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2b

Step 1: Properties of concrete section
v+ = DI2 = 300 mm, I = bD¥12 = 300(600)*/12 = 5.4(10°) mm*

Step 2: Properties of cracked section

300
o— P
05 O O
Q ( +
- /g/"'
e
4-20T
(1256mm’) 550
NA
x=
168.88m
=) =

Fig. 7.17.5: TQ. 3 (cracked section, E.=E.)
for = 0.74/20 (cl. 6.2.20f IS 456) = 3.13 N/mm?
¥ = 300 mm
M, = folg/ye = 3.13(5.4)(10°)/300 = 5.634(107) Nmm
Es = 200000 N/mm?*
E- = 5000 .[7. (cl. 6.2.3.1 of IS 456) = 22360.68 N/mm?
m =E/E. = 8.94

Taking moment of the compressive concrete and tensile steel about the neutral
axis (Fig.7.17.5):

300 %2 = (B.94)(1256)(550 —x)or  x°+74.86 x —41171.68 = 0

Version 2 CE IIT, Kharagpur

This gives x = 168.88 mmand z= d- x/3 = 550 — 168.88/3 = 493.71 mm.

I, = 300(168.88)%/3 + 8.94(1256)(550 — 168.88)% = 2.1126(10%) mm*

M = w2 = 20(4)(4)/2 = 160 kNm
I, = L, =1.02 I = 2.1548(10") mm*
o a 2]_(5_634)(493_71)“_ ]68_88”1) e )

’ 16 550 550

This satisfies I, < ler < ly. S0, leg=2.1548(10°) mm®.



Step 3: Short-term deflection (sec. 7.17.5)
E. = 22360.68 N/mm? (cl. 6.2.3.1 of IS 456)
Short-term deflection = wi*/8E e
= 20(4%){10"2)¥8(22360.68)(2.1548)(10%) = 13.283 mm
) So, short-term deflection = 13.283 mm
(1

Step 4: Deflection due to shrinkage (sec. 7.17.6)

k, = 0.72(0.761)/+/0.761 = 0.664

W, = k, £,/ D = (0.664)0.0003)/600 = 3.32(10)7

ks = 0.5 (from sec. 7.17.6)
ky w17 = (0.5)3.32)(10)7(16)(10°) = 2.656 mm

o =

=

2)

Step 5: Deflection due to creep (sec. 7.17.7)

Step 5a: Calculation of «, ..,

Assuminag the age of concrete at loading as 28 davs. cl. 6.2.5.1 of IS 456

Step 5: Deflection due to creep (sec. 7.17.7)
Step 5a: Calculation of «,_,...,

Assuming the age of concrete at loading as 28 days, cl. 6.2.5.1 of IS 456

gives
Version 2 CE IIT, Kharagpur

6=16
So, E. = E./1+ 8) = 8600.2615 N/mm’

m = Es/Ec. = 200000/8600.2615 = 23.255



Step 5b: Properties of cracked section

|
5 O O s
RY 2717
‘\_\ ,fj;/
4-20T
(1256mm’) aes
NA
x:
244,072
k

Fig. 7.17.6: TQ. 3 (cracked section, E,=E.,)

From Fig.7.17.8, taking moment of compressive concrete and tensile steel
about the neutral axis, we have:

300 X°/2 = (23.255)(1256)(550 - x)
or  x*+194.72 x-107097.03 = 0
solving we get x = 244.072 mm

Zz = d-x3 = 468.643 mm

Ir = 300(244.072)%/3 + (23.255)(1256)(550 — 468.643)

= 1.6473(10)° mm*

Version 2 CE IIT, Kharagpur

M, = 5.634(10") Nmm (see Step 2)
M = Wpem P12 = 4.5(4%)/2 = 36 kNm
I, = I = 2.1786 I, = 3.5888(10°) mm"

5.634  468.643 244072

1.2-( 36 Tss0 )(1- %50 )

Since this satisfies |, < ler < I, we have, ler = 3.5888(10%) mm®. For the value
of I please see Step 1.



