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M Mav assumed to exist if the frictionai or other positive 
restraint of a floor connection to the compression flange 
ot 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 

coTStdered 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. 

where 

May= design bending strength under high shear as 
defined in 9.2. 

8.2.1.4 Holes in the tension zone 

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

considered if 
The design bending strength of a section which is not 
susceptible to web buckling under shear before yielding 
(where d/,s 67e) shall be determined according 
to 8.2.1.2 

AnAg)2 G/5) (Vn/ mo)/0.9 
where 

AntAgf = ratio of net to gross area of 

the flange in tension,32A.1 Section with webs susceptible to shear bucklin8 
before yielding = ratio of yield and ultimate

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

yielding (d/h, s67e), the design bending strength shall 
be calculated using one of the follpwing methods: 

ratio of partial safety 

factors against ultimate to 

yield stress (see 5.4.1). 

Ymmo 

When the AA does not satisfy the above 

requirement, the reduced effective flange area, 

ASatisfying the above equation may be taken 

as the effective flange area in tension, instead 

of A 

a) T'he 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 

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 fange and tension region of the 

webs. 
web. 

8.33.2 When the factored design shear force does not 
ced 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: 

Fastener holes in the compression zone of the c) 
cross-section need not be considered in design 

bending strength calculation, except for 

oversize and slotted holes or holes without 
VE :6V 

M=BZ,/ Yna 
To avoid irreversible deformation under serviceability 
loads, M shall be less than V1.2 Z., Ymo incase of 
simply supported and 1.5 ZS,Ym in cantiTever beams; 

any fastener. 

8.2.1.5 Shear lag efects 

The shear lag effects in flanges may be disregarded 
provided: 

where 
a) For outstand elements (supported along one 

edge), b, s L,/20; and 

b) 

1.0 for plastic and compact sections; 

Z/7, for semi-compact sections; 

Z 2. = plastic and elastic section modulii of the 

cross-section, respectively; 

For internal elements (supported along two 

edges), b, sL/10. 
where 

yield stress of the material; and 
= partial safety factor (see 5.4.1). Ymo 

Lo length between points of zero moment 

(inflection) in the span, 
= width of the flange with outstand, and 8.2.1.3 When the design shear force (factored), V 

exceeds 0.6Y where Va is the design shear strength of 
the cross-section (see 8.4) the design bending strength, 

M, shall be taken 

width of the flange as an internal element. b 

oV 
Where these limits are exceeded, the effective width 

of flange for design strength may be calculated using 

53 
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Torces required shall be taken as 2.5 percent of the 
maximum force in the compression flange plus 1.25 
percent of this force for every member of the series other 
than the first, up to a maximum total of 7.5 percent. 

Minor Axis Bending: 

ot- Rolled orWeldedn- 2h, 
Rectangular hollow sections of uniform thickness: 

Ahl b +h) 
- Abl(b+h) 

8.3.5 Purlins adequately restrained by sheeting need 

not be normally checked for the restraining forces 

required by rafters, roof trusses or portal frames that 

Carry predominately roof loads provided there is 
Dracing of adequate stiffness in the plane of rafters or 
roof sheeting which is capable of acting as a stressed 
skin diaphragm. 

Loaded parallel to depth (h) 

Loaded parallel to width (b) 

Circular hollow tubes of uniform thickness-2Aln 

Plates and solid bars A 

where 

A = Cross-section area, 
8.3.6 In case of beams with double curvature bending, 

adequate direct lateral support to the compression 
flange in the hogging moment region may be provided 

as given above for simply supported beam. The effect 
of support to the teasion (op) flange in the hogging 
moment region on lateral restraint to the compression 
flange may be considered as per specialist literature. 

b = overall breadth of tubular section, breadth 

of I-section flanges, 

= clear depth of the web between flanges, a 

h overall depth of the section, 
= thickness of the flange, and 

thickness of the web. 
NOTE-Fastener holes need not be accounted for in plastic 
design shear strength calculation provided that: 

8.4 Shear 

The factored design shear force, V, in a beam due to 

external actions shali satisfy A,2 , Y.m) A J0.9 
If A does not satisfy the above condition, the effective shear 
area may be taken as that satisfying the above limit. Block 
shear failure criteria may be verified at the end connections. 
Section 9 may be referred to for design strength under combined 
high shear and bending. 

Vs Va 

where 

N = design strength 

8.4.2 Resistance to Shear Buckling 

where 8.4.2.1 Resistance to shear buckling shall be verified 
as specified, when Ymopartial safety factor against shear failure 

(see 5.4.1). 
>67E for a web without stiffeners, and 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 governed by shear buckling 

(see 8.4.2). 
BA.1 The nominal plastic shear resistance undcr pure 

shear is given by: 

67 for a web with stiffeners 

where 

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

V,=V, 
250/ 

where 
8.4.2.2 Shear buckling design methods 

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

r r 

A A, = shear area, and 

Syw yield strength of the web. 
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 suffener, provided that the web has 
transverse stiffeners at the supports. The 
nominal shear strength is given by: 

8.4.1.1 The shear axea may be calculated as given below 

I and channel sections 

Major Axis Bending: 

