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specialist litersiure, or conservatively taken as the value
antiafying the llmit glven above.

R.2.2 Laterally Unsupported Beams

Resistance to lnteral torsional buckling need not be
checked separately (member may be treated as laterally
supported, see 8.2.1) in the following cases:

a) Bending is about the minor axis of the section,
b) Section is hollow (rectangular/ tubular) or
solid bars, and

In case of major axis bending, A,y (as defined
herein) is less than 0.4, .

The design bending strength of laterally unsupported
beam as governed by Iateral torsional buckling is given
by:

c)

M, = B, zpfu
where

B, = 1.0 for plastic and compact sections.

= Z/Z, for semi-compact sections.

Z, Z, = plastic section modulus and elastic section
modulus with respect to extreme
compression fibre.

fis = design bending compressive stress,

obtained as given below [see Tables 13(a)
and 13(b)]

oo =Xz Sy Mo

%.r = bending stress reduction factor o
account for lateral torisonal buckling,
given by:

1
b+ [0 21T

XLT = { S 1.0

b = 05[1+ar (Ar —0.2)+ 4, ]

O, the imperfection parameler is given by:
oy = 0.21 for rolled steel section '
oy = 0.49 for welded steel section
The non-dimensional slenderess ratio, A, is given

by

Ar= B 2,5,/ M, sJT.z Zf /M,

where
M, = elastic critical moment calculated in
accordance with 8.2.2,1, and
Jop = extreme fibre bending compressive stress

54

corresponding 10 elastic lateral buckling
moment (#a# 8.2.2.1 and Table 14).

8.2.2.1 Elasile lateral rorsional buckling moment

bers with
imply su poncd.pﬁlm.asllc mem /
Er::::t[:ii:'croﬂingjon. the elastic lateral buckling

moment, M, can

be determined from:

i bove

of non-slender rolled steel sections in the a
.:ﬂcl[:ndon may be approximately calculated from the
values given in Table 14, which has been prepared using

the following equation:

1 3
£ 11 5’13 H_l_[f—m’r]
“ (L) 20\ Wk

The following simplified equation may be used in the
case of prismatic members made of standard rolled
I-sections and welded doubly symmetric I-sections,
for calculating the elastic lateral buckling moment,
M_, (see Table 14):

as
_ M ELh| 1 (Lalr ’
« " 2B, 20\ h/1,
where
I, = torsional constant = 3 b1} /3 for open
section; '
I, = warping constant;
I,,r,= momentof inertia and radivs of gyration,
respectively about the weaker axis;
L,y = effective length for lateral torsional buckling
(see B.3);
h; = centre-to-centre distance between flanges; and
fr = thickness of the flange.

M, for diffcr;ql beam sections, considering loading,
support condition, and non-symmetric section, shall
!:e more accurately calculated using the method given
in Annex E.

8.3 Effective Length for Lateral Torsional Buckling

8.3.1 For simply supported beamns and girders of span
length, -'.. whe:_e 1o lateral restraint to the compression
ﬂangels :1 provided, but where each end of the beam is
restrained against torsion, the effective length Lt of
the lateral buckling to be used in 8.2.2 : ke

T .2.1 shall be taken
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assumed to exist if the frictional or other positive
restraint of a floor connection to the compression flange
of the member is capable of resisting a lateral force
not less than 2.5 percent of the maximum force in the
compression flange of the member. This may be
considered to be uniformly distributed along the flange,
provided gravity loads constitute the dominant loading
on the member and the floor construction is capable
of resisting this lateral force.

The design bending strength of a section which is not
susceptible to web buckling under shear before yielding
(where d/t_ < 67¢) shall be determined according
10 8.2.1.2.

8.2.1.1 Section with webs susceptible to shear buckling
before yielding

When the flanges are plastic, compact or semi-compact
but the web is susceptible to shear buckling before

yielding (d/t, S67¢), the design bending strength shall
be calculated using one of the following methods:

a) The bending moment and axial force acting
on the section may be assumed to be resisted
by flanges only and the web is designed only
to resist shear (see 8.4).

b) The bending moment and axial force acting
on the section may be assumed to be resisted
by the whole section. In such a case, the web
shall be designed for combined shear and
normal stresses using simple elastic theory in

case of semi-compact webs and simple plastic
theory in the case of compact and plastic
webs.

