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SUMMARY 

Rapid changes in the political map of the world during the last two deoades or 

80 have stimulated significant developments in the economic and industrial life of 

many countries. Reconstruction programmes undertaken by newly independent nations 

have underscore i the need for developing national resources and meeting their specific 

requirements in respect of raw materials as well as industrial products. Instead of 

following the specifications of a few industrially advanced countries, developing 

nations have set about the task of laying down their own standards at national as well 

as regional levels. Steel and steel products as key materials of construction and 

plant and machine building, have naturally received considerable attention in this 

regard. 

The coming into being of a multiplicity of speoifioations has thus given rise 

to new problems in the interchange of steel and steel products between nations. 

Sinoe its independence in 1957f India too faoed this problem. Rapi'' industri- 

alization of the country led to the import of technical knowhow, materials and equip- 

ment from a number of foreign countries for the establishment of various industries. 

* This is a summary of a paper issued under the same title as ID/WG. 14/33. 
l/ The views and opinions expressed in this paper are those of the author and do 

not necessarily reflect the views of the secretariat of UNIDO. The document is 
presented as submitted by the author, without re-editing. 
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In almost all oases,  equipment, manufacturing schedu!es and specif testions for 

raw «ateríais «ere based on practices followed in the donor country,  thus 

leading to the operation of a host of different  specifications for -*»«"« 
,.     <• f,„ manufacturers were compelled to depend materials.     As a consequence, most of tue manufacturers w 

heavily on imported materials for their manufacturing programmes. 

To deal with the  situation,  a programme cf rationalisation and formulation 

of specifications for all  types of steels  Including alloy and special steels, 

„as undertaken by the  Indian Standards Institution in 1956.     The programme 

resulted in the formulation of the following Indian Standard: 

IS.     1570-1961 Schedules  for Wrought Steels  for General Engineering Purpose* 

The Standard lists   156 varieties of steel compared to more than 1500 

varieties then belng used in the country.     To achieve forth« economy,  the nuocer 

of steels has since been reduced to only 86 varieties,   thus facilitating oreat.cn 

of indigenous production capability at reduced cost and also easy availability. 

As a further aid to the industry,   IS:     1871-1962 "Commentary on Indian 

Standard «.ought steels   for general engineering purposes" was published With a 

view to assisting the  user to select proper steels for specific purposes.    This 

commentary deals with steels in groups according to their metallurgical behaviour 

and heat treatment. 

Conservation of steel through efficient use of available resources has been 

achieved through rationalization in the number of steel sections and improvements 

in their production.     Pour years of intensive study at  ISI as well as by expert 

committees has resulted in the formulation of Indian Standards on improved and 

rationale series of beams,  channels,   angles,  tee bars and bulb angles.     All 

these  standards have  been based on metric system of measurement. 

Member-countries   of the European Coal and Steel Community (CECA) have also 

done similar work by developing a new series of beam sections which are more 

economical than those  earlier rolled in these countries primarily with a v*ew to 

achieving economy and also competing with other materials of building construc- 

tion.     Similar developments have taken place in  the UK and the USSR. 

Attempts have also been made to establish regional standards taking into 

consideration raw materials and techniques available in each region.    Standards 
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now being evolved among the Latin American countries and the efforts that have 

already been put in by the CECA countries and many of the East-European countries 

are typical examples of regional standardization. 

All these developments underline the need for unifying national and regional 

specifications so as to facilitate interchangeability and mutual exchange of 

materials between different countries.  Taking note of this imperative need, the 

International Organization for Standardization, through its Technical Committee 

ISO/TO 17 - Steel, has been making efforts to formulate recommendations on 

specifications and methods of tests for steels used in industry.  The Committee 

has so far published 47 Recommendations and more are under preparation. India 

is trying to adopt these Recommendations as far as possible in preparing her 

national standards.  A similar approach by other countries would go a long way 

in reducing varieties of steel used in industry, leading to greater collaboration 

between nations and promotion of international trade. 
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INTRODUCTION 

Intensive programmes of industrial development the world over have given 

a high push to the production of steel and steel products in recent years. 

World steel production in I967 approximated 5?5 million tens, almost double 

the tonnage produced ten years ago.  The types, qualities and shapes of steel 

and steel producta that are produced have also considerably increased during 

the past several years.  A number of countries have already developed standard 

specifications for steel and steel products, while some others are in the 

process of dcing so to meet their specific requirements. 

Standardization and variety reduction of steels and steel products is one 

of the important methods by which conservation and effective utilization of 

steel can be made possible.  In this article a study of different standards 

on steels and steel products has been made ana the need for co-ordination of 

the existing national standards at regional and international levels has been 

stressed. 

