, compulsorily draw diagonal cross lines on the remaining blank pages. )
fication, appeal to cvaluator and /or equations written eg, 42+8 = 50, will be treated as malpractice.

Any revealing of identi

-

Important Note : 1. On completing your answers
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Sixth Semester B.E. Degree Exammaﬂon, July/August 2022
Design of Steel Struci:ural Elements

Time: 3 hrs. Max. Marks: 100

Note: 1. Answer any FIVE full questmns, bf ioosing ONE full question from each module.
2. Use of IS 800-2007, steel. iaB[e is permitted.

P
* 14 Module-1

1 a. What are the advantages qn}i disadvantages of steel structures? (10 Marks)

b. Distinguish between w, lhg stress design and llmlt state design of steel structurcs.
‘50{3, (10 Marks)

.y :
OR r~'f,..”‘ 8,
2 a. Calculate the sha f;i&iffactor of triangle. e (10 Marks)
b. Calculate M‘ f]i the continuous beam shoWn in Fig.Q2(b). Take load factor 1.5.
¢l : ;zom ™M
f\’ ‘?%3;. A-OM ” [ Q
":”9"\' '
L4 i

&, (10 Marks)

3 a. Explain the failure ofes of bolted connectjc (10 Marks)
b. Design a boltedﬁg tion for a lap Jomt of plate thickness 16 mm and 12 mm to carry a

factored load ofd@O kN. Use M ¢ andA 6 grade bolts. i (10 Marks)
& o
% OR e
4 a. What q%he’ advantages and ;ﬂsadvantages of welded connection? (10 Marks)

b. A tie m&fnber of Truss coqﬁlsm‘ﬁ of angle section ISA 65 x 65 x 6 mm of Fe 410 grade is
welde’d to 8 mm gusset Elafb‘?“Demgn a weld to; transmlt a factored load of 150 kN. (10 Marks)

& *‘ 4
zm‘%g Module—3

5 xplain the faﬂur@%'gfdés of axial loaded column. (10 Marks)
b. Determine the ch§ comprcsswe ngth of ISHB300@576.8 N/m, Length of column is
3.5 m and bothf e?)ds are pinned. (10 Marks)
l""‘.n:.l }“
4 4 OR
6 Design a single angle dlscojﬁlnuous strut to carry a factored load of 65 kN. The length of

strut is 3m, between mu:;}sectlon It is connected to 12 mm thick gusset plate by 20 mm
diameter, 4.6 grade bolts (20 Marks)

2y

) *: Module-4

7 a. Explain the factdra cffcctmg strength of tension members.

b. Design a tensipn member to carry factored load of 400 kN connected to shorter |
back. Lc;ggil; of member is 3m.
“ "Wl/

¥
&
Ay

(10 Marks)
eg back to
(10 Marks)

| of 2
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a.

o,
Ay
P 18CVe61
o ﬂnl
Tr ¥
OR o
Explain Lug angles and column splices. ' (10 Marks)
Design slab base for a column made of ISHBZSOQSSG N/m to carry axial working load of
520 kN. The grade of concrete is Mg and grade qﬁstecl Fe 410. (10 Marks)
Moduiel@ ‘ ’
Explain the factors cffcctmg lateral stability of beams. Gt | (10 Marks)
Calculate the load carrying capacity~of laterally restrained snmply supported beam with
ISMBS00@86.9 kg/m section for anfefféctnve span of 5m. s (10 Marks)
2N r;“"f,-q,,j
OR by,

Design a steel beam section for supporting hall for the followmg data:
Clear span = 6.5 m A i

End bearing =200 mm

c/c spacing of beams =3'm
Live load on beams = 12 kN/m’
Dead load = 3 kN/m?

(20 Marks)

20f2
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Solution and Scheme

1.

a.

