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13.6 MPa

Shear stress distribution diagram

Now let us find out the shear stress at neutral axis, where the shear stress is maximum.

Consider the area above the neutral axis, we know that

T 4 x30
7 = [80x50%25]-| =(30)*x
Ay = [ | 36070
= Ay = 100000 - 18000 = 82000 mm?
and b = 20 mm

FxAxy _20x10°x82000
max Ixb 6.03%x10° %20

Maximum shear stress, T

= 13.6 MPa
6. (b) Solution:
Given data
Factored axial load P, = 1800 kN

Grade of concrete f, = 25 N/mm?
Grade of steel f, = 415 N/ mm?
Unsupported length L = 3.5m
Effective length L, = 0.80 x 3.5=2.8 m

Clear cover = 40 mm

Type of reinforcement is Helical

For a short axially loaded circular column with helical reinforcement, the design axial
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strength is increased by 5 percent. The governing expression is
P, =1.05x(04f, A +0.67fA,)

Assuming the area of longitudinal steel as 1 percent of the gross area,

A, =001 Ag, A_=0.99 Ag
Substituting values,
= 1800 x 10° = 1.05 x (0.4 x 25 x 0.99 Ag + 0.67 x 415 x 0.01 Ag)
= Ag = 135190.70 mm?
For a circular section,

_Tp?
Ag =7 xD
4x%x135190.70
D = . =414.886 mm
Adopt column diameter D = 420 mm.

The actual gross area provided is

TT
Ay = % 4207 =138544.236 mm?

Slenderness ratio is checked as

Lﬁ—@—wqu
D 420

Hence the column is short.

Minimum eccentricity is

_ L D _3500 420
®win = 500 30 500 30 - o

0.05D

Sincee . <0.05D, axial load design is valid.

21 mm

Using the adopted diameter, the required area of longitudinal steel is obtained from

1800 x 10° = 1.05 x [0.4 x 25 x (138544.236 - A_) + 0.67 x 415 x A_]
= A, = 1226.8 mm?
Adopt 8 bars of 16 mm diameter,
Percentage of steel provided is
8% g x16% x 100
T T isssaaze | lOMR
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This satisfies the IS 456 limits of 0.8 percent minimum and 6 percent maximum. The
minimum bar diameter requirement of 12 mm and minimum number of bars for a circular
column, which is 6, are also satisfied.

Core diameter for helical reinforcement is
D, = 420 - 2 x 40 = 340 mm

n
Core area is A = 1 x 340% = 90792.028 mm?

The diameter of helical reinforcement shall not be less than 6 mm and not less than one-
fourth of the longitudinal bar diameter.
16
4
Hence minimum governs. Provide 8 mm diameter helix,

= 4 mm < 6 mm

_ T2 _ 2
Asp— 4><8 = 50.265 mm

The volumetric ratio requirement for helical reinforcement is

A
Y 5 036 x (—g—le@
VC AC f]/
V 2
N Yho5 036 x (138544.236_1) « 25
V. 90792.028 415
T« 8 xmx (340 -8)
= 4 . > 0.0114
T x340% x5
4
= s < 50.653 mm
Pitch checks as per IS 456
s £ 75 mm
s < &=@ =56.667 mm
6 6
s = 25 mm

s < 3xd, =24 mm
Adopt helical reinforcement pitch s = 50 mm, which satisfies all requirements.
Final design
Circular column diameter = 420 mm
Longitudinal reinforcement = 8 bars of 16 mm diameter

Helical reinforcement = 8 mm diameter at 50 mm pitch
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6. (c) Solution:

Given: b = 500 mm, D = 700 mm

V, = 150kN, T, =15 kNm and M =200 kNm
Equivalent shear force, V,= V. + 161, _ 150 + 1.ox15 _ 198 kN

Effective cover = 35 mm

Equivalent nominal shear stress,

. = &z 198x1000 ~0.6 N/mm>

e~ bd 500x(700 - 35)
Maximum shear strength of M20 concrete
T = 0.625f, =0.625y20
= 2.8 N/mm? > 0.6 N/mm?

