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"TECHNOLOGICAL COMPLEXITY OF IRON AND STEEL INDUSTRY PRODUCTS"

Intoductlon

The UNIDO Secretariat assigned to carry on the research of tech
nological complexity of iron and steel industry products to the group 
of the USSR experts. This technological complexity is essential to 
define the strategy of development and progress of the iron and steel 
industry of developing countries^ The mentioned research is the furtne 
continuation of the study "Technology in the service of development" 
•finished by the Sectoral studies branch of the UNIDO Division for in
dustrial studies in November 1980. In this study the analysis has beer, 
conducted for technological complexity of developing, machines and 
equipment coming under the heading "Capital goods production? This 
study has been conducted with regard to the problems put in the fore
front by developing countries and was aimed at measuring the techno
logical complexity of machines sued methods of production in terms of 
different indices (somewhat hypothetical). The Index of technological 
complexity is the integral quantity of production complexity involved 
in a given product ( as shown with the use of expert evaluations by 
80 factors grouped into six technological levels. The greater the tecr 
nologic&l complexity of a product, the higher the Index of complexity 
and vice-versa.

The determination of the Index of technological complexity was 
based on evaluating the distinctive features of the following process 
stages : pre-design product concept - laboratory - manufacture of 
parts - assembly. All these stages were quantitavely evaluated in 
terms of 80 factors grouped into 6 technological levels of complexity. 
The sum of all the values of these factors represented the Index of 
complexity of the product. 480 theoretically possible combinations
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gical levels of complexity ( in practice this was reduced to 366 pos
sible combinations). This made it possible to structure the system in 
such a way that it covered the majority of the technological stages 
required from the time of pre-design product concept to final opera-

t
tions of assemblyc "

The 80 factors which form the Index of complexity are divided 
into three main groups :

A - 39 production factors constituting the actual production 
process.

B - 23 factors associated with third-party semi-finished product: 
and technical services ("production infrastructure").

C - 18 factors making allowance for the use of basic completing 
components and units.

In turn A and B are broken down into groupings which it is ne
cessary to show in detail;

A.| - 9 overall factors constituting the actual production pro
cess including weight of products, hours of know-how per U3S 1000 of 
finished products, laboratories, direct production hours per ton of 
finished products, manufacturing diversity in respect of number of 
types and models, manufacturing runs, product assembly, minimum reco
mmended or possible product sizes.

Ag - 30 factors associated with the use of production equipment 
including different equipment for gas cutting bending, rolling, dra
wing etc, machine tools, special production equipment down to the equ 
ipment for quality control of the final product.

Bj - 8 factors associated with semi-finished products ( conven
tional processes of casting iron, steel and non-ferrous metals, foun-



diing and forging of main materials, more sophisticated processes 
of foundling "and forging).

B2 - 15 factors pertaining to third-party technical services 
including different operations of stress relief, heat treatments, me
tallic surface deposits and surface protection, manufacture and main
tenance of metall-cutting tools, rough and very rough machining, cold 
pressing.

C - 18 factors making allowance for the use of basic completing 
components and units.

80 factors are dissimilar in importance and in order to reflect 
the differences between them, and consequently define their contribu
tion to the total index of technological complexity , the authors of 
the mentioned study adopted four different performances exhibited 
■'-■.ibÿ exponential characteristic reflecting geometrical ratios.

There are the following performances adopted oy the authors : 
20.25^(^ _ 2°*-’, ^ =  2 2 .  Their solution gave respecti- 

veiy 1.19 ; ^ =  1.41 */J^= 1.68 a n d ^ =  2.0
Consequently the complexity levels gained the following vaines 

according to the performances :

*-^£cmplezity level 

Performances*’'— —
1 2

—

3
—

4 5 6

1.00 1.19 1.41 1.6e 2.00 2.38

r , 1.00 1.41 2.00 2.83 4.00 3.66

T z 1.00 1.68 2.83 4.76 e.oo 13.45

X z 1.00 2.00 4.0 8.00 16.00 32.00

The authors adopted the following performances.;:- 
Weight of products -£ 2 ,
Hours of know-how
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Direct production hours per ton of finished nroduet — t ~.* «k 7'
Oxyacetylene cutting “ To*
Conventional processes of iron casting ,

Forging 2 etc*
For servicing of this system, a system of information on techno

logical complexity has been constructed for 318 groups of products Tm: 
chine tool equipment, machines, electric motors and other electric . 
equipment, transport equipment, measurement and monitoring instrument: 
office equipment, typewriters, calculators, computers etc). With 80 
factors and 6 complexity levels the possibility exists of bringing up 
the system to a recording capacity of 152640 data. The accomplished 
analysis shows that in practice when decreasing the number of product 
groups there is a possibility to mobilize effectively about 35000 da
ta. The magnitude of this figure has justified the processing of 
the information by computer.

This analysis has led to distinguish some kind of "lavs", and, 
among other things, the fact that capital goods are characterized by 
the considerable heterogeneity of their technological contents and, 
consequently, by their complexity. The technological complexity of 
machines entering into this group grows in the following order : 
simple metal products< electrical machines measurement and monitorin 
instruments^ non-electrical machines <  transport equipment.

Considered from a functional and technical point of view, the ma 
chines have the following order of mean complexity: semi-finished pro 

~ ducts part3 and components ̂  autonomous finished products ̂  integ
rated finished products and sub-systems.

According to the final demand in machines from the sectors of 
• industry for which they are intended, the order of complexity of spe
cific capital goads is as follows : agricultural machinery ̂  agro-foe 
industries €  chemicals and petrochemicals industries ̂  building and



building materials industries <, engineeringsconstruction ̂  extraction 
of minerals<  agro-industries, tobacco, leather, textiles v^heavy me
tallurgy, iron and steel, forgings, foundry road transport equip
ment << rail transport equipment -<air transport equipment.

The specific capital goods for these essential demand sectors 
have the following minimum, mean and maximum values of the index of 
complexity :

Values of the index of complexity

Minimum j Kean ( i-Iaxim;<a

1) Agricultural machinery 56.67 64.88 73 c 2;;
2) Agro-food industries 80.95 95.80 110.60
3) Chemicals and petrochemicals 

industries 76.46 100.16 123.98
4) Building and building materials 

industries 84.86 107.35 129.99
5) Engineering construction 86.13 113.95 14 1.92
6) Extraction of minerals 92.01 130.32 163.79
1) Agro-industries, tobacco, alco

hol, leather, textiles 106.29 132.13 158.15
8 ) Heavy metallurgy, iron and steel, 

forging, foundry machinery
f
107.64 137.49 167.46

9,- Road transport equipment 128.72 162.67 196.78
10J Rail transport equipment 167.74 197.65 227.7C
i1) Air transport equipment 589.59 460.97 532.41

The analyeis of technological complexity of capital goods conduc 
ted by the TJNIDO specialists makes it possible , from '.heir opinion, 
to developing countries to master the most important strategic option 
for developing their industries, evaluate the levels of complexity of 
producing planned products and the period of time required for the as 
similation of these levels; choose appropriate forms of integration c
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the national industry, develop the program of carrying out planned 
problems and adapt their educational and-.personnel training system 
with this in mind. The mentioned specialists concluded that the majo
rity of the developing countries which at the present time have a weak 
production basis for production of capital goods could aim at level 3 
of complexity of products. At this level, they have the possibility 
to produce independently only 40% of the required equipment.

For the less developed countries, it seems that the production 
of agricultural machinery and certain simple semi-finished products 
constitutes a preferable way of entry into the capital goods industry. 

/1,2,3/.
Attaining one or another value of the index of complexity of ca

pital goods production in the developing countries are dependent upon 
the degree of the iron and steel industry development in many respects 
All the factors used by the TJHIDO specialists and the complexity level 
are largely determined by the availability and quality characteristics 
of metal products. This deals to a largest extent with 8 factors asso
ciated with semi-finished products 15 factors pertaining to
third-party technical services and 18 factors making allowance 
for the use-of basic completing components and units.

Gaining the economical independence by the developing countries

presupposes the development of their industrial base which would per
mit to change fundamentally the technical level of all the branches 
of the national economy.

Industrialization is the imperative condition for developing 
the economy. The iron and steel industry provides the base for deve
loping other branches of the industry and not only producing capital 
goods. Some developing countries have attained a notable advance in 
the development of the iron and steel industry. India, Brazil, Hexic



Algeria and otner developing countries nave own large iron and eteel 
enterprises and provide a suostantial proportion of domestic demands 
by innerent production. In Iran, Libya, Indonesia tùe iron and steel 
enterprises have been constructed only in the last few years. Many 
developing countries have not yet had even small enterprises and only 
begin to constuct them using for this purpose financial and technical 
assistance of industrially developed countries.

The Soviet Union has rendered and is rendering technical assistan
ce to developing countries witn setting-up and development of the iron 
and steel industry. India, Iran, Algeria, Turkey and other developing 
countries have created and are developing their national iron and steel 
industries with the USSR'é assistance. A distinguishing cnaracteristic 
of the economic and technical cooperation of the USSR with developing 
countries is the fact that the Soviet Union renders assistance in cre
ating and enhancing the public sectors of their economies.

This is important for speeding up of the rates of economic deve
lopment and strengthening of the economic state of these countries.

The USSR's economic cooperation with developing countries in 
creating their own base for the iron and steel industry and exploita
tion of their natural resources is built on a long-term, stable, mu
tually advantageous and equitable basis, on the conditions of respect 
of national sovereignty and legitimate rignts of cooperating nations.

The iron and steel works built with the USSR's assistance are 
full property of the states on the territory of which they are loca- 

-ted.
Credits for purpose of developing the metallurgical industry gi

ven by the Soviet Union to developing countries are long-term and have 
favourable conditions. The credit of the Soviet Union, as developing 
countries know well, has a low level of annual percentage of compen

sation, a long term of its use, payment. The agreements have no spe
cial conditions. Tne sum of a submitted credit i3 guaranteed.

7.
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The Soviet assistance to foreign countries in creating their 
iron and steel industries is rendered with regard to making the most 
use of local resources end technical opportunities for manufacturing 
the equipment, steel structures and supply with "building materials. 
This form of cooperation encourages drawing in of the country's indi
genous resources, provides for a stable employment of the population, 
ensures accumulation of production experience in the construction of 
modern plants in respective countries, forms indigenous skilled per
sonnel of builders, erectors, operating staff.

At the precent time there is a production of iron, steel and rol
led products in 15 developing countries. Besides, 10 developing coun
tries are producing steel and rolled products, that is tl-jy have 
small enterprises for reprocessing scrap in small electric arc furna
ces or mini-mills built in the last few years. There is a group of 
countries manufacturing rolled products from imported billets. By 
the beginning of eighties about one-third of the developing countries, 
and particularly the most underdeveloped countries of Africa, South- 
East Asia, Oceania and some countries of Latin America,have no iron 
and steel enterprises.

There are over 500 enterprises producing ferrous metals in deve
loping countries and among them 25 integrated iron and steel works ox 
annual output of more than 1 min ton of steel, with 20 of them have 
been built after the second world war.

The.share of latin-America accounts for about 50$, Asia - about 
47 Africa - 3$ of the total steel output in the developing count
ries.

