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(a)

For Fe 415 grade steel
Q=0.138"1,
Q=0138x30=4.14

(a)

Maximum pitch or maximum spacing of lateral ties shall be the minimum of:
(i) Leastlateral dimension = 400 mm

(i) 16 times smallest dia. bar = 16 x 12 = 192 mm

(i) 300 mm

Hence, maximum spacing will be 192 mm.

(b)

o 90°
Zero 45 g_‘ Zero
BM Max. BM BM

(b)

wi?
h=2_
8P

40x 102

= 82500 20 MM

Effective width of flange 0.50

+by,

~
Il

0.7 x 15 (for fixed ends) = 10.5m

0.5%x10.5x1000 +150 = 4105 mm

Effective width of flange

10500
—+
650
8. (c)
Bars in central, band,
2 2
n, = Total Bars T =20x | —=| =16
1+= 1+§
B 2
9. (c)
According to IS: 456-2000
, Span
= Effective depth > (for span > 10 m)
10
(A) value x

Span in metres
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(A) value for simply supported beam is 20.
= effective depth > 1125mm

10. (d)
For under Reinforced, steel yields first.
For ultimate failure, we check for maximum strain level upto fracture that can be sustained by concrete and
steel.
Maximum strained upto fracture for concrete is 0.003 — 0.0045
Maximum strained upto fracture for steel is 0.12 - 0.20
For all type of section, strain variation is linear.
So, with increase in load, the extreme fibre of compressive concrete will reach its maximum strain level
before steel will.

11. (d)
Assuming the neutral axis to lie within the flange and equating the compression and tension.
0.36f,Bx,= 087 fy Ay

0.871,Ay  0.87x250x 1520.53

- = =4593 mm
T 036f,B  0.36x20x 1000

(As, =4 x%x 22% = 1520.53 mmzj

But, D, = 100 mm, x, < D;
Hence our assumption about the position of the neutral axis is correct.
Also X, max = 0.53 d'=0.53 x 500 = 265 mm

xu < xu,max

The section is under reinforced.
Ultimate moment of resistance,
O.36fckau(d - O.42xu)
0.36 x 20 x 1000 x 45.93 (500 — 0.42 x 45.93) Nmm
158.96 x 106 Nmm = 158.96 kNm

<
I

u

12. (d)
Factored shearforce = 1.5x 110 = 165 kN
Effective depth = 500 - 35 = 465 mm

A, = 2><%><(20)2 = 628.32 mm?
Characteristic strength ofsteel,fy = 415N/mm?
Moment of Resistance, M, = 0.87 fyAs[(d—O.42xu)
Denth of neutral axis. x - Lol 0.87x415x628.32
epth of neutral axis, x, = 535 f.b 0.36 < 20 X 250

=0.48d = 0.48 x 465 = 223.2 mm)

= 126.03mm<x

u,lim (xu,lim
M = 087 x415x 2 x % x (20)2 x (465 — 0.42 x 126.03)

u
= 03.48 x 108 N-mm = 93.48 kNm
The anchorage value of a standard U-type hook is equal to 16 ¢.
(.- Forevery 45°bend, anchorage value is 4¢)
Ly, = 16¢ =16 x20 =320 mm
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1.3M.
According to IS 456, L, < %+L0
1.3x93.48 % 10°
< 2
S TeBxioo0 oD
L, < 1056.51mm
16. (d)
As per the IS 456:2000
17. (c)
18. (a)

For deformed bars value of bond stress is increased by 60%.
For bars in compression the value of bond stress is increased by 25%

. . 6(0.871,) 25(0.87x 415)
eveiopmentiengin = 4 1.25x1.61y ~ 4x1.25x1.6x1.4

19. (a)
Depth of neutral axis

Bxs—2 = mA,(d-X,)

X
160 x x, x -2 18><4><§><162 (300-x,)

80 x,2 + 14476.46 x, —4342937.7 = 0O
X, = 159.46 ~159.5

a

20. (d)
1.6x(1.5x50)
Vieg = 1.5x 150 + o3 - 625 kN
625x10°
- 22 r Y 2
= Tvea = 3oox70p ~ 228N/ MM
Tveq > T max = S€ction must be redesigned
21. (c)

Maximum tensile stress due to load will be at the bottom fibre of Mid span.

