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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 
ihe system prescribed in IS : 6051-1970*. The old designations of alloys 
w&b 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 ) 

Z? 

and 54300( N8 ), classified as principal 
ys, provision is made for&sign with the other alloys referred in various 

dian 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 o&non-standard alloys ( that is, other than the principal and 
zecondary alloys?), but they should not be used without careful consideration 
of their relevant physical and chemical properties. Consultation with 
manu.f&cturers 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. 

05 Permkible 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 ahunini urn structures have been detailed in appropriate 
tables for various service environments. 

+Code designation of aluminium and ita alloys. 
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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. 
in the near future. 

It is proposed to changeover to SI units completely 

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 I 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 ulZoys - 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, IS : 5047 ( Part I )-1969$ and the following shall apply: 

2.1 S 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 stru~al safety of buildings: Loading standards ( rwkd). 
tGlossary of terms relatiu tu welding and cutting of metals. 
*Glossary of terms for al ILu . ium alloys: Part I Unwmught aud wrought metals. 
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2.13 Mianuf~turer - The producer of the aluminium alloys extrusions, 
plate or other commodities. 

2.1.3 Strength 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 arc a lower-chord hanger in a roof truss, a member which 
only stabilizes a columns at mid-length, and a subsidary attachment like a 
ladder or a pipe-support ( or a connection to such a part ). 

3. SYMBOLS 

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

fb 
fat 
fbt 
h 
fq 
fwav 
ft 
h 
k 

kb 
hat 
kt 
kr 

ks 
kt 
I 

lf 

i 
PbC 
pbt 

PC 

4% 

Pq- 

Bearing stress 
Bending compre&ve stress 

Bending tensile stress 

Axial compressive stress 

Maximum shear stress 
Average shear stress ( shear force divided by effective area ) r’ 
Axial tensile stress YI 
Depth to longitudinal stiffener 

Interaction coefficient 

Buckling coefficient 

Section property 

Section property 
Restraint factor 
Bending-moment shape factor 

Cross-section shape factor 

Effective length of strut 
Effective unrestrained length of beam 

Local buckling coefficient 
Permissible bearing stress 

Permissible bending compressive stress 

Permissible bending tensile stsess 

Permissible axial compressive stress 

Permissible maximum qh& stress 

Permissible average she& stress 

10 
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Pt 
Pwe 

Pm 
PM 
I 

t 

h 

fn 
A 

E 

c 
H 

‘IP 
IX 

! 
L 

M 

A=$ 

A=+ 

A 
ma 

=- 
t1 
mb =- h t 

Alat 

&I 
At 

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-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 in4.4.1. 
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4.2 Designation of Material 

4.2.1 The designations of material used in this code are& acco&ia& 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 
ofaluminium 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 
in general and structural engineering are listed with their properties in 
Table 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. Lie 
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 auoys 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 categoryis a newly 
introduced alloy 74530 which is Al-Zn-Mg alloy. It is avail&lo in plates 
or extrusion and combines good strength and weldability. Ita properties 
of natural ageing confers the advantage of recovery of strength &er weld&. 

*Code for designation of aluminium and its alloys. 
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TABLE 1 PROPERTIES OF PRINCIPAL ALLOYS 
( Claate 4.3.1 ) 

AUoY 

0 

- 

-_ 

_- 

-_ 

- . 

-_ 

-. 

- . 

-- 
32 PERCENT 
COMPRES- 

SIVE PROOF 
STREAMS 
N/mm’ 

( kgf/mm’ ) 

(8) 
-- 

255 
(26.0) 

270 
(27.5) 

(11) 

o-2 PERCSNT . 
TI%MrLx 
PROOF 

sTREs!4$ 
N/mm2 

( Wmm’ 1 

TEN~ILB 

sz? 
( J&/mm’ 1 

ELON~A- 
TION$ 

PERCENT 

50’mNm 

DENSITY hIABILITY 
klm’ RATINO*+ 

FORM+ T~nxuwis+ t 
mm 

From To 

, 

(9) 

618 
(63.0) 

MODULUS 
OF ELASTI- 

CITY,, 

N/mm2 
( kgf/mm2 ) 

(16) 

250 
(25.4) 

240 
(24.4) 

587 
(59.8) 68900 

(7025) 

250 618 
(25.4) (63’0) 

240 
(24.4) 

235 556 
(24’0) 

68900 
(56.6) (7025) 

(12) (2) (5) (6) (7) (3) (4) 

- .[ 63 255 295 
(26-O) (30’1) 

7 
270 310 
(27.5) (316) 

(13) 

Extrusion - ---- 

I I 
63 15Ott 

250 
(25-4) 

248 
(244) 

258 
(25-4) 

248 
(24’4) 

B 
WP 

Sheet, plate 

I I 
-i%-- 25 

64430 
(H301 

65032 
(H20: 

63400 
(k-39) 

-- 

54300 
(N8) 

23x10-6 2.710 

24x 10-s 

23x 10-5 

-- 

2 710 

2 710 

B 

B 

24.5 x lo-” 2 660 A 

8 
I 

_- 

1 

_- 

-- 

- 

t--Ix- 7 

-- 
9 

Drawn tube 

I I 
-iz-10 

Extrusion - 

---I 

15Wt _- 
- 6-3 

Sheet, plate 
-X---G--- 

7 
235 280 (24.0) (28.5) 5 

8 
-- 

155 190 
(15’8) (19.4) 

140 175 (143) (17.8) 7 

155 
(15.8) 

275 11 
(28’0) 

WP 

WP 155 
(15.8) 

148 
(14’3) 

___-- 
110 
(11.2) 

130 
(13.2) 

125 - 
(12’7) 

386 
(39.4) 

324 
(33’0) P 

65500 
(6680) 

556 
(56.6) 

525 
(53’3) 

68988 
(7025) 

I-- 
Extrusion _ 

t 

15ott 

Plate 6.3 25 
M 

125 
I 

280 
I 

12 
(12.7) (28.5) -- I I- 

556 
(56’6) 

130 280 13 
(13.2) (28.5) 

- 130 265 12-16 
(13.2) (27.0) I 

I. - 1 6.3 0 118 
Sheet, plate ---I 6.3 25 115 I 270 I- 16 

I 1 
I (11-7) I (27.6) I I - -- 

*For other condition, forms and thickness, refer relevant Indian Standard, (~8 4.4.1). 
tEach thickness range includes its upper limits. 
@ecifies mmtmum values. 

unmum expected value ( see Appendix F ). 
llFor modulus of risiditv multiolv bv 0.38. l s;pf;,‘” range 20% to lOtid. ’ 

. . . 
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 Riuets -- 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 FiUer 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 Relevamt Standakd SpecMcations 

4.4.1 Section plates, 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 ). 

IS : 734-1975 Wrought aluminium and aluminium alloys, forging 
stock and forgings ( for general engineering purposes ) ( second 
rezn3ion j. 

IS : 736-1974 Wrought aluminium and aluminium alloys, plate ( for 
general engineering ‘purposes ) ( second revision ) . 

IS : 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 ). 

IS : 739-1966 Wrought aluminium and aluminium alloys, wire 
( for general engineering purposes ) ( revised ). 

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

IS : 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 MATERlAlS 
( cxnfse 4.3.5 ) 

Atuwa Jouxn 

ITEM MATERIAL PROCESS *iZiZ= 
Principal secondary 

All All except 24345 Same aa alloys 

64430-WP (Hl5) joined 

(HBO-WP) - 

I 
- 24345 (H15) C 

2434%WP+t - 24345 ( HI5 ) C 
(HIS-WP) 

3olts 

Steelf - All All except 24345 

GzfL 

- 
I----- 

! 

-I I 1 I 4 
64430-W* All All except 24345 Same as alloys 

( H307W ) (H15) joined 

Cold driven 

24345-W* 24345 ( H15) C 
(H15-W) 

Rivets 53000-o 
(N5-0) 

Cold driven 

’ All 
All except 24345 Same as alloys 

(Hl5) joined 
Hot driven 

I 

Cold driven 

Hot driven 

All All 

All All except 24345 
(H15) 

: 

=Se~9.2.1. 
fSee 4.3.5. 
$Yec 21. 
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TABLE 3 FILLER RODS OR WIRES FOR INERT GAS WELDING 
(Clause 4.3.6 ) 

PARENT ALLOY FILLBR WIRE 
( In Order of Preference ) 

D~ABWITY IkrINO Op , 
ASSEMBLY 

63400,64430,65032 NG 21, NG 6 B 

54300 NG6 A 

31000 NG 3 A 
(NG21,NG 6)+ 

52000,530OO NC 6 A 

NOTE -When weld&l assemblies in 63400, 64430 or 63032 are to be subsequently 
anodized, NC 6 filler wire should be used, to obtain optimum colour match between 
weld and parent metal. 

+NG 2 1 or NG 6 should be used if conditions are non-corrosive. 

4.4.2 Bolts - Aluminium and steel bolts shall comply with the following 
Indian Standards as appropriate: 

IS : 730-1971 Fasteners for corrugated sheet roofing ( rcnised ). 

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

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

IS : 2389-1968 Precision hexagon bolts, screws, nuts and lock nuts 
( dia range l-6 to 5 mm ) ( jirst r&.&n ) . 

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

IS : 42 18- 1967 IS0 metric screw threads 

IS : 6113-1967 Aluminium fasteners for building purposes. 

$,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 WcZding - Filler wire for welding shall comply with 
IS : 1278-1972* and IS : 5897-1970t. 

*Specification kx filler rods and wires for gas welding (Jirst rcvtion ). 

tspecification for ahnninium alloy welding rods and wires and magnesium alloy 
welding rods. 

17 
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4.4.5 Forging and Casting - Forging Fand casting shall comply with 
IS : 7341967* and IS : 617-1959t 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 
variety 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 

IS : 3909-1966 Aluminium tinequal leg angles 

IS : 3921- 1966 Aluminium’v’channels 
IS : 5384-1969 Aluminium ‘i-beams 

IS : 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 set$$$ns is improved by enlarging 
the root fillet and reinforcing the tees wit.K’tjulbs 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 Spetiai Sections - It is often advantageous to design special extru- 
ded sections for a particular structures h order to obtain more economical 
design and fabrication. 

4.5.7 Sections Formedfrom 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 1 (jfst revkion ). 

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 
dll 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 : 962-1967t. 

5.1.1 Plans-The plans ( design drawings ) shall show the complete 
design with sizes, sections, and the relative locations of the various members. 

:! 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 prop& 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. For 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 ensure convenient assembly and erection at 
site. 

5.2 Symbols for welding used on plans and shop drawings shall be according 
to IS : 813-1961$ 

SECTION II 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 practice for general engineering drawings ( second rcuiriott ). 
tCode of practice for architectural and building drawings (Jirsl revision ). 
$Schcme of symbols for welding. 
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c) Dynamic effects, 

d) Wind loads, 

e) 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 tempcraturc cffccts 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’. Proper provision shall be made, 
including temporary bracings to take care of all stresses due 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 erection 
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 tcmpcrature of the 
materials of a structure shall be considered and adequate provision made for 
the effects produced. 

6.3.2 The temperature range varies for different localities and under 
different diurnal and seasonal conditions. The absolute maximum and 
minimum temperatures which may be expcctcd 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 prtjvision for expansion and 
contraction has to bc 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 ofexposure and 
the rate at whic~l I tllc: materials composing the structure absorb or radiate 
heat. ‘l’his tlifh~rence in temperature variations of the material and air 
should bc given due consideration. 

6.4 Load Combinations - The various loads specified in 6.1 should bc 
combined in accordance with the stipulation in the apl)r~ ,!)ri;bte design 

-_ 
*tide of Practice for structural safety of buildings: Loading standards (r&& ). 
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sections. In the abs1;nce of such recommendations, however, the following 
load combinations, given for general guidance may be adopted: I 

a> 
b) 

4 
4 

4 

Dead load alone; 
Dead load plus partial or full live load whichever causes the most 
critical condition in the structures; 
Dead load plus wind or seismic loads; 
Dead load plus such part of or whole of the specified live load 
whichever is most likeli; to occur in combination with the specified 
wind or seismic loads plus wind or seismic loads; and 
Dead loads plus such part of the live loads as would bc imposed 
on the structure during the period of erection plus wind or seismic 
loads plus erection loads. 

NOTE--For design purposes, wind load and seismic forces shall he assumed not be act 
simultaneously. Both forces shall, however be investigated separately and adequately 
provided for. 

SECTION III 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, seismic forces where applicable, and any other forces 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 gillen in this standard. 

7.2 Factors Affecting Design - Structural aluminium, like steel, bchavcs 
elastically over a large range of stress. The onset of plasticity is roughly 
dcfincd by the 0.2 prrcent proof stress, corresponding to a permanrnt strain 
of 0.002. ‘I’lli,< ~WX is analogous to t!lc yield stress of structural steel. 

7.2.1 The cle$n proccdurc for aluminium structures is basIcally the same 
as for steel. Consideration shall t x given to the stability of the strqcture as 
whole, and the lower modulus of elasticity of aluminium makes it ncccssary 
to examine closely the stabihty of parts m compression, and to pay parti- 
cular attention to deflections and 10 the likeljhood of vibratioti. The high 
coefficient of expansion of aluminium should also bc borne in mind. 

7.3 Design Requirements -- During &signing, care shall IX taken tr.) 
ensure that as far as possible, ali mcmbcrs and conncclion arc readily acccssi- 
ble for maintenance and the pockets and Lrevices likely to entrap \vater, dirt 
or condensation are avoided.. ,’ 

The slructurc shall be capable of sustaining the mosl advcrs~: combina- 
tlon of strcsscs and shall t>c cxanlinr.c! prcli~rably at an early stage, to assess 
the possibility of failure by fzbtiguc ( see 10 ). 
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7.4 Permissible Stresses 

7.4.1 Prirui~al Alloys - Permissible stresses for the structural alloys in 
axial tension Pt, axial compression pc, bending tension pbt, bending com- 
pression #be, shear pp and bearing pb ( 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 nl>mbers tend to buckle and for these, the permissible str&ses 
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, 
7.5.4 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 
&ear. Ir.creases for joints in double shear and reduction for small edge 
distz+nces 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 OIher Alloys - The procedure given ii: Appendix F may also be used 
as a guide for obtaining permissible stresses for other alloys ( set 4.3.4 ). 

7.4.5 Jo&s - The permissible stresses for bolts, rivets, welded joints and 
welded members arc given in 9. 

7.4.6 Increase ill 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 loup - W1 len 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 exceeded by 29’ 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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USION 6.3 - 150 

*? 160 PLATE 0 - 6.3 

+ 
t 

EET,PLATE 6.3 - 25 
AWN TUBE l-6 - 10 

‘, 
’ ’ ’ ’ ’ ’ ’ ’ ’ ’ 

XTRUSION 0 -150 

LATE 6.3 _ 25 
1 

5W00-M 

XTRUSIOIJ O-150 
HEET PLATE 6-3- 25 543oo-o 

EXTRUSION - - -- 

EXTRUSION JVD-IC. 
“-3”5 )63&00-P L-s .a _ 

h- 
NOTES - I. The graphs do not apply to extruded round tube and hollow ‘sections above 

75 mm thick. 
o For clarity the small differences in properties of the following have been L. 

lenoreo. 

a7 Extrusion up to 6.3 mm; sheet, plate up to 6-3 mm and drawn tube up to 
l-6 mm for 64430-WP. 

b) Extrusion and plate of 54300-M. 
3. For column buckling A = l/r ( see 8.2.2 ). 
4. For ‘torsional buckling I = it ( set 8.2.4 ). 

FIG. 1 PERMISSIBLE COMPRESSIVE ST~ZSSES IN STRUT 
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20 EXTRUSION 0 - 3.15 
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NOTSS-I. 

2. 

3. 

4. 
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h- 

The graphs do not apply to extruded round tube and hollow sections above 
75 mm thick. 
For clarity the small difference in properties sf the following have been 
ismored. 
-o------ 

a) Extrusion up to G3 mm; sheet, plate up to Q3 mm and drawn tube up to 
l-6 mm for 64430-WP. 

b) Extrusion and plate of 54300-M 
c) Extrusion and sheet, plate of 54300-o. 
For beams ( lateral buckling ) 

- I=+ (~1~83.1~ 
For thin plates ( local buckling ) 

FIG. 2 PRRMIssisLE COMPRESSIVE slluug~s ~B~~ANDT~~INFLATES 
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TABLE 4 PERMISSIBLE STRESSES FOR PRINCIPAL ALLOYS IN N/rnx& (k#/mmZ ) 

( CInure 7.4.1) 

AxIAL$ 

I 

BENDINO$ 

1 

7 - 

__ 

- . 

__ 

-_ 

_ 

_ 

ALLOY CONDITION* FORM* Tmcmess*t 

mm 

SEIEAR~ 1 BEARINGS x.11 

From 

I 

To 

(4) (5) 

P: PO Pbt PM 

(6) (7) 

PC Pb 

(8) (9) 
83 
W) 222 

88 
(22’6) 

(9.0) 

_- 

_. 

_- 

_ - 

_- 

_- 

_- 

_- 

_- 

. - 

_- 

. - 

_- 

- 

(1) (2) (3) (10) 
61 

59 

62 

63 

62 

63 

139 
(142) 

- 6.3 

6.3 15071 

154 
(15.7) 

162 
(16.5) 

Extrusions 
147 
(15.0) 

137 
(14-O) 

82 
(8.3) 1 

79 I 
(2 1.6) 

152 
(15.5) 

- 6.3 

6.3 25 

- 1’6 

64430 
(H30) 

WP 

, 

Sheet, plate 
132 146 
(13.5) (14.9) (8-O) 1 

222 
(22.6) 

137 152 
(14.0) (15.5) 

132 
(13.5) 

83 
(8’4) 

79 
(8-O) 

129 

I 

143 77 201 
(13’1) (14.6) (7.8) (20.5) 

Drawn tube 
1.6 10 

- 1507 
y_ 

- 25 

- 

- 3.15 

3’15 12’5 

65032 
(J=O) 

WP 
Extrusion 

Sheet, plate 

64 

63400 
(H9) 

WP 85 
(8.6) Ti.8) 

77 86 
(7.8) (8.8) 

51 139 
(5% (14-2) 

46 
(4.7) 117 

37 
(11.9) 

83 

89 

105 

97 

99 

P Extrusion 

62 70 
(6.3) (7.1) 

82 96 
(8.3) (9.8) 

(3*8) 1 
Extrusion - 15oq 

6.3 25 

49 
(5-O) 201 

48 
(20.5) 

(4.9) 

M 
Plate 80 94 

(8.1) (9.6) 

82 96 91 
(@3) 

776.7) 
(9.8) (9.3) 

81 76 94 89 
(8.2) (7.7) (9.6) (9.1) 

54300 
(N8) 

Extrusion - 1509 

- 6’3 

49 
P-0) 201 

(20.5) 

45 
(4.6) 

Sheet, Plate 

103 0 

6.3 
I 

25 
775.6) 

76 
I 

88 
(7.7) (9.9) 

49o 
(92) 

*For other conditions, forms and thickness? refer relevant Indian Standards (see 4.4.1 ). 
tEach thickness range includes its upplr bmit. 
SApplies only when buckling is not the criterion (see 8.2,8.3 and 8.4). 
0 Joints in single sheai ( see 9.2.1). 
llSee Appendix F. 
TFor 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: 

where 
ft = the axial tensile stress, 

Pt = the permissible axial tensile stress ( see Table 4 ), 

fbt = the sum of the tensile stressed due to bending about both 
axes, and 

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

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

3 
j-i-+ 

fbc 

pbc( 1 - .$-F ) G 1 
e 

where 
f. ti the axial compressive stress; 

pc = the permissible axial compressive stress obtained from 
Table 4 and Fig. 1; 

._fbc = the sum of the compressive stresses due fo bending about 
both axes, ignoring {he effects of deflection; 

bbe = the permissible bending compressive stress obtained from 
Table 4 and Fig. 2; and 

& = the Euler critical stress for buckling of the member in the 
direction of the applied bending moment and equals 
7+gl( l/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 bekling and shear 
shall be so proportioned thatf&s GO.9 times the minimum 0.2 percent proof 
stress: 

where 

f Bp = the equivalent stress, equal to either g( f *bt + 3f a9 ) or 

s/(f *bc + ?f*, ), 
fQ = the maximum shear stress, and 
fat and fbe have the same meanings as in 7.5.1 and 7.5.2’ 

respectively. 