The creation of domestic iron and steel industry base or deve
lopment of ayailab3e capacities for production of ferrous metals are 
associated with necessity of taking into account a number of condi
tions, such as :

-4
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1 ; Transportation to eâlê markets and to raw materials suppliers;
2) Market condition , including demand structure, expected shor

tage of single kinds of ferrous metals, future prices of iron and 
steel industry products, expected in perspective resources of metal
lurgical scrap and its prices;

3) Sources of raw materials and fuel, including iron ore resour
ces, knowledge of reserves, their qualitative and quantitative cha
racteristics and geographical distribution, conditions of iron ores 
mining and their preparation for smelting, resources of process fuel, 
the availability or possibil;cy of creating own mining establishments 
and evaluation of required for their creation capital investments and 
material resources;

4) Energy resources, including total water resources, power and 
power-generating resources, geographical distribution of resources 
and their main characteristics;

5) The potentialities of financing, including credits, prices, 
capital investments, availability of currency;

6) Employment and training of personnel, including concentration 
_of-labour force, actual and future possible labour force skills, its
principal features, tendency and attitude to training, labour cost 
and associated with it policy of keeping the discipline and rising 
the qualification;

7 ) Social and economical measures, Including labour resources, 
availability of houses and installations for social purposes, presence 

" of trading establishments, markets and institutions for rest and 
entertainments, availability of transportation and communication 
means, availability and costs of cxvil services, existing policy re
garding social planning and methods of financing social and economi
cal measures, responsibility and participation of governmental orga
nizations.

Taking into account indicated conditions associated with
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ructure etc determines the selection of the optinnun for a particular 
country type of metallurgical enterprises.

The favourable conditions are created for development of integ
rated iron and steel works when required for the iron and steel indus
try mineral resources are available. Large blast furnaces (.with volume 
above 2000 nr) are constructed in the developing countries. But many 
ana11 obsolete unproductive blast furnaces still work in these coun
tries. The basic oxygen steel accounts for about 50% in the tojal 
steel output of developing countries.

In the developing countries nearly ¿wo-thirds of steel ,.ie made 
in basic oxygen furnaces of 6 0 -1 0 0 t capacities,at the integrated 
iron and steel works. About 25% of steel is made in electric arc fur
naces (about 14 min ton). The charge for these furnaces is sponge 
iron,production of which amounts over 6 min ton in developing coun
tries, and scrap (about 8 min ton). This is associated with construc
tion of a considerable number of mini-mills having,as a rule, up to 
500000 ton annual capacity. These works use scrap or sponge iron as 
raw materials, steel is made in high-output electric arc furnaces.
The distinguishing feature of the mini-mills is production of a li
mited range of rolled products which are mainly used in the domestic 
market. These works mainly produce long products.

The continuous casting of steel is finding ever increasing use 
in the developing countries. At the present time over one-third of 
steel made in these countries is continuously cast. All the construc
ting in greenfields steel works compose continuous casting plants. 
Some developing countries give a little way to industrially developed 
countries in this respect. To illustrate, Argentine continuously 
cast about one half of .steel, I-lexico - 30%, Brazil - 27.6%. Electric 
arc-furnace steelmaking grows with ever increasing rates in develo
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ping countries. In the developing countries the technical level of 
rolling-mill practice increases. Despite the fact that the main pro
ducts of the metallurgical works of developing countries are long 
products , the developing tranches of these countries industry are 
faced with the demand in flats which are produced at the integrated 
iron and steel works.

Starting from the above mentioned as the base, the purpose of 
present work is to determine the technological complexity of produ
cing the most representative types of metal products required for 
production of capital goods in the developing countries.
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{.  IKDIC23 CHAHACTJSHIZIKG TECHNOLOGIC.*! COMPLEXITY 
OF LIXL'aL PRODUCTS

The investigation being carried out by UNIDO concerning 
tbe evaluation of strategy of capital goods production in deve
loping countries is closely connected with the strategy of the 
iron and steel industry development in these countries, ¿létal 
products cade by the iron and steel industry provide manufacturing 
of capital goods with semiproducts which comprise one of the 
factors for evaluating production complexity of these goods,..- 
At the same time metal products are the base for the development 
of other branches of engineering, construction and transport in 
developing countries. Thus, the evaluation of iron and steel 
development strategy must result from economy requirements existing 
in developing countries while the character of its development 
must be determined by technological complexity of metal products 
necessary for economics.

Theoretically, technological complexity of metal products 
can be expressed through its costs, when Increased costs lead to 
a higher complexity level of metal products, because the complexi
ty accumulates large amounts of labour expenditures. This means 
that the establishment of more complex metal products in developing 
countries requires also higher socially necessitated expenditures. 
To conceive the amount of these expenditures, their direction 
and possibility of their realization depending on economic condi
tions of developing countries it is necessary to analyze the 
factors which determine the degree of metal products complexity.
Factors comprising the complexity of metal products can be clas- 
»
3ified in the following ways :
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1. Complexity of chemical composition of steel for metal 
products manufacturing. In order to obtain necessary che
mical composition certain ferroalloys and alloying elements 
should be used.

2. Complexity of metal products configurations which are deter
mined 'ey their shape sizes and provided by different 
rolling facilities.

3. iietal products quality level which is provided by ladle 
steel refining, heat treatment and finishing cf metal 
products.

Concerning the first point, apart from complexity changes 
in chemical composition, the complexity will also change for a 
definite chemical composition of a certain steel grade depending 
on the metallurgical route of steel production. The following 
routes are meant here :

a. classical route: iron production in blast furnaces from pre
pared iron ore and B03? steel mairtTig •

b. production of prereduced materials by cokeless direct-reduc
tion processes (or the use of imported sponge iron) and 
their smelting in electric arc furnaces to produce steel}

c. scrap remelting in electric arc furnaces for the production 
of required steel grades.

In all these routes steel is continuously cast. The technological 
diagrams are given in Fig. 1,2 and 3»

The possibility of the realization in a developing country 
of some or another diagram of metallurgical route is dependent on 
availability cf necessary natural resources (iron ore of certain 
composition, coking coal, natural gas) and on the available scrap
resources.
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Fig.1. Diagram of steel production with the use of process routes *
blast-furnace ironmaking - BOF steelmaking with continuous casting - 
rolling.

NaturaT~gaG, electric and thermal energy are used in production of all kinds of-products.

hi i



j _____ __________
ÜAF

steelmaking ■

Hot-rolled Hot-rolled

Pelletizing
Sponge iron 
production Continuous

casting
plant

medium- ' 
section 

production
light-
section
productior

1____i___________ .

*) 9
Section 
structural 
rolled 
steel pro
duction

Fig.2. Diagram of steel production with the use of process route I
sponge iron production - EAF steelmaking with continuous casting •? rolling.

*) Natural gas and ul, otrlc. .y arè used in production of all kinds of products.



Cokemaking - Production
of

ferroalloys

Blast-furnace 
ironmaking, 
inclusive of 
preceding 
process stages

*# ■
BAP

steelraaking

$

Hot-rolled
sheet

production

Hot-rolled
plate

production

*

uwrei=
nuous cat 
ting planl

Hot-rolled
medium-
section

production
Z F

Production of 
electric and 
thermal energy 
oxygen, comp
ressed air

Scrap
preparation

Section 
structural 

rolled steel 
production

_\
✓

Cold-rolled I 
sheet

production

Hot-rolled 
heavy-sectio 
production

Hot-rolled
light-

seotion
production
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*■*) Carbonaoeous waste can be used instead of iron.
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Au tilt; 3tuae time 0* suiue lu i^ O x  t c i x C c  o i c  tile possibility 
to involve investment of various level ana for various schemes 
of use of foreign currency for import as well as availability of 
labour resources, of necessary skill in the country, taking into 
account various levels of direct labour expenditures for every 
diagram of metallurgical routes of steel making.

Therefore the complexity of steel making for metal products 
is evaluated equally with the complexity cf their chemical compo
sitions as well as with diagram of the metallurgical route which 
include various stages and are characterized by various features 
of the equipment and technology.

It should be stressed that the necessary chemical composi
tion of steel in developing countries can be ensured depending 
on the availability of natural resources and stages of their 
economical progress due to the development of own ferroalloy 
production and due to imported ferroalloys and alloying elements.
It is natural that more complex chemical composition will be 
connected with certain expenditures for the development of ferro- 
-alloy indastry or currency for import of ferro-alloys.

For determining the complexity of metallurgical routes 
it should be taken into consideration that the route size depending 
on its stages may be different because of the natural . resources 
of the country end possibilities of imports. For example, in the 
classical route "blast-furnace - basic oxygen-furnace" the 
number of stages may be reduced through imported pellets, while 
the route with steelmaking in electric arc furnaces with the 
use of prereduced raw materials - through the elimination cf the 
domestic production of prereduced raw materials and their import 
from other countries. The route with scrap smelting in electric



arc furnaces may also be connected with the import of raw 
materials when a country has small metal fund and poor scrap 
formation cannot ensure the appropriate output of steel resources 
and there is a demand in imported scrap.

Therefore every route from the point of view of its techno 
logical complexity is characterized not only by the number of 
operating stages demanding various expenditures of resources 
for their performance, but additionally by expenditures of 
currency for import of raw materials which are necessary for 
the realization of a metallurgical route. Otherv/ise "short" 
routes with the import of raw materials may take undue prece
dence from the point of viev; of their technological complexity 
although they actually are connected with the necessity of 
economical development of the country in the direction of accumu- 
lating currency reserves for the functioning of metallurgical 
routes. But for the developing countries where the utilization 
of natural resources allows to accumulate and spend currency 
reserves the development of iron and steel industry in accordance 
with the routes of imported raw materials will make it possible 
to create domestic steelmaking in the shortest time and with 
the lowest expenditures of resources in the country.

The formation of the technological complexity of metal 
products according to the second direction is evaluated on 
the basis of the preset complexity of the range of shape sizes 
which will be in demand in accordance with the country develop
ment. Steel produced according to different metallurgical 
routes nay be used for the production of the same types of 
metal products possessing various technological- complexity.

The possibility of producing metal products possessing 
various technological complexity of shape sizes depends on



the equipment used for continuous casting and rolling. This is 
characterized by various labour expenditures for the realization 
of the technological process, its energy and capital expenditures 
for shop construction. The production of billets on continuous 
casting plants in combination with electric arc furnaces of 
various capacities and with high power transformers allows to 
construct required plants for the production of metal products 
practically without restrictions according to minimum capacities 
and economical values of metal production. All this promotes the 
possibilities of the organization in the developing countries of 
the production of metal products having various complexity ranges 
according to the section size form.

The range of rolled products which are spent for the pro
duction . of capital goods in the developing countries, applicably 
to the new branches cf industry, is distributed in the following 
way ; per cent ( the numerator denotes sections, the denominator - 
sheets ar.d plates ) ; the sum of these two types of rolled pro
ducts does not give 100 per cent because of the use of other types 
of rolled products, wire and rolled products from alloyed steel) :
agricultural machinery - ~  — .6° f food industry - ,

5° - 30 i5 . 45 60 ’ 55
chemical and petrochemical industry - 4 ^' 1' J5 * civil engineering
and building materials Industry - » railroad building -

H “- op * ^ d  s0 oa* ^cr developing countries of some inte
rest i3 the technological complexity of sections, sheets ^nd 
plates. Hence in present work the following types of rolled 
products have been chosen for the evaluation of technological 
production complexity : heavy sections, medium and light sections, 
hot relied sheets and plates, cold rolled sheets, section 
structural alloyed steel, that is - rather wide range cf rolled
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product types has been, used by the Soviet experts.
In the UsaR the following rolled products are included 

in the above mentioned types :
Heavy sections made from steel of ordinary grades : 

round, diameter 32 - 250 mm ; 
square, dimensions 30 - 120 mm ; 
strip» width 60 - 200 mm ; 
unequal angles 70 x 4-5 mm ; 
equal angles 50 x 50 mm and more.