Since tension steel is 0.25%
.. Design shear strength of concrete,
7. = 036 N/mm? <,
Thus, T. < T,<7T. ax
Shear reinforcement is required which can be provided in the form of longitudinal
and transverse steel.
Longitudinal reinforcement,

Equivalent B.M,, M

e u t

I
<
+
<

D 1+@
M, +T,| —L |=200+15x| —200
1.7 1.7

200 +21.2 =221.2 kNm

Since, M, (= 21.2 kNm) <M, (=200 kNm), there is no need of compression reinforcement
due to twisting moment.

Maximum depth of neutral axis,

Xy tim = 0.484 = 0.48 x 665
= 319.2 mm ~ 319 mm
0.87f,A,
Depth of neutral axis, x, = W =988mm<ux, |
36f, ,
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.. Section is under-reinforced.

The area of tension steel can be computed as:

.- 0.5fck{1_ 1_4.6Mu}bd

st fy kabdZ
6
_ . 0.5><20{1_\/1_4.6><221.2><102 }x500x665
st 415 20 x 500 % 665
= Ast = 982 mm?
— 087f, ><A{665— Hox A4, )
20500
A, = 985 mm?
Minimum tension reinforcement,
3 0.85bd _ 0.85x500x 665
Ast, min fy 415
= 681 mm2< A, (OK)
Provide 5-16 mm¢ bars,
Ay provided = ><g(16)2 1005 mm? > 982 mm? (OK)

Transverse reinforcement

Tu Vu
+ S,
(bldl 2.5le

A clear cover of 25 mm is assumed all around the shear stirrups. Use 8 mm-2 legged

0.87f, A,

vertical stirrups,

b1 = centre to centre distance between corner bars in the direction of width

= 500—25—25—8—8—E—1—6:418 mm
2 2
Provide 2-12 mm diameter bars at top as holder bars for shear stirrups.
d, = centre to centre distance between corner bars in the direction of depth

d—25—8—%=665—25—8—6=626 mm

BN
Il

23 %82 =100.5mm?
SO 4
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Spacing of shear reinforcement x is given by

0.87 x 415 x 100.5

= Sv
X1
W1

Check S

Adopt a spacing of 200 mm c/c

Minimum shear reinforcement,

Sv min

% tension steel, p

From table,

A

15x10° N 150 x 1000 S
418%x626  2.5%x626 | °

237 mm

Centre to centre distance between the shear stirrups
in the direction of width

500 - 25 - 25 - 8 = 442 mm

Centre to centre distance between the shear stirrups
in the direction of depth

700 - 25 - 25 - 8 = 642 mm

(x,+y,)  442+642
4 4

=271mm>237mm  (OK)

(t.—7.)bS,
087 f,

T 2
1004, 100x5%x—x16

bd 500 665

=0.3%

Design shear strength of concrete,

TC

0.384 N/mm?

_ (0.6-0.384)x500x200

s min

0.87x415
59.825 mm? < 100.5 mm? (OK)

Use 8 mm-2 legged vertical stirrups @ 200 mm c/c

Since the depth exceeds 450 mm, provide 0.1% steel as side-face reinforcement equally
distributed on the two vertical faces.

0.1 0.1

Side force reinforcement = —=bD = WXSOOX 700 = 350 mm?

100

Hence provide 2-12 mm ¢ bar on each side of face.
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l«~— 500 mm ——

R\ 9

\/
2-12

(Hanger bars)

5-160

fe—— 700 mm

f«—418 mm—>!

Reinforcement details

7.  (a) Solution:
Let IV, be equivalent gradually applied load which produced same deflection as

produced by man.
* g We i
Al i — C 6cm
: X i T
~— 1 mj—] 2m 30 cm
IR,
! x
X
Taking moment about A,
W, x3 =Rpx1
R, = 3W,
Taking moment about x-x section
M, = -W, xx+ Rg(x -2)
d*y
El(dx—Zj = -Wx+3W (x-2)
2 2
El(d_yj _ Wexa® 3W,(-27
dx 2 2 !
3 3
-2
El(y) = We:x A/ (x2 ) rcx+C, (D)
At x=2,y=0
3
= 0= Wegz +2C, +C,
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—4W, .
= 2C, +C, = 3 ...(ii)
Atx=3,y=0

