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DETAILED EXPLANATIONS

3. (c)
Maximum slenderness ratio for various types of tension members
S.No. Type of Tension Member Maximum Slenderness Ratio
1. | Tension member in which there can be reversal of 180
direct stress due to loads other than wind or
earthquake force.
2. | Amember normally acting as a tie in a roof truss 350
or a bracing system but subjected to possible
reversal of stress due to wind or earthquake
forces.
3. Tension member i.e., members always under 400
tension (other than pretensioned members)
4. (d)
Design stress for the fillet weld foq = Ju 410 _ 189.37 N/ mm?
’ o By V3x1.25

Design strength of fillet weld per mm length
= f;ud x 1 x tt
= 189.37 x 1 x 0.7 x 8 = 1060.476
~ 1060.5N/mm

5. (c)
For simultaneous failure, plastic moments of overhang and span AB should be same.
By virtual work theorem,
For overhang

Ve A

0
w 0
7)(&)( = Mpxe
Wa )
= M, = - (1)

For span AB,

Wxixa
2

1l
I
=
D
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Wi 3
= M, = 3 ...(id)
From equations (i) and (ii), we get

Wa W
2 8
l
= a= 7y
6. (b)
Refer IS 800 : 2007
Clause 8.7.1
7. (0

As per caluse 6.3 of IS 875 : part III 2015

Design wind speed, V, = kjkkk,V
1x0.5x%0.5x1.15 x40
11.5m/s
As per clause 7.1 of IS 875 : Part III 2015

0.6V2
= 0.6 x 11.52 = 79.35 N/ m?

Design wind pressure

9. (@
5 = 11.62
= 0
u, = Shear velocity
- w - o
p
11.62
& =
To
Y
T, = Wall shear stress
p = Density of fluid
10. (b)
Refer IS 800 : 2007 (Table 2)
. b
() — = 66<84e
Ly
250 .
where c = f— =1 (Given)
Y
= Flange section is plastic (class I)
. d
(if) T 89<105
w

= Web section is compact (Class 2)
. The overall section is considered compact.
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11. (a)

Channels are placed back to back such that (I_,) . bineq = (I

C

Yy

zz

" (I yy) co

S 2
2I = 2 IW+A(E+CW) }

|
N

= 2 x 6321 x 10* =

182.325 mm ~ 182.3 mm

U
V)
Il

12 (d)

8 m

D, =2+1-2=1
No. of hinges required for mechanism formation

=D +1=1+1=2

yy) combined.

(L2)eo

Yy

2
310x 10* + 4564 x (% + 23.6) }

4m

Mechanism is as shown below (plastic hinges at A and B)

From diagram
8o =4
200=f

External work = Internal work

= Px§ = MPOL+MPO('+MPB
= Px§ = 2Mp0(+MpB
= Px§ = ZMPB
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Mp
= P==
= P = @ =90 kN
2
o Collapse load = 90 kN
Now, M, =0
M, 90 kN
A C
B
R
M, B oM,
8m 4m
S Mp-Mp+M,+Rx12 = 90 x 8
= 180+ R x12 = 720
= R = 45 kN
13. (b)
Non dimensional effective slenderness ratio is given by
fy
N
fCC
n’E
e
r
kL = 1 x 7000 mm = 7000 mm

(.- Column is hinged at both the ends)

L \/I_ 13533 x 10*
A 28000

= r = 69.521 mm
2 5
f = 7 x2X10° 194,699 ~1947 N/mm?
c 7000
69.521
o= 20 1133~113
194.7
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14. (¢)
h
___ Axis of bending
I b I
R by _ Ml :
From similar triangles, D T n ..(1)
Plastic neutral axis divides the section into two equal areas.
1(1 1
E(EXthJ = EXblhl
bh .
= b h, = o ...(id)
Using eq. (i) and eq. (ii)
b h
= — d hy=—F4
b= TR
Ar_  _
z, = SV +7]
_ (i}l
Ye = J2)3
Compression
h
h 2
b/ 2
Yt Tension
b
b h
2b+—= | h-—F=
V2 2
Y = b b 3 [Trapezoidal tension section]
V2
. . 22+1 (V2-1)n
2+ 32
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15.

16.