Die-rclled steel rods - for reinforced concrete construc
tions from carbon and low carbon steels No.32 and more.

¿ 1 1 shape special ections ;
Medium sections made from steel of ordinary grades : 

round, diameter 20 - 30 mm, 
square, 20 - 30 mm,
strip, width 50 - 60 mm;
equal angles 3& x 36 x 4 mm 

40 x 40 x 4 mm 
45 x 45 x (4-5) mm; 

unequal angles 45 x 25 - ¿3 x 40 mm ;
Die-rolled steel rods for reinforced concrete constructions 

from carbon and low carbon steels, No 20-28.
Light sections made from steel of ordinary grades : 

round, diameter upto 20 mm (including) ; 
square, dimensions from 10 to 19 mm ; 
strip, width from 12 to 45 mm ; 
unequal angles upto 32 x 20 mm ; 
equal angles upto ?2 x 52 mm ; 
shape sections.

Die - rolled steel rods for reinforced concrete construction



21

from c.vrbon end lov» carbon steels, No. 10, 12, 14, 16, 18.
Plates made from steel or ordinary grades :steel plates 

having 4 aim and more in th.icicn.ess, u3 '.veil ns checkered wide 
steel strips of general purpose, steel for boilers, furnaces and 
for shipbuilding, three-layer steel.

Hot rolled sheets made from steel of ordinary -rales : 
steel sheets, thickness 1 - 1 .8  mm.

Cold rolled sheets made from structural carbon steel ; 
cold rolled sheets, thicicness uptc 3 mm..

Section structural alloyed steel
All sections made from alloyed steel.
"Through" character of the metal products complexity 

evaluation including the evaluation of metallurgical process 
complexity and the complexity of metal products forming '.vill 
allow developing countries to solve reasonably problems connected 
with the orientation in the development of iron and steel in
dustry in conformity with demands of the economic structure of 
the country.

Diagrams of the process routes described above which 
include rolling operations, provide conditions for achieving a 
definite level cf metal products equality sufficient for their 
usage in a wide range of applications, dome types of mechanical 
engineering products and some usage of metal in transport and 
construction demand? increased reliability, long service life, 
which can be provided only by higher quality of metal products. 
The most urgent goal is in decreasing metal content of the pro
ducts both in designing conditions and in lowering consumption 
of metal products. The latter goal is especially pressing unuer
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labour of different qualities v.ith unequal complexity and tension 
with prime average labour used for producing metal products including 
the development of equipment required for this purpose. The diffi
culties in determining the complete value of metal products also 
present here.

Therefore the question «arisen v.hat indices are required to 
use which aa a whole could replace the costs expressed in the 
socially necessitated labour expenditures while evaluating the 
complexity degree of metal products.

While choosing these indices it is essential to take into 
account the fact that they must first of all characterize the ex
penses of all resources for iron and steel industry on different 
diagrams of technological routes and not for its current functioning. 
Therefore on the basis of the index of costs three indices have been 
formed expressing complex labour and energy expenditures as well as 
complex capital expenditures 'which are the most important characte
ristics of the iron and steel industry to be developed. The first 
one reflects the labour expenditures or direct labour ( men/heurs ) 
.reguired for the functioning of the routes to be developed. The second 
one is energy expenditures for technological routes. The third one 
is capital expenditures or cost expenditures for producing metal
lurgical equipment and construction of iron and 3teel works unuer 
various routes.

All these indices characterize from different points of view 
the technological complexity of producing the chosen types of metal 
products. When developing non-integrated metallurgical routes the 
import requirements should be taken into consideration in addition 

' to the received indices, The import serves for meeting a lack of semi
products due to absence of the corresponding technological operations.





It is also essential to note that there is a possibility 
to for.ii, if needed, on the basis of the indicated technological 
complexity one integral cost index. However, this is out of the 
scope of the present investigation.

2. A Method of Quantitative Determination of Indices
of Technological Complexity for Froduclng Metal Products

In the preceding chapter the necessity of using the indices 
of technological complexity for producing metal products which ex
press labour, energy and capital intensities for intermediate and 
finished products, have been substantiated.

For this purpose it is essential to consider mutual relations 
arising within the boundaries of adopted technological routes of 
production, to take account of their structure and to determine ap
propriate inside proportions etc.

The technological complexity of producing metal products incre
ases as the final stages of the technological route are approached.
It can be imagined that accumulation of the value of the indices of 
complexity of foregoing stages occurs in ensuing stages of this ro
ute. As the most general version this can be explained using the exaa- 
^le of "through" calculation of labour expenditures, energy expendi
tures with the use of fuel expenditures in coal equivalent and capi
tal expenditures for production of heavy-section steel products on 
the following technological route :

blast-furnace ironmaking — BOF steelmaking with continuous cas
ting of steel - production of heavy-section steel products.

This route starts with iron ore mining and production of iron 
ore concentrate . when achieving this stage,the laoour expenditures

24.
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account for 1 ,1 man.hour/1, fuel consunp ion in coa_L equivalent - 
0.023 t/t, capital expenditures - 45 $/t.

Should the next stage is the pelletizing then to the expenditu
res on this stage ( 0.5 man.'hour/t, 0.039 t of fuel in coal equiva
lent and 20 5i>/t, respectively ) must be added the expenditures of 
the foregoing stage multiplied by specific expenditures of the first 
stage products for the second stage products (.1 .082 t/t ). In this 
case the expenditures with regard to the foregoing stage account for 
1 .6 8 man*hour/t, O.O64 t of fuel in coal equivalent and 68.7 5í/t.
At the next stage ( ironmaking ) tc the expenditures on this stage 
( 0.769 man.hcur/t, 0.68 t of fuel in ccal equivalent and 32 £/t ) 
is added the expenditures of the foregoing stage of metal burden 

preparation multiplied by 1.7 l 2.86 man* hour/+., 0.109 t of fuel in

coal equivalent and 116.8 U/t ) and expenditures of the cokemaking 
( without taking into account the energy expenditures in coal mining 
and benefication to ensure against double counting ) multiplied by 
coke rat-i for ironmaking { 0.255 man*hour/t, 0.05 t of fuel in coal 
equivalent and 44 $/t ).

Then the expenditures in iromnaking with due regard for forego
ing stages account for 3.844 man*.¿óür/t, 0.849 t of fuel in coal equ 
ivalent and 192.8 $/t. The "through" calculation of labour expendi
tures, expenditures of fuel in coal equivalent and capital expendítu 
res up to final products theavy-section rolled products) is realized 
in tne same manner. This calculation is depicted in tablr. 1.
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The mentioned, "through" calculation; even though its simplicity 
and obviousness, features extremely appreciable disadvantage - incom
pleteness. According to tentative calculations it does not cover 
about 2Gyo of all the labour expenditures, expenditures of fuel in 
coal equivalent and capital expenditures. In this case performing 
that calculation does not take account of above mentioned expenditu
res for production of energy products { oxygen, compressed air and 
blast-furnace blast ) consumed in the production of intermediate and 
final products, refractories, ferroalloys etc as well as the expen
ditures for production of these materials.. It is quite understan
dable that so substantial unaccount of the expenditures can’t help 
but affect adversely their integral values characterizing the tecnolo 
gical complexity of products made by investigated process routes.

Proper allowance must be made for the whole vatiety of interpro
duct relations within the boundaries of technological routes, to ex
press these relations in terms of consumption coefficients of these 
products to each other ( steel for rolled products, iron for steel, 
coke for iron ], to determine the expenditures of raw materials, ma
terials, energy etc for these products, labour intensity, energy in
tensity and capital intensity of these products.



Table 1
•Through" calculation of labour expenditures» expenditures of fuel in coal equivalent and capital

expenditures for production of heavy-section rolled products.
T  Labour expend tur es, manVh/1 ! Expenditure s of fuel in ! Capital expenditure is,Stages of technolo

gical route |  ________~_________ ' ______L * -coal- jgiiuivalaiitu-J/ji------- ------- -------------- ,---------
Tr» j Specific Tn In Specific \ In . [Specifier!^

the sta- № e  statthe stage 0‘a1the sta®0 t e r S f 1pr4-’;'?0h8ta<:! ge C . i  l ge with „1 Ige with with
foregoing i regard tq

ii0E” feint•ensuing
T ~

jsiagj. ! o ! / ! TT

!foregoïn^iregird tç& S “ !fo0- f in4
{ensuing j ^

TO"

Iron ore mining and 
production of iron ore 
concentrate I.I - -

Pelletizing 0.5 1.082 1.60

Cokemaking Q.58I — —

Ironjuaking 0.769 1.7
(pellets)

3.804

U ° $ )

BOF stee]making with 
continuous casting

1.6 0.849 4.89

Production of heavy- 
eection rolled products 2.7 1.06 7.88

0.023
#

— 45 - -

0.039 1.082 0.064 20 1.082 68.7

0.II4 — — 100 - -

0.69 1.7 0.049 32 1.7 192.8

0.013 0.849 0.734 60 0.049 223.7

0.895 1.06 0.063 82 1.06 319.1
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For tills purpose, it is expedient to get the indices which 
should characterize the whole combination of natural expenditures 
of raw materials, materials, energy, semifinished products, interme
diate products for the intermediate and final products, to obtain 
among these indices the components of energy intensity {. expenditu
res o:’ fuel and electric energy ) and on the basis of natural values 
of the indices ana, specific values of labour and capital expenditu
res - labour intensity and capital intensity of products within 
the boundaries of a technological route.

As indicated by calculations of the experts, it is necessary 
to solve 75 simultaneous equations for determination only natural 
expenditures of raw materials, materials, energy, semiproducts and 
intermediate products for the intermediate and final products within 
the boundaries of the investigated technological routes. About 6000 
specific values of expenditures (, direct expenditures ) are used for 
solving these equations. Working such a problem is impossible without 
use of computers. As a consequence, the experts have developed the 
method of obtaining the natural expenditures for the investigated 
metallurgical routes with the use of theoretical principles and 
software of interproduct balances { input - output balances ).

Basic initial data for realizing this method are the data on 
outputs of intermediate and final products made in the invesigated 
metallurgical routes, the expenditures of raw materials, materials, 
energy, semiproducts and intermediate products for each kind of pro
ducts. Based on these data, the direct expenditures are determined 
through dividing the initial data by the corresponding outputs of 
each kind of products. The direct expenditures characterize the exper 
ditures of raw materials, materials, energy, semiproducts pie per J 1 
of intermediate and final products l sinter, pellets, coke, iron, 
steel, rolled products of different kinds etc j. At the same time,
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tile direct expenditures by themselves do not give an indication of 
the expenditures in the technological route as a whole. To do this 
requires to transform a portion of these expenditures into indirect, 
ones, that is to say, recounted with due regard for coefficients of 
consumption for conjugated kinds of the intermediate products.

