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A-II
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A-VII
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A-X

B-II

B-III

B-IV

B-V

1) All questions of section-A is compulsory
2) Answer any one part from each unit of section-B

SECTION-A (10x2=20 Marks)
What are the functions of a web in a plate girder? 02
Why transverse stiffeners are provided in a plate girder. 02
What is a flexible connection? 02
Detail how a bracket is connected perpendicular to the flange of a column using butt weld 02
What is metal-active gas welding? 02
Show how cusping distortion occur due to a single V butt weld? 02
Why impact loads are to be accounted in design of a gantry girder. 02
What is a howe roof truss? When it is used? 02
Specify the situations of suitability for a deck type plate girder bridge? 02
Comment on wind load consideration in bridge design? 02
SECTION-B (5x8=40 Marks)
UNIT-I
What is meant by design of a plate girder? Describe the steps in the design of a plate girder? 08
or
A welded plate girder of span 22m is without intermediate transverse stiffeners and is also laterally
restrained throughout. A uniform load of 170 kN/m is acting on the girder including its self
weight. The steel for the flanges and web plates is of grade Fe 410. Design the cross section along
with the flange to web connections. Assume any missing data suitably.
UNIT-I1I
Design a seat connection for a factored beam end reaction of 120kN. The beam section is ISMB 08
250@365.9 N/m connected to the flange of column section ISHB 200@365.9 N/m using bolted
connections. Steel is of grade Fe410 and bolts are of grade 4.6.
or
A Bending moment of 200 kNm under factored loads is to be transmitted by the flange ISMB 500 @
852.5 N/m to a column ISHB 300 @ 576.8 N/m. in addition to an end reaction of 300 kN. Design a
welded connection. Assume any missing data suitably.
UNIT-III
Explain with neat sketches, some of the common defects in welds 08
or
Describe in detail the following activities i) straightening, ii) bending, iii) rolling, iv) fitting and
v) reaming in fabrication process
UNIT-IV
Discuss how the design actions of forces are obtained on a gantry girder 08
or
Obtain the design the section of a gantry girder, for a crane capacity of 350kN. Self weight of crane
and trolley 200 kN. Minimum approach to of the crane hook to the gantry is given as 2.5 m. wheel
base is 3.2m. Distance between gantry rails is 17m. Distance b/w columns are 10m. Self wt of rail is
210 kN/m. Diameter of crane wheels is 150mm. Steel Fe410. Fu= 410 N/mm?, fy=fyw=f;=250 Mpa.
Assume any missing data suitably.
UNIT-V
Write about the economic proportions of a truss bridge for i) No of panels, ii) inclination of 08
diagonals. or

(b) Show the arrangement of components of deck type truss girder bridge. Give the design steps

***x***
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Q1 (1)

Ans.

Q1(ii)

Ans.

Q1(iii)

Ans.

Q1(iv)

Ans.

Q1(v)

Q1(vii)

Ans.

SECTION-A (10x2=20 Marks)

What are the functions of a web in a plate girder? 02

Web provides most of the shear strength in a plate givder and indivectly assists to
keep the flange plates as far as possible away from the neutral axis catering the
HAexural strength

Why transverse stiffeners are provided in a plate girder? 02

Intermediate transverse stiffeners are provided in a plate girder to ncrease the
buckling resistance of the web caused by shear

What is a flexible connection? 02

The beam to column connections expected to rvesist and transfer end reactions only
are termed as shear connections or flexrble connections. These permit free rotation of
the beam end and do not have any moment restramt

Detail how a bracket is connected perpendicular to the flange of a column using butt weld 02

“ Flange of column

™ Bracket plate

Figure: Detail of a bracket plate connection
perpendicular to column flange using Butt weld

02

What is metal-active gas welding?

A welding with a gas that does not react with molten steel shields the arc and the
weld pool is also called as Metal-inert Gas (MIG) welding.