Slvactural steel gechong are uwgually uged
for copetrachon of buildings , taanzmissiy
lines Q,TC-'TF\(Z(_,J oleo Lind in manufac'fu’lf"”
D'f automotive vemcle , ships etc-
cteel exmibite  desivable  physical prope
ties unith  which it & one O]L'lhe most
versatile etractural material in wsge:
Tte  qgreat styength ,umfowm'dts Lgbt
‘;’Q'ﬂ_‘”t. ¢asy of uce and many other
esivable PmPexhéz nmakee 1IE a material
O]( choice -
%\Cl,&'l:i(illg—- Steels ]Lollouj hoots law vory
accurately . |
Dumhtﬂ—%’ceel coh  withetand eyxtengive
dQ-fO'(mO.'hOD LDl'khOUt' _foﬂ.urg under blgb
tengile pressure -
Tougbhness ~ Steel hos both strength and
duCHl'IITj.
Kdditions to Q)(lsjtlh(j stractures - News bays
Or even enhre Dew tDIhqs can be addedto
Q’“QJ‘””Q f*ame bu\ldlhqs ond gtee|
b‘rldéeg, can b : -
N De eas\l(j wldened .

A4




' tures - |
] | Disadvanttges o©f gteel Strac | l
b Ma'\nt—d\nencg cost = Gteel &skructuyes Ove eusecpt\m?

to covrosron when exposed to afr.
> Fire pProofing cost- cteel is an mcombushble
'material however s s’(renqkh IS veduced ’(rero-er)
', C\oughj of hiqh Jcempem'ture due to commnon fw%-

> FQT\gue - The s’rrer)csﬁb o]C afructural ateel members
can be reduced if the member eub'decmd to

Ctjc\ic loading . ,
7| Brittle Irocture — Under certain conditions cteel losec |

& aduc (NL] ond briflle frachture may oceur atr
Places Of clress conaniration -

|
nlorking siress method| | Limit state method. |
13 0s €asy Aor' calculation| l.flﬁ:_vo_qu(rez more colewd ation
/ | 01t makes some dlﬂiucull’H
' to dQSICJO | :'
| Material Sh(e_nqﬂ')s Qre fu\llﬂ
Whilised 10 dezigning the |
‘ e ber 0f g&lructure -
21 T+ does Nnot L%:;Q i[dea 21 T+ dives ideq cbhout eXC.QSé

About the ey load uhid |Ipad Subich a slracture can !
a shucture can carr

carry beyond 1he noorking |
bQ.tﬁ:nd e t,oortmq a}ad toqdL1 uo'\‘\i)ou’r co\laPse. |
without cotlapse-
4N dnie metnod , concrefe
rand  ateel are congicered
gela;mc‘ and shrain cuyws
s Uinear for both
CHEN ] :
od—facTor 0f sofely g, Lesign loads are obtarned
!Uge ]COY ‘ads, bkﬁ mc,LHL\;L«.iin'g Pasticu
. Safen{ f&d'ors of load to
; | the LOGrting loads -
E

2-Materia} strenqie are not 9
{u\lﬂ uTiliced in deél%m'r)q
the member O]f clruclure

A1 i method ic based on the
aclual gctrege ctrain curves
| for steel and concrete -




S,

G’CO%(der ohmcmgle Of boue
ﬁl/\le hove Shope {Odor - KPP

[kj'* SO_J Le= .T

W]

|
|

|

{p= A

F\om

A

A

Ko = T

%Xblle
bl: _n

ual

=

aveq sect1on

Z(,

Ze

Y2= 0.138h

" Kp= _LX bxhy 1

= bh?

36
_bhdy 3
36

—

-

Ymax |
5 Z€=

Shqpe

40N

—

2h

‘foc’ror =

"

J
Fﬂm

U

@:35h+06@9

b Ond beight b

I .

Lj1

= 02.2%

Hbﬂ

0.093bh*



1L6X A0X2X 0 = NIpPO+ MPO+ NpO Conslder bogm, pp |

%09{ - ?)Y‘OPQZS 15
fMps 26,67 KN = 40 kN
beary R .

L
MPp= WuXL -/ 1.5X20%6%6 ) 5 _ .