8.2.1.2 When the factored design shear force does not
exceed 0.6 V,, where V, is the design shear strength of
the cross-section (see 8.4), the design bending strength,
M, shall be taken as:

Ms=BZofy ! Yoo
To avoid irreversible deformation under serviceability

loads, M, shall be less than 1.2 Z, f, fy,, incase of
simply supported and 1.5 Z,f, /7 » in cantilever beams;

where

B, = 1.0 for plastic and compact sections;
B, = Z/Z forsemi-compact sections;
Z, Z, = plastic and elastic section modulii of the
cross-section, respectively;
f, = yield stress of the material; and
Y. = partial safety factor (see 5.4.1).
8.2.1.3 When the design shear force (factored), V

exceeds 0.6V, where V, is the design shear strength of

the cross-section (see 8.4) the design bending strength
My shall be taken I
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M= M,
where
M,, = design bending strength under high shear as
defined in 9.2.

8.2.1.4 Holes in the tension zone

a) The effect of holes in the tension flange, on
the design bending strength need not be
considered if

(A /A 2 () Va1 /Y o) 103

where

Ay /Ay = ratio of net to gross area of
the flange in tension,
Ve

ratio of yield and ultimate
stress of the material, and
Ya'ten = Fatio of partial safety

factors against ultimate to

yield stress (see 5.4.1).
When the A /A, does not satisfy the above
requirement, the reduced effective flange area,
A satisfying the above equation may be taken
as the effective flange area in tension, instead
of A,

b) The effect of holes in the tension region of
the web on the design flexural strength need
not be considered, if the limit given in (a)
above is satisfied for the complete tension
zone of the cross-section, comprising the
tension flange and tension region of the
web,

¢) Fastener holes in the compression zone of the
cross-section need not be considered in design
bending strength calculation, except for
oversize and slotted holes or holes without
any fastener.

8.2.1.5 Shear lag effects

The shear lag effects in flanges may be disregarded
provided:

a) For outstand elements (supported along one
edge), b, < L,/ 20; and
b) For internal elements (supported along two
edges), b, < L,/ 10.
where

L, = length between points of zero moment
(inflection) in the span,

b, width of the flange with outstand, and

b, width of the flange as an internal element.

Where these limits are exceeded, the effective width
of flange for design strength may be calculated using
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Table 10 Buckling Class of Cross-Sections

(Clause 7.1.2.2

—
Klin
1 Cross-Section Limits Buckling About Axis “‘glsss y
()
m @ (k)]
Rolled I-Sections hb> 1.2 -z y
t, sS40 mm ¥¥ b
34 o
40 < mm < iy € 100 mm -y €
—
Wb € 1.2: - b
iy £ 100 mm ¥y s
2 <
1;>100 mm v d
- b
i 540 mm _;-y c
1;>40 mm 2 ;
»¥
Hot rulled Any e
]
Cold formed Any | b
Generally
{except as below) Any b
Thick welds and
by <30 -z (S
hi, < 30 ¥ c
' Any
THT )
¥
_h__'————_,
Built-up Member
A
Any ¢
———
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Table 11 Effective Length of Prismatic Compression Members
(Clause 7.2.2) -
Schematie Effective
Boundary Condlitions Length
e e Representation
At One End At the Other End
~— —= ~ ~— L
Translation Rotation Translation Rotation . i
() @ ™ ) L) we
\
Restrained Restrained Pres Pree
7 > 0L
Free Restrsined Free Restrained J
i oL
Restrained” Free : Restrained Free i
Restmined Restrained Free Restrained 1.2
Restrained Restrained Restrained Free D.8L
Restrained Restrained Restrained Resirained 0.65L