02

Show how cusping distortion occur due to a single V butt weld?

Cusprng distortion is as shown in figure below

LS A—

Why impact loads are to be accounted in design of a gantry girder. 02

The stresses produced in gantry givders due to vertical, lateral and longrtudinal loads
are more than those caused by gradually applied loads. This is due to the forces set up
by the sudden application of brakes to the rapidly moving loaded cranes, acceleration,
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vetardation, vibration, possible slip of slings, etc.

What is a howe roof truss? When it is used? 02
A Howe truss is as shown in figure Figure: Howe Truss
Howe Trusses are generally used for spans in the range of é6m to 24m
Specify the situations of suitability for a deck type plate girder bridge? 02
Normally a deck type plate girder bridge is preferved where sufficient head room can
be provided /n railway bridges. Plate givder bridges are economically used for raifway
bridges for spans upto 20m and for highway bridges for spans upto 30m
Comment on wind load consideration in bridge design? 02
In a plate givder bridge the wind load acting on the bridge has two effects
1) Overturning effect (wind load acting through the C.G. of the exposed area will cause
overtumming effect) and 1) Horizontal truss effects (bending of the truss mn the
horizontal plane cause stresses in the wind ward and leeward girders )
SECTION-B (5x8=40 Marks)
UNIT-I
08

What is meant by design of a plate girder? Describe the steps in the design of a plate girder?

Design of a plate givder means determining the most efficrent and economical size of
the web and fanges. By Using slender webs economical design of plate grrders can be
achieved. With a high strength to weght ratio can be designed by incorporating the
post-buckling strength of the web in the design method. Provisions of stiffeners are
also made (ke mtermediate, bearing and torsional stiffeners. Finally, the connections
between the various elements are designed (welded or bolted).

The design steps are as follows

i. FIrst from the given situations/data 1t /s to be ascertaned that the givder is
laterally restramed throughout or not. In case if the givder is laterally restrained
the situation of lateral torsional buckling does not arise and may result economical
section compared to a laterally unvestrained section. In case if the girder is
laterally not restramed the lateral torsional buckling of the section is requived to
be checked for its safety.

ii. Secondly, with an assumed self weight of the plate givder and estimated rmposed
loads the critical bending moment and shear force in the givder are computed and
partial safety factors are applied to the obtamed actual design actions.

/. The optimum thickness of the plate givder is determined by using the egn.

And the depth of the plate givder is determined by using the egn.
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( M,k ) 0.33
d =
Iy
Where k is assumed initially.
iv.  The flange area is computed by the equation
Af= (M z Vm())
fyd
Keeping view on the out stand of the flange plate, flange plate is provided from

serviceability and buckling criterion. Once the width of the flange is fixed, the
flange thickness is calculated by dividing the flange area with the provided width.

v.  The flange is classified. Plastic flanges are preferved. For the flanges to be classified
as plastic , the ratio of the outstand and the flange thickness should be

_b-tw
T2

vi. The trial sectron is checked for bending. The moment capacity of the beam is
determimed and should be greater than the applied moment.

:i < 8.4 € where b=outstand of flange

w

vit.  The fanges are curtarled in length to achreve the most economic design.

vili.  The grvder is checked for the maximum shear. The shear strength is a function of
the web slenderness ratio d/tw and aspect ratio c/d, where ¢ is the spacing of the
intermediate transverse stiffeners, d is the depth of web and tw rts thickness. It is
ascertamed whether intermediate transverse web stiffeners will be rvequived or
not. The web panel is then checked by using erther post-critical method or tension
field action method. The shear capacity of the web comprises of 1ts strength
before buckling and the post-buckling strength. The post buckling strength relies
on tension field action which is made possible by the presence of intermediate
stiffeners.

ix. Stiffeners are designed as per the requirements

X. Design of web to flange connections and that for stiffeners is carvied.

xi. All the web and flange splices are made using full strength butt weld or non-sijp
bolted connections

or

Q2/ii A welded plate girder of span 22m is without intermediate transverse stiffeners and is also laterally 08
restrained throughout. A uniform load of 170 kN/m is acting on the girder including its self
weight. The steel for the flanges and web plates is of grade Fe 410. Design the cross section along
with the flange to web connections. Assume any missing data suitably.