A general study of the development of specifications current ¡.n different 

countries indicates that industrially advanced countries first developed 

specifications for steels and these were later adopted by several other 

countries.  For example, the ASTM standards are widely used in Latin American, 

Middle East and South East countries of Asia.  Similarly, the British, German 

and USSR specifications are also widely used in Middle East, South East and 

East European countries.  The reason for such a trend is obvious.  Many of the 

developing countries have to depend  1 on other countries for their requirements 

of steels and perforce adopt the specification of the country concerned. This 

situation, although logical, has created problems for the developing as well 

as for the developed countries.  For example, in India, a number of industrial 

units have entered into collaboration with different countries from where such 

assistance was forthcoming.  A survey conducted some time ago indicated that 

over I5OO varieties of steels were in use in India thus posing innumerable 

problems both from the point of import and indigenous production.  On the other 

hand, similar problems confront the developed countries in as much as they 

i 

L 
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have  to cater to a variety of specifications for export purposes.    In the 

following paragraphs,   it is proposed to deal with these aspects in greater 

detail. 

Standard Specifications  for Steels 

A review of the work done in India on formulation of standard specifications 

for steels would enable appreciation of the need for development of regional and 

international standards. 

Rapid industrialization of the country soon after Independence in  1947 ied 

to the   imports of technical know-how,  materiale and equipment from a number of 

foreign  countries  for the establishment  of various industries.    In almost all 

cases   the equipment  manufacturing schedules and the specifications for  raw 

materials were based  on the practices followed  in the donor country.     This led 

to  the   operation of  a multiplicity  of specifications  for  engineering materials. 

Furthermore,   India had not established an alloy and special  steel industry 

although during the  Second WorLd War  the manufacture of steels covering practi- 

cally  the entire  range  from carbon steels   to quality aircraft steels  and 

ordnance  steels was  undertaken in the country.     As a conséquence,  most   of the 

manufacturers were  compelled to depend heavily on imported materials  for their 

manufacturing programme. 

On  the recommendation of the Government,   the  Indian  Standards  Institution 

(ISI)   took up in  1956 a programme of rationalization and   formulation of speci- 

fications  for alloy and special steels  on a priority bacio.     A separate  techni- 

cal  committee was  set up under the Structural and Metals   Division of ISI to deal 

with the subject.     As a first step,   a detailed questionnaire was issued to all 

concerned for collecting data regarding  the production and use of alloy  and 

special  steels in   the country.    To assist   ISI in this work,   the services of 

an  expert from UK were made available  to the Insitution under the Colombo 

plan. 

A speuiü.1  study group w~s constituted  to scrutinize   in detail  the  data 

collected and formulate proposals  for rationalization keeping in view the 

importance of using indigenous  raw materials and  the  conservation of  some 

of the most strategic alloying elements   in steel such as   nick3l and molybdenum 
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for which India had to depend entirely on imports. 

A detailed study of the  information thus collected indicated that instead 

of restricting the scope  of work  to  the  rationalization  of alloy and special 

steels  only,   it  would be advantageous to undertake  rationalization  of all 

types of Steele.    Accordingly,   co-ordinated  statements  were  prepared   indicating 

Indian and   oversean steel  specifications  then  in vogue under  the  following 

broad categories: 

a) Steele  specified by tensile properties but without  detailed 

chemical composition,   and 

b) Steels specified by chemical composition. 

These were further .sub-divided into: 

1. Carbon steels, 

2. Ca_-bon and carbon-manganese free cutting steels 

3. Alloy steels other than stainless and heat resisting steels 

4. High alloy steels -  stainless and heat resisting steels,  and 

5. Carbon and alloy tool   steels. 

In these statements  steels  of similar chemical and physical properties and 

end-use were grouped together.     After careful  scrutiny,   the study group recom- 

mended certain steels  in each group which could meet  Indian requirements for 

all types   oí  machino tools  and  components.     Typical  examples  of this kind of 

exercise  are  illustrated  in Annex I (Tables   1-6) 

On the basis of these  recommendations,   a document detailing draft Indian 

Standards  Schedules was prepared and circulated to all concerned for eliciting 

comments.     Discussions were held with major steel consuming industries and as 

a result   of these deliberations,   IS:1570-1961  Schedules  for wrought steels for 

general  engineering purposes,   was published.     Besides the broad categories 

mentioned above,  an additional  schedule for carbon steel wire was also included 

in this  standard at the finalization stage. 

