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Indian Standard

CODE OF PRACTICE FOR
USE OF ALUMINIUM ALLOYS IN
STRUCTURES

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution
on 3 June 1976, after the draft finalized by the Structural Engineering Sec-
tional Committee had been approved by the Structural and Metals Division
‘Council and Civil Engineering Division Council.

0.2 The code is intended; to serve as a guide for the design and fabrication
of aluminium alloys in all types of structures except bridges and pressure
vessels.

0.3 The designations of alloys mentioned in this code are in accordance with
the system prescribed in IS: 6051-1970*. The old designations of alloys
which are still in use are given in parenthesis.

0.4 Although emphasis is laid on the more common alloys, namely 64430
(H30), 65032( H20 ), 63400( H9) and 54300( N8 ), classified as principal
oys, provision is made for-design with the other alloys referred in various
ndian Standards ( see 4.4 ), classified as secondary alloy and also with non-
standard tempers and heat treatment conditions. This code does not pre-
clude the use of non-standard alloys ( that is, other than the principal and
secondary alloys"), but they should not be used without careful consideration
of their relevant physical and chemical properties. Consultation with
manufacturers is also essential. Example of such alloys are those of
Al-Zn-Mg group which are heat-treatable and useful for use in structures by
virtue of their having self-ageing properties whereby they regain their
strength after welding.

0.5 Permissible stresses are based on internationally accepted 0-2 percent
proof stress as a reference datum.

0.6 The behaviour of thin walled open sections in torsion and local buckling
have been dealt with in detail. The general increase in static permissible
stresses is supported by the inclusion of specific rules for the design of members
subjected to fluctuating loads.

0.7 The protection of aluminium structures have been detailed in appropriate
tables for various service environments.

*Code designation of aluminium and its alloys,
8
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0.8 The welding of aluminium by the inert gas process is dealt with
comprehensively in regard to both design and fabrication.
0.9 Provision is made for the acceptance of a structure should stress analy-
sis not be feasible. Tests more realistic than hitherto required are prescribed.
0.10 In this code, numerical values are given in both SI and metric units, the
latter in paranthesis. It is proposed to changeover to SI units completely
in the near future. '
0.11 In the formulation of this code assistance has been derived from the
following publications:
CSA Standard S 157-1969. The structural use of aluminium in
buildings. Canadian Standards Association.
BS Code of practice CP 118: 1969. The structural use of aluminium.
British Standards Institution. ’

SECTION | GENERAL
1. SCOPE

1.1 This code of practice covers the use of structural aluminium alloys in
all types of structures except for bridges and pressure vessels. It deals with
the following alloys:

‘a) Principal alloys — 64430 ( H30 ), 65032 ( H20 ), 63400 (H9) and
54300 ( N8 )

b) Secondary allops — 24345 (H15) 31000 (N3) 52000 (N4) and
53000 ( N5)

1.2 The provisions of this code are generally applicable to rivetted, bolted
and welded construction.

1.3 This code gives only general guidance as regards the various loads to
be considered in design. For the actual values of loading to be used in the
design, reference should be made to IS: 875-1964*.

2. TERMINOLOGY

2.1 For the purpose of this code, the definitions given in IS: 812-1957t
and, 1S:5047 ( Part I)-1969} and the following shall apply:

2.1.1 Engineer — The person responsible for the design and satisfactory
completion of the structure, as covered by this code or a person authorized
by him.

*Code of practice for struc‘rural safety of buildings: Loading standards ( revised ).
+Glossary of terms relating to welding and cutting of metals.
{Glossary of terms for aluminium alloys: Part I Unwrought and wrought metals.

9
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plate or other commodities.

2.1.3 Sirengih Member — A primary structural member designed to carry
important and calculated loads.

2.1.4 Non-strength Member — A secondary part that does not carry important
loads; examples are a lower-chord hanger in a roof truss, a member which
only stabilizes a column: at mid-length, and a subsidary attachment like a

ar HBC-0ARELy @t & SBRSRAL ) SLatlAllt

ladder or a pipe-support (or a connection to such a part ).

3. SYMBOLS

3.1 The following symbols together with those given in various clauses and
appendices are used in this code:

Jo Bearing stress

JSoe Bending compressive stress

Jnt Bending tensile stress

Jo Axial compressive stress

Ja Maximum shear stress

Ja.av Average shear stress ( shear force divided by effective area)
St Axial tensile stress “
h Depth to longitudinal stiffener S
k Interaction coefficient

ko Buckling cocflicient

Kias Section property

ke . Section property

k: Restraint factor

kg Bending-moment shape factor

ks Cross-section shape factor

i Effective length of strut

i .Effective unrestrained length of beam

m Local buckling coefficient

J Permissible bearing stress

e Permissible bending compressive stress

ot Permissible bending tensile stress

e Permissible axial compressive stress

Pa Permissible maximum shear stress

ba-av. Permissible average shear stress

10
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Permissible axial tensile stress

Permissible compressive stress in heat-affected zone at
weld

Permissible shear stress in heat-affected zone at weld
Permissible tensile stress in heat-affected zone at weld
Radius of gyration

Thickness

Web thickness

Flange thickness

Cross-sectional area

Modulus of elasticity

Modulus of rigidity

Warping factor

Polar second moment of area about shear centre

Second moment of area about ¥-x axis

Second moment of area about y-y axis

Torsion factor

Length of strut or beam between points of lateral support
Applied bending moment ’

Effective slenderness ratio for column buckling

‘Slenderness ratio for single-bay eccentrically loaded struts

Slenderness ratio for local buckling

Slenderness ratio for local buckling

Slenderness ratio for lateral buckling
Slenderness ratio at junction of straight line and hyperbola
Slenderness ratio for pure torsional buckling

4. MATERIALS

4.1 General — The material shall have the chemical composition, condi-
tion and mechanical properties as specified in the relevant clauses of
Indian standard specifications given in 4.4.1.

2 O
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4.2 Designation of Material

4.2.1 The designations of material used in this code are in accordance with
the system specified in IS:6051-1970%. Guidelines in nomenclature of
various alloys are given in Appendix A. Foreign standard equivalents of
these alloys are given in Appendix B for information.

4.2.2 Durability Rating — In order to formulate rules for the protection
of aluminium structures durability rating according to environments are given
in Table 18 to 22.

4.3 Selection of Material

4.3.1 Principal Alloys — The four aluminium alloys most commonly used
'i{‘l. gleneral and structural engineering are listed with their properties in
able 1.

For general use, particularly in bolted or riveted frame structures,
64430 WP ( H30 WP) is the normal choice on the ground of strength,
durability and economy; it is supplied as plates, extruded sections ( both
solid and hollow ) sheet, tube and forgings. It is weldable but with
considerable reduction of strength near the welds.

The alloy 65032 (H20 ) is a medium strength alloy and has similar
applications as 64430 ( H30) in general structures.

The alloy 63400 (H9) combines moderate strength with high
durability and a good surface finish that response well to anodizing. Like
64430 ( H30) it also loses parts of its strength on welding.

The alloy 54300 ( N8 ) is highly durable and strong for welded struc-
tures and platework. It shows less reduction in strength after welding.

4.3.2 Secondary Alloys — Four other alloys often used in general and
structural engineering are described and listed with their properties in
Appendix C.

4.3.3 Alloys with Non-standard Properties— The alloys referred in 4.3.2
and 4.3.1 are sometimes used in non-standard tempers and condition ( see
7.4.3).

4.3.4 Other Alloys — Other alloys are available. The engineer is, how-
ever, advised against using any of them without careful consideration, in full
consultation with a reputable manufacturer, of all its properties including
its durability, its weldability, its resistance to crack propagation and its
behaviour in service of the kind envisaged.

4.3.4.1 One of the important alloys under this category.is a newly
introduced alloy 74530 which is Al-Zn-Mg alloy. It is available in plates
or extrusion and combines good strength and weldability. Its properties
of natural ageing confers the advantage of recovery of strength after welding.

*Code for designation of aluminjum and its alloys.

12
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TABLE 1 PROPERTIES OF PRINCIPAL ALLOYS
( Clause 4.3.1)

Airoy | ConpiTioN* Form®* THICKNESS* T 02 PERCGENT - TEwSIiLE | BLONGA- | 0°2 PERCENT| BEARING Mobourus | COERFFICIENT| DENSITY DurasiLITY
mm TENSILE STRENGTH] TION] Compres- | STRENGTH§ | OF ELASTI- LiNgAR kg/m? RATING®**
- Proor N/mm? Percent | sive Proor | N/mm? crryy Exeansion||
From To STrEss} ( kgf/mm’ ) oN STRESS§ (kgfimm?2) | N/mm? Per °C
: N/mm? 50 mm N/mm? ( kgfimm?2)
( kgf/mm? ) ( kgf/mm?)
n (2) (3) 4 (5) (® N (8) 9) (10) (11) (12) (13)
- 63 255 295 1 2% 618
5 . ) (26-0) (30°1) , (26°0) (63-0)
trus: “— Taom
xtrusion 63 | 1501 270 310 270
B | (27°5) (31-6) (27:5)
— 63 250 295 250 587 B -
64430 | WE G e | (254) @0 g |—2=24 1 (98) | cgoo0 | 23xi0-t | 2710
(H30) ’ 63 | 25 240 285 LY (7023)
(24'4) (29°'1) 24
— 1-6 250 310 7 250 618
(254) (31+6) (25-4) (63-0)
Drawn tube 1.0 1n aan anrc - 0 240
40 av L1V £L0J Ed -
(24°4) (29-1) (24:4)
- Extrusion — 1501+ 7
65032 wP —_ 63 235 280 — s | 235 556 68900 24x 10~ 2710 B
(H20) Sheet, plate | ———|———— (24°0) (28°5) (240) (56+6) (7025)
63 25 8
— | 150 155 190 155 386
wPp (?5 8) (19-4) (15-8) (394)
00 Extrusi - 315 140 175 140 32¢ 65500 23x10-5 2710 B
6(3:’ 9 P Extrusion (14-3) (178) 7 (143 | @30 (6680)
315 | 125 110 155 110
(11-2) (158) (11-2)
Extrusion — 15011 130 275 i1 130 556
(13-2) (28-0) (132) | (56°6)
s Plate 63 | 25 125 280 12 125
, (12°7) (28°5) (12°7)
54300 Extrusion [ — 1 150t 130 280 13 525 68900  24:5x10-8 | 2660 A
(N8) {i3-2) {28°5) (53°3) (7025)
o — 63 130 265 12-16 1o 556
~ . (13-2) (27-0) 1o (56°6)
Sheet, plate
63 25 115 270 16
(11-7) (276)

*For other condition, forms and thickness, refer relevant Indian Standard, (see 4.4.1).
'f'Each thickness range mcludes its upper limits,
.‘CPCCIHCS mmlmum v alucs

§Minimum expected value ( see Appcndlx F).
CEor modulus of risidity multiply by 0-38

na o mo mut OY V'S0,

"Apphcs to range 20°C to 100°C.
*0S5cc 4.2.2.

ttFor round tube and hollow sections the properties do not apply above 75 mm.
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However, this material is susceptible to stress corrosion and its satisfactory
performance is dependent on correct method of fabrication and manufac-
turer. It is essential that there should be direct collaboration between
engineer and manufacturer concerning the.extent of use and the likely
service condition.

4.3.5 Bolts and Rivets — Table 2 gives the common bolt and rivet material
and indicates the alloys with which they may suitably be used. Durability
ratings are dependent on the alloys joined, as well as on the bolt or rivet
material (see 13.4). Steel bolts shall be galvanized, cadmium plating
may, however be specified for steel bolts for important connections. Alloy
24345-WP ( H 15-WP ) bolts with anodized finish may be used for improved
resistance to corrosion. Rivets of alloys 64430-WP (H 30-WP) and
24345-W ( H 15-W ) are more readily driven immediately after solution heat-
treatment. The period before driving may be extended by cold storage.

4.3.6 Filler Wire — Filler wires for inert-gas tungston-arc and metal-arc
welding shall be as given in Table 3. For welds between dissimilar alloys,
the ‘advice of the manufacturer shall be sought.

4.4 lieley'ant Standard Specifications

4.4.1 Section phtcs, sheets and other forms shall comply with the follow-
ing Indian Standards as appropriate: -

1S ; 733-1975 Wrought aluminium and aluminium alloys, bars, rods
. and sections ( for general engineering purposes ) ( second revision ).

1S:734-1975 Wrought aluminium and aluminium alloys, forging
stock and forgings (for general engineering purposes) ( second
revision ).

1S: 736-1974 Wrought aluminium and aluminium alloys, plate ( for
general engincering purposes ) ( second revision ).

1S : 737-1974 Wrought aluminium and aluminium alloys, sheet and
strip ( for general engineering purposes ) ( second revision ).

IS: 738-1966 Wrought aluminium and aluminium alloys, drawn
tube ( for general engineering purposes ) ( revised ).

1S:739-1966 Wrought aluminium and aluminium alloys, wire
( for general enginecring purposes ) ( revised ).

IS:740-1966 Wrought aluminium and aluminium alloys, rivet
stock ( for general engineering purposes ) ( revised ).

1S:1284-1975 Wrought aluminium alloys, bolt and screw stock
( for general engineering purposes ) { second revision ).

IS: 1285-1975 Wrought aluminium and aluminium alloys, extruded

round tube and hollow sections (for general engineering pur-
poses ) ( second revision ).

15
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TABLE 2 BOLT AND RIVET MATERIALS

( Clause 4.3.5)
ArLoYs JoiND
DurasiLry
ITeM MaTERIAL Process RariNG
Principal Secondary
All All except 24345 | Same as alloys
64430-WP (HI15) joined
(H30-WP) -
—_ 24345 (H15) c
24345-WP*+ —_— — 24345 ( H15) (o]
(HI15-WP)
Bolts
Steelt — All All except 24345
(H15)
outdoors
b
Corrosion — All All
resisting
steel
64430-W* All All except 24345 | Same as alloys
(H30-W) (H15) joined
Cold driven
24345-W* — 24345 (H15) (o]
(H15-W)
Cold driven
Rivets | 53000-0 All except 24345 | Same as alloys
(N5-0) All (H15) joined
Hot driven
Cold driven All All
Steel b4
Hot driven All All except 24345
(HI15)
*Se¢'9.2.1.
$See 4.3.5.
1See 21,
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TABLE 3 FILLER RODS OR WIRES FOR INERT GAS WELDING

( Clause 4.3.6)
PARENT ALLOY FILLER WIRE DurasiLity RATIRG OF
(In Order of Preference ) ASSEMBLY
63400, 64430, 65032 NG 21, NG 6 B
54300 NG 6 A
31000 NG 3 A
' {NG2I,NG6)*
52000, 53000 NG 6 A

NoTte — When weldéd assemblies in 63400, 64430 or 65032 are to be subsequently
anodized, NG 6 filler wire should be used, to obtain optimum colour match between
weld and parent metal.

*NG 21 or NG 6 should be used if conditions are non-corrosive.

4.4.2 Bolts — Aluminium and steel bolts shall comply with the followmg
Indian Standards as appropriate:

1S : 730-1971 Fasteners for corrugated shect roofing ( revised ).

IS: 1363-1967 Black hexagon bolts, nuts and lock nuts (dia 6 to 39
mm ) and black hexagon screws ( dia 6 to 24 mm ) ( first revision ).

1S: 1364-1967 Precision and semi-precision hexagon bolts, screws
nuts and lock huts ( dia range 6 to 39 mm ) ( first revision ).

1S : 2389-1968 Precision hexagon bolts, screws, nuts and lock nuts
( dia range 1'6 to 5 mm ) ( first revision ).

IS : 2585-1968 Black square bolts and nuts ( dia range 6 to 39 mm )
and black square screws ( dia range 6 to 24 mm ) ( first revision ).

IS : 4218-1967 ISO metric screw threads
1S:6113-1967 Alurainium fasteners for building purposcs.
4.4.3 Rivets — Aluminium and steel solid rivets shall comply with the
following Indian Standards as appropriate:
IS:1929-1961 Rivets for general purposes ( 12 to 48 mm diameter ).
IS : 2155-1962 Rivets for general purposes ( below 12 mm diameter ).
IS :2998-1965 Cold forged steel rivets for cold closing.

4.4.4 Filler Wire for Welding — Filler wire for welding shall comply with
IS:1278-1972* and IS : 5897-1970%.

*Specification for filler rods and wires for gas welding (first revision ).

+Specification for aluminium alloy welding rods and wires and magnesium alloy
welding rods.

17
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4.4.5 Forging and Casting — Forging "and casting shall comply with
IS : 734-1967* and IS:617-1959% respectively.

4.5 Structural Sections

4.5.1 General — Aluminium structural sections are normally produced
by extrusion. The low cost of die gives great flexibility in producing a large
varicty of sections.

4.5.2 Standard Extruded Sections

4.5.2.1 The following Indian Standards may be referred for properties
of various angles, beams and channels. Larger sections than those covered
by these standards may be obtained by arrangement with the manufac-
turer.

IS : 3908-1966 Aluminium equal leg angles

1S : 3909-1966 Aluminium 1inequal leg angles

IS : 3921-1966 Aluminiunt ¢hannels

IS : 5384-1969 Aluminium I-beams

1S : 6445-1971 Aluminium tee sections

IS : 6449-1971 Aluminium bulb angles for marine use
IS:6475-1971 Aluminium tee bars for marine use
IS:6476-1971 Aluminium bulb plates for marine use.

4.5.2.2 The stability of thin walled see/f/l/gns is improved by enlarging
the root fillet and reinforcing the tees with bulbs or tips.

4.5.3 Non-standard Extruded Section — Many other kinds of section, includ-
ing zeds, double stemmed tees, top hats, acute and obtuse angles and flats,
as well as conventional sections of non-standard size are manufactured.

4.5.4 Hollow Sections — Box sections, twin web beams and many other
hollow sections are available. .

4.5.5 Tubes — Tubular sections, not necessarily circular, are produced by
extrusion or, alternatively by cold-drawing from comphratively thick walled
extrusion blooms.

4.5.6 Special Sections — It is often advantageous to design special extru-
ded sections for a particular structures 4n order to obtain more economical
design and fabrication.

4.5.7 Sections Formed from Sheet — It is sometimes advantageous to employ
sections formed from sheet or strip by roll-forming or by bending.

*Wrought aluminium and aluminium alloys, forging stock and forgings ( for general
engineering purposes ) (first revision ).

( tAluminium and aluminium alloy ingots and castings for general engineering purposes
revised ).
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4.6 Manufacturing Tolerances — Weight and dimensional tolerances of
all products including rivets bolts, nuts etc used in structures shall conform
to the latest appropriate Indian Standards.

5. PLANS AND DRAWINGS

5.1 Plans, drawings and stress sheets shall be prepared according to
IS:696-1972* and IS : 962-1967%.

5.1.1 Plans — The plans ( design drawings) shall show the complete
;design with sizes, sections, and the relative locations of the various members.
i Floor levels, column centres, and offsets shall be dimensioned. Plans shall

be drawn to a scale large enough to convey the information adequately.
Plans shall indicate the type of construction to be employed; and shall be
‘supplemented by such data on the assumed loads, shears, moments and
axial forces to be resisted by all members and their connections, as may be
‘required for the propér preparation of shop drawings.

5.1.2 Shop Drawings — Shop drawings, giving complete information
necessary for the fabrication of the component parts of the structure including
the location, type, size, length and detail of all welds, shall be prepared in
advance of the actual fabrication. - They shall clearly distinguish between
shop and field rivets, bolts and welds. TFor additional information to be
included on drawings for designs based on the use of welding, reference shall
be made to the appropriate Indian Standards. Shop drawings shall be made
in conformity with the best modern practice, with due regard to speed and
economy in fabrication and erection. A marking diagram allotting distinct
identification marks to each separate pieces on work shall be prepared. The
diagram shall be sufficient to cnsure convenient assembly and erection at
site.

5.2 Symbols for welding used on plans and sﬁop drawings shall be according
to IS : 813-1961%.

SECTION Il LOADS
6. TYPES OF LOADS

6.1 General — For the purpose of computing the maximum stresses in any
structure or member of a structure, the following forces shall be taken into
account, where applicable:

a) Dead loads,
b) Live loads,

*Code of practicc"fbr general engineering drawings ( second revision ).
tCode of practice for architectural and building drawings ( first revision ).
}Scheme of symbols for welding.
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c) Dynamic effects,

d) Wind loads,

€) Seismic loads,

f) Erection loads, and
g) Temperature effects.

6.1.1 The dead loads, live loads, dynamic effects, wind loads and
seismic loads to be assumed in design of buildings shall be as specified in
IS: 875-1964*. Erection loads and temperaturc cflccts shall be considered
as specified under 6.2 and 6.3. ‘

6.2 Erection Loads — All loads required to be carried by the structure or
any part of it due to storage or positioning of construction material and
erection equipment including all loads due to operation of such equipment,
shall be considered as ‘erection loads’. Propet provision shall be made,
including temporary bracings to take carc of all stresses duc to erection
loads. The structure as a whole and all parts of the structure in conjunction
with the temporary bracings shall be capable of sustaining these ercction

loads, without exceeding the permissible stresses as specified in Section
III of this code.

6.3 Temperature Effects

6.3.1 Expansion and contraction due to changes in temperature of the

materials of a structure shall be considered and adcquate provision made for
the effects produced.

6.3.2 The temperature range varies for diffcrent localities and under
different diurnal and secasonal conditions. The absolute maximum and
minimum temperatures which may be expected in different localities in
the country are indicated on the maps of India in Appendices D and E
respectively. These appendices may be used for guidance in assessing the
maximum variations of temperature for which provision for expansion and
contraction has to be allowed in the structure.

6.3.3 The temperatures indicated on the maps in Appendices D and E
are the air temperatures in the shade. The range of variation in temperature
of the building materials may be appreciably greater or less than the varia-
tion of air temperature and is influenced by the conditions of exposure and
the rate at which the materials composing the structure absorb or radiate

heat. This difference in temperature variations of the material and air
should be given duc consideration.

6.4 Load Combinations — The various loads specified in 6.1 should be
combined in accordance with the stipulation in the appropriate design

*Code of practice for structural safety of buildings: Loading standards ( revised ).
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sections. In the absunce of such recommendations, however, the following
load combinations, given for general guidance may be adoptcd

a) Dead load alone;

b) Dead load plus partial or full live load whichever causcs the most
critical condition in the structures;

¢) Dead load plus wind or seismic loads;

d) Dead load plus such part of or whole of the specified live load
whichever is most likely to occur in combination with the specified
wind or seismic loads plus wind or seismic loads; and

e) Dead loads plus such part of the live loads as would be imposed
on the structure during the period of erection plus wind or scismic
loads plus erection loads.

Note—For design purposes, wind load and seismic forces shall be assumed not be act

simultaneously. Both forces shall, however be investigated separately and adequately
provided for.

SECTION 1ll DESIGN
7. DESIGN CRITERIONS

7.1 General — All parts of the structural framework shall be capable of
sustaining the most adverse combination of the dead loads, live loads, wind
loads, scismic forces where applicable, and any other forccs or loads to which
the building may be subjected. The calculated stresses in the structural
members and in bolts, rivets and welds shall not exceed the appropriate
values given in this standard.

7.2 Factors Affecting Design — Structural aluminium, like steel, bchaves
clastically over a large range of stress.  The onsct of plasticity is roughly
defined by the 0°2 percent proof stress, corresponding to a permancnt strain
of 0°002. This stress is-analogous to the yield stress of structural stecl.

7.2.1 The design procedure for aluminium structures is basically the same
as for steel.  Clonsideration shall be given to the stability of the strycture as
whole, and the lower modulus of elasticity of aluminium makes it- neeessary
to cxamine closely the stability of parts in compression, and to pay parti-
cular attention to deflections and to the likelihood of vibration. The high
coelficient of expansion of aluminium should also be borne in mind.

7.3 Design Requirements — During designing, care shall be taken to
ensure that as far as possible, all members and connection are readily accessi-
ble for maintenance and the pockets and crevices likely to entrap water, dirt
or condensation are avoided.™

The structure shall be capable of sustaining the most adverse combina-
tton of stresses and shall be examined preferably at an carly stage, to assess

the possibility of failure by fatiguc ( see 10 ).
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7.4 Permissible Stresses

7.4.1 Principal Alloys — Permissible stresses for the structural alloys in
axial tension p¢, axial compression p¢, bending tension ppy, bending com-
pression ppe, shear pq and bearing pp ( all applying only where there is no
buckling ) are given in Table 4. The value have been obtained by the
procedures given in Appendix F and apply to unwelded member under static
loading. '

Slender m=mbers tend to buckle and for these, the permissible stresses
shall be obtained in accordance with 8.2, 8.3 and 8.4, values for flexural and
torsional buckling of struts are given in Fig. 1 and values for lateral buckling
of beams and local buckling of thin plates in Fig. 2. 'The construction of
these graphs from the data given in Table 4 is described in Appendix F.
The quoted shear stresses are permissible maximum values for use in 7.5.3,
7.54 and 8.3.3.2. Permissible average shear stresses for webs and thin
plates which tend to buckle are dealt with in 8.3.3.2, 8.3.7, and 8.4.2.

: The permissible axial and bending stresses shall be used in conjunction
with the appropriate effective area ( see 8.1.2, 8.2.3 and 8.3.2).

. The permissible bearing stresses listed in Table 4 are for joints in single
shear. Increases for joints in double shear and reduction for small edge
distances of bolts or rivets are described in 9.2,

7.4.2 Secondary Alloys — The permissible stresses for secondary alloys are
given in Appendix C.

7.4.3 Alloys with Non-standard Properties — Permissible stresses may be
obtained as described in Appendix F for any of the structural alloys for which
a reputable manufacturer either guarantees higher minimum properties than
those specified in the relevant Indian Standards (see 4.4) or guarantees
minimum properties, for a non-heat-treatable alloy, in a temper not so

specified. These permissible stresses may, with the engineer’s agreement,
be used for design.

7.4.4 Other Alloys — The procedure given it Appendix F may also be used
as a guide for obtaining permissible stresses for other alloys ( sec 4.3.4 ).

7.4.5 Joinis — The permissible stresses for bolts, rivets, welded joints and
welded members are given in 9.

7.4.6 Increase in Permissible Stresses Provided Fatigue is not a Consideration
( see 10,2 ) — The permissible stresses may be exceeded as follows.

7.4.6.1 Wind or seismic loads — When effect of wind or seismic load is
taken into account the permissible stresses in structural members as specified
in Table 4 and Table 25 may be excceded by 25 percent. No increase in
permissible stresses shall, however, be allowed in case the structure is designed
primarily for wind loads, and/or when fatigue is a consideration.
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Notes — 1. The graphs do not apply to extruded round tube and hollow sections above

2.

Lk o

75 mm thick.

For clarity the small differences in properties of the following have been

ignored.

a) Exuwusion up to 6'3 mm; sheet, plate up to 6'3 mm and drawn tube up to
16 mm for 64430-WP,

b) Extrusion and plate of 54300-M.

For column buckling & = ljr ( sec 8.2.2).

For torsional buckling & = Xy ( see 8.2.4).

