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0. FOREWORD 

6.1 This Handbook, which has been processed by the Structural 
Engineering Sectional Committee, SMBDC 7, the composition of which 
is given in Appendix A, has been approved for publication by Structural 
and Metals Division Council and Civil Engineering Division Council of 
ISI. 

0.2 Steel, which is a very important basic raw material for industriali- 
zation, had been receiving attention from the Planning Commission even 
from the very early stages of the country’s First Five Year Plan period. 
The Planning Commission not only envisaged an increase in production 
capacity in the country, but also considered the question of even greater 
importance, namely, the taking of urgent measures for the conservation of 
available resources. Its expert committees came to the conclusion that 
a good proportion of the steel consumed by. the structural steel industry 
in India could be saved if more efficient procedures were adopted in the 
production and use of steel. The Planning Commission, therefore, 
recommended to the Government of India that the Indian Standards 
Institution should take up a Steel Economy Project and prepare a series , 
of Indian Standards pecifications, handbooks, and codes of practices in the 
field of steel production and utilization. 

0.3 Over several years of continuous study in India and abroad, and the 
deliberations at numerous sittings of committees, panels and study groups, 
have resulted in the formulation of a number of Indian Standards in the 
field of steel production, design and use, a list of which is given in 
Appendix B. 

0.4 In comparison with conventional steel construction which utilizes 
standardized hot-rolled shapes, cold-formed, light-gauge steel structures 
are a relatively new development. To be sure, corrugated sheet, which is 
an example of such construction, has been used for many decades. How- 
ever, systematic use had started in the United States only in the 1930’s 
and reached large-scale proportions only after the Second World War. 
In Europe, such large-scale use is beginning only now in some countries. 

0.5 The design of light-gauge structural members differs in many respects 
from that of other types of structures. Since ‘its principles are relatively 
new, they are as yet not usually taught in engineering institutions. ‘l-h<: 
important methods, referring to such- design have been formulated in 
IS : 801-1975, to which reference has been made throughout. 

0.6 Intelligent and economical use of a code by a designer may be made 
only if he has a thorough understanding of the physical behaviour of the 

9 
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structures to which the code applies, and of the basic information on 
which the code is based, 

0.7 This handbook which deals with the use of cold-formed, light-gauge 
sections in structures was first published in 1970 and was based on the 
1958 edition of IS : 801. With the revision of IS : 801 in 1975, a revision 
of the handbook was taken. This revision has been prepared in three 
sections: 

Section 1 Commentary 
Section 2 Design tables and design curves 
Section 3 Design examples 

0.7.1 Section 1 contains a systematic discussion of IS : 801-1975 and its 
background, arranged by fundamental topics In a manner useful to the 
practicing designer. This portion should enable the engineer not only to 
orient himself easily with the provisions of IS : 801-1975 but also to cope 
with design 
IS : 801-1975. 

situations and problems not specifically covered in 

0.7.2 Section 2 contains considerable supplementary information on 
design practices in the form of tables and design curves based on provi- 
sions of IS : 801-1975. 

0.7.3 Section 3 contains a number of illustrated design examples 
worked out on the basis of provisions of IS : 801-1975 and using various 
tables and design curves given in Section 2. 

0.8 This handbook is based on, and ,requires reference to the followidg 
Indian Standards: 

IS: 800-1962 

IS : 801-1975 

IS : 811-1965 

IS : 816-1969 

IS : 818.1968 

Code of practice for use of structural steel in general 
building construction ( rem’sed) 

Code of practice for use of cold-formed light gauge steel 
structural members in general building construction (/ir~r 
rcviGon ) 
Specification for cold-formed light gauge structural steel 
sections ( revised) 

Code of practice for use of metal arc welding for general 
construction in mild steel (JirJt retision ) 
Code of practice for safety and health requirements in 
electric and gas welding and cutting operations (first 
revision ) 

10 



IS : 875-1964 

IS : 1079-1973 

IS : 1261-1959 
IS : 4000-1967 
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Code of practice for structural safety of buildings: Loading 
standards ( revised ) 
Specification for hot-rolled carbon steel sheet and strip 
( third revision ) 
Code of practice for seam welding in mild steel 
Code of practice for assembly of structural joints using 
high tensile friction grip fasteners 

0.9 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be rounded off in accor- 
dance with IS : 2-1960*. The number of significant places retained in 
the rounded off value should be the same as that of the specified value in 
this standard. 

0.10 In the preparation of this handbook, the technical committee has 
derived valuable assistance from commentary on the 1968 edition of the 
specification for the Design of Cold-Formed Steel Structural Members by 
George Winter published by American Iron and Steel Institute - New 
York. 

*Rules for rounding off numerical values ( rtvbd). 
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I 

1.1 This section contains _a systematic discussion of the provisions ofl 
IS : 801-1975. 

2. INI’RODUCTION 

2.1 Light gauge members are cold-formed from steel sheets or strips. 
Thickness for framing members ( beams, joists, studs, etc ) generally ranges 
from l-2 to +O mm; for floor and wall panels and for long span roof 
deck from 1.2 to 2.5 mm, and for standard roof deck and wall cladd- 
ing from 0.8 to l-2 mm. These iimits correspond to normal design 
practice, but should not be understood to restrict the use of Material of; 
larger or smaller thickness. In In&a light gauge members are widely 
itrtd in bus body construc&m, railway coach- etc and the thickness of’ 
these members vary from 1-O to 3-2 mm. 
2.2 Forming is done in press brakes or by cold-rolling. Light gauge 
members can be either cold-formed in rolls or by press brakes from 
flat steel generally not thicker than 12.5 mm. For repetitive mass produc- 
tion they are formed most economically by cold-rolling, while small quan- 
tities of special shapes arc most economically produced on press brakes. 
The latter process, with ‘its great versatility of shape variation makes this 
type of construction as adaptable to special requirements as reinforced 
concrete is in its field use. Presently light gauge members are produced 
in India both by press brake system ( for use in small quantities ) and by 
cold-forming ( for use in large quantities ). These Members are connected 
together mostly by spot welds, cold riveting and by special fasteners. 
2.3 The cold-formed members are used in preference to the hot-rollec 
sections in the following situations: 

a) Where moderate loads and spans Make the thicker hot-rolled 
shapes uneconomical, for example, joists, purlins, girts, roof 
trusses, complete framing for one and two storey residential, 
commercial and industrial structures; 

b) Where it is desired that load carrying members also provide 
useful surfaces, for example, floor panels and roof decks, mostly 
installed without any shoring and wall panels; and 

c) Where sub-assemblies of such members can be prefabricated in 
the plant, reducing site erection to a minimum of simple opera- 
tions, for example sub-assembly of panel framing up to 3 x 4 
metres and more for structures listed in (a), standardized package 
shed type utility buildings, etc. 

3. CURRENT SHAPES 
3.1 In contrast to hot-rolling, the cold-forming processes coupled with 
automatic welding permit an almost infinite variety of shapes to be 

15 
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produced. The requirements for the sections generally manufactured in 
India are given in IS : 811-1965. But the freedom of designers is not 
limited to the use of sections listed in that standard. This is because a 
great variety of usages require a corresponding variety of shapes. However 
the designer is advised to seek the advice of,, the manufacturers or fabri- 
cators before specifying special sections. 

3.2 Shapes for Structural Frasning 
use are shown in Fig. 1. 

- Many of the shapes currently in 

3.3 Shapes 1 to 21 in Fig. 1 are outlines similar to hot-rolled shapes, 
except that in shapes 2,4 and 6 lips are used to stiffen the thin flanges. 
These shapes are easily produced but have the disadvantage of being 
unsymmetrical. Shapes 7 to 11 are to be found .only in cold-formed 
construction, they have the advant,age of being symmetrical. Shapes 7, 8, 
10 and 11 are adapted for use in trusses and latticed girders; these sections 
are compact, well stiKened and have large radii of gyration in both 
principal directions. Shape 9, lacking edge stiffeners on the vertical sides 
is better adapted for use as a tension member. Shapes 12 and 13 are used 
specifically as girts and cave struts respectively, in all-metal buildings 
shape 12 being the same as shape 4 which is also uked for purlins. The 
above members are all one-piece shapes produced merely by cold-forming. 

3.3.1 When automatic welding is combined with cold rolling, it is 
possible to obtain additional shapes. Shapes 14 and 15 are two varieties 
of I shapes, the former better adapted for use as studs or columns, the 
latte&r joists or beams. TWO of the most successful shapes, namely 
shapes 16 and 17 are further adaptations of shapes 14 and 15. By deform- 
ing the webs/and by using projection spot welding, curved slots are 
formed which provide nailing grooves for connecting collateral material, 
such as wall boards and wood floors. Shapes 18 and 19 .represent ‘closed 
members particularly favourable in compression the former primarily for 
columns, the latter for compression chords of trusses. Shape 20. shows 
one of a variety of open web joists, with chords shaped for nailing, and 
shape 21 shows sections similar to the chords of shape 20 connected 
directly to form a nailable stud. 

3.3.2 The shapes in Fig. 1 do not exhaust the variety of sections now 
in use. There is no doubt that design ingenuity will produce additional 
shapes with better structural economy than many of those shown, or 
better adapted to specific uses. In the design of such structural sections 
the main aim is to develop shapes which c~atbinc economy of material 
( that is a favourable strength weight ratio ) with versuility east of mass 
production, and provision for effective and simple connection to other 
structural members or to non-structural collateral material or both of 
them. 

16 
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4. DECKS AND PANELS 
4.1 Some typical roof decks, floor and roof panels, siding, and curtain 
wall panels as they have developed during the last 20 years in USA and 
are beginning to find application, duly modified, in other countries are 
shown in Fig. 2. 

4.2 Standard roof decks are usually 58 mm deep, with a rib spacing of 
130 mm and are used on spans between purlins up to 5 m. As compared 
to corrugated sheet they have the important advantage that the flat surface 
makes it possible to apply insulation and built-up roofing. Long-span roof 
decks are used for spans up to 6 m and more, which means that purlins 
in most cases may be dispensed with. Chief application is for industrial 
buildings, but also for orher structures with relatively long roof spans, 
such as for schools. 

--y--_v-J- 

STANDAGO ROOF OECKS 

J------L J-m [ ,r 
LONG-SPAN fiOUF OECKS 

2_rl -x.lzlLmm 
FLOOR AND ROOF PANELS 

CURTAIN -WALL PANELS 

Fm. 2 FLOOR AND ROOF DECKS, AND WALL PANELS 

4.3 Floor and roof panels are made to cover spans from 3 to 10 m. They 
are usually cellular in shape and permit a wide variety of ancillary uses. 
Thus, acoustic treatment is obtained by perforating bottom surfaces and 
installing sound absorbing elements, such as glass fibre insulation, in the 
cells. Electrification of the entire floor is achieved by permanent installa- 
tion of wiring in the cells, which permits floor outlets to be placed where- 
ver desired. Recessed lighting may be installed in the spaces between 
cells, etc. The flooring proper is installed on a light-weight concrete fill 
( 50 to 75 mm ) placed on top of the floor panels. 

18 
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4.3.1 Curtain walls consist either of single-sheet siding or of cellular 
insulated wall panels. 

4.4 Advantages of these systems are light weight which reduces the cost 
of main framing and foundations; speed of erection; absence of shoring or 
other temporary supports for floors and roofs; immediate availability; 
adaptability to later changes and additions; and suitability to perform 
enumerated ancillary functions. 

4.5 In the design of these members, structural efficiency is only one of 
the many criteria since the shape should also be selected to minimize 
deflections, provide maximum coverage, permit adequate insulation, and 
accessibility of cells for housing conduits, etc. Optimum strength, that is, 
optimum strength-weight ratio, therefore, is desired only conditionally, 
that is, in so far as it is compatible with the other enumerated 
features. 

4.6 It is evident from this discussion that the shapes used in lightgauge 
construction are quite different from, and considerably more varied than, 
those employed in hot-rolled framing. In consequence, an appropriate 
design code, such as IS : 801-1975 and IS : 800-1962 should enable the 
designer to compute properties and performance of practically any 
conceivable shape of cold-formed structural members. 

5. MATERIAL 

5.1 Structural steel sheet used for production of member should conform 
to IS : 1079 - 1973. 

6. DEFINITIONS 

6.1 Stiffened Compression Element -A flat compression element, for 
example, a plane compression flange of a flexural member ( Fig. 3A, 3B 
and 3C ) or a plane web or flange of a compression member, of which 
both edges parallel to the direction of stress are stiffened by a web, flange 
stiffening lip, intermediate stiffener or the like conforming to the 
requirement of 5.2.2 of IS : 801 - 1975. 

19 
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COMPRESSION ELE 

I 

COMPRESSION 

30 3E 

Fro. 3 STIFFENED COMPRESSION ELEMENTS 

6.2 Unstiffened Compression Elements -A flat element which is 
stiffened at only one edge parallel to the direction of stress ( Fig. 4 ). 

Fro. 4 UNSTWPENED COMPRESSION ELEMENTS 

6.3 Maltiple Sti&ned Elements and Subelements - An element 
,that is stiffened between webs, or between a web and a stiffened edge 
( Fig. 5 ), by means of intermediate stiffeners which are parallel to the 
direction of stress and which conform to the requirements.of 5.2.2 of 
IS: 801-1975. A subelement ist he portion between adjacent stiffeners or 
between web and intermediate stiffener or between edge and intermedi- 
ate stiffener. 

,_’ 
‘/ . 
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FIG. 5 MULTIPLE STIFFENED ELEMENT AND SUB-ELEMENT 

6.4 Flat Width Ratio - The flat width ratio $ of a single flat element 

is the ratio of the flat width W, exclusive of edge fillets, :to the thickness t 
( see Fig. 6 ). 

W W Wl w2 
- 

-t 
7 or-;- 

FIG. 6 FLAT WIDTH RATIO 

6.5 Effective Design width - Where the flat-width w of an element is 
reduced for design purposes, the reduced design width b is termed as the 
effective width or effective design width ( Fig. 7 ). 

FIG, 

ACTUAL WIDTH 

DESIGN WIDTH 

7 EFFECTIVE DESIQN WIDTH 
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6.6 Torsional Flexural Buckling -A mode of buckling in which 
compression members can bend and twist simultaneously ( Fig. 8 ). 

( The cross section shown dotted after buckling ) 

Fm.8 TORSIONALFLEXURALBUCKLING 

6.7 Point Symmetric Section - A section symmetrical. about a point 
( centroid ), such as a ‘Z’ section having equal flanges ( Fig. 9 ). 

POINT 1 OF 

Fro.9 POINT SYMMETRIC SECTION 

6.8 Yield Stress, F,, - The cold-rolled steel sections are produced from 
strip steel conforming to IS : 1079-1973, the yield stresses of the steels are 
as follows: 

Grade Yield Stress ( Min ) 

St 34 2 100 kgf/cm* 
St 42 2400 ” 
St 50 3000 ” 
St 52 3 600 ” 

7. LOADS 

7.1 For general guidance as to the loads to be taken into account in the 
design of structures, reference should be made to IS : 800-1962 and 
IS : 8751964. 

22 
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8. DESIGN PROCEDURE 

8.1 General -Ail computations for safe load, stress deflection and the 
like shall be in accordance with conventional methods of structural design 
except as otherwise specified herein. 

8.2 Properties of Sections - The properties of sections ( cross-sectional 
area, moment of inertia, section modulus and radius of gyration ) shall be 
determined in accordance with the conventional methods of structural 
design. 

8.2.1 Computation of properties of formed sections may be simplified 
by using a method called ‘linear method’ in which the material of the 
section is considered concentrated along the central line of the steel sheet 
and the area elements replaced by straight or curved line elements. The 
thickness element t is introduced after the linear computation has been 
completed. 

The total area of the section is found from the relation 
‘Area = Lg x t' where Lt is the total length of all the elements. The 
moment of inertia of the section is found from the relation ‘I - I’ x t’ 
where I’ is the moment of inertia of the central line of steel sheet. 

The section modulus is computed as usual by dividing I or ( I’ x t ) 
by the distance from neutral axis to the extreme and not to the central 
line of extreme element. 

First power dimensions such as x,y and Y ( radius of gyration ) are 
obtained directly by the linear method and do not involve the thickness 
dimension. 

When the’fiat width w of a stiffened compression element is reduced 
for design purposes, the effective design width b is used directly to 
compute the total effective length Leffective of the line e@nents. 

The elements into which most sections may be divided for applica- 
tion of the linear method consist of straight lines and circular arcs. For 
convenient reference, the moments of inertia and location of centroid of 
such elements are identified in Fig. 10. 

8.2.2 The formula for line elements are exact, since the line as such 
has no thickness dimensions; but in computing the properties of an actual 
section, where the line element represents an actual element with a thick- 
ness dimension, the results will be approximate for the following reasons: 

a) The moment of inertia of a straight actual element about its 
longitudinal axis is considered negligible. 