Schedule  I is applicable  to carbon and  low alloy steels which are put into 

service  in the hot rolled,   normalized or annealed condition in the form of plate, 

sheet,  strip,   sections,  bars,   forgings,  and tube?,  «We the main criterion in 
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selection and inspection of steel is the tensile property.  In this group 

specific mention .-nay be made of structural steels St 42, St 52 and St <;5 which 

replaced a number of British, American and Indian Railway Specifications then 

in vogue. The Schedule also covers steel St 63 for tramway and railway axles 

and St 66 for railway wheels and tyres. 

Schedule II is applicable to carbon steels whxch are to be supplied to a 

definite chemical composition.  In addition to the specified mechanical proper- 

ties, limits for carbon and manganese are laid down.  Keeping in view the re- 

quirements of the industry, efforts have been made to strike a balance so that 

an excessive ntunber of steels is not mol idei in tho Schedule. The overlapping 

of carbon ranges is, however, delioerate so as to allow stool producer, greater 

flexibility in the allocation of the material.  Farther, since some of the 

carbon steels are also used in the hardened and tempered condition for certain 

tensile strengths, a range of 0.6C to 0.^0 per cent manganese has been kept 

for steels C35MnI¿, C40, C45, C50 and C^n^ to ensure satisfactory hardening 

particularly in heavier sections such as for laminated springs. Rail steel 

C^OMnl has also been included in the Schedule.  The use of innumerable varieties 

of carbon steels in terms of British and American specifications has thus been 

simplified tc ?7 carbon steels in this group. 

Schedule III is applicable to carbon and carbon-manganese free cutting 

steels supplied to specified composition. The maximum tonnage of carbon-free 

cutting steel is supplied to steel 13S2¿ in the country.  It corresponds to 

British EnlA, SAE 1112 and German L5S20. Also included in the Schedule are 

1.3 to 1.7 manganese free cutting steels to be used in the hardened and temp .red 

condition. 

Schedule IV iz  applicable to alloy st^i« other than stainless ?nd heat 

resisting steels supplied to specified composition. The steels covered in this 

Schedule are silicon, manganese, molybdenum, chromium, chronium-molybdenum 

(creep resisting) nickel-chromium and nickel-ohromiura-mol,/bd.;num steels.  In 

rationalising th.se steals, specific care has beer, taken to unserve us much 

nicke-1 and molybdenum as possible and to develop steels usmr indigenously 

available alloying elements.  For example, enrome steel 40Crl would comply with 

some of the combinations of tensile strengths and ruling sections for which 
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one per cent chrcmium-molybdenum steel Enl9 may have to be used,  thereby saving 

molybdenum.    Further,  manganese-molybdenum steel  35>Mn2Mo4£ has been included 

in  place  of    EnlOO  in order to  save 0.75 per cent  nickel.     Another example 

worth mentioning  in this connection is the inclusion  of 1.5 per cent  nickel- 

chromium-molybdenum steel 40Ni?CrlMo28 which would  satisfy some  combinations 

of  highü." tensile  strength and  larger ruling sections  in place  of En30A 

and En30B with 4.5 per cent  nickel.     Nickel-chromium-molybdenum steel   2.5 per 

cent  40Ni3Cr6¿Mo¿¿ has  been included to satisfy  the   remaining combinations  of 

high nickel steels.     Silico-manganese spring steels   37Si2M;i¿0 and 55Si2Mn¿0 and 

chrome-vanadium ¡¿print steel  50CrlV23 are the other  important examples  of ratio- 

nalization. 

Schedule V is applicable to steels with high alloy content primarily for* 

corrosion and heat resisting purposes and which are  supplied to specified com- 

position.     In this group also rationalization has been attempted keeping in 

view the conservation of nickel   and molybdenum as   far as possible without at 

the same time impairing the properties or creating any difficulty in production. 

Schedule VI  is applicable  to carbon and alloy  steels supplied to specified 

composition.    This Schedule covers water hardening steels,  oil hardening steels, 

non-distorting steels,  shock resisting steels,   hot  working steels,   die steels, 

high speed steels  and mould  steels.     In  orlïr    to  determine which of the many 

British,   American and German  tool  steels should  by   included in this  Schedule, 

a detailed  study  was made  essentially on liw  basis   of the  types  of alloys and 

rationalization  was accordingly  carried out   in this  Schedale.    Of course,   water 

hardening carbon  steels in Schedule II which are suitable for tools  of simple 

designs and  small  sections have been included in this Schedule.    Where exact- 

ing conditions  of service are encountered, benefits  have been derived by the 

addition of small quantities  of vanadium which slightly increases the  thoughness 

and resistance  to sho^k and fatigue and provides  a structure of finer grains. 