Thus, BOF steelmaking requires considerable consumption of iron 
( direct expenditures ) and this in turn involves considerable con
sumption of fuel and energy going for production of iron, coke, blast
furnace blast, oxygen etc l indirect expenditures ). £AF steelmaking 
requires the.mest substantial consumption of electric energy ( direct 
expenditures ) involving increased consumption of fuel for generation 
of electric energy at iron and steel enterprises ( indirect expendi
tures ) and increased consumption of electric energy obtained from 
outside.

In such a manner, along with direct expenditures determined by 
the level of technological progress and elementary proportions bet
ween technologically interrelated stages of production l for instance 
cokemaking and ironmaking ) it is essential to have much more sophi
sticated interroute and interindustry proportions ma?ci ng it possible 
to express correctly total expenditures of raw materials, materials, 
energy, semiproducts and intermediate products for intermediate and 
final products within the boundaries of the whole national economy. 
Theytake into account not only direct expenditures of specific re
sources per unit of products in a given stage of production but also 
indirect expenditures of these resources in other stages of a-techno- 
gical route and industries conjugated with a given stage of industry 
via ^he whole combination of inerroute proportions and interindustry 
relations. The total expenditures take account of expenditures of 
a given kind performed not only at the last routine stage of produc
tion but at the foregoing stages and routes of production in all 
the allied branches of industry. These expenditures make allowance



thereby for the whole production vertical in making a given product 
considered as an intermediate or final product.

In addition to the total expenditures there is a possibility 
to use complex expenditures which are analogous by their nature to 
the total expenditures but form in the scope of more limited inter
relationships ( only in the boundaries of a predetermined complex 
of making products). This completely conforms to the problem worked 
by the experts.

The economic sense of the complex expenditures, as applied to 
the problem worked by the experts, consists in consecutive superpo
sition of direct and indirect expenditures of raw materials, mate
rials, energy, semiproducts for production of particular kinds of 
products in the boundaries of planned technological routes of produc 
tion. In the most generl view this is illustrated by the example of 
the "through" calculation of expenditures of fuel in coal equivalent 
in table 1.

Computation of the indirect expenditures is subdivided into 
a number of consecutive iterations. The indirect expenditures of eve 
iterations are generally designated by a proper number ( order ).

Should the expenditures of raw materials, materials, energy, se 
miproducts for production of steel going into making rolled products 
be computed;then this gives in result the indirect expenditures of 
the first order. The expenditures of the same resources for ironma
king in turn form the idirect expenditures of the second order and 
the analogous expenditures for production of 3inter - the indirect 

expenditures of the third order etc.
The starting position for computing the direct and complex ex

penditures is the formation of a square statistical table represen
ting the combination of distribution of materials, fuel, energy, se
miproducts, intermediate products for production both intermediate 
and final products of the iron and steel industry. The mathematical
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of the mentioned, table is given in table 2.

Table 2
The mathematical model of the initial statistical table for com

puting direct and complex expend!tures for technological routes of 
iron and steel production.

Type of j— resources j or products} I ji 2 ! i 3
— ,-----------
i• • • •J

— j----
! nI

~ _---
I Total |

I ■v1
AI*I 1 12 ha • • • hn

n

n
2 % he ha • • • hu 1 * 3 ,

i=I '
n

3 % X3£ ha • • ♦ he d=I ‘
- n

•

4 X4i V X43 • • • I  -J'b:

• • • „ • • •

• • • • • •

• • • • • •n
n ** xue 1x3 • • • X on

Z  \

i=1Vector-row XI . h h • • •

The initial stage of forming this table consists in separating
single elements defining designations of its rows and columns, livery 
row of tills table forms a separate balance of distribution of one or 
another types of materials, fuel, energy, intermediate products etc.
JSven simple combination of many material balances in one model ( zzt 
le ) fa j-litates the aiialysis of quantitative internal material
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relations in the process of production of various metallurgical 
products.

The combination of horizontal rows of distribution forms verti
cal columns expressing the expenditures of the same materials, fuel, 
energy, semiproducts etc for production of distributed products. In 
this way as if two combined tables form: in rows - the table of dis
tribution of raw materials, materials, fuel, energy, semiproducts, 
intermediate products for production of intermediate and final pro
ducts, and in columns - the table of expenditures of the same types 
of resources for production of each specific type of products.
The quantity of columns is equal to the quantity of rows, that is 
to say, the ^initial statistical table being essentially a matrix 
has nzx n dimension (, a square matrix ). The above mentioned distinct 
ive features are important benefits of the indicated initial table 
by comparison with a system of separated individual balances.

The algebraic symbol of consumption of specific resources X has 
in the table two numbers at the bottom - the first one is determined 
by the numerical designation of the row, and the second - the column. 
When those two numbers are the same the consumption of one or another 
typec of ̂'resources for its own production (. for example, the consump
tion of electric energy for production of electric energy) takes plac

The initial statistical table used by the experts for determi
ning complex expenditures of raw materials, energy, semiproducts, 
intermediate products for production of intermediate and final pro- 

. ducts by appropriate technological routes from ore up to rolled pro
ducts features rather considerable dimensions ^75 x 75). It made it 
possible to obtain a comprehensive pattern of the expenditures of 
the mentioned resources in investigated technological routes of iron 
and steel production. The table comprised fuel in coal equivalent 

and 13 its constituents X^ - X ^ .  Among them power-plant coal Xj,



« s

fuel oil Xjt natural gas Xg, coke etc. Electric energy is subdi
vided into own electric energy and outside electric energy X 17. 
Thermal energy X^g included thermal energy produced by a heat and 
power plant X ^ and an industrial boiler plant » its total amount 
was taken excluding thermal energy produced, by waste-heat plants as 
it can be conditionally adopted that fuel and electric energy don't 
consume for this need. Scrap X.g and iron ore were adopted as 
raw materials. Semiproducts and intermediate products were presented 
by sinter X-g, pellets X-^, prereduced pellets or sponge iron » 
pig iron X^3 » BOF steel X4Q ahd JiA? steel X41. Rolled products were 
depicted by their wide range with allocation of heavy section pro
ducts X-q , medium section products X^g and light section products 
XgQ, section structural rolled alloyed steel X ^  as well as plates 
Xgg, sheets Xg^ and cold-rolled sheets Xgg.

In general terms the initial statistical table can be expressed 
by the combination of equations wnich can be mathematically written 
as : n

X.= X, . + Y . ^i=1 >2, ... ,n), ( 1 )
1 isi *3 1

where : X̂  ̂- total consumption of i-resource in iron and steel 

industry;
X ^  - consumption of j-resource for production of j-product; 

Y^ - commercial output or outside distribution of i-resource 

One of the equations described in general terms by the formula 

I U »  viz. the equation of fuel in investigated technological routes* 

_ for example has the following form;

X1 = X1.10 + *1 .11 + X1.16 + X1.20 + *1 .21 + X1 ,25 + X1 .26 +
+ X1 .27 *■ X1.28 + X1 .29 + X1.30 + X 1 .31 + X1 .33 + X1 .40 +
+ X1.41 + X 1.43 + X1.44 + X1.45 + X1.46 + X 1.47 + X 1.48 +
+ X1.49 + X1 .56 + X1 .58 + X1 .59 + X1 .60 + X 1 .65 + X1 .66 +
* X 1.67 + X 1.68

f



In this equation the second number at X denotes consumption of 
fuel in coal equivalent for producing : coke (.10)» coke breeze (ii), 
electric energy by a heat and power plant of iron and steel works (16;, 
thermal energy by a heat and power plant (20}, thermal energy by an 
industrial boiler plant ^21), blast-furnace blast (25), compressed 
air (.26), iron ore {21), manganese ore (28), sinter (29), pellets (30), 
prereduced pellets or sponge iron (31), pig iron (33), BOP steel (40), 
LA? steel (41), fireclay brick (43), silica brick (44), magnesia re
fractories (45), magnesite powder (46), fired dolomite (47), lime (43)̂  

electric ferroalloys (49), continuously cast billet (56), heavy sec
tions (58), medium sections (59), light sections '60), section struc
tural rolled -allayed steel (65), plates (66), sheets [SI), cola-rol
led sheets (68).

In the formula (1) the component ?  being the total produc- 
tion consumption can be transformed as

H2)

where :
h r  aiy h

a^j- direct expenditures of i-material for making j-produc-;
In this case the formula (1) takes the following form : 

n
X j s JF; a i ^  + T± ( i=1,2, ... , n ) (3)

Based on the formula (2) direct expenditures can be obtained 
by dividing consumption of i-resource arising from production.j-pro
duct by the output ofj-product

ai Xij ! h  (4)
This rather simple formula was the basis of determining direct 

expenditures from the initial statistical table. Por this purpose, 
the statistical table (square matrix) was divided by a vector-row 
representing the outputs of iron and steel products (j-products).
As a result, the matrix A of direct expenditures was obtained.
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A =
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•

•
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(5;

On the basis of determined direct expend!tures,the complex expen
ditures were computed as they were mathematically related to direct 
expenditures :

C. .= a. . + a H ^  + + a ^  + a ^  + ... + + . (.6Jij xj xj xj xj XJ Xj
Thus, the complex expenditures of i-products per unit of ¿-products 

{ in our case this can be rolled products, steel, iron etc^ is,accord
ing to the boundaries of the complex, the sum of appropriate direct 
expenditures and indirect expenditures of i-products in all the fore
going production stages stemming from production of the same unit of 

J-products.
The indirect expenditures in turn are expressed in terms of direct 

expenditures through the following formulae :
[

for the columns
: (7)

*ij " “kj for the rowsK—1
By this means the formala (6} as a whole can be written as 

C = A + A^1K  ...+ Alm,+ ... ,
where the matrix of indirect expenditures of the first order is the se
cond power of the matrix of direct expenditures :

.!“ J- £  . g - 1

Al1 >-= AA = A
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conditionally as direct labour and capital expenditures take account of continuous casting of steel.
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To determine the complex labour, energy and capital expenditures 
defining the technological complexity of producing the investigated 
types of metal products with the use of determined technological 
routes, the obtained complex expenditures of raw materials, mate
rials, energy and semiproducts are multiplied by direct labour or 
capital expenditures which are essential for their production (when 
d etermining complex labour and capital expenditures). These expendi
tures are directly used for determining the total complex-expenditures 
for intermediate and final products.



