9.1 Gantry girder and their use
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These ganlry cranes may eithar be L e

manually operaled overhsad
travelling crane (MOT) or the
elecirically operated overhead
traveliing crane {ECT). Fig. 9.1
shows a typical gantry girder with
ils accessories.

Acrang consists of a bridge made up of two paralle! russes. This bridge is calted as crana bridge,
crane girder or the crab girder which spans across the bay of the shop/findusrrial installation and
moves longiludinally,

This longiludinal movement is assisted by the provision of wheels in the crane girder. These wheels
folt on rails which are placed centrally on the ganiry girder. Thase ganlry girders arc lalerally
unsupparled and are thus designed as laterally unsupported beams.

Fig. 8.1 Atyplcatarzangementof gantry girder
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Fig.9.2Typicalarrangement of crane girder, gantry girderand the supporting column

«  Theequipment, machinery glc, are lilted fram a hook suspended from a rolley [hat rolls on the crane

girder and is controlied by a personnel with in the trolley. Thus the trolley moves on the crane girder
along the transvarse direction of indusirial instaliation (i.e. along the crane girder) and crane girder
ilselt moves along lhe longitudinal direction ol induslrial installation.

‘s AsshowninFig. 9.2 ganlry girders are

tongﬂuﬂ

Remembar: The two movements i.g, lhe lengitudinal and the 1ransverse imovement of lhe gantry and crang
‘girder respeclively cannot be made simullaneousiy.

’

placed at a distance from fhe lace of
the supporting catumn for the required
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necessary clearances. Thus the gantry i I 7 “ Ul
girders are either supporied on brackets ’
connectad lo the colurhns or are place ;
on a stepped column. In ardar to nullify — [_/J L

trje eh‘e;l ot lateral loa.ds on ganlry @ © © @
girder, diaphragm s provided as shown
in Fig. 9.2.

Fig. 9.3 Sometypical gantry sections

9.2 Loads for Gantry Girders

In general ganiry girders are lalerally unsupported beam except at the column locaticns.
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Fig. 9.5 Loads actingonganiry girder
supportinglight crane

Flg. 9.4 Loads acting on a girder

Fig. 9.4 shows lhe various forces that acl on a girder and are summarized below:
a) Crane girder reactlion acting vertically downwards.
{b) Longitudinal thrust due la starling and stopping of the crane acting in the longitudinal direction.

{c) Lateral thrust due to starling and stopping of the crab acting horizontally.



9.2.7 Vertical Loads

*  Reaclion lror.n the crane girder composing of seli-weighl of Ihe crane, sell-waighl of crab and the
crane capacily constilule vertical load on the gantry girder,

* Thewheels allached to the crane girder transfer this vertical load to Ihe gantry girder,
. .Thus design reaclion is compuled from the maximum crane wheel load and it occurs when the crane
is nearest to the ganlry girder. Sall-waight ol the rail also canstilute the verlical load.
922 Lateralloads/Surge Loads ‘

Lateral loads on crane girders are caused dug (o the lolfowing:
{a] Suddan stopping of the crab and the foad when lraversing the carb girder.
(b) Crab translerring weights across the shop lloor. o

The laleral load is assumed (0 acl in lhe plane of center of gravily of the upper llanga. Now this lateral
Iorcslz has a lever arm that produces torque which is quite small and can be neglecled salely. It is assumed thal
lensile (lange of lhe gantry girder does not offer any resislance to (he lateral loads.

923 Longitudinal Loads / Drag Loads
*  Starlingand stopping ol the crane girders produce lengiludinal forces on Ihe gantry girders.
*  Thisthrustis produced along the rails.
*  Maximumlongiludinal force acts when electrically operaisd crane applles brakes suddenty.

*  The Iriclional resistance developad dug to locked wheels is supplied by the rails and in lurn gels |

dislribuled 10 the crane columns,

Remember: Laleral and longiludinal forces act the level of rails and lhus ganlry girters are also subjecled to
moments dus to thése lorces.

924 Impactloads

*+ The aclual stresses
produced n gantry girders
are more than thal
produced by usual
gradually applied loads,

Table 9.1 Additionatloads tobe considered for structures
subjected toimpaoct foads

Typa of Load Addiuonal Load

because  additional (@) Varlcal (am; transforred 10 (he rails
. () For cletiric ovarhead ¢ronps
siresses are sel up in the (i) For hang operated anes

ganlry girders due 10 |®} Horizontal forcos tronsforrod fa tho rills:
impact loads like the 6) For elociric avethoad cranos

sudden application ol
brakes 10 rapidly moving
loaded cranes,
acceleration, retardation,
vibration, slip of slings (hooks) etc.