Such steels included in the Schedule are used for cold heading dits,  blanking 

dies,  hammer pistons and for similar other applications.    A small amount of 

chromium has been added for providing adequate hardening in larger sections 

and improving wear. 
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It  is to be rioted that the number of steels covered in IS: 1570-1961  was  only 

136 compared  to more than  1500 varieties beine used, in the country.    The  technical 

committee responsible for the  preparation of this   standard also felt that  the 

number of steels   included     could be further reduced after some  timo when the 

industry Rained  experience with regard  to the use   of alternate  steels. 

As a  further step,   work was initiated by major steel  consuming industries 

for rational i-.inP the use of steel in   their field.     Here also some encouraging 

resulto have been achieved.     For example, machine  tool industry  in the country 

has been able to  rationalize  its requirements to  one carbon and two low alloy 

constructional  steels. 

The Textile Machinery Manufacturers« Association in India studied their 

requirements  of steels  as per IS:1570-1961 and some rationalization has been 

achieved.    Similarly,   the automobile  industry has  reduced its requirements  to 

about 28 steels. 

To achieve  further economy, the number of steels has since been reduced 

to only 86 varieties. 

As a further aid to the  industry,   IS: 1871-1962 Commentary on Indian 

Standard Schedules for wrought steels  for general  engineering purposes,   has 

been published  with a view to assisting the users  to select proper steels 

for suecifin  purpose.     In this  Commentary,   steels  have been discussed in  groups 

according to  their metallurgical behaviour and  heat  treatment.     For the  benefit 

of users,   some  of the  typical applications of standard steels have been listed 

in this  Commentary. 

Also,  a comparison  of  Indian Standard Specification or. steels with over- 

seas standards  such as  American (SAE,   AISI,  ASTM,   ASM)  British,  German,  Japanese 

and Ruooian standards   ( IS: 1870-1965  Comparison   of  Iridian and overseas  standards 

for wrought  steels  for general engineering purposes)  has  been  published.     For 

ease of reference,  steels  in this  statement have  been arranged  in the  ascending 

order of maximum carbon  content  thus bringing  together,   as  far as  possible, 

fi imi lar composi lions. 

In  order  to  facilitate  international  trade  and tr  co-ordinate various 

national   standards  for steel  including definitions,  specifications and 
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methods of tests,  a technical committee at the international level ISO/TO 17 - 

Steel,  was set. up in 1948 with UK as its Secretariat. 

Under the main Technical Committee, a number of Working Groups and Sub- 

committees have been set up to deal with the various subjects under its pro- 

gramme  of work. 

The Technical  Committee ISO/Te 17  has so far published 47 recommendations 

and many more are under preparation.     India is trying to adopt them as far as 

possible in preparing her national standards.     If similar attempts are made 

by all  the countries,  the types   of steels used in industry would be greatly 

reduced,  thus  leading to greater production at reduced cost and easy avail- 

ability. 

Standard Specifications for Steel Products 

Steel Sections - Rationalization in number and improvement in the production 

of sections have been attempted in practically all major steel producing count- 

ries.     But,   improvements effected in the sections through an analysis of their 

efficiency properties  and  their redesign were particularly noticeable  in 

countries where there was severe competition in the  home and in the export 

markets,  or where  the structural steel industry had  to face severe competition 

from reinforced and pre-stressed concrete. 

It would  be  pertinent  to     briefly explain the  work,  in India on  tht«  subject 

of  standardization   in the  field  of steel   sections.     India has been experiencing 

steel  scarcity for many years  but is became  particularly acute after the Second 

World War.     It may  be  interesting to  note  that  the   Indian steel  industry achieved 

its   peak production of 1.36  millón tons during the  War but  it  came  down  to 

about  0.85 million tons  in  1948.    Production could  be  stopped up  only gradually 

to  about  one  million tons by  1952 and over  1.5 million  tons by  1957.     The present 

production  is around (> million  tons. 

The need for conservation of steel through efficient use of available re- 

sources thus assumed urgent  importance for a speedy development of national 

economy,  particularly in the  period following India's  Independence in 1947. 

i 
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The realization of this fact  led the Government to appoint  in May 1949,  a 

special committee  to examine the problem in detail and to suggest ways and 

means of conserving available steel.    This  Committee after careful  study 

suggested: 

a) use of alternate materials to the maximum possible extent, 

b) making improvements  in design procedures by improving the 

existing codes, 
c) increased use of steel  of higher performance and rationalization 

of steel   sections,   and 

d) promotion  of welding in place  of riveting. 