Fic. 1 PerwmissiBLE COMPRESSIVE STRESSES IN STRUTS
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Notes — 1. The graphs do not apply to extruded round tube and hollow sections above
75 mm thick.
2. For clarity the small difference in properties of the following have been
ignored.

a) Extrusion up to 63 mm; sheet, plate up to 6'3 mm and drawn tube up to
1:6 mm for 64430-WP.
b) Extrusion and plate of 54300-M.
c) Extrusion and sheet, plate of 54300-0O.
3. For beams ( lateral buckling )
Y A= Mgt (see 8.3.1)
4. For thin plates (local buckling )

l--—':i (see8.41)

Fio. 2 PeruissiBLe COMPRESSIVE STRESsES IN BEAMS AND THIN Pra
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TABLE 4 PERMISSIBLE STRESSES FOR PRINCIPAL ALLOYS IN N/mm? ( kgf/mm?)
( Clause 7.4.1)

ALLoY Conprrion* ForuM* TrICRNESS* T Axiavr} BenpinGt SuEARE BEARINGS Nsll
mm
From To P 2o Dot Dre 2a F 2
)] (2) (3) 4 ) (6) (7) (8 ) (10)
— 63 139 154 83 61
. (14-2) (15°7) (84) 222
Extrusions 63 | 1509 147 162 88 (22°6) 59
(15-0) (16:5) (9-0)
— 63 137 152 82 62
64430 (14°0) (15'5) (8'3) 22112
44 wp -
(Fi30) Sheet, plate 63 25 132 146 79 @16) 63
(13°5) (14-9) (8-0) ‘
_ 16 137 152 83 62
(14:0) (155) (84) 222
. Drawn tube 6 o 132 1% 79 (22-6) 63
(13'5) (14°9) (8-0)
Extrusion — 1509 129 143 77 201 64
65032
(H20) wp Sheet, plate — 75 (13:1) (14 6)‘ (7-8) (20-5)
WP — — 85 96 51 139 83
(8-6) (98) (5°2) (14-2)
. — 315 77 86 46 89
°9) F Fatrusion > (7:8) (8:8) *7) (i
315 125 62 70 37 ) 105
(6:3) (1) (38
Extrusion — 1509 82 96 49 97
(83) (9°8) (5-0) 201
Plate 63 25 80 94 48 99
. &1 (9°6) (4°9)
e Extrusion = [150% 82 76 % o1
83 (77 (98) 93) 49
o — 63 81 7;37 94 83 1 (50) 201 103
Sheet, Plate 82y (77) (9°6) (C2))] (20°5)
63 25 75 76 88 90 45
(76)  (7'7) 99) (92 (4°6)

*For other conditions, forms and thickness, refer relevant Indian Standards (see 4.4.1).
tEach thickness range includes its uppeér limit.
$Applies only when buckling is not the criterion ( see 8.2, 8.3 and 8.4 ).

§ Joints in single shear ( see 9.2.1 ).

)|See Appendix F.

§For round tube and hollow section the permissible stresses do not apply above 75 mm.
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7.4.6.2 Erection loads

a) Without wind or seismic forces — For members carrying erection loads
only or erection loads combined with forces other than those result-
ing from wind or seismic forces, the permissible stresses on the
members or its connections may be exceeded by 15 percent.

b) With wind or seismic forces — When erection loads are considered
together with wind or seismic loads, the permissible stresses may be
exceeded by 25 percent.

7.4.6.3 In no case shall the member or its connection have less carrying
capacity than that needed if the wind, seismic or erection loads are
neglected.

7.5 Combined Stresses

7.5.1 Combined Bending and Axial Tension — Members subject to bending
and axial tension shall be so proportioned that:

f;t_ fbt l
n pot <

where
ft = the axial tensile stress,
Pt = the permissible axial tensile stress ( see Table 4 ),
fos = the sum of the tensile stressed due to bending about both
axes, and
pot = the permissible bending tensile stress ( see Table 4 ).

7.5.2 Combined Bending and Axial Compression — Members subject to bending
and axial compression Jshall be so -proportioned that:

oy Joe

where
fe = the axial compressive stress;
pe = the permissible axial compressive stress obtained from

Table 4 and Fig. 1;

Jve = the sum of the compressive stresses due to bending about
both axes, ignoring the effects of deflection;

bve = the permissible bencﬁng compressive stress obtained from
Table 4 and Fig. 2; and

p; = the Euler critical stress for buckling of the member in the
direction of the applied bending moment and equals
wE[({r)? :
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E = the modulus of elasticity, and
l/r = the ratio of the effective length to the appropriate radius
of gyration. :

7.5.3 Combined Bending and Sheet — Members subject to bending and shear
shall be so proportioned that feq <09 times the minimum 0-2 percent proof
stress:

where |
Jeq = the equivalent stress, equal to either ¥/ (f*bt + 3/% ) or
V(e + 3%),
Ja = the maximum shear stress, and ,
Jot and fve have the same meanings as in 7.5.1 and 7.5.2
respectively.

The values of fus, foe and fq shall not, however, exceed the appro-
priate values for permissible stresses given in Table 4.

For webs of built-up beams and for thin plates, reference shall also be
made to 8.3.7 and 8.4.

7.5.4 Combined Bearing, Bending and Shear — Members subject to bearing,
bending and shear shall be so proportioned that feq < 0°9 times the
minimum 02 percent proof stress: ’

where
Jfeq = the equivalent stress, equal to either
v (¥t + % + fotfo + 3f%q ) or
v (fe + % — foefp + 3%
‘fo = the bearing stress, and :

fot, fve and fy have the same meanings as in 7.5.1, 7.5.2
and 7.5.3 respectively.

The values of fut, foe and fq shall not, however, exceed the appropriate
values for permissible stresses given in Table 4.

For webs of built-up beams and for thin plates, reference shall also
‘be made to 8.3.7 and 8.4. i

7.6 Temperature Limitations

7.6.1 Ordinary and Low Temperatures — The design requirements of this
code apply without modification to structures subject to temperatures in the
range ( —200°C to 65°C ).

7.6.2 High Temperatures — In the design of structures whose temperature
will consistently exceed 65°C or which will ever exceed 90°C, expert advice
shall be obtained on such modifications in design as may be necessary.
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7.7 Thickness —- Structural sections should not be thinner than 1'2 mm
and stressed-skin elements ( for example diaphragms, webs and sheet panels )
not thinner than 1-0 mm. Thicknesses should be sufficient to give reasonable
resistance to accidental damage.

7.8 Deflections — Deflection shall be limited by the function of the member
to ensure satisfactory performance. Special consideration shall be given to
structural elements supporting machinery or other sources of shock and

vibration. Deflection in general building construction shall be limited as
- specified in 8.3.1.

7.9 Camber — Cambering of trusses, beams or girders, where required,
shall be specified in the design plans. Trusses and built-up girders with
spans of 15 m or more shall be cambered for the deflection due to the dead

load plus half the live load.

8. DESIGN OF MEMRERS

 AFadasawsa N B e o

8.1 Design of Tension Members

8.1.1 Slenderness Ratio

8.1.1.1 Slenderness ratio  of any tension member, in which there ig

possibility of reversal of gtresses event where the reversal'is due only to wind, -
shall not exceed 180.

The same limit applies when the ties are meant for outdoor service or
in application which involve shock, vibratory or incidental lateral loads.

8.1.1.2 For all other ties not governed by 8.1.1.1 slenderness ratio
shall not exceed 250 + 29 f where f'is the minimum axial stress in N/mm?
sustained by the member. :
8.1.2 Axially Loaded Ties — The permissible axial load in a tie is the
permissible tensile stress ( see Table 4 ), multiplied by the net sectional area.
8.1.2.1 Net sectional area — The net sectional area being the gross
sectional area minus deduction as follows for holes and for loss of strength
due to welding: :
a) The deduction for holes is the larger of:
The sum of the cross-sectional areas of the holes in a straight
line across the member and at right angles to stress, the line being
the one for which the sum is largest, and
The sum of the cross-sectional areas of holes in a zig-zag line
from hole to hole across the member less s*/4¢ for each pitch
space in the chain of holes, the zig-zag line being the one for
which this net quantity is largest:
where
s = the hole pitch,
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£ = the hole gauge, and
= the thickness of the holed material.

Appendix G illustrates a typical example for deduction of holes in
members.

Hole clearances for bolts and rivets shall be as given in Table 14.

b) The deduction for loss of strength due to welding is the sum of the
areas of the heat affected zone ( se¢ 9.3.2) in a cross section multi-

plied by 4 1«7{&", the governing cross section being the ene with

the largest heat affected area, where gt is the permissible axial
tensile stress ( see Table 4 ) and pwt is the permissible axial tensile
stress in heat affected zones ( see Table 15 ). /

8.1.3 Eccentrically Loaded Ties — Single-bay ties of single and double
angles may be designed as axially loaded members, and the variation in
stress in the outstanding leg or legs ignored, provided that the effective
area is obtained by deducting part of the area of the outstanding leg from
the gross area, in addition to any deduction called for in 8.1.2. The
proportions of outstanding leg area to be deducted are given in Table 5.

TABLE 5 OUTSTANDING LEG DEDUCTIONS FOR SINGLE-BAY TIES

ALLoy DepucTION PER QUTSTAN DIN c-Lec
A,
Single Angle Connected Two Angles Back-to-back
Through One Leg Connected to Both
64430 Sides of Gusset
63400 064 024
54300 044 nil

Note — 4 s the gress area of the outstanding leg that lies clear of the connected leg,
but disregarding any fillet. For a 100 x 100 x 10 mm angle, 4 = 900 mm?.

The deductions given in Table 5 apply equally to other sections with
outstanding legs, such as tees and web-fastened channels.

For end bays of multiple-bay angles, channels and tees, the effective
arca shall be calculated in the same way as for single-bay ties.

For intermediate bays of multiple-bay angles, channels and tees, the
effective area is the gross sectional area minus the deductions given in 8.1.2.

8.2 Design of Compression Members
8.2.1 Effective Length

8.2.1.1 Effective length [ of a compression member for the purpbse of
determining allowable axial stresses shall be assumed in accordance with
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Table 6, where L is the actual length of the member measured between the
centres of effective lateral supports. In the case of a compression member
provided with a cap or base, the point of lateral support shall be assumed
to be in the plane of the top of the cap or bottom of the base.

TABLE 6 EFFEGiTVE LENGTH OF STRUTS

Tyre Errecrive LEneTH [ OF
; MEMBER.

Effectively held in position and restrained in direction at both 067 L

ends
Effcctively held in position at both ends and restrained in direc- 085 L

tion at one end
Effectively helu in position at both ends but not restrained in L

direction
Effectively held in positicn and restrained in direction at one L

end and at the other end cffectively restrained in direction but
not held in position

Effectivcly held in position and restrained in direction at one end 1I'5L
and at the other end partially restrained in direction but not
held in position

Effectively held in position and restrained in direction at one end 20L

but not held in position or restrained in direction at the other
end

Nore — For battened struts, the effective length / should be increased by 10 percent.

L

8.2.1.2 Effective Iengths ! for typical cases of trussed structu’reﬁ\shall be
taken from Table 7.

8.2.2 Slenderness Ratio

8.2.2.1 General — The slenderness ratio A of a compression member
shall be taken as the ratio of the effective length [, as determined by 8.2.1
to the corresponding radius of gyration r. The slenderness ratio of tension
members shall be taken as the unbraced length L to the corresponding radius
of gyration.

8.2.2.2 The effective slenderness ratio of a compression member sub-
jected to shock or vibratory loads or where lateral loads on a member
can occur, shall not exceed 120. :

8.2.2.3 For compression members not governed by 8.2.2.2, slenderness
ratio shall not exceed 180.

8.2.3 Awxially Loaded Struts - With struts, the main requirement is resis-
tance to column buckling ( that is, overall flexural buckling ), for which the
permissible average stress on the gross area is obtained from the appropriate
graph in Fig. 1 at A = //r where [ is the effective length as given in Tables §
and 7 and r is the appropriate radius of gyration.

a1



TABLE 7 EFFECTIVE LENGTH OF TRUSSED STRUCTURES ( TYPICAL CASES)
( Clause 8.2.1.2 )

For internal members
Axis Y-7 is parallel to
the plane of bracing

MEeMBER
| — kL ~—1
NN\
A AB

. AC
i

EFFECTIVE LENGTH [

Axis ZZ ( Single angle )

Axis Axis . I
XX Yr I
1 bolt ’ 2 bolts
L kL 1+ 2k
3
L L 08 L 07L
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Two further requirements, applying more paruc.
thin-walled section, are resistance to torsional buckling and to local buckling.
The permissible stresses for struts sub_]ect to these types of bucklmg shall be

Al e T . O DR nd AT
Ul.)l.dl..u.cu IO Qe&aed aANTU VTR u:aycuu.vcl.y

The permissible stress for 3 strut is the least of the three permissible
stresses obtained as above.

8.2.4 Eccentrically Loaded Struts

8.2.4.1 Single-bay struts — For single-bay struts consisting of a single
angle connected by one leg only, a single channel connected by its web
only, or a single tee connected by its table only, the average stress shall not
exceed 04 pe. The value of e is the permlsmblc stress obtained frorn Fi ig. 1
at A = L/T, taKJ.ng T as [}IL rd(.llub ()I vyrauou dUOul LHL d.le dedllCl to [nc
gusset. ‘The reduction of pe to 04 pe Is necessary to take into account the
eccentricity of connection. In checking for torsional buckling, the eccen-
tricity of connection may be ignored.

8.2.4.2 Struls nf two components back-to-back — Struts consisting of two

eime'xe. s Ui AW

angles, channels (web connected) or tees (table-connected ), connected
to both sides of end gussets, may be taken as axially loaded and designed
as in 8.2.3 provided that they satisfy the following requirements:

a) They shall be designed as integral members and shall be connec-
ted together so that the slenderness ratio of cach component
between connections is not greater than 07 times the most
unfavourable slenderness ratio of the LUlllPUbu-C strut. Each in-
dividual component, in contact or separated by a small distance,
shall be designed to carry its share of the load as a strut between
adjacent fastenings.

b) The components at cach end of the strut shall be connected together
with not less than two rivets or close-fitting bolts, or the-equiva-
lent in welding, and there shall not be ft:wer than two addmonal
connections equaﬂy spaceu in the u-;ugu: of the strut. Where the
connected legs are 100 mm or more wide, not less than two
rivets or close-fitting bolts shall be used in each connection and
shall be spaccd as far apart as practicable ( they may be staggered )
across the connected-leg width. The diameters of the bolts or
rivets in each intermediate connection shall be the same as those
in the end-connections. Where the connections are welded, both
pairs of edges at the connection shall be welded fmmfhrr the
strength of the welds being at least equal to that of the bolts
or rivets specified above.

If the components are separated back-to-back, the bolts or rivets shall
pass through solid washers or Dackmzs welds shall be made to full-width

solid packmgs.

Q)
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Struts of two components back-to-back shall not be subjected to
transverse loading normal to the plane of contact of the components unless
all forces are calculated and provided for.

8.2.4.3 Others — Any other eccentrically loaded strut shall be designed
for the combined axial load and bending moment ( see 7.5.2).

8.2.5 Torsional Buckling — Torsional buckling is the type of failure in
which the middle part of a struct rotates bodily relative to the ends. It
may be critical for thin-walled open sections, particularly at low slenderness
ratios. Closed hollow sections are free from it.

The permissible stress for a strut in torsional buckling shall be read
from Fig. 1 at A = A Values of A¢ for certain sizes of some common sections
are given in Table 8; these expressions, which for channels depend on the
factor k¢ presented in Fig. 3 and 4, take account of interaction with column
buckling. Torsional buckling will not be critical if A¢ is less than [fr. For

channcls, it will not be critical if Ay is greater than M, where the symbols,
are as defined in Table 8. ty

18 i

16

3
/
|

/A

A
=
i

1

-

08 10 12 14 1-6 1-§ 2:0 22 2:4 26 28 -0 32

Fig. 3 VALUES OF ki FOR PraiN CHANNELS
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Fic. 4 VALUEs oF ki For LiPPED CHANNELS

For other sections, the torsional properties shail be obtained by re-
ference to Appendix H, and the values of At by reference to Appendix J.

Use Of these annenr“rp( mav lead to c<lichtly hicher permissible stresses

34163 Lo v 8 B ] Late L0 Supaiiiy f2paatl Lot o 130w LI

for the sections specifically dealt with in Table 8.

8.2.6 Battened Siruis

8.2.6.1 General — Struts composed of two main components battened
shall have the slenderness ratio for the axis perpendicular to the battens not
more than 0'8 times that for the axis parallel to the battens.

Battens and their fastenings shall be proportioned to rezist a total
transverse shear load § equal to 2°5 percent of the total compressive load on
the strut, divided equally between the two parallel batten systems.
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TABLE 8 VALUES OF ). FOR STRUTS

( Clause 8.2.5 )
SecTioN Limrts VALUE OF A\t
1 2) 3
R 52a R \2
R 52a. R \? d 3
T <3 =2 13 (T)-z(T—l)

|l 4 <25

oo (4 )(E)

2 2 a
-j— /-AXIva ——t’i<3 /\/}“"”‘“\/T"l
2
. =36 (252) 1 ()
'} 1< 2 <2
: b 1l
Av'=—r‘;
—f<3 J\/Aiﬂ&d%—x
. . a+b . R \2
1<—Z—<2 thrc)“-zs'( 2 )—13(7)
. =2 ($ -1 )ers(5-)(F)

= —
Av= -

Notr — [ is the effective length.

rv is the radius of gyration about the axis yv ( that is the minimum value of 7).

( Continued ),
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TABLE 8 VALUES OF ), FOR STRUTS — Contd

SrcrioN Lmarns VALUE OF £\
) 2) )]
INIRYZR
R<S N azen (—-
a+2b
0.5<_:__<2 whcre);o-lg( ) 13( )
}.y-.-;;
2, .,2( 4
£<s \l'\"'”‘v(zb)
)
. where ), = 19 (££2) — 13 ()
0'5<—b—<2
—2(-——1)+15(—--1)( )
—i<2‘5
¢ hv='—
Ty
2 2£08aY)
_{l<2 ‘J Xo+)ty( 7 )
32a+b R\?
= (2544 -2 (£)
05<5- <1
lv"“‘;"‘
y
R=0 o5 (5 + )
I < -%— < 8 | where £ is obtained from Fig. 3.
{
Ay = —
l< <2 b4

The presence of small fillets
( R € 2 t) has negligible effecton A,

Nore — [ is the effective length.
ry is the radius of gyration about the axis yy.

{ Continued )

Ly
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TABLE 8 VALUKS OF ); FOR STRUTS — Conid

SecrioNn Lnars VALUE OF )\t
n ‘ (2) 3
Yot kob
- Rw0 . 05 v + Ay )
1< —:— <3 where k¢ is obtained from Fig. 4
/4
Ay = o
< <03 The presence of small fillets
a ( R € 2 ¢) has negligible effect on A,
symmetrical I-~Section | None for: Torsional buckling may be ignored
- plain section, )
lipped section
and bulb sec-
ti:n with
-‘— < 25
Closed hollow section Torsional buckling may be ignored
others See Appendix J

Note~—1 is the effective length.
7y is the radius of gyration about the axis yy.

Where there is eccentricity of loading applied and moments or lateral
loads ( including the 25 percent transverse shear load § ) acting in the plane
parallel to the battens, all forces resulting from deformation shall be

povided for in the battens and their fastenings,

8.2.6.2 Spacing — The spacing between battens shall be such that the
tenderness ratio of each strut component measured between the centres of
battens.does not exceed either 0-7 times the slenderness ratio of the complete
strutwith respect to the axis perpendicular to the battens, -or 50.

, . Battens shall be in pairs placed opposite each other on the two sides

inthe main components, and shall be spaced uniformly throughout the
leagth of the strut. : 4
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8.2.6.3 Length — The effective length of a batten, measured along the
strut, shall be not less than three-quarters the distance a between the
centroids of the bolt or rivet groups, or of the welds ( see Fig. 5 ).

|
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F16. 5 BATTEN DIMENSIONS AND SPACING

8.2.6.4 Thickness — The thickness of a batten plate shall be not less
than either /36 or 2'5 mm, whichever is more. Alternatively, if the
free edges of the batten plate are turned over to make effective flanges of
gross width not less than /12 or if a channel section is used, the thickness
of the plate or section web shall be not less than either 2/50 or 2':5 mm, which-
ever is more, where a has the same meaning as in 8.2.6.3.

8.2.6.5 Fastening — Each batten shall be fastened to the main com-
ponents by at least two rivets or close-fitting bolts, or by welding. FEach
fastening shall be designed to resist simultaneously a longitudinal shear
force of $d/2a and a moment of Sd[4, together with any other forces due to
bending of the struts, where S is the shear load ( see 8.2.6.1), d is the distance
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between centres of battens ( see Fig. 5), and a has the same meaning as
in 8.2.6.3'

8.2.7 Laced Struts

8.2.7.1 feneral — Struts composed of two main components laced
and tied shall where posslble, have the slenderness ratio for the axis per-
ycuuu,ulcu to the }auuxs ymuca not greater than that for the axis pa:'a"el

to the lacing planes.

PSRN SRS | [ TR . S ) PO PRI IR PR (S I PP e
La(,cu SUruts saaii PE proviaca with tie plawes at uné Ciias o1 Ui iadiiig

system. If the system is interupted, intermediate tie plates shall be used.

T a o ha nd thair fa nfonvnrrc shall ha nranortioned to resist a total
ua\,aus oars ana tnelr iaster Sila:x OC PrOPOITICHCt O IG5 a Whal

transverse shear load S equal to 2'5 percent of the total compressive load on
the strut, divided equally between the two parallel lacing systems.

Where there is eccentricity of loading, applied and moments or lateral
loads ( including the 2'5 percent transverse shear load §') acting in a plane
parallel to the lacing system, all forces resultmg from deformation shall be
provided for in the lacing system and its fastenings.

Single-laced systems opposed in direction on the two sides of the main
components, and all double-laced systems, shall not be combined with cross
members ( except end tie plates ) perpendicular to the longitudinal axis of
the strut, unless all forces resultmg from deformation of the strut members
are calculated and provided for in the lacing bars and tie plates and their
fastenings. Typical lacing deta11s and single and double lacing systems with
or without tie plates are shown in Fig. 6.

Connections of lacing bars and tie plates shall be opposite to each other
on the two sides of the main components, and shall be spaced uniformly
throughout.

8.2.7.2 Lacing bars — Single or double lacing systems shall have the

lacine bars inclined at ancles not less than 40° and nor more than 70° to the

Laid i

longitudinal axis. Each lacing bar shall be fastened to each main com-
ponent by one or more rivets or close-fitting bolts, or by welding.

8.2.7.3 Tie plates — Tie plates and their fastenings shall be designed
as for battens ( se¢ 8.2.6 ). An intermediate tie plate shall have an effective
length of not less than 3a/4, where ¢ has the same meaning as in 8.2.6.3.

8.2.8 Welded Struts — Welded struts in materials in the O and M condi-
tion (for example 54300-O, 54300-M ) may be designed as though they
were unwelded.

With heat-treated materials ( for example 64430-WP) and work-.
hardened matenals (for examplc 53000—Hl ) the effect of heat a.ffected zone§
\ Jee 3--”0‘ ) ucpcnus on mc exient dllu posulon OI tne zones ln relatlon DOl:n
to the cross section and to the length of the strut. In the present state of
knowledge, only approximate rules for design are to be given. Greater
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economy may be affected by making use of pubhshed rcsparch* and by
testing. The rules are as follows:

a) An empirical graph giving permissible compressive stresses for
struts consisting wholly of heat affected zones may be set up for
any material, as follows. On the axes of Fig. 1 draw a straight
line from a point with ordinate pwt ( see Table 15) at A=8to a

point on the existing hyperbola with ordinate L ;‘
stress may then be read from the new graph at the appropriate
value of A,

b) For a symmetrical strut with one or more longitudinal welds ( for
example welds by which a members is built up from plates or
sections ), and with the heat affected zones disposed symmetrically
with respect to the principal axes of the cross section, the permis-
sible stress is equal t0 pe — n ( pc — pwe ).

I
I
i

""y

the permissible

AS—<{B

LACING ON LACING ON
» FACE AA FACE: BB
6A Typical Lacing Details for Struts 68 Double Laced System

Fra. 6 TvyricaL LaciNg SysteEms For StrRuTS — Contd

*For example, BrunoraBER and CLARK. Strength of welded aluminium columns.

_ Trans, Am. Sec. C. E. Vol. 127, Part II. 1962.
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VA AV

LACING ON LACING ON LACING ON LACING On

PACE A FACE 8 FACE A FACE 8
' L PREFERRED - NOT PREFERRED

6C Double Laced and Single Laced Systems 6D Single Laced System on Opposite
Combined with Cross Members Sides of Main Components

Fig. 6 TyricaL LacinG SYSTEMS FOR STRUTS
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where /
Je = the permissible compressive stress for unwelded material
obtained from Fig. 1 or Fig. 2 as appropriate,

fwe = the permissible compressive stress obtained as in (a)
above, and 5

n = the fraction of the ¢ross section consisting of heat affected
zones.

For any other strut with longitudinal welds extending over one-
tenth of its length or more, the permissible stress is pwe.

c) For a strut with one or more transverse welds ( for example, butt
welds, or welds connecting other members or attachments), the
permissible stress is obtained as in (a ) above.

d) Notwithstanding (b ) and ( ¢ ) above, a strut with a weld or welds
within one-tenth of its length from either end may be designed as

though it were unwelded, provided that the affected ends be taken
as unrestrained in direction.

8.2.9 Limiting Deflection — At the caps of columns in single storey
buildings the horizontal deflection due to lateral forces should not ordinarily
exceed 1/325 of the actual length L of the column. This limit may be
exceeded in cases where greater deflections would not impair the strength
and efficiency of the structure or lead to damage to finishings.

8.3 Design of Beams

8.3.1 Beams in General: Deflection — Because the modulus of elasti-
city of aluminium is about one-third that of steel, the design of beams is
often governed by deflection. Some deflection is of course acceptable, but
it is limited by the requirement that it shall not be such as to impair
the strength, function or appearance, or to cause damage to the finish, of

any part of the structure. For buildings the following limits shall not be
exceeded:

a) Beams carrying plaster finish span/360
b) Purlin and sheeting rails
i) under dead Joad only span/200
ii) Under worst combination of dead, span/100
imposed wind and snow loads
c) Curtain wall mullions spanf175
d) Members carrying glass direct ( span in mm )%/
280 000 mm

For other mémbers the limit of deflection, unless specified shall be
established by the engineer.
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In calculating the deflection of a beam, the gross value of the second
moment of area shall be used; the effects of bolt and rivet holes, and of
heat affected zones due to welding, may be ignored.

8.3.2 Beams in General : Section Properties

-8.3.2.1 Flanges — The gross area of the flange of an extruded beam
without additional flange plates is the product of the flange width and
its average thickness. ’

The gross area of the flange of a beam of holted or riveted construction
is the sum of the gross areas of the extruded flange (including its web or
webs if any ) and flange plates if any, or the sum of the gross areas of the
flange angles, the flange plate or plates and those parts of the web, including
side plates if any, between the flange angles.

The gross area of the flange of a beam of welded construction is the
sum of the gross areas of the extruded flange and flange plates if any, or the
sum of the gros areas of the flange plate or plates and the tongue plate if
any; in this computation the depth of the tongue plate is limited to 8 times
its thickness, which shall not be less than twice that of the web.

The effective area of a tension flange is the gross area with deductions
for holes and welds ( see 8.1.2.1).

The effective area of a compression flange is the gross area with deduc-
gon as for a tension flange but ignoring holes filled by rivets or close fitting
olts.

8.3.2.2 Webs — The effective area of the web of an extruded beam is
the product of the web thickness and the overall depth of the section.

The effective area of the web of a built-up beam is the product of the
overall depth and the thickness of the actual web plate.

Where a beam section is not symmetrical about the neutral axis of
bending, or where the web varies in thickness ( for example, by the use of
tongue plates ), or where the depth of web included in a flange area ( see
8.3.2.1 ) is greater than one-quarter of the overall depth, the above approxi-
mations are not permissible, and the web stresses shall be computed with

due regard to the distribution of bending stresses.

8.3.2.3 Flanges and webs with large holes — Flanges and webs having
holes larger than those normally required for bolts or rivets shall be the
subject of special analysis, and the provisions of 8.3.2.1 and 8.3.2.2 do not
apply. |

8.3.2.4 Use in design — Beams shall be designed on the basis of the
second moment of area of the gross cross section about the neutral axis.
In calculating the maximum bending stresses, the stress calculated on the
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basis of the gross second moment of area shall, for each flange, be increased
in the ratio of its gross area to its effective area.

8.3.3 Béams in General . Permissible Stresses

8.3.3.1 Flanges — The bending tensile stress in the extreme fibre of a
beam, calculated on the. effective section ( see 8.3.2) shall not exceed the
permissible value given in Table 4.