Sol Given data

For Fe 410 grade of steel:
fu= 410 Mpa Imposed load = 170 kN/m
fy= 250 Mpa Span (f) = 22 m
= o3 Self Wt of plate girder= included in IL
E= 200000 Mpa
Partial safety factor
Ve & 5 (for site welding) Yuo = E

125 (for shop welding)
e=t,=e=(250/Fy=SQRT( _ff_-) = 10

250

Design Forces
Total superimposed load = 170 kN/m
Factored superimposed [oad = 255 kN/m
Total uniforw factored load =w= 255 kN/m
Maxi bending t, M=wlrg = 15427.50 kNm
Maximum shear force = wi/2 = 280500 kN
Pesign of Web
nalu PRI PECT

= 210000  mm
wihten intermediate transverse stiffeners are not to be provided:

d

~ £200e= 200  (From serviceabilty criteria)

d

= $345¢%= 345  (From flange buckling criteria)
Optimum depth of plate givder,

TR
fum 12.09 i o= (E‘L:)
d |seviceability criteria Ok
But e e = 17573
te IFl‘lngt Buckling Criteria OK
Therefore provide a web plate of
depth (rounded) = 210000 wmm
Thickness {rounded) = 14 M
Design of Flanges
1t is assumed that the bending moment will be resisted by the Ranges and shear by the web
Therefore requived area of flange, A; = 22324249 mm’ e (M, yr,.,.)
hd
Assuming width of flange equal to 0.3 times depth of girder
width of flange b= 630  mm rounded to 630 mm
Thickness of flange t;= S$1.31 pam rounded to 5200 wm
Therefore provide a flange plate of
Width (rounded) = €30.0 mm
Thickness (rounded) = 52.0 mm
Classification of flanges
For the flanges to be classifiable as plastic where, the outstand of the |
— $84e= s = 59  <8.4-0k flange b=(bf-tw)/2
s20
Therefore the flanges are classified as ----- 'I"hzrcfou B E
£2.0 ]
The trial section of the plate girder has been as given
Plate Girder web in figure
40 2000

Nete: dimEnsions are in s,
e300

PAPER/KEY/SED-I/Dr.VVSSK Dadi
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rheck for bendi ;
Plastic section wodulus of the trial section of the plate girder is
2, =2, b:'- T 70499520 m® M,=8,2, :'
= w0
Moment capacity, M; = 16022.62 kN
[Mement Capacity > M2 ---ok |
Shear capacity of web
Using the simple post-critical method
d e 21000 . - |5¢w’mbﬁn‘ty criteria OK
t B 140 |Flange Buckiing Criteria OK
Therefore
2
Elastic eritical shear-stress, o ExE

et s ™ 42,9812 N/wm”
120 - p? { “! ]

Ky = 535  cince the transverse stiffeners are provided at the supports only
The non-dimensional web slenderness ratio for shear buckling stress,

T A= 1.83
i T
Shear stress corvesponding to buckling t, 4298 N/mm®
Shear force corvesponding to web buckling Ver = d t,
Ver = 1263.65 kN

Let the web thickness be revised from 14.0 mm to 20 wm
Shaar capacity of web
Using the simple post ~critical method

d . 21000 o |sam'mbany eriteria OK

£ 200 |F¥anga Buckling Criteria OK
Therefore
Elastic critical shear-stress, 1, - — %®°E o o g7.7167 N/mm®