3x8°

Bending load at Mid span = =24kN-m
distance of bottom fibre from centroid is 244 mm
L _P.Pey M

min A | |

P P(194).244 24x10°x244
46400 75.8x107  75.8x107
84 x10°(P) =773
P = 92.02 kN = (92 kN)

(I

= 805.9 = 806 mm
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22. (a)

Tis = Tw— T

7, = 0.6 N/mm? + 0.74 N/mm? = 1.34 N/mm?
at x = 1m from support

400 - 200
depth = 400 —(Tx 1) =333.33 mm

effective depth = 333.33 - 40 = 293.33 mm
V£ (M,/d)tanp

400 mm

tanp = 200200 _ 57
0= 000 T

V,= 1.5 x [w(L-x)] [put x =1 m]

= 3wkN
Y
M, = 1.5W(12X) - 1'2\’"><4 = 3w kN-m
putting value of M, V, and 1, in equation (i)
6
3000w - AW 4 067

1.34 = 250%(929?33 [Since BM and depth rae increasing in same direction

negative sign will be used]
w = 42.45N/mm
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23. (b)
According to IS 456 : 2013,
Linear strain diagram

0.005
A A
xu
_Y___ d
__Y__
fy
15 Es + 0.002
Y L0002
0005 1 5xox10° o
Xu d- Xu
X
4 = 059

Limiting depth of neutral axis using Fe415 according to IS 456:2000 = 0.48 d

.. Difference in the limiting depth of neutral axis = 0.596 d -0.48d =0.116 d =

24. (a)
Equivalent bending moment (I\/qu) =M+ M;

D o 1, 400
T(1+b) i 20x10 (1+4OO)
1.7 B 1.7

= 23.53 x 106 N-mm
M, = 60 x 108 + 23.53 x 106
= 83.53 x 105 N-mm

Equivalent shear

3
|

16T

1.6x20x10°
- 30000+T = 110000 N

Mg 8353x10°
Lo SR 75036
eq  0.11x10

0.12d
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25. (c)
Clause 40.2.2 specifies that the design shear strength in presence of axial compression should be taken
asdx 1,
Where 6 is coefficient of increase in shear strength
3R,
+ . .
5= Agle t whicheverisless
15
P, = 1100kN
A4 = 500 x 500 mm?
f, = 256MPa
3p 3x1100x 10°
= 1+ = " (500x 500)x 2
Aghye (500 % 500) x 25
= 1+ .528
= 1.528
dislesserof 1.528 and 1.5
S0, = 15
The enhanced permissible shear strength of concrete is
T/C = 8.EC
= 1.5x0.75=1.125 MPa
26. (d)

Average initial stress in concrete

‘¢z 300 x 10°
c 250 x 250
= 4.8 N/mm?

Modular ratio =m = % =6.56

(¢}

Loss due to elastic deformation

Es
E—xfc =658 x 4.8

C

31.58 N/mm?
Loss due to creep of concrete
omf, = 1.6 x 6.56 x 4.8 = 50.381 N/mm?
Loss due to shrinkage of concrete
= (200 x 1076) x E
= 42 N/mm2
Therefore, all options (i), (ii) and (iii) are correct.
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27. (a)
Shear resistance of shear reinforcement,
0.87f,Ag,d
us — S—v
0.87x 415x 2x * x 102 x 450
- vV, = 4 = 102.08kN

250
Shear resistance of concrete, V. = 1, bd = 0.6 x 250 x 450 = 67.5 kN
: Total shear capacity V,+V, =169.58 kN

28. (b)

056 fy f--mnm-mmmemm s

0.002 0.0035
|<_ ar7 Xulim _>|<— 3/7 Xulim —’l

Stress-strain curve

According to IS - 456, the partial safety of factor for stress in concrete is 1.5 and maximum stress according
to this factor is 0.45 f_, but for new assigned factor (= 1.2) this value changes to 0.558 f

X ¢
for balanced section ud“m =0.48 (for Fe 415)
= X, iim= 192 mm (d =400 mm)
Compressive force = b [Area of the triangle + Area of Rectangle]
_ b[%x;xu”mxo.%fck +%xuxo.56fck}
= D[ 0.16 Xy fore + 0240 F o |
=04f, bx,;,=460.8kN
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29. (d)

o 0.56 1y ——]

0.0035
s

0.002

3/7 x,

lim

To calculate limiting moment, we need to calculate the lever arm
Centroid of compressive force,

3 3 1( 4 3 4
(7Xu lim )(0'56fck )b(mxu lim ) + 2(7% lim )(0-56‘& )b(7xu im * Exu Iim\]

Y 460.8x10°
3 3
v = 11375.2%x10 +219307.8><1O 72 93mm
460.8x10
M, = 460.8 x 108 x (400 — 72.33)
= 151.04 kN-m
30. (a)
Given b= 250mm; d=450mm;
f, = 20 N/mm? f, =415 N/mm?2
Limiting moment of resistance,
M, jm = 0.138 f.bd? (For Fe415)
= 0.138 x 20 x 250 x 4502 Nmm
= 139.725kNm
P; im = 41 .4fC—k~—x“'T‘ax =414 xﬂx 0.48 (ForFe415)
' f, d 415
= 0.957%
A= 2957 250 450 ~ 1077mm?
st, lim 100
EEEN
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