3 3
N 0= Wex3 W o0 e,
6
= 3C, +C, = -4W, ..(iii)
On solving equation (ii) and (iii)
-8
C, = ?We, W, = 4W,

On putting the value of C,; and C, in equation (i)
W' W, (x-2)° 8

Ely = -—W,x+4W,
6 2 3
Atx=0
Ely, = 4W,
4w,
T
I= %><300><603 = 540 x 10* mm*
EI = 1 x 10* x 540 x 10* N-mm? = 54000 N-m?
AW,
Ye ™ 54000
Work done be man when he jumps
= 600(h +y.)
4w,
= 600x| 0.5+ & i
( 54000) ..(iv)
Work done by equivalent applied load
2
= lWe><8=1we>< e _ W (V)
2 2 54000 27000
From equation (iv) and (v)
2
600(0.5+ N, ) _ W
54000 27000
= 8100000 + 1200 W, = W?
= W2 - 1200W, = 8100000
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= W2 -1200W_ - 8100000 = 0
W, = 3508.6 N, - 2308.6
Take + ve sign W, = 3508.6 N
Maximum bending moment = 3508.6 x 2 Nm

7017.2 Nm = 7017200 Nmm

Maximum stress produced

max

fmax = y Xymax
7017200 X( @) 807 N2
= fmax = Ba0x10f | 2 ) = 3897 N/mm

7.  (b) Solution:
Given data : d, =180 mm; t = 6 mm; y = 201<N/m3; L=18m;S=5m

f S |
I L I
d;=d, -2t
= 180 -2 x 6 =168 mm
S L-s_1-5_ .
2 2

A = g(dg ~d?)= %x(woz ~168?)

= 3279.8 mm?
3
o = yxa 2010 >23279.8=65.5%N/m
10
LY 7 A LS 4 _ 1684
I= 64><(d0 d,)_64><(180 168*)

I = 12.427 x 106 mm*
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w o d, —
f—dy —>
| a } f a |
| L |
t
M,
M, M,

wa®  —65.596 x 6.5
M)ats=10544m = 5 = >

M, =

wL(L j _ wx[§_5} = —1180.728 Nm

= -1385.72 kNm

(i) Maximum bending stress

_ Muax My (d,
Omax = 1 Y71 (2

_1385.72x10°
Omax = 12 427 x 10°

(ii) For bending stress to be minimized, beam must have a point of contraflexture and

x(lio) =10.0358 MPa

M, +M,=0
2
M) = —~w—="2
1(9) w 2
M — _w_L(E_S)
2(5) - 4 \ 2
M, +M, = 0
2 wL( L )
_ -2 25| =
w 5 1 (2 0

0.58579L = 10.544 m

On solving, S
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S =10.544 m
w( 18 - 10.544)>
So, [Myle s - 10544 m = _E(fj = ~455.826 Nm
_ [Ml]at10.544m @
Omin ~ I 2

455.826 x 10° y 180}
min 12 427 x 10° 2

3.301 MPa Ans.

(S = L) will lead to maximum bending stress

(iti) Fither My, . (S=0)or M,,

max max

L2

L . : : . w
1. Support at S ory beam is a cantilever with maximum moment 5

Gmaxl -

wI? y (d,/2) 65596 x18% x10° x 180
8 I 8x12.427 x10° x 2
=19.24 MPa
. . wI?
2. Or simply supported beam S = L under uniform load, so max moment, e
2
= wk x% =19.24 MPa

Gmax 8

7. (c) Solution:

Given, Total length, L = 500 mm
External diameter, D = 40 mm
Let L, = Length of AB
= Internal diameter of AB =20 mm
= Length of shaft BC = (500 -L,)
= Internal diameter of BC = 30 mm

1

N

d
L
d

N

T = Maximum shear stress = 80 N/mm?
N = Speed = 200 rpm
T, = Torque transmitted by shaft AB

1
T, = Torque transmitted by shaft BC

N
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A B C

B
30 mm
40 mm

T T _ GO
TR L ®
- YoxEx D; - Dy
= T'=T%"""16"" b,

Hence, torque transmitted by hollow shaft AB is,
4 4
T 80 {u} Nmm
16 40
T, = 942477.8 Nmm = 942.5 Nm
Similarly torque transmitted by hollow shaft BC is