1 (1 2241 (V2-1)n
z, Ex[ibhjlsﬁJrﬁnx 32

bi? J2 -1
= Z = X
4 3&(\/2 + 1) 2-1
. bh? (ﬁ ~1)
= = — N 7/
P 32
Given, b=20cm,h=5cm
20x 52 (JE —1)
Z = ———~ 748816 cm® =48.82 cm®
P 32

(a)
Given, M20 bolts of grade 4.6,
Given: d = 20 mm, f,, = 400 N/mm? b= 240 N/mm?.
In this connection, packing plate of 8 mm thickness is to be used and hence there shall be reduction
in the shear strength of bolt where the reduction factor is
Bpkg = (1-001251,)
= (1-0.0125x8)=0.9
. Here, connection is double cover butt joint, hence bolts will be in double shear,
For one bolt,
- Desi - f“—b(leb+1><A b) % Bk
.. Design shear strength of bolt, Vip = 3 x Vb 5 n PKg
__400
- Bx1.25
= 9298 kN ~ 93 kN
- Design shear strength of 6 bolts in the joint = 6 x 93 = 558 kN

(c)
For simultaneous collapse condition, the plastic hinges shall be formed at A, B and between A
and B.

For collapse of part BC

(1 ><g><2o2 +0.78><%><202) %0.9 %1073 kN

W = Wg
1
= M9 = wu(axaxae)
2Mp )
= w, = "3 . (1)

For collapse of part AB, plastic hinges will be developed at A, B and at mid point of AB.
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C L2 LI )
=
=
For simultaneous collapse of AB and BC,
2M,  16M,
a2 12
2
2 - =
= a p
L
= a = P \/E
17.  (a)
Throat thickness of weld, t, =ks =0.7 x 8 = 5.6 mm
Strength of fillet weld,P, = \/gj;umw X Ly Xt
For connection to be safe,P, = P,
410 x L, x5.6 = 300x10°
J3x15" YT
= L, = 339.469 mm
= 2x +200 = 339.469
139.469
= x = =69.73mm ~ 70 mm
18. (a)
Classification of beam section:
_ i '
N i _
i bt
h i t'ZU
R 5 ~
b —

250
- 2=
€ = Y250
d=h-2(t+R)
350 - 2 (14.2 + 14) = 293.6 mm
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b 140/2
— = ——=493<94¢ - i i
i 142 .. Flange is plastic
d 293.6 _ )
T = —oo =36.25<84¢ - Web is plastic
tw 8.1
Hence section is plastic.
fy
Design bending strength,M, = By X Zpyz X Y0
m
where B, = 1 for plastic section

1.0 x 889.57 x 10% x % %107 kKNm

202.175 kNm ~ 202.2 kNm

12X Z,, xf—y

Ym0

IA

1.2 % 778.9 x 103 x % %107 kNm

212427 kNm  (OK)
Hence, the design bending strength = 202.2 kKNm

19. (a)

100 sin45°
100 kN

—_—
%
100 cos45°

O |

100isind5°

__@_C____b__e_ 100 75

G i % 1 = — = —
k/a sind = 195 €089 = 155

752 +100% = 125 mm

4(125)2 + 2(75)2
73750 mm?

N
Il

™M

L%
N
Il

100 sin45°

e N 100 cos45°
CG Qe y
T 4
Fp7
0
Er
Fpy

T = 100 sin45° x 0.37 - 100 cos45° x 0.13
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= 16.97 KN-m
Direct shear force in bolt ‘4’

D1

D2~

100c0s45° _ 11 785 kN

100sin45° _ 11 g5 kN

Torsional shear force in bolt ‘4

..Resultant force in bolt 4

20. (a)
Depth of web:

Slenderness ratio, (

From table given:

. Web buckling strength,

Tr; 1697 x10° x125

L = 2876 kN
S 73750

Fp, + Fpsinf

100

— =34.793 kN
11.785 + 28.76 x 125

Fp, + F; cosO

D1

75
—— =29.041kN
11.785 + 28.76 x 125

JE2 + E2 = (34.793)? + (29.041)?

= 45.32 kN
d = h—2(tf+R1)
= 350 -2 (11.2 + 16)
= 295.2 mm
k—L) = 2.5i =25x & =99.73
r tw 74
f, = 121+ M(%.% - 90) =107.38 N/rnrn2
cd 100 - 90
T p : !
1 i
R e B
g oF [T s ‘;
1} h/z : // :
= H =) !
Py e ;
H?= 100mnT|
B, = b+x=b+%=100+%= 275 mm
wa = Bl x tw xfcd

275 x 7.4 x 107.38 x 1072 kN
218.52 kN
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21. (¢)
Diameter of bolt. d
Diameter of bolt hole, d,

For Fe410 grade steel, f,

fu
le

YmO

Partial safety factor,

Block shear strength, T,

From figure:

22. (b)

20 mm
22 mm
250 N/mm?
410 N/mm?
1.25
1.1
Avgfy 0'9Atnfu
. \/g XYm0 Ym1
min
09Awfu , Jv ,
tg
3 Ym1 Ymo

250 x 10 = 2500 mm?
(250 —2x22 —2—22) %10 = 1950 mm?2
50 x 10 = 500 mm?