The bending compressive stress, calculated on the effective section
( see 8.3.2), shall not exceed the permissible value, either for lateral buckling
or local buckling, obtained from Fig. 2.

8.3.3.2 Webs — Provided that the ratio dft does not exceed C; in Table
9, the average shear stress, taken as the shear force divided by the effective
web area ( see 8.3.2.2 ), shall not exceed the permissible value given in Fig. 7.
In using Fig. 7, values of &/d greater than 2 shall be considered as infinite.
The requirements of 7.5.3, 7.5.4 and 8.3.7.3 shall also be met.

d . . . .
If ra exceeds C;, intermediate transverse stiffeners are required (see

8.3.6.4) and where the ratio —‘f—- exceeds C;, longitudinal stiffeners in addi-
tion to the intermediate transverse stiffeners shall be provided ( se¢8.3.6.5 ).

TABLE 9 VALUES OF C; AND C; FOR WEBS
( Clauses 8.3.3.2, 8.3.6.4 and 8.3.6.5) '

ArLoy : C; Cy : Raxarxs
64430-WP  Sheet 65 120 -
: Plate 67 124
54300-O 88 164 _
54300-M % Plate 85 159
Others 590/ 4/ pe 1100/ ¢/ pe pqin N/mm?

NOTE — pq is the permissible maximum shear stress of the alloy ( ss Table 4).

8.3.4 Beams in General : Lateral Buckling

8.3.4.1 General — Lateral buckling is the mode of failure of a beam
in which twisting is combined with sideways deflection.

8.3.4.2 Beams bent about major axis— An unrestrained beam, subject
to bending about the major axis only, shall be so proportioned that the
bending compressive stress in any part between points of support shall
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Fic. 7 PERMISSIBLE AVERAGE SHEAR STRESSES IN UNSTIFFENED
WEBS AND THIN PLATES

not exceed the permissible stress obtained from Fig. 2 at A = Ajat, where
A1st for that part is calculated as below:
a) I-sections and channels:
Mat = katy/ (lit)
where

t, = the flange thickness, and
k1at - = values obtained from Fig. 8. l

b) Rectangular sections, solid or hollow:
Mat = kiare/ (11/6)
where

b = the width of the section, and
kiat = values obtained from Fig. 9.

¢) Other doubly-symmetrical sections:
Mat =23 (I (B —Iy) (703 ()}
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minor axes,

J = the torsion factor (.m Appendix H ), and
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to the neutral axis.

Sections symmetrical about the minor axis only are dealt with in
Appendix K.
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Fie. 9 VALUES OF kjzt FOR RECTANGULAR SECTION

In the above formula, provided that the beam receives lateral support
at all points of application of load,

It = kik,L,

where
k, = a factor depending on the conditions of restraint at those
points ( se¢ Table 10 ), and
ke = a factor depending on the shape of the bending-moment
diagram between those points ( see Table 11 ).

If lateral support is not present at the points of application of load,
the rules of Appendix K may be applied.
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The affect of warping resistance, which is ignored above, may be
appreciable for thin-walled open sections, and greater economy may. be
derived from a more precise analysis*. An approximate treatment for
doubly-symmetrical sections supported latcra.lly at load points is given in

Appendix K.

TABLE 10 CONDITION OF RESTRAINT FACTOR &;

( Clause 8.3.4.2)

SUPPORT

dmm_rnox oF RESTRAINT AT POINTS OF LATERAL SUPPORT ky
Full restraint against twisting and minor axis bending 07
Full restraint against twisting, but minor axis bending unrestrained 10
Restraint against twisting confined to that due to continuity; minor-
i axis bending unrestrained 12
TABLE 11 BENDING-MOMENT SHAPE FAGTOR kg
(Clause 8.3.4.2)
BeNDING MoOMENT D1AG RAM
Tyre or LoaDiNG BrrweeN PoINTS OF LATERAL ks

Q

\ W

W77

. g My
(06+04 M,) :
or 04,

M M, M ‘whichever is greater
' 2| —=LPOSITIVE
M2
M, M, is numerically
greater than, or
M, equal to, My

4

M;
M NEGATIVE
M,

¢ Bramont (F). Backling strength of metal structures. McGraw-Hill, New York 1952.
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R.2.4.2 Roame hent abos

bath axes — An unrestrained beam :nhu-d to

bending about both axes shall be proportioned for major axis bendmg alone
in accordance with 8.3.4.2 and also that:

where
£ = tha avirama fGhea samneacciva ostrass 1o e ma:nﬂ=a';-
JE T WiC CAUCIGU AWV LULLPIWSITe Sulasr UUC W  iajUi~ens
bending,
fy = the extreme fibre stress ( tensile or com

nressive | due to
tenstle or compressive ) to

minor-axis bending,

»e == the permissible bending compressive stress obtained
from 8.3. 4.2, and

ne = the permissible bending tensile stress ( see Table 4 ).

»

In addition, the tensile stress and compressive stress due to major

axis and mingr axis bending combined chall not excead #n: and 4y, regnec.
ang mungr axig pending comnined thall not exceed iy and fi;; respec:

Y B G )N J L
“u”-J DU“Y"S ln UW’“I VV l"l la’lﬂ w(m.) --n Wdlll lll Wlllbll UCI.“-IIII! &

combined with axial tension or compression shall be designed in accordance
vmh 7.5.1 or 7.5.2 respectively.

8.3.6 Built-up Beams : Construction Details

8.3.6.1 Flange — In any built-up beam, each flange (see 8.3.2.1)
shall be connected to the web by enough bolts, rivets or weldmg to_ transmit
the horizontal sncal, forces uugcuxcx wu.u any wertical appneu forces on
the flange except that, where the web is in continuous contact with the
flange plate, it may be assumed that such vertical forces are transmitted by
direct bearing." Such vertical forces may be considered to act uniformly on
the flange web joint over a length defined by the intercept on the joint line of

two diverging lines drawn from the extremities of the loa.d area at 30° to the
Pplane of the flange.

In a bolted or riveted beam, flange angles shall form as large a part
(preferably not less than one-thlrd) of the ﬂa.nge area as practlcablc and
the number of flange plates shall be kept to a minimum. Flange plates
should preferably all be of the same thickness, and one of the top flange
plates shall extend over the full length of the ‘beam unless the top of the
web is finished flush with the flange angles. Each flange plate shall extend
beyond its theoretical-cut-off points, and shall be connected by enough bolts
or rivets to develop its calculated Ioad at those points.

In a welded beam, local increase of flange area should be effected by
inserting a flange plate of heavier section. The end of such a plate shall be
butt-welded to the lighter flange plate ( see Table 30 ) to give a continuous
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flange. The heavier plate shall extend beyond its theoretical cut-off points
and shall be connected by enough welding to develop its calculated load at
those points.

Flange joints should preferably not be located at points of maximum
moment. Where a flange of a bolted or riveted beam is spliced, the area
of cross section of the splice plate shall not be less than that of the part spliced,
and its centroid shall be as close as possible to that of the part spliced.
Enough bolts or rivets shall be used on each side of the splice to develop the
load on the part spliced. In a welded beam, flange splices shall be made
with butt welds.

8.3.6.2 Webs — Where a built-up beam without full-length top flange
" plates is exposed in a severe environment, the top edg&igf the web plate
shall be finished either flush with or above the flange anghi:

A web joint shall be designed to resist the shear and bending forces
in the web at the joint. In bolted or riveted construction, splice plates
shall be provided on both sides of the web. In welded construction, web
joints should preferably be butt-welded.

* 8.3.6.3 Bearing stiffeners — Bearing stiffeners shall be provided at all
points of concentrated load or reaction, including points of support, where
the concentrated load or reaction exceeds potb.

where

pe = the permissible compressive stress obtained from Fig. 1
at A = 173 dji;

t == the thickness of the web; and

b = the length of the stiff portion of the bearing plus half
the depth of the beam, including any flange plates, at the
bearing. The stiff portion of a bearing is that length which
cannot deform appreciably in bending; it shall not be taken.
as greater than half the depth of the beam; and

d = the depth of web between root fillets or between toes of
flange angles.

Bearing stiffeners shall where possible, be symmetrical about the -
web and, at points of support, shall project as nearly as practicable to the
outer edges of the flanges. Each stiffener assembly shall be designed as a
strut to carry the three-fourth of the concentrated load, the strut being
assumed to consist of the pair of stiffeners together with a length of web on
each side of the centre line of the assembly equal to twenty times the web
thickness, provided that such length is actually available. The radius of
gyration shall be taken about the axis parallel to the web of the beam,
and the permissible stress shall be that for a strut of effective length equal to
0'7 times the length of the stiffener ( see 8.2.3; note that torsional buckling
need not be considered ). ‘
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The outstanding leg of each stiffener shall be so proportioned that

thu beaﬂl"g strass on uhat r\orf n" 1fc area nlnar nr ‘I']'\A root n#‘ fho ﬂnnap or

flange angle or clear of the flange-to-web weld does not exceed the permissible
bearing stress given in Table 4. Sufficient rivets, welds or close-fitting bolts
shall be provided to transmit to the web that portion of the concentrated
load carried by the stiffener.

Where a bearing stiffener at a support is the sole means of providing
restraint against torsion, the second moment of area of the stiffener assembly
about the centre line of the web shall not be less tnan:

AER~ TAY

where
do = the overall depth of the beam,
to == the maximum thickness of the compression flange,
R = the reaction at the bearing, and
== the total load on the beam.

‘In addmon, either the beam shall be securely bolted down at the
bearings or the width of the seating under the stiffener shall not be less than

do/3'5.

The ends of stiffeners shall be fitted to nrnvldp tlo'hf and
uniform bearmg on the loaded flange unless welds, demgned to transmit
the full reaction, are provided between flange and stiffener. Bearing stiffe-

ners shall not be joggled and shall be solidly packed throughout.

_,
=
]
W
=
5

o
:.'

8.3.6.4 Transverse stiffeners — Intermediate transverse stiffeners shall
be provided throughout the length of a beam where the ratio d/¢ exceeds the
value Cj in Table 9.

where
d = the depth of web between root fillets or between toes of
flange angles, and
¢t = the thickness of the web.

Transverse stiffeners may be single; in which case they should preferably
be placed alternately on opposite sides ck the web ( see also 8.3.6.5 ), or may
consist of pairs of stiffeners arranged one on each side of the web. They
shall extend substantially from flange to flange but need not be connected to
either flange.

Transverse stiffeners shall be so designed that the second moment of
area of a muglc stiffener about the face of the wcu, orof a pau of stiffeners
about the centre line of the web, is not less than:

1-3 d%3 /b2
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where d and ¢ have the meanings given above, and

b = the spacing of the stiffeners (with stiffeners on oneside
only, b shall be taken to the lines of attachment of them
with stiffeners on both sides, » may be taken as the clear
distance between them provided that they are at least a
thick as the web ).

If the spacing of the stiffeners is made smaller or the web thicknes
is made greater than required above or in 8.3.3 and 8.3.7 respectively, the
second moment of area of the stiffener or pair of stiffeners need not ke
correspondingly increased. Normally, it will be neither economical nct
necessary to have stiffeners at spacings greater than 15 d.

8.3.6.5 Longitudinal stiffeners — Where the ratio dft exceeds the value
C; in Table 9, the symbols 4 and ¢ having the same meanings as in 8,3.6.4
a longitudinal stiffener shall be provided in addition to intermediate trans
verse stiffeners. Figure 10 gives, for various fg.av/f; and b/d ratios, value
of the ratio b/d such that the panels above and below the longitudinal stiffeners
are of equal strength.

where

Sfa.av = the average shear stress,

/i = the maximum total compressive stress due to combined
bending and -axial compression (usually occurring is
an upper panel adjacent to the compression flange )

b = the transverse stiffener spacing ( see 8.3.6.4), and

h = the distance from compression flange ( root fillet or toe

of flange angles ) to longitudinal stiffener ( line of attach
ment for sirigle stiffener, top edge for stiffeners both
sides ).

A longitudinal stiffener may be single, in which case it may be conve
niently placed on the opposite side of the web to a series of single transverse
stiffeners, or it may consist of a pair of stiffeners arranged one on each side of
the web. A longitudinal stiffener shall extend fully between intermediate
transverse stiffeners, but may be interrupted at each of them.

Longitudinal stiffeners shall be so designed that the second moment
of area.of a single stiffener about t}}e face of the web, or of a pair of stiffeners
about the centre line of the web, is not less than 4 4i3,

\

8.3.6.6 Thickness of transverse and longitudinal stiffeners — The outstanding
leg of a plate stiffener or a web-attached angle stiffener shall be such that the
ratio of its width to thickness does not exceed 12, unless its outer edge is
continuously stiffened by a bulb or lip of which the effect is to give at least
the equivalent strength in local buckling ( see 8.4.1 ).
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The distance between the centre line of the attachments of a stiffener
and the further face of the outstanding leg of the stiffener shall not be more
than

13-5 ta?/t
where
ts = the thickness of the attached leg of the stiffener, and

== the thickness of the web.

S

8.3.6.7 Connection of transverse and longtiudinal siiffeners — A transverse or
longitudinal stiffener, not subject to external loads, shall be connected
to the web so as to withstand a shear force between stiffener and web, per unit
length of stiffener, of not less than:

123 ¢3/s N|/mm

where
# o b dbLi Tn e AF +ha -..AL in vnr and
¢ == ui¢ UICKIESS O1 tiic 1111, Allu
s = the unsupported width of th outstanding leg of the stiffener

..........

For a stiffener subject to external loads, the shear force between stiffener
and web due to such loads shall be added to the above value.

8.3.7 Built-Up Beams: Permissible Stresses

8.3.7.1 Section properties — The effective areas of flanges and webs,
and the basis for determining flange stresses, are given in 8.3.2.

8.3.7.2 Flanges — Permissible stresses for flanges are given in 8.3.3.1.

8.3.7.3 Unstiffened webs (d[1<C| in Table 9).

a) In shear — Permissible average shear stresses for unstiffened webs
are dealt with in 8.3.3.2.

b) In pure bending — The bending compressive stres: shall not exceed
the permissible value obtained from the curve 2/d=0 in Fig. 11,
where 4 and d have the meanings given in 8.3.6.5 and 8.3.6.4.

c) In combined bending and axial compression — The total compressive
stress due to combined bending and axial compression shall
exceed neither the permissible compressive stress obtained from
Fig. 2 nor a value equal to kpt?/d?, where kb is a buckling coeffi-
cient dependent on the distribution of total longitudinal stress as

given in Fig. 12, and 4 and ¢ have the meanings given in 8.3.6.4.

d) In combined bena’mg, axial compression and shear — The following
expression shall be satisfied:

(Alp)® + (faav/peav )?<1
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where

A = the maximum total compressive stress due to combined
bending and axial compression;

= the permissible total compressive stress obtained from
(c) above;

fa.av = the average shear stress;

pq.av = the permissible average shear stress obtained from (a)
above; and

n = an exponent, dependent on the distribution of total
longitudinal stress, as given in Fig. 13, where the
above equation with the left-hand side equal to unity
is plotted.

8.3.7.4 Webs with transverse stiffeners ( C;<d[t<C, in Table 9) — The
permissible stresses given in (a) to (d) below are applicable provided that
the stiffeners satlsly the conditions of 8.3.6.4, and that It[b? is not less than
0000 35, where It is the second moment of the gross area of the compression
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flange ( see 8.3.2.1) about its axis normal to the web, and b and ¢ have the

meanings given in 8.3.6.4.

a) In shear — Permissible average shear stresses are given in Fig. 13
for various stiffener spacings and 4/t ratios, where 4 and ¢ have the

meaning given in 8.3.6.4. ‘

b) In pure bending — Permissible stresses are obtained as in 8.3.7.3

(b).
58



§

11/

11T

IR IR

A\ 1\
10

06 07 08 09

~
q.av

05

'Q.av /p

03 0%

0-2

01

1:0

Fie. 13 Limiting Ratios oF COMPRESSIVE AND SHEAR STRESSES

09
0-2



1S: 8147 - 1976

c) In combined bending and axial compression — Permissible stresses are
obtained as in 8.3.7.3(c).

d) In combined bending, axial compression and shear — The requirements
of 8.3.7.3(d), but with pq.av as obtamcd from 8. 3.7.4(a) shall
be satisfied.

8.3.7.5 Webs with longitudinal and transverse stmﬁners (d/t>C’ in Table
9) — The permissible stresses given in (a) to (d) below; are applicable
provided that the stiffeners satisfy the conditions of 8.3.6.4 and 8.3.6.5,
and that It /bt is not less than 0°000 35, where Iy, b and ¢ have the meanings
given in 8.3.7.4:

a) In shear— The average shear stress in any panel shall not exceed
the permissible value obtained from Fig. 14 where d is taken either
as h, the ratios in the figure being read as b/k and &/t or as (d—h ),
the ratios being read as b/(d — k) and (d — k)[t. The symbols 4
and ¢ have the meanings given in 8.3.6.4, and % has the meaning
given in 8.3.6.5.

b) In pure bending — The bending compressive stress in any panel shall
not exceed the permissible value obtained, by interpolation if neces-
sary, from Fig. 11 at the appropriate I /d ratio, where h and d
have the meanings given in 8.3.6.5 and 8.3.6.4 respectively.
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60




IS : 8147 - 1976

c) In combined bending and axigl compression — The total compressive
stress in any panel due to ¢ombined bending and axial compres-
sion shall exceed neither the permissible value obtained from Fig. 2
nor a value equal to knt?/A2 for an upper panel nor kpt?/( d — k )?
for a‘\, lower panel where &y, d, A"and ¢ have the meanings given in
8.3.7.3.

d) In combined bending, axial compression and shear — The requirements
of 8.3.7.3(d), but applying to any panel and with pq.av and p;
obutz.éned respectively from (a) and (b) of this clause shall be
satisfied. .

‘ 8.3.7.6 Webs with torsionally sirong stiffeners — The requirements of
8.3.7.4 and 8.3.7.5 are based on the conservative assumption that the
flanges and stiffeners provide no torsional restraint to the web. In many
cases, more economical beams can be designed by taking such restraint
into account { see Appendix L ).

8.4 Thin Plates, Webs and Flanges

8.4.1 Local Buckling in Compression

8.4.1.1 General — Local buckling is the type of failure in which one
or more of the component clements of a cross section deform into a series
of waves.

For sections such as angles, double angles and tees, in which the
component elements have a common junction, separate calculations for local
buckling are unnecessary since this type of failure is effectively the same as
torsional buckling and is therefore covered by the requirements of 8.2.5.

8.4.1.2 Unreinforced webs and flanges — The permissible stresses in
local buckling for unreinforced webs and flanges shall be obtained from
Fig. 2 at A = mb/t. 'The value of mb/t to be used is the largest of those ob-
tained by separate calculation for each element of the section which is
wholly or partly in compression, where m is the local buckling coefficient
( see Table 12), and b and ¢ are the width and thickness respectively of the
element ( see Table 12).

For thin-walled channels and I-sections in uniform axial compression,
the more exact treatment given in Appendix M may be used.
8.4.1.3 Flanges reinforced with lips — The permissible stress in local
buckling for a thin flange reinforced with a lip of the same thickness as the
flange shall be obtained from Fig. 2 at A = mb/t. The value of mb/t to be
used is the largest of those obtained by:
a) Calctil%tion for the flange as a web element ( see 8.4.1.2) where
m = 1-6;

b) Calcu;a:ion for the lip as a flange clement (see 8.4.1.2) where .
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c) Calculation for the flangelip combination where
m=>51(1— c*/80%), ¢ and ¢ being the width and thickness
respectively of the lip ( see Table 12). :

For thin-walled channels and I-sections in uniform axial compression
the more exact treatment given in Appendix M may be used.

8.4.1.4 Flanges reinforced with bulbs — The permissible stress in local
buckling for a thin flange reinforced with a bulb shall be obtained from
Fig. 2 at A = mb/t. The value of mbjt to be used is the larger of those
obtained by: ' :
a) Calculation for the flange as a web element ( see 8.4.1.2) where
m = 16, and the width b = be 4 /2 ( see Table 12 );
b) Calculation for the flange-bulb combination, where
m=>51(1—d3/256), d and ¢ being the bulb diameter and
flange thickness respectively ( see Table 12 ).

8.4.1.5 Welded thin-walled members — Welded thin-walled members in
materials in the O and M condition ( for example 54300-O, 54300-M ) may
be designed as though they were unwelded.

With heat-treated materials (for example 64430-WP ) and work-
hardened materials ( for example 53000-H1 ) the effect of heat affected zones
(see 9.3.2) depends on the extent and position of the zones, and in the
present state of knowledge design rules cannot be given. Where appropriate,
the performance of a welded thin-walled member may be established by
test. Otherwise, the permissible compressive stress may be obtained from
a graph drawn in accordance with 8.2.8(a).

8.4.1.6 Very thin plates —Where A as obtained from 8.4.1.2 to 8.4.1.4

exceeds both A and I/r, the permissible compressive stress may be increased
by multiplying it by the following factor, which takes post-buckled strength

into account.
N

As = the slenderness ratio corresponding to the junction of
straight line and hyperbola in Fig. 2 ( see Table 4), and

I{r = the effective slenderness ratio of the entire cross section as
a strut in ordinary column buckling ( se¢ 8.2.3).

8.4.2 Shear Buckling—For a thin rectangular panel simply supported on
all four edges the permissible average shear stress shall be obtained from
Fig. 7. For webs of built-up beams see 8.3.7.4.

8.4.3 Buckling Due to Bending, Axial Compression and Shear — For thin plates
in combined bending, axial compression and shear ( sec 8.3.7.3 ),
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TABLE 12 LOCAL BUCKLING COEFFICIENT, m
( Clause 8.4.1)

AITSIIITIEPS,

B0TH EDGES
SUPPORTED m=t6
(eg. a web)

ONE EDGE
SUPPORTED;
ONE EDGE
FREE

(e.g. a Flange)

t [
ONE EOGE /e
SUPPORTE
ONE EDGE , :
WITH LIP fo® “'

OR BULB ¢ Pt g
for m for m ‘T
see B.4.1.3 see 8.4.1.4. be d
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9. JOINTS

9.1 General —To avoid eccentricity, members meeting at a joint shall,
as far as is practicable, be arranged with .their centroidal axes intersecting
at a point, so that the centre of resistance of the joint lies on the line of action
of the load.

Where there is éccentricity, the members and joints shall be designed
to resist adequately the bending moments arising therefrom.

Joints of a type liable to produce indeterminate distributions of stress
shall only be used if the engineer is satisfied as to their load-carrying capacity.

Rivets and close-fitting bolts may be assumed to act together to resist
the forces at a joint. Otherwise, sufficient number of one type of fastening
{ haltine rivetine. weldine or ather ) chall he nravided ta recict the farcee
\ wv&uus, Ll'\oulls’ TERALLLE W ULAALL SR WV PALUTVAMUME WU L UNADL MILU UL VU

9.2 Bolted and Riveted Joints

9.2.1 Permissible Stresses — Permissible stresses in shear and in tension
for close-fitting bolts { see 9.2.2 ) and solid rivets of certain materials are
given in Table 13. Values for aluminium-alloys not tabulated may be
established by the procedures given in Appendix F.

The use of cold-driven aluminium rivets in tension is not recommended.
The use of 24345-WP bolts in tension is not permitted.

The permissiBle stress in shear for a bolt in a clearance hole ( se¢ 9.2.2)
is 0-9 times that for a close-fitting bolt of the same size.

Permissible bearing stresses for bolted or riveted joints in the principal
and secondary alloys are given in Table 4 and Table 25 respectively. The
figures listed refer to joints in single shear; for joints in double shear, the

rmissible bearing stresses on inner plies are 11 times the tabulated values.
Other alloys may be dealt with as in Appendix F. If the edge distance on
the bearing side of a bolt or rivet is less than the appropriate limit given in
9.2.2, the permissible bearing stress shall be reduced by multiplying it by
the edge distance and then dividing by the appropriate limit.

With bolts, the shear and bearing areas shall be based on the shank
diameter and the tension area on the diameter at the root of the thread.
With solid rivets, the shear, bearing and tension areas may be based on the
hole diameter provided that clearances are in accordance with Table 14.

9-2-2 Detail:
a) Diameter —The diameter of a bolt or solid rivet in tension should
generally be not less than 12 mm and shall not be less than 10 mm.
The diameter of a bolt or solid rivet in shear should generally bg
not less than 8 mm and shall not be less than 6 mm, '

6¢
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TABLE 13 PERMISSIBLE STRESSES FOR BOLTS AND RIVETS IN N/mm?
(kgf/mm® )

(Clause 9.2.1)

IteM MATERIAL ProCESs DiameTer* | SHEAR TrNSION
mm
Up to 6°3 mm 62 64
- (63) (65)
64430-WP —
( H30-WP)
6°3 mm or more 69 68
(7°0) (69)
Bolts}
Up to 20 mm 77
(78)
98
Steel — (100)
20 mm to 38 mm| 93
( Both inclusive ) (95)
64430-W Cold driven 62 Not recommen-
(H30-W) (6'3) ded
Cold driven 54
(55)
Rivetst 53000-O Any
(N5-0)
Hot driven 49 b
(50)
Power driven 100 77
(shop) (10-2) (78)
Steel -
Power driven 93 62
(field ) (95) (63)

#Permissible diameters are given in 9.2.2.
+Close fitting bolts and solid rivets for bolts in clearance holes ( see 9.2.1 ).

{Information not available. Permissible stress shall be obtained in accordance with
Appendix F.
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TABLE 14 HOLE CLEARANCES FOR BOLTS AND RIVETS

{ Mlreieas QT 1 nd QD9
\ Wi Fa% 3 ~

VGUSES Todnin GG Juiae

ITEM TYPE MATERIAL DraMETER MaxiMuM
mm CLEARANCE ON
DiAMETER
mm
Close-fitting Any 0-13*
Bolts -
Not Up to, but excluding 0-4*
close-fitting — 12
12 or more 0-8#
Up to, but excluding 04
12
Solid Aluminium 12 or more 08
Rivets
Steel or corro- | Up to, but excluding 08
sion-resisting 2
steel
12 or more 16
Tubular As recommended by manufacturer

*From measurements of actual bolt and hole diameters; the clearance shall not be
increased on account of irregular or excess zinc coating on the bolts. For metal-sprayed
parts the clearance before spraying may, at the discretion of the engineer, be increased
by 0°13 mm except where the Lole is deep and the spraying consequently non-uniform.

b) Minimum spacing — The spacing between centres of bolts and rivets
shall be not less than two and a half times the bolt or rivet

Sildai noL < F-3010 4 f1ail  Lifid tne 1IVEC

diameter.

c ) Maximum spacing — In tension members the spacing of adjacent
bolts or rivets on a line in the direction of stress shall exceed neither
16 ¢, where ¢ is the thickness of the thinnest outside ply, nor 200 mm;
in compression or shcar members it shall exceed ncither 8 ¢ nor
200 mm. In addition, the spacing of adjacent bolts or rivets .on
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a line adjacent and parallel to an edge of an outside ply shall
exceed neither 8 ¢ nor 100 mm. Where bolts and rivets are stag-
gered on adjacent lines and the lines are not more than 75 mm
apart the above limits may be increased by 50 percent.

In any event the spacing of adjacent bolts or rivets, whether
staggered or not, shall exceed neither 32 ¢ nor 300 mm in tension
members and neither 20 ¢ nor 300 mm in compression and shear
members,

d) Edge distance —With extruded, rolled or machined edges, the edge
distance ( measured from the centre of the bolt or rivet ) shall be
not less than one and a half times the bolt or rivet diameter. If]
on the bearing side, it is less than twice the diameter the permissible
bearing stress shall be reduced as in 9.2.1.

With sheared edges, the above limits shall be increased by 3 mm. -
¢) Hole clearance — The hole clearance shall be in accordance with

Table 14. Bolts that transmit fluctuating loads, other than those
caused by wind, shall be close-fitting.

" f) Washers and locking devices — Washers shall be used in accordance
with 13.1.
Locking devices approved by the engineer shall be used on nuts
liable to work loose because of vibration or stress fluctuation.