.23 
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t:’ f 
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I _: Lt - -1 

2 

4 
I, = 0 

Ia = Ial I2 =Ilaa + la --I (a2+-&) 
12 

4 2 
2 

TL. 
I 

I --_ 
G 

*--_I 

C 
I bo” R ; 

3 ’ 3 + 

_ 
-3 

k---C-+ 

4 2 

I = 1.57 R; c = 0.637 R 

4 - 12 = 0.149 Rs 
I, = I, = 0.785 RS 
G - centre of gravity 

r, = -IT, 
In2 . I2 = !;;’ 

Ina I, - la2 + x = 1 
t 

a2 + -$ 
) 

FIG. 10 PROPERTIES OF LINE .ELEYENTS - Continued 
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l-b 
4 2 

0 ( expressed in radians ) = 0.017 45 x e ( expressed in degrees and decimals thereof) 

1=0R 

G?= 
R( 1 -core) 

e 

4 = 
[ 

0 + ( sin 0 ) ( cos 8 ) 
2 

Rs ( sine6 )a 1 
za - [ 0 - (sin 6) ( cos e ) _ ( I - cos e )’ 

2 e 1 
Rs 

Ia - 

4 - i 

e + ( sin e ) ( cos e ) 
2 1 

Rs 

8 - ( sin e ) ( cos e ) 
2 1 Rs 

G = ,‘,ntre of gravity A 

b) 

c> 

FIG. 10 PROPERTIES OF LINE ELEMENTS 

The moment of inertia of a straight ( actual ) element inclined 
to the axis of reference is slightly larger than that of the corres- 
ponding line element, but for elements of similar length the error 
involved is even less than the error involved in neglecting the 
moment of inertia of the element about its longitudinal axis. 
Obviously, the error disappears when the element is normal to 
the axis. 
Small errors are involved in using the properties of a linear arc 
to find those of an actual corner, but with- the usual small corner 
radii the error in the location of the centroid of the corner is of 
little importance, and the moment of inertia generally negligible. 
When the mean radius of a circular element is over four times 
its thickness, as for tubular sections and for sheets with circular 
corrugations, the error in using linear arc properties practically 
disappears. 
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A typical worked out example is given in Section 3. 

8.3 Effective Design Width -Consider a plate simply supported on 
two edges and loaded as shown in Fig. 11. 

As the load q is gradually increased, the stress will be uniform, At 

a stress equal to the critical stress namely& = 7C”E 

(where EC= Poisson’s ratio and t 
Y(I - p” ) ( b/c)1 l .* (l) 

will buckle. 
= thickness ) the plate at the centre 

The stress distribution is as shown in Fig. 12A. 

As the load q is gradualIy increased the unbuckled portion of the 
plate resists the loads and the distribution of stress is as shown in 
Fig. 12B. Failure occurs at a stage when the stress at the supported edge 
reaches yield stress Fy and the distribution of stress at this stage is as 
shown in Fig. 12C. 

b 

FIG. 11 Fro. 12 

For design purposes the total force is assumed to be distributed over 
lesser width Gith uniform stress. This reduced width is called the elfec- 
tive design width of plate ( see Fig. 13 ). 
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--- 

Ffdx = fmax'be 
0 

Fro. 13 

The simplest form for effective width expression is obtained by 
equating yield stress 

F 7I’E 
Y- *, or 

( ) dE -i - 3(1-11”)F, *Or 

(“; 2/- 
b ; 1.9 E 
t 

_- 
FY 

l . . . . . (2) 

This expression, known as Von Karman equation, based on experiments 
has been modified by Winter as 

b = 1*9t . . . . . . (3) 

IS : 801-1975 is based on the latest expression adopted by AISI Code 68 

which is given as f- 1.9 &EJ 1 - 0,415 \$)J$-J...... (4) 

Substituting for E as 2 074 000 kgf/cm” 
598 

(wltW.7 
,.. . . . (5) 
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8.3.1 Formulae for load and deflection determination: 

The stiffened compression elements fail when the edge stress ( that 
is, the stress on the effective area ) reaches the yield point. In order to 
compute the failure moment A& of a beam it is necessary to calculate 
the section modulus at a stress equal to the failure stress, that is the yield 
stress, and multiply it by the yield stress. 

M,I, = At Fg x fy . . . . . . (6) 

The factor of safety for bending members = I.67 that is Fy = 1.67 x fb 
wherefb if the basic design stress. 

Mult = s,,,, X 1-67Fb . . . . . . (7) _ 
Malt 

:. Mallowsble = --- Factor of safety 

Ku 
= - -&tFy xfb 1.67 . . . . ..P) 

It may be confusing to the designer to calculate allowable bending 
moment at section modulus at F, and then multiply by fb. To avoid 
this confusion, the effective width expression for load determination is 
modified by replacing f by 1.67 f so that the designer can substitute f for 
determining the effective width and thus calculate the section modulus 
and multiply the section modulus by f again. 

Therefore, the expression for effective width for load calculation is 
obtained as follows by substituting 1*67f instead off in expression (5): 

. . . . . . (9) 

The expressions (9) and (5) are rounded off and modified to arrive at the 
expression given in 5.2.1.1 of IS : 801-1975. 

Load determination: 

..,...(lO) 
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DeJection determination: 

. . . . . . (11) 

The flanges are fully effective when b - w; substituting in the expression 

(10) as b = w; 

. . . . ..(12) 

By simplifying the expression ( 12 ) 

This is a quadratic equation in 

W 1431 

T=D 

This is modified as 

and solving 

. . . . ..(13) 

In a similar way for deflection determination can be 

obtained from expression (11) as, 

which is modified as 

- ‘850_ in IS : 801-1975 

8.3.2 Efictive Widths for Square and Tubular Sections-These sections 
being rolle$ under strict quality control, a higher value of effective widths 
are permitted to be in agreement with the experimental results. 

8.3.3 MultiprG StiJened Elctients and Wide Stiffentd Elements with Edp 
Stifiners - The elements with large flat width ratios become uneconomical 
because they have only very small effective widths. In such cases the 
elements may be stiffened with stiffeners as shown in Fig. 5. In 
cases whan flat width ratio of subelement exceeds 60 because of the shear 
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lag effect, the effective design width and also the effective areH of the 
stiffener should be reduced as given in 5.2.1.2 of IS : 801-1975. 

8.3.4 Sta#nrrs for Compression Elements - In order that a flat compres- 
’ sion element may be considered a stiffened compression element it shall 

be stiffened along the edge with stiffener of sufficient rigidity. The mini- 
mum moment of inertia required to stiffen the edge has been calculated 
approximately and the expression under 5.2.2.1 of IS: 801-1975 has 
been arrived at. The experimental results give a close fit to the values 
obtained from the expression. Whereas an edge stiffener stiffens only one 
compression element, an intermediate stiffener stiffens the two compres- 
sion elements on either side of the stiffener. The minimum moment of 
inertia required for an intermediate stiffener is proposed as double the 
moment of inertia of an edge stiffener. 

Tests have shown that in a member with intermediate stiffeners the 
effective width of a subelement is less than that of an ordinary stiffened 

element of the same T ratio, particularly if T exceeds about 60. This 

may be understood from the discussion in the following paragraphs. 

In any flanged beam the normal stresses in the flanges are the result 
of shear stresses between web and flange. The web, as it were, originates 
the normal stresses by means of the shear it transfers to the flange. The 
more remote portions of the flange obtain their normal stress through 
shear from those closer to web, and so on. In this sense there is a 
difference between webs and intermediate stiffeners in that the latter is 
not a shear-resisting element and therefore does not ‘ originate ’ normal 
stresses through shear. On the contrary, any normal stress in the stiffener 
should have been transferred to it from, the web or webs through the 
intervening flange portions. As long as the subelement between web and 

stiffener is flat or only very slightly buckled 
( 

that is with low $ 
> 

this 

shear proceeds unhampered. In this case, then, the stress at the stiffener 
is equal to that at the web and the subelement is as effective as a regular 

stiffened element of the same f ratio. 

However for large T ratios the slight buckling waves of the sub- 

element interfere with complete shear transfer and create a shear lag,. 
consequently the stress distribution sin a multiple stiffened element, when 

the $ ratios of the subelements exceed about 60, can be thought of as 
.’ 

:‘_ 

i?+ 

\ 
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represented in Fig. 14. That is, since the edge stress of a subelement is 
less at the stiffener than at the edge, its effective width is less than that of 

corresponding stiffened element 
( 

with same Tratio . 
1 

Also the effi- 

ciency of the stiffener itself is reduced by this lower stress; this fact is -best 
accounted for by assigning a reduced effective area to the stiffener. 

Correspondingly the effective widths of subelements are identical 

with those obtained from 5.2.1.1 of IS : 801-1975 only where $ is less 

FIG. 14 MULTIPLE STIFFENED ELEMENT 

than 60. For larger $ ratios these effective widths are reduced. accor- 

ding to the formula 5.2.1.2 of IS : 801-1975. Also in view of the reduced 
efficiency of the intermediate stiffeners as just described, their effective 
area for determining properties of sections of which they are part, is to be 
determined from the formula for &tr. It should be noted that the 
usually slight reduction in efficiency provided by 5.2.1.2 of IS : 801-1975 
does not detract from the very considerable gain structural economy 
obtained by intermediate stiffeners. 

Provisions (a), (b) and (c) of 5.2.2.2 of IS : 801-1975 reflect the 
described situation, namely, that the intermediate stiffeners, due to shear 
lag across slightly waved subelement are not as effective as complete webs 
would be. Consequently, if a number of stiffeners were placed between 

webs at such distances that the resulting subelements have f ratios of 
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considerable magnitude, there would be a rapidly cumulative loss of 
effectiveness with increasing distance from the web. Provisions (a) and 

(b) in essence provide that if T of the subelements exceeds 
( > 

3 , that 
Ilm 

is, if they are in the slightly buckled state so that the shear transfer is 
interfered with, only such intermediate stiffeners which are adjacent to 
web shall be regarded as effective. On the other hand if stiffeners are 
so closely spaced that the subelements show no tendency to slight buckle 

1 
that is, $ is less than $ 

C )I lim ’ 
the entire element including stiffe- 

ners will be fully effective. This is what provision (c) also specifies for 
such closely stiffened elements an effective thickness tS for computing, 
when needed, the flat width ratio of entire element ( including stiffeners ). 
It is easily checked that this t8 is the thickness of a solid plate having the 
same moment of inertia as the actual, closely stiffened element. 

9. ALLOWABLE DESIGN STRESSES 

9.1 Compression on Unstiffened Elements - An unstiffened compre- 

ssion element may fail in yielding if it is short and its f ratio is less than 

a certain value. 

The elastic critical local buckling stress for a uniformly compressed 
plate is 

Jar = - 
KGE 

12 ( 1 _ /&“) f 
( > 

* . ..*.. (14) 

For a long rectangular plate with a free edge and supported on three 
edges the value of K = 0.425. When the restraining effect of the connec- 

ted edge is cons’tdered X can be taken as 0.5. The limit of T ratio below 

which the steel will yield can be found out by equating 

FY - 
0*5tisE 

t 
12(1--3) $ 

( > 

. . . . . . (15) 

Substituting for E and ~1, 
( > 

7 
96%. 1 

=_, . . . . . . (i6) 

ZiSE = 2 074 000 kgf/cms and p = 0.3. 
q Fr 

If the steel has sharp yielding and the element is ideally plane, the element 
will fail by yielding below this limit. In practice the element will buckle 
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below this theoretical limit and it has been found at a value of about 0.55 
times this value will be suitable for practical cases and hence the limit is 

fixed as $F in 6.2 of IS : 801-1975. As the cold-forming process sets 

up residual siresses this also reduces the proportional limit. By assuming 

a proportional limit of 0.65 F, the limit of at which elastic buckling 

starts can be found out as 

0.65 F, - 
0*5naE 

12 (l+)(f): 

O*~+E 
7.8 ( 1 - Jo” ) F, 

Substituting E = 2 074 000 kgf/cms and p = 0 3, 

1200 

1210 . This limit is taken as W- 
4 FY 

m 

530 stresses within the limit of -y - - 
1/G 

6.2(b) of IS : 801-1975. For the 

. . . . . . (17) 

that is the region 

Straight linz variation is assumed of inelastic buckling line B in Fig. 15. 
and the equation is worked out as follows: 

Let the equation to straight line be 

f azm -- 
( > J SC 

at +dTY Fa=+=@6Fy 

F.- 
O’5xaE 

’ x 1’67 

- 0.383 F 

. ..0.6FyWn530 + c 
4% 

andO* F, 3:m--- 
1210 +c 
d/Y 
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Sdlving these equations: 
me- 0900 32 F,.dT and 
c = O-769 F,, 

Hence substituting in the equation, the expression for allowable 
stress is obtained as: 

Fa=F$O*769 -(g);&j 

This is rounded off as the expression given in IS : 801-1975 

Fs =F,[O*767 - (z); 4-1 

d 

. . . . . (18) 

Fxo. 15 UNSTIPPENED ELEMBNT FAILURIC STRR~SR~ AND ALLOW- 

hZESSES FOR 0 < f<60 

For 7 ratio from 25 to 60 the allowable stress is obtained as dividing 

the expression 
O*!!h=E 

jij ( 1 _ /&a) (w/t )a by a factor of safety of l-67 
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that is, F. = 
0*5x’E 

12 ( 1 -* /L’ ) ( w/t )’ x W 
561250 

The expression given in 6.2 (d) of IS : 801-1975 is J”L ,““s . 

( > t 

FM sections other than angle sections the allowable stress expression 

is obtained by joining the point c and cf; .-As for large ?! ratios there is 
t 

sufficient post buckling strength factor of safety tihich is taken care of in 
the post buckling strength and the point d is taken in the buckling curve. 

By fitting a straight line between the limits. w/t = 25 and 60, the 

equation to straight line is obtained as 
( 

1 390 - 20 t 
> 

. . . . . . (20) 

9.2 Laterally Unbraccd Beams - The critical moment for a beam 
simply supported at the two ends and subjected to two end couples is 

Mar = Fd E,GJ( 1 +$+ 

For I beams C, I y 

. . . . . . (21) 

The equation (2 1) becomes M,,r - s EZ, G3 + $hy~ 

WG3,+ 
. . . . . . (22) 

Therefore, the critical stress for lateral buckling of an I beam 
subjected to pure bending is given by 
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For thin-walled sections the first term appearing in the square root 
is considerably less than the second term and hence neglecting the first 
term, we get 

x’d’E I 
=a1 s - -A_ 

2LB 2 Ix 
9Ed= I” 

_ +Ed . Iy x’Ed 
s, L= 2 -s,, ho . . . . (24) 

Where S,, is the section modulus with respect to the compression 
flange and lye is the moment of inertia of compression flange about YY- 
axis that is 

z ‘; PO - 7 

To consider the effect of other end conditions coefficient C, is added 
and 

. . . . . . (25) 

It may be noted that the equation applies to the elastic buckling of 
cold-formed steel beams when the computed theoretical buckling stress is 
less than or equal to the proportional limit upr. But if the computed 
stress exceeds the proportional limit then the beam will fail by inelastic 
buckling. For extremely short beams the maximunl moment capacity 
may reach full plastic moment. A#,. A study by Galambos’ has shown 
that for wide flanged beams Mp P l-11 M,.. 

This means that extreme fibre stress may reach an equivalent value 
L3 sxo of l*ilf, when r -0, if we use the elastic section modulus Sxo. 

YO 

As in the case of compression members, effective proportional limit 
can be assumed as one,half the maximum stress that is 

IT~~==~( l*llF,) =0*555F, ..* (26) 
L’S,, 

The value of corresponding dz- is obtained as 
YC 

*Inelastic lateral buckling of beams. T. V. Galamboa. Journal of St-4 
Division AXE Proc. Volume 89, No. ST 5 October 1963. 
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. . . . . . ( 27) 

The stress against La ‘XC is shown in Fig. 16. __ 
d 40 

FIQ. 16 

The equation for the stress in the inelastic region is obtained by fitting a 

parabola f = F, 
1 F, A -2 sf;- 1 

between the points a and c 

At point a, r = Qandf = 1.11 F, and 
ya 

LS s,, 1.8 atE c,, 
at point c, - d zy, 

= -F_;-- 
andf- 0*!$5 F,. Substituting these, 

the value of A is found as 1.11 and that of B as 3.24. 
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The value of t’ at which the stress f = F, is found out as - 
d Jro 

F, D&O 
‘- , 3.24 T.~E C, d iyq 1 

L’ sxc solving dlyo I 8.36 x’= ‘b 
FY 

For the allowable stresses in 6.3 of IS : 801-1975, the stresses are obtained 
by dividing the following expression by the factor of safety 1.67. For the 
inelastic range the expression is 

. . . . . . (28) 

In this expression to be on safe side the factor 1 is taken instead of I.11 
d E c, 

and the expression in the elastic range is f =, - 
-A!!- 

d I,, 

. . . . ..w 

By dividing the expressions in (28) by l-67, 

Fb = $ F, - 

LS Ll for the range d ]rQ greater than 
0*36rsE C,, and 

Fy 

a 1.8x’E c L’ s,, 
FY 

‘. When- 
1 ‘8naE C,, 

d lye ’ F that is elastic range 
Y 

R1E c,, 
Fb = 043 L, s 

d Iy: 

. . . . ..(38) 

For L’ s,, < 0.36 xsE C,, FY 

d ZYo FY 
allowable stress is naturally 1.~67 Vb 

9.2.1 The Z-shaped sections, when they are loaded parallel to web 
they deflect laterally due to unsymmetrical bending, if not properly, 
braced. 

Hence to be on conservative side the value as given in 6.3(b) of 
IS : 801-1975 are assumed. 

9.3 Webs of Beams 
93.1 In regard to webs, the designer is faced with somewhat different 

problems in light gauge steel construction than in heavy hot-rolled cons- 
truction. In the latter, the webs with large h/t ratios are usually furnished 
with stiffeners to avoid reduction of allowable stress. In contrast in 
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cold-formed construction large A/t ratios are the rule rather than the 
exception. At the same time the fabrication process, as a rule, makes 
it difficult, though not impossible, to employ stiffeners. Under these 
conditions the problem is that of so limiting the various allowable web 
stresses that adequate stability is obtained without the use of stiffeners. 

9.3.2 The web of a beam may be considered as a simply supported 
plate subjected to shear only. The elastic 

a 
supported plate subjected to shear is cCr = 

stry;5;t ;hrch a simply 

12 (1 -pZ) (h/t)8 
where L is 

the smaller dimension and f, the thickness. 