121 - g ‘{ & ] I
! L

Ky = 535  since the transverse stiffeners are provided at the supports only

The non-dimensional web slenderness vatio for shear buckling stress,

7 A = 1.28
7 el e LB
" NP,
Shear stress corresponding to buckling v, 87.72  Nfmm®
Shear force corvesponding to web buckling Ver = d t. v
ver = 3684.20 kN
[ Shear OK ]

heck for | | ional buckli
Since the girder is latevally restrained, check for lateval torsional buckling s not
requived
Elange to web conngetion

Providing two weld lengths along the span for each Flange to web connection

E BTN A

4w =37 - % 12 12

Iz BEETHETATIED wm*

Qu 0.58 kN v
Providing a weld size of s wm £ = T mm

KS = ©.3 mm
Strength of weld per unit length = 0.606 kh/mm
Weld size ok

UNIT-II

B-II Design a seat connection for a factored beam end reaction of 120kN. The beam section is ISMB 08
250@365.9 N/m connected to the flange of column section ISHB 200@365.9 N/m using bolted
connections. Steel is of grade Fe410 and bolts are of grade 4.6.
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or
A Bending moment of 200 kNm under factored loads is to be transmitted by the flange [ISMB 500 @
852.5 N/m to a column ISHB 300 @ 576.8 N/m. in addition to an end reaction of 300 kN. Design a
welded connection. Assume any missing data suitably.
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UNIT-III

B-III  Explain with neat sketches, some of the common defects in welds 08
0
(i)
(i) .
{lv)  Lack of side
(v) Slg

(vi) cracks

All thece weld defects are discuszed in the chapier on 'Weld — Static and T
~ 1. 1t shonid be emphasised that & ‘theoretical 10X i
. While good quality
T defects do normally cresp in.
ll.l-[):'-llllil

() Forestey (e} Lack of Penetration

|

r‘ . Lark of side

Slag /31:5’
Inclusion ™ %
wall fusion

[} Fack of side wall (e} Slag fnclusin

or



B-IV

24 Straightening, Bending and Eoliing

Rolled sieel may pet distorted after rolling due to cooling process. Further diring
trenspaniation and handling operations, matcrials may bend or mmy even un;ﬁg‘gfa
dn.:enln_n This may alsa accur during punching aperation. Therefore before =1|irmpr.mg
farther faluicativn e muterisl should be sirmghtssed. In current practice, cither rolls or
BB prosscs are used Lo shaiglien struciure] shapes.

Ga_g press is geverally vaed for siraightening besiw, charnels, an and heavy bars
Tfu%_ machine has & berizonte! plunger or mm that applies pressur points alorg the
bead 1o bring it into zlignment. Long plutss, which are cambered out of alignment
longitadinally, are iently straightered by rollers, They arc passed tnough o .\';1;&:"» of
rollers that bend themrhock-and forth with progressively diminishing de for wation :

s in structaral shapes are sometimes comected by spot or pattern heating,
is applied to n small area of s the larger unbeated portion of the

s exponsion. Upon cooling, the rl-!';rqa;:.-ll shn
2 member, thus pulling & back into alignment This meth
!p]u-,-:u‘:u rem buckles i girder webs beiween stiffeners and 1a
B 15 Trequently used to peoducs ca In tolied beams. A press
:‘r;;r.n:;;:;]‘.u form pngular bends i wide sheets and 5 10 produce cokl r:..:—w!

2.5 Fitting and Reaming

B_:f;uc ﬁrllal assembly, the component parts of & member are fitted-up tewmporarily with
rivels, ]:!Jlls or syl amount of welds. The filting-tp operaf includey attechmeat of
previoussy omitled splice plstes and other fittings and the cormsetic v &k

ey AR 7] etion of minor defects

Tn riveiad or bolted worls, esp
meterinl may not always be in P
raquired 1o permit insection
s smafier than final size, then afier the peses arc pisembied, th
clecisic or preumatic resmers 1o the comedt dinmenar, to pu:'ducc‘ well matched holes

