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Design of Steel Structures

(Solutions for Text Book Practice Questions)

01. Materials and Specifications

19. Ans: 108 kN
Sol: A column of a building is subjected to the
following:
Working loads:
Dead load =48 kN
Live load = 24 kN
.. Factored load =48 x 1.5 +24 x 1.5
=108 kN

02. Riveted Connections

01. Ans: (a)
p—d
p

Prmin = 2.5¢
d=¢+1.5
:%XIOO
_1.5¢

- 2.50
n=60%

Sol: n= x100

x 100

05. Ans: (b)

Sol: ISA 50 x 50 x 6
t=5mm
d=16 mm

opt = 250 MPa
Py=d xt x on

=16 x5x250=20kN

06. Ans: (b)
Sol:

B |
: lT QI_I 12mfn%’P

3
I
]

Nominal dia of rivet (¢) = 16 mm

For field Rivets permissible shear stress in

Rivet .

Tyt = 90 MPa

Bearing stress in Rivet o,r =270 MPa

Rivet value

R, = lesser of P, & Py,
¢ =16 mm (¢ <25 mm)
d=¢+1.5=17.5mm

P :2><§(d)2 X T,

T 2
=2x (ZJ(U.S) 90

P,=4329x 10°N
=43.29 kN
Bearing strength of one rivet
Pp=d xtx oy
t = thickness of main thinner plate
(or) sum of cover plates thickness,
which ever is minimum in cause of a
butt joint
tmp = 12 mm

tep+tep =8 +8 =16 mm
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P,=17.5x12 x 270

P, =56.7 kN
R, =lesser of P & Py,
R,=43.29 kN

07. Ans: (d)

Sol: P =2 ><§(d)2 x 1., =80kN

S

P =%d2 x 1., =40kN

P,=40 kN, P,=60kN, Py=70kN
P _P_200_,

R, P 40
09. Ans: (d)
Sol: Minimum pitch of rivets in compression
zone
12tmm

whichever is minimum
200mm

t=10 mm
12t =12x10=120 mm ) o
whichever is minimum
200 mm

Pitch = 120 mm

( Design of Simple bolted connection )

04. Ans: (d)
Sol: f, =400 N/mm’
£,=0.6 f,
=0.6 x 400
=240 N/mm”
08. Ans: (d)
Sol:
GSYF [+ M[@bolt
NSRE

For M boltd = 16 mm
For Grade 4:6;. f;53=400 MPa

fjp = 240 MPa
Design tensile strength of bolt Ty, = ?

Tas 1s based on Gross section

Tdb] — Asbfyb
Vimo
T % (16)? x 240
T, =4
db,

1.1
=43.86 x 10° N = 43.86 kN

T is based on net section rupture

o 09,
db, —
Y1nb
T 2
0.9(0.78 x * x (16)* x 400)
_ 4
1.25
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Design of Steel Structures

Ty, =45.166 kN 12. Ans: (¢)
Ty is lesser of T, & T Sol: Hanger connection looks like this one
db, db,
[ 7 |
. Tap=43.86 kN i /=
10. Ans: (d)
Sol: Cover plate = 12 mm, d = 16 mm, l
fup = 400 MPa, £y = 240 MPa, In hanger connections bolts experience only
Yo = 1.23, ki = 0.50 tensile stress. Then we clearly taken,
Strength of rivet is equal to the design
.
| 112 mm strength of bolt in tension.
16 mm 0, =0 h ] ;
ng=2 P, =45kN = Design bolt strength
. [12 mm 180KN
s Number of bolts required = =4n0’s
~ A, =2(16)*=201.06 mm> 13.  Ans: (b)
4 : Sol: P =240 kN; Vg = 40 KN; Vo = 50 kN;
Anp = 0.78 x Agp = 156.82 mm T4, = 30 kN; Vb = lesser of Vg, Vaph
f
Vdsb :;b(nnAnb +nsAsb) :L:ﬂ
NER Va, 40
n=6no’s
:ﬂ[0x156.82+2x201.06]
V3x1.25 14. Ans: (b)
=74.29 kN Sol: vl
2.5k, d.tf, ox
Va = [ 116 < 140
¥ b 50 mm
O%
:2'5X0'50X16X16X410=104.96kN 133 |
1.25 -
. Vap=74.29 kN d=20mm, d,=20+2=22m,
Assume force, P =300 kN B =140 mm
P 300 — 4 bol e=15xd, p=2.5xd
n_B__74_29_ olts =15x%x22 =25x%x20
' =33mm =50mm
.. n=2 bolts
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15. Ans: (b)
Sol: P=90kN, t=20 mm,