•, j   4--„„r-  ,-,-p +Vii a  rnmrnit + pp '-'ere considered  by the Planning The recommendations oí  this oommixxot,  . «ic 

Commission of the  Government  of India in December 1950 and  the Government was 

requested to entrust to Indian Standards  Institution the responsibility of 

taking up a Steel  Economy Programme involving formulation and implementation 

of standards relating to production and use  of steel. 

Many complex problems were  involved requiring close study and careful 

compilation  of available  data and experience  of industrially advanced countries. 

A critical  examination of India's own needs  and potentialities  was  required 

and answers had  to be  found to questiona  of basic  engineering importance. 

Four years   of intensive study at  the  ISI Directorate General and by the 

expert  committee   resulted  in the  formulation of Indian Standards   on improved 

and  rationalized   serien  of beams,  channels,   angles,   tee bars,   and bulb angles. 

For obvious  reasons,   all  these  standards  have been based on metric  system of 

measurements.     In   formulating the high efficiency  standards,   note  has been 

taken of many  factors  including production  standards current  in  the country 

at  that  time,   limitations and  capabilities   of the  existing mills  and  of the 

new mills  being  installed,   national  standards and competitive  company standards 

introduced elsewhere,   attempts  made  in  other countries  towards  improvement  of 

standards  for steel  sections,   efficiency  in  the utilization of sections  in 

structures and analysis of factors which affect the efficiency and the extent 

to which it is  possible to achieve efficiency in practice under Indian working 

conditions. 
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The improvements effected in beam and channel sections,  towards which 

efforts were mainly directed,  could be summarized as follows: 

1. reduction in web thickness, 

2. increase in the width of flanges, 

3. reduction in the slope of flanges, 

4. rationalization in the number of sections produced and arrangement 

of sections  in more systematic series,   and 

5. general reduction of weight. 

In the case of angles,   tee bars,  etc.,  the work has been mostly one  of 

conversion and rationalization of the present  production standards  to the 

metric system and additions and deletions of certain sections due to condider- 

ation of consumers requirements. 

Member Countries   of the European Coal and Steel Community (CECA)  have 

also done similar work as  India by developing a new series  of beam sections 

which are more economical than those rolled earlier in these countries 

primarily with a view  to achieving economy and also competing with other 

materials  for building construction.    This work was  initiated around 1948 

and completed in 1957. 

The United Kingdom also started thinking about developing new sections 

somewhere around 1957-58 and changed over to the new parallel flange sections 

around I96O-6I.    Even  at  present,  beams up to  8  in.  having 5° taper flanges 

are rolled in  standard mills.    Sections  over 8  in.  in depth have a 5 per cent 

slope and are rolled in universal mills  or in  standard mills with an additional 

finishing stand.    Similar developments have taken place in the USSR resulting 

in a new series of hot  rolled sections which are more  economical than those 

used hitherto in that  country.    These sections  have again been based on  scienti- 

fic approach and after establishing the  rolling possibilities in    their mills. 

Thus,   it would be  seen that practically every country has attempted 

development  of new sections.    Such attempts would naturally bring about  a large 

variety of hot rolled steel sections in the world with the  result that   inter- 

changeability and mutual  exchange of material  between different countries 

would become  extremely difficult and quite often impossible. 
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Annex II (Tables 7  to 12) will   illustrate the various  types of steel 

beams,  channels and angles commonly used in some of the countries. 

Taking note of this wide variety and need to unify and  develop efficient 

steels,  a Working Group ISO/TG 17/WG 8 was specially set up under ISO/TO  17 - 

Steel  in  1961.    This Working Group has already made considerable headway in 

formulating recommendations  for angles,  column sections etc.     Work is already 

under way  to formulate draft recommendations for beam and channel sections. 

Regional Standards 

In addition to the development   of national  standards  in different countries 

of the world,   attempts have also been made to establish regional standards 

taking into consideration raw materials and the technique available in each 

region.    The standards now being evolved amongst  the Latan American Countries 

and the effort  that 1ms already been put in by the CECA countries and many 

of the East European countries are  typical examples  of establishing regional 

standards. 

CONCLUSION 

The Indian experience over the  last decade or so and the work now in 

progress  in different countries  in  the field of standardization of steel and 

steel products at national as well   as regional  levels clearly underlines the 

need for unification of standards   and   their alignment as much as possible with 

International Recommendations.    To  the extent  that individual nations and 

-, .__ + ._„,,  Mnii1d ho able  to achieve  this unification,   they will regional   organi2,atiorio  rtoaiu ut duit   ^ <a<~nj--v 

draw the   international  trade and  industrial  community closer together.     The 

developing nation-: of the world who have to depend on the   proper utilization 

of their  own  resources  have a special  interest  in this work  in as much as 

commonly acceptée] standards will  help them exchange their  goods with the more 

developed  countries of the world and  thereby assist in the  creation of better 

living standards for their own people. 
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TABLE 10    COMPARISON OP BEAM SECTIONS OF CORRES POTO I NO SECTION MODULUS 

"$'    ISO Draft •  T,     xau uraji, 
Sr.     fc s o      Prcpoanl 
No.      „ g #      (Metric Series 

<u .< »     dection Depth 
i. 