NOTE — L is the unsupported length of the compression member (ree T2,

T,

45
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Table %(c) Design Compressive Stress, f,, (MPa) for Column Buckling Class ¢
(Clause 7.1.2.1)

l’i-‘r Yield Stress, f, (MPx)
200 210 220 230 240 20" 260 280 300 30 340 360 380 400 420 450 480 510 540
) 182 191 200 200 28 w16 255 1M M1 09 27 M 34 382 M9 436 464 491
2 182 190 199 207 26 24 13 250 266 283 299 36§ 3N M8 34 388 412 435 458
¥ 172 180 188 19% 04 20 29 24 U9 4 2 293 W7 32 35 IS 36 95 418
™ 163 170 177 184 191 198> 205 218 7 U4 256 268 280 292 W4 320 0 37 32 367
] 153 159 165 m 178 |_u_\) 19 200 2 wm w2 42 2 W 7O w2 295 06 37
) 142 148 153 158 163 168 17 182 191 19 200 25 2 ;8 135 244 252 260 267
n 131 136 140 144 146 12 156 163 170 176 1218 197 202 208 23 28 21
% 120 123 127 130 133 136 1 145 149 154 158 162 165 1 I 1% 180 18 1%
% 108 mn 114 116 119 121 (] 127 131 134 131 140 142 144 146 49 182 IS4 1%
100 975 100 102 104 105 107 109 m 14 116 1 1 I 124 125 127 129 131 132
1 873 890 905 920 933 %46 957 979 100 102 103 104 106 107 108 o m nm o3
1% 72 T4 806 817 B27 8§37 BA6 862 $16 889 900 9Ll 921 930 938 949 959 968 976
130 00 70 719 728 T35 43 750 762 T3 183 192 800  $07 814 820 829 836 843 849
0 629 636 644 650 656 662 667 617 686 A3 W0 07 Nz 78 T3 729 T3S 141 Tas
150 566 512 578 383 588 S92 97 604 6L1 617 623 628 633 637 6l 646 651 655 659
160 511 516 521 525 529 533 536 - 542 S4B 553 557 S60 565 569 512 S16  S80 S84 s87
m 464 458 470 415 478 481 484 439 493 98 00 505 508 Sl 513 517 S20 523 s26
180 422 425 428 430 434 436 439 443 44T 450 453 456 4SS 460 463 466 469 411 413
1% 385 388 590 393 395 397 399 403 406 409 4Ll 414 4l6 418 420 422 425 427 429
200 353 385 357 359 361 363 365 368 310 33 WS 317 M9 31 382 384 386 38 300
210 324 326 328 330 311 333 B4 3BT 39 341 M3 M5 MI ME M9 351 353 354 356
220 299 300 302 304 305 306 308 30 32 34 3NS5 N7 M8 N9 321 22 324 3NS5 326
230 276 218 219 280 282 283 284 286 288 289 290 192 293 94 95 I VI W9 300
240 256 257 259 260 261 262 263 264 266 267 269 270 24 W2 N3 U4 N5 M6 1
250 238 239 240 241 242 243 244 245 247 248 249 250 251 252 253 254 255 256 257

L007 = 008 SI
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Table 2 Limiting Width to Thickness Ratlo
(Clauses 3.1.2 and 3.7.4)
_ EE—
e psofSection ______——
Compression Elemenl Ratio Cla Class 3
Class t '] Cll“ 2 Smi-ﬁ-ﬂmpm 1
@ 13)
(1) 2) 8 10.55 15.7¢
Rolled section Ay 94 | —
Outstanding element of . 945 13.6¢
compression flange | Welded section Wi 84s ’
. =
Intemal element of Compression due to Wt 29.3¢ 1356 42¢
compression flange bending ;
Axtial compression b 1e Not applicable 126¢
Neutral axis at mid-depth dlt S L
105.0¢
Ifry is negative: e 147 126.0¢
Webof an I, : Me } Py
H or box Genenally l+r 105.0¢ t
#eelion —_— but < 42£
I, is positive : die but <426 1+1.57
but < 42¢
Axial compression dite Not applicable 42¢
Web of a channel T 42 42¢ 42¢
Angle, compression due to bending (Both criteria should . 94s 10.5¢ 15.7¢
be sathified) - A dan 94¢ 1055 13:7¢
Single angle, or double angles with the components Py 15.7¢
scparaled, axial compression (All three criteria should be ah Not applicable 15.7¢
satisfied) brdit 25¢
prer—-
Mhmmkmgu angle in contact back-to-bazk in a ar 945 1056 15.7¢
Outstanding leg of ith its i
ottt e et Y o connons | g o4s 1056 15.7¢
Stem of a T-section, rolled or cut from lled l-or H-
| section 8 rolled T Dty B4e 945 18.9¢
Circular hollow tube, including welded tube subjecied ta:
a) moment it a2¢ 528 1468
b) axial compression % Not applicable s8¢
NOTES
1 Elements which exceed semi-compact limits are (o be taken as of slender cross-section,
2e=(250/f,)'2.
3 Webs shall be checked for shear buckling In accordance with 8.4.2 when 1
taken as clear distance between lateral suf:pom or between lateral ""Ppn: :j;:cwhut. b s the width of the element (may be
& ement, dis the depth of the web, D i the ouler diameter of the clement (see Fig, 2, 3.7.3 g 3.7 g7 Opre). £is the thickness of
4 Different clements of u cross-section can be in different classes, In such cases the section | .
favourable classification. section is classified based on the least
5 The stress ratio ry and ry are defined ps:
- Actual u axial stress (negative if tensile)
Design compressive stress of web alone
= Acal il stress (negative if tensilc)
Design compressive siress of overll section