TF)Q bolte d lO\nb_r, ma‘_,« .fau D one Of'&be /fCU,lUJLQ
modes -

Coneider

o W

/

—

Shear fmture 0—3C bolt -
Tengion ’fQ\lum mode
Bearmé ]ﬂmmre mode

Shear

failure Of bolt - This Ay pe of foulure oceurs |
when factored  shear

CHCICKS

orce ge_np,\(lto,d on bolt due ;
to &pphed lood exceods the ahear g’(ran b ca oultj
O—f boit - Wlhen 4he g’(rgné’(h ) P\OJ’Q . legs 't‘nar)*
the

e\nearmg s\vo,ngﬂr) bolt , the ‘fearmb
Of Plate moc& oceur. o qvmd 4his

MiNimu o nge digtonce  shal  be
@) Teneion ﬁ)

—fculure ,

?e O oulure
Provudgd ff

ilure mode- ™e bolt sub ected to tencile
—fovce fcn |]¢ QPP\\QO Qcmer

than engie sTran1h o bolt - ];E
Of plates occurs
and plate

® %earlng —fal'lure — When e plate (s g‘ho*oé ond
bolt g Wweak , -he

bolt may  ciush arownd the
'half C\chmferenua which (& calkd ae bea\mé

| —Slaﬂw e O—f bolt -+ Reay m%

ree ig gmatu '
Yerilers) Culwuz

c,g’?)er) the boit i shrcmg

& weok .

]Cculure of plate oceturs

"when  the bolt s sfrong  and e © plate s

weak- 0 beqy 'mé |




Factored load= (60K

d= lbmm
do = lb+2= 18 mm
fub= 400 Njmm?  fu= 410 Nfmm>
7 Cheau sho,nqtb O]C bolt -
Vdsb= \neb

mb

\nsh-  fub [ onAnbt ng Acb]

Ag & |

sue  cheqy plane qus\né Jrhroubb Mread port\m,

‘\S: O . ' r)n_\ |

\nsb= 400 [\x 018 )(j_)(\bl] = 26.21 ¥N
) A

Ndeb= 3621 = 2g.91 KN -
\.25

7 Bearmd eiendth Of bolt -
Vdpb -
P _?E_b
Vnpb= 95 kodtfub  Yhis wast of
€ P -0o2m, 4ub | |
£u

2do ' 3do |
e= 1.6do=15x1¢ p=25d = 2:0Xlb :A4£Omm
=21 n30mMmm
30 = 055 , 60 -0.25= 0.86, 400=0.97, |
2% 18 219 A0
kb= 0.5

Vnpb: N 5Y0.55X16X12XA00 = 105.6 LN

“ Vdpb= 1056 = 84.48 KN .
1.2b

S’ﬂenbm o\a one bolt = 28 .91 EN.

?\Jo.of bolts reqd - Cactored load
2¢ .91

= 160 - 582 v 6nos.
2¢-@1 %




4.0?- /-\dvon\'aqei Of voelded  connechans — i g"

Y Wdith  welded connection | theve 8 (00"l gu_cuon[’mﬁi
‘thar dhe connechon s Q\\cmé enouéh 1o vorthhefd
Pressue -

f? nleldind & a method \halt pxovidu Q rHove r'ur,)’ud
‘ CO\\l\CC‘LEd -fOr cteel afiactuves

V‘T\angfe\‘ O]f fom&x baween elemenls ate wove |
Auect

> Roquives lifile additional  elemenls

7~ Shovter Umcgfh of X’omtz

7 Q,(%fd conhechans  are ey to achieve -

Dic Ad\/w\mgu Of voelded  connectidns —
> laaqu'uez skilted man potwer -
> quun'ez gPecn'oJ equipments

> Not easy o achieve at d|'ﬁ|'cu|t locations loss
ductile

7 Prone o defects & fatipue (acks under
cnﬁouc loading-

b.! Fiom gteel +able.
- ISA eBx65Y6 mm -
| Aq= T-44 cn?- T44 o>

| Cxx= 1.8l com = \&.1 mm
. Factored 1o ad 50 kN

e
P S N

Tf‘
5

Jege]

L == fe L cxx=181mm

, Lo §
PxCwx —Pix 65 =0 = 1BOXI& | = PX65 = P=4176kN
Pt Py =150

| = B -150-P = \50 -4\ 16= 108.23 k]
‘Deaign 0f {illet voelq

frod- fy4 - 40 -

189.4 N
‘(mw‘;(@ l-DF_)ﬂ‘Fb

2



O

]bexicgn S\\o.nck*b [ mm Lanqth Of welc

= frod xhwxt |
| = 189.A%01x6
- -9q5.48 Njmo’
= > =
L= P = L116X102 = 52 .43 MM
-1956.4% —195.48
'l\é) = _\2_2_/_/ - 108.2»XxI0® - 1%6.05 mm
| 195.48 Ta45- 438
D |
0. Bosed on the slenclerness oo of e cofurn, e q
L are  three  mocdles O]C ]ﬁaiLure O]C cofurns - |
>‘ Cofumn lure  due o pure compresaion — |Alhen e
‘RCC columne  ayc axially  loaded, the venforcement |
}

gsl'eel and concrele  ex pexiences ctregges - IAIhen 4Anhe ;
Eload,g are ngh CO‘KY)POtcd to ¢ls area O]C cofumn,
‘the gateel and concrele  veach the Yreld Stress