e=29mm, p=40 mm ;

t; +t, >5d
2+20<5x%x16
32 <80 mm
2.5k, dtf,
Vdpb St M '8
Ymb
~2.5%0.50x16x20x410
1.25
=77.14 kN
Vi :ﬂ[lx156.82+0]
J3x1.25
=28.97 kN

.. No. of bolts, n —i— 3.1 = 4 bolts
28.97

19.

Sol:

20.

Sol:

Ans: (¢)
B=30cm,t=10mm,d= 18 mm
n'=1
Ap=(B-n"dy)t
=3B30-1x2.0)x1
=28.00 cm’

Ans: 362.16

d=20mm, d,=20+2=22mm

fup =410 MPa, f, =400 MPa

fy =240 MPa, k, = 0.53, B=190 mm
t=12 mm or § + 8 mm

n,=2,n,=0
sb

=L 4> =T (20)2=314.15 mm>
4 4

A, =0.78 Asb =245.04 mm’

18. Ans: (¢)
Sol: Tgp> > Tep1 Vi = \/_Ymb ——[n, A, +n A ]
Tan2 > Tan1
An > An =200 15 245.04+0]
0.9A f V3x125
= =90.54 kN
- = , v _ 2.5xk, xdxtxf,
(B-n'd,) +I;ig}t >(B-n'd, )t " Y
_ ~ 2.5x0.53x20x12x410
(B—2d0)+P—Sz}t>(B—do)t 1.25
L 4g =104.34 kKN
Ps?
—2d+4—g> —d - A,=Bxt _ B ndot
P_s2>d =190 x 12 =(190-2 x22) x 12
4g = 2280 mm”’ = 1224 mm*
ps® > 4gd
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f@:éﬂ@@ 5 Design of Steel Structures
oA o _09A,f, Vie = 0. Vasp
A ~ Ty,
Ymo le 3 fub ( A N A )
= n n
:2280><240 :O.9><1224><410 \/g’Ymb n®hab T st Rsb
1.10 1.25
=497.45 kN =517.79 kN f,
=3 L —(2xA, +0)
5 Ve =4 Vg Vic =4 Vapp NER b
=4 %x90.54 =4 x 104.34 £ A
_ _ V. =6 b nb
=362.16 kKN =417.36 kKN de L/g.ymb }
Vdc = Tdn =517.19 kN
Vdc = l’l.Vdpb
2. Ve =362.16 kKN
Loyt A, +nAL)
=1 —=—"—m1.A,, +nA,
21. Ans: (b) NER » F A
Sol: Design strength values = N
Vipb = 1,50,000 N - 3 my
Tgp = 1,80,000 N | | | | .. Vg = 6 times
Ts, = 2,40,000 N N
Vs = 1,60,000 N — 23. Ans: 60%
; : Sol:
_ design sj[rength of bolted (:.onnectlon (V) <100 igl Hlir—n
design strength of solid plate(Tsp ) —
V.o g9 otioo
Vg is lesserof | ** @ fim o o
dpb po ﬂ-T ' ' :
1,50,000
=" x100=62.5% _ '
N 73.40,000 ’ n=2,n"=1
n = 62.5% d=16 mm, d, = 18 mm
fy =250 MPa, f,;, = 400 MPa
22. Ans: (d) p =45 mm
Sol: | | i i
| | | | A, =—d’ ==(16)’=201.06 mm’
| | 4 4
oot A, =0.78A4 = 0.78 x 201.06
IVI oo | | 2
Z 1% 0 = 156.82 mm
% | Mp Vi = f#"[n A, +n_A,]
V | Voo \ \ dsb — n*‘ *nb s *sb
% R R \/g.ymb
% 11900 0 400
/R = [2x156.82+0]=57.94 kN
A J3x1.25
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_ 25xky xdxtxf,