UNIT-IV

Discuss how the design actions of forces are obtained on a gantry girder
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Describe in detail the following activities i) straightening, ii) bending, iii) rolling, iv) fitting and
v) reaming in fabrication process

08

The design actions are as per the solved example below without specific sizes but with

proper (flustrations in terms of figures with standard nomenclature
or

Obtain the design the section of a gantry girder, for a crane capacity of 350kN. Self weight of crane
and trolley 200 kN. Minimum approach to of the crane hook to the gantry is given as 2.5 m. wheel
base is 3.2m. Distance between gantry rails is 17m. Distance b/w columns are 10m. Self wt of rail is
210 N/m. Diameter of crane wheels is 150mm. Steel Fe410. Fu= 410 N/mm?, f,=f..=f,=250 Mpa.

Assume any missing data suitably.
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UNIT-V

B-V Write about the economic proportions of a truss bridge for i) No of panels, ii) inclination of

diagonals. S
M4 ECONOMIC PROPORTIONS OF TRUSS BRIDGE

The cost of 3 muas bridge dopendt upon wveral fBcioss such s panc! fongth, nupibe
of pancis, heipht of s, cost of floor sysiem, Mbrication cost el The permissible sires
8 compressiva members is pot constant, hul depends upon the b of the member. Hence
i is difficull w formulate math atically the most acononrical reration. of 3 truss bridpe.
It should be noled that a trwss confligurmion gr bt may not be the mos
momical becawme the ¢ of the fooring in 3 configuration may be higher. Sinilasly,
4 munEmEm bt eonfiguration muy not ghe Tise 1o RImmEm st of fahrication which in
fum, depemds upon ihe numer and typss of joint

{i} Number of pasels

Hon b asumed . a pormissibic Sticiscs (n jension ana compression mre comsane, then
o fwo panel trugs with diagonals inclincd at 45° (Fig 305 =) will theoreliolly yield minimum

3. 305, HUBHER OF
weight for 3 given spun and londing. He L pn
the length of the member, and for a ren panel trose, the [ this steess will be quite
small, giving rise 10 hesvy sections Also, the cost of fiooring system will be larpe. | lenic
for overall ecnacmy, the gumber of panch shoukd bo boiwesn 5 10 8 thus tednving the length
of the members and aho fedscing the oot of Booring,

Faor a bridge of given spua, the lengin of panel will depend upon 1he puaber of pancis
Genorally, 3 panel length between & 0 % m is considered satistaciony. For exmple, for a
of 48 m, one may choose § panchs esch of § m, while for a bridge of 72 m onc kas
o chocme & pancls of % m cach hemuse 6 PENCE in sech a e will give rie 1o 12 m panch
h wiich will ha highly uneconomicn Again. s2 ihe span Mo ibe number of panels
wkay fncrease w0 & keep pazel EngiR within O m But dorge mumber nels moke the raxs
unsconemical, Hence for “E® Spans, one has o e wis pinders with yubdivided pancis.

(4] Inclinntion of Segoneds

e, |

Let us find an expression for the inclisation o of ihe dispopall 50 2% 1 give minimum

volume of disgpomls. From Fig, 306, it & guite evident that the wial length of all the dizponals
" al to AC
Bt AR s

. Al

[TV

08

17



. AL LB
h AC = se ~ sa Ry

Hence length of all the diagonals
=L/cosa

Let Fbe the S.F. in a panel, assumed constant
for a given span and loading. Hence average force
in & diagonal= F/sina. .~ Average area of /
cross-section of a diagonal u%; /
. Volume of diagonals /

P N SIS 1 (302)

sina " cosa  sina.cosa

Tisgs ofa = 45", for =
of diagonals 1o be minimum. Thus, for minimum —_—
weight of diagonals,
equal 10 45°, However, overall economy is achieved FIG. 306
when this inclination is kept slightly higher, say
between 45° 10 60° or more closely between 507 10 55°

or
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(b) Show the arrangement of components of deck type truss girder bridge. Give the design steps