The values offbt, fbc 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 fcp < 0.9 times the 
minimum @2 percent proof stress: 

where 

f cq = the equivalent stress, equal to either 

2/ (f *bt +fab +fbtfb + 3f’q) Or 

4 (f 'bc +f ‘b -fbcji + 3f2q 

fb = the bearing stress, and 
fbt, fbo and fq have the same meanings as in 7.5.1, 7.5.2 

and 7.5.3 respectively. 

The values of fbt, fbc 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 83.7 and 8.4. 

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 9O”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 De0cctions - 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 MEMBERS 

8.1 Design of Tension Members 

8.1.1 Slen&rntss Ratio 

8.1.1.1 Slenderness ratio of any tension member, in which there is 
possibility of reversal of $tresses evel( where the reversal’is due only to tiind, 
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 + 2*9fwhere 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’t/4g for each pitch 
space in the chain of holes, the zig-zag line being the one for 
which this net quantity is largest: 

where 
z = the hole pitch, 
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b) 

(q.3 

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

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

plied by ‘J--itkyt, the governing cross section being the one with ; 

the largest heat affected area, where fit is the permissible axial 
tensile stress ( see Table 4 ) and flit is the permissible axial tensile 
stress in heat affected zones ( see Table 15 ). 1 

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. 

g = the hole gauge, and 
t = the thickness of the holed material. 

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

TABLE 5 OUTSTANDING LEG DEDUCTIONS FOR SINGLE-BAY TIES 

Al&&W DEDUCTION PER OUTSTAN DIN G-LE o 
c----- --.&_ . 
Single Angle Connected 

Through One Leg 
Two Angles Back-to-back 

Connected to Both 
Sides of Gusset 

64430 
63400 l 

@6A 0?“4 

54300 0.4 A nil 

NOTE - A is the grcrs area of the outstanding leg that lies clear of the connected leg, 
but diswga’rding any fillet. For a 100 X 100 x 10 mm angle, A 5: 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 
area shall be calculated in the same way as for single-bay ties. 

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

8.2 Design of Compression Members 

8.2.1 Efectke Length 

8.2.1.1 Effective length 1 of a compression member for the purpose of 
determining allowable axial stresses shall be assu+d in accordance wit& 
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Table 6, where L is the actual length of the member measured between the 
centrcs 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 EFFECilVE LENGTH OF STRUTS 

TYPE EFFE~~~E LENWR lo? 
MEMRER. 

Effectively held in position and restrained in direction at both 667 L . 
ends 

Effectively held in position at both ends and restrained in direc- 0.85 L 
tion at one end 

Effectively helti in position at both ends but not restrained in L 
direction 

Effectively held in position and restrained in direction at one L 
end and at the other end effectively restrained in direction but 
not held in position 

Effec tivcly held in position and restrained in direction at one end 1.5 L 
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 2.0 L 
but not held in position or restrained in direction at the other 
end 

NOTE - For battened struts, the effective length 1 should be increased by 10 percent. 
_ 

8.2.1.2 Effective lengths 1 for typical cases of trussed structur;shalI 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 I, 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 esceed 120. 

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

8.2.3 Axially Loaded Struts + With struts, the main requirement is redip- 
tance to column buckling ( that is, overall flexural buckling ), for ,$rich the 
permissible average stress on the gross area is obtained from the appropriate 
graph in Fig. 1 at h = l/r where 1 is the effective length as given in Tables 6 
and 7 and r is the appropriate radius of gyration. 
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TABLE 7 EFpEeTnrp; LENGTH OF ‘X’RUSSED STRUCTURES ( TYPI- CASES) 
I 

( Clausr 8.2.1.2 ) 

i 2 

23 :, 

x-- $-_.-X r z i 
LIY 

For internal membera 
Axis T-Yis arallelto 
the plane o 4 bracing 

MEMBER EPFECTXVB LENGTH 1 

L, -J k>CI5 

Axis 
xx 

L 

L 

Axis 
n- 

kt 

I. 

- _ 

- 

Axis << ( Single angle ) 

2 bolts 

1 + 2k 
3 

O-8 L 0.7 L 

  
  

 



AB 

NOTE - C I Compression, I - Tension, T - C 

0.5 L 

0.5 L 

_~--- 

0.5 L 

0.45 L 

0.5 L 

_ __._- 

L 

L 

0.5 L 

0.45 L 

._P_ 

0.5 L 

0.5 L 

0.4 L 

0.4 L 

0.45 L 

-._-- 

0.45 L 

_-__- 

o-35 L 

  
  

 



Two f&&&r requirements, applying more parucc 
thin-walled section, are resistance to torsional buckling and to local bucklmg. 
The permissible stresses for struts subject to these types of buckling shall be 
obtained- 3.2.5 and 8.4.1 respectively. 

The permissible stress for a 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 0.4 pc. The value ofpc 1s the permissible stress obtained from Fig. 1 
.at h = L/r, taking r as the radius of ,gyration about the axis parallel to the 
gusset. The reduction of& to 0.4 PC is necessary to take into account the 
eccentricity of connection. In chcckig for torsional buckling, the eccen- 
tricity of connection may be ignored. 

8.2.4.2 Struts of two components back-to-back - Struts consisting of two 
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: 

4 

b) 

They shall be designed as integral members and shall be connec- 
ted together so that the slenderness ratio of each component 
between connections is not greater than 0.7 times the most 
unfavourable slenderness ratio of the composite 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. 
The components at each end of the strut shall be connected together 
with not less than two rivets or close-fitting bolts, or thc%equiva- 
lent in welding, and there shall not be fewer than two additional 
connections equally spaced in the length 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 iu each connection and 
shall be spaced 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 wcldcd, both 
pairs of edges at the connection shall bc welded togcthcr, 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 packings; welds shall bc made to full-width 
solid packings. 
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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 Ott& -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 T 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 h = ht. Values of ht for certain sizes of some common sections 
are given in Table 8; these expressions, which for channels depend on the 
factor kt presented in Fig. 3 and 4, take account of interaction with column 
buckling. Torsional buckling will not be critical if ht is less than Z/r. For 

charm&, it will not be critical if hr is greater than F, where the symbols, 
are as defined in Table 8. 2 

1B 

16 

6 

0 
06 19 1.2 1-L 1.6 1.6 24 2.2 24 2.6 2.6 3.2 a 

b -- 

FIG. 3 VALUES OF kt FOR PLAIN CHANNELS 
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1fO 
I 1 

12 

kt 

10’ 

8 

6 

2 

tiiiiit+tiiiiiiiliiiiiliiiiiiiiii,iim++ffStt-l I 

0.8 1-O 1.2 1.~ 1.6 1.8 2.0 2.2 2-C 2-6 2.8 3-O 

FIG. 4 VALUES OF kt FOR LIPPED CHANNELS 

For other sections, the torsional properties shall be obtained by re- 
ference to Appendix H, and the values of ht by reference to Appendix J. 
Use of these appendices may lead to slightly higher permissible st- 
for the sections specifically dealt with in Table 8. 

8.2.6 Battened Strut.r 

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 resist a total 
transverse shear load S 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 6 VALUES OF At FOR STRUTS 
( CIaust 8.2.5 ) 

SFXXlON 

(1) 

LISltTS 

(2) 

p4s 

+43 

4 (2.5 

+3 

1<$<2 

VALIIE OF Xt 

(3) 

5s 1.3 R a t ( ) -7 

5.2~ _-l-3 (+>‘_4(p-l)* 
t 

+ I.5 (f - l)($) 

where X0 = 2.6 (T) - 1’3 (+r 

1 
XY =- 

TV 

where AO - 2.6 (qq - 1.3 (+)’ 

-2 (4 - 1 Y+1*5(f-I)($) 

NOTE - 1 is the effective length. 
ry is the radius of gyration about the axis uv ( that is the minimum value of r ). 

(cofirifiud), 
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TARLE 8 VALtm OF Al FOR 8TRuT8 - coati 

%FllON 

Y 

Nom - 1 is the effective leq 
ry ir the radius of &: 

Larm 

(2) 

RC3 

$c2 

0.5<$ < 

R-0 

1<+<3 

1<$<2 

_- 

_- 

2 

-- 

2 

_- 

1 

-_ 

I 

- 

VALUE OP A: 

4 x:+A:($) 

whcre~-1.9(+) - 1.3 ($)’ 

-2(~-1)*+1.5($-1)(~) 

I 
br=- 

‘I 

J x2o+*;(qq 

WlUreAO” 
( 

3*2,.b)_,(+J 

1 
A? = - 

rY . 

0.5 
( 

y + xv 
1 

where kt is obtained from Fig. 3. 

I 
xv- - 

'Y 

The pre~nce of small filktr 

( R ( 2 t ) has negligible &at on A, 

:iion &ollt the Bxisfl. 
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TARU 8 VAWR8 OF XtpOR 8TRuT8-ctmtd 

!htCTION 

closed hollow section 

OtbS 

LIMtTE 

(2) 

None for : 
plain acction, 
lipped section 
ax-&bulb see- 
tion with 

f<2.5 

VALtnt OF At 

(3) 

where kt ir obtained from Fig. 4 

The pra& of mull fillets 

( R ( 2 t ) har negligible effect on At, 

Torsional buckling may be ignored 

Torsional buckliig may be ignored 

See Appendix J 

ry is the radius of gyration about the axis yy. 

Where there is eccentricity of loading applied and moments or lateral 
loads ( including the 2.5 percent transverse shear load S ) 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 S@cing - The spacing between battens shall be such that the 
tenderness ratio of each strut component measured between the centres of 
battemdoes 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 
in&c main components, and shall be spaced uniformly throughout the 

.lqth of the strut. 
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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 II between the 
centroids of the bolt or rivet groups, or of the welds ( see Fi& 5 ). 

a 

LESS 
.N$a 

FIG. 5 BATTEN DIMENSIONS AND SPACING 

8.2.6.4 Thickness-The thickness of a batten plate shall be not less 
than either a/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 a/12 or if a channel section is used, the thickness 
of the plate or section web shall be not less than either a/50 or 2.5 mm, which- 
ever is more, where u has the same meaning as in 8.2.6.3. 

8.2.6.5 pustening - Each batten shall be fastened to the main com- 
ponents by at least two rivets or close-fitting bolts, or by welding. Each 
fastening shall be designed to resist simultaneously a longitudinal shear 
force of Sdl2a 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 General -Struts composed of two main components laced 
and tied shall where possible, have the slenderness ratio for the axis per- 
pendicular to the lacing planes not greater than that for the axis parallel 
to the lacing planes. 

Laced struts shall be provided with tie plates at the ends of the lacing 
system. If the system is interupted, intermediate tie plates shall be used. 

Lacing bars and their fastenings shall be proportioned to resist a total 
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 S ) acting in a plane 
parallel to the lacing system, all forces resulting from deformation shall be 
provided for m 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 resulting from deformation of the strut members 
are calculated and provided for in the lacing bars and tie plates and their 
fastenings. Typical lacing details 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 
lacing bars inclined at angles not less than 40” and nor more than 70” to the 
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 Tic platcs- 
as for battens ( see 8.2.6 ). 

Tie plates and their fastenings shall be designed 
An intermediate tie plate shall have an effective 

length of not less than 3a/4, where a has the same meaning as in 8.2.6.3. 

8.2.8 Wilakd Struts -Welded struts in materials in the 0 and M condi- 
tion ( for example 54300-0, 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-Hl ) the effect of heat affected zond 
( see 9.3.2 ) depenils on the extent and position of the zones in relation both 
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 published r-arch* a&l bl 
The rules are as follows: 1 testing. 

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 pnt ( seu Table 15 ) at A =8 to a 

bwt point on the existing hyperbola with ordinate y the permissible 

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 to pc - n ( pC - plc ). 

lAClN6 ON LACJNG ON 
?ACE AA FACE: BB 

6A Typical Lacing Details for Struts 68 Double Laced System 

FIG 6 TYPICAL LWINQ SYSTEMS FOR STRUTS - Contd 

*For example. BRIJNORABER and CLARX. 
Trans. Am. Sec. C. E. Vol. 127. Part II. 

Strcn@h of welded ahninium columns. 
1962. 
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6C Double Laced and SlnSle Leced Systems 

Combined with Cross Members 
6D SlnSle Laced System on Opposite 

Sides of Main Components 
E 

9 
I 

FIG. 6 T+PI~AL hx~o thmnas FOR STRUTS 
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A = the permissible compressive stress for unwelded material 
obtained from Fig. 1 or Fig. 2 as appropriate, 

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

n = the fraction of the cross section consisting of heat affected 
zones. 

4 

4 

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

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. 

Notwithstanding ( b ) and ( c ) 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 Dejhtion -At the caps of columns in single storey 
buildings the horizontal deflection due to lateral forces should not ordinarily 
exceed l/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 Des&n of Beams 

8.3.1 Beams in General: Dejection-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, 
any part of the structure. 

or to cause damage to the finish, of 

exceeded: 
For buildings the following limits shall not be 

a) Beams carrying plaster finish span/360 

b) Purlin and sheeting rails 
i) under dead load only span/200 
ii) Under worst combination of dead, span/100 

imposed wind and snow loads 

c) Curtain wall mullions span/l 75 

d) Members carrying glass direct (2s&=&nrn~ )‘I 

For other members 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 bolted 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 grG&s 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- 
tion as for a tension flange but ignoring holes filled by rivets or close fitting 
bolts. 

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 svmmetrical 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 gr ater than one-quarter of the overall depth, the above approxi- 
mations are ot permissible, and the web stresses shall be computed with s 
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. 

6.3.3 Beams in General : Pernziwible Stresses 

8.3.3.1 Flanges - The bending tensile stress in the extreme fibre of a 
beam, calculated on the. effective section ( see 6.3.2 ) 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. 

6.3.3.2 Webs - Provided that the ratio d/t does not exceed Cl in Table 
9, the average shear stress, taken as the shear force divided by the effective 
web area (see 6.3.2.2 ), shall not exceed the permissible value given in Fig. 7. 
In using Fig. 7, values of b/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. 

If + exceeds C,, intermediate transverse stiffeners are required (see 

8.3.6.4) and where the ratio f exceeds Cs, longitudinal stiffeners in addi- 

tion to the intermediate transverse stiffeners shall be provided ( see 8.3.6.5 ). 

TABLE 9 VALUE0OFC,AND~FORWEWl 

( Clauses 8.3.3.2,6.3.6.4 and 0.3.6.5 ) 

ALLOY Cl G RSMARU 

64430-WP Sheet 120 - 
Plate :; 124 

54300-o 
54300-M Plate E :: 

- 

0 then 5901& 1 lop/ v/h p,, in N/mm8 

NOTE --pa is the permissible maximum &car rtnrr oftk alloy ( un Table 4 ) . 

8.3.4 Beams in Gvwal : 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. 

6.3.4.2 Beams bent about mjor axis- An unrcstraincd bhm, subject 
to bending about the major axis only, shall be so proportioned that the 
bending compressive stress in any part between pointy of support shall 
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not 
h 

-4t - 

FIG. 7 PERMINBLE AVERAGE SHEAR STRESSES IN UN~TWFENED 
WEBS AND THIN PLATES 

exceed the permissible stress obtained from Fig. 2 at h = hbt, where 
for that part is calculated as below: 

a) I-sections and channels: 

&t = hatz/ ( hlb, > 

where 

tz 5= the flange thickness, and 

klat = values obtained from Fig. 8. 

b) Rectangular sections, solid or hollow: 

hst = k,stqm 

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

c) Other doubIy-symmetrical sections: 
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FIG. 8 VALUES OF kl,t FOR I-!kCTION AND hANNELS 

where 

Ix and II = the second moments of area about the major and 
minor axes, 

3 = the torsion factor ( see Appendix H ), and 

Y = the distance from the extreme compression fibres 
to the neutral axis. 

d) Singly-symmetrical sections: 

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

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

li = k&L, 

where 
kl = a factor depending on the conditions of restraint at those 

points ( see Tible 10 ), and 

kz = 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. 

49 

  
  

 



I6 t 8147,- 197tj 

The affixt of warping resistance, which is ignored above, may be 
appre&bla for thin-walled open sections, and greater economy may. be 
derived from a more precise analysis*. An approximate treat.n%ent for 
doubly-symmetrica sections supported laterally at load points is given iti 
Appendix K. 

TABL8 10 CONDlTlON OF RESTRAINT FACTOR kl 

( Clause 8.3.4.2 ) 

m?J OF RIISTRAXNT AT POINTS OF I&I~SRAL .%JPPORT h 

FJI mwaint against twisting and minor axis bending 

Full-t agakt twisting, but minor axis bending unrestrained 

~.xp&~~~&~$nfined to that due to continuity; minor- 

0.7 

1-o 

1.2 

TAB8.S 11 BENDlNG-MOMENT SHAE’E FACTOR k, 

( Cfaur~ 8.3.4.2 ) . 

‘l[LypE OF bADIN 

MI M2 

3--e 
M2 

4 
-g POSITIVE 

Mz 
s2 NEGATIVE 

ka 

or @4, 

whichever is greater 

Me is numerically 
greater than, or 
equaI?o, Mt 

l BLmQl (F). Bacldhg rtrangtb of metal &ructura. McGraw-Hill, New Ybrk 1952. 

. . 
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83.43 Beams bent about both axes - An unrestrained beam subject to 
bending about both axes shall be proportioned for major axis bending alone 
in accordance with U.3.4.2 and also that: 

-where 

fr - the extreme fibre compressive stress due to major-axis 
bending, 

h =ii the extreme fibre stress ( tensile or compressive ) due to 
minor-axis bending, 

pb0= the permissible bending compressive stress obtained 
from 8.3.4.2, and 

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

In addition, the tensile stress and compressive stress due to major 
axis and minor axis bending combined shall not exceed fibt and pD0 rcspcc- 

tively. 

8.33 Beams in General : With End Lo&s -A beam in which bending is 
combined with axial tension or compression shall he designed in accordana 
with 75.1 or 7.59 respectively. 

8.3.6 Built-t@ Bews : Construction Details 

83.6.1 Flange - In any built-up beam, each flange ( see 839.1) 
shall be connected to the web by enough bolts, rivets or welding to tknsmit 
the horizontal shear, forces together with any vertic~ applied 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 de6ned by the intercept on the joint line of 
two diverging lines drawn from the extremities of the load area at 30” to the 
plane of the flange. -_ 

In a bolted or riveted beam, flange angles shall form as large a part 
( preferably not less than one-third ). of the flange area as practicable, 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 load at those points. 

