CIVIL ENGINEERING
STEEL STRUCTURES

Volume-1 : Study Material with Classroom Practice Questions




Design of Steel Structures

Solutions for Volume : I Classroom Practice Questions

Chapter- 2 Sol:
Riveted Connections )

D o 06. Ans: (43.29)

(Class Room Practice Questions) ' | T T 12 mJ;n %»p
T 1

01. Ans: 60%

Sol: n = p-d %100 Nominal dia of rivet (¢) = 16 mm

p For field Rivets permissible shear stress in
Pmin = 2.5¢ Rivet .
d=¢+1.5 Tyr= 90 MPa
_2.50-¢ <100 Bearing stress in Rivet 6,¢ =270 MPa
2.5¢ Rivet value
1.5 R, = lesser of Py & Py,
=ﬁx100 ¢ =16 mm (¢ <25 mm)
n = 60% d=¢+1.5=17.5 mm

P =2x%(d)2xrvf

05. Ans: (b) pe (5](17.5)2 %90
Sol: ISA 50 x 50 x 6 4
t=5mm P,=4329x 10°N
d=16 mm =43.29 kN
Oopt = 250 MPa Bearing strength of one rivet
P, =d x t X Oy Py=d x tx oy
=16 x5 x 250 t = thickness of main thinner plate
=20 kN (or) sum of cover plates thickness,

which ever is minimum in cause of a

butt joint
t (MP) =12 mm
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t(cptcp)=8+8=16mm
(cp*+cp) ( Design of Simple bolted connection )
P,=17.5x 12 x 270
P,=56.7 kN
R, = lesser of Py & Py, 03. Ans: (d)
R, = 43.29 kN Sol: f, = 400 N/mm?
f,=0.6 f,
07. Ans: (d) = 0.6 x 400
T = 240 N/mm’
Sol: P, :2><Z(d) xT ., =80kN
P ="dxt,, =40kN 0S. Ans: (d)
4 Sol:
P,=40kN, P,=60kN, P,=70kN Z I v 77N
b t ¥ o |E¢_%_% |
L P _P 200 %7
_RV_PS_40_ / 7 7 / /14
4 HH :
T @) o) O i1+ O O O_L,
. @ o O 111 0O O O
10. Ans: (d) 10 o o ::i O O O
Sol: Minimum pitch of rivets in compression o o O i1 0O O O
zone v i d ( I le AL)
S :— nn il +n
12tmm) AN © oy, "
whichever is minimum
200mm n, (0r) ny
=3x2=6
t=10 mm 06. Ans: (b)
12t=12x10=120
) 500 mm} whichever is minimum | Sol: P =240 kN; Vg4 =40 kN; Vgp, = 50 kN;
mm Tdb =30 kN; de = lesser Odesb, Vdpb
P 240
Pitch = 120 mm n_V_db_E
n=6no’s
07. Ans: (d)
Sol: Tensile force in each bolt due to P, cosO
1, = Pucos® 250 4 43351
n 6 5
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Shear force in each bolt due to P, sinf 09. Ans: (¢)
i Sol: Hanger connection looks like this one
Vb:P““ne:z—ZOx%:zskN 8
n
— T
08. Ans: (d)
Sol:
GSYF [« Mlébolt l
NSRE In hanger connections bolts experience only
tensile stress. Then we clearly taken,
For Mg bolt d = 16 mm Strength of rivet is equal to the design
For Grade 4.6;  f,, =400 MPa strength of bolt in tension.
fyp = 240 MPa P,, = 45kN = Design bolt strength
Design tensile strength of bolt Tqy, = ? 180kN
. . Number of bolts required = =4n0’s
Tab 1s based on Gross section 45kN
_ Aty 10. Ans: (b)
db, —
¥ mo Sol: Design strength values | [ ] I
Ex(l6)2x240 Vdpb= I,S0,000N | I |
T, = 4 Tgp = 1,80,000 N L
1 1.1

: Tep = 2,40,000 N
=43.86 x 10° N = 43.86 kN Vi = 1.60,000 N

T is based on net section rupture

T,, = 09A ptw _ designstrength of bolted connection (V) <100
Vb " designstrength of solid plate(Tsp )
0.9(0.78 x g x (16)* x 400)
= . Vdsp Tdb
1.25 V. 1s lesser of
dpb po
Ty, =45.166 kN
1,50,000 B
Tay is lesser of T,, &T,, M =2 20,000 100=62.5%

s Tap=43.86 kN n=62.5%
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Chapter- 3
Welded Connections

07. Ans: (20)
Sol: Permissible stress in the wield are reduced by
20% when the welding is done in the field.

08. Ans: (d)
Sol: — 80mm j—

[/ /1117 _l_

‘_‘ """""""" AR

/7777777 T

T, = 110 N/mm°

Working stress method =

S =8 mm,

P,=Ly Xt X Tor [.t=0.7%x8S
=0.7 x 8]
Lw = Effective length of fillet weld
= (80+80+60) x (0.7 x 8) x 110

=135kN

09. Ans: (a)

Sol: Taper 1 in 15

(on both faces)

[ Y |

150 mm

o
O

Single “V’ butt weld

Given data:
Permissible tensile stress in the plate
Gat = 150 MPa

What is maximum tension P =?