3. Evaluation of Complex Labour Expenditures for
Obtaining the 1st Process Complexity Index for 
Investigated Type3 of L.etal Products

The use of complex labour expenditures enables to evaluate 
the requirements in labour resources needed for constructing metal
lurgical plants in developing countries. The following values for 
direct labour expenditures, man.heur/t (thou, m^, Gcal or thou. kWh) 
have been taken by experts for calculating complex labour expenditure 
for producing the investigated types of metal products on the basis 
of Soviet research and design institutes : blast-furnace gas - 0.02C6, 
coke-oven gas - 0 .0 0 9, natural gas - 0 .0 9 5 » coke - 0.581, coke 
breeze - 0.48, own electric energy - C.2, outside electric energy - 
1.555, scrap - 0 .7 0 , thermal energy - 0.136, oxygen - 0.322, blast
furnace blast - 0 .1 9 8, iron ore - 1.1, sinter - O.5 6 5, pellets - 
0.5, pre-reduced pellets - 2.0, pig iron - C.769, fireclay brick - 
2.05, silica brick - 2.45, magnesia refractories - 4.8, burnt dolo
mite - 2.8, lime - 1.5, electric-furnace ferroalloys - 3*5* These 
expenditures can be corrected depending on the actual conditions 
of the developing countries. Among above stated direct labour ex
penditures higher expenditures for blast-furnace gas in comparison 
with coke-oven gas draw attention. This is related to the labour 
intensive operation that i3 being carried out in cleaning the blast
furnace gas from dust. In comparison with outside electric energy 
supplied from external sources own electric power being generated 
la thermal-and-power plant Is considerably less labour intensive.
This can be explained by the fact that due to the considerable com
bination degree of energy products generation (blast-furnace blast, 
compressed air, thermal energy and electric energy) direct labour
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expenditures for electric energy generation is lowered.
Complex labour expenditures for intermediate and final 

products in the ranges of investigated process routes have been 
obtained during calculations on SC - 10j$̂  computer. Thi3 enables 
to perform mere detailed evaluation of process complexity of any 
product taking into account carrying over certain process stages.

Prior to the evaluation of complex labour expenditures for 
individual types of metal products it is advisable to consider the 
value of these indices for earlier process stages - pig iron and 
sponge iron production and steel-making by various method which 
represent the basic metallurgical stages of investigated process 
routes for making metal products. In addition to the labour expen
ditures needed for pure metallurgical production stages it is ne
cessary to take into account the labour expenditures for associated 
nonmetallurgical stages for the production and transportation or 
natural gas and coking coal and electric power generation in 
allied industries.

It is advisable at the beginning to consider the calculation 
of complex labour expenditures values for the production of con
version pig iron and sponge iron (produced by Midrax process).
These values are shown in Table 3.

The data of this table (5.006 and 5 .145) show that complex 
labour expenditures for both products are identical (the expendi
tures for sponge iron are only by 3% lower than that for pig iron) 
even when taking into account the labour expenditure in the gas 
industry and 1 metric power generation. If the latter cases are 
not taken into account then the complex labour expenditures for 
1 t of sponge iron will be lc..er by 2?. than that for 1 t of pig iron.
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Table 3

Determination, of complex labour expenditures (man.hour/t) for produc 

tion of iron and sponge iron

Expenditures
¡Unit -Direct la-jcomplex expenditures i Comp lex labour 
j of jbour ex- jof raw materials,ener4 expenditures,
• «да mi-! гаяД < . spiiiI nwidneta Tier 11 ГЗРГ..hour/1
| rement j n a n .hour 
: :unit of me-• ... .!.aM:rpmpnt !

?ig iron j Sponge j 
j iron j

Pis I 
iron f

Sponge
iron

Fuel 0.9677 0.5654 0.305 0.026

Incl. natural gas Thou nr 0.055 0.2128 0.45G 0.011 0.025
coice t 0.581 0.44 m m 0.018 -

Own electric energy fh kWh. 0.2 0 . 0 7 Ц 0.0278 0.014 0.005

Outside electric energy " 1.555 0.394 0.535 0.613 0.832

Thermal energy Gcal 0.136 0.277 0.194 0.038 0.026

Oxygen Ihou.m^ 0.322 0.136 - - 0.044 —

Blast-furnace blast Th.tr0.198
mr

1.87 - 0.370 -

Compressed air 3lh.at.nr - 0.022 - - —

Scrap ' * 0.7 , 0.008 - 0.005 -

Ironware t I.I 1.758 1.46 . 1.934 I.6C6

Sinter t 0.565 1.05 - 0.593 -

Sponge iron t 2.0 - 1.0 — ■ 2.0

Pellets t 0.5 0.659 1.3 0.330 0.65

Pig iron t 0.769 1.0 - 0.769 -

- 5.006 5.145Total
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Complex labour expenditures for the production of BOF 
steel and electric-furnace steel on the basic of using scrap and 
sponge iron (that is to say steel made by all of the three in
vestigated metallurgical routes) and electric furnace steel nude 
from a charge containing 25! sponge iron and 75% scrap ^Table 4 ).

The summarized data shov/ that less labour Intensive and 
hence less complicated regarding direct labour expenditures is 
2AF steel made from scrap (5.5 man.hour/t). Complex labour ex
penditures for BOF steel (6.6 man.hour/t) is by 20^ more-than 
above stated value while that for electric furnace steel made 
from a charge containing 25I sponge iron and 7 5?. scrap it is more 
by 25*. The considerable complex labour expenditures for electric- 
furnace steel made from sponge iron (9.33 man.hour/t) can be 
decreased by 1.3 man.hour/t as compared with the similar expendi
tures for scrap based on electric-furnace steel if only the labour 
expenditure strictly in tha metallurgical route are taken into 
account v^ithout the expenditure for allied industries (gas in
dustry and electric power generation).

All above stated complex labour expenditures for steel- 
making have been calculated on the basis that the steel is to 
be ca3t by aoncontinuous method. In casting steel into ingot3 
and using blooming and slabbing mills additional complex labour 
expenditures will be bound as compared to similar expenditures 
when using billets - 1.5 man.hour/t.

Consideration of the obtained values for complex labour 
expenditures of steels being made by the various methods that 
oan be carried out at newly built metallurgical plants of deve
loping countries simplifies tha understanding of values for 
complex labour- expenditures of the rolled products being made 
from these steols.



P V

43.

Table 4

Determination of complex labour expenditures (man.hour/t) for production of DOF steel and E aF steel on 
the base of scrap, sponge iron, 25$ of sponge iron and T5$ of scrap

Expenditures
I  Unit ! Direct Taboui expenditures of raw ma-( Complex labour expenditures
i of j expendiWres|terials» ener^  and semiproduct^
jmeasu-t man.hour 1 - J ’ r P e r ' r " t  -'Ol'~EIiF UVaGX1------------- rF SPT'T~'75T~'h7&B'~ls'l:gaT
,rementj Unit of mea-} re* ' ** j pn the base of ? Per 1 t *
! ! i BUF steeJ ~ i ^ onSe of I of I Sponge \ 25$  o ij 1 ( J Scrap j iron lsponge I30F ateelt Scrap j iron
j j ! ! ! lircm aril i [
! !

t— 2— r
!

T IS T
\15> of j 
j scrap j

7 T I T
!

IT 'TO--- \

Jsponge 
! iron 
£nd 75; 
•ops scrr
* ^ [ T ~

Fuel t of coal 0,0697 0 .2611 0.6467 0.3199 0.2675 0.0406 0.0272 0.037!:
Incl. natural gas

equival. 
Thou.m'' 0.055 0.205 0.071 0.479 0.103 0.0II3 0.0039 0.0263 O.OIOI

coke t 0.501 0.379 0.0381 — 0.029 0.220 0.0221 - 0.017
Own electric energy Th.kWh 0.2 0.073 0.1445 0.1428 0.0139 0.014 0.02C9 0.0206 0.003
Outside electric energy h 1.555 0.532 0.887 1.555 1.0895 0.827 1.379 2.418 1.694
Scrap t 0.7 . 0.3 0.9735 - 0.795 0.21 0.6815 - 0.557
Thermal energy Gcal 0.136 0.25 0.033 0.196 0.075 0.034 0.0045 0.0267 0.010
Oxygen Thou.m'* 0.332 0.18 0.0313 0.026 0.033 0.058 0.0101 0.0084 0.010

Blast-furnace blast Th.tr.m^ 0.190 1.504 0.139 - 0.095 0.314 0.0275 - 0.019
Compressed air Th.st.nf* 0.0437 0.049 0.048 0.054 — ~ — - -
Iron ore t 1.1 1.493 0,104 1.46 0.46 1.64 0.II44 1.606 0.506
Lint<3r t n RPR n D 177 HR — n . OR.4 0.604 0. P.4 OR . -, n . np T

. i



: ~ z ~  i~t:: ~ ~ I j£
Pellets t

Sponge iron t
Iron fc
Refractories t

Incl.fireclay brick *
silica brick t
magnesia refractories t

\fired dolomite refractories
Lime t
Electric ferroalloys t
BOP steel t
RAF steel t

T -------------------,-----5-

0.5 0.561 0.0271
2.0 — -
0.769 0.8495 0.0588

0.0105 0.062?
2.05 0.0102 0.0301
2.45 - 0.0006
4.8 0.0023 0.0105
2.8 0.006 0.021
1.05 0.1 0.II
3.5- 0.015 0.036
1.6 I —
2.7 . . . I

Total



! ... b 1 !y---- Г ' T T --- !— g" T ~ro— f 1JL
1.3 0.359 0.281 0.0135 0.65 0.1785
1.0 0.25 — - 2.0 0.75
— 0.05II 0.653 0.0453 - 0.03Э

0.0622 0.053 0.049 0.1853 0.1853 0.I8Í
U.0301 0.028 0.021 0.075 0.0617 0.057
0.0006 - - 0.0015 0.0015 -

0.0105 0.02 0.0II 0.0504 0.0504 0.096
0.021 0.01 0.017 0.058.8 0.0588 0.028
O.II 0.II5 0.105 0.II6 0 . П 6 0.I2I
0.036 0.036 0.053 0.126 0 .3:26 0.126

- - ■ 1.6 - - -

I I - 2.7 2.7 2.7
' 6.600 5.515 9.879 6.964

4*4»
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Complex labour expenditures in the production of heavy, 
medium, and light sections, plates, sheets, cold-rolled sheets and 
structural section 3teel are determined in Tables 5 - 11.

Table 12 shov.s the summarised values of complex labour ex
penditures for all investigated process routes.

Comparison of these data shows that the most labour intensive 
and the more complex regarding living labour expenditures types of 
products are cold-rolled sheets and alloyed structural section 3teal. 
The very high value for complex labour expenditures in the pro
duction of 2AF steel v.*ith the use of sponge iron can be lowered by 
making calculations only within the limits of the metallurgical 
route without taking into account the labour expenditures in the 
production of gas and generation of electric power in power systems 
(2-3 man.hour/h), and also b7 importing the spong9 iron (saving of 
5-6 man.hour/t) or by replacing it by 3crap. The last action can 
be made only In the case of hard currency availability in one or 
another developing oountry.



Tabla 5

Determination of oomplex labour expenditures (man.hour/t) for production of heavy-seotlon rolled producto

Expenditurea
t — "— T
i Unit i
! of itmeaeuret- 
i ment j
!' !
! f 
! !

Direct 
labour 
expenditu
res ,
man.hour. 

Unit of 
easuremen'

Complex expenditures of raw 
energy and semiproducts perwhan unHnrr

material 
1 t H> Complex labour 

when using
expenditures,

BOF
steel

1 ______

“  SjQ T s teel on the Ease~oT _ u.-iu !AAV steel on the ba/¡S..J2 L ___!! Scrap
i•
!

nr•
!
!
!!

Sponge
iron

¡255* of 
; sponge 
J iron 
jand 75/“

steel jScrap j Sponge 
j | iron
! i 
! !

of
sponge 
iron a m

----------- 1-------------^ --- 2 T 3 ! b i U ! y I 1U li

Fuel t of coal 1.027 0.3244 0.7227 0.4081 0.2866 0.0468 0.0331 0.0372

Incl. natural gas
equival. 