13. Ans: 413.586 kN

SV =
4o Y mb Sol:
_ 2.5><0.50><16><8><410: 52 46 kKN
1.25
SJAg=p xt Ap=(p—n'dyt = >—»(120 mm
=45x8 =@45-1x18)x8
=360 mm® =216 mm’ T—
p A _09A,f,
Todg v dn ™ Yo f, =400 MPa, S =6 mm
360250 0.9%216x410 S h=KxS Ly =200+200+120
110 - 1.25 =0.7%6 =520 mm
= 81.81 kN = 63.76 kN 0.4 mm
5 Ve =4 x Vgpp =4 x 52.46 = 290.84 kN £
Po=L .t x—*——
20.9.Ag.fu :09X45X8X410 dw w tX\/gX’me
N Yol 1.25
=520x%0 42><&=413 58 kN
=106.27 kN : J3x1.25 :
Viae=4 X Vg =4 x 57.94=231.76 kKN
- Tgp=63.76 KN
14. Ans: (a)
V., 63.76 o )
=T 10627 2077 Sol: S=5mm, f, =250 N/mm?, f, =410 MPa
sp ‘
tt=K xS L, =150+ 150+ 150
03. Welded Connections =0.7x5 =450 mm
=3.5mm
12. Ans: (b) S P =L xt, x—
Sol: Size =5 mm, Ly = 100 mm A =2 V3
L t=KxS S Ly=100-2 x5 410
=450x3.5x ——=298.25 kN
=0.7%x5 =90 mm J3x1.25
=0.35
.. Service load = Py _298.25 =198.83 kN
S Area=t;x Ly x1=0.35%x90 1.5
=315 mm?
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Design of Steel Structures

15. Ans: (b)
Sol: S=10mm; f, =250 MPa=f{; f,=410 MPa;

Ymw = 1.25 5 P =270 kN
= fyw
LW: Zj + lj = 2ZJ

fl
P<P, =L, xt x—

NEY.
1

f
= 270x10° = (2x ¢ .)x (k xS) x —"1
(2x L)% ( )ﬁmw

410
3 x1.25

;=101.8 mm = 105 mm

= 270x10° = (2% £,)x (0.7 x10) x

16. Ans: (b)
Sol: L;=300t

£
PW:LWXt X—uXBW
’ CBxy,,

0.2L; 1.2-0.2x300t,

Torque T = 8§ kN-m
=8 x 10° N-mm

Maximum stress in weld q =?

Twisting moment capacity of weld
d
Ty=Poxr=Px

d
= LW ttqz

i nd(ks)q.%

8x10° =nx120x(0.7x6)qu%

q=84.2 N/mm* =~ 85 MPa

B, =12 ~0.8
150t, N 20. Ans: 403 mm
.. Assume 100% Sol:
Paw = Brw x 100 = 0.8 x 100 = 80% Pavie Loy
Reduced by 20%
(80 —-27.)
(o
17. Ans: (b) M
Sol: 22213 \ 4
Piwore 8 mm
P, «— “ —6 mm sz 50 mm =IT
— Shaft
S =5mm, ISA 80 x 50 x 8§ mm
Ay =978 mm*, C,, =27.3 mm
le— Rigid plate
f—> tt=KxS=0.7x5=3.5mm
Tq=Psxr .
Size of weld (S) = 6 mm P < Ty
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AL, 978x250

P =222 kN
Y mo
f
P =Lt x u
dw " t \/gx'Yan
222x10° =L, «35x—0
V3x1.50
L, =402.42 mm
24. Ans: (¢)
Sol: L, =200 mm, t. = 16 mm, f;, =250 MPa
L, xt, xf,
~ T, =—
Y row
~ 200x16x250
1.25
=640 kN

04. Eccentric Connections

05. Ans: (d)
Sol: P=10kN, e=100 mm,
d =10 mm of 4 bolts
P 10

F,=—=—=25kN
n

M=Pe=10x 100 = 1000 kNm
r=+40%>+30% =50 mm
Mr 1000 x50

P P
Fx=1220, Fy=-2=10_25kN
n n 4
1000x30
2 X = 2 2
4%x40° +4x%x30
_1000x40
2 = 45407 1 4x30°

. F =/(Fx+F,x)* +(Fy+Fy)’

=3 kN

=4 kN

= J(0+3)> +(2.5+4)* =7.15kN

06. Ans: (¢)
Sol: B =150 mm, x =80 mm, y = 60 mm

r=4/x?+y? =/80% + 60> =100 mm

PP
n 4
g Mr Px150x100x2
B 2 = 2 2
2x°+2y"  4x80° +4x60
_15><103><P
40x10°
3P
4

Fy = F2 + F + 2F,F, cosf = |F?