In a welded beam, local increase of flange area should be eRected by 
inserting a flange plate of heavier section. The end of such a plate &all be 
butt-welded to the lighter flange plate ( SM Table 30 ) to give a continuous 

L 
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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 a&a 

, 

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. 
with butt welds. 

In a welded beam, flange splices shall be made 

85.62 Webs - Where a built-up beam without top flange 
plates is exposed in a severe environment, the top e web plate 
shall be finished either flush with or above the flange an 

A web joint shall be designed to resist the shear and bending forces 
in the web at the joint. In bolted or riveted coaatruction, 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 sti$cners - Bearing stiffeners shall be provided at all 
points-of concentrated load or reaction, including points of support, where 
the concentrated load or reaction exceeds p,tb. 

where 
PC = the permissible compressive stress obtained from Fig. 1 

at A = I.73 d/t; 
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 8.23; note that torsional buckling 
need not be considered ) . 
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The outstanding leg of each stiffener shall be so proportioned that 
the bearing stress on that part of its area clear of the root of the flange 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 than: 

d&,R ---- 
250 W 

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

In addition, 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 
dol3.5. 

The ends of bearing stiffeners shall be fitted to provide tight and 
uniform bearing on the loaded flange unless welds, designed to transmit 
the full reaction, are provided between flange and stiffener. Bearing stiffe- 
ners shall not be joggled and shall be solidly packed throughout. 

8.3.6.4 Transverse stzfiners - Intermediate transverse stiffeners shall 
be provided throughout the length of a beam where the ratio d/t exceeds the 
value C, 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 & 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 single stiffener about the face of the web, or of a pair of stiReners 
about the centre line of the web, is not less than: 

1.3 dVlb% 
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where Ed and t have the meanings given above, and 

b = the spacing of the stiffeners ( with stiffeners on onesicle 
only, b shall be taken to the lines of attachment of them 
with stiffeners on both sides, b 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 he 
correspondingly increased. Normally, it will be neither economical nc t 
necessary to have stiffeners at spacings greater than l-5 d. 

8.3.6.5 Longitudinal stiffeners - Where the ratio d/t exceeds the value 
Cz in Table 9, the symbols d and t having the same meanings as in 3.3.6.4 
a longitudinal stiffener shall be provided in addition to intermediate trans 
verse stiffeners. Figure 10 gives, for various j&/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 

f q.w = the average shear stress, 

fi = 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 single 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 the face of the web, or of a pair of stiffeners 
about the centrc. line of the web, is not less than 4 dt3. \ 

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 cmtre 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 Q/t 

where 

te = the thickness of the attached leg of the stiffener, and 

t = the thickness of the web. 

8.3.6.7 Corm&on of transverse and longitudinal stifeners f- 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 t2/s .N/mm 

where 

t = the thickness of the web in mm, and 

s = the unsupported width of the outstanding leg of the stiffener 
in mm. 

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

6.3.7 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 Unstifined webs ( d/t<& 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 h/d=0 in Fig. 11, 
where h and d have the meanings given in 8.3.6.5 and 8.3.6.4. 

c) In combined bending and axial compession - 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 kbt2/d2, where kb is a buckling coeffi- 
cient dependent on the distribution of total longitudinal stress as 
given in Fig. 12, and d and t have the meanings given in 8.3.6.4. 

d) In combined bending, axial comfression and shear - The following 
expression shall be satisfied: 

(fib 1” + (fp.av/!wv )“< 1 
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FIG. 11 PERMISSIBLE BENDING C~MPRE~SVE STRESSIS FOR 
WEBS IN PURE BENDING 

where 

fl L the maximum total compressive stress due to combined 
bending and axial compression; 

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

fq.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. 

9.3.7.4 Webs with transverse st@zers ( Cl<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 that lt/bP is not less than 
@OOO 35, where Ir is the second moment of the gross area of the compression 
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FIG. 12 BUCKLING COEFFICIENT kb FOR COMBINED BENDING 
AND AXIAL COMPRESSION 

flange ( see 8.3.2.1) about its axis normal to the web, and b and t have the 
meanings given in 8.3.6.4. 

b) 

In shear - Permissible average shear stresses are given in Fig. 13 
for various stiffener spacings and d/t ratios, where d and t have the 
meaning given in 8.3.6.4. 
In pure bending - Permissible stresses are obtained_ as in 8.3.7.3 

(b). 
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NOTS -Symbols are defined in 8.3.7.3 and Fig. 12. 

FIG. 13 LIMITING RATIOS OF COMPRESSIVE 
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c) In combined bending and axial compression - Permissible stresses are 
obtained as in 8.3.7.3(c). 

d) Iti combined bending, axial compression and shear - The requirements 
of 8.3.7.3(d), but with p q.av as obtained from 8.3.7.4(a) shall 
be satisfied. -. 

9) 
8.3.7.5 Webs with longitudinal and transverse stifleners ( d/t>& in Table 

-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 If/bt3 is not less than O*OOO 35, where If, b and t have the meanings 
given in 8.3.7.4: 

a) 

b) 

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/h and h/t, or as ( d-h ), 
the ratios being read as b/(d - h ) and ( d - h ) /t. The symbols d 
and t have the meanings given in 8.3.6.4, and h has the meaning 
given-in 8.3.6.5. 
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 h/d ratio, where h and d 
have the meanings given in 8.3.6.5 and 8.3.6.4 respectively. ’ 

50 100 1 50 200 250 

NOTE - Symbols are defined in 8.3.6. , 
FIG. 14 PERMISSIBLE AVERAGE SHEAR STRESSES IN STIFFENED WE.= 
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In combined bending and axi ‘1 comflession - The total compressive 
stress in any panel due to 1 ombined bending and axial compres- 
sion shall exceed neither the permissible value obtained from Fig. 2 
nor a value equal to W/h* for an upper panel nor kbt”/( d - h )* 
for a lower panel where b, d, A’and t have the meanings given in 
8.3.7.3. 
in combined bending, axial comfiession and shear - The requirements 
of 8.3.7.3(d), but applying to any panel and with #9.av and p1 
obtained respectively from (a) and (b) of this clause shall be 
sali&ed. 

8.3.7.6 Webs with torsionalry strong stiffeners - The requirements of 
i8.3.7.4 and 8.3.7.3 are based on the conservative assumption that the 
‘ffanga ad stiffeners provide no torsional restraint to the web. In many 
w me economical beams can be designed by taking such restraint 
into “count { see Appendix L ). 

8.4 Thin Pla&es, Webs and Flanges 

8.4.1 LoGa1 Buckling in Compression 

8.4.1.1 General -Local buckling is the type of failure in which one 
0~ more of the component elements of a cross section deform into a series 
d 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 Jlanges - The permissible stresses in 
l&l buckling for unreinforced webs and flanges shall be obtained froni 
Fig. 2 at h = mb/t. The value of mbit to be used is the largest df those ob_ 
&ned by separate calculation for each element of the section which is 
wholly or partly in compression, where 4 is the local buckling co&i&nt 
( see Table 12 ), and b and t 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 14 
buckling for a thin flange reinforced with a lip of the same thickness as the 
flange shaIl be obtained from Fig. 2 at h = mbit. 
used is the largest of those obtained by: 

The value of d/t to be 

a ) Calculation for the flange as a web element ( see 8.4.1.2 ) where 
m = 1.6; 

b) Calculation for the lip as a flange element (see 8.4.1.2 ) w%- 
m = 5’1; 

61 

  
  

 



I6 : 8147 - 1976 

c ) Calculation for the flange-lip combination where 
m = 5.1 ( I - cl/80 ts ), c and t 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 mb/t 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 = 1.6, and the width b = be + t/2 ( see Table 12 ); 

b ) Calculation for the flange-bulb combination, where 
- da/256 P ), d and t being the bulb diameter and 

ra:gz ih!cLcss respectively ( see Table 12 ). 

8.4.1.5 Welded thin-walled members - Welded thin-walled members in 
materials in the 0 and M condition ( for example 54300-0,54300-M ) may 
be designed as though they were unwelded. 

With heat-treated materials ( for example 64430-WP ) and work- 
hardened materials ( for example 53000-HI ) the effect of heat affected_ zones 
(see 9.3.2 ) depends on the extent and position of the zones, and m 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 Ve’ery thin plates -Where h as obtained from 8.4.1.2 to 8.4.1.4 
exceeds both A, and l/r, the permissible compressive stress may be increased 
by multiplying it by the following factor, which takes post-buckled strength 
into account. 

I+[ID4-1][ l-&l 

where 

ha = the slenderness ratio corresponding to the ju ction of 
straight line and hyperbola in Fig. 2 ( see Table 1 ), and 

I/r = the effective slenderness ratio of the entire cross section as 
a strut in ordinary column buckling ( see 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 
Fii. 7. For webs of built-up beams see 8.9.7.4. 

8.4.3 Buckling Due to Bending, Axial Com@ession and Shear - For thin plates 
~ combined bending, axial compression and shear ( see 85.73 ), 
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TABLE 12 LOCAL BUCKLING CO-m, m 
(Cknrcc 8.4.1 ) 

BOTH EDGES 
SUPPORTED Q m=F6 
(e.g. a web) 

I for m 
see 0.4.1.3 

for m 
see 6.4.1.4. 
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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 eccentricity, 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 
( bolting, riveting, welding or other ) shall be provided to resist the forces. 

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 ( see 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 
permissible bearing stresses on inner plies are 1 *l 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 
92.2, 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 Details 

a ) Diamder -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 be 
not less than 8 mm and shall not be less than 6 mm, 

  
  

 



TABLE 13 PERIKWDLR STRESS3 FOR BOLT3 AND RIVEIS IN N/mm’ 
( W/=‘+ 1 

( clause 9.2.1 ) 

- 

I 

f 

.- 

1 

__ 

n 

1 

- 

ITEM MATERIAL T&ION DIAIW.TER* 
mm 

Jp to 6.3 mm 

SHEAR PROCESS 

w 
- 

Boltst 

$2) 
64430-WP 
( HJO-WP ) 

i.3 mm or more (& (7Y) 

( 20 ) 
(7z) Up to 20 mm 

20 mm to 38 mn 
( Both inclusive ] 

S tee1 - 

(E) 

(tz) Not recommen- 
ded 

Cold driven 

Cold driven 

64430-W 
( H30-W ) 

53000-O 
( N5-0 ) 

Any Rivetst 

% Hot driven 

Power drive 
( shop ) (E2) (72) 

Steel 

Power driv& 
( field ) (9Y) (62) 

*Permissible diameters are given in 9S.Z. 

tClose fitting bolts and solid rivets for bolts in clearance holes ( scc 9.2.1 ). 

fInformation not available. Permissible stress shall be obtained in accordance with 
Appendix F. 
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TABLJ314 HOLE CLEARANCES FOR BOLTS AND RIVETS 

( Ch.ses 9.2.1 and 9.2.2 ) 

ITEM 

Bolts 

Rivets 

TYPE 

Close-fitting 

Not 
close-fitting 

Solid 

Tubular 

. _ 

- 

MATERIAL 

Steel or corro- 
sion-resisting 
steel 

DIAMETEB 
mm 

_ 
Up$o, but excluding 

12 or more 

UI;~ but excluding 

12 or more 

y2p to, but excluclmg 

12 or more 

-_ 

. 

_- 

-_ 

- 

MAXIMUM 
CLEARANCE on 

DIAMETER 
mm 

o-13* 

0*4* 

0.8’ 

0.4 

0.8 

0.8 

1.6 

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 O-13 mm except where the tale 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 
diameter. 

Maximum spacing - In tension members the spacing of adjacent 
bolts or rivets on a line in the direction of stress shall exceed neither 
16 t, where t is the thickness of the thinnest outside ply, nor 200 mm; 
in compression or shear members it shall exceed neither 8 t nor 
200 mm. In addition, the spacing of adjacent bolts or rivetson 
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a line adjacent and parallel to an edge of an outside ply shall 
exceed neither 8 t 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 t nor 300 mm in tension 
members and neither 20 t nor 300 mm in compression and shear 
members. 

d) Ea’ge distance &With extruded, rolled or machined edges, the edge 
distance ( m&ured 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. 

e) 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. 

93.3 Tubular and Other S’ecial Rivets - The permissible load on a tubular 
or other special rivet is one-third of the minimum expected rivet strength 
obtained Corn a sufhcient 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 l-5 mm of the total thickness of the packing beyond 6.0 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 Bolts 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: 

4 
b) 
4 
4 
4 

Parent and filler material; 
Dimensions of weld; 
Edge preparation, welding position; 
Welding process; and 
Any special requirements, such as smoothness of weld profile, wel- 
der’s test, precautions against excessive temperature and ypecial 
quality control ( as required, for example, in 10.4 ). 

9.3.2 E$ct of Welding - Welding can red&e 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 tensile 
properties close to or equal to the specified ones. 

Aluminium in other than the annealed 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 - PermissibIe 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 i$ the total length, provided that end 
imperfections 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 
(#lt ) or in shear ( pWQ ) as the case may be, multiplied by the 
effective length and 1-l 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 O-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,2 
permissible shear stresses ps ( 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 

PARENT 
METAL 

64430 (H30) 

65032 ( H 20) 

: ‘1 63400 ( ) H 9 

54300 ( N 8 ) 

53QOO (N5) 

(Clause 9.3.3 ) 

STRESSES IN BUTT WELDED JOINTS 
AND HEAT AFFECTED ZONES IN 

~_---h---_ 

Tension Shear 
Pwt ha 

N/IIld 
( W/mm’ 1 

N/IIUIP 
( W/mm2 ) 

51( 5.2 ) 31 ( 3.1 ) 

51 (5.2) 31 (3.1 ) 

31 (3.1 ) 19 c 1.9 ) 

82 (8.3) 48i2 4.9 ) 

62 (6.3) 37 i( 3.8 ) 

STRESSES IN FILLET WELDED 
JOINTS* (WELD METAL ) 

c----- *___- 
Transverse Longitudinal 

N/mm* N/mm’ 
( kgf/mm’ ) ( k&/mm” ) 

54 ( 5.5) 31 ( 3-l ) 

54 ( 5.5 ) 31 (3.1 ) 

54 ( 5.5 ) 31 (3-l) 

73 ( 7.4) 46 ( 4.7 ) 

65 ( 6.6) 36 ( 3.7 ) 

*Values apply to the effective throat-area 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 ,$eSign of welded joints 
are given in Appendix N. The following specific requirements apply: 

U 
b) 

C) 

d) 

Intermittent butt welds - Intermittent butt welds shall not be used. 
Intermittent Jillet welds - The distance along the edge of a apart 
between adjacent welds in an intermittent fillet weld, whether the 
welds are in lint 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. 
Longitudinaljllet welds - If longitudinal fillet welds along theedges 
are used in an end connection, the length of each shall be nob less 
than the distance between the welded edges. 
Edge prefarations - 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 
demonskted to be satisfactory and is approved by the engineer. 

10. FATIGUE 

10~1 General - Structures subjected to fluctuations of load may be liable I 
to &fer fatigue failure which, if the number of applications of load is large, 
may occur at stresses much lower than the permissible static stress. Fatigue 

i 

failure is usually initiated in the vicinity of a stress ronccnlration and appears 
as a crack which subsequently propagates through the connected or fabri- 
cated members. Discontinuties such as bolt or rlvct holes, welds and other 
local or general changes in geometrical form set up stress concentrations. 
Details shall bc worked out to avoid, as far as possible, stress concentrations 
whicll may give rise to cxccssivc rcdutrtion of the fatigue strength of mem- 
bers or connections. Guidance on the dcsigll 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 ccccntricity 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 
( see 10.3.3 ). 
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Fatigue information is not given for numbers of stress cycles less than 
10s. For situations where repetitions of high-strain loading are likely to 
occur, consideration should be given to the possibility of lower-cycle fatigue, 
and expert advice should be sought. 

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

The terms used above to describe fluctuating loads arc defined as 
follows ( see Fig. 15 ) : 

Minimum stress (f‘vizlin ) The lower numerical value of the stress 
in a stress cycle. 

Maximum stress (f,~~~ ) The higher numerical value of the stress 
in a stress cycle. 

Stress ratio (.&in lf Max 1 The ratio of the minimum to the maxi- 
mum stress in a stress cycle, tensile stress 
being considcrcd positive, and com- 
pressive stress negative. 

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

Za.3 Permissible Stresses 

19.3.1 General - The permissible strcsscs, to which no additional safety 
factor need be applied, for 9 classes of member ( .sce lo.4 ) arc given in Fig. 
16 to 24. These show for each class the interrelations bctwecn stress ratio, 
maximum stress and number of cycles. The permissible value of any one 
of the three qu?ntities can be obtained where the other two arc known. 

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 1, the stresses 
apply to 64430,54300,65032,24345,52000 and 53000; they do not apply 
to 63400, as there are no experimcntd data available. 

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

+&I approximate method allowing for eccentricity in the thickness direction, whether 
due to misalignment, eccentricity or variation of thickness (see Table 30 ) is to multiply 
the nominal stress by ( 1 + 34t ), where e is the distance between centres of thickness of 
the two abutting member if one of the members is tapered, the centre of the untapered 
thi&xss shall be used; and t 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 ( scu Table 30 ), eccentriticity may be neglected. 
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FIG. 15 MAXIMUM AND MINIMUM STRESSES AND STRESS CYCLE 

  
  

 



IS : 8147 - 1976 

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. 
be calculated from: 

The precise values offMw in this range may 

fMa# sfo*6/2 ( 1 -fMinlfMax 19 

where 

f 0.6 = the maximum stress corresponding to the stress ratio O-5, 

fnML!Z 

= the maximum stress, and 

= 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 Una~orm Load Fluctuations - For uniform load fluctuati 4 ns, 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 10s 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 n,, nt. . . . . .n,, 
of different maximum strew 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 lo* 
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 N,, X,, . . . . . . . . . . , N,, shall be determined, if necessary 
by logarithmic interpolation, from the figure appropriate to the 
class of member ( see 10.4 ). If, however, f~,,# is smaller than 
the appropriate permissible stress for IO’ cycles or larger than that 
for 10s cycles, the value of N shall be extrapolated as follows: 

log N= log (2 x 10) (&g$o-?g*F)) +1og (2 x la) 
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where pc and flA are the appropriate permissible stresses for 
2 x lo6 and lo6 cycles respectively. 

d ) The member shall then be designed so that : 

++++ . . . . . . . . . . . . $-pl 
1 2 0 

10.4 Ciassitiation 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 longitudinal 
or transverse butt welds, with the reinforcement dressed flush with the 
surface and the weld proved free from defects by specified quality 
control requirements ( see 14.7 ). To qualify for Class 2, this type 
of member shall comply with 10.4.2. 

c1uss 3 

i) 

ii) 

iii) 

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. 

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 3.0 mm or one-fifth of the 
thickness, whichever is smaller, and blending smodthly with the 
parent metal. To qualify for Class 3, this type of member shall 
comply with 10.4.4. 

Members with full-penetration continuous longitudinal automatic 
p?tt welds, free from transverse surface irregularities, and with no 
+terruptions in welding either the root pass or the final pass. TO 
qusrlifir for Class 3, this type of member shall comply with 10.45. 