(50—%) %10 = 390 mm?

(2500 x250 0.9 %390 x 410) 3
+ x 10
. J3x11 1.25
min
(0.9 x 1950 x 410 250

+222%500 | x 107
J3x1.25 11 j

443.17 kN
min =443.17 kN

44598 kN

Shear force in the weld per unit length,

T

VXAf Xy
21,

(.- There will be two weld lengths along the span for each flange to web connection)

I

zz

T

bpxD>  (bf —ty)xd’

12 12
3 N 3
560 ><1;900 3 (560 12>< 1800 = 557%100 mm?

1908 x 560 x 50 x (900 + 520)

2 x5.57 x 1010
0.4436 kKN/mm =~ 0.444 kN/m
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23.  (d)

I-section

]

______ Ll oo L —4
d =400 mm, t =16 mm

P 230x10°

i = = =35.94N/mm?
Direct shear stress, q x4 16x 400 /mm
Bend _ M Pe d

ending stress, fb =7 y @ 5

12
3
_ 6132e _ 6x230x%x10 >2<350 _ 188.67N/mm2
td 16 % (400)
Resultant stress, f, = \/sz +3q% = \/(188.67)2 + 3(35.94)2
fy 250
= 198.674 N/mm? < ——==>"=227.27 N/mm? (OK)
Ymo 1.1
24. (o)
Zp
SFE. = 7
18x30° | 6x6°
Moment of inertia, [ = 1 _{ 12 +6X6X62}<2
= 37692 mm*
Viax = 15 mm
7 = ! = 37692 =2512.8 mm”
€ ymax 15

A,  _
Z = E(.Vl"'yz):Al]/l + Ay

= 2x([18Xx15%x7.5-6x6x%6]

= 3618 mm®
op - 223018 308144
Fo= 7 " 25128
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25. (b)
I L |
I L, |
M
M,
M, L
We know, = S
f="M L-L,
1 L-L
- P P
= =1--F
- f L L
1 1 2 L
= |1-—|L=|1-— |L=|1-Z |[L=—
- = ({3
26. (b)
(a) Strength from consideration of yielding
. Ag fy _ 160x8x250
L 1.1
= 290909 N = 290.909 kN =~ 290.91 kN
(b) Strength from the consideration of rupture along the critical section
2
A = |:b—7’ld0+ZPSi j|t
g 4g;
b =160 mm, d,=16 + 2 =18 mm, P; = 40 mm, g; = 25 mm
Critical section along section 1-1-1-1-1
A, = (160 - 3 x 18) x 8 = 848 mm?
;o 0.94,.f, _ 0.9%x848x410 N = 250.330 kN
dn Yl 1.25
So, strength of plate = minimum of (a) and (b) i.e., 250.33 kN
27. (0
Throat thickness of weld, t,=07s
= 0.7 x8=5.6 mm
f u 410 2
. . - = =189.4 N/mm
Design stress in weld, food By Bx125 /

Design strength of weld per mm length of cylinder
= 2x1894x1x56
= 2121.28 N/mm

www.madeeasy.in
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Let P, = Design fluid pressure inside the cylinder
Design hoop tension/pressure per mm length of cylinder

- Pd% = Bax300_ 5157 58

= P, = 8.48 N/mm?

28.  (¢)
Combined mechanism: The possible location of plastic hinges are A, C, D and E only.

20 kN

A1 = A2
= 30 = 66,
= 0 = 20,

External work done = X load x Deflection
= 40%x20+20+36
= 1400
Internal work done = X plastic moment x Rotation
= MO+2M0+MO+MO, + M0,

Mpe Mpe 0
Mp6+2Mp6+Mpe+—+— 0, =—
2 2

= 5M,0
By the principle of virtual work:

Internal work done = External work done

= 5Mp9 = 1400
= Mp = 1;;0=28 kNm
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29. (a)
-, Column is fixed at both ends.
So, kL = 065 x4=26m
Foin = 54 mm
f = n’E _7t2><2><105
cc 2= 2
kL 2.6x10°
Tmin 54
= 851.47 N/mm?

So non-dimensional effective slenderness ratio

) = f_y _ 20 _ 0.542
f.. V85147

30. (b)
B = 14- 0.076(K) [f—y) [b—sj
t fu LC
W =60mm,t=6 mm,fy =250 MPa, f, = 410 MPa, b, =60

+50 - 6 =104 mm, L, =3 x 50 = 150 mm
B = 1.08
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