%)

3P
FR = T
07. Ans: (b)

Sol: ¢e=150 mm

F,=—F—>-= —————=5kN
XX +2y° 4x40° +30° x4 M=150xP—-150xP=0
P 2P P
<. Fy =/F2 +F? +2FF, cos 6 R=—=7=3
= 2,57 +5% +2x2.5x 5xcos(4/5) F,=0
=749 kN “F =y F =2
2
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08. Ans: 156.20 F;=25kN
Sol: An eccentric load may be replaced by set of Force in rivet 1 due to twisting moment
one direct concentric load (p) and in plane _ M,
moment (M) s
M=p.e M =P[150] kKN-mm
= (100) (600)

Force in each bolt due to direct concentric N

load (F,) A ’@‘ )

5
F =E=%=20kN <

a
n

Force in critical bolt due to moment (F,)

_ per
2
r S em 542 cm
CMr_ 6x10*x7542 &

= = 5
I 4x(7542) +0 -
_ 6x10° x75v2
4x75° x2 o 10115050 _; o0
= 141.42 kN 4x[s0]
Maximum Resultant force in critical bolt 1 Resultant force F, = \/F12 +F2 + 2EF,Cos0
and 2 1s
— 0 =135°
Frmax = \/Fm + Fa + 2FaFm cos Fr =5.99 kN

=J(141.42)2+(2o)2+2x20x(141~42)x(%j 11. Ans: (d)

=156.20 kN Sol:

09. Ans: 6 kN
Sol: Givenload P =10 kN

Eccentricity = 150 mm

Number of rivets =4

. . . P = = = ind =
Force in rivet 1 due to direct loading = — n =06, P, =250 kN, cos0 = 4/5, sin0 = 3/5
If all bolts are subjected to
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Tension p2 p2 |
+ =
Tb:B:P“COSG:250X4=33.33kN 16x2x900 16x2x1600
n 6 6x5 P=135.76 kN
v, = P _ P sin©O _ 250x3 _ 25 kKN The maximum design load applied can be
n 6 65 on the joint is 135.76 kN
12. Ans: (d) 15. Ans: 147.98
Sol: — Sol: f=120 MPa, q =50 MPa
' | o f, =4f2 43¢
- > P cos 45°
LHE IZASHENNN ) BN = /120 +3(50)’
) XK ) = 147.98 MPa
"P sin 45> 6P
17. Ans: 66
Design shear strength of bolt Vg, = 30 kN | gg]: N Psin60°
Design tensile strength of bolt Tq, =40 kN : 400 mm 6PO°P . 60°
h of S5 sin
Factored shear force in any bolt due to °© {:? ° Iloo mm
vertical component of 6P o ! © iSO
V_Pcos 45° P r§5|
b= = 2
4 i
4\/5 200 mm
Factored tensile force in any bolt due to
vertical component of 6P P, =P cos 60°, Py =P sin 60°
T. = P sin 45° P sin 45° B =400 mm
b= =
n 4 P, Pcos60°
SFEx="F=——7-—
_ P n 5
42 _P
5 5 10
(_b] +(L] <10 by B Psin60” _ 3P
de db Y= n B 5 B 10
P 1Y P 17T M = P sin 60° x 400 — P cos60° x 100
x— | + x—| <1.0
42 30 42 40 =296.41 P
5IxE+ 2y =4 x 50 + 4 x 507
= 20000 mm
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M, 296.41P x 50
S Ex =

Texi4+y? 20000

Fp = \/(le + sz)z +(Ey+ FzY)z

=(0.74P

()] o[ a0]

=+/70.56P% +0.83P> = 1.24P
- As, Vg =82 kN
1.24P =82
82
T 124
P =66.12 kN

18. Ans: (b)

Sol: P
300 mm

P=60 mm, e =300 mm,n"=?
Va, =40 kN, P =150 kN

. 6M
n-=
VmPde
_ /6><150><3OO
2x60x40

n' =7.5 =~ § bolts

05. Tension Members

02.
Sol:

Ans: 1015
SoA=(x—t/2 —do)t

=(IOO—%—2OJ><IO

=750 mm?