9.2.3 Tubular and Other Special Rivets — The permissible load on a tubular
or other special rivet is one-third of the minimum expected rivet strength
obtained from a sufficient number of tests made under competent supervision
and to the satisfaction of the engineer, on joints made with rivets of same
type and size as, and similarly loaded to, those in the actual structure.

9.2.4 Packing — The number of bolts or rivets carrying shear through
a packing shall be increased above that required by normal calculation by
2 percent for each 1-5 mm of the total thickness of the packing beyond 60 mm.
For double-shear joints packed on both sides, the number of additional
bolts or rivets shall be determined from the thickness of the thicker packing.
The additional bolts or rivets may be placed in extensions of the packing.

9.2.5 Countersinking -— One half of the depth of any countersinking of a
bolt or rivet shall be neglected in calculating its length in bearing. No
reduction need be made in shear. The permissible tensile load of a counter-
sunk bolt or rivet shall be taken as two-thirds of that of a plain one of the
same diameter. The depth of countersinking shall not exceed the thickness
of the countersunk part less 4 mm.

9.2.6 Long-Grip Bolis and Rivets — Where the grip of a bolt or rivet in a
strength joint exceeds four times the diameter, the number of bolts or rivets
shall be increased above that required by normal calculation by 1 percent
for each additional 1'5 mm of grip. The total grip shall not exceed five
times the diameter.
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9.3 Welded Joints

9.3.1 Exchange of Information — Drawings and specifications shall be pro-
vided, giving the following information about every weld:

a) Parent and filler material;

b) Dimensions of weld;

¢) Edge preparation, welding position;
d) Welding process; and

€) Any special requirements, such as smoothness of weld profile, wel-
der’s test, precautions against excessive temperature and special
quality control ( as required, for example, in 10.4 ).

9.3.2 Effect of Welding — Welding can reduce the strength of the metal
in the vicinity of the weld.

Aluminium already in, or substantially in, the annealed condition
( for example 54300-O and 54300-M ) will, after welding, still have teusile
properties close to or equal to the specified ones.

Aluminium in other than the anncaled condition ( for example 64430-
WP, 63400-WP, and 54300 in a temper harder than 54300-M ), shall, irres-
pective of its thickness, be assumed in design to have heat affected zones
extending over a distance of 25 mm in all directions from the centre line of
a butt weld and from the root of a fillet weld.  If, however, it can be shown
that a heat affected zone extends for less than 25 mm, an appropriate smaller
distance may be assumed.

9.3.3 Permissible Stresses — Permissible stresses for welded joints, and for
cross sections consisting entirely of heat affected zones, in the recommend-
ed combinations of parent and filler material ( see Table 3 ) are given in
Table 15.

Permissible stresses for other combinations of parent and filler material
may be established by the procedure given in Appendix F.

The permissible stress in compression may be taken as equal to that
in tension, except where buckling may occur; in such cases design shall be
in accordance with 8.2.8 and 8.4.1.

The permissible load on a butt-welded joint is the permissible stress
multiplied by the product of the effective length and the effective thickness
of the weld.

The effective length of a butt weld is the total length, provided that end
1mperfect10ns are avoided by the use of run-on and run-off plates; otherwise
it is the total length minus twice the weld width. The effective thickness
is the thickness of the thinner parent metal at the joint.
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The permissible load on a fillet-welded joint is the lesser of:

a) The permissible stress for the weld metal, transverse or longitudi-
nal as the case may be, multiplied by the product of the effective
length and the effective throat thickness of the weld, and

b ) The permissible stress for the heat-affected parent metal, in tension
(pwt) or in shear ( pwq ) as the case may be, multiplied by the
effective length and 1°1 times the nominal leg length of the weld.

The effe~tive length of a fillet weld is the total length minus, for each
beginning and end of the weld, a distance equal to the nominal leg length.
The effective throat thickness of a fillet weld is 0'7 times the nominal leg
length.

, The strength of each connected member at a fillet-welded joint shall
be ascertained, in tension or in shear as may be appropriate, by taking into
account the effect of heat affected zones. For tension the procedure in
8.1.2.1(b) shall be followed. For shear the same procedure, but using the 7
permissible shear stresses pq ( see Tables 4 and 15 ) shall be followed. -

Reference may be made to IS : 812-1957* for definitions of terms used
above.

TABLE 15 PERMISSIBLE STRESSES FOR WELDED JOINTS AND HEAT
AFFECTED ZONES

( Clause 9.3.3)

PARENT STRESSES IN BUTT WELDED JOINTS StrESssES IN FILLET WELDED
METAL AND HEAT AFFECTED ZONES IN Jomnts* (WeLp METAL )
A, A,
Tension Shear Transverse Longitudinal
bwt bwq

N/mm? N/mm? N/mm? N/mm?

(kgf/mm*) (kgf/mm? ) (kgffmm? ) (kgf/mm* )
64430 (H 30) 51(52) 31 (31) 54 (5°5) 31(31)
65032 (H 20) 51 (52) 31 (31) 54 (5'5) 31 (31)
63400 (H 9) 31(31) 19(¢19) 54(5'5) 31(31)
54300 (N 8) 82 (83) 48{7( 49) 73(74) 46 (47)
53000 (N 5) 62 (63) 37?f(3'8) 65 (6°6) 36 (37)

. *Values apply to the effective throatarea of weld metal, filler wire shall be in accordance
‘with Table 3.

*Glossary of terms relating to welding and cutting of metals,
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9.3.4 Details — General recommendations for the design of welded joints
are given in Appendix N. The following specific requirements apply:

a) Intermittent butt welds — Intermittent butt welds shall not be used.

b) Intermittent fillet welds — The distance along the edge of a part
between adjacent welds in an intermittent fillet weld, whether the
welds are in line or staggered on alternate sides of the part, shall
not exceed 10 times the thickness of the thinner parent material
if it is in compression or shear and 24 times that thickness if it is
in tension, and shall not exceed 300 mm.

c) Longitudinal fillet welds — If longitudinal fillet welds along the edges
are used in an end connection, the length of each shall be not less -
than the distance between the welded edges.

d) Edge preparations — Appendix P gives guidance on the choice of
edge preparation for welded joints.

9.4 Other Joints — A joint made by means other than those dealt with
in 9.2 to 9.3 may be used provided that its load-carrying capacity can be
demonstrated to be satisfactory and is approved by the engineer.

10. FATIGUE

10.1 General — Structures subjected to fluctuations of load may be liable
to suffer fatigue failure which, if the number of applications of load is large,
may bceur at stresses much lower than the permussible static stress. Fatigue
failure is usually initiated in the vicinity of a stress concentration and appears
as a crack which subsequently propagates through the connected or fabri-
cated members.  Discontinuties such as bolt or rivet holes, welds and other
local or general changes in geometrical form set up stress concentrations.
Details shall be worked out to avoid, as far as possible, stress concentrations
which may give rise to excessive reduction of the fatigue strength of mem-
bers or connections.  Guidance on the design of welded joints is given in
Appendix N.

10.2 Loads and Stresses — When designing against fatigue failure, stres-
ses due to all combinations ofloads ( see Section II ), and secondary stresses
such as result from eccentricity of connections and loading shall be consi-
dered. Members subject to wind loading may be liable to fluctuating stress
and, therefore, shall be examined for fatigue.

Elements of a structure may be subject to stress cycles varying both
in stress ratio and in maximum stress. The number of cycles of each combi-
nation of stress ratio and maximum stress to which any element is liable to
be subjected shall be estimated as accurately as possible. The accumula-
tion of all these stress cycles shall be used in design against fatigue failure
( sec 10.3.3 ).
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Fatigue information is not given for numbers of stress cycles less than
105, For situations where repetitions of high-strain loading are likely to
occur, consideration should be given to the possibility of lower-cycle fatigue,

Al awrsant adtan glhasil Y o oo
ana CXPCri aavice siouia oc auusul..

The stresses to be considered in fatigue are principal stresses; for
example in the design of webs and web-to-flange joints in buiit- -up beams
the combined effect of shear and bending shall be conmdered and in butt
joints the effect of any ecccentricity shall be included*.

The terms used above to describe fluctuating loads are defined as

Callnara ( caa i 15 )
I0OuowWs { sée L'ig. 13 ;.

Minimum stress ( f arm ) The lower numerical value of the stress -
in a stress cycle.

Moaximum stress { f mae ) The higher numerical value of the stress
in a stress cycle.

Stress ratio ( farin [f Mex )  The ratio of the minimum to the maxi-
mum stress in a stress cycle, tensile stress
being considered positive, and com-
pressive stress negative.

Stress cycle A portion of the stress-time function
between successive minima of stress.

13.3 Permissible Stresses

1IN 21 Nonsval _ The
AV.Ten USHETGL X 11

factor need be applied, for 9 classes of member ( see 18.4 ) arc given in Fxgy
16 to 24. These show for each class the interrclations between stress ratio,
maximum stress and number of cycles. The permissible value of any one
of the three quantltlcs can be obtained where the other two are known.

m}ssl]’\] tresses, to \A'I]\i 1 no add. 1

1
ja4) ~ stressces, Il 13

The permissible stresses are the same for several alloys as follows, in all
heat treatment and strain-hardening conditions:

For unwelded members [ Class 1 and (i) of Class 3 ], the stresses
apply to 64430, 54300, 65032, 24345, 52000 and 53000; they do not apply
to 63400, as there are no expcmmcntal data available.

For welded members (all other classes ), the stresses apply to the
above alloys except 24345 and also to 63400.

-A e oo oal Allaciton e fniw anmamtalazic tha thinlimace direntine ) Sy

TAl d.pprumum.u: method auuv‘v‘ius 101 cu’.‘cuuu,uy' in the thickness unu.uuu, whether
due to misalignment, eccentricity or variation of thickness ( see Table 30 ) is to multiply
the nominal stress by (1 + 3¢/t ), where e is the distance between centres of thickness of

al sl tiion o sarahan one the mambhers is tanared the centre of the untanarad
ac I.WU auu;uus mempoer i1 onc 81 e memoers 15 LAPLATEy WAL LU T Wi e uivapuivia

thickness shall be used; and ¢ is the thickness of the thinner member.

. With connections which are supported laterally (for example the flange of a beam
which are supported by the web ( see Table 30 ), eccentriticity may be neglected.
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In the sets of curves for maximum tensile stress ( Fig. 16A to 24A ) the
parts of the curves corresponding to values of the stress ratio in excess of
0'5 are shown in broken lines. The precise values of fas,, in this range may
be calculated from:

ity = for512 (1 — faginlfrtax )
where
Jfo-s = the maximum stress corresponding to the stress ratio 0-5,
Jatax = the maximum stress, and ‘ :
JSMinlfa1ae == the stress ratio.
Interpolation between adjacent curves shall be done logarithmically.

The permissible stress for a joint comprising more than one class of
member is that appropriate to the weakest class.

It is recognized that the presentation of permissible stress adopted
in Fig. 16 to 24 may not be the most convenient for some design procedures.
The information is, therefore repeated, in Appendix Q in tabular form.

10.3.2 Uniform Load Fluctuations — For uniform load ﬂuctuatiéyns, the per-
missible stress may be obtained by entering the appropriate family of curves
at the values of the stress ratio and the number of cycles likely to occur in,
the life of the structure. If the maximum stress is smaller than that
permissible for 108 cycles, fatigue failure is unlikely.

10.3.3 Non-uniform Load Fluctuations — In the general case of members
subjected to a stress spectrum, namely to number of cycles ny, ng...... N,
of different maximum stress at different stress ratios, the following design
method shall be used:

a) All cycles with a maximum stress equal to or lower than the per-
missible stress given for members of Class 9 in Fig. 24 for 108
cycles and for the relevant stress ratio may be ignored.

b) Where the loading conditions do not give rise to clearly defined
groups of stress cycles, all stress cycles with a maximum stress
greater than the permissible stress obtained as in (a) above shall
be divided into at least five groups defined by maximum stresses
equally spaced between the algebraically smallest and largest.

c ) For the above groups, the corresponding permissible numbers of
cycles Ny, Ngyeoooininnnn 5 Na, shall be determined, if necessary
by logarithmic interpolation, from the figure appropriate to the
class of member (see 10.4). If, however, f s, i3 smaller than
the appropriate permissible stress for 10® cycles or larger than that
for 108 cycles, the value of N shall be extrapolated as follows:

108 $ — 108 futer ), 1.
log N = log (2 X 10) (U‘;gg’;i_lzz“;‘;)) + log (2 x 10°)
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where po and pa are the appropriate permissible stresses for
2 x 10% and 10° cycles respectively.

d) The member shall then be designed so that :
. B Tla
i L1 AR RTREPPPPIY + <1

Na

10.4 Classification of Structural Members

10.4.1 Classes — The 9 classes of members, in descending order of fatigue
strength, are: '

Class 1 — Members consisting of plain wrought material with
edges as extruded or carefully machined or filled in the direction of
the stress.

Class 2 — Members with continuous full-penetration Jongitudinal
or transverse butt welds, with the reinforcement dressed flush with the
surface and the weld proved free from defects by specified quality
control requirements ( se¢ 14.7). To qualify for Class 2, this type
of member shall comply with 10.4.2.

Class 3

i) Members fabricated or connected by close-fitting bolts or by cold-
driven aluminium rivets and designed so that secondary bending
stresses are not introduced ( for example, single-lap joints should
not be used, except in special circumstances such as the joining of
tubes ). Members connected by hot-driven steel rivets are not
included, as there is no experimental data. To qualify for Class 3,
this type of member shall comply with 10.4.3.

il) Members with full-penetration transverse butt welds made from
both sides with the reinforcement on each side having a maximum
" height above the parent metal of 30 mm or one-fifth of the
thickness, whichever is smaller, and blending smoothly with the
parent metal. To qualify for Class 3, this type of member shall -
comply with 10.4.4.

iii) Members with full-penetration continuous longitudinal automatic
b‘utt welds, free from transverse surface irregularities, and with no
interruptions in welding either the root pass or the final pass. To
qualify for Class 3, this type of member shall comply with 10.4.5.

Class 4
i) Members with continuous longitudinal fillet welds, with no inter-

ruptions in welding either the root pass or the final pass. To
qualify for Class 4, this type of member shall comply with 10.4.5.

ii) Members with transverse butt welds made from both sides, but
with the height of the reinforcement above the parent metal greater
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than that permitted in (ii) of Class 3. To qualify for Class 4, this
type of member shall comply with 10.4.4.

Class 5

i) Members with transverse butt welds made from one side, with an
underbead.

ii) Members with transverse butt welds made on permanent backing
strips attached with full-length fillet welds parallel to the butt
welds. To qualify for Class 5, this type of member shall comply
with 10.4.4.

iii) Members with transverse non-load-carrying fillet welds.

Class 6

i) Members with transverse butt welds made on permanent backing
strips not attached by full-length fillet welds. To qualify for
Class 6, this type of members shall comply with 10.4.4.

ii) Members with transverse load-carrying fillet welds or cruciform
welds, either weld being with or without full penetration. To
qualify for Class 6, this type of member shall comply with 10.4.6.

Class 7

i) Members with continuous longitudinal fillet welds with inter-
ruptions which have not been repaired in accordance with 10.4.5.

ii) Members with T-joints, the welds being with or without full
penetration if made from both sides, but with full penetration if
made from one side. To qualify for Class 7, thigtype dﬁjmember
shall comply with 10.4.6. PR

Class 8—Members with discontinuous longitudi‘na/l/’/ KE/Z/—load-
carrying fillet or butt welds; this class includes beams with inter-
mittent web-to-flange welds.

Class 9—Members with discontinuous longitudinal load-carrying
fillet or butt welds. To qualify for Class 9, this type of member shall
comply with 10.4.6. ]

10.4.2 Dressed Buit Welds — Butt welds for members described in Class
2 shall be dressed flush by machining in the direction of the applied stress;
the members shall have edges as extruded or carefully machined or filled in
the direction of the stress.

10.4.3 Bolts and Rivets — Bolts or rivets for members described in (i) of
Class 3 shall be proportioned to develop the full static strength of the
member; bolts shall be secured against working loose [ se¢ 9.2.2(f) ].

10.4.4 Butt Welds Between Members of Dissimilar Thickness or Width — In butt
welds for members described in (ii) of Class 3, (ii) of Class 4, (ii) of Class 5,
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or (i) of Class 6, if the materials on the two sides of the joint differ in thick-

noce hurmava than el anmn amana BHK ~AFiha thinlonce ~aftha thivaan wn nbanial
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whichever is smaller, the thicker material shall be tapered down to the
thickness of the thinner material with a slope of about 1 in 5 ( see Appendix
N ). Differences in width shall be treated similarly. The effect of mis-
alignment on permissible stresses is dealt with in 10.2.

10.4.5 Weld Repairs — In welds of members, described in (ii) of Class 3,
or (i) of Class 4, if an interruption occurs in welding either the root pass or
the final pass, the weld crater shall be chipped or machined back in the form
of a taper over a length of at least eight times its width, and the weld shall

than ha rastartad ~t tha tom of tha tanasad clara: this nencoduras is inrendaed
SRAVAL W L WOLGE LW L ML LU WL LiLU l-“"bl\'u DIUPC’ CALAD lebuulb Ad A1LLLLAVLLAS

to prevent lack of fusion and entrapment of oxide. On completion, the
surface of the new weld shall be machined or filled smooth.

Repairs to members of other classes do not require the above
precautions. :

10.4.6 Load-Carrying Fillet Welds — Welds for members described in
{11Y of Clacs & 13\ of Olace 7. ar (Uase O chall ha dastionad o that tha

(i) of Class 6, (i) of Class 7, or Class 9, shall be designed so that the
stress on the total éﬁ'ective throat area does not exceed the appropriate value
given for a Class 8 member. Load-carrying fillet-welded joints shall be
designed so that secondary bending stresses are not introduced [ for example
single-lap joints would not be used except in special circumstances ( see

on \1

[
1a301C IV )} ].

SECTION IV TESTING

11. TESTING REQUIREMENTS AND PROCEDURE

11.1 Gemeral — A structure designed in accordance with Section III is
acceptable without testing. A structure or part of a structure not so designed
shall comply with either the static acceptance test described in 11.2 or the
fatigue acceptance test described in 11.3 except that those tests need not
apply where an alternative test is required by an appropriate specification.
The choice of test shall be agreed with the engineer. An acceptance test is
appropriate where:

a) the structure is not amendable to calculation or calculation is
deemed impracticable,

b) design methods other than those specifically referred to in Section
IIT are used, or

c) there is doubt or disagreement as to whether the structure has been
designed in accordance with Section III or \_(rhetht_ar the quality
of material or workmanship is of the required standard.

o4
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11.2 Static Acceptance Tegt‘

11.2.1 Application — The' static acceptance test applies to structures or
parts of structures that are not subject to fluctuating loads likely to cause
fatigue failure ( see 10). The test is intended to show whether the structure
is capable of carrying the design loads without undue distortion and with-
out developing serious defects.

The test may be done on the actual structure under consideration
or on one that in all essential respects is its equivalent.

During a static test note shall be taken of any readily excited natural
vibration and, if the damping characteristics are poor, arrangements shall
be made to prevent or minimize such vibration in the actual structure.

11.2.2 Loading — If the structure to be tested is complete, its self-weight
c¢onstitutes the dead load. If the structure is incomplete, the self-weight
of each missing part shall be carefully estimated and then multiplied by
1'1 (or by 0-9 if it acts in opposition to the live load } and applied as dead
load additional to that of the incomplete structure. Any such additional
dead load shall be positioned so as to represent the missing part as realisti-
cally as possible. -

All other loads on the structure are considered as live loads; any mov-
ing load shall be augmented by the appropriate impact effect.

Prior to the actual test or tests, preliminary settling-down of the struc-
ture shall be accomplished by applying to it such a combination of live loads
as, together with any additional dead load which may be required as above,
produces substantially the severest effect. The live loads shall be removed
again before the testing begins, but any additional dead load shall remain in
place except insofar as it may have to be modified according to whether it
acts with or in opposition to the live load during the test.

“The live loads for the actual test consist of the wind load multiplied
by 125 and all other live loads multiplied by 1'5. Those combinations of
any of them which together with any additional dead load, produces the
severest effects, shall in turn be applied to the structure in at least five
approximately equal increments. They shall in each case be positioned so
as to reproduce the actual live loads as realistically as possible.

11.2.3 Duration of Loading — The preliminary settling-down live loads
shall remain in place for at least 15 minutes.

*Attention is drawn to ‘R of a Committee on\ the Testing of Structures ’ published
by the Institution ofSﬂmﬁ:gineu! inSeptembt\' 1964.
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In the actual test, each increment of test live load shall remain in
place long enough to enable measurements of deflection to be taken at such
critical points of the structure as may be determined by the engineer, and to
permit examination for damage. The final increment of each combination
of loads shall remain in place for at least 15 minutes before the measure-
ments and inspection required for acceptance are made.

11.2.4 Acceptance — The criterion for acceptance is that the structurc
shall sustain the test loads without excessive deformation and without the
development of deleterious defect. Beam deflections shall not excced the
values given in 8.3.1 modificd appropriately to allow for the difference
between the working load and the test load.

Load-deflection curves shall be plotted throughout the incremental
loading or loadings, and shall be examined for signs of instability. If doubt
ariscs from the examination, the engincer may require that the test be re-
peated. The enginecr shall satisfy himself that no undue risk will arise

from any local plastic deformation which may be repetitive during the life of
the structure.

The recovery of deformation 15 minutes after removal of the test
loads shall be at least 95 percent. Failing this, the structure will be
acceptable if, on repetition of the test, recovery is at least 95 percent of the
deformation occurring during the repetition.

11.3 Fatigue Acceptance Test

11.3.1 Application — The fatigue acceptance test applies to structures
or parts of structures that are subject tofluctuating loads of such magnitude
and frequencies as to render fatigue failure a reasonable possibility ( see 10 ).
The test is intended to show whether the structure is capable of carrying the
design loads during its service life.

The test shall be done on a specimgn which exactly reproduce the.
structure or part under consideration.

11.3.2 Loading — The structure shall be subjected to substantially the
same loads or combinations of loads as are expected in service.

Where the service loads vary in a random manner between limits,
they shall be represented in test by an estimated equivalent sequence of
loads which shall be agreed with the engineer. The test programme shall

be arranged to include at least 30 repetitions of the agreed sequence before
failure.

Alternatively, the test load shall be the max'mum service load, and
the number of repetitions shall be agreed with the engineer as representing
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the total number of applicationi of all service loads that give riseto stresses
greater than those permitted for Class 9 assemblies (Fig. 24) for the
appropriate values of the stress ratio and the number of cycles.

11.3.3 Acceptance — The criterion for acceptance will depend on whether
the structure is classified as a safe-life structure ( see 11.3.3.1) or a fail-safe
structure ( see 11.3.3.2 ).

11.3.3.1 Safe-life structures — A safe-life design is one in which the

structure is designed to have a fatigue life greater than its estimated service
life.

Tests to establish safe-life performance shall be done under repeated
loadings as defined in 11.3.2 until failure results. The geometric mean life
obtained from the effective number of specimens in these tests shall be at
least equal to the specified service life multiplied by the factor given below:

Effective Number of Factor
Specimens Tested
1 50
2 42
3 - 39
4 ) 3-75
10 ’ 35

The effective number of specimens for the purposes of determining the
appropriate factor will depend on the design and loading and shall be agreed
with the engineer. For example, symmetry will normally enable test
results to be counted as for two specimens, and a detail which repeats within
a length of constant stress may further multiply the effective number.

11.3.3.2 Fail-safe structures — A fail-safe design is one in which the
techniques and frequency of inspection are such that any fatigue crack
which would endanger the structure is certain to be discovered before cata-
strophic failure results. Acceptance is based on the rate of crack growth,
and the test is designed to ensure that the rate is not dangerous in relation
to the frequency of inspection. ,

Tests to establish fail-safe performance shall be done under repeated
loadings as defined in 11.3.2 and shall continue until a fatigue crack is

detected by the same techm;loe as will be employed in service. The crack
shall then be allowed to grow for a testing time equivalent to three times the

inspection period, and at the end of that time the. static design strength of
the structure shall not be affected by its presence.

A fail-safe design may, in addition, be required to have a specified -
minimum life which shall be established by tests as for safe life. The tests
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shall show that the geometric mean life obtained from the effective number
of specimens is at least half the specified life multiplied by the appropriate
factor before significant cracks appear, and is at least equal to the specified
life multiplied by the same factor before a prohibitive amount of repair is
required. _

SECTION V FABRICATION AND ERECTION

12. GENERAL

12.1 Factors Affecting Fabrication and Erection — Fabrication and
erection operations are, in general, the same as for steelwork, but they are
considerably affected by the lighter weight of structures and assemblies,
by the greater flexibility of members, by the larger dimensional changes due
to temperature and by the easier machinability of aluminium. Aluminium
lends itself to high standards of workmanship.

During erection the structure shall be securely bolted or otherwise
fastened, and if necessary temporarily braced, so as to ensure stability under
all erection stresses and conditions, including those due to erection equip-
ment and its operation.

12.2 Handling — Care shall be taken in handling to prevent scratching
or nicking of the aluminium. When required, pieces of wood or other soft
material shall be inserted between the aluminium and contacting objects.

12.3 Storage and Transport — If aluminium is stored in damp conditions

‘where condensation can take place, superficial corrosion may cause staining,.
When temperature and moisture condition are such that condensation may
occur, heated and ventilated storage space be provided, if such condensation
stain would be objectionable.

Where appearance is important, aluminium shall be stored in dry
places, clear of the ground; contact with other meétals and with materials
such as cement and damp timber shall be-avoided. Care shall be taken
of material for architectural use, particularly if it is anodized; surfaces should
be protected with strippable tapes, waxes or lacquers while danger of damage
exists. .

For transport, aluminium shall be packed so as to avoid mechanical
damage, abrasion and, where appearance is important, surface corrosion
and staining. For export shipment, aluminium shall be packed in moisture-
proof parcels, which may be of heavy bitumen paper adequately crated to
prevent damage to the waterproofing. Sheets or other items inside the parcels
may be separated by interleaving with paper or cardboard spacers.

12.4 Layout — Layout techniques are similar to those for steel work except
that where subsequent welding is involved paint, chalk, graphite and other
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contaminants shall not be used. Fine scribing lines be permissible except
on critically stressed areas of thin material.

Due attention shall be given to the effects of relatively high coefficient
of expansion of aluminium in measuring, marking out, and assembly parti-
cularly when temperature variations are large.

12.5 Straightening — All material shall be straight, unless required to be
of curvilinear form. Straightening shall be done by a process and in a
manner 5o as not to cause any injury and shall be free from twist, sharp
kinks or bends.

12.6 Cutting — Cutting shall be by machining, shearing or arc-cutting.
Band-saws and circular saws should be of the skip-tooth types. Cut edges
shall be smooth and free from burrs, distortions and other irregularities.
Care shall be taken to avoid the use of tools contaminated by other metals,
particularly copper or brass.

Shearing should normally be limited to material 6:0 mm thick or less.
Arc cutting may be used on all thicknesses and to the satisfaction of engineer
and shall have no deleterious effect on the material. Flame-cutting shall
not be used.

Sheared or arc-cut edges should normally be-subsequently machined
or filed smooth if used as edge preparations for welds in strength members. i

12.7 Drilling, Punching and Reaming — Holes shall be made by drilling *
or reaming or, in sheet, by punching. Undersize punching is permitted
provided that all burrs, edge defects and local distortion are removed by
subsequent reaming. Holes for bolts and rivets shall unless otherwise speci-
fied by the engineer, be of the sizes given in Table 14. Holes for close-
fitting bolts shall be reamed to exact size after assembly. Holes for bolts
and rivets in certain members may need to be drilled with parts assembled
and tightly clamped together; if the ¢ngineer requires, the parts shall be
subsequently separated to remove burrs.

12.8 Bending and Forming — Aluminium alloys are available in a wide
range of tempers and formability. Where forming or bending is necessary,
the enginner shall consult with the manufacturer regarding the alloy and
temper appropriate to the operation, and regarding any subsequent heat
treatment that may be required. Heat treatment and hot-forming or hot-
bending shall be done only under competent metallurgical direction and
supervision.