Substituting for the value of E - 2 074 000 kgf/cms and p = O-3; 

5.35 x 9.87 x 2 074 000 10 028 980 
ear = 12x0.91 (hlt)s = (h/V - 

Assuming a factor of safety equal to 1.7 1. Allowable stress in elastio 
shear buckling is: 

10 028 980 5 864 904 
1.71 (h/t)-’ = (h/V 

. . . . ..(31) 

This value is given in 6.4.1(b) of IS : 801-1975 as F, = 
5 850 000 

( W )’ 
. . . . ..(32) 

The yielding stress in shear is known to be 
&- 

times that of yield- 

ing stress in tension F y8 = ;g. 

In the yielding case, that is for smaller h/t ratios, a lesser factor of 
safety is permitted and is equal to 1.44. 

Hence for smaller h/t ratios, that is, when the sheet fails by yielding 

by shear, the allowable stress = r-y 
l/;i;x 1.44 

= 0.4 F, . . . . ..(33) 

This is given as the maximum limit in 6.4.1(a) of IS : 801-1975. 

For the non-linear portion, that is, between yield and elastic huck- 

ling, an allowable stress of F, = 
1 275 

hit 
- is permitted and the limit of h/t 

ratio is kept less than 7;: 

39 
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9.4 Compression Members 

9.41 Gcnemf - The basic difference between a compression member 
in, hot-rolled section and cold-formed section is that, in cold-formed 
light gauge sections, as the width-thickness ratios of component elements 
of cross section are large, these elements will be undergoing local buckling 
also. Hence it is necessary to incorporate the local buckling effects in the 
allowable stress expressions. This is done by incorporating a factor Q in 
the allowable stress expressions. 

9.4.2 Axial Stress in Compression - In light gauge sections because of the 
possibility of local buckling a factor Q which is less than 1 is associated 
with the yield stress F, and if we substitute QFY for F, in the well known 
axial compressive expression, the expressions given in 6.6 of IS : 801-1975 
can be obtained. 

9.4.2.1 ToJind the valus of Q 

a) For stifened elements - For members composed entirely of stiffened 
elements: 

P u1t - 4 x FY 

where 

Pult is the yield load 
P u1t Aerr 

-3 A.Fy 
A 

. . . . . . (35) 

Comparing with the expression yield stress = Q.F,, 

.** Q = +! for stiffened element where Aeff is the effective 

area of all stiffened elements computed for basic design stress. 

b) For unstryened elements - When the member consists of unstiffened 
elements the yield load or ultimate load is the critical stress 
multiplied by the area of cross section. 

that is P,,lt = for x A which is rearranged as 
P u1t for . F -=--_ 1.67fo . F 
A FY y- 1.67fb 

f” F, 
y-fa 

Where f ,, and f b are the allowable compressive and bending stresses 
respectively comparing with the expression 

Yield stress = Q.F, 

0 Q=& . . . . . . (36) 
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c) Ror members consisting of both sti&ned and unstt$ned elements - The 
member consisting of both stiffened and unstiffened elements will 
attain its failure”load when the weaker of the unstiffened 
elements buckles at the critical stress. At the stress A,,tt will 
consist of unreduced area of unstiffened elements and effective 
area of the stiffened elements computed for f Qt. 

P ult = f ,,r x Aelf which is rearranged as 

P&t f cr Air . F f o . A,rl . F A”E,’ -A- yfb A y 

Yield stress = Q* F, 

. . . . . . (37) 

That is product of Q anstiffened X Qetiffened 

9.4.2.2 Ths allowable stress in axial compression 

a) Factor of safety - The factor of safety for compression members 
is taken as 1.92 which is about 15 percent larger than the basic 
safety factor of 1.67 used in most part of the specification. This 
increase is to compensate for the greater sensitivity of the com- 
pression members to accidental imperfections of the shape or 
accidental load eccentricities. 

The expressions for the compression stress in the elastic 

range is based on Euler critical stress f Cr = 
&a 

where R 

.is the effective length factor. For the inelastic range a parabo- 
lic variation is assumed. The limit of inelastic buckling is taken 
as 0.5 FY. As the cold worked members have residual stresses 
the limrt of proportionality assumed 0.5 F,. For light gauge 
members the effective F, = Q.F, and hence the limit of 
slenderness ratio at which elastic buckling starts is obtained as 

0.5 Q.Fy = (& 
2n’E 

or ( KL/r )a = ,.;z Q = &F 

Therefore ($)I,,, = j$.$ 

* Y 

Where C, = 
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The expression in the inelastic range is obtained 
equation for parabola as 

f- QF,[ A - $. +$I 

XL 
between the limit at - = 0; f = F, and 

Y 

at KL/Y = -&= 

-- 
__;;;; f=0*5F, 

by taking the 

By substituting these two conditions, the value of A = 1 and B =4, 

:.f e: QF, 1 _ 4 d&b_ 

[ &] 

The expressions are: 

1) for inelastic range f = @Fy 1 

2) for elastic range f = 7SE 
xL 

c-4 

s 

Y 

0.5F, 

. . . . . . (39) 

FIG. 17 
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The allowable stresses are obtained by dividing the above expre=+ons by 
the factor of safety 1.92 that is for XL/r < Co/ VG 

12 QF, Fae3-------- 
23 

3 (QF,)* . E * 
23 ,a E ( 1 . . . . . . 

r (40) 

For~L/r>-C~I&&Fa==$ (~~~,s 

By substituting E - 2 074 000 kgflcms, 

F 10 680 000 
B == ( KL/-r)s . . . . . . (41) 

b) When the factor Qis equal to unity, the steel is 2.29 mm or more 
in thickness and XL/r is less than C,,, the factor of safety is taken 
as equal to that of a hot-rolled section. The factor of safety 
varies as a quarter of sine curve with XL/r - 0 it is I.67 and 
becomes 1.92 for KL/r = Co. 

When the factor Q P 1, the expression (39) can be written as 

2n’E 
AsCs,--F- 

Y 

f = Fy[ 1 -&T (WV] . . . . . . (42) 

The factor of safety for thicker members where the local buckling is 
not existing, is taken as equal to that for hot-rolled sections, that is, a 
value of I.67 for KL/r - 0 to a value of 1.92 for KLIr = C, and between 
these values the variation of the factor of safety is a sine function. The 
expression for factor of safety is 

F.S. - ++ + (KL/r)/C,-+ [ ( KLlr )/Co] . . . . . . (43 ) 

Hence in 6.6.1.1(b) of IS : 801-1975 that is for members with 
Q = 1 and thickness of member if more than 2’29 mm the allowable 
stress for axial compression is obtained by dividing the expression (42) 

by (43). 

9.5 Combined Axial nnd Bending Stress - If in a member initially 
there is a deviation from the straightness or deflection or eccentricity 
from whatever cause, the application of an axial force causes this deflection 
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1 
or eccentricity to be magnified in the ratio -p which is known as 

l-+ 

the magnification factor. This additional deflect& causes additional 
bending moment. Hence the interaction formula for such cases is 

can also be written as 

where PE is the Eulers load and FE is the Euler stress. If the bending 
moment is acting about both the axes then the chord term also enters. 

fii For smaller axial loads that is -$~CO~l5, the term -F- is very small 

compared to 1 and hence the Magnification factor ii taken as 1 itself. 
These give the expressions given under 6.7 of IS : 801-1975. C, is a 
coefficient to take into consideration the end moments in the members. 

10. W-ALL STUDS 

10.1 Cold-formed steel studs in walls or load carrying partitions are often 
employed in a manner different from that used in heavy steel framing, 
but similar to that used in timber construction of residential buildings. 
Such studs are faced on both sides by a variety of wall material such as 
fibreboard, pulp board, plywood and gypsum board. While it is the main 
function of such wall sheathing to constitute the actual outer and inner 
wall surfaces and to provide the necessary insulation, they also serve as 
bracing for the wall studs. The latter, usually of simple or modified I or 
channel shape with webs placed perpendicular to the wall surface, would 
buckle about their minor axes, that is, in the direction of the wall at 
prohibitively low loads. They are prevented from doing so by the lateral 
restraint against deflection in the direction of the wall provided by the 
wall sheathing. If the lateral support is correctly designed, such studs, if 
loaded to destructions will fail buckling out of the wall, the corresponding 
buckling load obviously represents the highest load which the stud may 
reach. The wall sheathing therefore contributes to the structural economy 
by maximising the usable strength of the stud. 
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10.2 The necessary requirements in order to assure that the wall shea- 
thing provide the lateral support necessary for the described optimum 
functioning of the studs are stipulated in 8.1 of IS : 801-1975. In order 
that collateral wall material furnish the support to the studs to which it is 
attached, the assembly ( studs, wall sheathing, and the connections bet- 
ween the two ) shall satisfy the following three conditioq: 

4 

b) 

4 

The spacing between attachments ( screws, nails, clips, etc ) shall 
be close enough to prevent the stud from buckling in the direc- 
tion of the wall between attachments. 

The wall material shall be rigid enough to minimise deflection of 
the studs in the direction of the wall which, if excessive, could 
lead to failure in one of the two ways, namely, (1) the entire stud 
could buckle in the direction of the wall in a manner which would 
carry the wall material with it, and (2) it could fail simply by 
being overstressed in bending due to excessive lateral deflection. 

The strength of the connection between wall material and stud 
must be sufficient to develop a lateral force capable ofresisting 
the buckling tendency of the stud without failure of the attach- 
ment proper by tearing, loosening, or otherwise. 

10.2.1 The first of these conditions is satisfied by 8.2(b) of 
IS : 801-1975. This stipulates that the slenderness ratio o/r, for minor-axis 
buckling between attachments ( that is, in the direction of the wall ) shall 
not exceed one-half of the slenderness ratio L/Q for major-axis buckling, 
that is, out of the wall. This means that with proper functioning of attach- 
ments buckling out of the wall will always occur at a load considerably ; 
below that which would cause the stud to buckle laterally between attach- 
ments. Even in the unlikely case if an attachment was defective to a 
degree which would make it completely ineffective, the buckling load 
would still be the same for both directions ( that is, a/r* = L./r1 ), so that 
premature buckling between attachments would not occur. 

10.22 In regard to conditions (b) the rigidity of the wall material plus 
attachments is expressed as its modulus of elastic support k that is, the 
ratio of the applied force to the stretch produced by it in the sheathing- 
attachment assembly. 

The minimum modulus k which shall be furnished by the collateral 
material in order to satisfy condition (b). above, that is, to prevent exce- 
ssive ‘buckling’ of the stud in the direction of the wall. It defines the 
minimum rigidity ( or modulus k ) which is required to prevent from 
lateral buckling a stud which is loaded by P - A.F,, that is, stressed 
right up to the yield point of the steel. 
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It may be seen from 8.1(c) of IS : 801-1975 that the required 
modulus of, support k is directly proportional to the spacing of attach- 
ments u. 

10.2.3 It remains to satisfy condition. (c) above to the effect that the 
strength of the attachment of wall material to stud shall be sufficient so 
that it will not give way at a load on the stud which is smaller than its 
carrying capacity. This is achieved by means of provision (d) of 8.1 of 
IS : 801-1975. 

lOi3.Theory indicates that an ideal ( straight, concentric ) stud which is 
elastically supported at intermediate points ( such as by wall attachments ) 
will not exert any force on these attachments until it reaches its buckling 
load. In contrast, analysis and test indicate that intermediately supported 
‘ real ‘, that is, imperfect studs ( crooked, eccentric ) do exert pressure on 
their support increasingly so that the load on the stud is increased. 

It may be noted that a value L/240 has been provided to allow’for 
the imperfections. 

11. CHANNEL AND Z-BEAMS 

11.1 Among hot-rolled sections, I-shapes are most favourable for use as 
beams because a large portion of the material is located, in the flanges, at 
the maximum distance from the axis. In cold-formed construction, the 
only two-flange shapes which may be formed of one single sheet ( without 
welding or other connection ) are the channel, the Z-shape, and the hat. 
Of these, the hat shape has the advantage of symmetry about the vertical 
axis and of great lateral stability; its use is correspondingly separate 
webs which pose problems of access, connection, etc. 

Channels and Z-shapes are widely used. Neither of them is symme- 
trical about a vertical plane. Since, in most applications, loads plate is 
applied in the plane of the web, lack of symmetry about that plane calls 
for special measures to forestall structurally undesirable performance 
( lateral deflection, twisting, etc ). Appropriate provisions for this purpose 
are contained in IS : 801-1975. 

11.2 Connecting Two Channels to Form an I-Beam 

11.2.1 There are various ways of connecting two or more cold-formed 
shapes to produce an I-section. One of these is by spot-welding an angle 
to each flange of channel ( see shapes 15 and 17 of Fig. 1 ). Another is 
to connect two channels back to back by two rows of spot-welds ( or other 
connectors ) located as closely 3s possible to top and bottom flanges. The 
shapes 14 and 16 of Fig. 1 are sections of this sort, Provisions for the 

i 
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correct proportioning of the connecting,welds for such shapes are given 
in 7.3 of IS : 801-1975. 

11.2.2 In view of lack of symmetry or anti-symmetry about a vertical 
plane the so-called shear-centre of a channel is neither coincident with 
the centroid ( as it is in symmetrical or anti-symmetrical shapes ) nor is 
it located in the plane of the web. The shear-centre is that point in the 
plane of a beam section through which a transverse ,load should act in 
order to produce bending without twisting. In a channel the shear centre 
is located at a distance m back of the midplane of the web, as shown in 
Fig. 18. The distance m for channels with and without flange lips is 
given in 7.3 of IS : 801-1975. 
this point. 

The internal shear force F’ passes through 
Consequently, if the 

point ( such as by means of the 
would be in line and simple 

load P was applied at the same 
in Fig. 18 ) the two forces 

Since loads in most 
cases actually act in the plane of the web, each such load produces 
a twisting moment P,, unless i these torques are balanced by some 
externally applied counter-torquQs, undesirable twisting will result. 

Fro. 18 SHEAR CENTREOFACHANNEL 

11.2.3 If two channels are joined to form an I-beam, as shown on 
Fig. 19A each of them is in the situation shown on Fig. 19B and tends to 
rotate in the sense indicated by the arrow on that figure. The channels, 
then, tend through rotation to separate along the top, but this tendency is 
counteracted by the forces in the welds joining them. ‘These forces S,, 
constitute an opposing couple; they-are shown on Fig. 19B, which repre- 
sents a short portion of the right channel, of length equal to the weld 
spacings. This portion, delimited by dotted ,lines on Fig. 19A, contains 
a single pair of welds, and P is the total force acting on that piece of 
one channel, that is half the total beam load over the lengths. From 
the equality of moments: 

P m = SW C, so that SW - P ( m/c ) * . . . . . . (44) 
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FIG. 19 CHANNELS SPOT WELDED TO FABRICATE I-BEAM 

11.2.3.1 It is seen that the weld force SW depends upon the load 
acting in the particular longitudinal spacing between welds S. If P is the 
intensity of load on the beam at the location of the particular weld, the 

load on the channel is P = $-. 

Substituting this in equation (44) we have the required weld 
mpS strength S, - - . . . . . . 
2c 

(45) 

where 

S, = required strength of weld, 

s = longitudinal spacing of welds, 

c = vertical distance between two rows of welds near or at 
top and bottom flanges, 

p = intensity of load per unit length of beam, and 

m = distance of the shear centre from middle plane of the web 
of channel. 

11.2.4 It is seen that the.required weld strength depends on the local 
intensity of load on the beam at that weld. Beams desigr,ed for ‘uniform 
load ’ actually are usually subjected to more or less uneven load, such as 
from furniture and occupants. It is, therefore, specified that- for 6~ni- 
formly loaded beams ’ the local load intensity P shall lx taken as three 

48 



SP:6,(5)-1980 

times the uniform design load. ‘ Concentrated ’ doads or reactions p are 
actually distributed over some bearing length B; if B is larger than the 
weld spacing s, than the local intensity is obviously p/B. If, on the other 
hand, the bearing length is smaller than the weld spacing, then the pair 
of welds nearest to the load or reaction shall resist the entire torque 
( P/2 )m, so that SW - Pm/PC. Since the main formula above is written 
in terms of a load intensity p, it is convenient to use an equivalent 
intensity for this case which is fi = P/2s; the correctness is easily checked 
by substituting this value in the general equation 44 ( see also 7.3 of IS : 
801-1975 ). 

11.3 Bra&g of l%gle-Channel Beams 

11.3.1 If channels are used singly as beams, rather than being paired 
to form I-sections, they should evidently be braced at intervals so as to 
prevent them from rotating in the manner indicated in Fig. 18. For 
simplicity, Fig, 20 shows two channels braced at intervals against each 
other. The situation is evidently much the same as in the composite 
I-section of Fig. 19A, except that the role of the welds is now played by 
the braces. The difference is that the two channels are not in contact, 
and that the spacing of braces is generally considerably larger than the 
weld spacing. 

In consequence, each channel will actually rotate very slightly 
between braces, and this will cause some additional stresses which super- 
pose on the usual simple bending stresses. Bracing shall be so arranged 
that (a) these additional stresses are sufficiently small so that they will 
not reduce the carring capacity of the channel ( as compared to what it 
would be in the continuously braced condition) , and (b) rotations are 
kept small enough to be unobjectionable ( for example, in regard to 
connecting other portions of the structure to the channels ), that is, of the 
order of 1 to 2”. 

11.3.1.1 Corresponding experimental and analytical investigations 
have shown that the above requirements are satisfied for most distributions 
of beam loads, if between supports not less than three equidistant 
braces are placed ( that is, at quarter-points of the span or closer ). 
The exception is the case where a large part of the total load of the beam 
is concentrated over a short portion of the span; in this case an additional 
brace should be placed at such a load. Correspondingly, 7.3 of IS : 801- 
1975 stipulates that the distance between braces shall not .be greater than 
one-quarter of the span; it also defines the conditions under which an 
additional brace should be placed at a load concentration. 