Thou, in'* 0.055 0.2363 0.0843 0.527 0.2130 0.0130 0.005 0.0290 0.0II7

coke t 0.501 0.4017 0.040 - 0.031 0.233 0.023 - 0.018

Own electric energy Th.kWh 0.2 0.0914 0.Ï67I 0.1654 0.0287 0.0103 0.033 0.C33 0.0057

Cutside electric energy (t 1.555 0.6324 . 1.009 I.7168. 1.2234 0.9834 1.5690 2.6696 1.9024

Scrap t 0.7 0.318 1.032 - 0.043 0.2226 0.7224 - 0.5901

Thermal energy Gcal 0.Ï36 0.305 0.075 $ 0.2478 0.IIS5 0.0415 0.0102 0.0337 0.0163

Oxygen Thou.m^ 0.322 0.1958 0.0382 0.0326 0.0389 0.063 0.0123 0.0105 0.0125

Blast-furnace blast Th.tr. 0.198 1.679 0.1473 — 0.1007 0.332 0.0292 — 0.0199

Iron ore t 1.1 1.5826 0.II2C 1.5476 0.4876 1.7409 0.124 1.7024 0.5364

¿inter t 0.565 0.9455 0.080 - 0.0572 0.5342 0.0452 - 0.0323

c\



I-----------r 2 " T " 3 .... ) 4~ ! 5 T

Pelleta t 0.5 0.5946 .0.0237
Üponge iron t 2.0 — -
Iron t . 0.769 0.9005 0.0623
ile frac tòrieB t 0.0196 0.0659

Incl. fireclay brick t 2.05 0.0108 0.0319
silica brick t 2.45 0.0006
magnesia refractories t 4.8 0.0024 0.0III

firei dolomite refractor . t 2.8 0.0064 0.0223
Lime t 1.05 0.106 0.II7
Electric ferroalloys t 3.5 0.0159 0.038
BOP steel t 1.6 1.06 -
BAP steel t 2.7 - 1.06
lleavy-section rolled products t 2.6 I I

Total



Ъг ' " Г  V--- Г П---- Г — 9------гг— п г  т ~ г г
I.3Û
1.06

0.0659 
0.0319 
0.0006 
Û.0III 
0.0223 
0.1166 
0.0302

1.06
I

0.3CI
0.265
0.0542
0.0613
0.0297

0.Û2I 
*0.0106 
О .1219 
0.030

1.06
I

0.2973

0.692
0.0515
0.0221

0.0II5
0.0179
0.III3
0.0556
1,696

2.6
9.73

0.0144

0.0479
0.1958
0.0654
0.0015
0.0533
0.0624
0.1229
0.133

2.062
2.6
8.56

0.69
2.12

0.1826
0.0654
0.0015
0.0533
0.0624
0.1224
0.1337

2 „862
2,6
13.19

0.IS05
0.530
0.0416
0.ISI3
0.0608

0.1008 
0.|0297 
О .I2C0 
0.133

2.062
2.6

9.833

4*—1



Table 6

Determination of complex labour expenditures (man.hour/t) for production of medium-section relied products
i

.Expenditures
Unit 
! of 
Jaeasu- 
| remen

!
it•
!

«Direct 
ilabour 
!expendítu 
i res, 
i man.hour

1j Complex expenditures of raw mate- 
{rials, energy and semiproducts,
-j when using

"1 "
-j Complex labour expenditures 
j when using
!

,

! BOP 
! Bteel 
rft I
i

it EAF steel on the-base of ! BOP r 0n the tas
)¿5Í of 
1 sponge 
! iron and 
Î79.S of sci

fUnit of 
!meacúreme
!I«

j Scrap 
l
i

! Sponge 
j iron
i•

! 22* of 
J sponge 
aron „an<

j steel 
!
Staw

jüAP steel
! Scrap 
!
!

T
!
!
!
Sponge
iron

1 ' ‘ 1 ‘ ' 111 ! 2 ! 3 ! 4 '! b 1 F 6
p  j ,a<

! 'c T---- 9----- T — rcr r ^ Q
Fuel t of coal I.0141 0.2981 0.721 0.4462 0.2835 0.0474 0.0333 0.0382

Incl. natural gas
OlilUV *

Thou, nr 0.055 0.252 0.II2I 0.5301 0.2291 0.0139 0.0062 0.0296 . 0.ÛI26
coke t 0.581 0.3957 0.0390 - 0.0303 0.2299 0.0231 — 0.0176

Own electric energy Th.kWh 0.2 0.0922 0.1355 0.0167 0.0305 0.0184 0.0271 0.0033 0.0061
Outside electric energy " 1.555 0.6269 0.9975 1.6949 1.2089 0.9748 I.5511 2.6356 1.8798
S crap t 0.7 0.3132 I.0I6 - 0.8300 0.2192 0.7II2 - 0.5810
Thermal energy Gcal 0.136 0.292 0.0654 0.2356 0.1093 0.0397 0.0089 0.0320 0.0149
Oxygen • Thou.m^ 0.322 0.1939 Q.0387 0.0331 0.0394 0.0624 0.0125 0.0107 0.0127

Blast-furnace blast Th.tr.m^ 0.190 1.6537 0.145 - 0.0992 0.3274 0.0287 - 0.0196

Iron ore t I.I I.5587 0.IIII 1.5242 0.4802 I.7146 0,1222 1.6766 0.5282
¡¿inter t 0.565 0.9312 0.07C6 — 0.0564 0.5261 0.0444 — \ 0.0319



------ -------- J--------- -T-*2— T ~ 3---- r--- 5-----"1--- 5----- n — 6— r----- 7— 1 ---- [7-----T--- g------ r ro— r n ”

Pellets t 0.5 0.5657 0.0203 1.357 0.375 0.2929 0.0142 0.679 0.180

ijponge iron t 2 . 0 - — 1.044 0.261 — - ■ 2.088 0.522

Iron t 0.769 0.6869 0.0614 - 0.0533 0.6820 0.0472 - 0.040'.

liefractories t 0.0193 0.0640 0.0649 0.065 0.0508 0.1795 0.180 0 .I2S

Incl. fireclay brick t 2.05 0.0106 0.0314 0,0314 0.0292 0.0217 0.0644 0.0644 0.0591

silica brick t 2.45 - 0.0006 0.0006 - - 0.0015 0.Ó0I5 -

magnesia refractories t 4.8 0.0024 0.0109 0.0II0 ,0.0209 0.0II5 0.0523 0.0528 0 .1 0 0,

fired dolomite refractor.t 2 . 6 0.0063 0.0219 0.0219 0.0104 0.0176 0.0613 0.0613 0.029:

Lime t T .05 0.1044 0.1148 0.II46 0.II96 0.1096 0.1205 0.1205 Q.I25

Llectrio ferroalloys t 3.5 0.015 0.0376 0.0376 0.0376 0.0525 0.I3I6 0.I3I6 0.I3I'

COP steel t 1 . 6 1.044 — — - 1.6704 - - -

¿Alt steel t 2.7 — 1.044 1.044 1.044 - 2.8ICÜ 2.8188 2 .8X8;

Medium-section rolled prod. t 2 . 0 1,0 1,0 1.0 1.0 2 . 0 2 . 0 2 . 0 2 . 0

Total 9.024 7.865 12.40 9.128

K£)



Table 7

Determination of complex labour expenditures (man.hour/t) for production of light-seotion rolled productsf

i------- 1----------1--------- :----------------------------- 1—  -----------------------------
Unit ofj Direct j ComxJlex expenditures of raw mat eriejls, Complex labour expendi tures, 
measu-tlabour tenergy and semiproducts, when using j when using 
rementj expend!-j j

.Expenditures

j tures,
man.hour 

! Unit of 
laea sur erne
1

1

BOP
steel
t

¿dJ6. a te  elijan. -t.hn..
íicrap j ¿pongejsponge

j iron jirón and 
! !7 %  of

BOP
steel

T cjAP steel on the base of
i---------- !-------- r r 3Scrap ! Üponge l 01

i iron es™"*
! ron and

f ! 7, -- jacrap ' j » J__  — 1
Oi.

--------- -— 2--------- T b 1 7 T i
• 9 1 1 0 !

Fuel t of coal I.0 0 4 1 ^ 0 . 3 0 1 7 0 .7II7 0 . 4 2 3 0 . 2 8 6 2 0 . 0 4 6 2 0 . 0 3 2 7 0 . 0 5 2 9
equival.

lncl. natural gas Thou.nr 0 . 0 5 5 0 . 2 5 9 0 .IÛ7 3 0 . 5 4 0 0 . 2 2 6 0 . 0 1 5 0 . 0 0 6 2 0 . 0 2 9 7 0 . 0 1 2 4

coke t 0 . 5 8 1 Ó.4 0I7 0 . 4 0 - 0 . 0 3 1 0 . 2 3 3 0 . 0 2 3 - 0 . 0 1 8

Own electric energy Th,kWh 0 . 2 0 . 0 9 2 7 0 . 1 6 8 5 0 . 1 6 6 7 0 . 0 3 0 0 . 0 1 8 5 0 . 0 8 3 7 0 . 0 3 3 3 0 . 0 0 6

Outside electric energy 11 1 . 5 5 5 0 . 6 2 9 9 1 . 0 0 6 2 I. 7 1 4 3 1 . 2 2 0 9 0 . 9 7 9 5 1 . 5 6 4 6 2 . 6 6 5 7 1 . 8 6 8 5

bcrap t 0 . 7 0 . 3 1 8 1 . 0 3 2 - 0 . 8 4 3 0 . 2 2 2 6 0 . 7 2 2 4 - 0 . 5 9 0 1
1fnermal energy Gcal 0 . 1 3 6 0 . 2 8 9 0 . 0 5 9 0 0 . 2 3 1 8 0 . 1 0 3 5 0 . 0 3 9 3 0 . 0 0 8 0 . 0 3 1 5 0 .0I4I

Oxyger Thoú. nr 0 . 3 2 2 0 . 1 9 5 8 0 . 0 3 8 2 0 . 0 3 2 6 0 .0 3CS 0 . 0 6 3 0 . 0 1 2 3 •0 . 0 1 0 5 0 . 0 1 2 5

Blast-furnace blast Th.tr. nr* 0 . 1 9 8 1 . 6 7 9 0 . 1 4 7 3 - 0 . 1 0 0 7 0 . 3 2 2 0 . 0 2 9 2 - 0 . 0 1 9 6

Iron ore t 1 . 1 1 . 5 8 2 6 0 .II2 8 1 . 5 4 7 6 0 . 4 8 7 6 1 . 7 4 0 9 0 . 1 2 4 1 . 7 0 2 4 0 . 5 5 6 4

¿inter t 0 . 5 6 5 0 . 9 4 5 5 0 . 0 8 0 - 0 . 0 5 7 2 0 . 5 3 4 2 0 . 0 4 5 2 - 0 . 0 3 2 3

Pellets t 0 . 5 0 . 5 9 4 6 0 . 0 2 8 7 1 . 3 8 0 . 3 8 1 0 . 2 9 7 3 0 . 0 1 4 4 0 . 6 9 0 . 1 9 0 5

sSi
o



1 _____ n r r ' T ----!n -----r 5 ! — 5-----r-----7— T U ! y ■ 11----- r r r ----n —