Any piece that cracks or fractures because of forming or bending shall
be rejected.

12.9 Finishing — Planing and finishing of sheared edges of plates or shapes
shall normally be done for plate thicknesses 12 mm and above, unless
cally called for on the drawing for lowerthlcknessea too. Edges of matena.l
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cut by gas tungsten arc need not be dressed of the edges due to be welded,
otherwise a minimum of 3 mm shall be removed,

13. BOLTING AND RIVETING
13.1 Bolting — The length of the unthreaded part of a bolt shall be such .

that ae¢ far ae ng&qlhln no part of the thread ic within the thickness of the

AR8L &% 23D 21020 120 222C LIRS 15 WALAANAD LAAQ RAAALAANGss O 43¢

member. The thread shall project beyond the nut for a minimum of one
turn. '

Washers shall be provided under all bolt heads and nuts. Galvanized
steel washers shall be used for steel bolts. Washers of pure aluminium or
of the same material as the bolt or the member shall be used with aluminium
bolts. Corrosion-resisting steel washers shall be used with corrosion-resisting

bl Lo la.
SLCGL DULL.

Nuts shall be properly, but not excesswely, tightened. Locking

P JUNE. JUp, HUS ) I s . Sy P R G
QCVICES Silau e USSa as Icyuirca \.we' :'o‘}

The thx‘eads of alumxmum bolts should be lubrxcated before assembly,
pa.rucul.aﬂy ll mc JOIII.I: WII.I suubcqucnuy ue msxnanucu Lanoun scaung

may be used for the threads of anodized bolts.

,13.2 Riveting — Riveted joints shall be tightly drawn together before
and during riveting. Care shall be taken to avoid contaminating rivet holes
with paint or other protective material, prior to riveting (sez 21.1).

Rivets shall be driven so as to fill the holes, including any counter-
sinkings, completely. Head shall be concentric with their shanks and in

close contact ‘with the riveted surfaces.

Overheating of the aluminium parts when a group steel rivets is hot-
driven shall be avoided by staggercd driving or by temporary cessation
of driving.

Tubular and other special rivets shall be formed -old, using the tools
and procedure recommended by the supplier.

Loose or otherwise defective rivets shall be removed, preferably by
drilling away the head and punching the shank through, and new ones
driven.

14 YANDT MATAIN
ARe WEMAJLINGT

14.1 General — Care shall be taken not to strike the arc on parts of the
work other than the prepared fusion faces. Run-on and run-off plates
shall be used where appropriate (see 7.3.3).

Site work should be avoided if possible. It may be done only where
there is complete protection which simulates shop conditions.
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Care shall be taken to ensure that the welding of attachments to
strength members does not impair their performance ( see Appendix N ).

14.1.1 Welding provisions not covered in this code shall conform to those
given in IS : 2812-1964%*

14.2 Materials — The choice of structural aluminium alloys for welding
is dealt with in 4.3. Filler rods and wires shall be selected in accordance
with 4.3.6. Care shall be taken to store filler rods and wires in a dry and
clean place so that they remain smooth, bright and free from surface
corrosion.

. The engineer shall satisfy himself that the combination of parent and
filler materials is suitable in regard to strength and durability for the service
conditions of the structure. Particular attention is drawn to the hot-cracking
susceptibility of 64430, 63400, 65032 and 52000, which makes it essential to
use the filler materials and welding techniques recommended so as to ensure
a suitable combination of parent and filler metal in the actual weld.

14.3 Processes — Strength members shall be welded by either the tungsten-
arc (TIG) or the metal-arc including pulsed-arc (MIG) inert-gas process,.
the welding being done by approved welders using approved procedures
(see 14.6 and 14.5), TIG welding shall be made in accordance with the
recommendations given in IS : 2812-1964*.

Non-strength members may be welded by inert-gas welding processes
or, in suitable cases, by resistance welding, fusion spot-ﬁ'cldixg or gas
welding.

14.4 Edge Preparation, Cleaning and Setting Up — Suggested edge
preparations are given in Appendix P.

Surfaces to be welded shall be smooth, and immediately prior to
assembly and welding shall be cleaned using a clean, dry, power-driven
scratch-brush of corrosion-resisting steel.  If the area to be cleaned is greasy
or otherwise contaminatcd, such contamination shall be removed prior to
scratch brushing. The interval between cleaning and welding should be
as short as possible and shall not exceed 6 hours. If accidental contami-
nation with dirt or moisture occurs after cleaning and prior to welding,
the joint shall be recleaned. TIG filler wires shall be degreased and
cleaned with dry steel wool before use; both TIG and MIG wires shall be
kept free from contamination before and during use.

Assembly shall be by jigging or tack-welding or both. Jigs and fixtures,
including backing bars, shall be clean and dry and made from materials

*Recommendations for manual tungsten inert-gas arc-welding of aluminium and
aluminium alloys.
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unlikely to contaminate the weld. Tack welds shall be either chipped
smooth if necessary to facilitate their incorporation in the weld, or completely
removed if their presence is likely to cause defects in the weld.

Flat welding may be preferred to positional welding.

14.5 Procedure and Approval — For strength joints the precise course of
action to be followed shall be documented as a welding procedure which shall
contain the information listed in Table 16. The welding procedure shall be
proved by adequaie tests and shall receive the approval of the engineer before
it is used in actual fabrication. Any significant alteration in a procedure
shall be similarly approved. Approval test shall be specified by the engineer,
bearing in mind the service conditions of the structure, and the specimens
shall be representative of the size and type of joint to be fabricated. Mech-
anical tests shall be in accordance with IS: 7273-1974* and in the case of
butt welds, the results shall meet the requirements of Table 17. For fillet
welds, fracture tests shall be employed to see that.complete root penetration
has been achieved. All welds shall be defined in accordance with 9.3.1 and
shall meet the requirements of 14.7. Procedures need not be reapproved if
the fabricator satisfies the engineer that similar procedures have been
previously approved.

14.6 Approval of Welders — Every welder employed on a structure or
assembly shall obtain and retain approval by demonstrating at regular
intervals, and at any time on the request of and to the satisfaction of the
engineer, that he is capable of consistently producing welded joints of the
required standard using the approved welding procedure.

Approval tests shall be made separately for each procedure, as specifi-
ed in 14.5. Approval will be granted if the appearance and mechanical
performance of the joints meet the design requirements ( see 9.3 ).

14.7 Quality Control — The main requirements for control of weld
quality are procedure approval (see 145) and welder approval
(sec 14.6 ).

In addition, welds of strength member shall be examined by the
engineer. They shall be of the correct size, of good appearance and free
from cracks. Visual examination is essential. Aids to visual examination
such as weld-size, gauges, magnifying-glasses, and dye penetrants may be
used; dye-penetrants, however, shall be used with caution so that they do
not become sources of contamination in later welding. Special inspection
procedures, such as radiographic or other non-destructive tests, shall be
employed if specified in the design requirements (see 9.3.1 and 10.4.1
Class 2 ).

*Method of testing fusion welded joints in aluminium and aluminium alloys.
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TABLE 16 INFORMATION FOR WELDING PROCEDURE
( Clause 14.5)

S No. For TIG WELDING For MIG WELDING
1 Specification of parent metal
2 Preparation of edges and set-up of parts
3 Method of cleaning
4 Size and type of tungsten electrode Arc voltage
5  Welding current Current or wire feed speed
6 Size and type of filler rod Size and type of electrode wire
7 Gas nozzle size and rate of gas flow
8 Number and arrangement of weld runs
(including back chipping )
9 Welding position
10 Welding sequence
11 Pre-heat or inter-run temperaturs
12 Welding head position and arc travel
- speed ( mechanized welding )
18 Shop or site conditions
14 Any other relevant information

TABLE 17 MECHANICAL TEST REQUIREMENTS FOR BUTT-WELD
- PROCEDURE AND WELDER APPROVAL

( Clause 14.5)

Airoy TeNSILE STRENGTRH* MaxiMum Benp
RAprust
N/mm?

0] 2 3
64430 193 b
65032 193 b4
63400 - 116 b4
54300 263 3t
53000 216

. 2t
52000 185

*Transverse to weld and irrespective of ternper before welding.
1Controlled side bend test: the specimen thickness ¢ is normally 95.
$Not applicable,

uf

v
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15. INSPECTION

15.1 The engineer shall have access at all reasonable times to all places
where fabrication and erection are being done, and the fabricator or
contractor shall provide the necessary facilities for inspection.

15.2 Should any structure or part of a structure be found not to comply
with any of the provisions of this standard, it shall be liable to rejection.
No structure or part of the structure, once rejected shall be resubmitted for
test, except in cases where the purchaser or his authorized representative
considers the defect as rectifiable.

15.3 Defects which may appear during fabrication shallbe made good with
the consent of and according to the procedure laid down by the inspector.

15.4 All gauges and templates necessary to satisfy the.inspector shall be
supplied by the manufacturer. The inspector may, at his direction, check
the test resulis obtained at the manufacturer’s works by independent tests at
the National Test House or elsewhere, and should the material so tested
be found to be unsatisfactory, the costs of such tests shall be borne by the
manufacturcr, and if satisfactory, the costs shall be borne by the purchaser.

16. TOLERANCES IN FABRICATION

16.1 Finished members shall be true to line and free from twists, bends,
and open joints.

16.2 Compression members may have a lateral variation not greater than
1/480 of the axial length between points which are to be laterally supported.

16.3 A variation of 1 mm is permissible in the overall length of members
with both ends machined. ‘

16.4 Members without machined ends which are to be framed to other
parts of the structure may have a variation from the detailed length hole to
hole not greater than 05 mm for members 10 m or less in length, and not
greater than 3 mm for members over 10 m in length. The distance between
holes within a single group of fasteners shall have a variation from detailed
dimensions not exceeding 1 mm.

17. HEATING

17.1 Forming of aluminium shall generally be carried out cold. Where
heating is necessary, aluminium may be heated to 150°C for a period not
exceeding 30 minutes.  Such heating shall be done only when proper tem-
perature controls and supervision are provided to ensure that the limitations
on temperature and time are carefully observed.
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SECTION VI PROTECTION
18. PROTECTION FROM ENVIRONMENT

18.1 General — Aluminium structures often require no protection. The

need for protection depends on the alloy and on the environment; it is not
neccssarily the same for the inside of a structure and for the outside.

In mild environments an aluminium surface will retain its original
appearance for years, and no protection is needed for most structural alloys.
In moderate industrial conditions there will be a darkening and roughenmg
of the surface, and protection or maintenance may be necessary. In
aggresmve atmospneres discolouration and roughemng will be worse, and
protection isrequired. In coastal and marine environments ( within 0°5 km

af tha can cnact ) f]mn surfara will ranchan and aranira a orav etana_liba
Vk iV Suaa vwaaow I WAL iR VY AL Avue‘t\un CAZANA “\1\1““\/ (=] sl\ly OLAIRAYS ul\!.,

appearance, and protection is necessary with some alloys. Where aluminium
is immersed in water, special precautions may be necessary. Tropical en-
vironments are in general no more harmful to aluminium then temperate
ones, although certain alloys ( see 7.6.2) are affected by long exposure to

high temperature, particularly in a marine environment.

In all environments external surfaces which are sheltered from the
weather, but on which a.tmospnenc deposits settie, are affected. to a greater
extent than those washed by rain.

Where aluminium is in contact with certain other metals ‘or other
substances special protection is necessary, particularly in the présence of

aananrarr ar of enlachine fram galtctrantad raads Arainaoe Af watae
ﬂcmyl“v VL Vi Dymlllll.s ANUILL JallTLlvaltviu L uaud. Lll\/ uluulasb UL WalGl

from copper or copper-alloy roofs onto aluminium causes corroilon and
shall be prevented. Similarly, the presence of copper in paints and in
abrasive agents for precleaning shall be avoided.

Aluminium surfaces, though not usually in structural work, can be
given decorative finishes other than the full protective treatment as specified
in 19. Such treatments, which include anodizing ( see IS : 1868-1968* and
IS :6057- 19701') and certain chemical colouring processes, are not substi-
tutes for painting. Anodized surfaces shall be maintained clean ( abrasive

shall nat ha nead \ tn avoid unsichtly nitting in agoressive environments
Sidas RROL OC USCA ; WO avolG ullsigatly, y.,u.pgu in aggressive environmenss.

18.2 l’rotecnve Treatment — Structures- shall ordmanly be protected
in accordance with Table 18. Environments, whether indoor or outdoor,
however, cannot always be categorized precisely, and where there is doubt
the engineer should seclg expert guidance from the manufacturer. An
unprotectcd structure in a doubtful environment should be examined after,
say, 12 months’ service, and the need for protection re-assessed, this is parti-

cularly advisable with material less than 6 mm thick.

*§pecification for anodic coatings on aluminium ( first revision),
{Specification for hard anodic coatings on aluminium,

1N
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TABLE 18 GENERAL PROTECTION OF ALUMINIUM STRUCTURES

( Clause 18.2)
JURABILITY REQUIREMENTS ACCORDING TO ENVIRONMENT
RaTiNg* P A ‘
ry Mild Industrial and Marine Sea-Water
Unpoliuied ‘ Industriai-Marine {Non-  Immersion
r Al ~ industrial )
Moderate Severe
A None None None P Nobne None
B None None Pt P Pt N
. C None P P N N N

P =s Protection

N = Not recommended

*Sec 4.2.2,

tMaterial over 3'15 mm thick, normally does not need protection.

_ If an alloy not listed in Table 1 or Table 24 is used, its durability
rating shall be established by the engineer ( sec 4.2.2).

If two or more alloys are used together, protection shall be in
accordance with the lowest of their durability ratings.

19. PAINTING

19.1 Painting preceded by appropriate pre-treatment as specified in
IS: 2524 ( Part I )-1968* shall be done in accordance with the provisions

~LTQ . OROA /Do TY\ 10L00L
Ul 1D . &U&T | LTall 11 )-1J00].

20. METAL SPRAYING

20.1 Surface Preparation — Surfaces to be metal-sprayed shall be
S A abhle Al T TQ . O0COA /D s T 1000 Tk _nd 2hnn wnrsovhanad 4
L10L L.Jusul.y ClCallCu | 566 10 . LU4T \ .l'dtl. 1' J}=1J00 _I. aila ncii 1ougliciicu, ::u
provide an adequate key, by blasting with alumina or other non-metallic
‘and copper-free grit; a coarser grit usually gives a better key than a finer
one. Surfaces shall be free from grease, moisture and other foreign matter

immediately before spraying.

20.2 Spray Metal — The metal for spraying shall be aluminium of
commercial purity [ normally 19500 ( 1B) of IS: 739-19661 ] except with
non-standard alloys where the advice of manufacturer shall be sought.

*Code of practice for painting of non-ferrous metals in buildings, Part I Pretreatment.
+Code of practice for painting of non-ferrous metals in buildings, Part 11 Painting.
tSpecification for wrought aluminium and aluminium alloys, wire (for general

engineering purposes ) ( revised ).
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20.3 Application — Metal spraying may, at the discretion of the engineer,
be used either instead of or in conjunction with painting.

The spray metal shall be applied by a process approved by the engi-
neer. The thickness of the sprayed coating shall be not less than 0‘l mm -
or, where protective painting is to be applied over it, not less than 0-05 mm; ~
the coating in either case shall be complete and undamaged.

21. METAL-TO-METAL CONTACT SURFACES, AND BOLTED
AND RIVETED JOINTS ;

21.1 General — To provide protection, one of the five procedures given
below shall be followed for contact surfaces and bolted and riveted joints,
in accordance with 21.2 to 21.6:

Procedure 1 — The heads of steel bolts and rivets may for appearance
be over-painted with a priming coat followed by a coat of aluminium
paint; protection otherwise is not required.

Procedure 2— Both contact surfaces, including bolt and rivet holes
( but not holes for close-fitting bolts ), shall, before assembly be cleaned,
pre-treated and receive one priming coat extending beyond the contact
area. The surfaces shall be brought together while the paint is wet.

The heads of steel bolts and rivets and their surrounding areas, and
any steel, cast iron or lead edges of the joint, shall after assembly be

overpainted with at least one priming coat, care being taken to seal all
crevices.

When hot-drivenrivets are used, any protective paints or compounds
shall be kept clear of the actual rivet holes so as to avoid carbonization
due to the heat of the rivets.

Procedure 3— As procedure 2 above, but additional protection shall
be afforded by an elastomeric jointing compound ( preferably of the
polysulphide type) applied on to and extending beyond -the contact
surfaces, before assembly but after the priming coat on them is dry. A
neoprene gasket may be used instead of a jointing compound.

Bolts or rivets shall be closely spaced and have minimum edge-
distances.

Procedure 4 — As procedure 3 above, but the heads of steel bolts and
rivets and surrounding areas, and any steel or cast iron edges or the joints,
shall unless they are already metal-sprayed or galvanized, be metal
sprayed preferably with aluminium (see 20) either before or after
assembly, and then overpainted with at least one priming coat,
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The englnee( may authorize a lesser degree of protection, such as a
ncoprenc, chlorinated-rubber or zinc rich paint system instead of metal
spraying. Such a system shall in any case be used on surfaces or edges
of lead.

Procedure 5— As procedure 4 above, but in addition full electrical
insulation between the two metals shall ( unless metal-to-metal contact is
specified, as in the attachment of sacrificial anodes) be ensured by the
insertion of a non-absorbent non-conducting ( preferably neoprenc ) gasket
between and extending beyond the separated areas, and of sleeves and
washers of the same material to prevent metallic contact of bolts. Rivets
should not be used.

21.2 Aluminium to Aluminium — Contact surfaces and joints of alu-
minium to aluminium shall be protected in accordance with Table 19, in
which the numbers refer to the procedures of 21.1. The numbers that are
not in brackets refer to structures with aluminium bolts or rivets; those in
brackets apply where steel bolts or rivets, or bolts of galvamzed steel or
corrosion-resisting steel, are used.

Corrosion-resisting steel bolts shall not be used for joints subject to
sea-water immersion.

v

TABLE 19 PROTECTION AT JOINTS OF ALUMINIUM TO ALUMINIUM

DurABILITY PROCEDURES ACCORDING TO ENVIRONMENT
Ramine ’ A —_
Dry Mild Industrial and Marine  Sea-Water
Unpolluted Industrial-Marine (Non-  Immersion
— A v industrial )
Moderate Severe
t)) 2 3) 4 () (6 )]
A (1) o (1) 1(2) 2(4)* 2(3) 3(5)
B (1) 1(1) 1(2) 2(4)* 2(4)* N(N)
o] 1(1) 2(2) 1(2) N(N) N(N) N(N)

#(3) for bolts of corrosion-resisting steel.
N = Not recommended.
Bracketed references apply with ferrous bolts or rivets.

21.3 Aluminiam to Zinc or Galvanized Steel — Contact surfaces and
joints of aluminium to zinc or galvanized steel shall be protected in

accordance with Table 20, in which the numbers refer to the procedures
in 21.L

Joints shall be made with galvanized steel bolts.
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TABLE 20 PROTECTION AT JOINTS OF ALUMINIUM TO ZINC OR
GALVANIZED STEEL

( Clause 21.3 )

DurasiLiTy PROCEDURES ACCORDING TO ENVIRONMENT
RaATING r Al -
Dry Mild Industrial and Marine  Sca-Water
Unpolluted Industrlal Marine (Non- Immersion
P ~ industrial )
Moderate Severe

(1 2) 3 ) (3) {6) )

A 1 1 2 4 3 5

B i 1 2 4 4 N

G 1 2 2 N N N

N = Not recommended.

21.4 Aluminium to Steel, Cast Iron on Lead — Contact surfaces and

iainte af aliaminiiim 0 atanl ot irean ae Tand abhall o mandnadnd

o 1 [T gy
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with Table 21 in which the numbers refer to the procedures in 21.1.

Corrosion-resisting steel bolts shall not be used for joints subject to
sea-water immersion or for joints of aluminium to lead. Otherwise, steel
bolts or rlvcts or bolts of oa]vanwprl steel or pnrrnqtm-rmnhna afm] shall

be used.

TABLE 21 PROTECTION AT JOINTS OF ALUMINIUM TO STEEL, CAST
IRON OR LEAD

Dtgtnnm Pnocznunu Acconnmo TO ENVIRONMENT
R T Mild Todustrial and Marine _ Sea-Water
Unpolluted Industnal Marine ( Non- . Immersion
R [ FRpreLI, |

» ifiGusuias j

Moda'ate Severc

W @ ®) ® ®) ) @
A 1 2 2 4 4 5.
B 1 2 2 4 4 N

G i 2 3 N N N

.-B.
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21.5 Aluminium to Corrosion-Resisting Steel — Contact surfaces and
joints of aluminium to corrosion-resisting steel shall be protected in accor-
dance with Table 22, in which the numbers refer to the\procedure in 21.1.

TABLE 22 PROTECTION AT JOINTS OF ALUMINIUM TO CORROSION-
RESISTING STEEL

DurasiLiTy PROCEDURES ACCORDING TO ENVIRONMENT
RATING r A Y -
Dry Mild Industrial and Marine  Sea-Water
Unpoltuted Industrial Marine (Non- Immersion
A ~ industrial )

° Moderate Severe

M @) 3) ) (% 6 @

A . 1 1 2 3 3 5
B 1 1 2 3 3 N
G 1 2 3 N N N

N = Not recommended.

21.6 Aluminium to Copper or Copper Alloys — Contact surfaces and
Joints of aluminium to copper or copper alloys should be avoided. If they
_are used, the aluminium shall be of durability rating A or B, and the bolts
or rivets shall be of copper or copper alloy. In mild environments
protection shall be by Procedure 3 of 21.1, and in all other environments
by Procedure 5. '

22. WELDED JOINTS

22.1 Welded joints of durability rating A in abnormally corrosive environ-
ments, of durability rating B in all but dry unpolluted environments, and
of durability rating C in all environments, shall, prior to painting, be
sealed against ingress of moisture. This may be done by a suitable mastic,
or by welding provided that the welding does not reduce the design strength.

23. GLUED JOINTS

23.1 The advice of the manufacturer of the adhesive used in a glued joint
shall, provided it is approved by the engineer, be followed in regard to any
special protection necessary to prevent deterioration due to contact of the
glue with moisture or with other protective treatmeénts.

Further protective treatment shall be in accordance with 18 and 19.
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24. CONTACT BETWEEN ALUMINIUM AND NON-METALLIC
MATERIALS :

24.1 Contact with Concrete, Masonry or Plaster — Aluminium in
contact with concrete, masonry, mortar or plaster in a dry unpolluted en-
vironment needs no protection. In any other environment the aluminiut
shall be of durability rating A or B. In a mild environment the surfac
shall be protected with at least two coats of bituminous paint or hot bitumen
as specified in IS : 2524 ( Part I )-1968* and IS : 2524 ( Part II )-1968%. In
an industrial or marine environment they shall be painted with at least three
coats; the surface of the contacting material should preferably be similarly
painted. Submerged contact is not recommended.

24.2 Embedment in Concrete — Aluminium set in concrete shall be of
durability rating A or B. In a mild environment the surfaces before em-
bedment shall be protected with at least two coats of bituminous paint or
hot bitumen, the coats to extend at least 75 mm above the concrete surface
after embedment.

In an industrial or marine environment, or where the concrete contains
chlorides, (for example, as additives or due to the use of sea-dredged
aggregate ), at least two coats of a plasticized coal-tar pitch shall be
applied and the finished assembly shall be overpainted locally with the
same material, after the concrete is fully set, to seal the joint at the surface.
Care shall be taken to avoid metallic contact between the embedded alumi-
nium parts and any steel reinforcement.

24.3 Contact with Timber — Aluminium surfaces in contact with timber,
unless the timber is fully seasoned and the environment dry and unpolluted,
shall in a mild environment be painted with at least one coat of paint in
accordance with 19. In an industrial, damp or marine environment the
aluminium shall be of durability rating A or B and shall be painted with
two coats of bituminous paint or hot bitumen; the timber also should, where
practicable, be primed and painted in accordance with good practice.

Timber in contact with aluminium shall not be treated with preserva-

tives containing copper sulphate, zinc chloride or mercuric salts. Other

preservatives may be used provided the engineer is satisfied that timber
treated with them is not harmful to aluminium.

24.4 Contact with Soils — The use of aluminium in contact with soils
is not recommended. Where such contact is unavoidable, the surface of
the metal shall be protected with at least two coats of bituminous paint, hot
bitumen, or a plasticized coal-tar pitch. Additional wrapping-tapes may be
used to prevent mechanical damage to the coating.

*Code of prictice for painting of non-ferrous metals in buildings, Part I Pretreatment.
$Code of practice for painting of non-ferrous metals in buildings, Part II Painting.
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24.5 Immersion in Water — Where aluminium parts are immersed in
water ( other than sca water ) either {resh or contaminated, the aluminium
should preferably be of durability rating A, with fastenings of aluminium or
corrosion-resisting steel or madec by welding. The engincer shall obtain
competent advice on the degree of corrosion to be expected; oxygen content,
pH number, chemical or metallic ( particularly copper ) content and the
amount of movement of the water are important factors. He should also
seek advicc on appropriate protection, which may consist either of a
conventional paint-treatment or of an appropriate number of coats of bitu-
minous paint or hot bitumen. Where abrasion from suspended solids is
likely, a plasticized coal-tar pitch is recommended. Joints and contact
surfaces shall be completely sealed.

Sea-water immersion is dealt with in 21.2 to 21.5.

25. PROTECTION AGAINST FIRE

25.1 General —- Aluminium is non-combustible; it neither burns, nor assists
in the spread of fire. Its load-carrying capacity, however, is seriously
reduced at temperatures above about 250°C and it melts at about
650°C. Aluminium has a higher thermal conductivity than steel, but this
property docs not significantly influence the temperature rise of parts of a
structure in a fire.

25.1.1 Aluminium may need fire protection to minimize loss of strength
due to overheating, or to reduce risk of damage due to thermal expansion.
The possibility of fire either inside or outside a structure shall be considered.

25.2 Structural MemQaers-——Aluminium beams, -columns and other
members may be insulated by individual encasement or by continuous
membranes such as ceiling or wall linings.

25.2.1 In buildings, all joints in a protective system such as occurring at
each floor level of a long stanchion shall be sealed adequately.

25.3 Wall Cladding — Where a period of fire resistance is specified a
lining is needed which provides independently the degree of fire resistance
necessary. The method and type of fixing shall match the resistance of the
construction.

25.3.1' Aluminium foil used in conjunction with a lining is known to
reduce heat transmission but, in the absence of quantitative data, tests are
necessary to establish the fire resistance.

- 25.3.2 Where insulation is provided by means of an infilling of mineral
wool the lining itself need only retain the mineral wool in position for the
specified period.

25.3.3 Where the cladding forms a part of the structural system the effects
 of external fire shall be considered.
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25.4 Roof Covering -— Where a fire occurs in a single-storey building it

nrafarahla far gmalka and fizmas ta he exhansted. and fire-snread to be
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checked, by the early operation of a special roof-venting system. Where
such venting is absent or inadequate and a fire develops a high temperature,
failure of the roof deck can assist in checking fire spread at roof level. The
softemng and melting _temperatures of alumlmum, although téo high for
immediate Ia.uure, are low enougn to pt_,lInLL useful venting aver the seat of

a fire, provided the roof is unlined or equipped with a lining which can fall
away if the temperature rises dangerously.
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NOMENCLATURE OF ALUMINIUM PRODUCTS

A-1. GENERAL

A-1.1 Completc information on new alloy designation system for alumninium
and its alloys, based on ‘Five digit system’ for wrought aluminium alloys

and unalloyed aluminium is given in IS : 6051-1970*.