T

1

4 4
T gox| 40230
16

Ty 40

T, = 687223.4 Nmm = 687.2 Nm
So, the safe torque transmitted by the whole shaft is the minimum of T, and T,

Hence, safe torque transmitted = 687.2 Nm

_ 27NT _ 2xmx200x 687.2

Power transmitted, P=wxT 0 50 =14392.68 W
P = 1439 kW
Now from equation (i)
T Go TL
- = — =>0=—
J L GJ

The safe torque T and shear modulus C are same for the given shaft section AB and BC,

Ll

Hence angle of twist in shaft AB = cJ
1
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. . TLZ
Angle of twist in shaft BC = GJ
2
. TL,  TL,
e Gl ~ Gl
L _ L
- Lol
= n# - L
R 4 _nn4 I 4 4
3 40° =20 ] P[40°-30']
L, _ 40*-20*
T = —F—=137
- L, ~ 40"-30'
= L, = 1.37L,=1.37(500 - L,)
= L, = 289.03 mm
L, = 210.97 mm
. L TL
Total angle of twist of shaft, 6 = 2><a
1
2x687.2%(0.28903)
- ¥ 80x10" % T x[ (0.04)' — (0.02)°
2 x[008)'-(002)']
= 0 = 0.021 radian = 1.203°
OR
. _ . TL,
Total angle of twist of shaft, = 2x—=
GJ,
2x687.2%(0.21097)
= 0= p
80x10°x = x [(0.04)" ~(0.03)" |
= 0 = 0.021 radian = 1.203°
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8. (a) Solution:

250 x 400

~l-DN 1200 x 2 = 2400 mm
250 x 400 250 x 400
A

+-1200-<— 2250 — <1200~
Given: Floor to floor height = 3 m, Live load = 2.5 kN/m?,
Thickness of stair case slab = 150 mm, Rise (R) = 150 mm, Tread (T) = 250 mm
T =250 mm

R =150 mm
VR?*4+T? =292 mm
fi = 25N/mm?and f, = 500 N/mm?
Width of flight = Landing width = 1200 mm

Assuming 20 mm clear cover (mild exposure) and 12¢ main bars.

12
Effective depth of stair case slab = 150-20 5= 124 mm

Loads on projected plan area are as follows:
292
1. Self weight of slab, 25X0’15Xﬁ =438 kN/m’

2. Self weight, 25><%><0.15 =1.875 kN/m?

3. Live load of steps = 2.5 kN/m?

Total load = 8.755 kN /m?

Factored load = 8.755 x 1.5 = 13.13 kN /m?

Loads on landing;:
Assume landing slab thickness = 150 mm
1. Self weight of slab, 25 x 0.15 = 3.75 kN/m?
2. Live loads = 2.5 kN/m?

Total load = 6.25 kN/m?

Factored live load = 1.5 x 6.25 = 9.375 kN/m?
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2 1313 kN/m’ 2
9375 kN/m 9.375kN/m

1325 mm —t—— 2250 mm ———= 1325 mm—|
Design moment

2x9.375x1.325+13.13x2.25

Reaction (R) = > =27.193 kN/m

Maximum moment at mid span

_ 2
M, = (27.193x2.45)—(9.375x 1.325)(2.45 _1.35 ) _13.13%(2.45-1.325)

2

= 4442 - 8.31 = 36.11 kNm/m
e————245m———~

M, =36.11kN/m

BMD
Main reinforcement:
6
_ M, _361110°
bd®  10°x(124)
P A2 [y [ 4598255 .
100  bd ~ 2x500 o5 =0.616 x 10

= A,, = 0.616 x 10-2 x 1000 x 124 = 764 mm?/m
T x122%10°
Required spacing of 12¢ bars = 4 76l =147.9 mm
Thus provide 140 mm spacing c/c
Distribution bars required (A),., = 0.0012 x bD

= 0.0012 x 1000 x 150

180 mm?2/m

T 10 x10°
4
180

Spacing of 10¢ bars =436 mm but # 300 mm
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Provide 100 @ 300 ¢/ c as distributors.