CECA   19-57 INDIA    (LB) IMDIA (MB) INDIA (WB) JAPAN tm 084 OSSE 

1.        20 

3- 

50 

a¡ 

125 

9.        320 

Section Depth Section     Depth Section   DepTK Jectiai    Depth ' sSTi» Depth" 
x Weight   Modulus     x ¿eight     KoduJ .s x Weitfi.,    îicdulus       x Weight    Modulus       x W^it   Ilodulus v 
'idUl Width Width width width Width '      ^ •)        "•"-•»> wiain naatn Width Width Wirtth ——-—        » •«{ 

cr.> ne. x am      Kfi/m        cm3        ^ x pn      Kg/m en-) m x «a      Kß/n, cnv3        «n x Bin      Ke/n c^        »x« Kß/m cn¿ »T*       Kg/m -J        üí"* »   , 
' mi il  il   i      i..ni   ••i.i,     m,,   .-„ ,,„   .»„m,,„...,.„••    ,w,-i-  i....—         „m.LI..»., iiwii, .  . • -..   .           - .         1 •   i -i . i   . . _ «• Ml   X  Ml NS/B 

 „ «1.80   76.2x50.8     6.70 

»"•0*    Mo*iltt*      i Height      Modulo,        z Weight      Kodulae x Height 
"i«1» Width Width Ig/» 

iiüx5u       6.33        ¿0.0       bùxfcó        6.0 l'y. i» 7*xx>0       6.1 
e»5 m x «       Kg/« «s 

36 100x60     s.46        34.2       100x55     8.1 ì • ».«so    e.u 36.9 

5? i¿o.70     lO.V       5J.0       120x64     10.4 51.5 100x75     11.5 56.5 

78 14CÌ.75     13.0       77.3       140*73     12.9 "5.1 105x75     11.9       71 .d 125x75      13.0 
ii.S 150x80     14.2       96.', I5"xö0     14.9 

86.4 

113 iovt,J5     i6.o r09 16 Uva: 16,1 

6.       lóO 151 1ÒCH95     lv.. :       146 itsOxyi     iB.b u>- 2- ixiOo   I9.e       145.4       175x90     19.3       172.5       175x125 

200 lfló ^'00x105    21, *i 
20/ :O2xl0i3 23.6 194 200x100    22,4 222.4 025x1X1   2J.5        ¿23.5       200x100    25.4 

106 
218 

>•>.        250 240 
259 

205x105   26.9 
¿JUU.20    23.C 

220x110    26.2 262.5       200x140     28,8       237 
291 

»? 
33u 
331 

232x120.3 ¿B.2 

26Í&Í5"0 fo'.6       m        ZU<M-'¿°   30-7        ^        2s0^-5   2?.9       305.9      22.^10   31.2       384.5      225x150     33.9 

10.      400 405 263x135.5 34.8       429 270x135   36.1 392.4        275x140   33.0       U0.5       250x125    37.3 
4i5 
449 

U'      50C î£        Aso     36.*7       5" 3a^a5°   U*2 *®-9        30ûa5Û    j7-7 

554 303x150.5  uÌ4 
475.4      250x200     40.9 

12.     63o        625        306x151     46.1 
6*.        350x170     44.0 607.7        325x165   43.1       573.6      300xlA0   44.2      654.8      300x200    *8.i      587 

633 

U.     800        775        353x170.5 49.4 
870        356x171     54.8       713        33to60   49.1        751.9        3?0*l65   49.5       77..»      350x140   M.k      887.0      350x200    56.9      871 

75x75 11.9 £7.86 76.2x59.8    8,46 
81.14 76.2x88.7    11.16 

89.7 

100x75       12.9        4E.95   101.6x65.8   9.66 «9.16       101.6x67.6   11.46 58.4 
54.08       101.6X71.0   14.14 

125x75       16.1        Ts#12    jjf.otfj.j U#M Tg^je       u7.ox7j.jj    Up98 81#ì 

98.58       127.0x88.4   21.95 

111.9        150x100     17.0        109 150x75       17.1      115^9      182.4*8.9 17.10       119.65       182.4x84.6   18.60       IX» 