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

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

ii) ,Members with transverse butt welds made Born both sides, but 
with the height of the reinforcement above the parent metal greatff 
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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 

9 

ii) 

Members with continuous longitudinal fillet welds with inter- 
ruptions which have not been repaired in accordance with 10.45. 
Members with T-joints, the welds being with or w&out full 
penetration if made from both sides, but with full 
made from one side. To qualify for Class 7, this,4 
shall comply with 10.4.6. 

Class ,8-Members with discontinuous longitudinii” 
s i 

& -load- 
carrying fillet or butt welds; this class includes beams with inter- 
mittent web-to-flange welds. 

Class g--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 B&t 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 ma,$iined 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 [ see 9.2.2( f) 1. 

10.4.4 Butt WeUs 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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16A Maximum Stress Tensile 

FIG. 16 CURVES RELATING MAXIMUM STRBSS, STRESS RATIO AKD 
NUMBER OF CYCLES FOR CLASS 1 MEMBERS - Contd 
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FIG. 16 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 1 MEMBERS 
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-7.3 -0.6 -0.6 -04 -0.2 0 0% 0.6 19 

f min. 
f max. 

17A Maximum Stress Tensile 

FIG. 17 CURVES RELATING MAXIMC’M STRESS, STRJX~~ RATIO AND 
NUMBER OF CYCLES FOR CLASS 2 MEMBERS - Contd 
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, 

178 Maximum Stress Compressive 

FIG. 17 CURVES RELATING MAXIMUM ST-, STRE.~~ .RATIO AND 
NUMBER OF CYCLES FOR CLASS 2 MEMBBIG 
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fmin. 
fmo, 

l8A Maximum Stress Tensile 

FIG. 18 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NU&IBER OF CYCLES FOR CLASS 3 MEMBERS - Contd 
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- 0.4 -0.2 0 O-2 O-4 O-6 1-O 

fmax. 

188 Maximum Stress Compressive 

FIG. 18 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES *OR CLASS 3 MEMBIW 
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f min. 

f max. 

19A Maximum Stress Tensile 

FIG. 19 CURVES RELATING MAXIAKJM STRESS, STRESS RATIO AND 

NUAIBER OF CYCLES FOR CLAS 4 MEMBERS - Contd 
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198 Maximum Stress Compressive 

FIG. 19 CURVES RELATING MAXIMUM STRESS, STRESS RATIO. AND 
NUMBER OF CYCLES FOR CLASS 4 MEMBERS 

es 

, 

  
  

 



IS : 8147 - 1976 

20A Maximum Stress Tensile 

FIG. 20 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 5 MEMBERS- Contd 
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fmin. 
fmax. 

206 Maximum Stress Compressive 

Frro. 20 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 5 MEMBERS 
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2lA Maximum Stress Tensile 

FIG. 21 CURVES RELATING MAXIMUM STHSS, STRW RATIO AND 
NUMBER OF CYCLES FOR CLASS 6 MEMBERS-COT& 
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i Ii) ,/ (ii) 

-0.6 -0.6 -04, -0.2 0 0.2 04 0.6 08 1.0 

fmin. 
fmax. 

21 B Maximum Stress Comprrrsiva 

FIG. 21 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 6 MEMBERS 
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-04 -06 -0.1 -0.2 0 O-2 04 0.6 04 1.0 

%k 

22A Maxlmum Stress Tensile 

Fra. 22 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR Ctlrss 7 MEMBER~--CCO~~~ 
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fmin. 
f max. 

226 Maximum Stress Compressive 

FIG. 22 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 7 MEMBERS 
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-0.8 /06 -0.4 -0.2 0 0.2 0.4 0.6 

..I 
fmax. 

23A Maximum Stress Tensile 

FIG. 23 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 8 MEMBERS - Contd 
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1 

FIO. 23 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
~~JUMBER OF CYCLES FOR CLASS 8 MEMBERS 

91 

  
  

 



IS : 8147 - 1976 

0 
-1.0 -0-8 - 0.6 -0.4 -0.2 0 0.2 0.4 06 0.8 1.0 

fmin. 
fmax. 

24A Maximum Stress Tensile 

FIG. 24 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 9 MEMBERS - Contd 
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et . 
246 Maximum Stress Compressive 

FIG. 24 CURVES RELATING MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 9 MEMBERS 

  
  

 



or (i) ofClass 6, ifth e materials on the two sides of the joint differ in thick- 
ness by more than 3.0 mm or one-fifth of the thickness of the thinner material, 
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. 

10.45 Weld l&flairs - 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 
&en be restarted at the top of the tapered slope; this procedure is intended 
to prevent lack of fusion and entrapment of oxide. On completion, the 
surf&e 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 
(ii) of Class 6, (ii) of Class 7, or Class 9, shall be designed so that the 
stress on the total effective 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 
Table 30 )]. 

SECTION IV TESTING 

11. TESTING RRQ UIRIWMTSANDPROGEDURE 

11.1 Geaeral -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 
III are used, or 

c) there is doubt or disagreement as to whether the structure has been 
designed in accordance with Section III or dhether the quality 
ofmaterial or workmanship is of the required standard. 
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113.1 AjqGdon -The static acceptance test applies to structures or 
parts of stru~tums that are not subject to fluctuating loads likely to cause 
ihigue &lure ( 566 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 Chat 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. 

119.2 Landing- If the structure to be tested is complete, its self-weight 
tonstitutes the dead load. 
of each 

If the structure is incomplete, the self-weight 
missing part shall be carefully estimated and then multiplied by 

1-I ( or by O-9 ifit 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 a~realisti- 
tally 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 ixisof&r 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 1.25 and all other live loads multiplied by 1.5. Those combinations of 
any ?f.them which together with any additional dead load, produces the 
sever&t effects, shall in turn be applied to the structure in at least five 
approximately equal increments. They shaI1 in each case be positioned so 
as to reproduce the actual live loads as realistically as possible. 

ll.!U Duration of ihading- The preliminary settling-down live loads 
shall remain in place fm at least 15 minutes. 

‘AtbM.ionidr8wnto‘R of a Committee ou the Testing of StNCtUlW ’ publinbd 
b@dmtitu~ofd~inscptan~1964. 
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In the actual test, each increment of test Live lo& shall rem& in 
place long enough to enable measurements of deflection to be takeu 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 minutea before the measure- 
ments and inspection required for acceptance are made. 

11.2.4 Acceptance - The criterion for acceptance is that the structure 
shall sustain the test loads without excessive deformation and without the 
dcvclopmcnt of deleterious dcfcct. Beam deflections shall not exceed the 
values given in 8.3.1 modified appropriately to allow for the difference 
betwecu the working load and the test load. 

Load-deflection curves shall be plotted throughout the incremental 
loading or loaclings, and shall be examined for signs of instability. If doubt 
arises from the examination, the engineer may require that the test be re- 
peatcd. The engineer shall satisfy himself that no undue risk will arise 
frotn 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 18 ). 
The test is intended to show whether thi stru&ure is capable of carrying the 
design loads during its service life. 

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

11.3.2 Loading - The structure shall be subjected to sub8tantially 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 bc 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 seqnaee btfon 
failure. 

Alternatively, the test load shall be the &mum m&c trod, aad 
the number of repetitions shall be agreed with the engineer as rcpreseating 
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the total number of applications of all service loads that give rise to stresses 
greater than those permitted for Class 9 assemblies ( Fig. 24 ) for the 
appropriate values of the stress ratio and the number of cycles. 

1133 Acc#ptanct? - 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 ). 

1133.1 Safs-la@ structures - A safe-life design is one in which the 
structure is designed to have a Wgue 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: 

Effixtizw Akmber of Factor 
sp#iaMls ?ksted 

1 5-o 

2 4.2 

3 3.9 

4 3.75 

10 -. 3.5 

The dfective number of specimens for the purposes of determining the 
appropriate factor will de&end 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 detaii which repeats within 
a length of constant stress may further multiply the effective number. 

1133.2 Fail-safe stmctms -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 G&Ire 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 &quency of inspection. 

Tests to establish fail-safe performance shall be done under repeated 
loadings as deEned in 11.33 
detected by the same t 

and shall continue until a fatigue crack is 
The crack 

shall then be allowed 
as will be employed in service. 

r 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 Iifc obtained f&n the e&Aye number 
of specimens is at least half the specified life multiplied by the appe 
factor before significant cracks appear, and is at least equal “t% s 
life multiplied by the same factor bet& a prohibitive amoun 
required. 

SECTION V FABRICATION AND ERECF10N 

12. GENERAL 

12.1 Ftuttors Affecting Fabrication and &e&on - Fabrication and 
erection operations are, in general, the same as for steelwork, but they arc 
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 ahrminium. Aluminium 
lends itself to high standards of workmanship. 

During erection the structure shall be securely bolted or otheswise 
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 sr& 
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, su 
When temperature and moisture con (z 

erflcial corrosion may cause staining. 
‘tion are such that condensation may 

occur, heated and ventilated storage space be provided, if such condensation 
stain would be objectionable. 

Where appearance is important, ahuninium shalI be stored in dry 
places, clear of the ground; contact with other metals and with materials 
such as cement and damp timber shall be avoided. Care shall be taken 
of material for architectural use, particularly ifit is anodized; surfaces should 
be protected with strippable tapes, waxes or lacquers while danger ofdamage 
t2XiSt.S. _ 

For transport, aluminium shall be packed so as to avoid mechanical 
damage, abrasion and, where appearance is important, surface corro&n 
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 waterproo&rg. Sheets or other items inside the parceh 
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 scribii lines be perznkible except 
on critically stressed areas of thin material. 

Due attention shaU be given to the efkts of relatively high coe&ient 
of expansion of alumini um in measuring, marking out, and assembly parti- 
cularly when temperature variations are large. 

12.5 Straightening- All material shah be straight, unless required to be 
of curvilinear form. Straightening shall be done by a process and in a 
mannersoasnottocauseanyinjuryandshallbefreefromtwist,eharp t 
kinks or bends. 

12.6 Cutting - Cutting shall be by machinmg, shearing or arc-cutting. 
Band-saws and circular saws should be of the ship-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-O mm thick or lem. 
Arc cutting may be used on all thicknesses and to the satisfaction of enginczr 
and shah have no deleterious efkct on the material. Plame-cutting shall 
not be used. 

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

12.7 Drilling, Pancbing and Reaming - Holes shall be made by dri8ing 5 
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 bobs 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 ske after assembly. Holes for bolts 
and rivets in certain members may neg& to be drilled with parts assembled 
and tightly clamped together; if the engineer 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 specifi- 
tally called for on the drawing for lower thicknesses too. Edges of material 
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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 RIVFXING 

13.1 Bolting- The length of the unthreaded part of a bolt shall be such 
that as far as possible no part of the thread is within the thickness of the 
member. The thread shall project beyond thenut 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 
steel bolts. 

Nuts shall be properly, but not excessively, tightened. Locking 
devices shall be used as required (see 9.2). 

The threads of aluminium bolts should be lubricated before assembly, 
particularly if the joint will subsequently be dismantled. 
may be used for the threads of anodized bolts. 

Lanolin sealing 

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 (see 21. I). 

Rivets shall be driven so as to fill the holes, including any counter- 
sinkings, completely. Head shallbe 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 staggered driving or by temporary cessation 
of driving. 

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

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

14. WELDING 

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 w lding processes 
or, in suitable cases, by resistance welding, fusion spot- F eldiilg 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 contaminated, 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 wdd. 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 adequare tests and shall receive the approval of the engineer before 
it is used in actual fabrication. 
shall be similarly approved. 

Any significant alteration in a procedure 
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 enetration 
has been achieved. All welds shall be defined in accordance wi tK 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 speci& 
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 14.5 ) and welder approval 
(~~~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 
Class2). 

*Method of testing fusion welded joints in ahninium an&klumioium alloyc 
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SL No. 

1 

2 

3 

4 
5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE 16 INFORMATION FOR WELDING PROCEDURE 
( cklu.n? 14.5 ) 

FOR TIG WELDING Fox MIG WELDINO 

Specification of parent metal 

Preparation of edges and set-up of parts 

Method of cleaning 

Size and type of tungsten electrode Arc voltage 

Welding current Current or wire feed speed 

Size and type of filler rod Size and type of electrode wire 

Gas nozzle size and rate of gas flow 

Number and arrangement of weld runs 
(including back chipping ) 

Welding position 

Welding sequence 

Pm-heat or inter-run temperature 

Welding head position and arc travel 
speed ( mechanized welding ) 

Shop or site conditions 

Any other relevant information 

TABLE 17 MECHANICAL TEST REQUIREMFNTS FOR BUTI’-WFiLD 
PROCEDURE AND WELDER APPROVAL 

( ckzase 14.5 ) 

ALLOY TENSILE STRENGTH* Mlunm~: BEND 
RArutmt 

N/mm’ 

(1) (2) (3) 

64430 193 $ 

65032 193 t 

63400 116 z 
54300 263 3t 

53000 
2t 

52000 216 1 185 

*Transverse to weld and irrespective of temper before welding. 
tControlled side bend tert: the specimen thickness t is normally 95. 
$Not applicable, 

‘! 
.F ,. 

q ?,- 
‘i 
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15. INSPECTION 

15.1 The engineer shall have access at all reasonable times to ail 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 resubmittedfor 
test, except in cases where the purchaser or his authorized representative 
considers the defect as rectifiable. 

15.3 Defects which may appear during fabrication shall be .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 results 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 
manufacturer, and if satisfactory, the costs shall be borne by the purch;gser. 

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 
l/480 of the axial length between points which are to be laterally supported. 

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

16.4 Members without machined ends which arc to be framed to other 
parts of the structure may have a variation from the detailed length hole to 
hole not greater than 0.5 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 ncccssary, aluminium may be heated to 150°C for a period not 
excccdmg 30 minutes. Such heating shall be done only when proper tern-- 
perature controls and supervision aregrovided to ensure that the fimit&ons 
on temperature and time are carefully observed. 

’ 104 

  
  

 



IS : 8147 - 1976 

SECTlOw VI PROTECTION 

18. PROTECIZON FROM ENVIRONMENT 

18.1 Gened - Ahuninium structures often require no protection, The 
need for protection depends on the alloy and on the environment; it is not 
necessarily 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 roughening 
of the surface, and protection or maintenance may be necessary. In 
aggressive atmospheres discolouration and roughening will be worse, and 
protection is required. In coastal and marine environments ( within 0.5 km 
of the sea coast) the surface will roughen and acquire a grey stone-like 
appearance, and protection is necessary withsome ailoys. Where aluminium 
is immersed in water, special precautions may be necessary. Tropical en- 
vironments are in general no more harmful to alum+ium then temperate 
ones, although certain alloys ( see 7.6.2 ) are&eeted 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 atmospheric deposits settle, are affected tQ a greater 
extent than those washed by rain. 

Where aluminium is in contact with certain other metals ior other 
substances special protection .is necessary, particularly in the presence of 
seaspray or of splashing from salt-treated roads. The drainage of water 
from copper or copper-alloy roofs onto aluminium causes corrosion 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 treatmdnts, which include anodizing ( see IS : 186%1968* and 
IS : 6057-19707 ) and certain chemical colourihg processes, are not substi- 
tutes for painting. Anodized surfaces shall be maintained clean ( abrasive 
shall not be used ) to avoid unsightly, pitting in aggressive environments. 

18.2 Protective Treatment - Struct,&res shall ordinarily 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 seek expert guidance from the manufacturer. An 
unprotected structure in a doubtful environment should be examined after, 
say, 12 months’ service, and the need for protection re-assessed, this is partr- 
cularly advisable with material less than 6 mm thick. 

l Spcci6cation for medic coatinga on aluminium (JW rwirian). 
~Spccificati~ fo; &d aaodic coatinp on aluminium, 
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TABLE18 GENBRAL PROTEGTION OF ALUhfMIUM STRUGTURES 

( Ckwu 18.2 ) 

hRAFlILrrY 
RATING+ ,- 

REQ~JXREMIWITI ACCORDINO TO EN~IRONMEW~ 
-A----- 

DrY Mild Industrial and Marine Sea-wate; 
unpolluted Industrial-Marine (Non- Immersion 

M----Y industrial ) 
Moderate Severe 

A None None None P Nbne None 
B None None Pt P Pt N 
C None P P N Jv N 

P = Protection 
N - Not recommended 

*Srs 4.2.2. 
tMateria1 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 ( see 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 
of IS : 2524 (‘Part II )-1968t. 

20. METAL SPRAYING 

20.1 Surface Preparation - Surfaces to be metal-sprayed shall be 
thoroughly cleaned [ see IS : 2524 ( Part I )-1968 ]* and then roughened, to 
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 ( IB ) of IS : 739-1966$ ] except with 
non-standard alloys where the advice of manufacturer shall be sought. 

*Code of practice for painting bf non-ferrous metals in buildings, Part I Pretreatment. 
tCode of practice for painting of non-ferrous metals in buildings, Part II Painting. 
2Specification for wrought aluminium and aluminium alloys, wire (for gaentl 

engineering purposes ) ( rczired). 
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26.3 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 th en& 
neer. The thickness of the sprayed coating shall be not less than & ‘1 mm 
or, where protective painting is to be applied over it, not less than 0.05 mm; j 
the coating in either case shall be complete and undamaged. 

21. METAL-T&METAL CONTACT SURFACES, AND BOLTED 
AND RIVETED JOINTS I 

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-driven rivets 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 
rive& 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 26 ) either before or after 
assembly, and then overpainted with at least one priming coat. 
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The engineer may authorize a lesser degree of protection, such as a 
neoprene, chlorina*ed-rubber or zinc rich paint system instead of metal 
spraying. 
of lead. 

Such a system shall in any case bc used on surfaces or edges 

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 neoprene ) 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 galvanized steel or 
corrosion-resisting steel, are used. 

