 

Self weight of the beam/m = (b x Dx1) X 25000 N/m 

0.30 
2 

25000 

= 15 kNm = 15000 N/m 

= 12 kN/m = 12000 N/m 
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(For Fe 415 steel) 
(For M 20 concrete) 

Total u.dl. per m run of the beam (w)=4050 + 15000 + 12000 =31050 Nm 
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Factored design load (w,)/m = 1.5 X w 

Step 4. Calculate the factored bending moment (M) 

Equating M, and M, ims 

Step 5. Design the beam section 

Design the beam as a balanced section. 

Mu, lim =0.138 f& ba 

M, = 8 

where 

= 1.5 X 31050 = 46575 N/m 

M, = M, Iim 

d= 

w, 46575 X 4.8? 

134136x 10° = 0.138x20x300x 

Hence adopt the following dimensions of the beam. 
Effective depth (d) =410 mm 

A, = 

Total depth (D) = 410 + 40 = 450 mm 

Breadth (d) = 300 mm 
Step 6. Calculate the area of tensile steel (A,) 
For a balanced section, 

134136x10 
Vo.138x 20 × 300 

A,, = 

u,max 0,48J 

Number of bars required 

0.36b.Xu, max 
0.87f, 

=|177.36 mm 

Area of one 20 mm diameter bar = 

Hence required area of tens1le steel (A,) = 1177.36 mm Provide 20 mm diameter longitud1nal steel bars 

A 

0.36 x 20x 300 x 0,48 x 410 
0.87 x415 

n(20} 
4 

= 134136 N-m 

Area of one bar 

= 402.49 mm 

= 134136x 10 N-mm 

-410 mm (say) 

ISHAN's R.C.C.Design 

< 500 mm (Assumed 'd) 

=314 mm 

(For Fe 415 steelh 

Hence O.K 

(For Fe 415 steel) 



j0ORCC Beams (Limit State Method) 

Arca of steel provided 

1177.36 

314 

Step 7. Check for minimum and maximum area of tensile steel 
= 4X314= 1256 mm 

Minimum area of tensile steel (A) = 

Anchor bar 

-=3,75 4 bars 

(i) 

40 mm 

) Maximum area of tensile steel = 0.04 b D 

0.85 X300 x410 

415 

0.85bd 

=0.04x300x450 = 5400 mm 

Thus the actual area of steel provided (A = 1256 mm) satisfies both these limiting 

conditions. 

Diameter of bar = 20 mm 

53mm 

-300 mm 

- 252 mm 

It should be more than the following 

Horizontal distance (clear distance) between adjacent steel bars 

300-2 xX 40-3x20 
3 

410 mm 

Breadth of beam - 2 (effective cover) - 3 (dia. of bar) 
Number of spacings 

(ii) Size of aggregate + 5 mm =20 +5=25 mm 

140 mm 

40 mm 

= 53 mm 

450 mm 

235 

Hence O.K. 
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Step 8. Check tor shear and design of shear reinforcement 

For 

1lS0N 

Thus 

0.56 m, 

85698 N 

-1.84 m 

-2.4 m 

0.41 + 

Nominal shear stress 

0.30 

2 

The critical section (X-X) for shear is at a distance d (i.e. 410 mm) from the inner face of support 

2.4 -0.56 = 1.84 m from the centre of beam 

Factored shear force (S.F.) at centre of support 

(t) = 

=0.56 m from the centre of support 

46575 X4.8 
2 

Factored shear force at critical section X-X, (V) 
111780 

2.4 

4.8 m 

bd 

(or) 

max 

(or) 

, max = 2.8 N/mm² 

100A, 
bd 

Hence shear reinforcement is required. 

=111780 N 

X1.84 = 85698N 

85698 
300 X 410 

2 

=0.696 N/mm 

100 ×1256 

T,(0.696 N/mm) >T. (0.62 N/mm) 

46575 N/m 

Shear strength of concrete (t.) depends upon the grade of concrete and percentage of tension steel. Assuming no longitudinal steel bar is bent-up or curtailed and all the bars are available al 
oports. 