Lponge iron t 2.0 - — 1.06 0.265 — — 2.12 0.530
Iron t 0.769 0.9005 0.0623 - 0.0542 0.692 0.0479 - 0.0416

Itefraotories 0.0196 0.0713 0. Jlr/J 0.0613 0.0514 0.1958 ' 0;I826 0.ISI3
Incl. fireclay brick , t 2.05 0.0108 0.0319 0.03X9 ’ 0.0297 0.0221 0.0654 0.0654 0.0608

silica brick t 2.45 — 0.006 0.0006 - 0.0147 0.0015 -
magnesia refractories t 4.0 0.0024 0.0III . 0.0III 0.021 0.0II5 0.0533 0.0533 0.1008
fired dolomite refractor.t 2.8 0.0064 0.0223 0.0223 0.0106 0.0179 0.0624 0.0624 0.0297

Lime t 1.05 0.106 0.II7 0.II66 0.I2I9 0.III3 0.1229 0.1224 0.1280
Electric, ferroalloy3 t 3.5 0.0159 0.038 0.0382 o • o CO CO 0.0556 0.133 0.1337 0.133
BOF steel t 1.6 1.06 • - ■ - - 1.696 - - -
¿¿AF steel t 2.7 - 1.06 1.06 1.06 - 2.862 2.862 2.862
Light-section rolled products t 1.95 I I I I 1.95 1.95 1.96 1.95

Total 9.070 7.912 12.537 9.190
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Table 8

Determination of complex labour expenditures (tian.hour/t) for production of hot-rolled plates

T
Expenditures i TT_ j + pirect I (iomplex expenditures of raw mate- j ___ ____ „

! labour riale, energy and semiproducts, j expenditures,
im«»Ri,-Î:Xi)endi” » Wh6n usin8 I Vnen 1 °
!rement•!
!i•!

.j tures, j------- f
jíaF atei3l cn_the J pt r '

■j B0F 
j steel
!urap

Ti.
i
!i
i

Hi 41? ntRfil pn -t.frn bn opt n-f
°f i j ï  ell fiiea sûrement j

Í ! ! 
! _______ !___ !

Scrap j

1•1

Sponge
iron

¿5% of 
sponge 
iron and
757® of e

Scrap Sponge
iron

j¿5/¿ of 
jsponge 
lirón anc 
r75,-ol:^i

T -----------' " T  2'™"X  3 1  4 T . 5 ___ T - 6 . ...7 ! U i 9 m d

Fuel t of coal I.I254 0.3215 0.7516 0.4477 0.3026 0.0507 0.1702 0.I5I

Incl. natural gas
equiv. 
Thou.m 3 0.055 0.2654 0.III6 0.5706 0.I2I 0.0146 0.0064 0.0314 0.I3I

coke t 0.581 0.4222 0.0424
\

- 0.0323 0.2453 0.0246 — 0.0188

Own electric energy Th.kWh 0.2 0.0980 0.1777 0.1758 0.0322 0.0196 0.0355 0.0352 0.0064

Outside electric energy II 1.555 0.6501 0.691 1.8032 1.2847 I.0II 1.662 2.8040 1.9977

d c rap t 0.7 0.3342 1.0845 — . 0.8856 0.2339 0.7592 — 0.6199

Thermal energy Gcal 0.136 0.3305 0.0888 0.2703 0.1356 0.0449 0.0I2I 0;0c!68 0.GI04

Oxygen Thou .m^ 0-322 0.2055 0.0399 0.0340 0.0406 0.0662 0.0120 0.0109 0.0I3I

Blast-furnace blast Th.tr ,m 39.I93 1.7646 0.1548 - 0.1050 0.3494 0.0307 — 0.0209

Iron ore t I.I 1.6632 0.1185 1.6264 0.5124 1.8295 0.1304 1.7890 0.5636

Sinter t - 0.565 0.9937 0.0839 0.0601 0.5614 0.0474 — 0.0340
Pellets t 0.5 0.6250 0.03Ü2 1.448 0.3959 0.3125 0.0I5I 0.724 0.1999
: ' ■■■'> i ron t 2.0 - - 1 .144 0.2705 — 2.228 0.5570



1----------r ~ ~ 2 T ---- 5----r~~~1 ' T
Iron t 0.7-./ 0 9463 •
Refractories t 0.0207

Incl. fireclay brick t 2.05 0.0II4

silica brick t 2.45 —

magnesia refractories t 4.8 0.0026

fired dolomite refractor • t 2.8 0.0067

lime t 1.05 0.III4

Electric ferroalloys t 3.5 0.0167

BOF steel t 1.6 I.II4

RAF stfel t 2.7 -

ilot-rolled plates t 3.9 T

Total

I



b"-----T 6-------1— ~7----- !------- -g "T ~ V T "~ T --Itr— T" TT
0.0655
0.0693
0.0335
0.0007
0.0II7
0.0234
0.1225
0.0401

I.II4
I

0.06S3
0.0335
0.0007
0.0II7
0.0234
0.1225
0.0401

I.II4
I

0.0569
0.0646
0.0312

0.0223
0 .0 III
0.I28I
0.0401

I.II4
I

0.7277
0.0546
0.0234

0.0124 
0.0188 
0.1170 
0.0585 
1.7824

3.9

11.672

0 0504 •
0.I92I
0.0687
0.0017
0.0562
0.0655
0.1266
0 1404 •

3.0078

3.9

10.175

0.I92I
0 0687
0.0017
0.0562
0 0655
0.1236
0 1404 •

3.0078

3 9 •
15.167

0.0438
0.202

0.0640

0.1070
0.0310
0 1345 •
0 1404 •

3.0078

3 9 •

11.655

uiv*>



Table 9

Determination of complex labour expenditures (man.hour/t) for production, cf hot-rolled sheets

expenditures ■

i

Unit
of

measu-
remen

Direct 
labour 
•expondi 
; tures, 
man. hoi 
Unit o 

measure

----------------------------------------------
! Complex expenditures of raw materials! 
! energy and semiproducts, when using j
] l

Complex labour 
when using

expenditures,

BOP
fen!teel
!

j DAP steel on the base of J ! I'lAf_______ on _ thn V.n cn r\f _
!
| Scrap
I

!
j Sponge 
J iron

I ' L n L  » steel i sponge • j
iron andj j
7 5'iZ.nf _ gnrft n_______ L

Scrap
r•
J Sponge 
j iron

j sponge 
1 iron and

------ -------------------
2 a 1 4 I b T--- E --- 7  1 cT 1 y 1 i H T " ! ii

Puel t of coal 1.0667 0.3087 0.7323 0.4326 0.2979 0.0495 0.0347 0.0514

Incl. natural gas
equlv 

Thou, nr 0.055 0.2581 0.II09 0.5589 0.2339 0.0142 0.0061 0.0307 0.0129

coke t 0.581 0.416 0.0418 - .0.0318 0.2417 0.0248 - 0.0185

Own electric energy Th.kWh 0.2 0.0955 0.I74I 0.1722 0.0307 0.0I9I 0.0348 0.0344 0.006

Outsidb electric energy Jl 1.555 0,6496 1.0394 1.7729 1.2618 1.0I0I I.6I63 2.7569 I.9621

Scrap t 0.7 0i.3294 1.0689 - 0.8729 0.2306 0.748 - 0.6II0

Thermal energy Gcal 0.136 0.3165 0.0782 0.2572 0.1243 0 0430 • 0 0106 • 0 0350 • 0.017

Oxygen Thou. m^O. 322 0.2026 0.0344 0.0335 0.0401 0 0652 • 0.0110 0.0108 0.0129

Blast-furnace blast Th.tr ,n&q)i98 1.7392 0.1526 - 0.1043 0.3444 0.0302 - 0.0207

Iron ore t I.X 1.6393 0.1168 I.603I 0 5051 • I 8032 • 0.1285 1.7634 1.5556

Sinter 0.565 0 9794 « 0.0827 - 0.0593 0 5534 • 0.0467 — 0.0335

Pellets t 0.5 0.6160 0 0298 • 1.427 0.394 12.320 0.596 28 84 • 7.88

Sponge iron t 2.0 - - I 098 * 0.2745 - _ — 2.196 0.549
t-.



----------- r  T d X  4
Iron t 0.769 0 S328 *

ltefractories t 0.0203

Incl. fireclay brick t 2 05 • 0.0II2

silica brick t 2.45 —
magnesia refractories t 4 8 • 0.0025

fired dolomite refraot. t 2.8 0.0066

Lime t 1.05 0.1098

Electric ferroalloys t 3.5 0.0165

BOF steel t 1.6 1.098

BA11’ steel t 2.7 —

Ilot-*rolled sheets ' t 2.1 I

Total



5-------Г 6 i! 7 ! F---- Г — ST I ТСГ 1— r r
0.0646 - 0.0561 0.7173 • .0.0497 ШФ 0,0431
0 0681 • 0 0681 • 0.0637 0.0534 0.1808 0.1888 0 1993 •
0 0330 • 0.0330 0.0307 0 0229 • 0 0667 • 0.0667 0.0629
0.0006 0 0006 • - 0.0015 0 0015 •
0 .0II5 0 0115 • 0.0220 0 012 • 0.0552 0.0552 0.1056
0.0230 0.0230 0.0II0 0.0185 0.0644 C.0644 0 0308 •
0.1207 0.1207 0.1263 0.II53 П.1267 0.1267 0.1326

0.0395 0.0395 0.0395 0.0577 0.1383 0.1383 0.1383

— - — 1.757 — - -
1.098 1.098 1.098 - 2.9646 2.9646 2.9646

I I I 2.1 2.1 2.1 2.1
. 9.476 8.259 13.064 9 594

VJlU1



Table 10

Determination of complex labour expenditures (man.hou/t) for production of cold-rolled sheets

.expenditures lunit ¡Direct Ì ÏÎ Compiei labour expenditures, ! of ! labour ! enerey and semiproducts, vhen using , ' wlum ualn(J '
!measu-I expendìi- !
jremenil turs, | 
i { man.houk* BOF 
1 | Unit oij steel 
{ jmeasuremput
! 1 !! ! !

iSAF steel on the base of i r JiAF steel on t he base of

• \

Scrap i
!f•
!

Sponge
iron

I of ! BOF ! 
! sponge ! steel 1 
! iron and j 
! 75/s of ¡Icrap i 
! ! !

Scrap
!
!i
!t

Sponge
iron

W  of' 
tsponge iio 
land 75/j c: 
! scrap
J ____ ___---------------i---------- 1 a 1 \ 3  : i 4 5 i 6 L -T -T... ! O T - 9' ' i TO i 11

Fuel t of coal I.1453 0.3548 0.7203 0.4901 0.3II78 0.2316 0.0335 0.0447

Incl. natural gas
equiv.