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

TABLE 19 PROTECTION AT JOINTS OF ALUhNIUM TO ALUMINIUM 

DURABILITY PROCEDURES ACCORDING TO ENVIRONMENT 
RATING ,--__~~~~~~~_~~~~_~~_~ 

Dry Mild Industrial and Marine Sea-Water 
Unpolluted Industrial-Marine (Non- Immersion 

~~~--Y industrial ) 
Moderate Severe 

(1) (2) (3) (4) (5) (6) (7) 

A l(l) 10) l(2) z(4)* ~(3) 3(5) 
B l(1) l(1) l(2) z(4)* z(4)* JV9 
C l(1) Z(2) l(2) N(N) Jv(JV JVJV) 

‘* ‘( 3) for bolts of emrosion-resisting steel. 

.N = Not recommended. 

Bracketed references apply witb ferrous bolts or rivets. 

21.3 Al uminhn 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 21.1. 

Joints shall be made with galvanized steel bolts, 
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TABLE 20 PROTECTION AT JOINTS OF AL- TO ZINC OR 
GALVANIZED STEEL 

( Clawe 21.3 ) 

DURABILITY F~OCEDURES ACCORDING TO ENVIRONMENT 
RATING c * 

DrY Mild Industrial and Marine sea-wz 
Unpolluted Industrial Marine ( Non- Immersion 

-AF industrial ) 
Moderate Severe 

(1). (2) (3) (4) (5) (6) (7) 

A 1 1 2 4 3 5 

B 1 1 2 4 4 N 

C 1 2 2 N N jv 

N = Not recommended. 

21.4 Al umininm to Steel, Cast Iron on Lead - Contact surfaces and 
joints of aluminium to steel, cast iron or lead shall be protected in accordance 
with Table 21 in which the numbers refer to the procedure 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 
&ltsc; rivets, or bolts of galvanized steel or corrosion-resisting steel, shall 

. 

TABLE 21 PROTECI’ION AT JOINTS OF ALUMINIGM 
IRON OR LEAD 

TOSTEEL,CAST 

DDRAmLnY PROCEDURETT ACOORDING TO EN~XRONYBNT 
RATIN c L --- 

I)ry h4ild Industrial and Marine Sea-Water 
UIlpllllkd Industrial Marine Imwnion 

(1) (2) (3) (4) (5) (6) (7) 

A 1 2 2 4 4 5 

B 1 2 2 4 4 # 

C 1 2 3 N N N 

N-Notrammadd. 
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2L!iAl l * to Gorrosion~Resisdng Steel - Contact surfaces and 
joints of al uminium to corrosion-resisting steel shall be protected in accor- 
dance with Table 22, in which the’ numbers refer to theprocedure in 21.1. 

/ 

T-22 PROTBCTI ON AT JOINTS OF ALUMINIUM TO CORROSION- 
RESISmG STERL 

DtlPABlLlTY &%tOCEDURl?S Acxxnm~a TO ~VIRONMEIW 

RATTNG , L - \ 
=Y Mild Industrial and Marine SeiLWYi2 

unpolluted Industrial Marine ( Non- Immersion 
c-_-m industrial ) 

Moderate Sexae 

(1) (2) 9) (4) (5) (6) (7) 

A 1 1 2 3 3 5 

B 1 1 2 3 3 .N 

C I 2 3 N N Jil 

JV 6 Not recommended. 

21.6 Alumini um 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 milkl 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 treatments. 

Further protective treatment shall be in accordance with 18 and 1% 
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24. CONTACT BETWEEN ALl7MINNM 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 aluminiu 
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 )-1968t. 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 Embedxncnt 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 local!y 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 folly 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 bit&en; 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 practice for painting of non-farour metals in buildings, Part I Pretreatment. 
tChdc of practice for painting of non-f- metals in buildings, Part II Painting. 
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24.5 Immersion in Water - Where aluminium parts are immersed in 
water ( other than sea water ) cithcr fresh or contaminated, the aluminium 
should prcfcrably bc of durability rating A, with fastenings of aluminium or 
corrosion-resisting steel or made by welding. The engineer shall obtain 
competent advice on the degree of corrosion to be expected; oxygen content, 
PH numb!xr, chemical or metallic ( particularly copper ) content and the 
amount of movement of the water are important factors. He should also 
seek advice 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 does 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 Me ers - 
“si, 

Aluminium beams,-columns and other 
members may be insul ted 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 eycternal fire shall. be considered. 
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25.4 Roof Covering -- Where a fire occurs in a single-storcy building it 
is preferable for smoke and fumes to be exhausted, and fire-spread to be 
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 
softening and melting temperatures of aluminium, although too high for ’ 
immediate failure, are low enough to permit useful venting river the seat of 
a fire, provided the roof is unlined or equipped with a lining which can fall 
away if the temperature rises dangerously. 

APPENDIX A 

( CZau.se 4.2.1 ) 

NOMENCLATURE OF ALUMINIUM PRODUCTS 

A-l. GENERAL 

A-l.1 Complete information on new alloy designation system for aluminium 
and its alloys, based bn ‘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 nonbeat-treatable alloy ( for example 54300 ) are those of which 
the strength can be increased only by strain-hardening. This strain-harden- 
ing may be deliberate ( as in the rolling of sheet to a specific hardness 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 
sufhx letters and symbols: 

Temper Designation Description 

0 Softest ( i. e. annealed ) 

Hl to H4 Progressive degree of hardnes 
M AS manufactured ( that is partly hardened 

in the ordinary course of manufacture ) 

The effect of heating these materials is to reduce their strength, which can 
then be recovered only by strainhardening. 

The heat-treatable alloys ( for example 64430 ) derive enhanced 
strength from either one or two stages of heat trcatnrent. The first stage 

*Code 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 far a prescribed time at a prcscrii moderate tern-- 
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 sufiix letters as follows: 

Temper Designation Description 

0 Annealed 

M As manufactured, with no normal heat- 
treatment 

W Solution heat-treated 

WP Fully ( that is Z-stage ) heat-treated 

P ArtXcially aged without prior solution 
heat treatment 
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APPENDIX B 

( Clause 4.2.1 ) 

FOREIGN EQUIVALENTS OF ALUMINIUM ALLOYS 

B.l This Appendix liits some foreign equivalents of Indian Standard alloys referred to in this Code. They are not necea&ly exact ~uivalents tid for detailed information on their 
.c.unpositions reference shall be made to the relevant Indian Stabdards. 

INDIA 
(IS11 

(1) 

64430 

64300 

63400 

65032 

24345 

31000 

52000 

53OOO 

74530 

TABLE 23 FOREXGN EQUIVALENTS OF AL- ALLOYS 

iSO UK AUSTRIA BBLONJM CANADA FRAN& GERMANP 
DBSIONA~~N (BSI ) (ONA) (IBN) (GSA) ( AFNOR ) (DIN) 

(2) (3) (4) (5) (6) (7) (8) 

gz;;g HSO 

ALMg4,5Mn N8 
IS0 209 

AlMgSil AlMglSil GS 11R A-SGM AlMgSil 
C)NORM M NBN 437 HA series NFA57-350 DIN 1725 

3430 NF A 57-650 B1.l 

- AlMg4 GM 41 A-G4 - 
NBN 437 HA seria NF A 57-350 

NF A 57-650 

k9 AlMgSi 0.5 
ONORM M kggZ7 

3430 

GS 10 A-GS 
HA series NF A 57-350 AlMgSio’5 

NF A 57-650 DIN 1725 
BI-1 

Al-MglSiCu H20 - - GS 11N - - 
HA series 

&C;iMg H15 - AlCu4MgSi CS 41N A-U4SG AlCaSiMn 
NBN 437 HA series NF A 57-350 

NF A 57-650 i:?I 1725 

Al-Mn I 
IS0 209 

NS AlMn AlMn 
ON~RM M NBN 437 E series 

3430 

A-Ml 
NF A 57-350 
NF A 57-650 

%?i725 
B1.1 

Al-Mg2.5 N4 AIMgP - GR 20 A-G2 
ON~RMM 

AlMg2 
IS0 209 HA series NF A 57-350 DIN 1725 

3430 NF A 57-650 Bl-I 

Al-MgS.5 N5 AlMg3 
IS0 209 DIN 1725 

3430 NF A 57-650 Bl-1 

Al-Mg5 
AlzaMgl 

Hlf - - - - DIN 1725 
IS0 209 Bl-1 

IT&Y NETRERLANDI) 
(UNI) (MNI) 

(9) WI 

P-AISil KAIM@i 

E%%5* 

- Km 

P-AlMgSi K AlMgSif 
UN13569 

- - 

P-AlCu4.4Si K AlCu4 

%?!!&I 
Me 

P-AIMnI9 - 
UNI3568 

p&%: 
K AlMg2 

P-AlMgS.5 K AlMg3 
UN1 3575 

- - 

i%VSDJZN 
(SIS) 

(11) 

SIS144212 

- 

SISi4-41O4 

- 

SlS14-4338 

SIS14-4054 

SIS14-4120 

- 

- 

SW~ZZERLAND LJSA 
( SNV) (ANSI) 

(12) (13) 

Al-Si-Mg AA6351 
VSM 10850 

- AA5083 

- AA6063 

- A6061 

Al-4Cu-&5Mg AA2014 
VSMlO852 

Al-Mn AASOOS 
VSM10848 

AI-2Mg AA5052 
VSM lO849 

Al-3Mg AA5154 
VSMlO849 

- - 
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APPENDIX C 

( Clauses 4.3.2 and 7.4.2) 

SECONDARY ALLOYS 

Gl. SELECTION OF MATERIAL 

C-l.1 Four further alloys often used in general and structural engineering 
are listed, with their properties, in Table 24. 

The use of 24345 (HIS) 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 wrrugated 
and troughed sheet for roof and wall cladding; it has high durability. 52ooO 
( N4 ) and 53000 ( N5 ) generally used in sheet form, wmbine high dur- 
ability with a wide range of mechanical properties. These materials have 
good weldability. 

C-2. PERMISSIBLE STRE!%Es 

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. 
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TABLE 24 PROPERTIES OF SECONDARY ALLPYS 

( c1m.re c-1.1 ) 
- 

! 

__ 

-_ 

_- 

_- 

.- 

- 

- - 

_- 

_ - 

_- 

THICKNL& t 

mm 

TENSILE 
STRENGTHS 

ELONGATION 
PERCENT 0N 

50 mm% 

O-2 Pl3R0ENT 
COMPRES- 

SlvB PROOF- 
STR=J 
N/mm2 

( k&mm” ) 

BEARING 
jTRF,NQTH§ 

MODIJLIJ~ 
OF ELALJTI- 

o=yII 

N/mm* 
( k&mm’ ) 

DENSITY 

klmS 

FORM* ALLOY :ONDITT~N+ 

-- 

To 

0.2 PERCENT 
TENSILE PROOF 

STRESS.~ 

N/Rim* 
( kgf/mms ) 

(2) (3) 

From 

-- 

(4) (5) (6) 

W - 225 
(23.0) 

Extrusion 

- 375 
(38-O) 

WP Clad Sh:et 

- 

- 

- 

- 
320 

(32.5) 

Clad Plate 3.15 25 
345 

(35-O) 

-- 

H4 - 

Sheet - 6.3 

Hl 
125 

(12.5) 
-- 

I-n 
160 

(16-O) 

CORFFICIRNT 

OF LINEAR 
EXPAN~ON~ 

PER% 
N/mm* 

( kgf/mm* ) 

(7) 

__ 

_ - 

-- 

-- 

__ 

. - 

_/_ 

. .- 

- 

03) (9) (11) (13) (14) (12) 

22 x 1o-6 

(1) 

10 375 
(38-O) 

772 
(78-6) 

72400 
(7380) 

C $2) 

sameas 
Tensile 

435 
w.0) 2800 

24345 
WY 

-- 

Aft 395 
(@O) 726 

(74-O) 

355 
w-22) 

420 
(42'5) 7 

68900 
(7025) 

l _- 

_ - 

_ - 

-_ 

31000 
(N3) 

170 
(17’0) 23 x lo-’ 2740 

24 x lO-6 2690 

23 x lO-6 2670 

2-3 

A 
200 
(20.5) 

52000 
(N4) 

110 
(11-O) 

145 
(14-5) 

3-6 

53000 
(N5) (224805) 

*For other conditions, foqns and thickness, refer relevant Indian Standards ( see 4.4.1). 
t-thickness includes its upper limit. 
SSpecifies minimum values. 
$Minimmn expected value ( see Appendix F ). 
j/For modulus of rigidity multiply by 0.38. 
l/Applies to range 20 to 100%. 

**See 4.2.2. 
ttC for immersion in fresh or sea water. 
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TABLE25 PERMIsslBLE STRESSES ;FOR SECONDARY ALLOYS 

Nl-’ ( ksf+ 1 

( clou.rc c4.1 ) . 

Small figures in parenthesis refe r to the note. 

ALLOY &NDlTION* 

-- 

(1) (2) 

. . 

FORM+ 

I * ). 
I- 2 . c 

_- 

(5) 
_- 

‘\ 

To 

E?Ctft&Oil - 

.“_ “. I -. 

. 
;) . 

ExtMion ’ - 

‘.‘ A 

3zfapw” - 

- 

-_ 

-- 

- 

-- 

6-3 

4 - _ 

Clad plate 
.I 

3-15 25 
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BEARINGS 
I 

Ml BENDINGS .?i HEARS 

24345 
(Hl5) 

31000 
(N3) 

52000 
(N4) 

- 
.+ (7) 

PC 

I 

I 

W 239 

- I ” 73 
(2&O). “_: I 

151 -143 
(15’1) (143) 

1547 226 
(15.6) (23-O) 

1Wl 
(1 l--O) 

. 
278 2: ‘I 47 

(2~5) I 
.t 

:“.’ 

WP .. 

(2%) NJ6 
* (Km) 

2ii 
(21-5) 

. 

H4 *+ 
_.- 

12Lj ** 
(13’0) 

1 

167 . 107 
(17’0) I 

178 
(18’0) 

83 

/ 

t, 

Hl (E) 

(2) 53ooo 
(N5) HI 

*For other conditions, forms and thickncas, refer relevant Indian Standards ( 3c.z 4.4.1 ). 
tEach thickness inchtdcs its upper limit. 
fApplies only when buckling is not the criterion, su 8.2,8.3 and 8.4. / . 
§Joint in single shear (xc 9.2.1 ). 
JiSec Appendix F. ~ 
BArbitrary reduced values to allow for inferior crack propagation resistance. 

**Values obtainable ( see Appendix F ) proofstress ofsuitable samples. 
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APPENDIX E 

( Clauses 6.3.2 and 6.3.3 ) 

CHART SHOWING LOWEST MINIMUM TEMPEIiATURE 

MAP OF INDIA 

I I I TEUPEQATURE l C 
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APPENDIX F 

(Clauses 7.4.1, 7.4.3, 7.4.4, 9.2.1 and9.3.3) 

DERIVATION OF PERMISSIBLE STRESSES 

F-1. GENERAL 

PI.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 
prbperties ( see 7.4.3 ), and also as a guide to permissible stresses for other 
alloys ( see 7.4.4 ). 

F-2. PERMISSIBLE STRESSES 

F-2.1 Asial Tension and Compression-The permissible stresses in 
axial tension fit, and in axial compression pe where buckling is not a factor, 
are given by: 

#t = 0*44f,t + 0*09& and 

pc = o-44 fiC -t 0.09 f” 
where 

fat = guaranteed or the minimum expected 0.2 percent proof 
stress in tension, 

fzc = guaranteed or the minimum expected 0.2 percent proof 
stress in compression, and 

fa = guaranteed or the minimum expected tensile strength. 

The minimum expected values of fit, fit and _fu may bc determined 
from a sufficient number of testa made, under competent supervision and 
to the satisfaction of the engineer, on production samples of the material. 

The permissible stress in axial tension pt 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 pe is drawn relating those stresses 
to A. 
by 

Fe form of the diagram is show-n in Fig. 25, in which A* is given 

where 

p, = ( O-44 fit - 0.02 fu - 15 ) N/mme, 

The values of A for entering the diagram are given in 8.2.3 and 8.2.5. 
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‘bc 
LATERAC BUCKLING 
LOCAL BUCKLING 

COLUMN BUCKLING 
TORSIONAL BUCKLING 

I\ 
I \ 

/- 

3-4X105N,,,z 
12 

Fro. 25 FORM OF COMPRESION BUCKLING DIAGRAMS 

F-2.2 Bending- The permissible stresses in bending tension pbt, and in 
bending compression pbc where buckling is not a factor, are given by: 

!‘bt = 044fst + 0*14f,, and 

jbc = 044 f2c + 0*14fu respectively 

The permissible stress in bending tension jbt will need to be reduced 
if the resistance to crack propagation of the material is in doubt. 

factor 
The permissible stresses in bending compression where buckling is a 
are determined from a diagram as in F-2.1; the form of the diagram 

with a horizontal cut-off at flbf, is shown in Fig. 25. The values of h for 
entering the diagram are given in 8.3.4,6.4.1 and Appendices K and M. 
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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 

C-l; The following examples illustrate the rule,$ven 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, gl = 100 mm and 
ga = 150 mm. 

ABC 0 

FIG. 26‘ CHOICE OF LINES FOR DEDUCTION OF HOLES 

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

a ) For holes in straight line A-A, 
Area = 2 x 20.8 x 25 

= 1040 mm* 

b ) For holes in zig-zag line B-B, 
- Area = ( 3 x 20.8 x 25 ) - ( 1 x szt/4 gl ) - ( 1 x &/4gz ) 

= ( 3 x 20% x 25 ) - ( 1 x 50’ x 25/460 ) 

- ( 1 x 50’ x 251600 ) 
= 1560 - 156.3 - 104.2 

- 1 299.5 mnls 
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c ) For holes in zig-zag line C-C, 
Area = (4 x 20.8 x 25) - (2 x sV/4gl) - (1 x flt/4ga) 

=(4 x 20.8 x 25)- (2 x 508 x 25/400) 

- (1 x 50' x 25/600) 
= 2080- 312.5 - 104.2 
= 1663.3 mm* 

d ) For holes in zig-zag line D-D, 

Area = (3 x 20.8 x 25) -- ( 1 x s*t/4g,) 
= (3 x 20.8 x 25)- (1 x 50' x 251400) 
= 1560 - 156.3 

= 1403.7 mm2 

The area to be deducted from the gross area 
fore 1 663.3 mm’J. 

( 11 500 mm2 ) is thcre- I 
L 

APPENDIX H 

( Clause 8.2.5) 

TORSIONAL PROPERTIES OF THIN-WALLED 
OPEN SECTIONS 

H-l. INTRODUCTION 1 

H-l .I Struts of 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 H-4. 

H-2. TORSION FACTOR 

H-2.1 The torsional stif%ess of a member when free of any restraint against 
out-of-plane warping of its end cross sections is determined by the product 
GJ, where G is the modulus of rigidity of the material and J is the torsion 
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factor.’ The rate of twist along the member is related tq the torque T 
.( SM Reference 1 ) by: 

49 
Z-m= G.+ 

2 

For a closed circular cross section, as for example a solid or hollow 
she, 3 is equal to the polar second moment of area IP; but for all other 
sections 3 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 3 is 
not applicable in the common shear-stress equation fs = Tr/3 for shafts, 
where r is the distance of a fibre from the centroid and 3 is identical 
with I*. 

The value of 3 for a thin-walled open section without pronounced 
variations of thi&&ss such as fillets or bulbs is given ( see Reference 1 ) by: 

where t 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 positioA of the 
t+al in the cross section is unimportant in regard to torsional stiffness. A 
8@p of given width and small thickness will have the same 3 whether it be 

.u#d as a flat bar or is formed to an angle, channel, circular arc, or any other 
operi\ 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: 

where b and t 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 3 of such 
local thickeningg/commonly exceeding that of the basic thin rectangles. 
Owing, however, to the difficulty of locating the middle line accurately 
in regions of r@dly-changing thickness, the above equation is not appli- 
cable to fillets,-and bulbs. 
( SM Reference 3 ) by: 

The J-contribution of such elements is given 

3=I(P+dw14 
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where t is the general thickness of the parts, .iV is the fillet or bulb dimension 
and p and q arc empirical constants ( see Fig. 27 ), 

The f&or 3 fix a complete cross section is obtained by adding the 
f&t and bulb contributions to those of the remaining thin-walled paits, 
the extent of the fillet or bulb regions being as shaded in the figure. 

0-4 

P=O.26 
0.0-51 

\_ (2N+3)t _i ’ tf 

v=oo4 
Q- O-63 

A 

3 

Fm. 27 CONST~~~~T~O;~CTOR FOR CERTAIN 
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H-3. SHEAR CENTRE 

H-3.1 The shear centre 5’ is the point on the cross iectiou 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 HA. The value of 
Ip may be obtained from: 

ID = Ix + IY -t Ag2 

where Ix and I, are the second moments of area about the ctmtroidal axes, 
* A 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 ccntroid. 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 ( &e 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 AA, counting outwards from the point 
B where the middle line of the cross section intersects AA. The width and 
thickness of the Rth element are b and t respectively, and a is the distance 
of its centroid from AA; the quantity a is always positive. The projected 
length c of the middle line of the element on an axis perpendicular to AA 
is positive if that middle line in the sense towards B is convergent with M, 