We can allow Maximum tension load up to

strength of butt weld

= Axial strength of butt weld
P=T, = ly.t..0u

[." In case of single ‘V’ butt weld

th
te = ?thickness of thinner member in case

of single V]
=150><§><12><150
=168.78 x 10°N
P=168.75 kN
10. Ans: (b)
Sol:
P, <« = —6 mm
“ — Shaft
l¢— Rigid plate
f—
Td=PS><l’

Size of weld (S) = 6 mm
Torque T =8 kN-m
=8 x 10° N-mm

Maximum stress in weld q =?

Twisting moment capacity of weld
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T.=P.x1= P x Strength of plate=[ 50 x 8] x150 N
4= Psxr= =
=60 kN
—L.t.q d Then before the failure of weld joint plate
wert e
2 fails.
T= nd(ks)q'ﬂ The permissible load allowable = 60 kN
2
6 _ 120 o)
8x10° = x120%(0.7%x6)xqx 5 Chapter- 4
5 Eccentric Connections
q=84.2 N/mm~ ~ 85 MPa
11. Ans: (b)
Sol: 02. Ans: (a)
S=10mm;  f, =250 Mpa = fu; fy = 410 Mpa; Sol:r=Max (1,3,4 & 6) 0 =min (1)
Yme =125;  P=270kN Hence critical bolt is Bolt No. 1
S Ly=1i+ =2l 03. Ans: (b)
£! Sol:
PSPdw:wattx 4 2 %
V3o Vo) (L) o
270x10° = (2x ¢ kxS f, Yo [ ]
= X =(2x/l.)x(kxS)x 4
( J) ( ) ﬁ N X2+y2:r2 (r: 1)
410 It is circle equation
= 270x10° = (2x£,)x (0.7x10) x ————
J3x1.25
04. Ans: (¢)
lj=101.8 mm = 105 mm
Sol:
P P(e)
12. Ans: 60 5 5
Sol: Throat thickness = 0.7x 6 mm o + O ’ i ]\f
_ © © F = F, = ok
=4.2 mm “n xr
Effective length of weld = 100 + 100 +50
ective length of we . (1) F,oc 1 (2) Fpoc t
(3)F.<0.5Vg (@) Fyu<r

Permissible stress in the weld = 150 MPa
Strength of weld = (4.2x250] x150 N
=115.5kN
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05. Ans: 5.99
Sol: Given load P=10 kN
Eccentricity = 150 mm

Number of rivets =4

Force in rivet 1 due to direct loading = %

F;=25kN
Force in rivet 1 due to twisting moment
_ Mr,
o2

M = P[150] kN-mm
10 cm

:
__ _.
EX @

cm& oo &
2
5 cm

[10]x150x 50 o] x 150 % 50
F2 [ ]2
Resultant force F, = \/ F’ +F; +2FF,Cos0

0 =135°
FR =599 kN

=75kN

06. Ans: (¢)
Sol: Design shear stress Vg, =20 kN
Design tensile capacity t,g = 15 kN

1/ 150 mm P WT{/V‘
I L_.
[XXXX] e o
120 m{
[¢] Q
| J>(|

b

1) P — cause shear force in bolt= P/ 8n.
2)M=Pxe=Px 150

= 150P kN — mm.
P P
Vo= —=—
° n 4
M_f
I vy
M
==
(ij
Tb:f.A:¥yA

Ixx =[lcc + Ag 14
4
| ™4 A(60)" |4
64
because it is very smaller than (60%) A.
=14400 A mm*

Tb=¥XyXA
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Steel Structures

= 150P x60x A 22
14400 A 8

Interaction formula
v.Y (T.Y
(_b] [_] <10
de Tdb
2 2
:(EXLJ +(£xi) <1.0
4 20 8 15
2 2
i + 1 <1.0
&0 24

07. Ans: 156.20
Sol: An eccentric load may be replaced by set of
one direct concentric load (p) and in plane
moment (M)
M=p.e
= (100) (600)
=6 x10* kKN-mm
Force in each bolt due to direct concentric
load (F,)

100

F =2 _o0kN

“ n
Force in critical bolt due to moment (Fy,)