A-2. TEMPER OR CONDITION

A-2.1 The non-heat-treatable alloy { for example 54300 ) are those of which
the strength can be increased only by stram-hardemng This strain-harden-
eliberate ( as in the rolling of she

ing mayv ha d ~thir hardn
ing may o¢ Geéinodraie s In the roumg ol sheet to a SpECiiC naraness or

temper ), incidental to manufacture ( as in the stretch-straightening of an
extrusion )} or due to forming or other cold-working of a finished product.
The tempers of non-heat-treatable products are identified by the following
suffix letters and symbols:

Temper Designation - ' Description
O Softest (i. e. annealed )
Hl to H4 Progressive degree of hardness
M As manufactured ( that is par y hardened

The effect of heating these materi

20¢ eliect of fleaun ° (R v Loy 41

™. . L. aldl . 11
116 neat-tr cal.auu: 41Uy

s
strcngth from either one or two s

(for example 64430) derive enhanced
stages of heat trcatment.  The first stage

(.-od for designation of aluminium and its alloys,
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(solution heat-treatment ) consists of heating the material thoroughly to a
prescribed high temperature and then quenching it in cold water; the quench
increases the strength considerably from that of the hot ( annealed ) condi-
tion. The second stage ( precipitation-heat-treatment, or ageing ), when
the material is kept for a prescribed time at a prescribed moderate tem-
perature, produces a further increase of strength. With some alloy ageing
occurs naturally after some days or weeks at room temperature, so that the
second formal heat treatment may be dispensed with. The condition of
a heat-treatable product is identified by one or two suffix letters as follows:

Temper Designation Description
(o) Annealed
M As manufactured, with no normal heat-
treatment
w Solution heat-treated
WP Fully ( that is 2-stage ) heat-treated
P Artificially aged without prior solution

heat treatment
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APPENDIX B

( Clause 4.2.1) 7
FOREIGN EQUIVALENTS OF ALUMINIUM ALLOYS

IS : 8147 - 1976

B.1 This Appendix lists some foreign equivalents of Indian Standard alloys referred to in this Code. They are not necessarily exact equivalents and for detailed information on their
compositions reference shall be made to the relevant Indian Stahdards.

INDIA
(ISI)

M
64430

64300

63400

55032

24345

31000

52000

53000

74530

iSO
DESIGNATION

@

Al-SilMg
1SO 209

UK
(BSI)

3
H30

Al-Mg4, 5Mn N8

I1SO 209

Al-MgSi
1SO 209

Al-MglSiCu

Al-CudSiMg
1SO 209

Al-Mnl
1SO 209

Al-Mg2'5
1SO 209

Al-Mg3'5
1SO 209

Al-Mg5
1SO 209

H9

H20

HI5

N3

N4

N5

H17

TABLE 23 FOREIGN EQUIVALENTS OF ALUMINIUM ALLOYS

AUSTRIA BeLcIuM
(ONA) (IBN)
“4) (5)
AlMgSil AlMglSil

ONORM M NBN 437
3430

— AlMg4
NBN 437

AlMgSi 05 AlMgSi
ONORM M  NBN 437
3430

— AlCu4MgSi
NBN 437
AlMn AlMn
ONORM M NBN 437
3430
AlMg?2 —_
ONORM M
3430
AlMg3 AlMg3
ONORMM  NBN 437
3430

CANADA
(CSA)

(6)
GS 11R
HA series

GM 41
HA series

GS 10
HA series

GS 1IN
HA series

CS 4IN
HA series

Ml
HA series

GR 20
HA series

GR 40
HA series

France
( AFNOR )

9

A-SGM
NF A 57-350
NF A 57-650

A-G4
NF A 57-350
NF A 57-650

A-GS
NF A 57-350
NF A 57-650

A-U4SG
NF A 57-350
NF A 57-650

A-M1
NF A 57-350
NF A 57-650

A-G2
NF A 57-350
NF A 57-650

A-G3
NF A 57-350
NF A 57-650

GERMANY
(DIN)

®)

AIMgSil
DIN 1725
Bl'l

AIMgSi0-5
DIN 1725
BI‘1

AlCuSiMn
DIN 1725
Bl'1

AlMn
DIN 1725
Bi'1

AlMg?2
DIN 1725
Bl'l

AlMg3
DIN 1725
Bl'l

AlZnMg!
DIN 1725
Bl

IraLy NETRERLANDS
(UNI) {NNI)
(&) (10)
P-AlSil K AlMgSi
MgMn
UNI 3751
— K AlMg#
P-AIMgSi K AIMgSi}
UNI 3569
lh”-lAnlCui'ASi lrsi:lCtﬁ
Mg
UNI 3581
P-AlMnl.2 —_
UNI 3568
P-AMg25 K AlMg?
UNI 3574
P-AlMg35 K AlMg3
UNI 3575

SWEDEN
(SIS)

(1)
SIS14-4212

SISi4-4104

S1S14-4338

SI1S14-4054

SIS14-4120

SWITZERLAND JSA
( SNV) ( ANSI)
(12) (13)
Al-Si-Mg AA6351
VSM 10850
—_ AA5083
—_ AAG063
—_ A6061

Al-4Cu-0-5Mg AA2014
VSM10852

Al-Mn AA3003
VSM10848

Al-2Mg AA5052
VSM 10849

Al-3Mg AA5154.
VSM10849
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APPENDIX C
( Clauses 4.3.2 and 7.4.2)

SECONDARY ALLOYS

C-1. SELECTION OF MATERIAL

C-1.1 Four further alloys often used in general and structural engineering
are listed, with their properties, in Table 24.

The use of 24345 ( H13) is commonly confined to special applications
( for example aircraft ) whereits higher strength is essential. Its durability,
except in the form of pure-aluminium-clad plate and sheet, is such as nor-
mally to require protection. In the WP condition this material has less
resistance to crack-propagation than the other alloys in the Indian
Standard general engineering series. It is not normally weldable.

Alloy 31000 ( N3 ) is mainly used in the H4 conditions for corrugated
and troughed sheet for roof and wall cladding; it has high durability. 52000
(N4) and 53000 (N5 ) generally used in sheet form, combine high dur-
ability with a wide range of mechanical properties. These materials have
good weldability.

C-2, PERMISSIBLE STRESSES

C-2.1 The permissible stresses in tension and bearing, and in compression,
bending and shear where buckling is not a factor, are given in Table 25;
the values have been obtained by the procedures given in Appendix F, the
further requirements of which shall be followed to obtain other permissible
stresses.

117



Asinthe Original Standard, this Page is Intentionally Left Blank



IS: 8147 - 1976

TABLE 24

PROPERTIES OF SECONDARY ALLOYS
( Clause C-1.1)

ALLOY éonnmon‘ ForMm* THICKNESs*} 02 PERCENT TENSILE ‘ ELoNGATION | 0°2 PERCENT| BEARING Moburus | COEFFICIENT ’ DenstTy Dura-
TEeNsILE PrROOF StrENGTH] | PErRCENT ON| Compres- | STRENGTR§ | OF ELasTI- or LINEAR ’ BILITY
mm STRrESs} 50 mm} | sive Proor- arry|| ExpansioNY RaTing**
STRESS§ PER°C
N/mm? N/mm? N/mm? N/mm? N/mm?
From To ( kgffmm? ) ( kgf/mm? ) ( kyf/mm? ) | (kgf/mm?) | ( kgfimm?) kg/m3
) @) 3) @) ®) ©) 0 @) ©) (10) an (12) (13) (14)
w _— — 225 375 10 664
(23-0) (38-0) (67-6)
Extrusion N 206 72400 C
(21-0) (7380)
— —_ 375 435 6 772 8
(38:0) (44-0) (786) 22 x 10 2800
24345 - 3 N —
15
) % - 320 395 Same as Att
wpP Clad Sheet — 63 (32°5) (40-0) 7 Tensile 726
. (740)
345 420
Clad Plate 3-15 25 (35°0) (42+5) 7
. 68900
‘ (7025)
31000 170 355 _s
(N3) H4 — (17-0) 2-3 — (36-2) 23 x 10 2740
Sheet — 63
52000 125 200 110 463 —6
(N4) Hl (12-5) (20°5) 3-6 (11-0) (47-2) 24 x 10 2690 A
53000 , 160 240 145 494 T s
(N5) Hl (16-0) (24°5) 4-7 (14°5) (50-4) 23 x 10 2670

*For other conditions, forms and thickness, refer relevant Indian Standards ( see 4.4.1 ).
_tEach thickness includes its upper limit.

1Specifies minimum values.
- §Minimum expected value ( se¢e Appendix F ).

JIFor modulus of rigidity multiply by 0-38.

9Applies to range 20 to 100°C.

*45.0 4.2.2.
$1C for immersion in fresh or sea water.
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TABLE 25 PERMISSIBLE STRESSES FOR SECONDARY ALLOYS
N/mm? (kgf/*nm')

Small figures in parenthesis refer to the notes.

( Clause C-?.l )

ALLOY CONDITION* " Form* Tkm;x‘?‘f : Azxuu,’; BenpiNG} SHEAR] BearING§ Asll
- “ - From -~ To L he 1 1’9 i > put l Pre be 2
M) @) e @ (%) 1p«s) S ) ©) (10)
w Extrusion — — 134 125 151 143 'y 239 73
‘ (1354 (12'5) 51 (143) (80 40).
U 1549 204 154 226 1089 " 978 47
24345 _ i — — 1155)] (21°0) (158) (23:0) (110) (28°5)
(E15) WP ) - B - B
" Clag sheet — 63 176 196 106 54
2 80) " (20:0) (108) A
261
B - — (26'5)
. - : 211 144
_ Chd plate 315 25 (21°5) (11°6) 51
31000 H4 v - 28 -
(N3) ' . (13-0) -
52000 H1 . 63 66 83 76 4“9 167 .« - 107
N4) Sheet . - (6'6) @3) (76) (4°5) (17:0) ‘
53000 85 104 97 55 178 83
(N5) HI (8°5) 104 (97 (55) (18:0) ,

*For other conditions, forms and thickness, refer relevant Indian Standards ( sec 4.4.1 )

tEach thickness includes its upper limit.
$Applies only when buckling is not the criterion, sce 8.2, 8.3 and 8.4.
§ Joint in single shear ( see 9.2.1).
WSee Appendix F.

€ Arbitrary reduced “values to allow for inferior crack propagation resistance.

**Values obtainable ( see Appendix F ) proof stress of suitable samples.
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APPENDIX D
( Clauses 6.3.2 and 6.3.3)
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APPENDIX F
( Clauses 7.4.1, 74.3, 7.4.4, 9.2.1 and 9.3.3)

DERIVATION OF PERMISSIBLE STRESSES

F-1. GENERAL

F-1.1 The procedures given in this appendix may be used to obtain per-
missible stresses for any of the alloys which have guaranteed non-standard
properties ( see 7.4.3 ), and also as a guide to permissible stresses for other
alloys (sec 7.4.4).

F-2. PERMISSIBLE STRESSES

F-2.1 Axial Tension and Compression — The permissible stresses in
axial tension g, and in axial compression . where buckling is not a factor,
are given by:

Pt = 044 fo1 + 009 fy, and

pe = 044 foe + 0°09 fu

where

Jfat = guaranteed or the minimum expected 0-2 percent proof
stress in tension, )

fae = guaranteed or the minimum expected 0'2 percent proof
stress in compression, and

JSfu = guaranteed or the minimum expected tensile strength.
The minimum expected values of fy, fae and fu may be determined

from a sufficient number of tests made, under competent supervision and
to the satisfaction of the engineer, on production samples of the material.

The permissible stress in axial tension p¢ will need to be reduced if
the resistance of the material to crack propagation ( for example 24345-WP
in Table 25) is-in doubt.

For permissible stresses in axial compression where buckling is a factor,
a diagram with a horizontal out-off at p, is drawn relating those stresses
to A. The form of the diagram is shown in Fig. 25, in which As is given
by ’

Ag = v'34 x 10‘/,0.
where
fs = (044 foo — 0:02 fu — 15) N/mm?,
The values of A for entering the diagram are given in 8.2.3 and 8.2.5.
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pbc
LATERAL BUCKLING
LOCAL BUCKLING

>4
[2)

COLUMN BUCKLING
TORSIONAL BUCKLING

PERMISSIBLE COMPRESSIVE STRESS ~——

Db e e e ————————————

A—

Fig. 25 ForM or CompRressioN Buckring Diacrams

F-2.2 Bending — The permissible stresses in bending tension gnt, and in
bending compression ppe where buckling is not a factor, are given by:
ot = 044 fo4 + 0°14 fu, and
poe = 0°44 fre + 0°14 fy respectively
The permissible stress in bending tension pp¢ will need to be reduced
if the resistance to crack propagation of the material is in doubt.

The permissible stresses in bending compression where buckling is a
factor are determined from a diagram as in F-2.1; the form of the diagram
with a horizontal cut-off at ppe, is shown in Fig. 25. The values of ) for
entering the diagram are given in 8.3.4, 8.4.1 and Appendices K and M.

124



1S: 8147 - 1976

F-2.3 Shear — The permissible shear stress pq, where buckling is not a
factor, is 06 pr. To determine the permissible average shear stresses in
thin plates and unstiffened or stiffened webs, the curves in Fig. 7 and 14 are
used with horizontal cut-offs at 0:85 pq ( sec 8.3 and 8.4.2).

F-2.4 Bearing — The permissible bearing stress for members in double
shear is the minimum expected bearing strength divided by 2'5; where this
is not available the tensile strength divided by 1°4 may be used. The mini-
mum expected bearing strength may be determined by a sufficient number
of tests made, under competent supervision and to the satisfaction of the
engineer, on actual double shear joints made with close-fitting steel pins or
bolts with an edge distance of at least twice the hole diameter ( see 9.2.2),
the bearing strength being the ultimate load divided by the product of the
pin diameter and the specimen thickness.

The permissible bearing stress for members in single shear and for the
outer plies of multiple-shear joints is-0'9 times that in double shear.

F-2.5 Bolts and Rivets — The permissible tensile stress in a bolt or solid
rivet is the minimum expected proof stress of the bolt or rivet material divi-
ded by 4. The minimum expected proof stress may be determined from a
sufficient number of tests made, under competent supervision and to the
satisfaction of the enginecr, on bolt or rivet stock of the material, condition
and diameter to be used as in the actual structure.

The permissible shear stress in a close-fitting bolt ( se¢ 9.2.2 ) or solid
“rivet is the minimum expected shear strength divided by 3. The minimum
“expected shear strength may be determined from a sufficient number of tests

made, under competent supervision and to the satisfaction of the engineer,

on joints made with close-fitting bolts or driven rivets of the material, condi-
tion and size used in the actual structure. The permissible shear stress in

a bolt in a clearance hole is 0-9 times the value obtained as above.

F-2.6 Welded Joints —- If the resistance to crack propagation of parent
metal, heat-affected parent metal or weld metal is in doubt, welding is not’
permitted. Otherwise the permissible stress for a welded joint made with
a combination of parent and filler material other than those given in Table 3
is, for a fillet-welded joint, the minimum expected shear strength divided
by 3; and for a butt-welded joint, the minimum expected 02 percent proof
stress divided by 1-5, the proof stress being measured on a gauge length of
5’11?11: mm normal to the weld and disposed symmetrically about its centre

The minimum expected strength or proof stress may be determined
from a sufficient number of tests made, by an approved procedure and to
the satisfaction of the engineer, on joints of size, geometry and direction of
loading similar to those of the actual structure. Due allowance shall be
made for the effect of weld repairs..
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F-2.7 Fatigue — The permissible stresses in fatigue for members in a non-
standard alloy may be established from a sufficient number of tests made,
under competent supervision and to the satisfaction of the engineer, on
members representative of those in the actual structure.

APPENDIX G
( Clause 8.1.2.1)
DEDUCTION FOR HOLES IN MEMBERS

G-1. The following examples illustrate the rule given in 8.1.2.1(a):

Consider a plate 460 mm wide and 25 mm thick, with 20'8 mm
diameter holes as shown in Fig. 26 where s = 50 mm, g; = 100 mm and
£2 = 150 mm.

[]

: /I Ill Qz
:$?¢“‘ $—-

: : /I{ ,I _gL‘
-?—? H i-l I.
ABC 0

Fie. 26 CaoiceE or LINEs For DepuctioN oF HoOLES

The area to be deducted is the largest of the following:

a) For holes in straight line 4-4,
Area =2 x 208 X 25

= 1040 mm?

b ) For holes in zig-zag line B-B,

~Area= (3 X 2008 X 25) — (1 X s%/4 g1) — (1 X s%[4g:)
= (3 x 208 x 25) — (1 x 50* x 25/400)
— (1 x 50* x 25/600)

= 1560 — 156°3 — 1042
= 1 299'5 mm?
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¢ ) For holes in zig-zag line C-C,
Area = (4 X 208 X 25) — (2 X s¥%[4g1) — (1 X s%/4g,)
= (4 x 208 x 25) — (2 x 50? x 25/400)
— (1 x 50% x 25/600)
== 2080 — 312'5 — 1042
= ] 663°3 mm?

d) For holes in zig-zag line D-D,
Area = (3 X 208 x 25) —~ (1 X s*[4g,)
= (3 X208 x 25) — (1 x 50* x 25/400)
= 1560 — 156-3
= 1 403'7 mm?

The area to be deducted from the gross area ( 11 500 mm? } is there-
fore 1 6633 mm?.

APPENDIX H
( Clause 8.2.5)

TORSIONAL PROPERTIES OF THIN-WALLED
OPEN SECTIONS

H-1. INTRODUCTION A \

H-1.1 Strutsof thin-walled open cross section are frequently prone to failure
by torsional buckling rather than by ordinary column-buckling, and beams -
of similar cross section by lateral buckling rather than by bending. Such
struts and beams differ greatly from members of closed cross section, a thin-
walled tube for instance being several hundred times stiffer in torsion than
the same tube split longitudinally.

Calculations for torsional instability (see 8.2.4 and Appendix J)
involve the use of the torsion factor, the polar second moment of area of

cross section about its shear centre and the warping factor as defined
in H4, -

H-2. TORSION FACTOR

H-2.1 The torsional stiffness of 2 member when free of any restraint against
out-of-plane warping of its end cross sections is determined by the product
G7, where G is the modulus of rigidity of the material and ¥ is the torsion
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factor. The rate of twist along the member is related to the torque T
( see Reference 1) by: ,

dg
T=6ig-

For a closed circular cross section, as for example a solid or hollow
shaft, 7 is equal to the polar second moment of area Ip; but for all other
sections 7 is less, and for thin-walled open sections very much less, than Ip.
The shear-stress distribution over the cross section of such membersis com-
plex ( see Reference 2 ); and it should be noted that the torsion factor ¥ is
not applicable in the common shear-stress equation fq = T7/¥ for shafts,
wyt;rc} r is the distance of a fibre from the centroid and ¥ is identical
with fp.

. The value of ¥ for a thin-walled open section without pronounced
variations of thickness such as fillets or bulbs is given ( see Reference 1) by:v

7= [‘;’

where ¢ is the thickness of the section and s is measured along the middle line
of the profile, the integration being performed along the whole developed
length of the cross section. From this it is apparent that the position of the
‘metal in the cross section is unimportant in regard to torsional stiffness. A"
strip of given width and small thickness will have the same ¥ whether it be
‘used as a flat bar or is formed to an angle, channel, circular arc, or any other
open shape.

Thus, for a section consisting of a series of thin flanges, webs, or other
parts, whether straight or curved, each of uniform thickness but not neces-
sarily all of the same thickness:

be?
J=i=g

where b and ¢ are the width and thickness of each part respectively. Parts
with non-uniform thickness can be dealt with individually by integration or
by summation.

The torsional stiffness of a thin-walled open section can be much
improved by the addition of fillets or bulbs, the contribution to ¥ of such
local thickenings’ commonly exceeding that of the basic thin rectangles.
Owing, however, to the difficulty of locating the middle line accurately
in regions of rapidly-changing thickness, the above equation is not appli-
cable to fillets-and bulbs. The F-contribution of such elements is given

( see Reference 3 ) by:
F=[(s+¢N)e)
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where ¢ is the general thickness of the parts, N is the fillet or bulb dimension
and p and ¢ are empirical constants ( see Fig. 27 ).

The factor 7 for a complete cross section is obtained by adding the
fillet and bulb contributions to those of the remaining thin-walled parts,
the extent of the fillet or bulb regions being as shaded in the figure.

-t ! TP
_ p=0-99
TR, Jl5%% T Auiq| ooz
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H-3. SHEAR CENTRE

H-3.1 The shear centre § is the point on the cross section through which a
transverse load shall act in order to cause bending without twisting. Its
position shall be known in order to obtain the polar second moment of area
Ip and also the warping factor H that is dealt with in H«4. The value of
Iy may be obtained from:

Ip=Ix+4 Iy + Ag®
where Ix and Iy are the second moments of area about the centroidal axes,

¢ 4 is the section area, and g is the distance of the shear centre from the
centroid. ’

For sections having two axes of symmetry ( such as I-beams ) or point-
symmetry (such as zeds), the shear centre coincides with the centroid.
Where there is only one axis of symmetry it lies on that axis, but not usually
at the centroid. In the special case of a section ( such as an angle or a tee )
consisting of flat elements whose middle lines intersect at a single point, the
shear centre is at that point (see Fig. 29). For other singly-symmetrical
sections the shear-centre position may be determined by the equation given
below. Where a section has no symmetry, the shear centre shall be located .

~with respect to two axes, and reference should be made to the relevant
literature ( see References 4, 5, 6 and 8).

To locate the shear centre in a singly-symmetrical section the
following procedure, using the notation given in Fig. 28 is convenient. The
cross section is broken down into two V-flat elements, numbered from I to V
on each side of the axis of symmetry 44, counting outwards from the point
B where the middle line of the cross section intersects 44. The width and
thickness of the Rth element are b and ¢ respectively, and a is the distance
of its centroid from A4; the quantity a is always positive. The projected
length ¢ of the middle line of the element on an axis perpendicular to 44
1s positive if that middle line in the sense towards B is convergent with 44,
and negative if it is divergent. The distance d from B to the middle line of
the element is positive if itis divergent. The distance d from B to the middle
line of the element is positive if that middle line produced in the sense
towards B has B on its left, and negative if B is on its right.

Then the distance ¢ by which the shear centre lies to the left of B is

given by:
1 v
¢
e=-Pu[ 2aP—bd( a——G—)]
2 ‘

R
where P = X bd, and I, is the second moment of area of the whole section
2 :
about 44.
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The summaticn ( unlike I, ) applies to only the half of the section
above the axis in Fig. 28; it begins with the second element since there is .
no contribution ( d being zero) from the first element.

A specimen shear-centre calculation for a thin-walled section with one
axis of symmetry is shown in Table 26. Expressions for the shear-centre
position in some commonly used sections are given in Fig. 29.

Fic. 28 NoOTATION FOR CALCYLATING SHEAR-CENTRE PosrrioN
AND WAaARPING FacTOR

H-4. WARPING FACTOR

H-4.1 Where the ends of a member are not free to warp, the torque needed
to produce a given twist is increased. This occurs if the member is built-
in so that the end crosssections are restrained to stay in their original planes.
Warping restraint can also be important in torsional buckling even when the
ends of a strut are free, because the induced torque after buckling varies
along the member; and the inability of each cross section to freely warp
tends to increase the torsional stiffness and hence the strength of the strut.
The warping factor H is a measure of this increase in stiffness.

The relation between torque and twist where there is warping restraint
is given ( se¢ Reference 5 ) by:

4%

do
T=6i —EH G
where E is the modulus of elasticity.
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Fic. 29 SHEAR-CENTRE PosrrioNn AND WarRPING FACTOR FOR
CERTAIN THIN-WALLED SECTIONS

For thin-walled sections having one axis of symmetry and composed
entirely of flat elements, the warping factor is given by the expression:

H=2Efbt(?2—bdp+ Lf)]_em,
2

where the notations are same as in H-3.l.
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A specimen calculation of H for the singly-symmetrical section
previously considered is also shown in Table 26. A completely general
treatment of this nature cannot conveniently be given for either doubly-
symmetrical or unsymmetrical sections, or indeed for any section consisting
of other than a simple and symmetrical series of flat elements as in Fig. 28.

Sections consisting of a number of flat elements meeting at a common
intersection (such as angles, tees and cruciform sections ) have warping
factors which are of negligible magnitude. But with all other sections
warping has a significant effect on torsional stiffness and shall be taken
into account. Expressions for H for some commonly used sections are
given in Fig. 29.

TABLE 26 SPECIMEN CALCULATION OF SHEAR-CENTRE POSITION

AND WARPING FACTOR
( Classe 54.1)

All dimensions in millimetres.

——! 30

QUANTITY SeconD ELEMENT THIRD ELEMENT FountH ELEMENT
9] () 3 @
b 30 ©128 32

¢ 5 5 . 8 -

. a 60 100 127
/e 0 80 —25
'd 60 28 189

( Continued )
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TABLE 26 SPECIMEN CALCULATION OF SHEAR-CENTRE POSITION
AND WARPING FACTOR — Contd

QuaNTITY SeconD ELEMENT Tamp Eremenr FourThH ELEMENT
(1) . @ 3 “)
bd 1-80 x ‘103 3-58 x 103 6:05 x 103
P 1-80 x 103 540 x 103 1-14 x 104
24P 2:16 x 108 1-08 x 108 290 x 10¢
bd (a — ¢[6) 1-08 x 108 3-10 x 108 7-94 x 108
2aP — bd(a —¢c[6) 1-08 x 108 7°70 x 108 2-11 x 108
bt(2aP — bd)(a — ¢[6 ) 1-62 x 107 493 x 108 540 x 108
Summation of last line = 105 X 10% mm3
1, (obtained by calculation not shown) = 2:35 x 107 mm*
- 1-05 x 10?
Shear-centre position ¢ = 35107 =45 mm
p2 324 x 108 2:92 x 107 1:30 x 108
bdP . 324 x 108 1-93 x 107 6-90 x 107
»*d*[3 1-08 x 10¢ 428 x 108 1-22 x 107
P? — bdP + b2d*[3 1-08 x 108 1-42 x 107 7-32 x 107
bt ( P* — bdP + b*d*[3) 1-62 x 108 909 x 10° 1-87 x 1010
Summation of last line = 2-80 X 10 mm*
Warping factor H = (2 %28 x 1010) — (45 x 105 x 109)

= 87 x 10° mms¢

References for Appendix H

1) CurrLmmore (M S G) and PucsLey (A G). The torsion of aluminium
alloy structural members. Aluminium Development Association
Research Report No. 9, 1952.

2 ) TimosHENKO (S P). Theory of elasticity. McGraw-Hill, New
York. 1934.

3 ) Parumers (PJ). The determination of torsion constants for bulbs
and fillets by means of an electrical potential analyser. Alumi-
nium Development Association Research Report No. 22, 1953.

4) BreicH (F). Buckling strength of metal structures. McGraw-
Hill, New York. 1952.

5) TimosHENkO (S P). Strength of materials, Vol. 2, 1956.

6) Baker (J F) and Roperick (JW). The strength of light alloy
struts. Aluminium Development Association Research Report
No. 3, 1948.

7) Horr (NJ). Stresses in space-curved rings reinforcing the
edges of cutouts in monocoque fuselages. Journal of Royal
Aerounautical Society. February 1943.

8) Arcyss (JH). The open tube. Aircraft Engineering, Vol. 26,
April 1954.
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APPENDIX J
( Clause 8.2.5)
TORSIONAL BUCKLING

J-1. GENERAL

J-1.1 This dppendix gives general rules for the torsional buckling of thin-
walled struts of open scction. They apply to sections not specifically dealt
with by the simplified method of 8.2.5. They also apply to the sections

- dealt with in 8.2.5 and, in some cases, may result in slightly higher per-
missible stresses. .

The rules enable A¢ to be calculated for a strut. The permissible stress
is then read from Fig. 1 at- A = )¢ for the principal alloys; for other
alloys, reference should be made to Appendix F. -

The section properties may be obtained by the methods given in
Appendix H.

Additional data including torsional buckling loads for a wide range of
column s, for different end conditions, is given in Reference 1.

J2. TWO AXES OF SYMMETRY

-2.1 For a strut whose section has two axes of symmetry, or has point
symmetry ( for example, a zed ), failure is by pure torsional buckling and
the permissible stress is obtained as above at A = A¢

where
T,
M= ’\/ —a
’ 0038 7 + -

Iy = polar second moment of area about the shear centre,

7 = torsion factor, -

H = warping factor, and

! = effective length.
_ The effective length [ depends on the warping restraints at the ends;
for a strut completely restrained against warping [ is 0-5L, while for one

with no warping restraint [ is L; where L is the length between lateral
supports. Practical struts come between those two extremes.