300 × 410 

B 

ISHAN'S R.C.C. Design 

= 1.02% 

Beam 

S.F.D. 

(Assume 1.00%) 
p =1.0 % and M 20 grade concrete, from Table -10.1 Te = 0.62 N/mm 

(For M 20 concrete) 
Hence O.K. 



Beams (Limit State Method) 

shear stress (Tus)= Ty-Te 

shear 
force for shear reinforcement (V)=Tg bd 

Provide 6 mm ¢ 2 legged vertical stirrups of Fe 415 grade steel. 

=0,696 -0.62 = 0.076 N/mm 

(ii) 300 mm 

Spacing of f veertical stirrups (S) = 

=0,076X300X410 =9348N 

A.y = 2Xx 6 = 56.54 mm 

and 

From Table � 11.1, 

Maximum spacing as per minimum shear reinforcement. 

S, 

4 

0.87f,Agyd 
Vus 

0.87 x 415 x56.54x410 
9348 

Development length (L) = 

0.87A,s, 
0.4b 

Maximum spacing is also given by least of the following 

() 0.75 d=0.75x410 =307 mm 

.. Provide 6 mm 2 legged stirrups @ 170 mm c/c throughout the length of the beam. 

Step 9. Check for development length 
0.87f, 

0.87×56.54 x 415 
0.4x300 

=170 mm 

=895 mm 

0.87X415 X 20 
4X1.92 

=940 nm 

Thd =1.2 N/mm for M 20 concrete and plain mild steel bars 

Th =1.2 × 1.6= 1.92 N/mm for M 20 and Fe 415 steel 

beyond the face of support by a distance not less than 

300 

As per IS: 456 - 2000, at the simple supports, the longitudinal steel bars must extend 

2 

L 940 
3 3 

Length available from face of support = Support width - end cover 

=300 -20 =280 mm <313 mm 

Therefore, there is need to increase the embedded length of steel bar 

.=313 mm 

237 

Provide 90° standard bend having a total anchorage value of 8 = 8 × 20 = 160 mm 

Now available length from centre of support, (Lo) 

-20-S¢+ 160 

= (150� 20-5 X 20 )+ 160 = 190 mm 
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and 

llence 

where 

Thus 

Embedded length provided from the inner face of support 

1.3MË 

Modification factors 

As the beam is simply supported, the comnpressive reaction will confine the 

reinforcement, 

-+Lo 

LË 

max 

provided 

p,= 

300 

M, = Moment of resistance provided by 4-20 mm bars 

M, =14653 1 × 10 N-mm 

= 0.87/, As 

940 > 1895 

k, = 1.0 

k,= 1.0 

2 

1.3M, + Lo 

k, =1.0 

0.87x415X 1256|410 41 

+ 190 =340 nmm > 

100A, 

Hence development length requirements are satisfied. 
Step 10. Check for deflection 

V = Factored shear force at the centre of support 
46575 X 4.8 

f=0.58f 

bd 

410 

1.3x146531 x10 

4800 

2 

111780 

=111780 N 

=0.58 X 415 X 

100 ×1256 

300 × 410 

Ld 

415 x1256 

+ 190 = 1895 mm 

20 ×300 

Area of steel required 

1177 

(1256) 

-=1.02% 

Area of steel provided 

=11.7 < 20 

Ast =4xx20? =1256 mm' 

= 20. k, k. k=20 × 1 × 1 xl=20 

Hence the beam satisfies the limit state of serviceability 

ISHAN'S R.C.C. Design 

=225 N/mm 

4 

(For p, = 1.02% and f= 225 N/mm from Fig. 12.1) (" No compression reinforcement is provided) 
(': Beam is rectangular) 
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