150 mm

8¢ @250 c/c
(nominal bars)

120 @140 mm ¢/ c
10 @300 ¢/ c

100 @300 mm ¢/ ¢
(Dist. bars)

400 mm c T

fe— 1200 mm ——f=—— 2250 mm ——}=— 1200 mm —=|

Reinforcement details

8. (b) (i) Solution:

Given Data
0
0
Major principal stress: 0, = 120 N/mm? (tensile)
Minor principal stress: 0, = 60 N/mm? (tensile)
Angle of inclination: 0 = 20° (clockwise)
Poisson’s ratio: u=0.25

Stresses on the Inclined Plane

Normal Stress (o)

o, = 5 + > cos 20
120+60 120-60 40°
= o, = > + > Ccos

90 + 30cos 40°

U
Q
Il
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=
=
Shear Stress (T)

=

=

Resultant Stress (o)

=

=

90 + 30(0.7660)
112.98 N/ mm?

n

- _(m)smze
2

_(120—60

)sin(40°)
T = -19.28 N/mm?
2

2
aTT

Op = /112.982 +19.282
ox = 114.62 N/mm?

Direction sence of stress on plane CE

Obliquity ()

C
o
Z N
{;{9
E 6%
1=19.28
T ‘—19.28‘
tan¢ =15 1= 112,08
O = 9.69°
C
E
T
Desired
plane

Ox

Intensity of Stress Producing Maximum Strain

Maximum principal strain:
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1
€, = E(%‘Mﬁz)
1
= €= F (120 - 0.25 x 60)
- L )
= €, = T 120-15
_ 105
- T E
For an equivalent single stress o:
o _ 105
E E
= o = 105 N/mm?
(b) (ii) Solution:
Given: Power transmitted, P=75kW=75%x10°W
Speed, N = 150 rpm
Diameter, d = 10 cm = 100 mm
Length, L = 4m =4000 mm
Modulus of rigidity, G = 8 x 10* N/mm?
1. Torque Transmitted
b= 2nNT
60
2m(150)T
75 x 103 = ———
= 60
N = 75X 10° x 60
2nx 150
= T = 4774.65 N-m = 4.77465 x10° N-mm
(i) Maximum Shear Stress
For a solid circular shaft,
167
Tmax - TCd3
16(4.77465x10°)
= T = = 2432 N/mm?
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(ii) Strain Energy Stored

Strain energy in shaft,

=

(c) Solution:
Given Data
External diameter,

Internal diameter,

Diameter ratio,

Twisting moment,
Bending moment,

Poisson’s ratio,

Bending Stress,

Shear Stress,

_TL
- 2G]

(4.77465%10°)” x 4000

n(100)4j

2><(8><104)><(
32

U = 5.81 x 10* N-mm

D = 100 mm
d = 50 mm
k = a_ 0.5
= 5=0.
T = 13.2 x 10 N-mm
M = 4125 x 10° N-mm
w=0.25
.. M D
b T (D4 _g4) 2
64
32M
O, = =27/ 1\
b nD3(1—k4)
32 % 4.125x10°
% = 1x100°(1-05%)
o, = 44.82 N/mm?
T D
1= ———————X—
l(D4_d4) 2
32
- 16T
nD3(1—k4)
16x13.2x10°
T =

nx100°(1-0.5%)
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T = 71.71 N/mm?
Principal Stresses
Gy Oy P
C12% HF ( 2) T
= Gy, = 44282%/( 44;32)2 +(71.71)’
= oy, = 2241 +/(2241) +(71.71)?
= oy, = 2241£75.13
0, = 97.54 N/mm? (tensile)
0, = -52.72 N/mm? (compressive)

Equivalent Direct Stress
(i) Maximum Elastic Strain Energy Theory

62 = 0] +05 —2UG,0,
= 62 = (97.54)% + (-52.72)% - 2(0.25)(97.54)(~52.72)
= 6% = 9514.05 + 2779.40 + 2571.15
= 02 = 14864.60

121.92 N/mm?
(i) Maximum Elastic Shear Strain Energy Theory

U
Qq
Il

Q
|

2 = 52 2 _
0] +05 — 6,0,

- o2 = (97.54)2 + (-52.72)2 - (97.54)(~52.72)
= 02 = 9514.05 + 2779.40 + 5142.31
= 02 = 17435.76
= o = 132.04 N/mm?
Q000
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