180x100     23.6      226 284x101.6   22 
200x100     26.0 

287 508x101.6 26 
»08 260x102.1 28 
881 509x101.9 28 
882 26U1I4 81 

289 
817 

>S¡^£     v&      *"        »M«««.«     M ÌW.M      264.0x118.4 87.80       871 
200x150     50.4      «s 266x146.4     87 407 

4« 848x128.4 88 478.80      284.0x128.6 82.08       472 
470 804x124 87 618 
804 260x147 48 
680 807x114 42 
880 804x188 40 

250x125     55.5      870        6SSxlX6- S» 886.84      804.8x127.0 47.82 
300x150    48.3      «li        860x126 48 818.48       804.8x186.0 68.06       687 

826        887x141.8 68 
848        807x186 48 

•lllMjBlll  IIMII IMI II       ^^^^^ft •in     I ^^^ 

jsodso 
78* 511x187 64 T54.1A      8040*188.4 60.72 

...      778 402x162.4 46 864.27      804.8x168.1 74.41      746 
"'     184 668x171.6 61 

862 681x162 6t 
JBÉ SBOÖÄ 9t -   _  

»In 

100x55 6.46 

120x84       U.5 

140X75       18.7 

160x81       18.9 

171.2     177.8X101.6 21.86       142.57       162.4x90.6   26.67       148 180x90       18.4 
— USUb m.Mtf.Q   88.77 Ufi mtwtnn     io o 

188.86       177.8x98.0   29.76       184 200x100     21.0 
208 200x110     22.7 

\%££    %'?,     m«8 «064x101.8 «MO      ««.TO      «06.2x101.6 27.68      «82 220x110     24.0 
230x100     30.7     281 806x188        26 262.18      «06.2x108.9 64.28       264 8*0x120     26.8 

286 267x101.»  26 
279 207x154   SO 

240x116  27.8 
«40X126  «M 

«TOxieS  51.6 
«70X146  85.6 

600x185  68.5 
800X145  68.2 

880x140 4*.* 

48.6 
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Table 10 (contd.) 

wmmmmmmmmm^ 

C.XA 19-57 

iàection Depth ' 

INDIA (LB) 

"Section     SepQT 

INDIA (KB) 

Soctian   Depth 

IJO Draft 
•a Proposal 

•g,^ y^c ^f- "3 i S •*sction Depth 
fe '¿ • 

f'    '"'"le 1      """"            ,              ,        tfidtii                                        width                                     ,.iath 
wo.       m csf      mm j. um     Kg/m         elaJ        at x mn     K yV.          c!n3         nm x run     Kg/m        cn¿        mu x ran     Kg/œ 

U.     100Ü        909 40QUG0     52.3 

1C_2        ,03*160.5 56.2       904 36QÜ70    57.1 965.3 400*165    56.9       1022.9      400x140   6I.6 

3.«    5< 

* ? Kodtlus      x Weight    Modulus     x Wevht     Modulus x height   Modulus 
*Qdth rfidthi width „idth 

Weigh 

15.     1250       lije        4U6xlffl     64.0 

SÌ       SS    669.*53     U6° 400aíiC   ",J        i223-"       45QKl70   65-3      1350'7     tóQ*^   72.4 

16, 1600 I4íx, 456x191 75.8 
j.567 50Cou.œ 74.6 
^9        5C3>:200.5 81.3       1500       450x190   77.6        ini.' 

17.     2O0       is.,7        507x201.2 90.4 
i?'?V        550x215a 87.3       1930       500x20r 

13.     2500       ¿255        554x215.7 97.0 
2514        55äix2l6.4 106.9     ¿440        550x210    K6 

2 5/2 SOGx230     IO3.I 

19.     3ÄCO       2951        605x230.9 1I6.4 
3j25        610x231.7 129.3      3070        600x220   122 

20.     3600        j¡37        64 0x250     12,5.7 

21.     4000       jyOO        6t 5x2 50.6 137.8 

sooxaßo  75.0 

550x190   86.3      1808.7     500x180   86.9 

600x210   99.5       235;.7      550x190   IO3.7 

3OS0.4     600x210   122.6 

22.     4500       4364       690x251.6 151.9 
45445        760x265.0 148.4 

2J¡     >X»       5ia>       765x26$.8 1Ó3.6 



INDIA    (WB) JAPAN IK USA 

Section 
Lght   Modulus 

Depth 
x 

Width 
L'X   • 

Section 
WeighJ   Modulus 

Kg/m      cm3 

,6 9a 

4      1171.3     400x200    66.7     12SO 

1558.1     450x200    79.4 
1580 
1740 

.7    2723.9     550x250    112.5    2380 

30» 
3270 

354CO     600x250    133.7 

3Ö54.2     600x250    1A5.1 

4330 

Depth 
x 

Width 
Weight 

Kg/m 

Section   Depth 
Modulus       x 

, W5dth 
Weight 

Section 
Modulus 

300x150    76.Ö 

925 403x178 
968 385x153 
1011 408x152 
1056 408x178 
1071 564x173 
1095 389x154 

am x MI     Kg/B 

400x150     72.0 
350x150    87.2 

1155 412x153 
1166 408x179 
1248 457x152 
1293 454x190 
1294 416x415 
1522 413x180 
1404 461x163 