11.3.2 For such braces to be effective it is not only necessary that their 
spacing is appropriately limited but also that strength is suffice to provide 
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Fxo. 20 BRACED CHANNELS 

t!le force necessary to prevent the channel from rotating. It is, therefore, 
necessary also to determine the forces which will act in braces such as 
shown in Fig. 21A. These forces are found if one considers ( 3s shown 
in the figure ) that the action of a load applied in the plane of the web 
( which causes a torque P, ) is equivalent to that same load when applied 
at the shear centre ( where it causes no torque ) plus two forces f = Pm/h 
which, together, produce the same torque P,. As is sketched in Fig. 2lB, 
each half of the channel may then be regarded as a continuous beam 
loaded by the horizontal forces f and supported at the brace points. The 
horizontal brace force is then, simply, the appropriate reaction of this 
continuous beam. The .provisions of 8.2.2 of IS : 801-1975 represent a 
simple and conservative approximation for determining these reactions, 
which are equal to the force Pb which the brace i- required to resist at 
each flange. 

11.4 Bracing of ZIBeams - My Z-sections are anti-symmetrical about 
the vertical and horizontal centroldal axes. In view of this the centroid 
and the shear centre coincide and are located at the mid-point of the 
web, A load applied in the plane of the web has no lever arm about the 
shear centre ( m = 0 ) and does not tend to produce the kind of rotation 
a similar load would produce on a channel. However, in Z-sections the 
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principal axes are oblique to the web ( Fig. 22 ). A load applied in the 
plane of the web, resolved in the direction of the two axes, produces 
deflections in each of them. By projecting these deflections into the 

Flc. 21 LOAD ACTINO AT THE SHEAR CENTRE - 1~s 
EFFECTS ON THE BRACES 

F1c.22 PRINCWAL AXES IN Z-SECTIONS 
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horizontal and vertical planes it is found that a Z-beam loaded vertically 
in the plane of the web deflects not only vertically but also horizontally. 
If such deflection is permitted to occur then the loads moving sideways 
with the beam, are no longer in the same plane with the reactions at the 
ends. In consequence, the loads produce a twisting moment about the 
line connecting the reactions. In this manner it is seen that a Z-beam, 
unbraced between ends and loaded in the plane of the web, deflects late- 
rally and also twists. Not only are these deformations likely to interfere 
with a proper functioning of the beam, but the additional stresses caused 
by them produce failure at a load considerably lower than when the same 
beam is used fully braced. Appropriate experimental and analytical 
investigation has shown that intermittently braced Z-beams may be 
analysed in much the same way as intermittently braced channels. It is 
merely necessary, at the point of each actual vertical load P, to apply a 
fictitious load f. It is in this manner that. the provisions applicable to 
bracing of Z-shaped beams in 8.2 of IS : 801-1975 have been arrived at. 

NOTE - Since Z-shaper and channels are the simplest two-flange sections which 
can be produced by cold-forming, one is naturally inclined to use them as beamr 
loaded in the plane of the web. However, in view of their lack of symmetry, such 
beams require special measures to prevent tipping at the supports, as well as relati- 
vely heavy braking to counteract lateral deflection and twisting in the span. Their 
use ir indicated chiefly where continuous bracing exists, such as when they are 
incorporated in a rigid floor or roof s 
may be required during erection 1 

stem, so that special intermittent braking 
on y. For such erection condition in C? of 

IS : 801-1975 may be chiefly useful. For conditions other than these, serious consi- 
deration should be given to hat sections. These have the same advantages as 
channel and Z-sections ( two-flange section produced by simple cold-forming ) but 
none of their disadvantages. They are, in fact, in some respects superior to 
I-sections. 

12. CONNECTIONS 

12.1 General - A considerable variety of means of connection iinds 
application in cold-formed construction. Without any claim for comple- 
teness, these may be listed as follows: 

a) 

b) 

4 

Welding - which may be sub-divided. into resistance welding, 
mostly for shop fabrication, and fusion welding, mostly for erec- 
tion welding; 

Boiling - which may be sub-divided into the use of ordinary 
‘ black ’ bolts without special control on bolt tension, and the use 
of high-strength bolts with controlled, high bolt tension; 

Riveting - while hot riveting has little application in light-gauge 
construction, cold-riveting finds considerable use, particularly in 
special forms, such as blind rivets ( for application ffom one side 
only ), tubular rivets ( to increase bearing area ), high shear 
rivets, explosive rivets, and others; 
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d) Screwing — mostly by means of self-tapping screws of a conside-
rable variety of shapes; and

e) Special devices — among which may be mentioned; (1) metal
stitching, achieved by tools which are special developments of
the common office stapler, and (2) connecting by upsetting, by
means of special clinching tools .whlch draws the sheets into
interlocking projections.

12.1.1 Provisions only for welding and for black bolts are contained in
IS :800-1962. Information on high strength, high-tensioned bolts is
available and will be briefly discussed herein. Classes (c), (d) and (e)
in 12.1, above, mostly refer to a variety of proprietary devices in regard
to which information on strength of connections shall be obtained from
manufacturers ( preferably based on tests preformed by independent
agencies ), or from tests carried out by or for the prospective user. In
regard to riveting and, to a lesser extent, screwing, the data given in the
code in regard to bolting may be used as a general guide.

12.2 Welding

“12.2.1 S’ot Welding — In its normal form as well as by projection,
welding is probably the most important means of shop connection in light-
gauge steel fabrication. Welding procedure and design strength of spot
welds are specified in IS : 819-1957. Welding procedure specifications
contain definite recommendations on electrode diameter, current, etc,
depending on sheet thickness. The use of the design values of IS: 819-1957
is, therefore, justified only if the specified welding procedures are strictly
followed.

12.2.2 Fusion Welding — It is used for connecting cold-formed light-
gauge steel members to each other as well as connecting such members to
heavy hot-rolled steel framing ( such as floor panels or floor joists to beams
and girders of the steel frame ). It is used in fillet welds, butt welds
( rather rarely ), and in plug or puddle welds. These latter are often
used in connecting light-gauge to heavy rolled steel and are made by
burning a circular hole through the sheet and fillet-welding the sheet along
the periphery of the hole to the underlying, heavy steel section.

12.2.2.1 The allowable stresses for fusion welds are given in 7.2 of
IS :801-1975. It is mentioned that shear stresses are referred to ‘ the
throat’ of the weld. This throat is a fictitious dimension, equal to 0“707 t
(tbeing the sheet thickness), the meaning of which is shown in Fig, 23,
that is, in welding thin sheet the weld shape generally obtained is that
shown on the figure, with the thickness of the weld actually exceeding
that of the sheet. The intention is to disregard any material deposited
beyond the dashed line in Fig. 23, and to calculate the throat thickness
in the same manntr as in heavy welded construction.
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FIG. 23 THROAT OF A FILLET WELD 

12.2.2.2 When plug welds are made with pre-punched holes, the 
length of the fillet weld for computing weld strength is identical with the 
perimeter of the hole. When the hole is burned and the weld made in 
the same operation, a frequent process ( which is more aptly designated 
as puddle-welding ), a conservative procedure is to compute the perimeter 
for a hole of diameter 6 to IO mm less than the visible diameter of the 
puddle. 

12.2.2.3 It should be added that the welding of thin steel sheet 
requires a high degree of skill and welding technique. Welders who have 
successfully passed the usual proficiency tests for welding of heavy.sections, 
as a rule, are not capable without special additional training and experi- 
ence to produce satisfactory welds of light-gauge members. Moreover, the 
welding together of two sections of radically different thicknesses, such as 
the welding of light-gauge panels or joists to ordinary, heavy steel beams 
or girders, again requires special techniques. A well-trained, skilled 
welder usually will acquire and develop these special techniques with a 
reasonable ‘amount of practice, but such practice should be acquired not 
on the job, but in advance on special practice welds, and under compe- 
tent supervision. 

12.3 Bolting 

12.3.1 Black Bolts in Ordinary Connections - The nature of light-gauge, 
cold-formed construction generally precludes the use of turned and fitted 
both. The provisions of 7.5 of IS : 801-1975 therefore, are written for 
black bolts in oversize holes ( usually 1.5 mm oversize for bolts of 12 mm 
diameter and larger, and 0.75 mm for smaller bolts ). 

These provisions of safeguard against the following four types of 
failure observed in tests, generally with a safety factor of the order of 2.5, 
which was selected in view of the significant scatter in these tests. 

12.3.2 High Tccnsile Friction Grip Bolts 

12.3.2.1 The use of such bolts for 
work has become very common in a 
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connections differ in two respects from those made with ordinary black 
bolts: 

a) the material from which these bolts are made has about twice the 
tensile strength of ordinary, black bolts; and 

b) the nuts of such bolts ar- p torqued to prescribed amounts which 
result in a minimum bolt tension of 90 percent of the proof load 
of the bolt ( the proof load is about equal to the proportional 
limit of the bolt ). 

One of the chief advantages of these connections is that they 
eliminate connection slip which would occur if these same connections 
were made with unfinished black bolts. They also increase the shear 
strength of the connection ( See IS : 4000-1967 ). 

12.3.2.2 In order to investigate the possible advantages in the field 
of light-gauge steel construction of using high-strength bolts with controlled 
high bolt tension, a number of tests have been made on connections of 
this type, with the bolts and bolt tensions ( torques ) complied with the 
regulations governing the use of such bolts in heavy steel construction as 
in IS : 4000-1967. 

12.3.2.3 It has also been found in these tests that the use of high 
tensioned bolts will effectively eliminate connection slip at design loads 
regardless of whether the faying surfaces are bare, painted, or galvanized. 
This may be of importance in situations where small deformations in 
connections may cause relatively large distortions of the structure, such as 
in knee-braces of portal frames, in rigid joint construction generally, and 
in many other situations of the like. 

12.3.2.4 This brief summary will indicate the economic possibilities 
of high strength bolting in light-gauge construction. These may be utilized 
only if special bolts are available, and special assembly techniques are 
strictly adhered to, such as specified in the quoted specifications. 

12.4 Spacing of Connection in Compression Elements - If compre- 
ssion elements are joined to other parts of the cross section by intermittent 
connections, such as spot welds, these connections shall be sufficiently 
closely spaced to develop the required strength of the connected element. 
For instance, if a hat section is converted into a box shape by spot welding 
a flat plate to it, and if this member is used as a beam with the fiat plate 
up, that is in compression ( gee Fig. 24 ), then the welds along both lips 
of the hat should he placed so as to make the flat plate act monolithically 
with the hat. If welds are appropriately, spaced, this flat plate will act as 
a ‘ stiffened compression element ’ with width w equal to distance between 
rows of welds, and the section can be calcuiated accordingly. 
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FIG. 24 PLATE SPOT-WELDED TO HAT SECTION 

13. MISCELLANEOUS 

13.1 Usually Wide, Stable Beam Flanges - Compression flanges of 
large w/t ratio tend to lose their stability through buckling. However, if 
flanges are unusually wide they may require special consideration even if 
there is no tendency to buckling, such as in tension flanges. Two matters 
need consideration for such elements; shear lag, which depends on the 
span-width ratio and is independent of the thickness, and curling which is 
independent of the span and does depend on the thickness. 

13.2 Shear Lag - In metal beams of the usual shapes, the normal 
stresses are induced in the flanges through shear stresses transferred from 
the web to the flange. These shear stresses produce shear strains in the 
flange which, for ordinary dimensions, have negligible effects. However, 
if flanges are unusually wide ( relative to their length ) these shear strains 
have the effect that the normal bending stresses in the flanges decrease 
with increasing distance from the web. This phenomenon is known 
as shear lag. It results in a non-uniform stress distribution across 
the width of the flange, similar to that in stiffened compression elements, 
though for entirely different reasons. As in the latter case, the simplest 
way of accounting for this stress variation in design is to replace the non- 
uniformly stressed flange of actual width w by one of reduced, effective 
width subject to uniform stress. 



1303.1 In beams which have unusually wide and thin, but stable flanges 
( that is, primarily tension flanges with large w/t ratios ), there is a 
tendency for these flanges to curl under load. That is, the portions of these 
flanges most remote from the web ( edges of I-beams, centre portions of 
flanges of box or hat beams ) tend to deflect towards the neutral axis. 

13-3.2 In 5.2.3 of IS : 801-1975, there is given an approximate formula 
which permits one to compute the maximum admissible flange width 

W- for a given amount of tolerable curling c. 

It will be noted that 5.2.3 of IS : 801-1975, does not stipulate the 
amount of curling whichmay be regarded as tolerable, but merely suggests 
in the foot note that an amount equal to about 5 percent of the depth of 
the section is not excessive under usual conditions. It will be found that 
the cases are relatively rare in which curling becomes a significant factor 
in limiting flange width, except where, for the sake of appearance, it is 
essential to closely control out-of-plane distortions ( for example, when 
flat ceilings are to be formed of wide, cellular floor or roof panels ). 

13.4 Application of Plastic Design to Light-Gauge Structures 

13.4.1 Considerable research and development effort is under way in 
the field of steel structures for buildings to develop plastic design methods. 
Within certain limits these methods are at present admitted in design 
codes as optional alternatives to conventional ( either L simple ‘, a semi- 
rigid ’ or ‘ rigid ‘) design methods ( ssc, for example, 14.2 of IS : 800-1962). 

13.4.2 Plastic design is based on the proven proposition that a mild 
steel beam does not fail when the yield stress is reached in the outer fibre. 
It continues to function, and gives way through excessive deformation 
only when yielding has practically reached the neutral axis from both 
sides, thus forming a ‘ yield hinge ‘. In continuous structures yield hinges 
form successively and produce a redistribution of moments which 
generally permits a more economical design. Failure occurs only when 
enough hinges have formed to convert the structure ( rigid frame, contin- 
uous beam, etc ) into a mechanism. 

13.4.3 This process requires that all hinges, except the last, be capable 
of undergoing rotations, often considerable, while the steel in practically 
the entire section is yielding, at .the same time. Compact sections are 
capable of performing in this manner. However, many compression flanges 
even if they are rigid enough ( reasonably small w/t ratio ) not to buckle 
immediately when the stress reaches the yield point, will buckle very 
shortly thereafter if submitted to further compression strain, such as would 
be caused by the rotation of plastic hinges. It has been established in 
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recent research at Lehigh University and elsewhere that in order for a 
flange section to perform satisfactorily in connection with plastic design, 
limitatibns shall be imposed on w/t and h/f ratios which are significantly 
more stringent than those in use in conventional design. If this is not 
done, members at plastic hinges will prematuraly buckle locally and the 
carrying capacity computed by plastic methods will not be reached. 

13.4.4 It is evident from this that most shapes now in use in light- 
gauge steel structures, since they have w/t ratios considerably in excess of 
conventional hot-rolled shapes, are not capable of developing plastic 
hinges satisfactorily and of maintaining them throughout the required 
rotations without local buckling. It follows that plastic design methods 
are not applicable to light-gauge construction in its present form, unless 
su& construction is surrounded with additional safeguards of the kind 
which are now in the process of development for hot-rolled structures. 
What is more, it is obvious that those shapes most typical of light-gauge 
steel, such as panels and decks, by their very nature reqaire large w/t 
ratios which preclude satisfactory performance under plastic design 
conditions. This is not to say that, through appropriate research and 
development, cold-formed sections suitable for structural framing ( as 
distinct from panels and decks ) could not be developed with sufficient 
section stability to be amenable to plastic design. 

13.4.5 It should be noted that these reservations apply to the full 
development of plastic hinges. There are a number of unsymmetrical 
sections in light-gauge steel construction, such as many roof decks, where 
the neutral axis is much closer to the compression than to the tension 
flange. In such sections the ( stable ) tension flange yields first, but failure 
does not occur at that load at which such yielding begins. Only when 
yieldinn has spread over much of the section, including the compression 
side will the member fail at a load considerably higher than that which 
initiated teusion yielding. This development has been used as early as 
1916 for the successful interpretation of tests on stiffened compression 
elements. It is this ability of unsymmetrical sections to redistribute their 
stresses through plastic action which accounts for the excess of their strength 
over and above that computed on the conventional, elastic basis. In such 
more limited connections plastic analysis is needed for a fullunderstanding 
of structural performance even of some thin-wall sections. 

13.4.6 However, since light-gauge structures of the presently current 
types (a) usually have compression flanges too thin to develop plastic 
hinges without local buckling, and (b) are usually not of the continuous- 
beam or rigid-frame type; the application of plastic design to light-gauge 
steel structures is much more restricted and of less consequence than in 
hot-rolled construction. 
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1. SCOPE 

1.1 This section contains various design tables and design curves, required 
in design of structures using light-gauge steel sections in accordance with 
the provisions of IS : 801-1975. 

2. DESIGN OF STIFFENED COMPRESSION ELEMENTS - 
ELEMENTS WITHOUT INTERMEDIATE STIFFENERS 

2.1 The limiting width thickness ratio ( w/tn, ) for compression elements 
below which the element is fully effective (b = w ) has been tabulated in 
Table 1 both for nontubular and tubular section for the load and deflec- 
tion determination. The values of w/trr, have been -calculated in 
accordance with the formulae contained in 5.2.1.1 of IS : 801-1975. 

TABLE I STIFFENED COMPRBSGION ELElUBlVTS LIMITING WIDTH 
THICXNBSS RATIO W/Q= BELOW WHICH ELEMENT LS FULLY EFFECTIVE 

STBEIW IN 

COUBB6@ION 

ELEWNNT 

f, W/cm* 

‘100 

E 

% 
600 
700 

is 
1000 
1100 
1200 

:z 
1500 
1600 

:zi 

:z 
2100 

2.2 NontPb 
with the pra 

NONTUBIJLAB fhalrox TUBULAB SIBCTION 

For Load Deter- For Deflec- 
mination tion Deter- 

mination 

For Load Deter- 
minahn 

For Deflec- 
tion Deter- 
mination 

143.5 185.00 
101.4 130.72 
82.85 lw81 
71.75 92’50 
64-18 82.74 
58.58 75-52 
54-24 69.92 

i% 
65-lO 
61% 

45.36 43.27 zi*; 
41.42 53.40 
gi.5 49.44 51.31 

37*05 47.76 
3?e8 . 