Ago = (y - t/2)t

=(75—2Jx10
2

= 700 mm?

3, 16 mm¢

ISA 100 x 75 x 10 mm

v ] 10 mm
75 mm

dy=16+2+2=20mm

An=Anc + Ago
=750 + 700
= 1450 mm*
SCAR = o x A,
=0.7 x 1450

= 1015 mm?

03.
Sol:

Ans: (¢)
For ISA 100 x 100 x 10 mm
x =100 mm, y =100 mm, t= 10 mm
SAg= (XUt (y—t/2) t
= (100 -10/2) x 10 + (100-10/2) x 10
= 1900 mm’

ace
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04. Ans: 846 mm’ & 186 mm> Possible failure sections are
Sol: d, =18 mm, g=60 mm, t=10 mm, e 1-2-3-4
ISA 100 x 75 x 6 mm o 1-2-6-7
!
e 1-2-6-3-4
(A =1010 mm?)
A, along section 1-2—-3—4
L =240 mm
7rl: A An :[B_ndo]xt
2 =[300 - 2x25]x10 = 2500 mm’
mm
A, along section 1-2—6-7
L1 VA WA WA WA WA W W ¥\ P2t
A, =(B-nd, )t+-1—
A,=Lxt 48
= 2
240 %6 = (300-2x25)x10+ 22X 19
= 1440 mm* 4x100
Aum=(L—do)t =2562.5 mm’
= (240 - 52>< 18-18/2) x6 A, along section 1-2—6-3—4
= 846 mm
P’t. Pt
Aeg=bxt A, =(B<nd 41—y 2
€ 40 % 6 4g,  4g,
= X
2 2
=240 mm’ _ (300—3x25)x104 20 10 50710
tn = - ) _ 2
— (40— 18/2) x 6 S0 AL =2375 mm
— 186 mm> Hence Critical sectional area A,= 2375 mm?
05. Ans: (b) | 06. Ans: (b)
Sol: | Hole dia =25 mm Sol: B=300mm, do=20+2=22mm,
50 ) (:9 E E t=6 mm
100 | é X §6 Apy234= (B —n' do)t
"'\@? """" P =(300-2x22)x6
10 @ ! = 1536 mm*
>0 i i 7 A —| 00— 3x22)+ 82|«
; : n)l-2-5-6-7 4 x 70
gt = 1481.22 mm’
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©&ACE 13
2 09A f A, f
Aysssaon = (300—4x22)+ 3x007 | 6 © Td =-—2tetu g iy
4X 70 Ylnl Ymo
— 2
= 1503.42 mm _0.9%x474x410  1.02x 432250
<. Apymin = 1481.22 mm” - 1.25 1.10
=240.07 kN
10. Ans: 198.73 kN A f, 0 9A T,
Sol: ISA 100 x 75 x 6 mm; t= 10 mm, Ty, = 7
ymo le
fy =250 MPa, f, =410 MPa, Lc =200 mm
1440%x 250 0.9x186x410
— = +
| V3x1.10 1.25
= 243.85 kN
100 mm T _O9A f, A fu
db, —
\/_’le mO
. ) 6 mm _O.9><84.6><410+240><250
"B 3 x1.25 1.10
=198.73 kN
A f .. Tq=198.73 kN
- ng — gy
ym,
06. Compression Members
1019x230_ 559 54 kN
1.10
S A= (X—t2—do) t 03. Ans: (c)
= (100 — 6/2 — 18) x 6 = 474 mm” Sol: g c
Agp=(y—-t/2)t L
= (75— 6/2) x6 = 432 mm”
L
SLby=wtwy -t
=75+60—-6=129 mm A
w f, b -
. B=1.40-0.076] —x L x—
P { t f L, M6
s 250 199 Hinged | X | ¥ | IL
=1.40-0.076| — x —x —— 1o
[6 410 200} Rigid N N L
Fixed | ¥ | X |0.8L
=10.0246
AB=08L<L<L
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05. Ans: (b) 08. Ans: (¢)
Sol: y _I_Y Sol: 1, =40 mm, ry, =10 mm, Ly =1.2 m,
| Ly=1m, A =120
' ISA 100 x 100 x 10 y > max
— || —
5 o, _(KL), 12xL,
7 -%---11 T --------- 4 . max rzz - 40
v E 120:1.2XLZZ
Y
Symmetric w.r.t yy axis L, = 4000 mm =4 m
A = 1903 mm’ (KL),,
I, = I,y = 177x10" mm* S
2
1, =21, +Az*) XL
.. 120 = =
Gusset plates one at joint member only. 10
_ 4
I, =21,=2x177x10 Lyy = 1200 mm = 1.2 m
=354 % 10" mm* LS 4m
Imin: 2 % IZZ
1, 09./ Ans: (¢)
Tin = A Sol: KL = effective length
2 2 K = effective length constant
_\/2><177><10 _\/354><10
2x1903 3806