Step 5c: Calculation of «

Lec{ perm)

a = (Wperm)( F)/(8Ecc ler) = 4.5(4)*(10)'4/8(8600.2615)(3.5888)(10°%)

lec( perm)

= 4.665 mm
(3)

Step 5d: Calculation of «,,,...,

a = (Wperm)( ')/(8E: len) = 4.5(4)%(10)'%/8(22360.68)(3.5888)(10°%)

1 perm)

= 1.794 mm
(4)

Step 5e: Calculation of deflection due to creep

au'{prrml = alrf!p(rm) - all,m»mp

= 4.665-1.794 = 2.871 mm
®)

Moreover:  « () gives a = 1.794(1.6) = 2.874 mm.

cel(perm) Q. perm) cc( perm)

Step 6: Checking of the two requirements of IS 456
Step 6a: First requirement
Maximum allowable deflection = 4000/250 = 16 mm

The actual deflection = 13.283 (Eq.1 of Step 3) + 2.656 (Eq.2 of Step 4)

+ 2.871 (Eq.5 of Step 5e)= 18.81 > Allowable 16 mm.
Step 6b: Second requirement

The allowable deflection is lesser of span/350 or 20 mm. Here, span/350 =
11.428 mm is the allowable deflection. The actual deflection = 1.794 (Eq.4 of
Step 5d) + 2.656 (Eq.2 of Step 4) + 2.871 (Eq.5 of step 5e) 7321 mm <
11.428 mm.
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MODULE 3

S5a

Step 1 (a): Fixing up the depth of the section.

L
Taking i 20, for SSB [Refer 23.2.1, pg 37]

L 5
d =—=—=0.25m =250 mm
20 20

Providing a cover of 25 mm, overall depth D = 250 + 25 =275 mm

Dimensions of the section.
Width b = 230 mm
depth d = 250 mm

Step 1 (b): Check for lateral stability/lateral buckling
Refer page 39, clause 23.3

250 b?
Allowable 1 = 60b or

Allowable 1 = 60b = 13800 mm = 13.8 m

250 b?
Or

= 52900 mm = 52.9 m

Allowable | = Lesser of the two values
=13.8 m

Actual 1 of the beam (5m) < Allowable value of 1. Hence ok

Step 2: Effective span

Referring class 22.2 page 34,



Effective span . = clear span + d

1 . 1 .
Or . = clear span + > support thickness + > support thickness

ts s
= clear span +— +—
2 2

‘Whichever is lesser.

le = 5000 + 250 mm = 5250 mm

230 230
Orle=5000+T+T = 5230 mm

Therefore 1.= 5230 mm
Step 3: Calculation of loads:

Consider Im length of the beam

a. Deadload =(0.23 x0.275 x Im x 25 kN/ms) = 1.58 kN/m
b. Live load = 25 kN/m
Total working load w = 26.58 kN/m

Wy X 12 40 x5.232
T =

Factored moment M, = =136.76 kN-m

Factored shear = g = 104.6 kN

Step 4: Check for depth based on flexure or bending moment consideration
Assuming the section to be nearly balanced, and equating M, to Mjim,
M, = Mytim = 136.76 kN-m

Using the equation G 1.1 (c), Annexure G IS 456-2000
— Xumax Xumax 2
Miygim = 0367820 (1 — 0.4270m2) pg2f,,

136.76 x 10° =0.36 x 0.48 (1 — 0.42 x 0.48)230d? x 20

d =464.21 mm



Assumed depth d is less than the required depth of 464 mm. Hence revise the section

Assume
d =500 mm
b =230 mm
Loads:

Dead load =0.23 x 0.525 x 1 x 25 =2.875 kN/m
Live load = 25 kN/n

Total working load = 27.875 kN/m

Factored load =27.875 x 1.5=41.8 = 42 kN/m

Wy, x 12 42 x5.232

= = 143.6 kN-m
8 8

Factored moment M, =

42 X5.23

Factored shear = =109.83 kN

Check Tor depth based on riexure
M, = Myjim = 143.6 kN-m

Using the equation G 1.1 (c)
Myjim = 0.36722% (1 — 0 42 %max) pg2

143.6 X 106 = 0.36 X 0.48 (1 — 0.42 x 0.48)230d? x 20
d =475.68 mm
Assumed depth is greater than the required depth of 475.68 mm.
Required ‘d’ = 476 mm and Assumed ‘d’ = 500 mm
Hence ok.
Therefore we shall continue with d = 500 mm and D = 525 mm
Check whether the section is under reinforced

Actual moment acting M,, = 143.6 kM-m




Alludl MOHICIIL dCUILE VL = 143.0 KIVI-111

Using equation G 1.1 (c)

Myjim = 0362222 (1 — 0.4274205) p2f,,

Myim = 0.36 X 0.48 (1 — 0.42 x 0.48)230 x 5002 x 20
= 158.66 kN-m

Mu < Mulim

Hence the section is under reinforced
Step 5: Calculation of steel:
Since the section is under reinforced we have,

Using equation G 1.1 (b)

Astf;
M, = 0.87f, Ag d (1 - ﬁ)

143.6 x 106 = 0.87 x 415 x A, X 500 (1 _ Agxals )

230 X500 x20
Solving the quadratic equation, Ay = 960.33 mm” ~ 960 mm®

Choosing 8 mm diameter bars,
Area of 1 bar =§ X 82 = 50.265 mm’

Therefore number of bars of 8mm required = 19.10 = 20 bars




Distance between any two bars
Minimum distance between two bars is greater of the following:

a. Size of the aggregate + 5 mm
20 mm + 5 mm
b. Size of the bar (whichever is greater)

Therefore minimum distance = 25 mm

. 230-2%x25-2%8
Distance between bars = — 0K - 8.63

1.63 < 25. Therefore 8 mm dia bars cannot be provided.

Let us choose 16 mm dia bars.
Area of 1 bar =§ X 162 =201.06 mm’

Therefore number of bars of 16 mm required =4.77 =5 bars

. 230-2%X25-2X8-5X16
Distance between bars = 2 =21 mm

Minimum distance required = 25 mm
Therefore 16 mm dia cannot be used.

Let us choose 25 mm dia bars.
Area of 1 bar =§ X 252 = 490.890 mm>

Therefore number of bars of 25mm required = 1.95 = 2 bars

. 230-2%x25-2%x8-2%25
Distance between the bars = n =114 mm

Check for Ag min

0.85bd
Ast min =
0.87f,

0.85 X230 x500

A L ==~ 270.7 mm®
st min 0.87 X415




Check for Ay ma
Aqtmax=0.04 x b x D = 4830 mm’
Ag provided = 982 mm’

Ast min < Asl < Ast max

Hence ok.
Check for shear
Factored load = 42 kN/m
I 42 x5

Support reaction = L L 105 kN
V.= 105 kN

V'IJ. ]
Ty = — =0.913 N/mm"~

bd

1004 100x982
P = £ = =0.8539

bd  230x500

From table 19, IS 456-2000 page 73
7, = 0.58 N/mm’
From table 20, IS 456-2000 page 73

T max = 2.8 N/mm’

Te < Ty < Temax

Hence design of shear reinforcement is required




Selecting 2 leg vertical stirrups of 8 mm diameter, Fe 415 steel,
Ag, =2 x 7% 8% =100 mm’

V. = Shear force taken up by the concrete

Tcbd  0.28x230x500

= = =0606.7T kN
1000 1000
V, =105 kN
Vus = Vu - Vu:

=105-66.7=38.3 kN

0.87X fy X Agyxd

us = from clause 40.4

S,
0.87x415x100x500
383 x 10° = oo X212 00X
SV
Sy=471.3 mm

Check for maximum spacing
Maximum spacing = 0.75d or 300mm whichever is lesser
Maximum spacing = 375 or 300mm
Therefore maximum spacing allowed = 300mm
Let us provide 8 mm dia 2-leg vertical stirrups at a spacing of 300 mm.
Check for Agy min:

A,y provided = 100 mm’

0.4bS, "
A i = ——— =76.44 mm’
svmin 0-87fy

Agy provided > Ay min
Hence ok.