~*~ 
zg 
43a 

izi t:37” 
31.31 40.36 

154.0 199-o 
108w 140.71 
88-91 114’89 
77’00 
68.87 z-i 

~~~~ ;::I: 
54.44 7@36 
51.33 66.33 
48’70 62.93 
46.43 60.0 
44’45 57.45 
42’71 55.19 
41’15 53.18 
3976 51.38 
3830 49-75 
37.34 -26 
s: x2 . 

SC’44 44.5 
33-w 43.43 

LT saccion - Design curves, worked out in accordance 
ions af b2~1.1 of IS : 801-1975, &r the load and deflection 

determination of non$ubular members tbwlc: been given in Fig. PSA, 25B, 
26A and 26B. 

e 
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2.3 Tubdar Stctions - Design curves, worked out in accordance with 
the provisions of 5.2.1.1 of IS : 801-1975, for the load and deflection 
determination of tubular member have been given in Fig. 27A, 27B, 28A 
and 28B. 

3. DESIGN OF STIFFENED COMPRESSION ELEMENTS - 
MULTIPLE STIFFENED ELEMENTS AND WIDE STIFFENED 
ELEMENTS WITH EDGE STIFFENERS 

3.1 Values of a, the reduction factor for computing the effective area of 
stiffeners, as contained in 5.2.1.2 of IS : 801-1975 are given in Table 2 for 
w/t ratio between 60 and 150. 

TABLE 2 REDUCTION FACTOR, a, FOR COMPUTING EFFECTIVE AREA OF 
STIFFENERS ( A.f = aA,f ) 

For 60 < w/r < 90. 

a=(3-22/W) l&J *--$]W) 
For +a90 

FLAT Wmra RATIO, bit 

20 25 30 35 40 45 50 55 60 70 80 90 100 

1.00 lf@ l-00 lml 1.00 1.00 1.00 l-00 1m I*00 l+M 1.00 1m 
0.95 0.96 0.97 0.97 0.98 0.98 0.99 0.99 1tXl 1.00 l-00 1.00 1.00 
0.91 O-92 0.93 0.94 0.95 0.96 097 0.98 O-99 1.00 l-00 1.00 1.00 
0.86 0.88 O-89 O-91 092 0.94 0’95 0.97 0% ltI0 lfI0 lf)O 1fMl 
0.81 O-83 O-85 0.87 0.89 O-91 0.93 0.95 0.97 1.00 l+IO 1.00 l+O 
0.76 0.79 0.81 0.83 O-86 O-88 0.90 0.93 0.95 1.00 1.00 I*00 1.00 
0.71 874 0.77 0.79 0.82 0.85 W88 0.91 0.93 O-99 MO 1.00 l-00 
0.66 O-69 0.72 0.75 O-79 0.82 0.85 0.88 O-91 O-97 1.00 l-00 l-00 
0.61 0.64 O-68 0.71 0.75 O-78 0.82 O-85 089 O-96 l-00 If)0 l-00 
0.55 O-59 0.63 0.67 O-71 0.75 0.78 O-82 O-86 O-94 l-00 1.00 1-M) 
0.50 0.54 0.58 0.63 O-67 O-71 0.75 O-79 083 0.92 I-00 l-00 1.00 
0.45 0.49 0.53 058 0.62 0.67 O-71 O-76 O-80 0.89 098 l-00 1.00 
039 0.44 0.49 0 53 0.58 O-63 O-68 0.72 0.77 0’87 0.95 I-00 1.00 
O-33 O-39 W44 O-49 0 54 0.59 O-64 O-69 O-74 0.84 O-94 I-00 1.00 
0.28 0.33 O-38 044 O-49 O-54 O-60 O-65 O-70 0.81 0’92 l-00 l-00 
0.22 0.28 0’33 O-39 O-44 O-50 0.56 O-61 0.67 058 O-89 I-00 l-a0 ’ 
0.20 0.25 0’30 0.35 O-40 0-45 0.50 ‘0-55 0.60 0-70 O-80 O-90 l-00 
0.18 O-23 0’27 092 0.36 O-41 0.45 050 O-55 0.64 O-73 0.82 O-91 
@I7 0.21 0’25 0.29 0.33 038 0.42 046 050 0% O-67 0.75 O-83 
0.15 0.19 O-23, 0.27 0.31 O-35 038 042 046 O-54 O-62 O-69 O-77 
0.14 0.18 O-21 025 O-29 O-32 0.36 O-39 O-43 0.50 0.57 864 071 
O-13 0.17 O-20 0.23 0.27 O-30 0’33 0.37 040 0.47 O-53 O-SO O-67 
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4. STIFFENERS FOR COMPRESSION ELEMENTS 

4.1 Clause 5.2.2.1 of IS : 801-1975 stipulates the minimum moment of 
inertia of a stiffened compression element by the relation: 

I mln = 1.83 I4 y’( w/t )” - 281 200/F, 

Values of ( Imi,# ) for different values of ( w/t ) and F, have been 
tabulated in Table 3. 

TABLE 3 MINIMUM MOMENT OF INERTIA OF EDGE STIFFENER (r&./t’ ) 

- 

Ymm POINT 01 STEEL IN kgf/cd 
10 

t 
2 100 2400 3 000 36QO 

lI*Do - - 

12.0 
194.: 

F6 193.26 

9”:; 

14.8 
14.0 16.1 18.9 19.8 
16.0 20.3 21.4 23.7 24.4 
18.0 25.3 26.3 28.1 28.7 
20.0 29 9 30.8 32.3 32.8 
25.0 .Lz 41.2 42.4 42.8 
30.0 51.2 52.1 52.4 
%: 87.0 70.1 89.3 70.5 89.9 71.1 71.3 

Z*8 1ZE 145.5 144.9 107.7 108.0 145.0 145.4 108.4 
90.0 163.3 163.5 163.8 163.9 

- 

4.2 Clause 5.2.2.1 of IS : 801-1975 also stipulates the minimum overall 
depth dmin for stiffeners consisting of a simple line bent at right angles 
to the stiffened element by the relation: 

d 
_-__ 

mln = 2*8t q(pq81 200/F, 

Values of 
d 

T have been tabulated for different values of ( w/t ) 

and F, in Table 4. 

5. COMPRE&SIQN ON WNSTIZFENED ELEMENTS 

5.1 Values of ( w/t )Ilm for unstiffened compression elements for different 
values of F,, calcuiated in accordance with the formulae contained in 6.2 
of IS : 801-1975 are tabulated in Table 5. 
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TABLE 4 MINIMUM DEPTH OF SIMPLE LIP EDGE STIFFENERS ( d,,&r) 

( Clause 4.2 ) 

ZfJ 

t 

YIELD STBESB OF STEELIN kgf/cms 

2 100 2400 3 000 3600 

TABLE 5 GOMPRESSJON ON UNSTIFFENED ELEMENTS 

( Cfause 5.1 ) 
- 

LIMITING~AVJE~ orw/r BOB UNSTIFFENED CoMPBra8ION 

kgfT:rna 

2 100 
2 400 
3000 
3 600 

530 L.- 
tiF7 

I - 

I 
1210 -- 
y’&- 

11.56 
IO.82 
967 ^ ^_ 

2640 
24.70 
22.09 

5.2 Allowable compressive stresses F, determined for different values of 
w/t as stipulated in 6.2(a), (b), (c) 
given in Kg. 29 for F, s 

and (d) of IS : 801-1975 have been 
2 100, 2 400, 3 000 and 3 600 kgflcms. 

6. LATERALLY UNBRACED REAMS 

6.1 Clause 6.3(a) of IS : 801-1975 stipulates the maximum allowable stress 
Ft, on extreme fibres of laterally unsupported straight flcxural members . . 
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when bending is about the centroidal axis perpendicular to the web for 
either I-shaped section symmetrical about an axis in the plane of web or 
symmetrical channel-shaped sections by the relationship: 

Fr2 Fb - f FY - 5.4n2~c 
b (q ) when 

.P&* is greater than 
0.36nsETb 1’8x*EC ,, 

dIy, FY 
but less than -F- 

Y 

and Fb I 0*6xs ECb % if 
X0 

LISXO 1*8n’ECb 

d&o 
is equal to or greater than 

FY 

The values of allowable bending stresses are given in Fig. 30 for 
Ls&0 various values of dl;, and F,. 

6.2 Similarly, 6.3(b) of IS : 801-1975 stipulates the maximum allowable 
stresses for point-symmetrical Z-shaped sections bent about the centroidal 
axis perpendicular to the web by the relationship: 

Fb = $ FY - -%?--(+) when 2.7xsEc 

Las -5!T! dIy, is greater than 
0’18x%%;b 0’9nsECb 

Fy but less than -F- - 
Y 

dI 
and Fb = O*!h”Ecb # if 

x0 

L”SX0 9’ 9+ECb 

40 
is equal to or greater than 

FY 

Values of allowable bending stresses are given in Fig. 31 fcr different 
JS0 values of - 
d&o 

and F,. 

6.3 The values of the coefficients 
0*36xsE and . 1.8xsE 

F - for I-sections 
Y Fv e 

0*18xsE and symmetrical sections as given in 6.1 above and -- 
F 

and 

0.9n’E 
Y 

- for Z-sections for laterally unbraced beams as given in 6.2 above 
FY 

have been tabulated in Table 6. L 
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TABLE 6 VALUES OF COEFFICIENTS 

( C&use 6.3 ) 

“E 
u 

2x 

2oc 

.1601 

600 

‘i = 3600kgf/cmz 

7 

W- 
-4 .I . 

10 20 30 co 50 60 

FIG. 29 ALLOWABLE COMPRESSIVE STRESS FOR UNSTIFFENEC 
ELEMENTS, kgf/cm* 
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6.4 In Fig. 30 and Fig. 31 bending coefficient Ct., was assumed equal to 1. 
Values of Ct, varies with different values of ( Mi/Ms ) by the relationship, 

Cb 5 l-75 + I.05 ( AfIlM, ) + O-3 ( Ml/M, )* subject to a mini- 
mum of 1 and maximum 2.3. 

Table 7 gives values of the bending coefficient Ct, for different 
values of ( Ml/M, ) for laterally unbraced beams. 

TABLE 7 BENDING COEFFIC~ cb 

Ml 
MI- 

cb 

- 1.0 1.00 

- 0.8 1.10 

-0.6 1.23 

- 0.4 1.38 

- 0.2 1.55 

0.0 1.75 

0.2 1.97 

0.4 2.22 

0.6 2.30 

0.8 2.30 

1.0 2.30 

7. SHEAR STRESSES IN WEBS OF BEAMS 

7.1 Clause 6.4.1 of IS : 801-1975 stipulates the maximum average shear 
stress F,, on the gross area of a flat web by the relationship: 

Fv = 1 2754% 

W 
with a maximum of 0.4 Fy when h/t not greater 

than 4 590/1/x 

and F, = 5~~~~~o if h/t is greater than 4 590/1/F, 

Based on the above formulae, Fig. 32 has been drawn giving allow- 
able shear stresses for different values of h/t and F,,. 
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200 

I 
0 20 40 60 60 100 120 MO I60 180 200 

1- 
t 

Fro. 32 ALLOWABLE SHEAR Sm~ss IN WEBS IN kgf/cms 

8. AXIALLY LOADED COMPRESSION MRMRRRS 

8.1 Compression members, not subjected to torsionaLf?exural buekhg 
and braced against twisting, average axial atress P/A in compression is 
stipulated in 6.6.1.1(a) of IS : 801-1975 not to ehxed as followsz 

for KL/r ks3 than C&/T 

%I - ,12/23 Q F, - 

cI 0.522 Q Fr - 
( Q12g” )’ 

23( XL/r )’ 
10680000 

- prL/r )’ 

78 



SPt6(5)-19&l 

A graphical presentation giving allowable compressive stresses for, 
steel of F, = in 
34,35 and 

2 100, 2 400, 3 (Wand 3 600 kgf/cma 
36 respectively for values of Qfrom 0.2 

are given Fig. 33, 
to 1.0. 

8.2 Clause 6.6.1.1(b) of IS : 801-1975 stipulates that when factor Q I 1, 
the steel is 2.29 mm or more in thickness and KLJr is less than C,,, 

allowable compressive stress, Fal = 1 F 
Y 

( XL/r 1’ 
8 C,s 1 

The values of FBI as calculated from the formulae for dif%erent , 
values of Fy are given in Fig. 37. 
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0 20 40 60 80 100 120 140 160 180 200 
+F?ATlOS- 

FIG. 33 ALLOWABLE COMPRESSIVE STRESS IN kgf/cm2, 
FOR F, = 2 100 kgf/cma 

I 1200 

-5 1000 
. 
6 

* 800 
s 

z 
t; 600 

w 
m” 
a LOO 

% 
;i 200 

t- -0.1 _ -1 
0 20 LO 60 60 100 li0 140 160 180 200 

+ RATIOS- 

FIG. 34 ALLOWABLR COMPRESSIVE STRESS IN kgf/cmt, 
FOR F,, = 2400 kgf/cm* 
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ALLOWABLE COMPRESSIVE STRESS IN kgf/cms, 
FOR F, = 3 000 kgf/c.m’ 
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0 i0 Co 60 do IO0 l20 i&o l&l I80 200 
+RAlIOS- 

FIG 36 ALLOWABLE CGMPRIMVE STRESS IN kgf/cm’, 
FOR F, = 3 600 kgf/cm* 
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I. SCOPE 

1.1 This section illustrates the application of the various code provisions 
of IS : 801-1975 along with figures and tables contained in Section 2 of the 
handbook in the design of various cold-formed steel structural members. 

DESIGN EXAMPLE NO. 1 SECTIONAL PROPERTIES 

To find the sectional properties by linear method of the section shown in 
Fig. 38. 

r = 0.3 + 0 212 = 0.4 cm 

All dimensions in centimetres. 

Fxa. 38 

Arc length for 90° corner = 1.57 x r = 0.628 cm 
Distance of the C. G. from centre of arc = 0.637 x I 

= P254 8 cm 

Sl No. Elsm&s Dimension Length Distance Ada MAboUt 
cm cm from XX ztr own C.C. 

d 
cm 

1. Web 17.0 0 - 409.42 

2. Lips 1.3 x 2 2.6 7.85 160’22 @360 

3. Corners 0.628 x 4 2.51 8.75 192-17 

4. Flanges 6.0 x 2 12.0 8.9 ,:’ 950.520 
- - 

Total 34.11 1302.91 409.780 

= 1 712.69 
( Continued ) 
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DESIGN EXAMPLE NO. 1 SEGTIONAL PRGPERTtES - CnJd 

Area = 0.2 x 34’11 = @822 cm8 

MI = @2 x 1 712.69 = 342.54 cm4 

sx 
342.54 = - E 38-06 

9.0 

Radius of gyration = 
J 

1712.69 -=7’09cm 
34.11 

Neglecting the curves the quantities are as below: 

Length = 17.8 + 6.8 + 1.7 + 1.7 = 348 

Area = 34.8 x 0.2 = @96 cm2 

Error = 2.05 nercent * ~~ 
MI = T + @8 x 2 ( 8.9 )’ + 2 x 1.7 x ( 8.05 )’ + 2 x 2;; 

= 469.98 + 1077.25 + 220’33 + 0.82 

- 1 768.38 cm3 

= 1 768’38 x V2 B 353.676 

Error = 3.24 percent 
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. 
DESIGN EXAMPLE NO. 2 INTERMEDIATE SPAN ROOF DECE 

The profile illustrated in Fig. 39 forms a roof deck. The gap in the top plate is 
limited to 25 mm to enable fibre boards and similar roof insulation to be used without 
danger of piercing. It ia required to determine: (a) the resisting moment of this 
section as governed by the bending stress, and (b) the moment of inertia of the protile 
for deflection computation. 

P-- 4 zss ----! 1 

2-L 

o&12.5 X24- 4 
All dimemions in centimetrer. 

FIG. 39 
a) Allow~blc resisting moment 

first appIOximation 
A compressive bending stress of 730 kgf/cme is assumed. To rimplify compu- 

tation, the rounded corners may be assumed to be replaced by square cornem as given ., 
in Fig. 49. 

FIG. 40 
( Cod inwd ) L 
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DESIGN EXAMPLE NO. 2 INTERMEDUTE SPAN ROOF DECK - Conrd 

The effective design width is determined in accordance with 5.2.1.1 of 
IS : 801-1975. 

w 17.26 
-- z t 012 = 14303 

1 435 1 435 
- s ,lm 7 ZO = 53.1 

465 
1--= 

( wit ) ti 730 
= 69 

( b/t from Fig. 25A in Section 2 of the Handbook = 69 ) 
:. b = 69 x 0’12 = 8’28 cm. 

Total effective width b = 8.28 + 0.12 x 2 = 8.52 cm 

Area of elements = 8.52 x 0.12 + 6.5 x 012 x 2 + 1.13 x 0.12 x 2 
= 1.022 + 1.56 + 0271 
= 2.853 ems 

Moment of the area about the top fibre 

= 1.022 x 0.06 + I.56 x 3.25 + 0271 x 6.4 = 6.865 ems 

:.y = z = 2.406 

and fc = 
2’406 x 1250 

6’5 2’406 = 734.6 kgf/cms - 

Since the assumedstress, namely 730 kgf/cms, and the actual stress are more 
or less equal, the section properties can be calculated for the section. 

Moment of inertia of the profile 
= 2 x 0.12 x 6*5s/l2 + 1.56 x 0844* + 0.271 ( 3.974 )a + I.024 (2.286)s 
= 15.96 cm4 
Section modulus = 15*96/4*094 = 3,967 ems 
Resisting moment of the section = 3.967 x 1 250 

= 4 958 kgf. cm 

b) Moment of in&a for dcjkction calculation 

Actual sectional properties at design load are always larger than those computed 
for load determinatton. Correspondingly the actual top fibre stress is less than that 
computed for load determination and will be assumed as 600 kgf/cm’. 

(wit )Ilal = 1 85O/,/@jO I 7552 
Actual w/t = 143.83 

:. b/t from Fig. 26A in Section 2 of the Handbook = 92 and 
6 = 92 x 012 = 11.04 cm 

( Conlinud ) 
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DESIGN EXAMPLE NO. 2 INTERMEDIATE SPAN ROOF DECK - Cod 

Total effective width = li.04 + 0’24 = 11.28 cm 

Area of the profile = 11.28 x 0.12 + 6.5 x 0.12 x 2 + I.13 x Cl2 x 2 

E 1.354 + 1.56 + 0+271 = 3.185 cm: 

Moment of area about top fibre = l-354 x PO6 + 1.56 x 3.25 + 0.271 x 6.4 

= 0+061 + 5.07 + 1’734 = 6.885 ems 