and negative if it is divergent. The distance d from B to the middle line of 
the element is positive if it is 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 e by which the shear centre lies to the Left of B is 
given by: 

1 v 
e=-- 

IA c r 
bt BnP--bd( a-+)] 

2 

where P - ZR6d, and IA is the second mcimeut of area of the whole section 
2 

about AA. 
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The summation ( unlike IA ) 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. I 

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. 

FIG. 28 NOTATION FOR CALC LATING SHEAR-CENTRE POSITION 
AND 3 WAR pm 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 ( see Reference 5 ) by: 

Z-B GJS - EH$ 

where E is the modulus of elasticity. 
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Fm. 29 SHEAR-CENTRE POSITION AND WARPING 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: 

where the notatiosu are same as in H&l. 
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A specimen cakuktion of 61 fbt 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 ef&ct on torsional sti&ess and shall be taken 
into account. Expressions for H for some commonly used sections are 
given in Fig. 29. 

TABLE S SPEUMEN GALGULATION OF SaBAlkcBNTRE POSITION 
AND WARPING FAGTOR 

(czLwue 5.4.1 ) 
Alldhemiominmillimeba. 

60 
I 

Qu- 
(1) 

b 
t 
a 

! ,c 
d 

~BOOND ELEMENT T-D ELUIINT 

(2) (3) 
30 128 

2 4 
4 ii 

Fouay ELBMENT 

(4) 
32 

12; 
-25 

189 
( Continued 1 
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TABLE 26 SPRGIMEN CALGULATION OF SHEAR-CENTRE POSITION 
AND WARPING FAGTOR - Cod 

QUANTlTY 
(1) 
bd 

2:P 
bd (u-c/6) 

2aP - bd( a -c/S ) 
bf(2aP - bd)(a -c/S) 

Summation of last line 

SBWND ELaNENT TEtItD ELEMENT 

(2) 
l+O x ‘10’ 

(3) 

I..80 x 10’ EK% . 

2.16 x 10‘ I.08 x 101 
1.08 x 10s 
1.08 x 106 :‘:; “x :;: . 
1.62 x 10’ 4.93 x 10 

= 195 X 10’ mm5 

FOURTH ELENENT 

(4) 
6.05 x 101 
1.14 x 104 

;:g‘f x” :: 

2.11 x 101 
548 x 10s 

I, ( obtained hy calculation not shown ) - 2.35 x 107 mm4 

1.05 x 100 
Shear-centre position c = 2~35 x 10r =45mm 

b:P 
b=dz]3 ~ 

P’ - bdP + bad’/3 
bt(P’- bdP + b=d’/3) 

3.24 x 101 l-30 x 10s 
3.24 x 106 :‘;; ; :;; . 6.90 x 10’ 
1.08 x 10‘ 4.28 x 101 1.22 x 10’ 
1.08 x 106 1.42 x 10’ 7.32 x 10’ 
1.62 x 10s 9.09 x 10s 1.87 x 10’0 

Summation of last line = 2.80 x 1010 mm‘ 

Wqing factor H = ( 2 x 2.8 x 10’0) - ( 45 x 1.05 x 10s) 
= 8.7 x 10’ mm‘ 

RGfcrcncar for A@ndix H 

1) 

2) 

3) 

4) 

5) 
6) 

7) 

8) 

CULLIMORE (M S G) and PUOSLEY (A G). The torsion of aluminium 
alloy structural members. Ahuninium Development Association 
Research Report No. 9, 1952. 
TIMOS&NKO (S P). Theory of elasticity. McGraw-Hill, New 
York. 1934. 
PALMERS (P J). The dete nnination of torsion constants for bulbs 
and fillets by means of an electrical potentiaI,analyser. Alumi- 
nium Development Association Research Report No. 22,1953. 
BLEICH (F). Buckling strength of metal structures. McGraw- 
Hill, New York. 1952. 
TIM~~HENKF (S P). Strength of materials, Vol. 2, 1956. 
BAKER (J F) and RODERICK (J W). The strength of light alloy 
struts. Aluminium Development Association Research Report 
No. 3, 1948. 
HOFF (NJ). Stresses in space-curved rings reinforcing the 
edges of cutouts in monocque fuselages. Journal of Royal 
Aerounautical Society. February 1943. 
ARGYIS (J H). The open tube. Aircraft Engineering, Vol. 26, 
April 1954. 

134 

  
  

 



t_..___ .-~--.-- --. -. 

IS : 8147 - 1976 

APPENDIX q 
( Clause 8.2.5 ) 

TORSIONAL BffeKLING 

J-l. GENERAL 

J-1.1 This appendix gives general rules for the torsional buckling of thin- 
walled struts of open section. They apply to sections not specifically dealt 
with by the simplified method of 82.5. 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 At to be calculated for a strut. The permissible stress 
is then read from Fig. 1 at h = At 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 
Appen - H. 

Ad ‘tional data including torsional buckling loads for a wide range of 
?!&es column j , for different end conditions, is given in Reference 1. 

J-2. TWO ~i2ClB OF SYMMETRY 

J-2.1 For a strut whose section has two axes of symmetry, or has point 
symmetry ( for example, ,a ked ), failure is by pure torsional buckling and 
the permimible stress is obtained as above at X = ht 

where 

A* = 
d 

IP 

H 
0038J+ la 

4 - polar second moment of area about the shear centre, 

3 = torsion ‘factor, 
H = warping factor, and 
I = e&&e length. 

The effextive length 1 depends on the warping restraints at the ends; 
for a strut completely restrained against warping 1 is 0*5L, while for one 
with no warping restraint 1 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 
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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 
h = k& or kl/r, whichever is the greater, 

where 
k = interaction coefficient from Fii. 30; 

At = slenderness ratio for pure torsional buckling as calculated 
from J-2; and 

k 

- !k Or ,At - 
At ‘/r 

FIG. 30 VALUES OF THE INTERACTION COEFFICIENT k 
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l/r = slenderness ratio for ordinary column buckling in the plane 
normal to the axis of symmetry ( that is, about axis X-X or 
axis u-u ), 

Column buckling in the plane of the axis of symmetry may take place 
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 ( see Reference 2 ) or by test. 

Column buckling of unsymmetrical sections does not occur indepen- 
dently of torsional buckling. 

References for Appendix 3 
1 ) HONE (C P). Torsional-flexural buckling of axially-loaded, thm- , 

walled, elastic struts of open cross-section. A paper in Thiw 
walled structures, Chatto and Windus, 1967. 

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

APPENDIX B 

( Clause 8.3.4.2 ) 

LATERAL BUCKLING OF BEAMS 

K-l. DOUBLY&YMMETRICAL SECTlONS NOT FREE TO MOVE 
SIDEWAYS AT LOAD POINTS 

K-l.1 The methods given in 8.3.4.2 for determining the permissible stresses 
for lateral buckling of I-sections and of oiher doubly-symmetrical open 
sections ignore the effect of warping resistance. This ef&ct is appreciable 
for thin-walled sections with a width-to-depth ratio exceeding about O-75. 

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

where 

( 

26H _a 
I+& 

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

3 = torsion factor ( see Appendix H ). 
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K-2. DOUBLY-!3YMMETRICAL 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 It, of the compression flange to be used in 
the appropriate equation in 8.3.4.2 is 

It =hk, (L +kay), 

where 

L - the distance between points of lateral support, 

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

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

ks = a factor depending on the shape of the cross section ( see Table 
29), and 

y = 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 RFSI’RAINT FACTOR k, 

Cantilever free to move 
sideways at unsupported 
end 

All other beams and canti- Full restraint against twisting and minor- 
levers axis bending 

( Cluuse K-2.1 ) 

CONDITION OF RESTLUNT AT POINTS OF 
LATERAL SUPPORT 

kl 

Full restraint against twisting and minor- 
axis bending at the support 

1.0 

Full restraint against twisting at the support, 
hut restraint against minor-axis bending 
confined to that due only to continuity 

Restraint against twisting and minor-axis 
bending confined to that due only to 
continuity 

I.2 

2.5 

0.7 

Full restraint against twisting, but minor- 
axis bending unrestrained 

Restraint against twisting confined to that 
due to continuity; minor-axis bending 
unrestrained 

1-o 

I.2 
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TABLE 28 BENDING MOMENT SHAPE FACTOR k2 

TYPE OF LOADING BENDING MOMENT 
DIAGRAM BETWEEN 
POINT OF LATERAL 

SUPPORT 

CONDITION 

RE.GA~NT 

Seam or part 
of beam held 
laterally at 
points of load 
application 

Seam or part 
of beam free 
to move side- 
ways at 
points of load 
application 

Cantilever free 
to move side- 
ways at un- 
supported 
end 

L 

k5i-l 
t 

-I- 3 i 

$ POSITIVE 
M2 

ka 

0*6+0*4 3 
MI 

or 0.4 which- 
ever is greater 

Ma is numeri- 
cally greater 
than or equal 
to, MI 

0.74 

0.89 

O-96 

0.78 
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TABLE 29 CROSS SECTION SHAPE FACTOR ka 

( Clause K-2.1 ) 

TYPE OF CROSS SECTION ki 
C----_-__h--------__ 

Cantilevers Beams and Parts of 
Beams 

I-section 0.3 blta 0.9 b/t, 

solid rectangular o-5 l-5 

Hollow rectangular 0;7 2-l 

Other, symmetrical about 
the minor axis yy 

o-9 \liYB 2.7 dm 

NOTE- I and 12 are as shown in Fig. 8, and r, and J 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 ), hlst may be calculated from the equation 
in 8.3.4.2 ( c ) provided lr is obtained as follows: 

a ) For a beam which is not free to move sideways at the points of 
application of the loads: 

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+(5g+2*7y 

where 

IY = the second moment of area about the minor axis; 

3 = 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, kl, kz and y have the same meanings as’ in K-2 
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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) COOK (I T) and ROCKEY (K C). Shear buckling of clamped and 
simply supported infinitely long plates reinforced by closed 
section t ransversc stiffeners. Aeronautical QuuY&~. Vol XIII. 
Aug 1962. 

2) ROCKEY (K C) and COOK (I T). Influence of the torsional rigidity 
of transverse stiffeners upon the shear buckling of stiffened plates. 
Aeronautical Qparterly. Vol XV. May 1964. 

3) MASSONRET (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 cdgcs, having considerable flexural and torsional rigidities. 
International Association for Bridge and Structural Engineering. 20th 
Vol Publications, 1960. 

4) ROCKEY (K C). Aluminiumplate girders. Proceedings of Symposium 
on Aluminium in Structural Engineering. 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- 
missiblc 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 = the .depth of web (inside flanges), 

b 0 the width of flange or half-flange (to face of web), 

t1 = the web thickness, and 

t2 = the flange thickness. 
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m 

0 0.2 0.4 0.6 0.8 
- bja - 

, 

FIG. 31 VALUES OF m FOR PLAIN CHANNELS 
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- b/a --c 
II& BET WEEN O-6 AND 1.0 

FIG. 32 VALUES 

“‘0 0.2 0-L 0.6 0.8 ‘,O 

-b/a- 

‘l/t1 BETWEEN 1.0 AND 14 

OF m FOR PLAIN I-SECTIONS 

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> 

b) 

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,/t,. 

Li@ed 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,/tn and entering it with the appropriate 
values of b/a and t/t,, where t 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 eachcase the permissible stress for the entire section is obtained by 
entering the appropriate graph of Fig. 2 at A 6 ma/$. 
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- b/a- 
t1/t2=o.Fl 

4.0 Fmiil T/t2 

PLAIN I.0 

3.5 

t 
1.4 

I.8 

, 

0 0.2 0.4 0.6 O-8 1.0 
-- bla - 

'I/1,=1.25 

FIG. 33 VALUES OF 

-bbla- 
trtt ,-_l.O 

- b/a- 
t,/tp1.4 

LIPPED CHANNELS 

144 

  
  

 



5i; 
___.- --... 

----_*_F 

IS : 8147 - 1976 

‘I12 

1-o 

1.2 

t 

l-4 
1.6 
1.6 

m 

I 

0 o-4 O-6 04 1-o 

- bla- 
tll12= 0.8 

0 O-2 0.4 0.6 0.8 1.0 

Fm. 34 VALUES OF m FOR LIPPED I-SECTIONS 

0 0.2 0.4 0.6 O-6 1-O 

b/a - 
111 t2= 1.4 

. 

, 
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APPENDIX N 

( Clause 9.3.4) 

DESIGN OF WELDED JOINTS 

N-l. GENERAL 

N-l.1 The versatility of welding enable joints between members to be 
made in many different ways. However, in selecting the type of joint to 
be used, the designer should consider: 

a) the effect of the joint on the static strength of the member; 

b) the effect of the joint on the fatigue strength of the member, and the 
choice of details to reduce stress concentrations, 

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 0 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 ~lr 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 
joint as 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 10~ 
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 
other of the classes of member defined in 10.4 are so indicated. Those where 
no class is shown are not permitted undei fatigue conditions. Probable 
locations of fatigue cracks are shown in some of the exampI? Where 
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TABLE 30 ILLUSTRATIONS OF WELDRD JOINTS 
( Cluure N-3.2 ) 

WILD DETAIL REMARKS 

Where two plates are connected in the same 

I 
plane it is better to use a butt weld than 
tillet welds. 

WELD REINFORCEMENT 

(see 10.2) 3(ii),4(ii).5(i) 

1 V \ I 

(599 10.2) 3(ii).&(ii),5(i) 

1 I 
(see 10.2) 3(h), 4til). 5(i) 

ECCENTRICITY AND THICKNESS VARIATION 

ma eccentricity introduced where a load is 
transmitted between two members not in 
alignment results in secondary bendin 
atresses and, consequently, in redu ce! 
fatigue performance ( set foot-note under 
10.2 ). 

Where a butt joint is made between two 
members differing in thickness by more 
than 3.2 or one fifth of the thickness of the 
thinner, whichever is the lesser, the 
thicker should be tapered to a slope of 
about 1 in 5, so that the weld is made 
between materials of equal thickness. t; 

The eccentricity of the joint may be 
. . 

neglected if, a3 in the case of a flange- 9 
rplice in a plate-girder, it is rigidly 3 
supported. I 

  
  

 



TABLE 30 ILLUSTRATIONS OF WELDED JOINTS - Con/d. 

WELD DETAIL 

1 1 
3(ii),4(ii),5(i) 

VARIATION OF WIDTH 

ekii s!5 
NOT PERMISSIBLE IF 
LOADING TENDS TO 

6(G) 

OPEN JOINT SINGLE-LAP JOINTS 

-- 

3(i’l), 4 (ii: ,5ii 1 

3W. 4(i) 

+ 4 

- _______L_ 

++ ;M1”’ I& 
CLASSIFICATION CZPENSS CLASSIFICATION DEPENDS 

ON DETAILfiG ON DETAILING 

ABRUPT CHANGES iN SECTION 

I<EM.~RKS 

\Vhere a butt joint is made between members 
of unequal width. the wider should be 
tapered to the width of the narrower, 

Lap-joints, unless rigidly supported to pre- 
vent flexure, introduce high secondary 
stresses and are not permitted under fatigue 
conditions, except where supported as in 
the case of a joint in a tube. A lap-joint 
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 
proccas. 

Local strengthening, where re uired, should 
be obtained without intr o2 
change in section. 

ucing sudden 
It may be more econo- 

mical to use an increased section over the 
whole span, the greater cost of material 
being covered by the saving in cost of 
fabrication. 

  
  

 



CLASSIFICATION DEPENDS 
ON DiTA!LlNG 

CLASSIFICATION DEPENDS 
ON DETAILING 

ABRUPT CHANGES IN STIFFNESS 

8 ATTACHMENTS 

Ji-- L 
A T-‘oint normally requires two fillet 

we1 s d or, preferably, a compound weld. 
A T-joint with only one tillet weld is not 
permitted if the loading tends to open the 

NOT PERL::SS!BI E IF 
joint. 

LOADING TENDS’ TO 
6 iii) 6 (ill 

OPEN ?O!.VT t-JC’INTS 
-. 

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 insignhknnt 
loads, produce severe stress concentrations 
in strength members ‘to which they are 
welded. 

Transverse attachments are Iess harmful 
than longitudinal once. Longitudinal 
welds on the edges of a strength member 
are particularly to be avoided. 
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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. 

N4. 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 welding sequence and the use of jigs. 

APPENDIX P 
( Clauses 9.3.4, 12.3.4 and N-4.1 ) 

EDGE PREPARATIONS FOR WRLDED 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 MTG welding. 

The ranges given for preparation angles and other dimensions are not 
manufacturing tolerances, but give scope for choice for individual cases; 
whichever angle a- other dimensions are used, however, the edge prepara- 
tion shall be identical on both sides of any symmetrical joint. 

Where the requirem_tt is for no gap, the accuracy of fit shall be such 
that the gap ‘at any point exceeds neither l-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 PREPARA’IXONS FOR BUIT WELDS WITHOUT 
BAGKINGBARS 

W dimenaiona in millimetres. 

THICICNBSS 

3.2 to 4.8 
3.2 to 6’4 

Ewa PREPARATION 

SlGHllNG VEE 

1 PR~CEDURB 1 gkgr 

TIG, manual 3.2 : Flat 
or mechanized 4.8 to 6.4 

MIG manual Manual : All 
or mechanized mechanized : 

Flat 

4.8 to 25 

t 

SIGHTING VEE 

Mm &khCm-f- Flat an,-, ho,+ 
ent), mechaniz- 
ed, weld both zontal- 
aides vertical 

4.8 to 13 

13 upwards 

Mechanized : 
Flat and 
horiaontal- 
vertical 

Manual or 

60°10 90” 

*Place sealing run on back of weld after chipping or machining to sound metal. 

tChip or machine back of first weld before placing first run of second weld. , 
( Con&u& ) 
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, 
TABLE 31 EDGE PREPARATIONS FOR 8UlT WEIDS WlTftOUT 

BACKINGBARS-GmU 

All dimensiona in millimetra. 

THICKNW ISDOE PREPARATXON / hJCEDURE 1 kvv 

4blO 60° 

6'4 R 

L$$ 

Manual or 

19 upwards’ 
_ /NO GAP ll.u&anLed 

Weld both 
8idU’ 

10’10 60 

S-2 to 9-6 

4O”lO 60° MIG (but TIG 

+8 upwards 

*Chip or machine back of first weld before placing first run of second weld. 
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I6 I 8147 - 1976 

All dimensions in millimetres. 

rHICKNESS EDGE PREPARATION* 1 PROCEDURE / ~~.&INN 

SIGHTING VEE 
1.6 DEEP 

3.2 to 64 

1b 

Manual, weld Flat 
NO GAP one side only 

,’ 

3.2 to 19 

60’10 90° 

MIG ( high 

‘=-=~’ ) mw;k Flat 

one sicie only 

I 

Manual or 

+8 upwards 
mechanized, 
weld one side 

NO GAP only 

Wmm 
Manual: All 

Mechanized: 
~“10 60’ Flat and hori. 

Manual or 
mechanized 

zontal-vertical 

weld one &de 

64 upwards 
only ( TIG fqr 
root run partl- 
cularly with 
tubes ) 

*Backing-bar dimensions are given in Table 33. 
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TABLE33 BBCOMMEND BD TEMPORARY BACKING BAR DIMENSIONS 

All dimensions in millimetrer. 

, $yz%;:!, 

~______ 
I 

PARENT MET.. L THICKNESS a b / 
_-- -- I 

3.2 to 4.8 1.6 4.8 
I 

4.8 upwards 9.2 t,..j 
i _---- Y.______ _ 

&&hlg bats sl1oult1 preferably he ol‘ corrosion-raisting s&l or bright mild strcl. 

‘I 

TABLE 34 EDGE PREPARATIONS FOR BUTT WELDS WITH PEBMANENT 
BACKING BARS* 

THICKNESS 

All dimensions in millimetrcr. 
-_ _~.__~__ 

EDCE PREPARATION PKOCEDUUE 

~4.0 FOR 3.2 MATERIAL 

5.4 FOR 4.8 MATERIAL 

6.4 FOR 6.4 MATERIAL ILIIG. Manual 

3.2 to 6.4 -2 or mechaniz- 
ed 

t,6UT NOT OVER L.8 