/% (6} TOP LATERAL BRACING [WMIEW ON AR}
o "
%:"ﬁ, i ToR CMORD :321

30.2. GENERAL ARRANGEMENT OF COMPONENTS OF TRUSS GIRDER BRIDGE
(a) Through type bridge
A through type truss bridge consists of
a Mt i, M:‘lﬂ;ﬂwmm;

()
(iv)
)

o)

FIG. 3. DIAGRAMMATIC VIEW OF A THROLIGH TV TRING GIRDER SRIE
Fig. 0.1 shows the dingrammatic view of ihese componenis. Fig 30.2 shows plan, elevation

and croms-section of 8 through type truss gisder bridge. A bridge consists of o verbesl truss
fivders, armanged &1 somc disiancc apart. The oomespopding fower panel pofnts of the mn
truss pirders arc foined by girders, known as osssgindery o flovr betons . These Do beuns

recehe Inads tom wningers or longindingl heomr which run peraliel 10 the length of the o
USRS,

The stringem aupport the slecpess in the casc of railway bridges. Slecpon suppon he
mails which are laid paralie! to stringers If apen floor & not used, then the ballsst is laid
on secl of comcrete decking which in turm iS5 supporied by the siringers. Thus, the vertical
moving loade on ralle are transferred to the stningers throngh slecpens, from sicingerns v (e
cross-heams and from crosobeams o the Jower pasel polnts of the teo tress grders

In sddition o the vertical loads, truss girders are ales subjected 10 hateral forces due
0 wind foroes, scismic forces and  racking  forces, In order 10 tramfer thoye Iatezal foroos
15 the hearings, luteral bracing netems: are used both a1 the lovel of lop chords as well us
Bodiom chonds. A horiontal ess L formod joiming the Doliom chords of (e WO Iresses
with laterals (Fig. 02 <), 30 a4 to trenafer the Interal loads acting on It 0 the boariogs.
Similarly hormontal truss 18 formed joiming the top chonds of the fwo Ussses with Iatersls
(Flg 302 b) at the pancl points, =0 as o transfer the lateral loads acting va ib W e wop
of the end poss The end diagonal panel |s isclined and hence dizponal membens @anol be
proviced In this pancl Mence the 1080 mamsformed 10 e 0p of (e end posts by fhe op
tateral bracing is, in turn, ransforrod 1o the bearings by porful acios by providing a porad
brocig In The plase of end posts (Fip 302 ) In order lo keep lhe reclasgular shape of
bridge croos-scction intacl, sway bracing arc provided in vertcel plese i cech paned poim
(Fig 311 ¢} Both the porml bracings ss well s sway bracings should have maximem depth
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FiG. 31 COMPONENTS OF THROUGH TYPE TRUSS GIRDEH BRIDGEL

permissible with the requited head oom cotraspunding W e ceararces oguirsments of the
olling stock. The minimum clearance requited for the rolling siock of brosd gauge i shown

in Fig

Apart from horizontal (russ eflect, the

303,

wind has alsn the overiuraing effect. The spac-
ing berween the centres of the two tress ginders
should be sulfickent 1o resisl the overtarning
effect. However, this spacing shoukd aciiher
pe less than 1,20 of the cffecive span of the
tress girder, nor lcss than 13 of the heigh
of the truss girder.

{6) Deck type hridge

The srmagemenl for 8 deck ype truss
girder beidge is similar te the armagement
tor a deck type plate girder bridge, except
1hat the two plae girders are replacesd by tw
truss girders. The slmipm rest directly on the
iop chord members of the twi trusies. These

E410

FIG. 30 MINTMIIM CT EARANCE DIACRAM

slecpers carry the rails and serve as spring (o reduce the impact. The poral and sway brocings{used
in through type bridges) are reduced by oross-frames.
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