18
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9.2.2 When the factored value of the applied shear force
is high (exceeds the limit specified in 9.2.1). the
factored moment of the section should be less than the
moment capacity of the section under higher shear
force, M, ctlculated as given below:

a) Plastic or Compact Section
M, =M~B(M,~M,) S1.2Z.f,[Yma

where

B o= (2v/v,-1)

M, = plastic design moment of the
whole section disregarding high
shear force effect (see 8.2.1.2)
considering web buckling effects
(see 8.2.1.1),

V = factored applied shear force as
govemed by web yiclding or web
buckling,

V, = design shear strength as governed
by web yielding or web buckling
(see 8.4.1 or 8.4.2),

My, = plastic design strength of the arca
of the cross-section excluding the
shear area, considering partial
safety factor ¥, and

Z, = elastic section modulus of the
whole section.

b) Semi-compact Section
M,=2 f,-f Ta

9.3 Combined Axial Force and Bending Moment

Under combined axial force and bending moment, section
strength as governed by material failure and member
strength as governed by buckling failure shall be checked
in accordance with 9.3.1 and 9.3.2 respectively.

9.3.1 Section Strength

9.3.1.1 Plastic and compact sections

In the design of members subjected 1o combined axial

force (tension or compression) and bending moment,
the following should be satisfied:

M nl| M o)
—L | + -—L] <10
] (o
Conservatively, the followin i
v L OWing equation may also be
used under combined axial force and bending moment;

N M M
—_——l
N, M 519

ay a

70

where

M, M, =

lied moments about the

factored 8PP’ . fihe cross-section,

combined axial e BE0 To e (see

N = factored applied axial force (Tension, T

or Compression Py .
N, = design strength in tension, Tyas obtained
d =

from 6 orin compression due to yielding
given by N, =A fylYa' -
design strength under corrcfpondmg
moment acting alone (se€ 8.2);

A, = gross area of the cross-section;

04, 0 = constants as given in Table 1'?;'and

Yo = partial factor of safety in yielding.

9.3,1.2 For plastic and compact sections without bolts

holes, the following approximations may be used for
evaluating M, and M’

a) Plates

H‘r Mﬂt

H"- Md{l-'ﬂ:]
b) Weided I or H sections

1
M, =M, [1—["—': -:] ]S M, wherenza

My, =My (1-n)/(1-05a)s M,
where

n=N/N, anda=(A-2b1)/A<0.5
¢) Forstandard [ or H sections

forns02 M, =M,
forn>02 M, =156M, (1-n)(n+0.6)
M,=111M_(1-nSM,
d) For rectangular hollow sections and welded
box sections

When the section is symmetric about both
axes and without bolt holes

Myy=My (1 -n)/(1-05a) s M,
My =M,(1=n)/(1-05a,)s M,
where
a, =(A-2b1)/A<05
a =(A-2h1)/AS05

€) Circular hollow tubes without bolt holes

M, =104 M, (1- A g M,
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shall be checked for bumper impact loads also, as SURILDC less
4 ' than th Spec H |
(Plastic), in Table 2“ under {lass |
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