:.J = 6.885/3*185 = 2.161 cm. 

2’161 x 1250 fc= ---- 
(6.5 - 2’161 ) 

= 622.5 kgf/ crna 

This checks with the assumed values with sufficient accuracy. 

Moment of area of the profile 

I 2 x 0.12 x 6*5*/12 + I.56 x I.0892 + 0.271 x ( 4.219 )* + 1.354 x 2.041s 

= 17.807 cm4 

Cluck for Jangc curling 

Fibre stress at design load as computed above = 622.7 kgf/cm* 

Average stressfav = 622.7 x 11*28/17*74 = 395.94 kgf/cms 

UI,,,~ - 17*26/2 = 8’63 cm. 

utrnax from 5.2.3(d) of IS : 801-1975 

WeNLx = J 100~ 19650r.d. x 4 

far J 
--- 

d 

Wmax'l . f4v 
*** cr = (19.i5)sT0_ = - 

8.634 x 395.94s 

19.65’ x 1Oe x 0.122 x 6.5 

= 0.240 cm. 

This is less than 5 percent of the depth of the sections. 
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DIWGN EXAMPLE NO. 3 IMPROVED ROOF DECiE 

TO determine the carrying capacity and other pertinent properties of tha 
profile shown in Fig. 41. 

This design example illustratea the manner in- which the structura\n&a 
ment work, more economical shapes are produced in successive designs. 
Example ?, out of a total flat width of l43*8t only 75 t is structurally effective. 
Hence, it 1s evident that the metal is not used economically. It is apparent that 
the top flange efficiency may be improved by providing an intermediate otiftena 
midway between the ribs. However, as a result of this im rovement in the e@iciency 
of compressive flange, the neutral axis would. be locate x even closer to that &age 
than in Design Example 2. In general, the best location for the neutral axis is as 
close to the midedepth as possible so as to minimlae the amount of unstressd material. 
To compensate for the improved top flange efficiency, it is desirable to improve 
the balance of material above and below the axis by increasing the width of the rib, 
and thereby of the bottom flange! It is also nectary to prevent damage to 
the roof insulation material that the gap in the top plate should not exceed 25 mm. 
To do this and to add material to the bottom flange wedge-shaped ribs have heen 
provided. 

All dimensions in millimetrer. 

FIQ. 41 

( Coniinwd ) 
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DESIGN EXAMPLE NO. 3 IMPROVED ROOF DECK - Cmtd 

a) AUmmblc Ruistiag Momet 

Actmi Momsat of hwtia of tiw St*$nu 

Area afdements - 

2 x 0.12 x 0.12 = 0.028 8 

2 x 15 x 0.12 - 0360 0 

1 x 1% x 0.12 =0*151 2 

O-540 0 cmt 

Moment of the area about bottom tlange 

= 0.028 8 x 1.44 + 0% x 0.75 + 0.151 x 0.06 

= 0.0415 + 0.27 + 0909 072 = 0.320 572 cm* 

:. J = @320 57/O-54 = 0.6 cm 

Moment of inertia = 0.028 8 x (W84 )* + 2 x WI2 x l-5*/12 + 036x (@15)* 
+@1512 x (0.54)s 

==@0203 +0.0675+0%081+ @OOC415 

= PO74 005 cm4 

The central portion, with all necessary dimensions, is shown above and for 
rimplicity properties are corn uted only for this central portion. For ruch sections, 
it is first necessary to design t FI e rtiffener lo bave the required rigidity. Subsequently, 
the sectional pr&pertia are computed in a manner similar to that of &ample 2. 

w/t - 103.9/1*2 -a6+i8 

Assume a rtresr of 590 k 
f = 590 kgf/cma and wit = $ 8&5 

/cm* at the top flange. Effective widtb ratio b/t for 
is 68.0 (from Fig. 25A in Section 2 of the handbook). 

V/t=b/t-@lO(to/t-60) 

=68-@1(8658-60)=65*41 

6’ I 65.41 x 0.12 = 7.85 

Effective area of stilfener = a.&u 

T& value of a from Table 2 in Section 2 for w/t 3 86.5 and b/t - 68 i 02l2. 

Effective area of stiffener I W82 x 0% P a’442 8 

E&tive width of top flange excluding stiffener = 2 (P85 + 0.12) 

- 1594cm 
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DESIGN EXAMPLE NO. 3 IMPROVED ROOF DECK - Confd 

Elamt ATM, A Distance from Top F&r, y A.J 

(1) (2) (3) (4) 
cma cm cma 

Top flange 15 94 x 612 096 0.1147 
=1’912 8 

Stiffener 0.443 090 0.398 7 

Webs 2 x 6.5 x 0.12 3.25 5.070 
= 1.56 

Bottom flange 2 x 2 38 x 0.12 6.49 368 
= 0.571 2 

4481 ems 9.263 4 cm3 

y = 9 263 414.467 = 2.064 5 cm 

fe - 1 250 x 2964 5/(6*5 - 28645) = 5818 kgf/cm* 

This is quite near to the assumed value and the section properties cao be 
determined for there valuea. 

Ix1 P 1.9128 x 2.80s + 0443 (1664)s + 2 x 0.12 x 6*5’/12 + 1.56 x (l-19)’ 
-I- 0.571 2 (4.43)s 

= 22416 cm4 

Section modulus = 22’41614.435 5 = 5.054 cma 

:. Allowable resisting moment = 1250 x 5.054 = 6 317.5 kgf. cm 

b) Memeat of Inertia Ifw DqSction Wcdation 

so/t = 865 

Assume a stress of 520 kgf(cma 

b/t for detlectioo calculation is 805 from Fig. 26A in Section 2 

P/t - 80.5 - 61 (86.5 - 60) = 7785 

6’ - 77 85 x 0.12 = 9.34 cm 

For effective area of stiffener, a from Table 2 in Section 2 is 094. 

Effective area of stiffener = 894 X 054 = 0587 cm* 

Total width of flange 2 (934 + 0.12) = 1892 cm 

( Celuiaurd ) 

94 
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8Pr 6( 5)~1984 

DESIGN EXAMPLE NO. 3 IMPROVED ROOF DECX - Contd 

Cross-Sectional Prepnrier 

ha, A Di.stanaj~om Tofu Fibrs, y A;r 

cmt cm ems 

Top flange 18’92 x O-12 = 2.270 O-06 0.136 

Stiffener 0.507 o-9 0’456 

Webs 2 x 6-5 x O-12 = l-56 3-25 5.071 

Bottom Saage 2 x 2-38 x O-12= P571 6-44 3.660 

4908 ems 9.322 ems 

:. y = 9322/4*908 = l-899 cm, and 

f0 = 1250 x l-899 6’5 _ 1.899 = 515'92 kgf/cma 

This is near to the assumed value with sufficient accuracy 

.*. I = 2.27 x ( 1’8#)’ + O-507 x ( 1)s -+ 2 x O-12 x 6*5s/l2 + 1.56 x ( 1.35)~ + 
o-571 x ( 4.54 )’ 

= 7.685 + 0507 + 5.49 + 2’84 + 11.767 

= 28.284 cm4 
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DESXGN EXAMPLE NO. 4A BEUS STRENGTH CALCULATION 

A lloor joist consists of two channels welded back to back to form an unstiffened 
I-SC&m. It carries a uniformly distributed load of 250 kgf/m over a span of 4 m. 
The limiting deflection ls l/325 of span. 

aired to determine if this se&on will meet the deflection limitations, 
uacy of the given section in bending for the span and loading men- 
to determine the maximum allowable spacing of lateral bracer. 

All dimensions in millimetres. 

Fm. 42 

Maximum detlection = 4091325 = 1.23 cm 

The moment of inertia of the section is determined by linear method as follows: 

R=t+f/2=2+1=3mm 

Z = 157 R = 1.57 X 3 = 471 mm 

Moment of inertia of corner Icy = O-149 M 

- 0 149 x 3J 

= 4 mms negligible 

Area Ir = 0.471 x 2 = 0942 rnrnl 

c = 0637 R - P637 x 3.0 - 1’911 mm 

zrx -4 x 0’942(166- 1.9)s + 4 x 36 x 2 x (loo - 2)s + 2 x 2 x 
192s/12 

( Confiauod) 
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DESIGN EXAMPLE NO. 4A BEAM STRENGTH CALCULATION - Cod 

The maximum deflection in a uniformly loaded beam that occurs at the mid- 
span is equal to 

-J-x-__ wL4 5 
384 EZ 

- 
X4- 

x 250 x 4 --- x 4003 
2074 x 51623 

= o-788 cm 

This is less than the permissible deflection of 1.23 cm, thus satisfying the 1 

deflection requirement. 
516.23 

Section modulus of the beam = <xx = 10 

= 51.62 cm. 

Flat width ratio of flange element = 36/2 = 18 

Allowable compressive stress = 1 090 kgf/cms 

( From Fig. 29 in Section 2 ) 

Maximum bending moment at the centre of the beam = 250 x 4s/8 x 100 
= 50 000 kgf.cm. 

Actual bending stress developed = 50 OOO/52.163 = 960 kgf/cmg 

This is less than the allowable stress, 
requirement. 

thus satisfying the beam strength 

Total width of the sheet used = 2 ( 2 x 36 + 2 x 4.71 + 192 ) 

= 2 x 273.4 = 546+l mm 

= 54.68 cm 

Area of cross section = 54.68 x 0.2 = IO.936 cmfl 

Weight per metre run = IO.936 x 0.785 = 8.-l8 kg 

Br+ag req&m~t ( Referring 6.3 of IS : 801-1975 ) 

cb==l 
m&cb 1-a x 9.87 x 2 074 000 x I 2 100 = 17 5~o 

Assume t = 100 cm 
L&C lOOa x 52.16 
2jr p -20X5K = 10 369.8 

1090= $x2100- -2 1OOa x 2074000x 52*1fjta 

-- 
5x 9.87 30 x 2.519 1 Solving for L: 

La 310 x 9.87 x 5.4 x 2074OOO x 20 x 2.515 = 
2 100 x 2 100 x 52.16 

= 7 493.3 
L = 86.56 cm 

L% -- 
& 

is atill less than I%McblFp. Hence the allowable stress expression 

used is correct and the spacing of bracing comes so 8656 cm. 
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DESIGN EXAMPLE NO. IS BEAM STBBNGTH CALCULATION 

The data are the same as for Design Example 4A except that beam section 
consists of two channel welded back to back to form a stiffened I-section as shown. 

.60 , 60, 

,* X ’ 

150 

a /. 4 

R=2..!.4 

15 I+ 11.8 1 

DETAILS OF LIP 

All dimensions in millimetrea. 

FIG. 43 

Check the lip for minimum strength required for stiffener. 

The depth of the stiffener (lip) and its moment of inertia are determined 
according to 5.29.1 of IS : 881-1875. 

w/t - 536/1*6 = 33.5 

Minimum depth of the lip required 

= 2.8: v (w/t )a - 281268/& but not less than 48t 

P 2.8 x 1.6 6$/ 33.5’ - 281 208/2 108 

= 2.8 x 1.6 v 1 122.25 - 13380 

= 14.11 mm 

and 4.8t = 48 x 1’6 = 7.68 mm 

Hence depth of lip provided = 15 mm is 0. K. 

Properties of the 80” corner 

R= 1.6+0*8 = 2.4 mm 

1 = 1.56 x 2.4 = 3.77 mm 

c = O-637 x 2.4 = 1.53 mm 

Area = 3.77 x 1.6 = 5032 mmx 
( CoafJinurd) 

.: 
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DESIGN EXAMPLE NO. 4B BEAM STRENGTH CALCULATION - Chid 

IXX of the entire section 
Web = 2 x 1% x 143*6a/12 = 788 000 

Straight portion of lips = 4 x 1.6 ( 11.8’ + Il.8 x 65.9’ ) 
12 

= 328 876 
Eight corners 8 x 5.03’ x 7332s = 216 000 
Flanges = 4 x 53.16 x 1.6 x 74.2’ = 1 875 000 

Total = 3 207 876 = 320.8 cm4 

If only part of the top flange is effective, the neutral axis is below mid-depth, 
and the compressive stress is larger than the tension stress and hence governs. If the 
gross section of the top flange is effective, top and bottom flange stresses are equal. 
Hence in either case the design stress in the top flange is known and is 1 250 &f/cm%. 
w/t limit forfof 1 250 kgf/cm* is 40.59 for load determination and 52.33 for deflection 
determination but the actual value is 33.5 which is less than both the limits and hence 
the full section is effective. 

:. Modulus of section = 320.8j7.5 = 42’77 

Check for d&&on 

As the gross section is effective for deflection 
5 250 4OOa/( 384 2 074 000 320.8 1.253 

also, actual deflection = 
x x 4 x x x ) = cm 

Check for beam strength 

The maximum bending moment in a uniformly loaded simple beams 
= 250 x 48 x 100/8 = 50 000 kgf.cm 

Bending stress = 50 000/42._77 = 1 169.04 kgf/cmr 

This is less than the allowable stress of 1 250 kgf/cmt. Total area of the 
section = 9.08 cm2 

Weight per metre of the beam = 998 x 0.785 = 7.12 kg/m 
Saving over the unstiffened section of design example is 

8*48- 7.12 x ,oo -..- 
8.48 

= I@05 percent 

Linear IYY = 4 x 1’18 x ( 5.92 )s + 4 x 0.377 x 5.833’ + 4 x 5.368 12 

+ 4 x 5.36 x 3s + 4 x 0’377 ( 1.67 )* + 14.36 ( 0’08 )’ 
= 466.9 cm3 

Actual IYY = 46&9 x @16 = 7@7 cm4 

zyc = ZYI = 37.35 cm4 2 

( ConGwd ) 
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DESIGN EXAMPLE NO. 4B BEAM STRENGTH GALCULATION - Cod 

0.36 x xa x E 0.36 x 9.87 x 2 074 000 
fY =- 2 log---- = 3509.2 

Assume free bending length as 200 cm ( that is a centre bracing ) 

Then Lflxo _ 200’ x 42.47 = 
d+/ 15 x 37.35 

3 032.21 

This is less than 0*36xC/Fy, therefore allowable stress is 1250 itself. Hence 
provide a bracing at the middle of the beam. 

To &ck the adequacy of connesting the two component channels by s@t weIds 

According to 7.2.2 of IS:801-1975 allowable shear force per spot of a sheet 
thickness I.6 mm ir330 kgf. 

According to 7.3 of IS :801-1975 

Spacing Smu = 2.g.Ts/m.q > L/S 

The distance of shear centre is given by 

m = F;s [wfd+ 2dl (d-4d,s/3d)] 

= ql$$= [ 5.84 x 15 + 2 x 1.5 ( 15 - 4 x f-5*/3 x I5)] 

5.84 x 15 x 0.16 x 132 = 
4 x 160.4 

= 2.883 cm 

and smax = ___ 2 x 10’0 x 330 = 305 cm 
2.883 x 3 x 250/100 

L/6 = 400/6 = 66.6 

Provide spacing pf 60 cm centre-to-centre. 

100 
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DBSIGN EXAMPLE NO. 5 AXLiLLY L’OADED COMPRESSION MEMBER 

section. 
To find the column section properties and allowable axial load for the column 

Length of the column = 2.75 m 

Steel used Fp = 3 000 kgf/cma 

AN dimensions in millimetres. 

Fro. 44 

Thickness of sheet = 1.6 mm 

The properties of the 90” corner 
R. = l-6 + 0.8 = 2.4 mm 

L = 1.57 x 2.4 = 3.77 mm 

c = 0.637 R = 0.637 x 2.4 = I.53 mm 

Mmcnt of inertia about ccntroidal a&s 

El#?Ik?M L&&h, L Y 
mm mm 

Flanges 2 x 96.8 = 193.6 49’2 

Webs 2 x 96.8 = 193.6 Corners 4 x 3.77 = 15.08 490.93 

402.28 

LYa Own Axis 

mm8 

466 635.9 0 

37594.5 
151 173.2 

506-230.4 + 151 173.2 
= 657 403.6 mm3 

Moment of inertia 657 403.6 mma = 657.403 cm3 

Actual moment of inertia = 657403 x 0.16 105.18 = cm4 

( Co&wed) 
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DB8IGN EXAMPLE NO. 5 AXIALLY LOADED COMPRESSION MEMBER - Confd 

Area = 40.23 x 0.16 = 6428 cme 

Radius of gyration 
105.18 

= -= 4045 cm 6.428 

wjt - 96.811.6 = 60.5 

Effvctive width a/t for a stress of 1250 kgf/cms for tubular sections from Fig. 27B 
in Section 2 P 48, reduction in effective width (60.5 - 48) 0.16 =ii 12.5 x 0.16 = 2 cm 

Reduction in effective area = 2 x 0.16 = 0.32 

Total effective area = 6.428 - 4 x .0*32 = 5.148 cme 
5.148 

Q- e+=-- 6.428 = 0801 

l/r = 275/4845 = 67.98 

Allowable stress from Fig. 35 in Section 2 = 1080 kgf/cma 

Allowable load 1080 x 6.428 = 6 942 kgf. 
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DESIGN EXAMPLE NO. 6 WALL STUD BRACED BY WALL SHEATHING 
AXIAL COMPRESSION MEMBER 

To find the allowable load P on the section ahown in Fig. 45. 

All dimensions in millimetres. 

FIG. 45 

Height of column - 4.5 m 

Material of sheathing is standard density wood with Kw (modulus of elastic 