Hot-Rolled v- h 
Welded fv-d V.=V 
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9.2Whcn the factored value of the applied shear iorce 

high (excceds the limit specified in 9.2.1), the 

factored moment of the section should be less than the 

where 

M. M, = factored applied moments about the 

momen capacity of the section under higher shcar 

force. Mavalculated as given below: 

minor and major axis of the cross-sectioon. 

respectively; 

Mndy, Mnds = design reduced flexural strength under 

combined axial force and the respective 
uniaxial moment acting alone (see 

Plastic or Compact Section 

M M-B(M,- Ma) S1.2Z,f,/Ym0 A 9.3.1.2); 

N = factored applied axial force (Tension, T 

or Compression,P); 
Na design strength in tension, T^ as obtained 

from 6 or in compression due to yielding 

where 

(2V/V /V, -1 p1 
Ma plastic design moment of the 

iven by N, =A,J, 'Ynoi whole section disregarding high 
shear force effect (see 8.2.1.2) 

considering web buckling effects 

(see 8.2.1.1), 

May Md design strength under corresponding 
moment acting alone (see 8.2); 

A gross area of the cross-section; 

1, 0 constants as given in Table 17; and 

Ynopartial 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 Mpdy and Mnd 

V. factored applied shear force as 

governed by web yielding or web 

buckling, 
Va design shear strength as governed 

by web yielding or web buckling 
(see 8.4.1 or 8.4.2), 

doubl Aplasti Maplastic design strength of the area 

of the cross-section excluding the 

shear area, considering partial 
safety factor Ymo and 

a) Plates 

MaM(1-r) 

b)WeldedI or H sections 

Z, = elastic section modulus of the 

whole section. MyM My where n2a 
b) Semi-compgct Section 

M =Z, ,/7- Mnde Ma (1 - n)/(1-0.5a) S Ma 
where 

9.3 Combined Axial Force and Bending Moment 
n = NINa and a = (A-2 bt)/A s0.5 

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 accopdance with 9.3.1 and 9.3.2 respectively. 

c) For standard I or H sections 

for n 0.2 Mady May 

for n>0.2 My1.56 M,(1 -n) (n + 0.6) 
Md1.11 Ma (1 -n) s M 931 Section Strength 

d) For rectangular hollow sections and welded 
9.3.1.1 Plastic and compact sections 

box sections 

In the design of members subjected to combined axial 

force (tension or compression) and bending moment, 

the following should be satisfied: 

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

MayM, (1 -n)/(1 -0.5a) S My 

Mpd:M(1 - n)/(1 -0.5a) S M 
where 

Conservatively, the following equation may also be 

used under combined axial force and bending moment: 

a (A -2b t)/A SO.5 

a= (A -2h1,)/A s0.5 

e) Circular hollow tubes without bolt holes 

Md 1.04M, (1-n') sM 
N, MMS1.0 
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Table 2 Limiting Width to Thickness Ratio 
(Clauses 3.7.2 and 3.7.4) 

Compression Element Ratio Class of Section 
Class 3 

Class Class 2 
Semi-compact Plastic Compact 

(1) (2) (5) (4) 
Rolled section 9.4 10.56 Outstanding element of 

compression flange Welded section b/tr 8.4s 9.46 13.6 
Internal element of Compression due to 

bending 
Axial compression 

Neutral axis at mid-depth 

compression îlange b/ 29.36 33.5 6 
426 

Not applicable 
84e 105e 126e 

.06 Ifr is negative: d 
Web of an. 

or box 
rulivu 

1+ 126.0 e 

Generally 
105.0e 

Ifr is positive: but 42e but 42 dh. I+1.5 
but 426 

Not applicable Axial compression 42 
426 Web of a channel d. 42 42s 

Angle, compression due to bending (Both criteria should 
be satisfied) 

b/ 
dll 

9.4s 10.56 15.7s 
9.4 6 10.5s 15.76 

15.76 Single angle, or double angles with the components 

separated, axial compression (All three criteria should be 
satistied) 

Not applicable 15.7& 
b+d/ 25s 

Outstanding leg of an angle in contact back-to-back in a 

double angle member 
Outstanding leg of an angle with its back in continuous 
contact with another component 

d 9.4s 10.56 15.7s 

d 9.46 10.56 15.7 

-

Stem of a T-section, rolled or cut from a rolled I-or H- 

section 
D 8.46 9.4e 18.9s 

Cincular hollow tubc, including wcldcd rube subjected to: 

a) moment DI 42 $22 146 

b) axial compression Not applicahle 88 

NOTES 

1 Elements which exceced semi-compact limits are to be taken as of slender cross-section.

-(250/G)2.
3 Webs shall be checked for shear buckling in accordance with 84.2 when dt> 67e, where, b is the width of the element (may be 

taken as clear distance between lateral supports or between lateral support and free edge, as appropriate), t is the thickness of 

element, d is the depth of the web, D is the outer diameter of the clement (see Fig. 2,3.7.3 and 3.7.4), 
4 Different elements of a cross-section can be in different classes. In such cases the section is classified based on the least 

favourable classification. 

5 The stress ratio ri and n are defined as: 

Actual average axial stress (negative if tensile) 
Design compressive stress of web alone 

Actual average axial stress (negative if tensile) 
Design compressive stress of overll section 

18 




















