~~~ 

6.4 upwards 

50% 60’ * 

T--Y /f-X 
MIG., 

Manual Or 
mechan.izecl 
Fuse toes X 
befoore corn- 
pleting joint’ 

- 

- 

jjiELDING 
POSITIONS 

Flat 

Manual : 
All mech- 
anized : 
Flat axd 
horizontal 
vertical 

*Permanent backing shall be of san1c alloy as parrnt metal; it may br a SI~~~IIIIY~~ 
section. 

-rl 
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TABLE 35 EDGE PREPARATIONS FOR CORNER WELDS WITHOUT 
BACKING BARS 

All dimensions in millimetres. 

-.- 

THICKNESS EDGE PHEPARATION PRO~FJXJRE \VE~IXNG 
PosIrlo~s 

-~~-- -- 

d 
--w 

1 : 
*$.- .- 

-...- ____ 
t 

-.- c 

5.4 to 9.5 

Manual : All 

Mnmxri or 
mechanized* Mechanized: 

Flat and 
hodzontal- 
vertical 

4% upwards 

-. 

SIZE OF FILLElS 
10 SUIT DESIGN 
REQIJIRMENTS 

9.5 min. Manual or 
3.2 upwards .machanizcd 

*place root run of outer weld first. Chip or machine back from inside, whcrevcr 
possible, before placing inside run. 
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TABLE 36 EDGE PREPARATIONS FOR CORNER WELDS WITH 
TEMPORARY BACKING BARS 

All dimensions in millimetres. 

THICK- 
NESS 

Emu PREPARATION PROCEDURE 

I I 

WELDING 
POSITIONS 

All 

I-- 
3-2 max. 
CHAMFER 

7 

Manual: All 
( but preferably 

Manual or 

7o”ro 90” 
mechanized 

flat ) 

Mechanized: 
Flat and bori- 
zontal vertical 

  
  

 



All dimensions in millimetres. 

THICKNES EDGE PREPARATION 1 PROCEDURE 1 EVE;; I 

Manual or 

Flat and hori- 
zontal-vertical 

I dl0 60’ 

- 
x Manual or 

mechanized 

! 3.5 upwards 
Fuse toes S 

before complet- 
ing joint 

*Permanent backing bar shall be of same alloy as parent metal. 

, 
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TABLE 38 EDGE PREPARATIONS FOR LAF AND FILLET WELDS 

All dimensions in millimetres. 

THICKNESS 

All 

4.8 to 13 

9.5 upwards 

EDQE hLEPARATION 

TO SUIT DESIGN 
REOUIREHENTS 

SIZE OF FILLETS 
10 SUIT DESIGN 
REDUIREMENTS 

FILLET WELD 

L 1.6 GAP 

PROCEDURE 

Manual or 
mechanized 

Manual or 
mechanized* 

Manual or 
mechanizedt 

WEL.DING 

POSITIONS 

Manual: AU 
( but pre- 
ferably flat ) 

Mechanized: 
Flat and 
horizontal- 
vertical 

*Place sealing run on back of weld after chipping or machining to sound metal. 

Whip or machine back of first weld before placing first run of second weld. 

, 
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APPENDIX Q
(C/awe10.3.1}

TABULATED STRESSES FOR FATIGUE

The relationship between maximum stress, stress ratio and number of
cycles, given graphically in Fig. 16 to 24 for tlw nine classes of members
defined in 10.4, are gwen 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, arc 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 BELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 1 MEMBERS 

A. Maximum Tensile Stress 

- 

fb4inu;Mdx fMa in N/mm* ( kgf/cm’ ) FOR NUMBER OF CYCLES 
p______h-- 
‘100000 600 003 2000 000 10000000 1OOOOOZ 

230 (2 340) 200 (2 040) 190 (1940) 190 (1940) 

190 (1940) 170 (1 730) 150 (1530) 150 (1530) 

150 (1530) 140 (1 425) 120 (1220) 120 (1220) 

140 (1 425) 120 (1 220) 120 (1 220) 120 (1220) 

120 (1 220) 110 (1 120) 110 (1 120) 110 (1 120) 

0.6 

0.5 

0.4 

9.3 

0.2 

0’1 

0’0 

-0’1 

-0.2 

-0.3 

-0’4 

-0.5 

-0.6 

-0.7 

-0.8 

-0.9 

-I*0 

- 

230 (2 340) 

190 (1940) 

170 (1730) 

150 (1 530) 

130 (1 325) 

120 (1220) 

110 (1 120) 

110 (1 120) 

LOO (1020) 

100 (1 020) 

96 (980) 

93 (950) 

90 (920) 

86 (875) 

85 (865) 

82 (835) 

110 (1 120) 110 (1 120) 110 (1 120) 110 (1 120) 

110 (1 120) 110 (1 120) 100 (1020) 100 (1020) 

110 (1 120) 100 (1 020) 97 (990) 97 (990) 

100 (1020) 97 (990) 94 (960) 94 (960) 

97 (990) 93 (950) 90 (920) 90 (920) 

94 (960) 90 (920) 86 (875) 86 (875) 
90 (920) 86 (875) 83 (845) 83 (845) 
86 (875) 83 (845) 80 (815) 80 (815) 
85 (865) 80 (815) 79 (805) 79 (805) 
82 (835) 77 (785) 76 (775) 76 (775) 
79 (805) 76 (775) 73 (745) 73 (745) 
77 (785) 73 (745) 71 (725) 71 (72~) 

B. Masimum Compressive Stms 

fMi*l 
fMax 

-0.1 

-0-2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

-0.8 

,-0’9 

-1.0 

fMax in N/mm* ( kgf/cm* ) poR NUMBER OF CYCL~P 
r--------------- d-_--_ . 

100000 600 000 2000000 10000000 100000000 

-220 (-2 240) -200 (-2 040) -200 (-2 040) -200 (-2 040) -200 (-2 040) 

-190 (-1940) -170 (-1730) -170 (-1730) -150 (-1530) -150 (-1530) 

-150 (-1 530) -150 (-1 530) -1140 (-1 425) -140 (-1 425) -140 (-1 425) 

-140 (-1 425) -130 (-1 325) -130 (-1 325) -120 (-1 220) -120 (-1220) 
-WI (-1 325) -120 (-1 220) -110 (-1 120) -110 (-1 120) -110 (-1 120) 

-110 (-1 120) -110 (-1 120) -100 (-1020) -99 (-1010) -99 (--1010) 

-100 (-1 020) -97 (-990) -93 (-950) -90 (-920) -90 (-920) 
-96 (-980) -90 (-920) -85 (-865) -82 (-835) -82 (-835) 
-88 (-900) -82 (-835) -79 (-805) -76 (-775) -76 (-775) 
-82 (-835) -77 (-805) -73 (-745) -71 (-725) -71 (-725) 
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TABLE 40 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 2 MEMBERS 

A. Maximum TeusiIe Stress 

fMin/fMm f,uax in N/mm2 ( kgf/cma ) FOR NUMBER OF CYCLES 
r----------- ---* _____ ------_- 
1ooooo GO0 000 2 000 000 loooooooo 100000000 

0.6 

0.5 

0.4 

0.3 

0.2 

0’1 

0.0 

-0.1 

-0.2 

-03 

-0.4 

-0.5 

-0.6 

-0.7 

-0.8 

-0.9 

-1.0 

- 

140 (1430) 

120 (1225) 

110 (1120) 

99 (1010) 

94 (960) 

91 (930) 

88 (900) 

85 (870) 

82 (835) 

79 (805) 

76 (775) 

74 (755) 

71 (725) 

69 (705) 

- 
- 

140 (1 430) 

120 (1225) 

110 (1 120) 

99 (1010) 

93 (950) 

90 (920) 

85 (870) 

82 (835) 

79 (805) 

77 (785) 

74 (755) 

71 (725) 

69 (705) 

66 (675) 

65 (665) 

- 

140 (1430) 

120 (1225) 

110 (1 120) 

97 (990) 

93 (950) 

89 (910) 

85 (870) 

82 (835) 

79 (805) 

76 (775) 

73 (745) 

71 (725) 

68 (695) 

66 (675) 

65 (665) 

62 (635) 

150 (1530) 

120 (1225) 

110 (1 120) 

96 (980) 

90 (920) 

85 (870) 

82 (835) 

79 (805) 

76 (775) 

73 (745) 

69 (705) 

68 (695) 

65 (665) 

63 (645) 

61 (625) 

60 (615) 

57 (580) 

140 (1430) 
110 (1 120) 

loo (102OJ 

94 (9w 
89 (913) 

83 (845) 

79 (805) 

76 (775) 

74 (755) 

71 (725) 

68 (695) 

66 (675) 

63 (61-5) . 
61 (625) 

60 (615) 

59 w-w 
56 (570) 

B. Mnsimum Compressive Streso 

fMid fMax in N/mh* ( kgf/cm2 ) FOR NUUBBR OF CYCLEI) 
fhfcu 

c___---~--__A_- -Y 
loo 000 600000 2000000 10000000 1oooooooo 

-0-I 
-0.2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

-0.8 

-0.9 

-1.0 

- - - - -150 (-1530) 
- -150 (-1530) -140 (-1430) -130 (-1330) -130 (-1330) 

-140 (-1 430) -130 (-1 330) -120 (-1225) -110 (-1 120) -110 (-1 120) 

-120 (-1 225) -110 (-1 120) -110 (-1 120) -100 (-1020) -97 (-99Q) 

-110 (-1 120) -100 (-1020) -97 (-990) -90 (-920) -86 (-880) 

-97 (-990) -91 (-930) -86 (-880) -80 (-820) -79 (-805) 

-88 (-900) -83 (-845) -79 (-805) -74 (-X5) -71 (-725) 

-80 (-820) -76 (-775) -73 (-745) -68 (-695) -65 (-665) 
-74 (-755) -69 (-705) -68 (-695) -61 (-625) -60 (-615) 

-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 Tend& Stress 

jAwox in N/mm* ( kgf/cm* ) FOR NUMBER OF CYCLES 

fM+l!fM= ymooo 
_---- -*~-_--~ m-m_ 

600 000 2oooooo 10000000 looooooo6 
o-8 
0.7 
0% 
0.5 
0.4 
w3 
0.2 
0.1 
0.0 

-0.1 
-0.2 
-0.3 
-0.4 
-0.5 
-0-6 
-0.7 
-0.8 
-0.9 
-1.0 

- 
- 

200 (2 040) 
150 (1 530) 
130 (1325) 
110 (1 120) 
99 (1010) 

88 (900) 
79 (805) 
76 (775) 
74 (755) 
71 (725) 
68 (695) 
66 (675) 
63 (645) 
62 (635) 
60 (615) 
59 (600) 
56 (570) 

- 

200 (2 040) 
150 (1 530) 
120 (1225) 
loo II 020) 

88 WV 
79 (805) 
53 (745) 
68 (695) 
65 (665) 
63 (645) 
60 (615) 
59 (600) 
57 (580) 
54 (550) 
53 (540) 
51 (520) 
49 (500) 
48 (490) 

- 

170 (1730) 
120 (1225) 
99 (1 010) 
82 (835) 
73 (745) 
68 (695) 
65 (665) 
62 (635) 
59 (600) 
57 (580) 

54 (550) 
53 (540) 
51 (520) 
49 (500) 
48 (490) 
46 (470) 
45 (460) 
43 (440) 

200 (2 040) 
130 (1325) 
100 (1 020) 

80 (820) 
69 (705) 
65 (665) 
62 (635) 
59 (600) 
56 (570) 
53 (540) 
51 (520) 
49 (500) 
46 (470) 
45 (460) 
43 (440) 
42 (430) 
40 (410) 
39 (400) 
37 (380) 

190 (1940) 
120 (1225) 
91 (930) 
73 (745) 
66 (675) 
62 (635) 
59 (600) 
56 (570) 
53 (540) 
49 (500) 
48 (490) 
45 (460) 

43 ww 
42 (430) 
40 (410) 

39 @OO) 
37 (380) 
36 (370) 
34 (345) 

B. Maximum Compressive Stress 

fMid fMax in N/mm2 ( kgf/cm” ) FOR NUMBER OF CYCLES 
fMax ~_----~_-T------- 

160 000 600000 2 000 *__~~~~~~~__~ 000 10000000 100 000 000 

0.2 - - - -220 (-2 240) -220 (-2 240) 
0.1 - -220 (-2 240) -200 (-2 040) -150 (-1530) -150 (-1530) 
0.0 -190(-1940) -150(-1530) -150(--1530) -120(--1225) -llO(--1120) 

-0.1 -150 (-1 530) -130 (-1 325) -120 (-1 225) -100 (-1020) -93 (-950) 
--o-2 -130 (-1 325) -110 (-1 120) -100 (-1 020) -85 (-870) -79 (-805) 
-0-3 -110 (-1 120) -94 (-960) -85 (-870) -73 (-745) -66 (-675) 
-0.4 -97 (-990) -83 (-845) -76 (-775) -65 (-665) -59 (-600) 
-0-5 -86 (-880) -74 (-755) -66 (-675) -57 (-580) -53 (-540) 
-0.6 -79 (-805) -66 (-675) -60 (-615) -53 (-540) -48 (-490) 
-0.7 -71 (-725) -60 (-615) -54 (-550) -48 (-490) r43 (-440) 
-0.8 -65 (-665) -56 (- 570) -51 (-520) -43 (-440) -40 (-410) 
-0.9 -60 (-615) -51 (-520) -46 (-470) -40 (-410) -37 (-380) 
-1-o -56 (-570) -48 (-490) -43 (-440) -37 (-380) -34 (-345) 

vx 
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TABLE 12 RELATIONSHIPOF MAXIMUM STRESS, STRESS RATIO AND 
NUMBRR OF CYCLES FOR CLASS 4 MEMBERS 

A,. lb¶uhnum Tensile Swtm 

fk4iWfiM.x 

0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0 

-0.1 
-@2 
-0.3 
-0.4 
-0.5 
-0.6 
-0.7 
-0.8 
-0.9 
-1.0 

fM= m N/mm* ( kgf/cm” ) FOR NUMBER OF CYCLES 

-GOOOo 
-_----_---*-__-_--------_-------~ 

6OOOoQ 2 000 000 10000000 1oOoOOOoO 

- - - 150 (1530) 140 (1 425) 
- 130 (1 325) 100 (1 020) 91 (930) 

120 (1220) 99 (1 010) 76 (775) 68 (690) 
140 (1 425) 99 (1010) 79 (805) 60 (615) 54 (550) 
120 (1220) 82 (835) 65 (665) 54 (550) 46 (470) 
99 (1 010) 71 (725) 59 (600) 51 (520) 45 (460) 
86 (875) 65 (665) 54 (550) 48 (490) 42 (430) 
77 (785) 60 (615) 51 (520) 45 (4GO) 40 (410) 
71 (725) 57 (580) 49 (500) 43 (440) 39 (400) 
68 (695) 56 (570) 48 (490) 42 (430) 37 (380) 
65 (665) 53 (540) 45 (460) 40 (410) 36 (370) 

63 (645) 51 (520) 43 (440) 37 (380) 34 (345) 
60 (615) 49 (500) 42 (43q) 36 (370) 32 (325) 
59 (600) 46 (470) 40 (410) ‘36 (370) 31_(315) 
56 (570) 45 W) 39 (400) 34 (345) 29 (295) 
54 (550) 43 W) 39 W-J) 32 (325) 28 (285) 
53 (540) 42 (430) 37 (380) 31 (315) 28 (285) 
51 (520) 42 (430) 36 (370) 31 (315) 26 (265) 
4L (490) 40 (410) 34 (345) 29 (295) 25 (255) 

B. Mmsimum Compreshve Stress 

fMin/ fMa m N/mm” ( kgf/cm2 ) FOR NUMBER OF CYCLES 
fMa.x - ---_ --_--*-----------_--_~ 

IOOOoO 600000 2000000 10 000000 100 000 000 

0.1 - - --150(-l 530) -130 (-1 325) -110 (-1 120) 
0.0 - -130 (-1 325) -110 (-1 120) -96 (-980) -a3 (-845) 

-0.1 -130 (-1 325) -110 (-1 120) -93 (-950) - 79 (--805) -68 (-695) 
-0.2 -110 (-1 120) -91 (-930) -79 (-805) -66 (-675) -57 (-580) 
-0.3 -96 (-980) -77 (-785) -68 (-695) -57 (-580) -49 (-500) 
-0.4 -83 (-845) -68 (-695) -60 (-610) -51 (-520) -43 (-440) 
-0.5 -76 (-775) -62 (-630) -54 (-550) -45 (-465) -39 (-395) 
-0.6 -68 (-695) -56 (-570) -48 (-490) -40 (-410) -36 (-365) 
-0.7 -62 (-630) -51 (-520) -43 (-440) -37 (-380) -32 (-325) 
-0.8 -57 (480) -46 (-470) -40 (-410) -34 (-345) -29 (-295) 
-0.9 -53 (-540) -43 (-440) -37 (-375) -31 (-315) -28 (-285) 
-1.0 -48 (-490) -40 (-405) -34 (-345) -29 (-295) -25 (-255) 
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TABLE 43 RELATIONSHIP OF MAXIMUM STRESS, STRESS RATIO AND 
NUMBER OF CYCLES FOR CLASS 5 MEMBERS 

A. Maximum Tan& Stress 

fMdfMm fox IN N/mm2 ( kgf/cm% ) FOR NUMBER OF CYCLES 
F------ --_- -- -----_ 

100 000 600 000 2oooooo lOooOOOO 100000000 

0.8 - - - 130 (1338) 120 (1 225) 
0.7 - 150 (1 530) 120 (1 225) 90 (920) 79 (805) 
O-6 - 110 (1 120) 86 (880) 68 (700) 59 (600) 
0.5 130 (1 330) 88 (900) 69 (705) 54 (550) 46 (470) 
0.4 110 (1 120) 74 (755) 57 (580) 46 (470) 42 (430) 
0.3 91 (930) 63 (645) 51 (520) 43 (4w 39 W-J) 
0.2 79 (810) 57 (580) 48 (490) 40 (410) 36 (370) 
Cl.1 71 (725) 53 (540) 45 (460) 39 (400) 34 (345) 
0.0 65 (665) 51 (520) 43 PQ) 36 (370) 32 (325) 