support) = 60 kg/cm 

Wall sheathing of sufficient rigidity is attached to each of the flanges of the 
channel section, which prevents the channel section from buckling in the direction of 
minor axis. 

Properties of 90’ corner R s 1.6 + O-8 = 2.4 mm 
L = 1.57 x 2.4 = 3.77 mm 

c = @637 x 2.4 = 1.53 mm 

The moment of inertia of the corner about its own axis is neglected. 

Ix, of thefull section 

Web 
14.363 

= 12- 
= 246.7 ems 

14.363 123 
Straight portion of the lips = l’L - - 

12 
= 102.7 cm3 

Four corners = 4 x 0.377 x (7.31 )s - 80.6 cm3 
Flanges = 2 x 5.36~+ ( 7.42 )a = 590.2 cm3 

:. Linear Ixx = 1 020.2 cm3 

( CofIh4ed ) 
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DESIGN EXAMPLE NO. 6 WALL STUD BRACED BY WALL SDEATHING- 
AXIAL COMPEESSION MEMBER - Contd 

Actual Zxr = 1 020.2 x 0.16 = 163.2 cm4 

Zrr off& sdon 

Elancnf Lmgrh, L 
cm 

Web 
Straigbt portion 

of lips 
Near corner 
Far corner 
Flanges 

1436 
2 x 1.18 = 2.36 

2 x 8377 = 0754 
= 0.754 

2 x 5.36 = 10 72 
28.948 

I 

x 
cm 

0.08 I.148 8 
5.92 12’95 

0 167 
5.833 
3.0 

0.126 
439 

32.16 
51.774 8 

51.774 8 
XC, = 28.g48 = 1.79 cm 

- 

LX 
cma 

L.d 
cm3 

0.02 
25.60 
9648 _- 

204.79 

Moment of inertia of the flange about their centres of gravity 

2 x 5.368 
= 25.7 cm3 12 = 

Linear Zrr = -204.79 + 25.7 - 28.948 1.79 ( )’ 
= 23949 - 9275 = 137.74 cm3 

Actual Zrr or Is = 137.74 x 0.16 = 22.04 cm4 

Full sectional properties 

A = L X t = 28.95 X 0.16 = 4.635 cm* 

r, = rxx = - = 5.94 cm 

rs = rry = - = 2.18 cm 

Computations of Q, w/f of flange = 53’6/1*6 = 33.5 

w/t of web = 143.6/1.6 = 89.75 

b/t for flange ( stress 1 250 kgf/cm*) from Fig. 258 in Section 2 - full section 
effective. 

b/f for web ( stress 1 250 kgf/cm* ) from Fig. 25B in Section 2 = 51.25 

b = 51.25 x 0.16 = 8.2 cm 
Reduction = 14.36 - 8.2 = 6.16 cm 

( Confinurd ) 
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DESIGN EXAMPLE NO. 6 WALL STUD BRACED BY WALL SHEATHING 
AXIAL COMPRESSION MEMBER - Contd 

Total effective length 

Q,+f + = 

L 480 d 
rxr 

= 5.94 = 80.8 

Allowable stress from 

= 28.948 - 6.16 = 22.788 cm 

22.788 
.mG = 0.787 2 

Fig. 33 in Section 2 = 740 kgf/cm* 

:. P,, = 740 x 4.635 = 3 430 kgf 

Bracing requirement according to 8.1 of IS : 801-1975. 
8 EI&w 

amas = - A'& 
6:x 2074000 x 22.05 x.60 _ = 231.7 cm 
( 4.635 )’ x ( 2 100 J’ 

Lo% 450 x 2.18 amsx = x- _ = 82,5 cm 
2 x 5.94 

Provide a spacing of 82 cm for attachments and an end spacing of 75 mm at 
each end of the stud. 

L 

Force in the attachment PMIO = 

60x 3430 
450 

~240 
=- 

2x 2074000 60 
x22*04x x-3430 

385 875 385 875 
= (11569*3- 3 430 

-- 
) - 8 139 = 47e4 w 
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tSP;6( 5) -1988 

-. 
DESIGN EXAMPLE NO. 7 WELDED LIGHT-GAUGE 

STEEL ROOF 
Data 

Strac~~re: Welded ‘ W ’ type roof truss 

Sport: 16 metres 

Rise: Inclination of top chord is lS” to horizontal 

Spacing oftrusses: T5 metres centre-to-centre 

Matainls: Truss and bearing : Steel with a minimum yield stress = 23.2 kgf/mmr 

Basic design stress = 1 250 kgf(cms 

Roofing: Slate, asbestos shingles, or built up roofing 

Deck: Hollow light weight precast concrete plank 
Loads: 

Dead Loads: 

Light weight concrete plank = 

Roofing = 

Assumed weight of truss and bracing = 

Total direct load 

Live load according to Table II of IS : 875-1964 = 75 - 5 = 

Total load = 

Total load per truss = 16 x 2.5 x 192 
= 7 660 kgf 

78 kgf/ms 

19 kgf/m’ 

25 kgf/m’ 

122 kgf/ms 

70 kgf/ms 

192 kgfjm’ 

Load per metre run = 2-$$& = 463 hgf 

I__--.._._ ___..-I_- Of-j”0 -I 
All dimensions in millimetres. 

FIG. 46 
( Continued ) 
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DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGH~~GAUGE 
STEEL ROOF TRUSS - Cod 

Local bsnding moments in the top chord 

a) Bistributionfactors (sdr Fig. below ) 

Joint A 

DAO 2.03 2.03 5 
0.75 1.733 2.03 

= 
3i 

= 
x + 

0.61 

DAB = 0.39 

Joint B 

DBA = 
2.17 

2.03 + 2.17 = 052 
DBC = 048 

Joint C 

DCB 0.75 x 2.36 1.77 
1.77 = 

0.75 x 2.36 + 2’17 
= 

l-77 + 2 18 
= 

$95 
= 0.45 

DOD E 0.55 

b) Fixed end momtnts 

&A = - FAO = 463 ’ 1*733’ = 116 kgf m 
12 

FAB = 
463 x 1.733’ 

- FBA=- 
12 

= 159 kgf.m 

FBC ‘= - FCB = 
463 x 217’ 

12 
c 182 kgf.m 

Fci~ = 
_ FDc E: 463 x 2.36= 

12 
= 215 kgf.m 

307kg 96.6 kg 936kg 

FIG. 47 

( Continued ) 
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SPr3(5)-1980 

DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS - Csxtd 

Moment Diatribrtion Table 

DIEITRI- JOINTS 
BUTION C---_-----_----.-h_,~ ------ 
FACTOB s A B c D 

C__-h__- _5 c---&-_-y 
0 0.61 0.39 0.52 0.48 r-Gz 0.45 * 0 

Fixed End + 116 -116 +159 - 159 + 182 - 182 + 215 - 215 

Moment: 
-116 - - - - - - + 215 

-58 _ a - - + 108 - 

+ 35 +23 - - - 49 -59 - 

- 139 + 182 - 159 + 182 - 231 + 264 - 

- - 26 - 17 - 12 - 11 - 14 -19 - 

- -6 - 8.5 - 7.0 - 5.5 _ - 

- + 3.7 + 2.3 + 8.0 + 7.5 + 2.5 + 3 - 

- - + 4.0 + I.2 + 1.3 + 3.8 - - 

- - 2.4 - 1.6 - 1.3 - l-2 - 1’7 -2.1 - 
- 

- t-ii4 - 0.7 - 0.8 - 0.9 - 0.6 - - 

+ 0.3 $ la0 + 0.7 + 0.27 + 0.33 - 

- + 0.5 + 0*15 + 0.14 + 0.4 - - 

- - 0.3 - 0.2 - 0.15 - 0.14 - 0.18 - 0.22 - 

support - 163.6 + 163.6 - 171.4 + 171.4 - 246.01 + 246.01 - 
moments: 
in kgf/m 

The support reactions are calculated as shown, treatin the rafter S-A-B-C-D 
as a continuous beam these reactions have been taken as % t 
of the truss. 

e loads at the nodal points 

( Continued ) 
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DESIGN EXIMPLEJVO. 7 WELDED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF ‘JRUSS - Conki I 

Table Qf1ength.s andfwus - Forces in the various memberr as determined by the 
method of sectionr are tatiulated below: 

M8lnber Lmgtb T&on Gem t&m 
Tap Chord Cm W F gf 

S-A 172.3 13 250 
A-B 203.0 - 12300 
B-C 217.0 10 210 
C-D 236.0 - a 020 

Bortom Chvd 
O-l 225.0 12800 : - 
1-2 230.0 lo 870 
2-3 230.0 a960 
3-4 230.0 6790 

Diagonals 
A-l 73.0 1 170 
B-l 168.0 1240 
B-2 132.7 1500 
c-2 194.0 1640 
c-3 190*6 2 140 
D-3 245-4 1980 

D&n of Top.Chord 

l-=--4 
Awuma a section aa ahown I I 

lOI%-,- 16 
wilt = - = 4 9214 - 23 

ma =120- 16 = 104 101. 
e -4 120 

-I: ?k!. ,26 WI 
1 4 

( w/t )Ilm = 1435/41m P 40.58 

Hence all the elements are fully 
effective. 

:. Q=1 
All dimensions in millimetrer. 

FIG. 4% 

LinearpropertieaLn2~3*2+~2+2+ 1@4~4~@942 
= W168cm 

A = 4@16S x O-4 = MM672 = 1607 cm’ 
(confimf6d) 
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DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGHT.GAUGR 
STEEL ROOF TRUSS - Contd 

Weight per metre = 16.07 x 0,785 = 12.6 kg 
To find C, ; L.y = 92 X 0.2 + 2 x 10.4 x 6.0 + 2 x 3.2 x 11.8 + 2 

X 0'942 X 0'545 f 2 X 0*942 X 11’455 z 224*766cms 
224.766 

y = 40.168 = P6 cm 

10.4s 
Linear ZXX = 9.2 x (5.4 )s f 2 x F + 2 x 10.4 x ( 0.4 )s + 2 x 32 

x ( 6.2 )’ + 2 X 0-W x ( 5.055 )’ + 2 X 0’942 x (5*855)* cma 
= 268.1 + 187.5 + 333 + 2*0 + W2 f 68.15 cma 
= 821.28 cma say 821 cma 

Actual ZXX = 821 x a.4 
= 328 cm4 

9.25 3.28 
LinearZvr=T +2x12 +2 x 3’2 x ( 7.4)’ + 2 x 10.4 x ( 5’2 )’ 

+ 2 x 0,942 x ( 4.855 )*.+ 2 x O-942 x ( 5545 )s cma 
J 64.9 + 5-46 + 350.1 + 563-O + M5 + 57’9 cm* 
= 1 085’86 ems 

Actual Zvr = 1 085.86 x 0.4 = 434.344 cm4 

rxx = 
Y/ 

328 
XW 

= 4.525 cm 
Span OA 

L 172.3 
---_-=3&~;Q--_~ I 4.525 

Allowable compressive stress Kl from Fig. 41 in Section 2 is 1 145 kgf/cm* 
13 250 Actual compressive stress fa = - 
16 07 

= 825 kgf/cm’ 

Actual bending stress&, _ 163.6 x 100 x 5.6 
328 

_ = 279 kgf/cms 

Z+, = allowable bending stress = 1 250 kgf/cm* 
Checking for the combined axial and bending ntresr condition (according to 

6.7.2 of IS : 801-1975 ) 

fb 

Fb +-$-] E 

C 1 ( taking Cm = 1 ) 

e 
where 
F’e 12xW 12 x 9.87 x 2 074 000 = 

23 ( Lblrb\l* 
= 

23 x ( 38.1 )s 
~ 7 357S48 

( CorfiafWf ) 
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SP:6(5)-1980 

DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS - Conrd 

Hence 
825 279 

= i-1X + 1 250 x 0 89 =@7205 + 0.2508~ 

0.971 3 <l 

The section is 0. K. 

Span AB An effective length factor of &85 can be assumed as the member is 
continuous. 

L 
-P c 

0.85 x 203 = 38.2j 
4.525 

F& from Fig. 41 in Section 2 = 1 145 kgf/cma 
12300 

Actualfa = 16.07 = 765 kgf/cms & 
765 

= 7357 = 0.10 

i+, = 
171.4 x 100 x 6.4 

328.512 = 334.0 kg+’ 

&+ 
fh 765 334 

( 1 - fa/F’e )Fb =-i-i&T+ 090 x 1250 

The section is 0. K. 
= 0.668 1 -I- 0.296 9 = 0.965 0 < 1 

BOffsm Chord 

point 
To facilitate easy fabrication, the bottom chord will be made continuous from 

0 to point 3, and a field splice will be provided in the centre of span 3-4. 
Maximum force in the bottom chord = 12 800 kgf 

Area required 12800 
= 1250 = LO.25 cm2 

A channel will be chosen that has a total width of 100 mm so that it will fit 
into the top chord hat section to ease the conne&ions at the end supports. 

Total length = 84 + 164 + 2 x 9.42 
= 248 + 18.84 
= 266.84 mm 
= 26.7 cm 

Area = 2&7 x 0.4 - 10 68 cm* > 10.25 cm’ actually required. 
The centre of gravity of the section is at 

( &4 x 0.2 + 8.2 x 4.9 + 2 x 0942 x 5.45 & ) 
1 

= ( 1.68 f 40.15 + 10.28 ) -26.7 

1 
= 52.11 x 167 = 1.95 cm from top. 
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SPr6(5)-1960 

DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIOHT-GAUGB 
STEEL ROOF TRUSS - Cod 

l 
I 

- 100 

All dimensions in millimetres. 

Fro. 49 

Linear 1%~ = 8.4 x ( 1.75 )’ + 2 x 8942 x ( 1.4 )’ 
8.28 

+ -iij- + 8.2 x ( 2.95 $ 

= 24.25 + 3.69 + 4690 + 71.3 
P 145.24 ema 

Actual 1~ - 145.24 x 0.4 
= 58.896 cm4 

Linear In 38+/12+2~01942~(4455)‘+2~82~(~8)’ 
= 49’4 + 37.5 + 377.8 
- 4W7 cma 

Actual Z~rp =464.7x8.4 

= 185’88cm4 

< 350 hence O.K. 
Splicing of bottom chords 

Bolted connection will be adopted to ease erection. 
Force in point 3 - 4 = 6 790 kgf 

( Coa#immd) 
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SPr6(5 )-EM@ 

DESIGN 8XAMPI.8 NO. 7 WI&BED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS - Cenfd 

50 percent of effective 
strength of member = 04 x 1025 x 1 256 

-646Okgf 

Therefore, 6 790 kgf governs. 
Minimum bearing stress of bolt = 3’5jb 

= 3.5 X 1 250 = 4 375 kgf/cms 
-~3460 

Minimum shear stress of bolt = 7 = 850 k&cm’ 

If three $yGre provided one in each flange and the third in the web; strength 

I ofeacbbolt = 3 = 2 263 kgf 

If 16 mm diameter bolts are adopted: 
Root area = l-57 cm* 

Strength of each bolt 
in double shear = 2 x 1.57 x 850 = 2 670 kgf 

Therefore use three 16 mm dia bolts 

Allowable stress on the net section ( 7.5.2 of IS : 801-1975 ) 
P ( 1.0 - 09r + .Srd/s ) 66 Fy 

1 250 = 750 kgf[cm*; I being = 1 



s 

D=RI BXAJWU ~JG. 7 BV LIGEIT-GAUGE 
_RW TRwgg i’ C&r&? 

Net area = 15.6 - *2 = 11.4 ems 
6790 

Stress On net section = -jjq- x 595 kgf/cms 

< 1 0503gf/cms ._..... L.0. K. 
Ch4ck for &?hgs 

Bearing stress = pi& = 265 kgf/cms . . . .._... allowable 

MS d+ance ( xs 7&l “‘2I& 801-1975 ) 

= 0_6x2100x0.4 =4-49bm 

Provide 5 cm edge distance 
~~d@d.s-Mdus&1,C-2adD-3 

Muimum force = 1980 kg. Muimum leng& zz 2424 cm 
For we of fabrication all tension diagonals will be of the same section. ~bc 

seaion will have an outside width of 100 mm so as to fit into the top chord to enable 
easy welding. 

Area re&ired - 4-z = 1%5cms 

r,~~~~~~ 

K)o ..,.O.K. 
;5;- 

All dimensions in millimetrea. 
FIG. 50 

hIl~JJJiMl dittgon~J 

,%f#IIbUJ A-l and B-2 
Maximum force 1505 kg, length = 13P7 cm 
A chmnel 100 x 40 x 2.0 according to Table III of I3 : 811-1965 k pv-d. 

=e 3.434 ems 
;x, = 51.032 cm4 

br = 5212 cm4 
raa -3’85cm 
‘IT . - Ss- 
8, “, 132*7/l-23 = 108 for I value of Q = P813 
From Fig. 37, Allbwable stress Pa = 670 kgf/cmS 

fa = 1*505/3.434 = 439 kgf/cm* < 670 kgf/cm* . ..too uneconomicat 

(-0 
L 
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6P:6( 5).1986 

DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS - Conrd 

Try 100 x 40 x 1.6 channel 
fcx = 41.429 ems 

= 4.233 cm4 
I:: = 3.87 cm 

‘K’ =’ ;:;; cc:, 

?,r I Ol3Y*7,1*24 =+ 107 
:. Allowable stress from Fig. 37 is 580 kgf/cms 

f8 = 1 505/2*X = 595 kgf/cms > 560 kgf/cms . . . . . . . . . 0. K. 
Ma&r D-3 

Try a lipped channel 100 x 50 x 1.6 mm 
according to Table V of IS : 81 l-1965. 

A = 3446 cml 
In = 55.045 cm4 

Y 

Zxx = 11962 cm4 
rxx = 4.00 cm I 

~JJ = 1% cm 
I 

.X 

Q =O9Ol 
L 190’6 0 

- = x = 102.3 
'YY 

Fa = from Fig. 37 is 750 kgf/cma r/: Y 

2 140 
L x_-_--_ CO --x loo 

Actual compression stress = 3.446 
t 

= 620 kgf/cms 
c 750 kgfjcma --I+6 

Therefore, provide a lipped channel 
8 

100 x 50 x 1*6mm 
Com#arison t-f conventional and light-gaugv dtsigns 

The roof truss of Design Example No. 7 is 
designed below by conventional method using hot 
rolled sections. c 

J-j1 1 

Y 
50- 

Te) ckvrd 

M8mbcTs 

OA 

AB 

BC 

CD 

A&l 
CykPf-i- 

13:5O 

12 300 

10 120 

a 020 

All dimenrions in millimetra. 
Fm. 51 

Dvsign Mvwnt 

cm.kgf cm 
172.3 

MA 163.6 x 10s 
203.0 

MB 171’4 X 10s 
217.0 

MO 246.01 x 100 
2360 

(Conlinwd: L 
_._ 
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DiSlGN EXAMPLE NO. 7 WELDED COLD.RORMED LIGHT.GAUGE 
STEEL ROOF TRUSS - Confd’ 

The design ia done for panel BC, and the section is checked for adequacy for 
panel AR. 

Effective length 1 = 213 x @85 = 184.5 cm 

M = 246.01 x 10’ cm.kgf, 
P = 10 120 kgf 

Try ISMB 150 

Q = 7.6 mm 

1”1 
= 19% cm8 
= br = 52.6 cm4 

YY 

a q.” 
&I’ 

52’6 x 14.26 
96.9 x ( 184.5 p 

= O*OOO 227 5 
XI’ 2.8 x ( 1845 11 ---= 

JI.h* Y-6 x ( 14.26 )¶ 