_ per

2
r

CMr 6x10*x75¢2
2 4x(75v2) +0
_ 6x10°x75¢2
4x75% x2
= 141.42 kN

Maximum Resultant force in critical bolt 1

and 2 is

Freax =/ F2 +F2 +2F,F, cosf

- J(141.42)2 +(20) +2X20X(l41'42)x(%j

=156.20 kN
08. Ans: 20 kN

10. Ans: (d)
Sol:

I T |

\u
l;l \Q|

Psin45e 6P
Design shear strength of bolt Vg, = 30 kN
Design tensile strength of bolt T4, =40 kN

> P cos 45°

Factored shear force in any bolt due to
vertical component of 6P
Pcos 45° P

4 4N

Factored tensile force in any bolt due to

Vb:

vertical component of 6P

P sin 45° _ Psin 45°

Ty, = =
b n 4

P
4\/5

(M 30] +[4f 40}2 =
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P2 P2 . A, =775 mm’
+ =
16x2x900  16x2x1600 Ay=950 mm’
P=135.76 kN Anet = A1+ A2Ky
The maximum design load applied can be on 3A, 3x775 — 0.709

the joint is 135.76 kN

11. Ans: 173.21 MPa
Sol: Equivalent stress of q;& qz act on the fillet

weld is f,

fe = \/3(qlcal )2 + (qZCal )2

= 3% (50)° +(150)°
—173.21 MPa

Tension Members

U Chapter- 5

01. Ans: 240
Sol: f, =400 MPa
Permissible tensile stress (G,) = 0.6 x f
=0.6 x 400
Ga = 240 MPa

02. Ans: (d)

Sol:
ISA 100 x 100 x 10
¥

ISA =100 x 100 x 10

1

T3A 1A, (3x775+950)
K; = Reduction factor = 0.709
Anet = A1 + Ay x K|

=(2 x 775) + (2 x 950) x 0.709
Anet = 2899 mm”

03. Ans: (¢)
Sol:
P+ OXd —»P P A p
P (N
Fig. 1 |<—P’|
Fig.2
Pt = Anet x Gat
(ca= 0.6 £ 1s same (1) & (2))
Proc Apet
P(t)z > Pt(l)
Anet(2) > Anet(l)
P’t

(B=2d)t+— > (B-d)t
4g

2
Bt—2dt+E>Bt—dt
4g
2
Cdt—dt+ Tt gt
4g

Pt
—>dt
4g

— p? >4gd
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04. Ans: (d) 07. Ans: (¢)

Sol: ISA: 100 x 100 x 10 Sol:
o= 150 N/mm? (a)
Nominal dia of rivet ¢ =20 mm
Tracking bolted
T Apet = A1+Asky
0o00O0 ooi
(7)) ; T ®
Grossdia (d)=¢ + 1.5
=21.5mm ((I) =20 mm) Anet = A +AKy

Safe tensile strength = (Py) = Apet X Gat

Anei= A1+ AsK, ©
Ar=(x—d—t2)t
q
~(100-21.5— %) 10

Ane= Ag— Area of rivet hole

C.G Tacking bolted
e=0,M=0

=735 mm®
Ar=(y—-t/2)t i
0 (d)
= (100 ——)10
2 ™
=950 mm®
K __ A 3xT735
'U3A +A, 3x735+950 An= ArtAsk,
K1:O.70 K_ 3A1 ' K ~ 5A1
Anet = A1+ AKy PT3A A, 2 SA +A,
=735+ 950 x 0.70 = 1400 mm’
Pt = Anet X Ogat
Pi= Ape X Gar = 1400 x 1
7 A o = 1400130 w(@) = w(b) = w(e) = w(d)
P,=210kN
‘ A(c)net > Anet (@)~ Anet (b) = Anet (d)

" Pye>Pia) > Pip) = Proa
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08. Ans: (¢) o 1-2-6-3-4
Sol: 1y, =200 mm A, along section 1-2-3—4
Slenderness ratio of trial section < Ajimie A = [B —nd ]x t
Lo < 350 =[300-2x25]x10 =2500 mm*
rmin
( <350xr. A, along section 1-2—6-7
Pt
(. <350x6' A, =(B-nd, )t+-1—
4g,
l o <2100 mm (or) < 7.0 m 502 x 10
X
_ =(300—-2x25)x10+
f opax=2.10m ( ) 4 %100
=2562.5 mm’
09. Ans: 40 y
A, along section 1-2—6-3—4
Sol: N2 X RV =1.40 Tz 2 2
Pt Pt
= 40% A, =(B-nd, )t+1—+-2-
3 4g, 4g,
2 2
_ (300-3x25)x104+ 2210 507x10
4%x100 4x100
5 Ap=2375 mm’
Hence Critical sectional area A= 2375 mm®
L 9
Chapter- 6
11. Ans: (b) Compression Members
Sol: Hole dia =25 mm
1, . S
50 o 1! 01. Ans: 50
100 RN Sol: KL = effective length
____:____:__\_(.>6 ________ p .
0 e K = effective length constant
o3
50 4 i 7
| 40 50

