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the crosssectional aren of axially loaded sieel 1ubes shall not exceed the
values of F, given in Table 2 in which [ 17 is equal 1o the etfective length
of the inember divided by rhe radius of gyration,

- ;:‘;;niiaml.m far stoel wuhes For structorn] purposes | sevsed ) | Sevom! revition
" M
t8pecilication fer covered electroden fur wolnl nre welding of mild sieel { reviied)
{ Thard revisicn in 1970),
+Cexle of practves for structurml anfety of buskdings: Loading standssdn ( 2eidsed ),

5

: 806 - 1968
TABLE 2 PERMISSIBLE AXIAL STRESS IN COMPRESSION
| Clouse 5.2 )
ll' fc
O e T e — R S ————— i ——————
Omane YE 22 Ouane Y81 20 Cuapz Y8t 32

kgf/om* kglicm® kgl em'

{n (2} {3 H
¢ 1 %50 | 80 1§ 900
10 a7 | 448 1821
20 1178 I qo0 \ 100
3 110 L 1079
“ | 88 | 302 1810
5o ) 046 | 58 153
& 1002 I 7 1485
™ 970 | 156 L3758
w0 we | U8B 1208
"0 Ly L] 1003 I 12s
100 al4 g0 (L]
110 1) 513 800
120 tie Y 158
1% w3 LA oas
o “o nos LE T
180 40 ou3 14
160 482 443 450
170 E= 11 a2 396
180 30 s 358
1w W04 an Jle
200 o a7 S50
210 243 240 250
20 e 226 227
00 198 204 203
240 180 185 157
W 0% 17 107
300 100 100 106
LMY 7 N "®

Nerr | — Intermediate valres may be cbtained by linsar intsrpolation,

Nore 2 —The formuls, from which thess values have beon derlved s given in
Appeadix A,

5.3 Bending Stresses — In tubes, the tensile bending stress and the
compressive bending stress in the extreme fibres shall not exceed the
values of F, given in Table 3.
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6.4 Compression Members

6.4.1 Effective Length of Compression Members — Effective length (/)
of a compression member for the purpose of determining allowable axial
stresses shall be assumed in accordance with Table 7, where L is the
actual length of the strut, measured between the centres of lateral sup-
ports. In the case of a compression member provided with a cap or
base, the point of lateral support at the end shall be assumed to be in
the plane of the top of the cap or bottom of the base,

TABLE 7 EFFECTIVE LENGTH OF COMPRESSION MEMBERS
Tyre ErrecTive LRENGTH
Effeotively held in position and restrained in direction ut 067 L
both ends
F.Hectively held in position at Loth ends and restrained in W8S L
direction at one end
Effectivaly held in positionat both ends but not restrained in L
direction
Effectively hald in position and restrained in direction at one L

end, and at the other end effectively restrained in diraction
but not held in position

Effectively held in position and restrained in direction at one 15 L
end, and at the other end partially restrained in direction
but not held in position

Effectively held in position and restrained in direction at one 20 L
end but not held in position or restrained in direction at
the other end
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Table 1 Sizes and Propertics of Steel Tubes for Structurnl Purposes
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ass.ux:}cd 1o exist if the frictional or other positive
resteaint of a floor connecuon to the compression flange
ol the member is capable of resisting a lateral force
fat less thun 2.5 percent of the maximum force in the
compiession Tange of the member. This may be
COMITEr=d 16 Be uniformly distnibuted along the flange,
provided gravity Joads 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 dZr_ < 67g) shall be determined according
10 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/r, <67¢), the design bending strength shall
be calculated using one of the follpwing 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 simpie elastic theory in
case of semi-compact webs and simple plastic
theory in the case of compact and plastic
webs,

AN
.2 When the factored design shear force does not
feed 0.6 V,, where V, is the design shear strength of
\& cross-section (see 8.4), the design bending strength,
M, shall be taken as: Ve Qe 3

To avoid irreversible deformation under serviceability
loads, M, shall be less than V1.2 Z f, A, incase of

simply supported and 1.5 Zf, fy o in beams;
o :
where
B, = 1.0 for plastic and compact sections;
B, = Z/Z, forsemi-compact sections;

2, Z, = plastic and elastic section modulii of the
cross-section, respectively;

f, = yield stress of the material; and

Yoo = partial safety factor (see 5.4.1).

8.2.1.2 When the design shear force (facloged), V
exceeds 0.6V, where Vis the design shear strength of
the cross-section (see 8.4) the design bending strength,
M, shall be taken 430 LV,

53
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‘4: = My,
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

(Ay /A0 2 G/ ey Ym0}/ 0.9
where
Ay /Ay = ratio of net to gross arca of
the flange in tension,
[/f, = ratio of yield and ultimatc
stress of the material, and
Yor'tew = ratio 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 nesd
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.

c) 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 clements {(supported along one
edge), b, < L,/ 20; and

b) For internzl elements (supported along (wo
edges), b, < L,/ 10.