Check for deflection:




1 1
Allowable 7 = Basic P x M, x M. x My

l
Basic rin 20 as the beam is simply supported
To determine M,

960
f,=0.58 X 415 X o = 2353 N/mm?
from fie 4. M, =1

To determine M,
From fig 5, M. =1 [since there is no compression reinforcement]

To determine Mg

b . L. .
b_w =1 [since it is rectangular section by, = b]
f

Therefore allowable /d=20x1x1x1=20

5230
Actual I/d = m = 10.46 < Allowable l/d.

Hence ok.

5b



& Dan

b= 25 men f » 20 Nfmm®

D = 500 man fy = 415 Noman®

d =450 mm &-leo’Nlmm’
&= 50 mm

L=5m

w40 KNA and W, = 40 x 1S =0 kKN/m
b. Ukimate moments and shear forces

WX I soxs? '
i = 575N

\'.-F..wu-!%"-lsom
¢ Determinaton of M and I«
— 036 Samax (1 _ o 4o Fumer) ) g2
My = 0362222 (1 — 0 g228met) p2f,,
My = 036 X 0.48 (1 — 0.42 X 0.48)250 x 450% X 20

= |40 kN.m
Since My > M, o, design a doubly reinforced secticn

(M, =M, )= 1575140 = 47.5N.m

Jie =ts XE,

nas

fia {”"”f:':“’} E,



_ {o.oossuo.oa X450)-50]

5
0.48 x450 } S

= 538 Nfmm’
But f, > 0.87f, = (0.87 x 415) = 361 N/mm*
Therefore fic = 361 N/mm’

(Mu—My 1im)

steel A= fold-d)

[(47 5 x10%)

] 329 mm?
361 x40

Provide 2 bars of 16mm diameter (A, =402 mm:)

B ¢ (329)(361)_
Aser = (om[,) = \aarxars) =32 um

A = 0.36f cabXy tim
o 087f,

= 1077 mm?

I [o.zsxzoxzsomoaxcso
=l 0.87x415

Total tension reinforcement = Ay = (Au + Aw)
= (1077 +329)
= 1406 mm?
Provide 3 bars of 25mm diameter (A, = 1473 mm’)

d. Shear reinforcements
t, = (V/bd) = (150 x 10%) /(250 x 450) = 1.33 N/mm’

(1004;) _ 100 x1473
bd 250 x450

P = =13

Referring table 19 of IS @ 456 - 2000,

T, = 0.68 N/mm”

Temax = 2.8 N/mm? for M20 concrete from table 20 of IS 456-2000
Since Te < Ty < Temay - shear reinforcements are required.

Vi =[Va-(1bd)]



Vi = [Wu =iz bd}]
= [150-(0.68 x 250 x 4500107 = T3.5 kN

Using & mm diameter 2 legged stirmps,

OB7xf sliwxd  OETx41SKEXS0X450
v Ve = 7315%10%

=221mm

Maximum spacing is 0.75d or 300 mm whichever is less
5, = 0.75d = (D.75 = 450) = 337.5mm

Adopt a spacing of 200 mm near supports gradually increasing to 300 mm towards the cenire
of the span.

¢. Check for deflection control
(1 d e = (SO0 = 111
U praie= ({1 b X B, x M ]
Po= 1.3 and P = [( 100 x 402) # (250 x 450)] =0.35
Refer Fig 4, My =0.93
Fig 3, M. = L.10
Fig &, M= 1.0
(I bsmowate={ (20 x 0.93 % 1.10x 1] = 20.46
(1 actead 2 (L ottt

Hence deflection control is satisfied.

= 2/ 16
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