Column buckling about either axis of symmetry is independent of
torsional buckling and should be checked separately.

J-3. ONE AXIS OF SYMMETRY

J-3.1 For a strut whose section has only one axis of symmetry, there is
interaction between torsional buckling and column buckling in the plane

135



1S : 8147 - 1976

normal to that axis, resulting in a lower buckling stress than that associated
with either mode alone. The permissible stress is obtained as above at
A = k)¢ or klfr, whichever is the greater,

where
k == interaction coefficient from Fig. 30;
At = slenderness ratio for pure torsional buckling as calculated
from J-2; and
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l/r = slenderness ratio for ordinary column buckling in the plane
ammarinm ] de dlen mcnla L casimnsinmbney [ 4ot e aharit avice v.v Ar
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WOLUIINL PUCKUNE 111 1€ Piane Ol 1NE axXis 01 SyIIUIICLLY lllay tanht platu

independently of torsional buckling and should be checked separately.
J-4. NO AXIS OF SYMMETRY

J-4.1 For a strut whose section has no symmetry, the interaction between
torsional and column buckling is complex, and buckling stresses can only

be determined by accurate theory ( sez Reference 2} or by test.

\ P00 ATaLRlaale &y

Column buckling of unsymmetrical sections does not occur indepen-

dantly Af tarainnal hunkline
GENnuy o1 (Oreicna: suckiing.

References for Appendix F

1) Hone (C P). Torsional-flexural buckling of axially-loaded, thin-
walled, elastic struts of open cross-section. A paper in Thin-
walled structures, Chatto and Windus, 1967.

2) TmosHENKO (S P). Strength of materials, Vol 2. 1956.

APPENDIX K
( Clause 8.3.4.2)

LATERAL BUCKLING OF BEAMS

K-1. DOUBLY-SYMMETRICAL SECTIONS NOT FREE TO MOVE
SIDEWAYS AT LOAD POINTS

K-1.1 The methods given in 8.3.4.2 for detcrmining the permissible stresses
for lateral buckling of I-sections and of oiher doubly-symmetrical open
sections ignore the effect of warping resistance. This effect is appreciable
for thin-walled sections with a width-to-depth ratio excecding about 0°75.

Warping resistance can be taken into account, and a higher permissible
itress obtained for such members, by multiplying Ajat by

96 H\~ 1
(1427
-~ J 7

AY
where
H = warping factor ( see Appendix H ),
L = distance between points of lateral support, and

rT N\

F = torsion factor ( see Appendix H ).
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K-2. DOUBLY-SYMMETRICAL SECTIONS FREE TO MOVE SIDE-
WAYS AT LOAD POINTS .

K-2.1 For a beam of doubly-symmetrical section which is-loaded in such a
way that it is free to move sideways at the points of application of the loads,
the effective unsupported length [r, of the compression flange to be used in
the appropriate equation in 8.3.4.2 is

lh=kiky (L+kay),
where
L = the distance between points of lateral support,

ky = a factor depending on the conditions of restraint at those points
( see Table 27 ),

k, = a factor depending on the shape of the bending moment dia-
gram between those points ( see Table 28 ),

k3 = a factor depending on the shape of the cross section ( se¢e Table
29), and

» = the height of the effective point of load application above the
shear centre ( in this case the centroid ), taken as positive if the
point is above the shear centre and as negative if below.

TABLE 27 CONDITION OF RESTRAINT FACTOR k,
(Clause K-2.1)

Tyre oF MEMBER ConpiTioN OF RESTRAINT AT PoOINTS OF ky
LATERAL SUPPORT
Cantilever free to move Full restraint against twisting and minor- 10
sideways at unsupported axis bending at the support
end
Full restraint against twisting at the support,
but restraint against minor-axis bending 12
confined to that due only to continuity
Restraint against twisting and minor-axis 25
bending confined to that due only to
continuity
All other beams and canti- Full restraint against twisting and minor- 07
levers axis bending
Full restraint against twisting, but minor- 1-0

axis bending unrestrained

Restraint against twisting confined to that
due to continuity; minor-axis bending 1-2
unrestrained
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TABLE 28 BENDING MOMENT SHAPE FACTOR k2

CONDITION Type oF LoapInNG Benpine MOMENT kg
OF DiacraM BETWEEN
RESTRAINT PoiNTs or LATERAL
SUPPORT
610 M
(o 6+04 72
or 04 which-

o)
o
My

ever is greater

# D

Seam or part M M,

of beam held =L POSITIVE

laterally at M,

points of load M

application !
c\ . M, is numeri-
_/ T M cally greater
M, M, 2N than or equal

M, EGATIVE M, to, My

! | ! W 074
Seam or part
of beam free
to move side- 0-89
ways at

points of load
application
‘ EEEZEZ 078

T
~F

N P
=~

sl

Cantilever free
to move side-
ways at un-
supported

end
%:mm : 049

!

AN\
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TABLE 29 CROSS SECTION SHAPE FACTOR k;
’ ( Clause K-2.1)

TyeEe oF Cross SEcTION . 1:3
’ Cantilevers Beams and Parts of
Beams
I-section 0°3 bty 09 bty
Solid rectangular 05 1'5
Hollow rectangular 07 2-1
‘Other, symmetrical about 09 V7 27 VEIF

the minor axis yy

Note — b and {5 are as shown in Fig. 8, and 7y and 7 have the same meanings as in K-3

K-3. SECTIONS SYMMETRICAL ABOUT THE MINOR AXIS
ONLY

K-3.1 For a beam having symmetry about the minor axis only ( for example,
a tee with a vertical stem), Ayt may be calculated from the equation
in 8.3.4.2 (¢ ) provided 1 is obtained as follows:

a) For a beam which is not frec to move sideways at the points of
application of the loads:

lx=k1k2§L+5g/\/f} g,and

b) For a beam which is free to move sideways at the points of appli-
cation of the loads, but not for a cantilever:

l,=k1k2§L + (5g+ 27y «/gg

Iy = the second moment of area about the minor axis;
F = the torsion factor ( see Appendix H );

g = the distance of the shear centre from the centroid, taken as
positive if on the tension side, and negative if not; and

L, ki, k: and y have the same meanings as in K2
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APPENDIX L
( Clause 8.3.7.6)
STRESSES IN WEBS OF BUILT-UP BEAMS

Where flanges or stiffeners or both are such that significant torsional
restraint is provided to the web, more economical structures can be
designated by using more precise methods than those given in 8.3.7.

The following papers may be referred to:

1)

2)

3)

4)

missible

Cook (IT) and Rockey (K C). Shear buckling of clampcd and
simply supported infinitely long plates reinforced by closed
section transversc stiffcners. Aeronautical Quarterly. Vol XIII.
Aug 1962, ‘

Rockey (K C) and Cook (I T). Influence of the torsional rigidity
of transverse stiffeners upon the shear buckling of stiffened plates.
Aeronautical Quarterly. Vol XV. May 1964.

MassonseT (G), Mazy (G) and TanGHE (A). General theory
of the buckling of orthotropic rectangular plates, clamped
or freely supported at the edges, provided with stiffeners parallel
to the cdges, having considerable flexural and torsional rigidities.
International Association for Bridge and Structural Engineering. 20th
Vol Publications, 1960.

Rockey (K C). Aluminium plate girders. Proceedings of Symposium

on Aluminium in Structural FEngineering. Aluminium Federation.
London, 1963. '

APPENDIX M
( Clauses 8.4.1.2 and 8.4.1.3)
LOCAL BUCKLING OF CHANNELS AND I-SECTIONS

This appendix gives a more accurate method of determining the per-

stress in local buckling than is obtainable from 8.4.1 and Table 12.

It refers to certain thin-walled channels and I-sections, both with and

without

lips, in uniform axial compression.

The curves given in Fig. 31 and 32 apply to plain channels and
I-sections respectively, and those in Fig. 33 and 34 to lipped channels and
I-sections respectively. In the figures:

a
b

4
ts

= the depth of web (inside flanges),

== the width of flange or half-flange (to face of web),
= the web thickness, and

= the flange thickness.
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These dimensions are further defined by the relevant diagrams, which
also indicate the areas to be considered for lips.

The procedure for design is as follows:

a) Plain Sections — For a plain section, the value of the local buckling
coefficient m for the entire section is obtained from Fig. 31 or
Fig. 32 by entering with the appropriate values of b/a and £/t,.

b) Lipped Sections — For a lipped section, the value of m for the entire
section is obtained from Fig. 33 or Fig. 34 by selecting the curve
for the appropriate ratio t /{3 and entering it with the appropriate
values of b/a and r/t,, where r is the radius of gyration of the lip
about the axis through its centroid and parallel to the parent
flange.

In Fig. 33 and 34 there are broken lines giving the values of m for
hypothetical sections having hinged connection between flange and lip.
Such values are minima, because the theory neglects the torsional resistance
of a lip.

In each case the permissible stress for the entire section is obtained by
entering the appropriate graph of Fig. 2 at A = mal/t;.
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APPENDIX N
(Clause 9.3.4)

. GENERA

N-1.1 The versatility of welding enable joints between members to be
made in many different ways. However, in selecting the type of joint to

ie atranoth af tha member:
Al LA \,»llsul LR VLAV, ARAVARAIINsE y

of the joint on the fatigue strength of the member, and the
ils to reduce stress concentrations,

b) the effec

c) the detailed arrangement of the joint to enable good-quality welds
to be made;

d) the choice of suitable details to avoid corrosion; and

e) the effects of welding distortion,

These considerations are dealt with in N=2 to N-6.
N-2. EFFECT ON STATIC STRENGTH

N-2.1 In non-heat-treatable alloys in the O and M tempers a welded joint
will normally have no effect on the permissible stress. In non-heat-treatable
alloys in work-hardened tempers and in heat-treated alloys, however, it will
reduce the permissible stress (see 9.3.2). In such.latter materials welds
should, where possible, be made parallel to the a.- “ion of the applied
stress; welds transverse to the direction of stress, and which therefore weaken

a substantial part of the cross section, should be avoided or should be

arranged to be in regions of low stress.

N-3. EFFECT ON FATIGUE STRENGTH

N-3.1 Every joint creates stress concentrations whose severity should be
kept as low as possible whether they arise from the general geometry of the

jointas a whole or the local geometry of the actual weld; normally the
former will be the more important.

N-3.2 The classification given in 10.4 forms a guide for the selection of
weld details, and the examples in Table 30 show ways in which the low
strength of certain details may be overcome; in each line the best kind of joint
is shown on the right-hand side. Those examples that conform to one or
nﬂ’\pr of the classes af mamhber dafined in 10 4 ara en indicatad Those wl’\PI‘P

LSeailios Ui LU Liadots Uz LUUCINIIUUL UCLILIVQ Uil AVea L U Ol iillsitseviones a 22050 aALE S

no class is shown are not permitted under fatigue conditions. Probable
locations of fatigue cracks are shown in some of the examples. Where
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WiLp Deram REMARKs
A I\ 1 Where two plates are connected in the same
r i 1 [ : <A 1 plane it is better to use a butt weld than
l 1 ] ] N | fillet welds.
N UV i ~
64ii) 3(ii)4(i) 5(i)

LAP AND BUTT JOINTS

E g?l} Jl ,) S??L i i— \) (— J' 'I’l}c:ti fia\ttert rcinfgrce;_r)ent p:iovida fhit%hcr
atigue strength., For optimum fatigue
Dot B! ltrei‘;th, the weld should be dressed flush in

atii) 3{i) 2 accordance with 10.4.1 ( Class 2 ).

WELD REINFORCEMENT

The eccentricity introduced where a load is

H{ ) r - 5“ - ] transmitted bit]ween two m.:i.'nbcrs b::':: in
alignment results in secondary din
— szrges and, consequently, in :cd,uggg
{see10.2) 3(i), 4(ii), 5 (1) fatigue performance (see foot-note under
. R 10.2).

i_—jé——j i_\ﬂ—”j Where a butt joint is made between two

- members differing in thickness by more

(see 10.2) 3(ii), 4 i), 5 (1) than 3'2 or one fifth of the thickness of the
thinner, whichever is the lesser, the

E;:} r_\/t: thicker should be tapered to a slope of
— e .. about ! in 5, so that the weld is made
(see 10.2) 3(ii), 4 tin), 5¢(i) between materials of equal thickness,
ECCENTRICITY AND THICKNESS VARIATION The eccentricity of the joint may be

neglected if, as in the case of a flange-
splice in a plate-girder, it is rigidly
supported.

( Continued )

OLBY = L¥IB : SI
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TABLE 30 ILLUSTRATIONS OF WELDED JOINTS — Conid,

WEeLD DETAIL

3(ii), 4(1),50)

VARIATION OF WIDTH
L '\1} N J 1 X ]
NOT PERMISSIBLE IF 6 (i) 3G, 4 Gid, 50
LOADING TENDS TO
OPEN JOINT SINGLE-LAP JOINTS

maf_m_ _M___TM — it “ ’:“"‘

INTERMITTENT WELDING

e e e cmt—
-=E-E!‘= =¢j'
8 - S (i)
== == — ! e

CLASSIFICATION DEPENTDS CLASSIFICATION DEPENDS
ON DETAILING ON DETAILING
ABRUPT CHANGES iN SECTION

REMARKs

Lap-joints, unless rigidly supported to pre-
vent ﬂcxurc, introduce high secondary
stresses and are not pcrmltted under latlguc
condmons, except where supportcd as in
lhc <as¢ Ul a JUH". lll a I.UUC ﬂ ldp JOlnt
with only one fillet weld is not permitted

if the loading tends to open the joint,

Stress concentrations occur at the ends of
intermittent welds and are not reduced in
severity by scalloping the edge of the web
plate. It is better to use continuous welds,
preferably made by a mechanical
process,

Local strengthening, where required, should
be obtained without introducing sudden
changc in section. It may be more econo-
enimnd #m 2ina mee fimmsansn A anmtiaen menne

Al ai LU we ail lllLlCdBCu SCCUON OVeR I.hc
whole span, the greater cost of material

beine covered hv the saving in cost of

DeIng Coverea e saving In

fabrication,

9.61 - L¥I8 : 51
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b

/ —Ir

CLASSIFICATION DEPENDS
ON DETAILING

i

AN

L7—__—

CLASSIFIC@%ION DEPENDS

ON
ABRUPT CHANGES IN STIFFNESS

TAILING

- ‘-—-c— 4—#‘”‘:!

— 8 5(1)
8 ATTACHMENTS
-y ., .
NOT PERMISSISLE IF — .
LOADING TENDS TO &) 6 (i)
OPEN JONT T-JOINTS

Abrupt changes in stiffness create stress con-
centrations and should as far as possible,
be avoided. Nevertheless, at any point
where load is applied to a member, the
member should be made stiff enough to
resist that load.

Attachments, even if carrying insignificant
loads, produce severe stress concentrations
in strength members to which they are
welded.

Transverse attachments are less harmful
than longitudinal once. Longitudinal
welds on the edges of a strength member
are particularly to be avoided.

A T-joint normally requires two fillet
welds or, preferably, a compound weld.
A T-joint with only one fillet weld is not
permitted if the loading tends to open the
joint, .

9L6L -~ L¥18: ST
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low-strength joints can not be avoided they should, if possible, be placed at
points where the applied stress is low, for example, on the neutral axis or at
a point of contraflexure.

N+4. ARRANGEMENT FOR WELDING

N-4.1 For good quality welding the proper edge preparation (see Appendix
P) should be used and the detail of the joint should be such that the operator
can see the joint and position the torch at the correct angle; the welding
sequence also should take accessibility into account.

N-5. CORROSION

N-5.1 Joints should be so detailed that they do not include pockets or crevices
capable of retaining moisture or dirt, and are accessible for inspection and
maintenance. Cavities should be sealed either by welding or by suitable
protective compounds ( see 22).

N-6. DISTORTION

N-6.1 The designer should bear in mind that each deposited weld causes
shrinkage and possible distortion. He should endeavour to balance or
compensate for this effect so as to maintain the desired dimensions and shape
of the finished structure.

N-6.2 In the early stages of design the fabricator should be consulted on
the effects of wélding sequence and the use of jigs.

APPENDIX P
( Clauses 9.3.4, 12.3.4 and N-4.1)

EDGE PREPARATIONS FOR WELDED JOINTS

Tables 31 to 38 give guidance on the choice of edge preparations. The
preparations shown are applicable, except where otherwise stated, to both
TIG and MIG welding. ,

The ranges given for preparation angles and other dimensions are not
manufacturing tolerances, but give scope for choice for individual cases;
whichever angle ahd other dimensions are used, however, the edge prepara-
tion shall be identical on both sides of any symmetrical joint.

Where the requirement is for no gap, the accuracy of fit shall be such
that the gap at any point exceeds neither 1'6 mm nor one tenth of the thick-
ness of the thinner of the members joined.

The sighting vee shown in some preparations is an optical aid for the
welder; it is not essential to the weld profile.
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TABLE 31 EDGE PREPARATIONS FOR BUTT WELDS WITHOUT
BACKING BARS

All dimensions in millimetres.

TuickNess EpGE PREPARATION PROCEDURE WELDING
PoSITIONS
SIGHTING VEE
0-8 10 6 DEEP TIG, max}ual $:2: Flat
3-2 to 48 or mechanized 48 to 61,4A“
32 1064 Manual :
r J j MIG max!ual mechanized :
or mechanized Flat
NO GAP
SIGHTING VEE MIG (high
16 DEEP igh curr- .
. ‘ ent), mechaniz- Flat and hori-
48to 25 ed. 'weld both zontal-
NO GAP J s d'es vertical
48to I3 Manual or me-
LN-O GAP : é t chanized*
16 Manual : All
Mechanized :
o o Flat and
60 1090 horizontal-
O vertical
L Manual » or
13 upwards [] mechaniz
.__% NO GAP J weld  both
sidest
16 10 2:4 — ’
60°10 90”
*Place sealing run on back of weld after chipping or machining to sound metal.
1Chip or machine back of first weld before placing first run of second weld. P
( Continuéd )
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TABLE 31 EDGE PREPARATIONS FOR BUTT WELDS WITHOUT
BACKING BARS — Contd

All dimensions in millimetres.

NO GAP -—-IML- Lrsro 24

access to back
of joint is
impracticable

(as with tubes)

THICKNESS EDGE PREPARATION PROCEDURE WEeLDING
PostTioNS
40°T0 60°
64 R
Manual red or
L. NO GAP mechanize
19 upwards’ y = % Weld  both
sides®
16 10 zm—J u
4010 60°
o o MIG (but TIG
60°70 90 for root rum), | Manual: All
\< manual or .
32 t0 96 mechanized. Mechanized :
Use where | Flat and hori-
NO GAP —-. ,_*_ access to back | zontal-vertical
of joint is im-
Lg.s practicable
(as with tubes)
4010 60° MIG (but TIG
for root rum),
(_\7 manual B or
. mechanized.
48 upwards W—_" Use where

*Chip or machine back of first weld before placing first run of second weld.
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TABLE 32 EDGE PREPARATIONS FOR BUTT WELDS WITH TEMPORARY
BACKING BARS*

All dimensions in millimetres.

THICKNESS Epce PrepARATION* PrOCEDURE WELDING
PosiTioNs
SIGHTING VEE
1-6 DEEP
3-2 to 64 Manual, weld | Flat
NO GAP one side only
Yo oz
SIGHTING VEE
1-6 DEEP
MIG ( high
. current ) mech-
32t 19 NO GAP anized, weld Flat
one side only
60°10 90°
Manual or
. mechanized,
48 upwards ‘23 1o weld one side
NO GAP only
Wﬂ/ A Manual: All
. Mechanized: -
40° 10 60 Flat and hori-
Manual or ! zontal-vertical
48 mechanized,
"‘ “ weld (onc side
. only ( TIG for
6°4 upwards 1o 6ap + VEYTIR root Tun pa"til;
cularly  wi
V22272 f tubes )
1.6 10 2-4

*Backing-bar dimensions are given in Table 33.
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i

TABLE 33 RECOMMENDED TEMPORARY BACKING BAR DIMENSIONS

All dimensions in millimetres,

b ,
—ROUNDED
{ D?f/ CORNERS
a
T
|
ParenT MET.. L T HICKNESS a b !
- !
32 to 48 1°6 +8 '
48 upwards 32 (081 '

Backing bars should preferably be ol corrosion-resisting steel or bright mild stecl.

TABLE 34 EDGE PREPARATIONS FOR BUTT WELDS WITH PERMANENT
BACKING BARS*

All dimensions in millimetres.

THICKNESS EDGE PREPARATION PROCEDURE WELDING
° PosiTions

%48 FOR 32 MATERIAL
5+4 FOR 48 MATERIAL

-——' * '4— 6-4 FOR 6-4 MATERIAL MIG. Manual

. 4 or mechaniz- | Flat
32t6 l % —ij‘ od

l t,BUT NOT OVER 4-8

50710 60° - MIG.
\</' \7/ X Manual or | Manual:
7 mechanized All mech-
. ’ % Fuse toes X | anized:
64 upwards { . %"—/’/Z 7 4} before com- | Flat and
b pleting joint' | horizontal-
|l 64 min. . vertical

*Permanent backing shall be of same alloy as parent metal; iv may be a structural

section. .
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TABLE 35 EDGE PREPARATIONS FOR CORNER WELDS WITHOUT

BACKING BARS

All dimensions in millimetres.

THICKNESS

EDGE PrEPARATION

PROCEDURE

WELDING
PosiTioNs

64 to 9'5

e
4 10 b

48 upwards

%8 min.

Manual or
mechanized*

Manual: Al
( but  pre-
ferably flat )

Mechantzed:
Flat and
horizontal-
vertical

3-2 upwards

SIZE OF FILLETS
TO SUIT DESIGN
REQUIRMENTS

Manual or
machanized

*Place root run of outer weld first.

possible, before placing inside run.

Chip or machine back from inside, wherever
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TABLE 36 EDGE PREPARATIONS FOR CORNER WELDS WITH
TEMPORARY BACKING BARS

All dimensions in millimetres.

THick- EDGE PREPARATION PROCEDURE WELDING
NESS PosITIONS

‘4— 32 max.
CHAMFER

: e

l\/(Iinual: All
ut preferabl
All ~ Manual or | fiat) Y
o o mechanized
70 10 90 Mechanized:

CON Flat and hori-
-L . zontal vertical

32 max.
CHAMFER
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TABLE 37 EDGE PREPARATIONS FOR CORNER WELDS WITH
PERMANENT BACKING BARS*

All dimensions in millimetres.

THICKNESS EpGE PREPARATION PROCEDURE WELDING
PosiTions
32t 13
48 FOR 32 MATERIN _
64 FOR 4-8 T0O 6-4 ]
i MATERIAL
Manual: All
(but  prefer-
ably flat )
32 t0 64 Manual or
mechanized
Mechanized:
t,8UT NOT . .
O;IBEL!,K‘ L-CB) Flat and hori-
zontal-vertical
64 to 9'5
Manual or —_
mechanized
9+5 upwards

Fuse toes X
before complet-
ing joint

#*Permanent backing bar shall be of same alloy as parent metal.
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TABLE 38 EDGE PREPARATIONS FOR LAP AND FILLET WELDS

All dimensions in millimetres.

T HICKNESS EDGE PREPARATION PROCEDURE WELDING
Positions
S1ZE OF FILLETS
TO SUIT DESIGN
REQUIREMENTS
All Manual or
mechanized
SIZE OF FILLETS
10 SUIT DESIGN
REQUIREMENTS
Manual: All
(but  pre-
ferably flat )
Manual or
4'8to 13 mechanized*® .
Mechanized:
Flat and
horizontal-
vertical
. Manual or
9'5 upwards mechanizedt

*Place sealing run on back of weld after chipping or machining to sound metal.

+Chip or machine back of first weld before placing first run of second weld.
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APPENDIX Q
(Clause 10.3.1)

TABULATED STRESSES FOR FATIGUE

The relationship between maximum stress, stress ratio and number of
cycles, given graphically in Fig. 16 to 24 for the nine classes of members
defined in 10.4, are given in Tables 39 to 47 for the convenience of
designers.

In the derivation of the tabulated quantities, the curves in Fig. 16 to 24
were in some cases slightly adjusted. The values, moreover, are rounded to
two significant figures. In case of doubt, the curves of Fig. 16 to 24 are the
definitive reference.
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TABLE 39 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 1 MEMBERS

A. Mazimum Tensile Stress

JMin[fMax SMax in N/mm? ( kgffcm?® ) For NuMBeEr oF CycLes
A =
*100 000 600 009 2000 000 10 000 000 100 000 000
6 — 230 (2 340) 200 (2 040) 190 (1 940) 190 (1 940)
05 230 (2 340) 190 (1 940) 170 (1 730) 150 (1 530) 150 (1 530)
04 190 (1 940) 150 (1 530) 140 (1 425) 120 (1 220) 120 (1 220)

03 170 (1 730) 140 (1 425) 120 (1 220) 120 (1.220) 120 (1 220)
02 150 (1 530) 120 (1 220) 110 (1 120) 110 (1 120) 110 (1 120)
o1 130 (1 325) 110 (1 120) 110 (1 120) 110 (1 120) 110 (1 120)
00 120 (1220) 110 (1 120) 110 (1 120) 100 (1 020) 100 (1 020)

—01  110(1120) 110(1120) 100 (1020) 97 (990) 97 (990)
—02  110(1120) 100 (1020) 97 (990) 94 (960) 94 (960)
—03 100 (1 020) 97 (990) 93 (950) 90 (920) 90 (920) '
—04 100 (1020) 94 (960) 90 (920) 86 (875) 86 (875)
—0'5 96 (980) 90 (920) 86 (875) 83 (845) 83 (845)
—0'6 93 (950) 86 (875) 83 (845) 80 (815) 80 (815)
—07 90 (920) 85 (865) 80 (815) 79 (805) 79 (805)
—-08 86 (875) 82 (835) 77 (785) 76 (775) 76 (775)
-0-9 85 (865) 79 (805) 76 (775) 73 (745) 73 (745)
—10 82 (835) 77 (785) 73 (745) 71 (725) 71 (725)

B. Masimum Compressive Stress

Sin] JSMax in Nf[mm? ( kgf/cm? ) ror NumBer or CycrLes
SMax — v
“ 100 000 600 000 2 000 000 10000000 100 000 000

—0'1 —220 (—2240) —200 (—2 040) —200 (—2 040) —200 (—2 040) —200 (—2 040)
—02 —190 (—1940) —170 (—1730) —170 (—1730) —150 (—1 530) —150 (—1 530)
—0:3 —150 (—1 530) —150 (—1530) =140 (—1425) —140 (~1425) — 140 (—1 425)
—04 —140 (—1425) —130 (—1325) —130 (~1 325) —120 (—1 220) —120 (—1 220)
—0'5 —130 (—1 325) —120 (—1220) —110 (—1120) —110 (—1 120) —110 (—1 120)
—06 —110(—1120) —110 (—1 120) —100 (—1020) —99 (—1010) —99 (—1010)

—~07 —100(—1020) ~—97(—990) —93 (—950) —90 (-920) —90 (—920)
—08 -96(—980) —90(-—920) —85(--865) -—82(-—835) —82(—835)

N} — 00 7 ___ONNY —.09 f_09ch 70/ __ONEN L 73N L L T-3Y L -, L 73
V' VO \Iuv) Vs {—U09I) —iJ {(—OQUI} —I0\—iiaj —i0{—7/N)

—10 —82 (—835) —77 (—805) ~73(—745) —=71(-725) —71(~725)
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NUMBER OF CYCLES FOR CLASS 2

TABLE 40 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
MEMBERS

A. Maximum Tensile Stress
SMin[fMas JMax in N/mm?2 { kgf/fcm? ) rorR NuMBER or CyCLES
"100 000 600 000 2000000 100000000 100000 000"
06 — - — 150 (1530) 140 (1 430)
05 _— — 140 (1 430) 120 (1 225) 110 (1 120)
04 — 140 (1430)  120(1225)  110(1120) 100 (1020
03 140 (1430, 120 (1225) 110 (1 120) 96 (980) 94 (960)
02 120 (1225) 110 (1 120) 97 (990) 90 (920) 89 (910)
01 110 (1120) 99 (1010) 93 (950) 85 (870) 83 (845)
00 99 (1010) 93 (950) 89 (910) 82 (835) 79 (805)
—01 94 (960) 90 (920) 85 (870) 79 (805) 76 (775)
-02 91 (930) 85 (870) 82 (835) 76 (775) 74 (755)
-—0'3 88 (900) 82 (835) 79 (805) 73 (745) 71 (725)
-04 85 (870) 79 (805) 76 (775) 69 (705) 68 (695)
—0'5 82 (835) 77 (785) 73 (745) 68 (695) 66 (675)
~06 79 (805) 74 (755) 71 (725) 65 (665) 63 (645)
=07 76 (775) 71 (725) 68 (695) 63 (645) 61 (625)
-08 74 (755) 69 (705) 66 (675) 61 (625) 60 (615)
~09 71 (725) 66 (675) 65 (665) 60 (615) 59 (600)
—10 69 (705) 65 (665) 62 (635) 57 (580) 56 (570)
B. Maximum Compressive Stress
Sninl fMax in N/mm? { kgfjcm? ) ror NumBer oF CycLEs
A
SMer 100 000 600 000 2 000 000 10 000 000 100 000 000
-0 — - — — —150 (—1 530)
—02 —  —150(—1530) —140 (—1430) —130 (—1330) —130 (—1330)
—0'3 —140 (—1430) —130 (—1330) —120 (~1225) —110 (—1120) —110 (—1 120)
—0:4 —120 (—1225) —110 (—1120) —110 (—1120) —100 (~1020) —97 (—990)
—05 —110(—1120) —100 (—1020) ~97(-~990) —90 (—920) —86 (—880)
—0'6 ~97 (-990) —91 (—930) —86 (—880) —80 (—820) —79 (—805)
—07 —88(-900)  —83 (—845) —79(—805) ~74(—785) ~—71 (~725)
—08 ~80 (-820) —76 (—775) =73 (—745) —68 (—695) —65 (—665)
—09 —T74(-755)  —69(—705) —68(—695) —6l(—625) —60 (—615)
—1'0  —69(-705)  —65(—665) —62(—635) —57(—580) ~—56 (—570)

-
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TABLE 41 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 3 MEMBERS

A. Maximum Tensile Stress

SMaxin N/mm? ( kgf/cm?) ror NumBER oF CyYCLES
.