25% of maximum static whee! load
10% ol muximum statc wheal load

10% of tha wrighl of tha crab and the
woight bfted on tho erang

5% of tho weight of tha amb ond tha
[ wolght on the crang

(W) For hand operled ecanes

{¢) Honrontal farcas along tho rads 5% of tha static wheel load

*  Thus sleel sections which carry quick moving cranes musl be heavier than the seclions carrying
slow moving cranes.

«'mn quick moving EOT cranes, llexural siresses are increased rapidly from zero lomaximumvalus as
the crane moves Irom support o the center.

* Thus, suilable impact faclors are inroduced. IS 875 {Part-1l}: 1987 gives addilional loads fo be
1aken inlo accounl for sinuclures subjecled toimpact loads,

825 Fafigue Loads
»  Moving loads on ganlry girders cause faligue : Cl. 13.6 of IS 800:2007 enumerales the necessily
of faligue assessment, Accordingly the fatigue assessment is not required lo be done unless the
struclure is Bubjecled to following loads:
(a) Osciliatfng Ivading induced due to crowd for a large numiber of cycles infile:
(o) SiresseYipgiked due o vibrating machines.
{¢) Stresses induced due 1o wind loading {oscillalions} {or a large number of cycles in life.
{d} Members that support lifting andfer the rolling loads,
For fight and medium duly crenes, fatigue need not to be checked il normal design siress and the shear
design stress foliows the refation,

27
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fs Ton (8.1
or il the aclual number of strass ¢cycles,
3
27
N, < 5x10°( ) {92
* tmi¥enl

where ., = Parlial factor of salely for sirength es per Table 25 of IS 800:2007
¥, = Partial faclor of safety for material = 1.1
f = Aclual [atigus stress range

However for heavy duly cranes, the ganiry girder must be checked for fatigue. The fatigue sirength of
standard detaifs for the normal of shear stress range is given by,

For normal stress range
G
f= !,,,#E’LO, VN, < 5x 108 .49.3)
Ng

&
' f= 1,425 v 5 x 10° SN, 5 1x 108 (94
§ N :
Shear siressrangs
i
. 5x10°
, : %= T _Nx .{9.5)
vhere . 1, = Design narmal and shear fatigue siress range of the details respectively for a life cycle
of N, )

{in Ty = Normaland shear fatigue strength of the details for 52 10°cycles for the detail calegory

ry

Remember: Compulation for faligue strength shouid be made at service loads with a load factor of 1.0



9.3 Specification for Gantry Girders

¢ Ganlry girders are sub) Mo ’
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Tobie9.2 fcal Deflection Limits for Gantry Girders
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9.4 Procedure for the Design ?f Gantry Girders

*  Incase of rolled seclions subjec
s subjected to lale . ;
erorprocede, X (eral loads, the suitable section is arivad al by trial and
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. The foliowing steps are Iollowed for the design of gantry girders":m‘bmzmcms eliosdsarosppied
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Ghits two steel wheels on 1o the gantry girder and his gives the mai:r:z:nmoj :’: {clrans
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equa! Ioizai(oll!mfeaclzoﬂ This x!raxifmmlwheel load has to be fur ther ncreascgd for Sr”pa[:t cQons (feraunn as
. .
given in ‘ab}ﬂ 9.1

Siep-2. Delerminati i
b erm.ma!mrx of maximum flexural moment due to veriicat loads
p-3. Delermination of maximum shear lorce. ‘

wheel loads and dead loads from the ganiry and the cails.

Determine tha maximum shear force due 1o lhe
{orce on the ganiry is the maximum whenone ol the wheel

Wwhen only ope crane js unning on the girder then shear

joads is al the supporl.

Stop-4. Determination of lateral forces acling on the girder and carresponding maximum BM and SF.

Slep-S. Determinalion of required plaslic section modulus.
Ine plastic section modulus required as!