‘and  cofumn ]fml.s withowt und.ergo'mé ony
Elaural dQ‘fOrmcdl'cm. \

7 f Cofurmn foilure due fo combined compression and
%bghdi”g‘ Llond  cotumns  underdo  Lerleral dﬂ‘g_uchm")

' ond bo_ndincgée_vm when thee are only axially | l
;loadgd. Under  queh  circumgFances when the |
|Stresces In steel ond  concrele veachtoeir yeld | i
;sh'us, mater tad —fcu'luw ha\)?ens due to comlboined ‘

com Pregs(cm and bend'mg -

7 cofumn —!Lou[lure clue to elostic (ngmb\\\\%'-wbeéz
the Bcc cofurmme are cubjected 1O even emall loady,

mﬂ tetnd 10 becorne wnetdble and buckle o |
am,‘ cide. So, the m,inforazmant cteel and CoNCrC

| . o
in cuch cases veach ther yield alese emrl)cin'c
Cemall loode ond fya‘l duwe Yo loteal €

| \Oucl’_\ lﬂé .

B
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|

|
!

|
|
|
|

|

|
|

TeHe 200 @ 5168 Nfm Lo
L= 3.5m Both ends BINOLE, -

Ag= TAE™M? h=200mm, b=250mm, tf-10.6mm

—E—z 300 =-\.n te = 10.6vm
] 250

From 18 800- 9007 +table 1o, The buct\(né clags s’ ¢’

o= 040 -

'FCC:: ALEY = WQE e
¢ Gk |
TL = IXL - \x23gp0 = 3500 mm

fee= n2E _ ALE = A6 N|mm?>

) et D4

/)=

o= J228 L pas
fcc A6

E 0-6[:\+<>LC/3—0_2)*—732]
d = 0.5 [H‘ o.L{__QCO.’[D_%—o.D_)—FO-T[QJBQJ: 0.694

fea- Ny : 2?\ |
Yen 0 Q baak|
¢+C¢2—;)°'5 0.894 +(0.894 - 0128 )

= 160.85 N|mm? -

_ \60.85 = 1204 KN
Pa= Agfcd = T485X

Foctored lood = 65kN d=3m , d=12mn , -Fub;zjfg{g__r\_l_l
| om

Necume Hcd= 0.415% to o0.64y |

0.65y - ©0.6%X250= 150 N rom >

~ Tate fcd= 100 N|mm?>

A= Pu = g5X10° - g50 mm> |
fcd 100 |

?IX\CFQOEG ayeQo b(,& 2‘5°/° to 400/0- |

25 Y650+ 650 = @l12.5 to
100

AD X650+ 650 = 9]0 M2
(0O



- e

T—qu 220 mm?2* a

|
Adopt 18A (Box30X®) Aq= 1291 romy > 820 mm>
A= 1221 mm? Car= 227TOmM  Youu:= 24 Arom Yuu=30.%mm
Yw - 15 .6mMm

Adopf Ymin = \5.5mm
Connechon deg‘ign—

d= 20mm do= 20+2= 22

Shear gliendth Df boit  Vdgb= Vneb
V _(:6 fmb
Nsb = ub [nnﬂranr Hel%sb]= 400 [\xo.‘liax_?\_’x:_olj
(% VS 4
= B6.59 kN
" Ndgb= 45.97 kN
Bearin

g’nangﬂ) 0f bolt - ¢
Ndpb= Ynpb = Vnpb= 2.5 kbdtrub
129)

€=15do _'igyx2 = 23mmM 1 A0mm

P= 2.5¢ = 2.65X20 = BOMM . SOMM

Kb e laat o]c e = 40 = 0.606 |
' P —0.25 = 2do X322 :
=do 60 - 0.05 - 0.6569 1ub= 400 =0q7s or)