SMinlfMas — -
100 000 600 000 2000000 10000000 100 000 000
08 — — — 200 (2040) 190 (1 940)
07 — 200 (2040) 170 (1730) 130 (1325) 120 (1 225)
06 200(2040)  150(1530)  120(1225)  100(1020) 91 (930)
05  150(1530)  120(1225)  99(1010) 80 (820) 73 (745)
0-4  130(1325)  100(1020) 82 (835) 69 (705) 66 (675)
03 110(1120) 88 (900) 73 (745) 65 (665) 62 (635)
02 99 (1010) 79 (803) 68 (695) 62 (635) 59 (600)
01 88 (900) 73 (745) 65 (665) 59 (600) 56 (570)
00 79 (805) 68 (695) 62 (635) 56 (570) 53 (540)
—01 76 (775) 65 (665) 59 (600) 53 (540) 49 (500)
—02 74 (755) 63 (645) 57 (580) 51 (520) 48 (490)
—03 71 (725) 60 (615) 54 (550) 49 (500) 45 (460)
—04 68 (695) 59 (600) 53 (540) 46 (470) 43 (440)
—05 66 (675) 57 (580) 51 (520) 45 (460) 42 (430)
—06 63 (645) 54 (550) 49 (500) 43 (440) 40 (410)
—07 62 (635) 53 (540) 48 (490) 42 (430) 39 (400)
—08 60 (615) 51 (520) 46 (470) 40 (410) 37 (380)
—09 59 (600) 49 (500) 45 (460) 39 (400) 36 (370)
10 56 (570) 48 (490) 43 (440) 37 (380) 34 (345)
B. Maximum Compressive Stress
SMin] SfMax in N/mm? ( kgffcm? ) ror NumBER OF CyCLES
Srtex I G00 600 000 2 000 000 10000000 100000000
02 — — — —2920 (—2 240) —220 (—2 240)
01 — —220 (—2 240) —200 (—2 040) —150 (—1 530) —150 (—1 530)
00 —190 (—1940) —150 (—1530) —150 (—1 530) —120 (—1 225) —110 (~1 120)
—01 —150 (—1530) —130 (—1325) —120 (—1 225) —100 (—1020) —93 (—950)
—02 —130(—1325) —110 (—1120) —100 (—1020) —85(—870) —79 (—805)
—03 —110 (—1120) —04 (—960) —85(—870) —73(—745) —66 (—675)
—04 —97(—990) —83(—845) —76(—775) —65(—665) —59 (—600)
—05 —86(—880) —74(—755) —66(—675) —57 (—580) —53 (—540)
—06 —79(—805) —66(—675) —60(—615) —53(—540) —48 (—490)
—07 —71(=725) —60 (—615) —54(—550) —48 (—490) 43 (—440)
—08 —65(—665) —56(=570) —51(—520) —43(—440) —40 (—410)
—09 —60(—615) —51(=520) —46(—470) —40(—410) —37 (—380)
—10  —56(—570) —48(—490) —43(—440) —37(—380) —34 (—345)
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TABLE 42 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 4 MEMBERS

A. Maximum Tensile Stress

f Mi: n/f Max

JSMaxx N/mm? ( kgficm®) ror Numper or Cycres
100 000 600 000 2 000 000 10 G00 600 100 000 000
0-8 — — — 150 (1 530) 140 (1 425)
07 — - 130 (1 325) 100 (1 020) 91 (930)
06 — 120 (1 220) 99 (1 610) 76 (775) 68 (690)
05 140 (1 425) 99 (1 010) 79 (805) 60 (615) 54 (550)
04 120 (1 220) 82 (835) 65 (665) 54 (550) 46 (470)
03 99 (1010) 71 (725) 59 (600) 51 (520) 45 (460)
02 86 (875) 65 (665) 54 (550) 48 (490) 42 (430)
01 77 (785) 60 (615) 51 (520) 45 (460) 40 (410)
00 71 (725) 57 (580) 49 (500) 43 (440) 39 (400)
=01 68 (695) 56 (570) 48 (490) 42 (430) 37 (330)
—0-2 65 (665) 53 (540) 45 (460) 40 (410) 36 (370)
-03 63.(645) 51 (520) 43 (440) 37 (380) 34 (345)
—-04 60 (615) 49 (500) 42 (430) 36 (370) 32 (325)
—05 99 (600) 46 (470) 40 (410) ‘36 (370) 31 (315)
—06 56 (570) 45 (460) 39 (400) 34 (345) 29 (295)
—07 54 (550) 43 (440) 39 (400) 32 (325) 28 (285)
-08 53 (540) 42 (430) 37 (380) 31 (315) 28 (285)
-09 51 (520) 42 (430) 36 (370) 31 (313) 26 (265)
-10 40 (490) 40 (410) 34 (345) 29 (295) 25 (255)

B. Masimum Compreséive Stress

Min] SMax ¢ N/mm? (kgi;/::m") rorR Numer or CycLEes
SMe 000 600 000 2000000 10000 000 100 000 000
01 — — —150 (—1530) —130 (—1325) —110 (—1 120)
00 — —130 (—1325) —110(—1120) —96(—980)  —83 (—845)
—01 —130(—1325) —110 (—1120) —93(—950) —79(—805)  —68 (—695)
—02 —110(—1120) —91(-930) —79(—805) —66(—675) —57 (—580)
—03 ~96(—980) ~77(—785) —68(—695) —57(—580)  ~49 (—500)
—04 —83(—845) —68(—695) —60(—610) —51(—520)  —43 (—440)
—05  —76(—775) —62(—630) —54(—550) —45(—465)  —39 (—395)
—0:6 —68(—695) ~—36(—570) —48(—490) —40(—410)  —36 (—365)
—07 —62(—630) —51(—520) —43(—440) —37(—380)  —32 (—325)
_08 ~—57(—580) —46(—470) —40 (—410) —34(—345)  —29 (—295)
—09 —53(—540) —43(—440) —37(—375) —31(—315)  ~—28(—285)
—10  —48(—490) —40(~405) —34 (—345) —29(—293)  —25(—255)
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TABLE 43 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 5 MEMBERS

A. Maximum Tensile Stress

JMinlfMax JSMax IN N/mm? (kgf/cmi) roR Numser or CYCLES
r—100000 600 000 2 000 060 10 000 000 100 0060 000
08 — — — 130 (1330) 120 (1 225)
07 — 150 (1530) 120 (1 225) 90 (920) 79 (805)
06 — 110 (1 120) 86 (880) 68 (700) 59 (600)
05 130 (1 330) 88 (900) 69 (705) 54 (550) 46 (470)
04 110 (1 120) 74 (755) 57 (580) 46 (470) 42 (430)
03 91 (930) 63 (645) 51 (520) 43 (440) 39 (400)
0-2 79 (810) 57 (580) 48 (490) 40 (410) 36 (370)
01 71 (725) 53 (540) 45 (460) 39 (400) 34 (345)
00 65 (665) 51 (520) 43 (440) 36 (370) 32 (325)
—0°1 62 (635) 49 (500) 42 (430) 34 (345) 31 (315)
—02 59 (605) 46 (470) 40 (410) 32 (325) 29 (295)
—03 57 (580) 45 (460) 39 (400) 31 (315) 28 (285)
—04 56 (570) 43 (440) -37 (380) 29 (295) 26 (265)
—0'5 53 (540) 42 (430) 36 (370) 29 (295) 25 (255)
—06 51 (520) 40 (410) 36 (370) 28 (285) 25 (255)
—07 49 (500) 39 (400) 34 (345) 26 (265) 23 (235)
—08 48 (490) 39 (400) 32 (325) 26 (265) 23 (235)
~09 46 (470) 37 (380) 32 (325) 25 (255) 22 (225)
—10 45 (460) 36 (370) 31 (315) 23 (236) 20 (205)
B. Maximum Compressive Stress
SMin| JMax 1IN N/mm? (kgf/cmi}»ron Numzer or CycLes
Sttax < 100 000 600 000 2 000 000 10 000 000 100 000 000
02 — — — —150 (—1 530) —130 (—1 330)
01 —_ ~150 (—1530) ~130 (—1330) —100 (—1020) —91 (—930)
00 —150(—1530) —120 (—1225) —100 (—1020) —79 (—805) —69 (—705)
—01 -—120(—1225) —96(—980) —82(—840) —65(—665) —56(—570)
—02 —100(—1020) —80(—820) —69(—705) —54(—550) —46 (—470)
—0'3  —88(—900) —69(—705) —59(—600) —46(—470) —40 (—410)
—04 —77(—785) —62(—635) —53(—540) —42(—430) —36 (—370)
—05 —69(—705) —54(—550) —46(—470) —37(—380)  —32 (—325)
—06 —62(—635) —49(—500) —42 (—430) —32(—325) —29 (—295)
—07 —57(—580) —45(—460) —39(—400) —31(—315)  —26 (—265)
—0:8 —53(—540) —42(—430) —36(—370) —28(—285)  —25(—255)
~0:9 —48 (—490) —39 (—400) —32(—325) —26(—265)  —23 (—235)
—10 —45(—460) —36(—370) —381(—315) —23(—235)  --20 (--205)
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TABLE 44 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO
AND NUMBER OF CYCLES FOR CLASS 6 MEMBERS

A. Maximum Tensile Stress

SMinlfMax JMax 1N N/mm? (kgf/cm"l ror Numser or CycLEs
100 000 600 000 2000000 10000000 100 000 00G
08 — - 150 (1530) 110 (1 120) 82 (835)
07 - 130 (1 325) 99 (1 010) 73 (745) 65 (665) -
06 140 (1 425) 96 (980) 74 (755) 54 (550) 48 (490)
05 110 (1 120) 77 (785) 59 (600) 43 (440) 39 (400)
04 93 (945) 63 (640) 49 (500) 37 (380) 36 (370)
03 80 (815) 54 (550) 42 (430) 36 (370) 32 (325)
02 70 (715) 49 (500) 40 (410) 34 (350) 31 (315)
01 62 (630) - 46 (470) 39 (400) 31 (315) 28 (285)
00 '59 (600) 45 (460) 37 (380) 29 (295) 26 (265)
—01 56 (570) 43 (440) 36 (370) 29 (295) 26 (265)
~0-2 54 (550) 42 (430) 34 (350) 28 (285) 25 (255)
-03 51 (520) 40 (410) 32 (325) 26 (265) 23 (235)
~04 49 (500) 39 (400) 32 (325) 25 (255) 22 (225)
—0'5 48 (490) 37 (380) 31 (315) 25 (255) 22 (225)
-~06 46 (470) 36 (370) 29 (295) 23 (235) 20 (205)
~0-7 45 (460) 34 (350) 29 (295) 22 (225) 20 (205)
~08 43 (440) 32 (325) 28 (285) 22 (225) 19 (195)
~—09 42 (430) 32-(325) 26 (265) 20 (205) 19 (195)
~10 40 (410) 31 (313) 26 (265) 20 (203) 17 (175)
B. Masimum Compressive Stress
fM;,.f JMax 18 Nfmm? (kgf/cmzz ForR Numser or CycCLES
M 00 000 600 000 2 000 000 10 000 000 100 000 000
03 - - - —150 (—1 530) —140 (—1 430)
02 — —_ —130 (—1 325) —100 (—1020) —91 (—925)
01 —150 (—1530) —120 (—1220) —99(~1010) —76(—775)  —66 (—675)
00 ~—120(—1220) —93(-945) —79(—805) —60 (—610) —53 (—540)
—01 —100(—~1020) —77(~785)  —65(—665) —49 (—500)  —43 (—440)
—02 —86(—875) —66(~—675) —56(—570) —43(—440) 37 (—380)
—03 —76(~775) —59(—600) —49(-500) —37(—380) —32(—330) '
—04 —66(—675) —51(~520) —43(~—440) - —31(-315) —29(-295)
—05 —60(—610) —46(—470) —39(~400) —29(—295) —26(—265)
—06 —54(—550) —42(—430) —36(—370) —28(--285) —23(-235)
—0-7 —49(-500) —39(—400) —32(~330) —25(—235) —22(-225)
—08 —46(—470) —36(—370) —31(~315) -—23(—-235) —-20(—205)
—09 —43(~440) —34(-350) —28(-—285) —-22(—225) —19(—195)
—10 —40(~—410) —31(-315) —26(—265) = —20(—205) 17 (-175)
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TABLE 45 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 7 MEMBERS

A. Maximum Tensile Stress

SMin/fMax SMax 18 N/mm? ( kgf/cm? } ror NumBer or CycLes
— - A ~
100 000 600 000 2 000 000 10 000 000 100 000 000
08 — — 130 (1 325) 88 (895) 77 (785)
07 — 110 (1 120) 83 (845) 59 (600) 51 (520)
06 130 (1 325) 83 (845) 63 (640) 45 (460) 39 (400)
05 100 (1 020) 66 (675) 49 (500) 36 (370) 31 (315)
04 83 (845) 56 (570) 42 (430) 31 (315) 29 (295)
03 71 (725) 48 (490) 36 (370) 29 (295) 26 (265)
02 63 (640) 45 (460) 34 (350) 28 (285) 25 (255)
01 56 (570) 42 (430) 32 (330) 26 (265) 23 (235)
0-0 53 (540) 39 (400) 31 (315) 25 (255) 22 (225)
—0-1 51 (520) 37 (380) 29 (295) 23 (235) 20 (205)
—0-2 48 (490) 36 (370) 28 (285) 22 (225) 20 (205)
—0'3 46 (470) 34 (350) 28 (285) 22 (225) . 19 (195)
—04 45 (460) 32 (330) 26 (265) 20 (205) 19 (195)
—0'5 43 (440) 31 (315) 25 (255) 20 (205) 17 (175)
—06 40 (410) 29 (295) 25 (255) 19 (195) 17 (175)
—0-7 40 (410) 29 (295) 23 (235) 19 (195) 15 (155)
—08 39 (400) 28 (285) 23 (235) 17 (175) 15 (155)
—09 37 (380) 28 (285) 22 (225) 17 (175) 14 (145)
—-10 36 (370) 26 (265) 22 (225) 15 (155) 14 (145)
B. Maximum Compressive Stress
SfMinl SMeax IN N/mm? ( kgf/em? ) | FOR Numser or CycLes
e 100 000 600 000 2 000 000 10 000 000 100 000 000
0-3 —_ — — —120 (—1220) —100 (—1 020)
02 — —130 (—1325) —110 (—1120) —80 (—815) —68 (—695)
01 —130(—1325) —97(—990) —80(—815) —60(—610) —51 (—520)
00 —110(—1120) —79(—815) —65(—665) —48(—490) —42 (—430)
—01 —88 (—895) —66(—675) —54(—530) —40(—410) —34(—350)
—02 —76 (—=775)  —56 (—570) —~46 (—470) —34(—350) —29 (—295)
—03 —66 (—675)  —49(—500) —40(—410) —31(—315) —26(-—265)
—04 —59 (—600) —43 (—440) —36(—370) —26 (—265) —23(—235)
—0'5 —53 (—540) —39(—400) —32(—330) —25(—255) —20(—205)
—0'6 —48 (—490)  —36 (—370) -29 (—295) —22(—225) —19(—195)
—07 —45 (—460) —32(—330) —26(—265) —20(—205) —17(—175)
—08 —40 (—410)  —31(-315) —25(—255) 7%((-—195) —15 (~—155)
—0'9 -39 (—400) —28(-—285) —23(—235) ~—17(—175) —15(—155)
—-1-0 —36 (—370)  —26 (—265) —22(—225) —15(—155) —14(—145)
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TABLE 46 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 8 MEMBERS -

A. Maximum Tensile Stress

IMin/fMox JMax ™ N/mm? ( kgf/cm? ) ror Numser or CycLes
— A -—
1066 600 600 GO0 2 600 000 10 000 000 100 000 000
09 — — — 130 (1325) 110 (1 120)
08 — 130 (1 325) 93 (945) 65 (665) 56 (570)
07 140 (1 425) 85 (865) 62 (630) 43 (440) 37 (380)
06 100 (1 020) 65 (665) 46 (470) 32 (330) 28 (285)
05 83 (845) 51 (520) 37 (380) 26 (265) 22 (225)
04 69 (705) 42 (430) 31 (315) 23 (235) 20 (205)
03 60 (610) 37 (380) 28 (285) 22 (225) 19 (195)
02 53 (540) 34 (350) 26 (265) 20 (205) 17 (175)
01 49 (500) 32 (330) 25 (255) 19 (195) 15 (155)
0-0 45 (460) 31 (315) 23 (235) 19 (195) 15 (155)
—0'1 43 (440) 29 (295) 22 (225) 17 (175) 14 (145)
—02 42 (430) 28 (285) 22 (225) 17 (175) 13 (135)
—03 39 (400) 26 (265) 20 (205) 15 (155) 12 (125)
—04 37 (380) 26 (265) 20 (205) 15 (155) 12 (125)
—05 35 (360) 25 (255) 19 (195) 14 (145) 11 (110)
—0'6 34 (350) 25 (255) 19 (195) 14 (145) 11 (110)
—07 32 (330) 23 (235) 17 (175) 13 (135) 10 (100)
—08 31 (315) 22 (225) 17 (175) 13 (135) 9-7 (100)
—~09 31 (315) 22 (225) 17 (175) 12 (125) 9-3 (95)
~10 29 (195) 22 (225) 17 (175) 12 (125) 9-0 (90)
B. Maximum Compressive Stress
SMin/ Srax W N/mm? ( kegffem?® ) ror Numser oF CYCLES
St 100 000 600000 2000000 10 000 000 100 000 000'
04 — - — —130 (—1325) ~110 (—1 120)
03 — —140 (—1425) —110 (—1120) ~—76 (—775) -60 (—610)
02 —130 (—1325) —97(—990) —76(—775) —54(—550)  —42 (—430)
01 —100(—1020) —74(—755) —59(—500) —42(—430) ~—32(~330)
00 —99(—1010) —60(—610) —49(—500) —34(—350)  —26(~—265)
—01  —71(—725) —51(~510) —40 (—410) —28(—285) —22(~225)
—02  —60(—610) —43 (—440) —34(—350) —25(—255) —19(—195)
—03  —54(—550) —30(~—400) 29 (—295) —22(—225 ~—17(~175)
—04  —49(—500) —34(—350) —26(—265) —19(~195) —15(~—155)
—0'5 | —43(—440) —31(—315) —25(—255) ~—17(—175) —13(~135)
—06 —40(—410) —28(—285) ~—22(—225) —15(—135) —12(~125)
~07 —37 (—380) —26 (—265) —20 (—205) —15 (—~155) —~11(—115)
—0:8 —34(—350) —25(—255) —19(—195) —13(—135)  —10(—100)
—09  —31(—315) —23(—235) —17(—175) —12(—125) —96(—100)
—10  —29(—295) —22(—225) —17(—175) —12(—125) —9'0(~90)
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TABLE 47 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND
NUMBER OF CYCLES FOR CLASS 9 MEMBERS

A. Maximum Tensile Stress

JfinlfMax JSMax IN N/mm? ( kgf/cm:) FOR NUMBER OF CyCLES
'100000 600 000 2 000 000 10 000 000 100 000 000
09 — — 150 (1 520) 96 (980) 80 (815)
08 — 110 (1 120) 76 (775) 43 (490) 40 (410)
07 120 (1 220) 71 (725) 49 (500) 32 (330) 26 (265)
06 88 (895) 53 (540) 37 (380) 25 (255) 20 (205)
05 71 (725) 42 (430) 29 (295) 19 (195) 15 (155)
04 59 (600) 36 (370) 25 (255) 17 (175) 14 (145)
03 51 (520) 31 (315) 22 (225) 17 (175) 13 (135)
02 46 (470) 28 (285) 20 (205) 15 (155) 12 (125)
o1 43 (440) 26 (265) 19 (195) 15 (155) 11 (115)
00 40 (410) 95 (255) 19 (195) 14 (145) 11 (115)
—01 39 (400) 25 (255) 17 (175) 13 (135) 10 (100)
—0-2 37 (380) 23 (235) 17 (175) 13 (135) 96 (100)
-03 34 (350) 22 (225) 17 (175 12 (125) 9-0 (95)
—04 32 (330) 22 (225) 15 (155) 12 (125) 85 (90)
—05 31 (315) 20 (205) 15 (155) 11 (115) 82 (85)
—0'6 29 (295) 20 (205) 15 (155) 1T (115) 7-7 (80)
-07 29 (295) 19 (195) 14 (145) 10 (100) 74 (80)
-08 28 (285) 19 (195) 14 (145) 9.9 (100) 7'1 (75)
—09 26 (265) 17 (175) 14 (145) 9.6 (100) 68 (70)
-10 25 (255) 17 (175) 13 (135) 9.3 (95) 65 (70)
B. Masximum Compressive Stress )
Snin] . SMax ™ Nfmm? ( kgf/cmilron Numeer or CycLes
Max 100 000 600 000 2 000 000 10000000 100000 000
04 — _— —130 (—1330) —91(—925) —65 (—665)
03 - —99(—1010) —79(—805) —56(—570) —39(—400)
02 —110(—1120) —73(~745) —57(—580) —39(—400) —28 (-205)
01 —86(—875) —57(—580) —45(—460) —31(—315) —22 (-225)
00  —71(—725) —48(—490) —37(—380) —25(—255 —19(—195)
—01 —60 (—610) —40(—410) =31 (-315) - -22(~225) —15(~155)
—-0°2 —~53(—540) —36(—370) ~—26(—265) —19(~195) —13(—135)

—08  —46(—470) —31(—315) —23(-235) —15(—155) —12(~125)
—04  —42(—430) —28(—285) —22(-—225) —15(—155) —11(—115)
—05 —37(—380) —25(—255) —19(—195) —13(—135) —9'6(—105)
—06  —34(—350) —23(—235) —17(-—175) —12(—125) —8%6 (—90)
—07  -31(-315) -22(—225) —15(—155) —11(—115) =80 (—85)
-08  —29(—295) —20(—205) —15(—155) —11(=115) —74(—80)
—09  -28(—285) —19(—195) —14(—145) —99(—100) —69(—75)
—10  —25(—255) =17(—195) ~13(—=135) —93(—95) —65(—70)
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N 1004 - Dalled atanl hanes ahawnmal and acele cacdia f _.._-.J'\
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808 ( Part 1)-1973 Dimensions for hot rolled steel beams; MB senes ( second revision )
811-1964 Cold formed hght gauge structural steel sections ( revised )

1980 _10E0 DAIl.d ceaal o bl analas

1252-1958 Roiied stect sections, suio angics

1730-1961 Dimensions for steel plate, sheet and strip for structural and general engineering
purposes
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engineering purposes: Part I Plate ( first revision )
1730 ( Part 11 )-1974 Dimensions for steel plate, sheet and strip for structural and general

engineering purposes: Part 1Y Sheet { fret vevision
Tnginedning pu Lart 2z SACLL ( irsk Fevision §

1730 (Part ITI )-1974  Dimensions for steel plate, sheet and strip for structural and general
engineering purposes: Part III Strip (/first revision )

18521072 Rslline and cutting tolerances for hot-rolled steel nroducts ¢ \
EOI&—R T/ ANGAED X us.w \ JeiOnG Tevidion |

2713-1969 Tubular stecl polcs for overhead power lines ( ( ﬁr.rt revision
3908-1966 Aluminium equal leg angles

2000 1066  Aluminium unegual lea angles

UL unegual g *ngs

3921-1966 Aluminium channels
3954-1966 Hot rolled steel channel sections for general engineering purposes

5204 1060 Aluminium I beam

Svura-iov.s  saGIGINIGIL 4 008

6445-1971 Aluminium tee sections
Codes of Practice ’

800-1962 Use of structural steel in genéral building construction ( revised )
801-1975 Use of cold formed light gauge steel structural members in general buildidg

sonctrction

gonsmucen

802 (Part 1)-1973 Use of structural steel in overhead transmission-line towers: Part ]
Loads and permmxble stresses

202 1082 Desion. fahrication and erection of vertical mllll steel cvlindrical welded oil
802-1962 Design, fabnca teel cylindrical weldec oxl
storage tanks

805-1968 Use of steel in gravity water tanks
ane 1068 UJse of steel tubes in ”npral building construction ( remised \
807-1963 Code of practice for design, manufacture, erection and testing ( structural

portion ) of cranes and hoists
1065 Code of practice for desion of overhead trave Ih_ng cranes ay

i=ad0d OG0 Of Pracilie 200 C&igh O

than steel work cranes

4000-1967 Assembly of structural joints using high tensile friction grip fasteners
4014 (Part 1 )-1967 Steel tubular scaffoldings: Part I Definitions and materials

FvazT \aAalt = ~tecl Tuiniar &

4014 (Part i )-1967 Steel tubular scaffoldings: Part II Safety regulations for scaffolding

4137-1967 Heavy duty eltlactnc l::w:rheacl travelling cranes including special service machines
for use in steel wor!

6533-1971 Dulgn and construction of steel chimneys

7205-1974 Safety code for erection of structural neel work

. 804-1967 - Rectangular prened steel tanks ( first revision )
3 ]

074 'Tolerances for fabrication of steel structures

a Alatrances jor ;abncanion Of s sTEuctures

No. 1 Structural Steel Sections
NG, & Sl

No. 2 Stecl mes and Plate Girders
No.3 Steel Column and Struts

N~ 4 Il tanaile friction orin balts
No. 4 IHigh tensile inction grip holts

No. 5 Structural use of Light Gauge Steel
No. 6 Apphauon of Plastic Theory in design of
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