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

& width of the flange with outstand, and
width of the flange as an internal clement.

Where these limits are exceeded, the effective width
of flange for design strength may be calculated using

o
I
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lorces required shail be vaken as 2.5 percent of the

o~ "haxtmum force in the compression flange plus 1.25
= Percent of this force for every member of the series ather
than the first, up 1o & maximum total of 7.5 percent.
~

8-35 Purlins adequately restrained by sheeting need
fot be normally checked for the restraining forces
fequired by rafters, ruof trusses or portal frames that
carry predominately roof loads provided there is
bracing of adequaie stiffness in the plane of rafters or
10of sheeting which is capable of acting as a stressed
skin diaphragm o '
8.3.6 In case of beams with double curvatere bendiog,
adequate direct lateral support to the compression
Nange in the hogging moment region may be provided
25 given above for simply supported beam. The effect
of support to the teosion (top) flange in the hogging
moment region on lateral restraint 1o the compression
flange may be considered as per specialist literature.

8.4 Shear

The factored design shear force, V, in @ beam due to
exiernal sctions shall satisfy

vs v,

where
/V. = design strength

2 V. /% ’\.\ 'l-/

where

Yoo = partial safety factor against shear falure
(see SA4.1).

The nominal shear strength of a cross-section, V, may

be governed by plastic shear resistance (see 8.4.1) or

strength of the web as govemed by shear buckling
(see 84.2).

1.1 The nominal plastic shear resistance under pure
shear is given by

V.=V

&‘-"‘” where =

\
A, J,
‘ Jy" J
3. ‘r
x.': Va V',%.‘?{f‘
o 41 - A, = sheararco, and :

Sy = yield strength of the web.

8.4.1.1 The shear arca may be calculated as given below:

1 and channel sections:
Major Ax:s Bending:
i Hot-Rolled T'v = k1,
I Welded ¢, — di,
b = '
- _‘3
- |

il
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y v
W
Recrangular hollow secrions of uniform thickness:

Loaded parallel wo depth (k) — A h/(b+h)
Loaded paraliel to width(b) — Ab/(b+h)
Circular hollow tubes of uniform thickness —2 A/ n

Plates and solid bars

Minor Axis Bending:
Hot-Rolled or Weldedf) |, —

fhy —A
~where
A = cross-section area, X
b = overall breadth of tubular section, breadth
of l-section flanges,
d = clear depth of the web between flanges,
h = overall depth of the section,
t, = thickness of the flange, and

t, = thickness of the web. «
NOTE — Fastencr holes need not be accounted for ba plastic
design shear serengih calculation provided that:

A2 Uy 1) Cra o) AOS

10 A does not satisly ihe above conditicn, the effective shear

arex may be taken ey that satisfying the above limit. Block
whear failure criteria may be verified sl the end consnections,

Secton 9 may be referred (o for design strengih undes combined
high shear and beading.

8.4.2 Resistance to Shear Buckling

8.4.2.1 Resistance 1o shear buckling shall be verified
as specified, when

9 >67¢ for a web without siffeners, and

’ K
67 » . -
>67¢ —5.35 for a web with stiffeners

where

K, = shear buckling coefficient (see 8.4.2.2), and

€= ,}250/ f,
8.4.2.2 Shear buckling design meihods

The nominal shear strength, V., of webs with or without
intermediate stiffeners as governed by buckling may
be evaluated using one of the following methods:

a) Simple post-critical method — The simple
post critical method, based on the shear
buckling strength can be used for webs of |-
section girders, with or without intermediate
transverse stiffener, provided that the web has
ransverse stiffeners at the supports. The
nominal shear strength is given by:

Vua V“ J

59
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B35 W hen the factored value of the apphied shear fngee
 high (exeeds the limit specified in 9.2.1), the
fuctored seament of the section should be less than the
moment capacity of the section under highes shear

foree . A, alculated as given below:
ymr ar Compact Section

M, = A’O"B(M.I-M(l) s 1.27.‘_]\,/}',,,

where

M, M, - factored applicd moments about the
minor and major axis of the cross-section,
respectively;

Mgy M, = design reduced fexural strength under

combined axial force and the respective
\ uniaxial moment acting alone (see
Yageo 9.3.1.2N

where . ‘).-V "N = factored applied axial force (Tension, 7
B = (av/v,-t) 1y 27 @ of Compromson., o) ;
= ¢ A w Y N, = design strength in tension, 7,as obtained