=30.49 mm =~ 30.5 mm

07. Ans: (d)

Sol: L=3m, ryj, =51.8 mm

(&J =200
r

L
d

max RL _1xJ0%0 Radius of gyration, 1, = \/I
I 51.8 win A
=57.92 TS ) 4
64 nd’
_|d* d
V16 4
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) 21. Ans:
RL_IY 200 (k=1 ms: (€)
Twn 4 Sol: P =1000kN, S =500 mm, S; =250 mm,
4 V=2
ﬁ = @ =50 BM =?
4 -~ V=2.5%P
2.5
12. Ans: (d) V= 100> 1000
Sol: Square 300 mm x 300 mm, Iy, = 10 mm, V =25kN
C=? o VC _25x500
Amax built up column = 40 B NS  2x250
5 0.7 X Amax = 0.7 x 40 = 25kN
£ 08 L BM=—C
10 2N
C =280 mm _ 25x500
2x2
=3125 N.mm

16. Ans: (d)

Sol: 0 =45°
Service load = 1000 kN
Factored load = 1.5x1000 = 1500 kN
V =2.5% of factored column load

A=1
[f, [250
2.5 foo k= 2= =050
V=100"F f. V1000

22. Ans: (d)
Sol: P =1000 MPa, f, =250 MPa, by = 250 mm,

tr=15 mm

00
2.5
=27 %1500=37.50 kKN 23. Ans: 69.52 mm
100
Sol: y
17. Ans: (d) o
Sol: F=? .
_ vV _ 315 I ) R ... oo
Nsin6® 2xsin45° '
=26.51 kN 30 mm
) 30d mm o
Y
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A =300 x 30+ 20 x 500 + 300 x 30 07. Column Bases & Column Splices
= 28000 mm’
3 3
o1, = 300307y |, 20X500° 04. Ans: (d)
12 12
Sol: .
3 ) J'b
P 300x% 30 + 28000 220 500 30 +20><500_ s
12 2 2 12 -
(=]
— 4142.83 x 10° mm”* “| | 1000
I :230xﬂm3_+ﬂMX2m w0
W 12 12
=135.33 x 10° mm*

WL > 1y
.. Column will buckle about y-y axis
Lnin = 135.33 x 10° mm*

6
. / _ [135.33x10° _ g0y
28000

24. Ans: (b)
Sol: by = 90 mm
h =300 mm i

I, = 118.1 mm
Iy = 26.1 mm
Cyy =23.6 mm

S=21/GZZ—G§Y -C,,
=2+118.17 =26.1> —=2x23.6 = 183.15 mm

1000

A=1m?%B xL=300x 300 mm,
P =2000 kN, t="?

3
P 2000x10 MPa
L><B IOOOXIOOO
| 1000=300 2350 mm = b

—03b,,

i’ t:\/&[a2
fy

=J25X2bﬂf—033ﬂﬁk110

250
=43.43 mm
05. Ans: (¢)
Sol: f,, =410 MPa, d =20 mm, f.c =20 MPa

From IS : 456 — 2000

Bearing strength = 0.45 fx
=0.45x 20
=9 N/mm’
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Design of Steel Structures