Atier having delermined the maximum bending moment, determine
Mp = 'quy .£{9.6)
where Z, = Ay,

Now since the gantry girders are laterally unsupported and thus a trial section can be taken as 40 10 50%

in excess of M, /1,
In ganlry girders, generally an I-section wilh cha

is provided, The economical depth of gantry girder is nol
between 1/40 10 1/50 of the span in arder lo ensure 1hat gxcessive lateral dellection is not ther.

Based on above, select a suilable section rom 1S Hendbook No. 1.

nnel seclion at the lop (i.8. onthe compression flange}
Lless than 1/12" of the span and the widih should be

Step-6. Classilicalion of sectian.

In general the girder sectien should be plastic i.e. bath ihe llanges and lhe web should be plastic.

Stap-7. Determinalion ol moment capacity of the girder.
Inthe evenl when lateral support is provided Inroughoul the compression flange lavel of the gantry girder
{by providing catwalk elc.), the lrial section mustbe checkad for the moment capacily which must exceed the
maximurm bending momant coming on the girder. This check is made as per ihe following expression,
: f Zedh,
M,=z,-’—51.2—°—'- 97
or nr Yo Yo ( )

Apart from thal, the lop flange should also be checked (or bending about bath the axes by using the

following inleraction expression,

M, M)‘f
flak SR LA 3 ..(9.8)
My My

vwhere M, = Maximum bending momant about strong axis i.e. about 2-zaxis
M, ,= Maximum momeni aboul y-yaxis due to lateral load
My = Design bending sitenglh of the section aboul Z-zaxis
Ma,-‘ (= Design bending sirength of the compression flange about y-y aws

Step-8. Check lor bﬁckling resislance of the g'u.der. .

stic criical mement fromihe following expression whichis valid oniy far I-seclion beams,

Compute lheela
nﬂflyh, 1 ‘K% i
M, = ¢ o, 1+-§5 YA (8.9)
e
The design bending strength ol the section is delermined s,
{910

My, = B2, 00> M,

This section is then checked for biaxial bending from the following oxprassion,



TT—
Mz My
I&T@ st (9.1

Step-9. Check the shear cap acity of Ihg seclion,
Compule lhe shear capacity of Ihe seclion as:

f
Shear capacily = Al > Maximum shear force
V3vmp
Step-10. Check for buckling af the web.,
Check lhe buckling resistance of tha web as,

Buckling resistance = (b, + 20, )11 > Maximum wheel load

b, = Wheel diameter !

{8, 12)

{813y
where .
, = Dispersion lenglh under Ihe wheel with angle of dispersior: being assumed as 45°
Step-11. Check for bearing slilfeners.

Check the girder section for bearing sliffeners and prbvide the same il re

quired.
Step-12. Connection design,

Design the rivetsfoolts or the welds thal connects the cha nngl section 10 the I-seclion.
Step-13. Deflection check.

Chack Ihe defieclion of the ganiry girder under service |
vibeel laads coincides with the mid-span. Thig defiectionis g

% _a
L g8 .
8= wr =5 where L = Span of the girder

oads al a posilion where the cenler of gravity ol
iven by,

.{9.14)
L~c

as= -5 c=Whee!base

The calculated deflection must be less than Ihe permissible deffection as givenin Table 9,2,

Step-14. Check Ihe girder for fatigue sirenglh as per Section 9.2.5,

Stap-15. Design the suilable bracket if required.

Design the brackel and ils connection with the column. For
A pair of brackel plales, one on each ffange of he I-section colu
make [he seat for the gantry girder.

bolted conneclions, noslip bolls are preferred.
mn connacted wilh a diaphragm is provided 10

m A trend overhead crane Is to be desig';nad for the following data:
Crana capacily =.52 kN
Spacing of columns is longiludinal direction = 5.8 m
C/C dislanca of gamiry girder = 10 m

Whee! base =3 m
Edge dislance = 1

Self weight of crane girder = 45 kN/m

Weighl of trolley = 11 kN

—— ey

USE Fe 410.