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

V = factored applied shear (orce as
governed by web yiclding or web
buckling,

V, = design shear strength as governed
by web yielding or web buckling
(see 8.4.1 or 84.2),

<\m.?‘\ My, = plastic design strength of the arca
=4

\ of the cross-section excluding the
shear area, considering partial
safety factor y,,,, and

= elastic section modulus of the
whole section.

b) Semi-\caytt Section
M, =Z, [,/ Y

9.3 Combined Axial Force and Bending Moment
Under combined axial force and bending moment, section
strength as governed by material failore and membes
n ¢ with 9.3.1 and 9.3.2 respectively.

9,271 Section Strength

9.3.1.1 Plastic ¢.Illd compact sections

In the design of members subjected to combined axial
force (tension or compression) and bending moment,
the following should be satishied:

.c a:
_&.] +[:.a.] —
Mdl ~iz

Conservatively, the following equation may also be
used under combined axial force and bending moment:

M
.’.J.+—’-+_A!.L <1.0
N, & pe

from 6 or in compression due to yselding
givenby N,=A [ 1Y.,;
M, M, = design strength under corresponding
moment acting alone (see 8.2);
A, = pross area of the cross-section;
@, &, = constants as given in Table 17; and
Y.o = partial factor of safety in yielding.
9.3.1.2 For plastic and compact sections without bolts
boles. the following approximations may be used for
evaluating M, and M,

a) Plates

”-- “‘(l -nt)
b) Welded I or H sections

3
M, =M, [l-(':_:) ]S M, wherenza

M, = My (1 -n)/(1-05a) S M,
where
n = N/N, anda=(A-2b4)/A<035
¢) For standard | or H sections
forn<02 M, =M,
forn>0.2 M.=1.56M.(l-n)(;|+0.6)
Mo,=11IM_(l=-n)s=M,

d) For rectangular hollow sections and welded
box sections

When the section is symmetric about both
axes and without bolt holes
M., =M, (1-n)/(1-05a)s M,
My=M,(l-n)/(1-05a)s M,
where
a, =(A-2b1)/A<05
a =(A-2ht))/AS0S
e} Circular holiow tubes without bolt holes

Mﬁ - |.04 M‘ (l- ",',) S M‘

n B @
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Table 2 Limiting Width to Thickness Ratio "
(Clauses 3712 and 378y Vv

2
[ S !‘“m;' i Ratio = Class of Section
| Class 3
\ Class 1 Class 2 -
: Plastic c Semi-compact
n : 2) (3) (4) 5)
oumminsglmﬂ'o‘ WM& —_— - _E_‘. s 0‘:.__ 103 - _._12_7! |
compression )
- g~ Welded section Vi BAg 9.4¢ . 136e
Intema) clement of Compression doe
compression flange bending g by 293¢ Nse Qe
Axial compeession by Not applicable
Neusral axis at mid-depth dr. 84g 105¢ 126¢
1050¢
Ifry is negative: it
Web of s I, ; S4¢ I+, 1260¢
ok | Gty oo [Tmec | B
117, \s posdive . & bt < 422 1+ 150 but < 42s
but < 42¢
Axial compression . Not d42¢
Web of a channel dn, 42 42e a2«
Angle, compression dee to bending {Both criteria should M Q4e 10 5¢ 157«
be satisfied) oy 94 10.5¢ 18.7s
Single angle, or dowble angles with the components 1% 15.%
separated, axial compression (All three criteria should be & Not applicable 157«
satisfied) A+ dpy 23s
Outstanding leg of as angle in comtact back-do-back in » o 94c 10.5¢ 157«
Ouumdiw:bgornndcwm its back in contimwous M 94e 10.8¢ 157¢
Stem of & T-section, rolled or cul from a rolled lor H- DAy f4c Y4s 189¢
section
low 1 including welded rube subjected 10
an.';l Lol ‘ ube., ng o e 28 6é
b) anial compression m Nev appliewhle LT
NOTES
wmmwuuuum.dmm
(2507£4)".
be checked tocmmuughmmwmanm.mbbnn@aopm(mu
?&:ﬁﬂammm::pmammﬂmwhmsm)tnubmd
element, d is the depth of the web, D is the outer diameter of the element (see Fig. 2, 3.7.3 and 3.74),
4 Different elements of a cross-section can be In different classes. In such cases the section it classified based on the leat
favousable classification,
& The stress ratio ry and ry are defined as:
Actual aversge axial stress (nepative if tensile)
n= mwmdﬂm
"% T hesign compressive stress of overll section =

18
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