X223 fu 410
kb= 0.606 .
Vdpb= 2.5X0.606X20X12X 400 _ |1g.35 EN -
.25

K Sh(eng’rb 0f bolt= 45.07 N

Mo.o]t bolte = 65 X103

For

= .45 40 9
A5.2T7X10% |
le= 0.85XL = 0.€5%2000= 9550 wmm . |
N= KL = 9550 _ |6 1. 5|
rmin 15.5 L
bucbl(ng' claes ¢, o= 0.49 525
for L L e4om, fcd:BO.qls , 8.1
rmin NI
B0 10451 ¢ |
Pd = A’ﬂ +Cd = 89_OXSOQ6 = 0

|
I8N < e5en
+Ho o mduign |




=1. |

Q- 10¢ . ‘
‘ Factore 'offedmg gi,ungih O-f lensio  memberc gy
' CoOnnection leng})ih, rfaszt‘enor size  and QPOUhg' ) nef
f area Of crpse seckion -(cxbvicc\-lnm IL[pe ; Connechon
| €CCQntqu\\Ci and  ghear \ag at end connechion .

b'_ ‘FQC\’O\GC\ load = 400 by L=3m

Load on ane onqle secttan = 400 = 200 kN
'°qd = Tdgq{mo - 20px103X1.1 -

W

Ad= aye 19pg - 0004 mm*

Assume 20 bolQ o]C A.b gmdg_
De,g[gn shear  atyenath of bolt = | X 40D [\XEX.’T%X_/_\Txlol
] 125 3 5
+ XA X 20]
4 Vdeo . 103.3) N %
Pb= 2.5x tbxdxtyx £

o ub /105
= 115X2Q - 22 i 40mm P=2.5d = 2.5x20 = 50 "60MM

Lb e Wayt Of £ - A0 . 5.606 0_~0.25= 0659

-—

2d0  x20 2 X220
_427_'1= 0.975 @ | = 0.606.
0

Vd‘)b: 2.5X0-606 XQ—OX\OXA-UD/LDJS: a6.91 enf

Strenoth of e boit = 96.871 EN

No. 0f bolte = _A4C0 = 4124 95 |

96.97 %}

Check the — A
fov efrend

7 Qupfure o]C crcticat Qechan /
W= 80mm Wf=26mm A
=10 bs - go+26 -10 50 ﬁ 00000
= 95mm ~ 80—
‘LC= LhX60 -

240 mmM 1o~ ¥

P=L4a-0016x80x 2560 X952 = |9g
[0 410 240

Tan- 0.9 Ancfu + Eﬁygo_[:(d
im| nNO

50%10 — 10%20 - %X(ox(o,—. 250 M2

Ar\C:
Qﬂo —

BOX10 =2 X10% 10 = T60 mm?>




| Tdn< o.ax250 x40 + 1.9H X T50 X 260 - T3.8+ 21806 | “F
.05 L = 2%6.86 EN>9gpen |

Hence &lN 1@ safe - !
> Bloct  gheay fou'lure— fe |

F
Tdb - Av%%*— 0-9 Atn{u Tdo= 0.9A U + Atqf |
S YMO iI‘Y)I (0 \[2“(" ’-_‘;‘ﬂ
Av o X m| rno
§= (IX40+ 4 %60~ 4.5%20) Avg=(UXA40+4 x60)XI10 -
= 1900 mm?* = 280D mm?r
Atn = (25— 0.5%20) x10 Atq= 2mX10 = 250 mm* |
= | B0 Y‘Om" |
Tdb - 28 00X250 + 0 -GXIGOXAI0 = 2y st an 58 = 41168 N
\[’235(|_| g 1.9H 72—0.]5['\‘
Tdb - 0.9y 1qoox4i0 + 250%250 = 222.82456.81= 350/63
(B X1.25 ) >20p EN

ttenw e ossumed gecticw @ SO]CQ-

| Lug Cmgte&' These are gomehmes wsed 1o reduce the
'eﬂg*h Of connechiome. It is 00 angle sectidn Of shopt

length which connects the putstanding legs of |
angle sedion  or member 1o the quscer plate - |
I reduces 4he length  of connechion "o duscer plale ‘
and aleo teduces -lhe  chear laﬂ effect” Lahen the
lug angle {s used the unconnected length Of main
angle ocls tlite a connecled log and hence er_fm'ra
Ctoss sechion arca eotarls rQ,nghnq the tension .