PRI

Sofution: ' )
Try ISMB 400 @ 61.6 kg/m as a trial section

¥
Properiies of ISMB 400 are as given balow:
Overalldepth, D = 400 mm . N g -—-—:
Sectionalareas, A= 7846mm* :
Flange width, b, = 1AGmm . . .
Flange thickness, t;= 16 mm 1 |
Web thickness, | {,=89mm :
Webdepth, % d=334.4mm :_?:
Moment of iner\'gﬁ.i 1, = 204584 x 10° mm* y

1, =4221x10* mm?
ru = 161.5mm

= 28.2mm
Z,,= 10229 % 0°mm®
2, =889x 10% mm?
Z,= 1176.18x 100 mm?
‘ Shape facter = 1.15

Radii of gyration,

Section modulus, } E!aslic modulus

Saction Classification S 1
b bi2 zg=4.375<9.4e where €= T,.'= 550 =
Flange T ) } ‘j
! g _ 3384 47573<8396=839
web, w89

Thus sectlion is plastic.
Shear Capaclty .
Design shear strength of the seclion

lpA, _ 250x(400x8.3)

- N = 467.13 kN
= Bya  JBxia
A4
& ,é"'*
i‘ 4
" &Lt 40 kNIm
/&-“ I )
¥ R,
‘A
¥ i ‘ 10m
—
T 38.35KN 3835kN
= 40,83%8 _se7kn

This section will be carried equally by the lwe wheels of crane

- 7_52'1 =38.35KN
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p

andthe pointload under consideration,
: R,,Q(ia) - :essco.ﬁsnaa.asga‘sm B3N I
: s = 20.43kN F0.65mee——3 245m
- Ry = 383543835 A, = —
= 48.27 kN et
5 Maximum BM = B,,(2.15)= 28.43 (2.15) ““T o T“
= 61.12kNm I————-Egm‘——-k—-:.!!m—-——-; “

Increase this moment by 10% for impact.

& M= 11x61.12=67.132 kNm

Let self weight of ganiry girder and rafl = 1.2%kNm

< Maximum BM dug 1o self weight of ganiry girder and rait

5 3035 KN
- 12x-5'81=s.o45mn I
] m
. Total BM = 67.232 + 5.045 1
= 72.27BKNm A I"
5 a ‘ :
For maximum SF, the arrangement of talling polnt foads is as shown. e -
38.35(28)+38.35(5.8
Ry= <5 53 606 kN
} Ry = 3835 + 38.35-56.86 = 19.84 kN |
Max, SF = 5B.86 kN
Thus = i
max. SF (= 66.86 kN) > Design shear strength of section (9, = 467.13kN) {OK
Torsional Buckling Check )
{ 1
b 18 i 7esez
) t 889
For plastic section, Br=12
K12 ua2

V4
Bun’DEL, | 1)

ofkL) 2|0

1l

+- Elastic critical moment, M, =

} 1.2::3(400]x2x105{422.1x10")

by

ATt

2x(5800)°

_ [ix1176.18x 10° x 250

Y 1z44Bx10°

——————

=1.537

&

’ e
1ol ( 282 Y
204 400716

Yéhare P, = 1 or plasiic section

= 2 A —r Where dur —0st+a (i -02)+1%]

$ur [‘t’nr "-Lr]

= 0.5(1+0.21(1.537 -0.2)+1537%)=1.822

= ! =036
1.622(1.8227 -1.507 |

1, N
. Design stress, foy = Xarfy 036250 81.82 Nfmm?
Yo K

. Momant capacily, M, = Py fpg= 1% 1176.18 % 10° x B1.82 Nmm = 96.23 kiNm

Lataral lcads
Lateral loads are taken as 2.5% of crane capacily + sell weight al trolley

25
= (52+11)—=1.575kN
{52+ 1)100 5

Laleral load perwhesel = 1'5275

-~ Max.BMdue o talprat load by propattionally

61.12
- ———=x0. =1.255kN
8.35)(07875 kNm

=0.7875 kN

Factored longiludinal moment = 1.5 72.278 = 108.42 kNm
Factored fateral moment = 1.5 x 1.255 = 1.88kNm
Design lateral BM capacity of the section
_Z_lb‘_ft = [_Z_‘Y.] {shape factor) fy
Tmo 1
Tt

(ﬁ?ﬁgﬁ](u.m)m
= _-—“-T—l_—._ Nmm = 11,62 kNm

M) ( M ] 108.42) ( 1.88
i o= = (108, 188 ) 42751
[MGJWK e M) (97_65)+(11.62) ?