c 8.92 

From Table V of iS : 800-1962, 

Cs = 3 584 kgfjcma 

According to 1022.1 of IS : 800-1962, this has to be increased by 2Opetwmt 
for rpfkd sections., 

T+!fore, 0 3 584 + - 717 - 4 301 kgf/cln¶ 

&Yi 184-5 - 111 x1.66 

F6 = 1565 kgf]cm¶ from Table IV of IS : 80&1%2 

L 
-- e -;.+$ 51 131 
‘YY 

Therefore, Fa = 590 kgf/cma 

h 
10 i20 

= - = 532 kgf/cms 19 

24 601 
= w9- = 254 kgf/cmS 

* + _.$L. 532 254 

D =xK+m 

=8+02+IF162=P>1 

(ClnmkwJ) 
,,I‘ . 
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SP :6(S)-.I960 

DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGHT-GAUGE 
STEEL ROOF TRUSS - Conki 

Paw1 CD 

2” = = 246.01 236 x effective IO* cm.kgf; P = of 8 020 kgf = cm, 236 
Table xxvii of IS : length 800-1962 compression flange stress 

x 0.85 = 200 cm 
From L/WY = 236/1.66 = 142 bending permissible & = 1 557 kgf/cme 

Fa = 520 kgf/cma 
246.01 x 108 

fb =-- = 254 kgf/cm8 96.9 
8 020 

8” 19 = 422 kgf/cme 

254 
+ iI 

= 0,813 + O-163 
=0*976< 1. 

Hence JSMB 150 may be used as the top chord. 

Bottom chord 

Maximum tensile force = 12 800 kpf 
12 800 

Approximate area required = -l-500 = 8.53 cm9 

Use ISLC 100 x 7.9 kg/m 
Area = 10.02 cmt 
L 225 
- = 1.57 = 143 < 350 . . . . .._. O.K. I 

7ctuion diagonals 

Maximum tensile force = 1 980 kgf 
245.4 

Minimum radius of gyration required = m = I.36 cm 
Use ISA 70 x 70 x 5 mm 
Area - 6.77 
‘mln = 1.35 cm 

iv-et ureu 

0 = 7.0 X 0.5 - 3,5 cm8 
b = 6.5 x 0.5 - 3-25 cme 

1962. 
The net area of the angle section is calcuiated according to 20.3.1 of IS : 800- 

Net area of the section = o + kb = 3.5 + 1 + o.35 i 3.25,3.5 >: 3.25 

Use ISA 70 x 70 x 5 mm 
= 6.95 cm8 

( Continued ) 



SP : 6( 5) = 1980 

DESIGN EXAMPLE NO. 7 WELDED COLD-FORMED LIGUT-GAUGE 
STEEL ROOF TRUSS - Conrd 

Comprrssion diagonals 

Maximum compression force = 2.14 Tensile 
Maximum length = 190.6 cm 

190.6 x 0*85 
Minimum radius of gyration = .-- 

180 = 0.9 cm 

Try ISA 60 x 60 x 5 mm 

rmln = 1.16; 
Area = 5.75 cmx 
L 190.06 x 0.85 

- = 
, 1.16 = 140 

Fa = 531 kgf/cms 

fa 
2 140 

= - = 372 kgf/cmS 5.75 

< 531 kgf/cma . . . . . . . . . . . . too uneconomical. 

Try ISA 55 x 55 x 5 mm 

rmln = 1.06 cm 
Area = 5.27 ems 

L 0.85 x 190.6 -zz 
rmin 1.06 = 152.5 

Fa = 462 kgf/cm8 

2 140 
fa = 5.27 = 406 kgf/cma < 462 kgf/cma . . . . . . . 0. K. 

Comparison of wrights 

Mmbn Hot Rolled Light-Gauge Cold 
StXtiO~S Rolled Sections 

k kg 
Top chord 2 x 8.283 x 14.9 = 246.8 2 x 8.283 x 12.6 = 208.0 
Bottom chord 16 x 7’9 = 127.0 16 x 8’38 = 134 
Tension diagonals 12.148 x 5’3 = 61.5 12’148 x 2.18 = 27 
Compression 7.21 x 4.1 = 29.7 7.24 x 2.7 = 195 ’ 
Diagonals 3.82 x 4.1 = 15.7 3.82 x 2.705 = 10-5 

--- 
483.7 399.1 

Add 10 percent for gusset plates 51.1 

534.8 399.1 

535 - 399 136 
Saving in steel = ---- :64 x 100 = 564 x 100 = 24’2 percent 

NOTE - The comparison of weight is only of academic interest, as the cost of 
1 tonne of cold-formed structures is about twice that of hot-rolled sections. 
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APPENDIX B 

( Clause 0.3 ) 

LIST OF IMPORTANT STANDARDS AND CODES OF 
PRACTICES PUBLISHED BY THE INDIAN STANDARDS 
INSTITUTION IN THE FIELD OF ,STEEL PRODUCTION, 

DESIGN AND USE 

I Materials 
a) S:!iucfural Steel 
IS: 

226-1975 Structural steel ( standard quality ) ( ji’h rcai&n ) 
96 I.1975 Structural steel ( high tensile ) ( second revision ) 

\161-\968 Steel tubes for structural purposes ( second retision ) 
1977-1975 Structural steel ( ordinary quality ) (first wision ) 
2062-1969 Structural steel ( fusion welding quality ) ( jirst revision ) 
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IS: 

808-1964 Rolled steel beam, channel and angle sections ( revised ) 
808 ( Part I )-1973 Dimensions of hot rolled steel sections - MB series 

( beams ) 
808 ( Part II )-1976 Dimensions of hot rolled steel columns - SC series 

( second revision ) 
808 ( Part V )-1976 Dimensions of hot rolled steel sections: Part V 

Equal leg angles ( second revision ) 
808 ( Part VI )-1976 Dimensions of hot rolled steel sections: Part VI 

81 l-1965 
Unequal leg angles ( second revision ) 

1161-1968 
Cold-formed light gauge structural steel sections ( revised ) 
Steel tubes for structural purposes ( second reirision ) 

1730 ( Part I 1-1975 Dimensions for steel nlate. sheet. strio for struc- 

1730 ( Part 

I -~. r I 1 
tural and general engineering purposes: Part I Plate (jirst 
revision ) 

II )-1975 Dimensions for steel plate, sheet, strip for struc- 
tural and general engineering purposes: Part II Sheet (&St 
revision ) 
III )-1975 Dimensions for steel plate, sheet, strip for struc- 
tural and general engineering purposes: Part III Strip (first 
revision ) 
Dimensions for steel flats for structural and general engineer- 
ing purposes ( jirst revision ) 
Hot rolled steel channel sections for general engineering 
purposes 

1730 ( Part 

173l-1971 

3954.1966 

c) Fasteners 

IS: 

730-1966 
1364-1967 

1367-1967 

182 l-1967 
1862-1975 
1929-1961 

2016-1967 
2155-1962 
2389-1968 

( Rivets/Bolts ) 

Fasteners for corrugated sheet roofing ( revised ) 
Precision and semi-precision hexagon bolts, screws, nuts and 
lock nuts ( dia range 6 to 39 mm ) (jirst revision ) 
Technical supply conditions for threaded fastener (jrst 
revision ) 
Dimensions for clearance holes for metric bolts (first revision ) 
Studs (first revision ) 
Rivets for general purposes ( below 12 mm to 48 mm 
diameter ) 

Plain washers ( jrst revision ) 
Rivets for genera1 purposes ( below 12 mm diameter) 
Precision hexagon bolts, screws, nuts and lock nuts ( dia 
range 1.6 to 5 mm ) (first revision ) i 



SPt6(5)466 

IS: 

2585-1968 

2609-I 972 
2687-1975 
2998-1965 
3063-1972 

3138-1966 
3 139-1966 
3640- 1967 
3757-1972 
4206-1967 

5370-1969 
5371-1969 
5372-1975 
5374.1975 
5551- 1970 
6610-1972 
6623-1972 
6639-1972 
6649-1972 

Black square bolts and nuts ( diameter raLSti 6 
and black square screws ( diameter range 6 to 24 
revision ) 

to 39 mm ) 
mm ) (&St 

Coach bolts (first reoision ) 
Cap nuts ( JirJt retition ) 
Cold forged steel rivets for cold closing _ _ 
Single coil rectangular section spring washers tbr bolts, nuts 
and screws ( jht reuision ) 
Hexagonal bolts and nuts 
Dimensions for screw threads for bolts and nuts 
Hexagon fit bolts 
High-tensile friction grip bolts (JirJt revision ) 
Dimensions for nominal lengths and thread lengths for bolts 
screws and studs ’ 
P1ai.n washers with outside diameter x 3 x inside diameter 
Multi-tooth lock washers 
Taper washers for channels ( ISMC ) (&t re&i~n ) 
Taper washers for I-beams ( ISMB) (first rcviJion ) 
Lock washers with lug 
Heavy washers for steel structures 
High tensile friction grip nuts 
Hexagon bolts for steel structures 
High tensile friction grip washers 

II Design Code 

IS: 

80% 1962 

8@l-1975 

802 ( Part 

Code of practice for use of structural steel in general buildin! 
construction ( revised ) 

802 ( Part 

Code of practice for use of cold-formed light gauge stee 
structural members in general building construction 
I )-1977 Code of practice for use of structural steel in over 
head transmission line towers: Part I Loads and permissible 
stresses ( jint revision ) 
II )-1978 Code of practice for use of structural steel in over 
head transmission line towers: Part II Fabrication, galvani- 
zing, inspection and packing 

802 (Part 

803-1976 

804-1967 
805-1968 

III )-1978 Code of practice for use of structural steel in 
overhead transmission line towers: Part III Testing 
Code of practice for design, fabrication and erection of 
vertical mild steel cylindrical welded oil storage tanks 
Rectangular pressed steel tanks (jirst revision ) 
Code of practice for use of steel in gravity water tanks 
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IS: 

8061968 

807-76 

3177-1977 

4000-1967 

4573-1968 
4594.1963 

6409-1971 

Code of practice for use of steel tubes in general building 
construction. 
Code of practice for design, manufacture, erection and testing 
( structural portion ) of cranes and hoists (firrl rroin’oa ) 
Code of practice for electric overhead travelling cranes and 
gentry cranes other than steel HforL cranes 
Code of practice for assembly of structural joints using high 
tensile friction grip fasteners 
Code of practice for design of mobile cranes ( all types ) 
Code of practice for design of portal and semi-portal -wharf 
cranes ( electrical ) 
Code of practice for oxyracetylene flame cleaning 

6521 ( Part I )-1972 - Code of practice for design of tower cranes: Part I 
Static and rail mounted 

6533-1972 Code of practice for design and construction of steel chimneys 

III Welding 

IS: 

812-1957 Glossary of terms relating to welding and cutting of metals 
813-1961 Scheme of symbols for welding ( amended ) 
814 ( Part I )-1974 Covered electrodes for metal arc welding of struc- 

tural steel for welding products other than sheets (fiurtn 
YeviSion ) 

814 ( Part’11 )-1974 For welding sheets ( fiurf/~ revision ) 
815-i974 

816-1969 

817-1966 

818-1968 

819-1957 

822-1970 
823-1964 

1024-1968 

1179-1967 

1261-1959 
1278-1972 

Classification and codmg of covered electrodes for metal arc 
welding of structural steels (&sccond r&ion ) 
Code of practice for use of metal arc welding for general 
construction in mild steel ( jint revition ) 
Code of practice for training and testing of metal arc welders 
( revised ) 
Code of practice for safety and health requirements in electric 
and gas welding and cutting operations (jut revision ) 
Code of practice for resistance spot welding for light assemb- 
lies in mild steel 
Code of procedure for inspection of welds 
Code of procedure for manual metal arc welding of mild steel 
Code of practice for use of welding in bridges and structures 
subject to dynamic loading 
Equipment for eye and face protection during welding (first 

revision ) 

Code of practice for seam welding in mild steel 
Filler rods and wires for gas welding ( second revision ) 
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SP:6(5)=1666 

IS: 

1393.1961 

1395-1971 

281 l-1964 

2812-1964 

30161965 

3023- 1965 

Code of practice for training and testing of oxy-acetylene 
welders 
Molybdenum and chromium-molybdenum-vanadium low 
alloy steel electrodes for metal-arc welding ( second revision ) 
Recommendations for manual tungsten inert-gas arc-welding 
of stainless steel 
Recommendations for manual tungsten inert-gas arc-welding 
of aluminium and aluminium alloys 
Code of practice for fire precautions in welding and cutting 

.._ operations 
Recommended practice for building-up metal spraying 

3600 ( Part I l-1973 Code of nrocedure for testing of fusion welded 
joints and weld metal in steel - General”test (Jirst revision ) 
Acceptance tests for wire flux combinations for submerged 
arc welding (first revision ) 

3613-1970 

4353.1967 

4943- 1968 

4944-l 968 
4972-1968 
5206-1969 

5462- 1969 

5922-1970, 
6560-1972 

7307 ( Part 

7310 ( Part 

Recommendations for sub-merged arc welding of mild steel 
and low alloy steels 
Assessment of butt and fillet fusion welds in steel sheet, plate 
and pipe 
Code of procedure for welding at low ambient temperatures 
Resistance spot-welding electrodes 
Corrosion-resisting chromium and chromium-nickel steel 
covered electrodes for manual metal arc welding 
Colour code for identification of covered electrodes for metal 
arc welding 
Qualifying test f or welders engaged in aircraft welding 
Molvbdenum and chromium-molvbdenum low allov steel 
welding rods and base electrodes for gas shielded arc welding 
I )-1974 Approval testing of welding procedures: Part I Fusion 
welding of steel 
I )-1974 Approval testing of welders working to approval 
welding procedures: Part I Fusion welding of steel 

7318 ( Part I )-1974 Approval testing of welders when welding procedure 
approval is not required: Part I Fusion welding of steel 

7318 ( Part II )-1974 Approval test for welders when welding procedure 
approval is not required: Part II TIG or MIG welding of 
aluminium and its alloys 

IV) Handbooks 

SP: 

6(l)-1964 
6(2)-1962 

Structural steel sections ( revised ) 
Steel beams and plate girders 

6(3)-1962 Steel columns and struts 
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SP I 6( 5 I- I!& 

SP: 

6(4)-1969 Use of high strength friction grip bolts 
6(6)-1972 Application of plastic theory in design of steel structures 
6(7)-1972 Simple welded girders 

12-1975 ISI Handbook for gas welders 

V) Mi.scti1aneou.s 

IS: 

696-1972 

962-1967 

7205-1974 
72151974 
8640.1977 

Code of practice for general engineering drawings ( wand 
revision ) 
Code of practice for architectural and building drawings 
( jirst rmisiqn ) 
Safety code for erection of structural steelwork 
Tolerances for fabrication of steel structures 
Reconlmendations for dimensional parameters for industrial 
buildings 

125 





AMENDMENT NO. 1 

TO 

SPt6(5)-1980 HANDBOOK FOR STRUCTURAL 
ENCHNEERS 

MAkCH l!B$4 

S. COLD-FORMED, LIGWf~~AlJGE STEEL STRUCTURES 

( Fir8t Reddon ) 

cmrigdum 

( Puge 39, clausr 9.3.2, Equ@licno 34 ) - Substitute the foliowing for 
the existing equation: 

6 For the non-linear portion, that i< between yield and elastic 

.b&&g, an albwable stress of F1 A ~. I 275 t/r;;;; 
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_ _ is permitted and the 

limit of h/l ratio is kept less than ---= 
IN 

. . . (34) 
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