tug angle provides exfria quage length to accomnrdalz
“he no.o]f bo Hs -

2

Cofuron splicet — Mutil etorey el et es %encaalh.l :c,quna
e cofumn +o be gplited ™ order to extend Hhir

lenﬂm »for ]Cun hel'th' of the chucture- Splices mcu]
be either bolkd o welded and (lu,ocuis aec uh d
that  welded cplices ane ehoP voe\cud"muj st
recist any hovizontal mMmoments that matj be 1hcusred
bU} latexal ct&g‘:lau'mnt, cmmeqmn‘rhj colunin sP‘lces
Ore gmemllq de,gl'qrwd to be monsent vesisting

|




5{1\59 cofarmn  gplice should be placed ae close to o

' point ot laterad Yestraint as Poss'|bl9 ond OluDOLj

I{vom 1he Po\'n‘\s O]C maximaunm de]Llec-l(‘or)-

|

|

| Sechmal details —  Taip 050 @ 536 N o

- b=0250 b-2%0mm tf- 9 Tmgtro= 8 -Brom

n Beoa\’nq S’cmncj‘lh o&l concrele = O.45 fck =0-45x20
Pl 520 kN . = I N [mm>

Area O]L base plate =220 = 520- 5T11x000 :5-11-1‘:1.1
O-Lsfck g ' mm?

Piovide 3B0x260 mm basge plate -

Area =

- BOX O — D" . I

o 380X380 = Eaggg MM ooy |
Yeg SUre m%enstﬁj = W= 69500 KXONXI0? - g3 N\mml-

b

S e250b
Projechione  a= 20p-92c0_ 2 Gy, 90000

2
b= 200-20 - 25 rom Tgﬁ 260

Thickneee Of bage - & Ay 280
0.5
te = [Q.%x"o.‘t‘]‘ (252-0.23x25% X! \}

250 |

= 526 > 90%mm Hence provide Remihige bas.
COhnedlr'\'g 300X 300mnn  Plale to concrete und adtaw ]
ueihg A bolts of 20mm dio  300MM (mé to anchor | plalz
Size Of wetd = 6rmm .

X2
Lo,nam Of weld = 200+30D - 2.8+250 3T =(%5\-5)mn~r)
Avodable tength of voeld - 1662-2X B¥12 = 1 41g-B'mn]
Shength Of vorid = dwxtXfuwo — LioxoTyex gs
D

Yrowo (3 xl 05
10%.25 lw = 520X 1p> = 19535 Lw

Moz £5% Smm < 1519 mny .
+Heonce duiar) 8 safe-

e fackors aHe‘th | oty S-kab\\'\tLJ OJ beams ae

O Shape 0f Croes gectHoy)
@ S‘/‘PPoYt condittons




3. %ﬂec,a‘va Lencpb
A1 lovel o]c CLFPll'C&l1éID og; locnde -
5. Malra! wsed!

|
:{b‘ TeMB 500@ 869 kglm ) -
| Y2z _\_E\@omoob—\b%.%%%&é"’g@
| 12 "
= 4467 \05mm4 %”@?’%

Ke = Apg Y06 \_,{%X‘Ocmmz.
5002 8)1%
| Mp - (gox11.2x 4826+ 9239 8 X10.2%232-

_ émm%.
| Lp= Mg = 2.04%10

T

ESQC\'(('J‘O c\ags'\fxca’ném— €=\ ]

b - g0 = 10.4 bl 04t &Y

i i | W i campack -
|  Hence W B sew

' d - aeck - 291 L B4AFC pa
iy ' ‘ L0.6Vvd

Tria sln- AQSumij \ : . .
= Pblpty = Frct + st Wl

Let \lﬁad'owd UD e mtu(mr)gﬁb-
M= wl = wxs? = |2.5W-

2 p)
Cquating 1t to ™d

12 5w = 404.5
W= 22.36 \u\l\n)

0t Of Re clob= O IXIX»X2b = 1.9 \ﬂ\\\m.
L= \.6Xx3= 45 kKNjm
: = d
DL = %L\J\m Self vot = 0.6 ,Q%‘,L;m o
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