Thus seetion needs to be modjhed.
Try 13MB 500 @ 86.9 kg/m. Section proporties are as given below:

Cverall depth, D= 50Cmm

Sectional area, A= 110.74 x 100 mm?
Flange width, b,= 180mm

Flange thickness, = 17.2mm

Web lhickness, 1 = 10.2mm

Web dapth, d= 424.1mm

1, = 452183 % 10° mm?
1,= 1369.8 x 10" mm’*

Maoment ol inertia,

{Unsale)



Radii of gyration, £, =2021mm
Ny =35.2mm
24y = 1808.7 x 103 mm?
Z,,= 152.2 % 103 mm?
Z, = 2074.67 x 10? mm?
Shape factor = 1,1471

Seclion modulus,
} Efaslic modulus

Seclian classilication
Fenge - (22)- b2z

i 7% =5.23<9.4G‘
4241 1
TO,—Q— =41.56<839¢

Web

n

4
&
d
he
Thus seclion is plastic.

Shear capacity
Design shear capcity of the section

£ . fwA 250 (500x10.2)
= ‘—*:‘—___ﬂ_

N =
By VT 669.2 kKN
> Max, SF (= 56.86 kN) (OK)
Torsional buckling chack
4 o172
Ty 1.686 < 2
For plastic section, Byr=12

A - m2DET 2]"2
- Elastic critical moment, M, = ﬂ—‘;%-)T’_ 1+§]0_(’g-;"y] }
I

1.27%(500) x 2% 10° x (1369.8 x 10 272
= N 2( ) vt (5300135.2)
2(5800) 20\ 500/17.2
= 389.23kNm

N [1x 207467 16° x 250
N, T 32oxigd

& = O.5[1+0.21(1.154-0.2) + 11547

> 1.266 R
~ 1
s 056
1266+ (1.2662 - 1,:542) *
. . Ll 0.
- Destgn stress o= 200 050X280 7 N/mm?

Tro 11

-~ Moment capacity, My =Py Zhyy= 1% 2074.67 x 107  127.27 Nemm = 264 kNm

Design laleral BM capacily of section

Z,
Z,/, _-—gi(shape{aclor)ly B

3
[153@9-)(1.1471;250

2
- Nmm = 19.84 kNm
Yma Yo 1.3
M M 108.42 [1.88)
U8 v + = | ——— bl S _ .
"(Ma) et (Mu)u —( 264 )+ To84) =0A411+0095=0506<1 {OK}

Thus provide ISMB 500 as seclion ganiry girder.

0.1 The deflection In gantry girder should nol sxceed
__ when they carry moving loads.

{a) L/600 (b) LS00

(c) L/250 {d) LB0O

Q.2 Acranegirder spans in batween:
{a) adjacentcolumns
{b) boltomchord members of adjacent roof russ
{c) opposile columns across the workshop
(d) Purlins of the roof iruss

Qs

Qs

Q3 CGanlry girders are designed for the [olliowing
lypes of loads:
{i} Gravily loads (i} Lateralloads
{ii) Wind loads {iv) Longiludinal loads
The correct one{s)is {are):
(@) (i) and {iii) {b) {i). tii) and {iii}
{c) (ii)and {iv) (0} (i, (i) and {iv)

Q7

Q04 Gantry girders are designed as:
() Laterally unsupporied beam
(i} Laerally supporied beam
{iii} most severe combination of vertical loads

8. {b)

The correct slatements of the abovs are:
@) (i) and {jii} (b} (H and (i)
{c} (Henly {d} Datainsulficient

For manually operated cranes, the maximum
permissible dellection in ganiry girder is:

{a) Span/250 {b) Span/s00

(¢} Span/500 {d} Span300

Lateral load aciing al the leve! of comprossion
{lange of ganlry girder is resisted by

{a) Tensionilange {b} Compressionflange
(c} Web {d) All of the above
Aliowable swesses in ganlry girder is

(8) reducedby 10%

(b) enhancedby 10%

{c) notchanged

{d) dependenton iype of ganity girder

5.0
7. (b)

and either of lateral and longiludinal loads

. ;

s Eaa | 3

Q.1 Desgin a gantry girder for ah EOT crane to be used in an indusirial building

Cranecapacity

Crab weight

weight of the crane

Min, clearance ol crane hook and gantry girder
Wheel base

C/C distance between gantries

CIC distance between gantry columns

Tt 2L SRR -

with the following data:
= 125kN

= 30kN

155kN

= 1m

= 3m

= 20m

=7m