-0.1 62 (635) 49 (500) 42 (430) 34 (345) 31 (315) 
-0.2 59 (605) 46 (470) 40 (410) 32 (325) 29 (295) 
-0.3 57 (580) 45 (460) 39 (400) 31 (315) 28 (285) 
-0.4 56 (570) 43 (440) .37 (380) 29 (295) 26 (265) 
-0.5 53 (540) 42 (430) 36 (3 0) 29 (295) 25 (255) 
-0.6 51 (520) 40 (410) 6 36 (37 ) 28 (285) 25 (255) 
-0.7 49 (500) 39 (400) 34 (345) 26 (265) 23 (235) 
-0.8 48 (490) 39 (400) 32 (325) 26 (265) 23 (235) 
-0.9 46 (470) 37 (380) 32 (325) 25 (255) 22 (225) 
-1.0 45 (460) 36 (370) 31 (315) 23 (236) 20 (205) 

B. Maximum Compredve Stress 

fh&l f_,unx IN N/mm* ( kgf/cm” } FOP NUMBER OF CWXJSS 

fMW 
~______----_-----_-_-_ ------t 

100000 600000 2000000 10000800 100000080 

0.2 - - - -150(-1530) -130(-1330) 

0.1 - -150 (-1 530) -130 (-1 338) -100 (-1020) -91 (-930) 

0.0 -150(--1530) -120(-1225) -lOO(-1020) -79(-805) -69 ( -705) 

-0.1 -120 (-1 225) -96 (-980) -82 (-840) -65 (-665) -56 (-570) 

-0.2 -100 (-1020) -80 (-820) -69 (-705) -54 (-550) -46 (-470) 

-0.3 -88 (-900) -69 (-705) -59 (-600) -46 (-470) -40 (-410) 

-0.4 -77 (-785) -62 (-635) -53 (-540) -42 (-430) -36 (-370) 

-0.5 -69 (-705) -54 (-550) -46 (-470) -37 (-380) -32 (-325) 

-0.6 -62 (-635) -49 (-500) -42 (-438) -32 (-325) -29 (-295) 

-0.7 -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) 

-1.0 -45 (-460) -36 (-370) -31 (-315) -23 (-235) --20 (.-205) 

d. 
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TABLB 44 RELATloNSEUF OF MAXIMUM STRESS, STRBSS RATIO 
AND NUMBER OF CYCLES FOR CLASS 6 MJWBER!j 

A. lbhximnm TensiJe Stress 

fWin/fMax fMa IN N/mm* ( kgfjcm” ) FOR NUMBER OF CYCLES 
c --__h---__-_~* I 

1ooooo 600CO0 2 000 000 10000000 lCOOOCOCC 
0.8 - - 150 (1 530) 110 (1 120) 82 (835) 
0.7 - 130 (1 325) 99 (1 010) 73 (745) 65 (665) 
0.6 140 (1 425) 96 (980) 74 (755) 54 (550) 48 (490) 
0.5 110 (1 120) 77 (785) 59 (6CC) 43 (440) 39 PO) 
0.4 93 (945) 63 (640) 49 (500) 37 (380) 36 (370) 
0.3 80 (815) 54 (550) 42 (430) 36 (370) 32 (325) 
o-2 70 (715) 49 (500) 40 (4100 34 (350) 31 (315) 
0.1 62 (630) .46 (470) 39 (400) 31 (315) 28 (285) 
0’0 59 (60(J) 45 (460) 37 (380) 29 (295) 26 (265) 

-0.1 56 (570) 43 WC) 36 (370) 29 (295) 26 (265) 
-@2 54 (550) 42 (430) 34 (350) 28 (285) 25 (255) 
-0.3 51 (520) 40 (410) 32 (325) 26 (265) 23 (235) 
-0.4 49 (5w 39 (4w 32 (325) 2.5 (255) 22 (225) 
-0.5 48 (490) 37 (380) 31 (315) 25 (255) 22 (225) 
-@6 46 (470) 36 (370) 29 (295) 23 (235) 20 (205) 
-w7 45 WJ) 34 (350) 29 (295) 22 (225) 20 (205) 
-_0:8 43 (440) 32 (325) 28 (285) 22 (225) 19 (195) 
-0.9 42 (430) 32+3?y 26 (265) 20 (205) 19 (195) 
-1.0 40 (410) 31 (315) 26 (265) 20 (205) 17 (175) 

B. Mdmum Compressive Stress 
\ 

fhiinl fan w N/mm* ( kgf/cm% ) FOR NUMBER 08 CYCLES 
fM_ _-_-_-- -- &---- ------_-~ 

lOOCOO 6oocmC 200000C 10000000 100000000 
e3 - - - -150 (-1530) -140 (-1430) 
0.2 - -130 (-1 325) -100 (-1020) -91 (-925) 
0.1 -lso(-1530) -120 (-1220) -99 (-1 010) -76 (-775) -66 (-675) 
0.0 -120 (-1220) -93 (-945) -79 (-805) -60 (-610) -53 (-540) 

-0.1 -100 (-1020) -77 (-785) -65 (-665) -49 (-500) -43 (-440) 
-0-2 -86 (-875) -66 (-675) -56 (-570) -43 (-440) -37 (-380) 
-&3 -76 (-775) -59 (-600) -49 (-500) -37 (-380) -32(-330) 1 
-0.4 -66 (-675) -51 (-520) -43 (-440) -31 (-315) -29 (-295) 
-0.5 -60 (-610) -46 (-470) -39 (-400) -29 (-295) -26 (-265) 
-0-6 -W(-550) -42 (-430) -36 (-370) -28 (--285) -23 (-235) 
-0.7 -49 (--500) -39 (--400) -32 (-330) -25 (-255) -22 (-225) 
-0.8 -46 (-470) -36 (-370) -31 (-315) -23 (-235) -20 (-205) 
-0.9 -4s (-440) -34 (-350) -28 (-285) -22 (-2?5) -19 (-195) 
-19 -40 (-410) -31 (-315) -26 (-265) -20 (-205) +17 (-175) 
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TABLE 45 RELATIONSHIP OF MAXIMUM !JJTXWWSTRESSRATIOAND 
NUMBER OF CYCLES FOR CIASS 7 MEMBERS 

A. MsdmnmTudleSeen 

fMinl%Max fMax IN N/mm* ( kgf/cm* ) FOR NUMBER OF CYCLES 
c------ -------_--______,, 

100 000 600 000 2Oooooo loOOOooo 100oooooo 

0.8 - - 130 (1 325) 88 (895) 77 (785) 
0.7 - 110 (1 120) 83 (845) 59 (6Ow 51 (520) 

0.6 130 (1 325) 83 (845) 63 (640) 45 (460) 39 (4w 
0.5 100 (1020) 66 (675) 49 (500) 36 (370) 31 (315) 
0.4 83 (845) 56 (570) 42 (430) 31 (315) 29 (295) 
0.3 71 (725) 48 (490) 36 (370) 29 (295) 26 (265) 
0.2 63 (640) 45 (460) 34 (350) 28 (285) 25 (255) 
0.1 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) 
-0.4 45 (460) 32 (330) 26 (265) 20 (205) 19 (195) 
-0.5 43 (440) 31 (315) 25 (255) 20 (205) 17 (175) 
-0.6 40 (410) 29 (295) 25 (255) 19 (195) 17 (175) 
-0.7 40 (410) 29 (295) 23 (235) 19 (195) 15 (155) 
-0.8 39 (400) 28 (285) 23 (235) 17 (175) 15 (155) 
-0.9 37 (380) 28 (285) 22 (225) 17 (175) 14 (145) 
-1.0 36 (370) 26 (265) 22 (225) 15 (155) 14 (145) 

B. Maximum Chnpressiva &tress 

5:“’ 
fMax IN N/mm* ( kgf/cm* ) FOR NUMBER OF CYCLES 

ax #------------ L---- --- 
100 000 600 000 2 000 000 10000000 100000000 

0.3 - - - -120 (-1220) -100 (-1020) 
0.2 - -130 (-1 325) -110 (-1 120) -80 (-815) -68 (-695) 
0.1 -130 (--I 325) -97 (-990) -80 (-815) -60 (-610) -51 (-520) 
0.0 -110 (-1 120) -79 (-815) -65 (-665) -48 (-490) -42 (-430) 

-0.1 -88 (-895) -66 (-675) -54 (-550) -40 (-410) -34 (-350) 
-0.2 -76 (-775) -56 (-570) -46 (-470) -34 (-350) -29 (-295) 
-0.3 -66 (-675) -49 (-500) -40 (-410) -31 (-315) -26 (-265) 
-0.4 -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) 
-0.7 -45 (-460) -32 (-330) -26 (-265) -20 (-205) -17 (-175) 
-0.8 -40 (-410) -31 (-315) -25 (-255) a,(-195) -15 (-155) 
-0.9 -39 (-400) -28 (-285) -23 (-235) l-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. lb%uimum Tensile Stress 

fMinlfb2.x JM.+-~ IN N/mm2 ( kg&m* ) FOR NUMBER OF CYCLES 
r----__------_ --rr--,-A-- 
1OOooo 600000 2 000000 10000000 100ooo~ 

0.9 - - - 130(1 325) 110 (1 120) 
0.8 - 130 (1 325) 93 (945) 65 (665) 56 (570) 

0.7 140 (1 425) 85 (865) 62 (630) 43 (440) 37 (3w 
0.6 100 (1020) 65 (665) 46 (470j 32 (330) 28 (28% 
0.5 83 (845) 51 (520) 37 (380) 26 (265) 22 (225) 
0.4 69 (705) 42 (430) 31 (315) 23 (235) 20 (205) 
0.3 60 (610) 37 (380) 28 (285) 22 (225) 19 (195) 
0.2 53 (540) 34 (350) 26 (265) 20 (205) 17 (175) 
0’1 49 (500) 32 (330) 25 (255) 19 (195) 15 (155) 
o-0 45 (460) 31 (315) 23 (235) 19 (195) 15 (155) 

-0.1 43 (440) 29 (295) 22 (225) 17 (175) 14 (145) 
-0.2 42 (430) 28 (285) 22 (225) 17 (175) 13 (135) 
-0.3 39 (400) 26 (265) 20 (205) 15 (155) 12 (125) 
-0.4 37 (380) 26 (265) 20 (205) 15 (155) 12 (125) 
-0.5 35 (360) 25 (255) 19 (195) 14 (145) 11 (110) 
-0.6 34 (350) 25 (255) 19 (195) 14 (145) 11 (110) 
-0.7 32 (330) 23 (235) 17 (175) 13 (135) 10 (loo) 
-0.8 31 (315) 22 (225) 17 (175) 13 (135) 9.7 (loo) 
-0*9 31 (315) 22 (225) 17 (175) 12 (125) 93 (95) 
-l*O 29 (195) 22 (225) 17 (175) 12 (125) 9.0 (90) 

B. Maximum Compressive stress 

fMi*l fMm IN N/mm’ (kgf/cm2) FOR NUMBER OF CYCLES 
fMm c- - ----- --- A---_________~, 

100000 6ooooo 2000000 1oOOOoOo 100oooooo’ 

0.4 - - - -130 (-1 325) -110 (-1 120) 
0.3 - -140 (-1 425) -110 (-1 120) -76 (-775) -60 (-610) 
0.2 -130 (-1 325) -97 (-990) -76 (-775) -54 (-550) -42 (-430) 
0.1 -100 (-1020) -74 (-755) -59 (-500) -42 (-430) -32 (-330) 
0.0 -99 (-1 010) -60 (-610) -49 (-500) -34 (-350) -26 (-265) 

-0.1 -71 (-725) -51 (-510) -40 (-410) -28 (-285) -22 (-225) 
-0.2 --60 (-610) -43 (-440), -34 (-350) -25 (-255) -19(-195) 
-0.3 -54 (-550) -39 (-400) -29 (-295) -22 (-225) -17 (-175) 
-0-4 ‘, -49 (-500) -34 (-350) -26 (-265) - 19 (- 195) -15 (-155) 
-0.5 -43 (-440) -31 (-315) -25 (-255) -17 (-175) -13 (-135) 
-0.6 -40 (-410) -28 (-285) -22 (-225) -15 (-155) -12 (-125) 
-0.7 -37 (-380) -26 (-265) -20 (-205) -15 (-155) -ll(-115) 
-0.8 -34 (-350) -25 (-255) -19 (-195) -13 (-135) -10 (-100) 
-0.9 -31 (-315) -23 (-235) -17 (-175) -12 (-125) -9’6 (- 100) 
-1.0 -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. MaximumTensile Stress 

fMi&Mm 

o-9 

0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0.0 

-0.1 
-0.2 
-0.3 
-0.4 
-0.5 
-0.6 
-0.7 
-0.8 
-0.9 
-1.0 

fMi2.x IN N/mm* ( kgf/cm* ) FOR NUMBER OF CYCLES 
c--------_---_-_._~ 

100000 600000 2000000 10000000 100000000 

- - 150 (1 520) 96 (980) 80 (815) 
- 110 (1 120) 76 (775) 43 (490) 40 (410) 

120 (1220) 71 (725) 49 (500) 32 (330) 26 (265) 
88 (895) 53 (540) 37 (380) 25 (255) 20 (205) 
71 (725) 42 (430) 29 (295) 19 (195) 15 (155) 
59 (600) 36 (370) 25 (255) 17 (175) 14 (145) 
51 (520) 31 (315) 22 (225) 17 (175) 13 (135) 
46 (470) 28 (285) 20 (205) 15 (155) 12 (125) 
43 (440) 26 (265) 19 (195) 15 (155) 11 (115) 
40 (410) 25 (255) 19 (195) 14 (145) 11 (115) 
39 VW 25 (255) 17 (175) 13 (135) 10 (100) 
37 (380) 23 (235) u7 (175) 

‘17 (175)’ 
13 (135) 9.6 (100) 

34 (350) 22 (225) 12 (125) 9.0 (95) 
32 (330) 22 (225) 15 (155) 12 (125) 8.5 (90) 
31 (315) 20 (205) 15 (155) 11(115) 8.2 (85) 
29 (295) 20 (205) 15 (155) ir (115) 7.7 (80) 
29 (295) 19 (195) 14 (145) 10 (100) 7.4 (80) 
28 (285) 19 (195) 14 (145) 9.9 (100) 7.1 (75) 
26 (265) 17 (175) 14 (145) 9.6 (100) 6.8 (70) 
25 (255) 17 (175) 13 (135) 9.3 (95) 6.5 (70) 

B. MaximumCompmsiveStress 

fMill/ fMm M N/mm* ( kgf/ad ) FOR NUMBER OF CYCLES 

0.4 
0.3 
0.2 
0.1 
O-O 

-0.1 
-0.2 
-0.3 
-0-4 
-0.5 
-0-6 
-0.7 
-0-8 
-0.9 
-A9 

F--- 

100000 
- 
- 

-110 (-1 120) 
-86 (-875) 
-71 (-725) 
-60 (-610) 
-53 (-540) 
- 46 (- 470) 
-42 (-430) 
-37 (-380) 
-34 (-350) 
-3l(-315) 
-29 (-295) 
-28 (-285) 
-25 (-255) 

600000 
- 

-99 (-1010) 
-73 (-745) 
-57 (-580) 
-48 (-490) 
-40 (-410) 
-36 (-370) 
-31 (-315) 
-28 (-285) 
-25 (-255) 
-23 (-235) 
-22 (-225) 
-20 (-205) 
-19 (-195) 
- 17 (-195) 

2000000 looooooo 
-130 (-1 330) -91 (-925) 

-79 (-805) -56 (-570) 
-57 (-580) -39 (-400) 
-45 (-460) -31 (-315) 
-37 (-380) -25 (-255) 
-31 (-315) -22 (-225) 
-26 (-265) -19 (-195) 
-23 (-235) -15 (-155) 
-22 (-225) -15 (-155) 
-19 (-195) -13 (-135) 
-17 (-175) -12 (-125) 
-15 (-155) -11 (-115) 
-15 (-155) -11 (-115) 
-14(-145) -9.9 (- 100) 
-13 (-135) -9.3 (-95) 

-- 
1OOOOOooO 
-65 (-665) 
-39 (-400) 
-28 (-205) 
-22 (-225) 
-19 (-195) 
-15 (-155) 
-13 (-135) 
-12 (-125) 
-11 (-115) 

-9.6 (-105) 
-8.6 (-90) 
L8-0 (-85) 
-7.4 (-fKJ) 
-6.9 (-75) 
-6.5 (-70) 
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iNjbIAti S%ANDARbS 

ON 

IS: 
MB-1964 Rolled steel beam channel land angle sections ( rcoiscd) 
808 ( Part I )-I973 Dimensions for hot rolled steel beams; MB serier ( second r&.&a ) 
811-1964 Gold formed light gauge structural steel sections ( r&d) 

1252-1958 Rolled steel sections, bulb angles 
1730-1961 Dimensions for steel plate, sheet and strip for structural and general eng&&ng 

1730 ( Part f= Dimensions for steel plate, sheet and strip for structural and general 

i 
engineering purposes: Part I Plate (fist r&&a ) 

1730 ( Part II )-1974 Dimensions for steel plate, sheet and strip for structural and general 
engineering purposes: Part II Sheet (&st rcz&iaa ) 

1730 (Part III )-1974 Dimensions for steel plate, sheet and strip for structural and general 
engineering purposes: Part III Stnp (fist rmirion ) 

1852-1973 
27131969 

Rolling and cutting tolerances for hot-rolled steel products ( second r&im ) 
Tubular steel poles fbr overhead power linr, (J~rt noision ) 

-1966 Aluminium equal kg angles 
3909-1966 Aluminium unequal leg angles 
3921-1966 Aluminium channels 
3954-1966 Hot r$ed steel channel sections for general engineering purposes 
zs;$; A$m_m?um I beam. 

ummmm tee SectIons 

CduofPnctia 
-1962 Use of structural steel in geniral building construction ( r&r&) 
801-1975 Use of cold formed light gauge steel structural members in general buil- 

construction 
802 ( Part I )-1973 Use of structural steel in overhead tmnsmkion-line towers: Part I 

LosrlJ and permkible stresses 
8031462 Design, fabrication and erection of vertical mild steel cylindrical welded oil 

storage tanks 
805-1968 Use of steel in gravity water tanks 
-1968 Use of steel tubes in general building construction ( rraird ) 
807-1963 Code of practice for design, manufacture, erection and testing (structural 

portion ) of cranes and hoists 
3177-1965 Code of practice for design of overhead travelling cranea and gantry craned other 

than steel work cranes 
-1967 Assembly of structural joints using high tensile friction grip fasteners 
4014 (Part I )-I967 Steel tbbular scaffoldings: Part I Definitions and materials 
4014 (Part II)-1967 Steel kbular scaffoldings: Part II Safety regulations for scaffolding 
4137-1967 Heavy duty electric overhead travelling crana including special service machines 

for use in steel workr 
6533-1971 Design and construction of steel chimneys 
7205-1974 safety code for erection of structural Steel Work 

804-1967 
j2151974 

Rectangular pressed s& tanks (&rst rtiiua ) 
Tokranu~ for fabrication of steel structura 

No. 1 
No. 2 
No. 3 
No. 4 
No. 5 
No.6 

struaural steel sections 
Steel Beams and Plate Giiers 
Steel Gohmm and Struts 
High te&le friction grip bolts 
Structural use of Light Gauge Steel 
Application of Plastic Theory in d+ of 
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