400x150     95.8 
450x175    91.7 

1458 457x190.5 
1555 465x153 
1610 460x191 
1767 464x192 
1783 528x206 

9      2091.6     500x250    95.2      2170 450x175    115.0 
1954 
2072 

467x193 
535x209 

2293 537x210 
500x190     Ui.O       2469 539x211 

2509 602x228 
2784 545x212 

500x190     145.0      g'4     «f£» 
600x190    133.0      5217     612*229 

5472 678x253 
5620 617x230 

597!» 684x254 
4079 610x305 
4091 553x530 

54 
60 
59 
60 
67 
67 

Depth 
x 

Width 
Height 

965.20 
1052.05 

581.0x139.7 
381.0x143.3 

63.84 
74.41 

67 
67 
67 
67 
74 
74 
74 

74 
82 
82 
69 
82 

1448.62   4S7.2x152.4     81.40 
1669.85   457.2x158.8   104.17 

98 
92 

1915.65   508.0x158.8     »7.33 
2069.69    508.0x162.3   111.82 

101 2461.34 508.0x179.1   126.50 
109 2621.94 506.0x182.9    141.38 
101 2849.72 609.6x177.8 
122 

113    3044.72    608.6x180.9    133.94 
125   3258.09    609.6x184.1   148.82 

125 
140 

140 3839.50 608.6x200.0 157.60 
149 4111.52 609.6x204.4 178.58 
187 

¿avian    TAKO     
4S64     688x254.5      162 

«XSeWO    1W.0     4471     764x264 147 
4667     559x332 189 

WÔ! ¿17x507' 
4902 695x256 
5199 545x534 
5574 762x267 

179 
170 
211 
176 

USSR 

Section Depth 
Modulus x 

, Width 

947 

1220 

1670 

2000 

2510 

5120 

5840 

4980 

6010 

400x166 

450x160 

500x170 

550.U80 

600x190 

650x200 

700x210 

700x210 

700x210 

Weight 

56.1 

55.2 

76.8 

89.8 

104.0 

120.0 

138.0 

158.0 

184.0 

Conta...... 
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Table  10  (oontd. 

»•»O 
IK. Or;it 
Propoû-J- CBCA    19-57 

Section Depth" 

INDIA    (LB) INDIA  O-iB) INDIA (KB) JAPAN OK OSA OSSR 

m :•) r-K 

uro 

Width 
mr. x nm Kg/m 

Width 
nm x nm Kg/n c^ w« 

Width 
ea8        *» XM»     *«/» 

Kg/i 
^„M^icoectic»), sStîSn-^pn; Section    Depth 2^1,1^ potion  ~i*pth ~ jg¡*£       "T V4*t       5Ä     T »*•«       £££ T «*•" 

° TÎ Modulus      X Weight Modulus     x W"U idth width 
M 3 Width Width , Kis/o» cr»3        nm x m»   Kg/m <x¿ 

,3        «in x nm       Kiî/m cu3     nm x nm     Kg/m cm-    ^^  _ _  

ZU.        6OOO     io-\        770x266.6 178.8 
5)1 J        UÛXI90     175.9 

>S.      7000       3582        045x190.6 192.6 
lc>K        050x291.6 209.4 

••(,.      . XX.       750/. ?20x;,05      205.7 
827° y¿5:o05.b ¿23.5 

¿7       90LC       /.""'V        930x306.6 ¿U.3 
</i-A       9%x318     233.3 

2Û.    1^000      iJLlC 9VU319      256.1 

29.     U-' U:.')«'       jv.uxJ2C       ¿(V.O 

30.    120ÜU      12.120       1XJ6X321       301.9 

31.    13000     ij>90      1012x322      325.0 

8879 
am 

855x292 
770x268 

178 
106 

«640 685x812 258 
«688 841x292 i»4 
TIM 905x808 201 

TO71 861x294 226 
8241 910x804 228 

9490 918*806 268 

10874        «7*08 

15691        »11X41B 
usee     920X4ÎO 

848 
867 

SrtOcU 
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