06. Ans: (b) o 275w
Sol: P, =2000 kN, t=16 mm, f,
B x L =650 mm x 420 mm W P
.. q < bearing strength of concrete LxB
P . IfareaT, the W{ then t{ but here area
» <045f, — same
2000x10° fW
—— <045 f — i
650 % 420 ok So P = constant for all options
7.32 <0.45 fix - tac
fox 2 16.26 MPa Gusset plate to be provided along full width
Minimum grade of concrete required is M20 of base plate cantilever projection is
available along length of base plate
07. Ans: (d) direction
Sol: P, =2000 kN, fox =20 MPa
.. Bearing strength = 0.45 fox 600 —140
a) c=——=230mm
=0.45 x 20
W =9 N/mm? 5 600 N
.. w<9MPa T +
C
P
— <9 MPa
LxB 1 4{ 600
2000x10° 5
L2 B 400 !
L=471.40 mm =47.14 cm N
600 —400
08. Ans:(b) b) ¢=——— =100mm
. q
Sol: '\ /‘ 140
e
L
P 600 400
YT LB 1% \
L2 hA C
|« »
—— B — - 600mm
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0 c= 500-140 180 mm 03. Ans: (d)
Sol: ISMB 125, h =125 mm,
l—400 mm__,| Z.=71.8 x 10° mm’, f, = 250 MPa
c T Z,=81.85 x 10° mm’
140 m 500 mm For semi compact section
z : ’
| LBy = fe = B0 _ge99s
- - Z, 81.85x10
700 mm M, = B,-Z, £,
700 — 400 ¥ mo
4 c= = 150 mm | 0.8722x81.85x10° x 250
700 1.10
e "o =16.22 kN-m
]
09. Ans: (b)
140 500 6 3
Sol: By, =1, Zp=3.94 x 10" mm’, f;, = 250 MPa,
T M. = 16866 x 10° N-mm
3 2 “31,.Z]).fy
08. Beams M.,
1% 3.94x10°% 250
= =0.2416
02. Ans: 669.201 \/ 16866 x10°
Sol: ISMB 500 :h = 500 mm, f,,, =250 MPa,
£ =410 MPa 10. Ans: (a)
' Sol: Z. =500 cm’, Zp = 650 cm’
Ymo = 1.10, ty = 10.2 mm, 0 o, Lo om
Laterally unrestrained beam semi compact
tr=17.2 mm, vq=? )
section
AV =h x tw . . .
Design bending compressive stress
=500 x 10.3 fiy = 200 MPa
— 5100 mm The flexural (or) bending strength
f
SV =A x i My = By Lp. foa
V3, z
=—=Z 1y
250 Zy
=5100x —— 5 .
V3x1.10 =500x10° x 200 =100x10° N-mm
=669.20 kKN Mg =100 kN-m
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13. Ans: (b) 09. Plate Girders
Sol: =140 MPa, 5, < L
480 13. Ans: (b)
BM = ﬂ Sol:
4 |
3 . '
But, 6, = WL i H :
48E1 . '
5 Y : "/
WL L Y : L) t,=10mm
= — X T + T
4 12EI i . '
L2 | H i
= X : :
12EI ¢ " »
20, T 20t, :
As, M = t : :
Iy
M:fxl .. A. =2 x area of flat + (40 ty) ty
y = (2 x 100 x 5) + (40 x 10) x 10
s cix Ly L = 5000 mm’
o y 12EI
L f I° 14. Ans: (a)
— = —X
480 y 12E Sol:
80 kN/m
1 _ f y L
480 (h/2) 12E ~
1 _ L
480 6Eh
| 140x L L=25m, k=200, f, =250 MPa , t, = ?
480 6x2x10°xh 2
b .. BM = WL
f =0.056 8
2
_80x25 _ 6350 kN-m
Self weight of welded plate girder
~w _wxL 80x25x1.5
400 400 400
=7.5kN/m
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11. Roof Trusses

[
o N,
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2
. BM =k
8
_ (80+7.5)x25°
8
= 6640.62 kN-m
0.33
e (MK]
f

y

(6640.62 X 200)“3

- 250
=17.12 mm
o4
tW
200 — 17.44
tw = 8.72 mm
tw ~ 10 mm

10. Gantry Girders

01. Ans: (a)
Sol:

01. Ans: (d)
Sol: Rigidity due to weld connections

= Rigidity will be there top chord member

bottom chord member.

Fa

Purlins if placed of intermediate section then

cause secondary stresses

02. ‘Ans: (a)
Sol:
y

q y
301 Mcos30

vM
By

MXX:MCOSO(6=3OO) =

: M
Myy = Msme:?

Iyy = (Iyy of ISWB + Izz channel)
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