Possible failure sections are
e [1-2-3-4
e 1-2-6-7

b
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4 4
Radlus Ofgyratlon, rmin — l — \/2)(177)(10 _ \/354)(10
A 2x1903 3806
_ nd* LA =30.49 mm =~ 30.5 mm
64 nd?
_d® d 07. Ans: 37.5
16 4 Sol: Service load = 1000 kN
_LZI.OE 200 (k=1 Factored load = 1.5x1000
Tn 4 = 1500 kN
4 V = 2.5% of factored column load
¢ 200
E = T =50 V= 2 xP
100
2.5
Sol: . v 08. Ans: (d)
H Sol: Force in lacing member
I ISA 100 x 100 x 10
— >
: Nsin 6
2T Z 375
; ~ 2xsin45’
Yoz L (. N =2 for single lacing system)
Y
= 26.52 kN
Symmetric w.r.t yy axis
A =1903 mm’ 09. Ans: (b)
I, =1, =177x10* mm* Sol: !
Iyy :2(Iyy +AZZ) 0
Gusset plates one at joint member only. %
L
1,,=21_=2x177 x 10*
=354 x 10* mm* B
Imin: 2 x IZZ L_"_ 777
—=0.707L~0.80L
e o |tz V2
min A
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10. Ans: (d) w =9.0 N/mm?;
Sol: te=11.6 mm , by= 250 mm
AN D =300 mm
'y +b
x /4_a_>
||
21 |8
L4 R
Skin buckling ;M
* v 300 mm N
9 ) [e——— L=500 —
Chapter- 7 j oo
Column Bases & Column Splices
500—-300
B A
02. Ans: 9
. : a=100
Sol: Bearing strength of concrete is 0.45 fox
fu = 20 Mpa b= w
=0.45 x 20 = 9 N/mm®
b =100
2 2
03. Ans: (b) . =\/2.5><9><(100 —0.3x100%)x1.10
) 250

Sol: We know that allowable bearing strength of

factoredload(P)
area of baseslab

concrete =

Here maximum bearing strength is 0.45 fo

3
- 0.45 fy = 2000x10°
650x 420

fuc=16.28

.. Minimum grade of concrete required is M20

04. Ans: 26.3
2 2
Sol: 1 = \/2.5w(a 0.3b% )y, -

f

y

=26.3 mm> t;=11.6mm

05. Ans: (b)
Sol:
N /
L
P
W= L X B l/ \

k——— B ——
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(=c |2Pw 0 =014 iehmm
f
y
P fe—400 mm__,|
 LxB c
. IfareaT, the Wi then tl but here area 140 m 500 mm
= same
- |
So |— = constant for all options e »
fy 720 mm
Stoac £
_ : @ c=2207%90 160 mm
Gusset plate to be provided along full width
of base plate cantilever projection 1is . 720 N
available along length of base plate T T
C
direction
_ 500
Q) o= 600 —-140 230mm 1401
400
5 600 g 1
. I’ 7'y
06. Ans: (d)
1401 600 Sol: P
, I
400 ! v
— M
by 600400 oo :
140 : .
- ool WL
x : e
6Pe 6g : fB
600 400 B e
fBZ
A Y
< N
' 600mm
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Bending stress M = Pe2 - 6P§ Ma = Bo Zp- foa
Z BL* BL 7
=——<7Z.f
6 Zp p-bd
. P | 6Pe 3 p
Combined stress =—— =+ — =500x10"x200=100x10" N-mm
Mgy = 100 kN-m
_ P fe
LB L
\ , 09. Ans: 669.2
zzlzﬁx(i)zi M /B | Sol:  ISMB=500, h=500mm
y 12 (L) &6
BIL? L f, =250 N/mm?,  shear stress = —&
== V3
.. Zero at one end compression at other end. fu =410 MPa, - ymo = 110, ymi =1.25
P Design shear strength = (V4) = Design shear
stress x shear area
f
= x(ht,)
M \/E’YmO
, , _ (500x10.2)x250 _ 66920 kN
\/5 x1.1
/ﬂ’ﬂ/ﬂ/ﬂ) o
gp P [, 6Pe Chapter- 10
B 1Bl L Gantry Girders
%)
01. Ans:
Chapter- 8 ns: (a)
Beams Sol:
y
08. Ans: 100 LT ;i

Z.= 500 cm’, Zp = 650 cm’

Laterally unrestrained beam semi compact

Sol:

section

Design bending compressive stress f,g = 200
MPa

The flexural (or) bending strength

Iyy = (Iyy of ISWB + Izz channel)
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