Thou.m* 0.055 0.2530 0.0974 0.5711 0.2275 0.0139 0.0054 0.0314 0.0125

coke t 0.581 0.4400 0.0277 — 0.0337 0.2556 0.0I6I - 0 0196 •
Own electric energy Th.kWh 0.2 0.I03I 0.1860 0•1841 0 0344 •, 0 0206 • 0.0372 0.0368 0.0069

Outside electric energy I 555 0.6969 • I.1087 1.8843 1.3438 1.0837 I 7240 • 2.930 2.0896

Scrap t 0.7 0.3483 I.1302 - 0.9230 0.2438 0.79IX - 0.6461

Thermal energy Gcal 0.136 0.3963 0.1443 0.1308 0 I93Ï • 0.0539 0.0196 0.0178 • 0.0263
Oxygen Thou.m5 o 322 0.2160 • 0.0433 0.0372 0.0442 0 0696 • 0.0139 0.0120 0.0142

Blast-furnace blast Th.tr. leg 1.8390 0.I6I4 - 0.II03 0 3641 • 0.0320 - 0 0218 •
Iron ore t I.I 1.7334 0.1235 I 6951A 0 5341 • 1.9067 0.1358 1.8646 0.5875

Sinter t 0.565 I 0356 0.0874 4 0 0627 0.585 0 0494 — 0.0354

; o!\ lets . t 0.5 0*6513 0.0315 I 5093 • 0* 4165 • 0.3256 .0.0157 0.7546 0.2C83
U1
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Sponge iron t 2.0 - 0.0683

Iron t 0.769 0.9863 -

ltefraotories t 0.0215 0.0722
Incl. fireclay brick t 2.05 0.0II8 0.0349

silica brick t 2.45 0.0007
magnesia refractories t 4.8 0  0027 • 0.0122

fired dolomite refract. t 2.8 0.0070 0.0244
Lime t 1.05 0.II6I 0.1277
Electric ferroalloys t 3.5 0.0174 0.0418
BOi* steel t 1.6 I.I6I —

LiU? steel t 2.7 - I.I6I

Hot-rolled sheets t 2.1 1.05 1.05
Cold-rolled sheets t 6 0 • I X

Total



I

~ ! ----- E ~ ~ 1 ----- 7----1----- o— T----- g--- T— io— Т - 'П
I .I6 I 0.2903 - 0.1366 2,322 0 5606
- 0.0593 0.7584 — - 0.0456

0.0722 0.0673 0.0568 Ü.I998 0„1998 0.2103
0.0349 0.0325 0.0242 0.0715 0„0715 0.0666
0.0007 — - 0.0014 0..00I4 -
0.0122 0.0232 0.0130 0.0586 0..0586 0 .III3
0.0244 '0 .0 ÏI6 0.0196 0.0683 0 „0683 0.0324
0.1277 0.1335 0 .I2 I9 0.1278 0..I278 0.1402
0.0418 0.0418 0.0609 0.146 0.146 0.146

- — 1.8576 - — -

I .I 6 I I .I 6 I - 3.1347 3.1347 3.1347
. 1.05 1.05 2.205 2.205 2.205 2.205

I I 6.0 6.0 , 6.0 6.0

» 16.025 15.00 19.785 16 124

чл



Table 11

Determination of complex labour expenditures (man.hour/t) for prodviction of section structural alloyed steel

expenditures
■" L L * ' j L 1

j Direct 
Unit f labour 
of j expendi 

nagksn-jtures,

---------------- ---- ----- -------------------
1 Complex expenditures of raw materials 
energy and semiproducts, when using

r, Complex labour expenditures, when 
using

L ! FAF steel on the base of
_ . .

BOF
steel

os'AF steel on the base of

i

Unit of 
measure
ment

F b o f  j----------- ! r z Z T o T ~
steel j Scrap j Sponge Jspongo

| j iron j iron and 
! ! ! 7»« of 
I | I scrap

1 ‘ f^ooi' 
Scrap J Sponge !sponge

! iron jiron and 
! \ 1 %  of
! ! scrap---g----- ----5 r “5 T ~ B  1 Y J3 5 ! ]XJ 1 I T ~ ^

Fuel t of coal I.II73 0.358 0.7099 0.488 0.3004 • 0.0482 0.0333 0.0556

luci, natural gas
equiv. 

Thou, fir 0.055 0.2406 0.0985 0.5555 0.224 . 0.0137 0.0054 . 0.0306 0.0123

coke t 0.581 0.4244 0.0427 - 0.0324 0.2466 0.0248 - 0.0188

Own electric energy Ih.kWh 0.2 0.09576 0.1758 0.1739 0.0296 0.0192 0.0352 0.0348 0.0059

Outside electric energy " 1.555 0.6638 1.0614 1.8096 1.2882 1.0322 1.6505 2.8139 2.0032

Scrap t 0.7 0.336 1.0903 - 0.890 0.2352 C 7603 - 0.623

Thermal energy Gcal 0.136 0,0713 0.0940 . 0.2765 0.084 0.0097 0.0128 0.0376 0.0II4

Oxygen Thou.m^ 0.322 0.2516 0.040 0.0341 0.0858 0.0810 0.0129 0.0109 0.0276

Blast-furnace blast Th.tr.m^ 0.198 1.7740 0.1557 .7 0.1064 0.3513 0.0308 - 0 .0 2II

Iron ore t 1.1 1.672 0.II9I I 6352 • 0.515 • 1.1392 0.I3I0 1.7987 0.5665

Sinter t 0.565 0.999 0.0843 0.0604 0.5644 0.0476 - 0.0341

Fellets t 0.5 0.6283. 0.0304 1.456 0.402 0.3142 0.0152 0.728 0 . 2 0 1

vrCD•



------------ 1 ----------------r П2-----Г " T ------- !--------- Г Т — 7 Г

bpon¿¡e iro n t 2 . 0 —
Iron t 0.769 0.9514 0.0659

R e fra c to r ie s t 0.0207 0 0696 •
I n c l .  f i r e c la y  b r ic k t 2.05 0.0II4 0.0337

s i l i c a  b r ick t 2.45 — 0,0007
m agnesia r e f r a c t o r ie s t 4.8 0.0026 0 0118 •

f i r ó d  dolom ite r e f r a c t o r ,  t 2 . 8 0 0067 • 0 0234 •
Lime t .1.05 0 .II2 0 1232 •

E le c t r ic  fe r r o a l lo y s t 3 5 • 0 0168 • 0 0403 •
BOF s t e e l t 1 . 6 1 . 1 2 ~

Jb'AF s t e e l t 2.7 1 . 1 2

Sectio n  s t r u c t i ir a l  a llo y e d  s t e e l  t 8 I I

T o ta l



T о J i— "IO Г ГГ 
2 24

H Z  
1.12

О 0696 
0.0337 
0.0007
0 О Н О  
0.0234 
0.1232 
0.0403

I.I2
1

T±ZZZ
О 28 
0.0572 
О 065 
0.0314

0.0224
0 0112 
0.1288 
0.0403

I.I2
1

0.7316 
О 0547 
0.0234

0.0125 
О 0188 
0.II76 
0.0588 
1.792

8
15.502

0.0507
0.1929
0.0691
0.0017
0.0566
0.0655
0.1294
G.I4II

3.024
8

14.286

С). 1929 
0.0691 
0.0017 
0.0566 
0.0655 
0.1294 
О .1411

3.024
8

19.185

0.56 
0.044С 
0.203Í 
О .0644

0.I07Í
О . О З К
0.I35Í
O.I4I3

3.024
8

15.76

U1VO



6 0 .
Table 12

Total complex labour expenditures (man.hour/t)

Type of metal Complex labour expenditures in the usa of : 
1

products
B0F steel SAF steel on the base of :

scrap sponge 25% sponge iron
iron and 7 5*> scrap

Heavy sections 9.53 8.56 13.19 9.833
Medium sections 9.024 7.865 12.40 9 . 1 2 8

Light sections 9.070 7.912 12.537 9.190

Plates 1 1 . 6 7 2 10.175 15.167 11.655
Sheets 9.476 8.259 13.064 9.594

Cold-rolled sheets 16.025 1 5 . 0 0 19.785 16.124

Section structural 
alloys! steel 1 5 . 5 0 2 14.286 19.185 1 5 . 6 6

Total complex labour expenditures can be also decreased by 
importing pellets which enables to do without the ore mining and 
preparation stage and also pellets production and reduce complex 
expenditures by 2-2.5 man.hour/t. It i3 also possible to import 
refractory materials and ferroalloys (saving of 0 .2 5 man.hour/t).

To determine the requirement in industrial and production 
personnel for new1, juiit iron and steel works the total complex 
labour expenditures for the production of the required range of 
rolled products are multiplied by the given production capacities 
and the result i3 divided by the annu-1 tin3 fund of a worker. 
According to the data of the experts total number of industrial and 
production personnel of a plant producing 1  million ton of rolled 
products ranges between 5»000 - 1 0 , 0 0 0 men depending on the adopted 
metallurgical route. In the -Whole metallurgical cycle, according to
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sx p srt3  l a t a ,  i t  i s  n ecessa ry  to have 6% s p e c i a l i s t s  with h igher 

education  and 12% tech n ic ian s with secondary sp e c ia l  education  from 

the t o t a l  number of industrial production personnel. Tor individual 
in d u str ie s  these f ig u r e s  amount to  8 and 14% in  the production  of 

se c t io n  s tr u c tu r a l  a lloy ed  s t e e l ,  6 .5  and 1 5 -5% l a  ore mining and 

b en e fica tio n , 4 and 15% in  r e f r a c t o r ie s  production ; 7 and 14% in  

fe r r o a l lo y s  production , 16 and 1 5 % in  therm al and power f a c i l i t i e s ,

5 and 105  in  maintenance s e r v ic e s  and 11 and 19% in  the coke and 

by-products in d u stry .

According to  the experience o f L a tin  America’ s m e ta llu rg ic a l  

companies the share of production  workers should amount to  60% from 

the v.'hole number o f w orkers, w hile workers involved in  the re p a ir  

and maintenance of equipment amount to  about 40%. The sh are  o f s k i l le d  

workers among production workers 3hould amount to  50%, while fo r  

workers involved in  equipment r e p a ir  and mainenance amount to  about 

60% [ 5 ].
The e f f ic ie n t  u t i l i s a t io n  o f equipment and machines in  the 

iro n  and s t e e l  in d u stry  depends on the q u a li f ic a t io n  and tra in in g  of 

a tten d in g  personnel. Workers a tten d in g  m e ta llu rg ic a l  unlt3 should 

know in  d e ta i l s  the machines and equipment which are served  by them, 

and a l s o  the s p e c if ic s  of the a c tu a l  production  p ro ce sse s  and th e ir  

r e la t io n  to  other p ro ce sse s involved in  the m e ta llu rg ic a l ro u te .

The form, of tra in in g  w orkers, en gin eers and tech n ic ian s re 

quired fo r  ensuring the development of iro n  and s t e e l  in d u stry  in  a 

developing co u n try .is  determined b y 'th e  con dition s of education  s y s 

tem dominating in  the country. ’J ith o u t s u f f ic ie n t ly  developed t r a in 

ing of pupil3 with incom plete secondary or secondary education  i t  i s  

p o ss ib le  to  3 ta r t  tra in in g  of s k i l l e d  workers on the b a s i3  o f prim ary 

education ( 6 form s). For th is  purpose i t  i3  expedient to  e s t a b lis h  

v o catio n a l and tech n ica l sch o o ls  with 3-4 yours of ed u cation al period
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during which the p u p ils  v d l l  f in is h  incom plete secondary sch o o l.

Vdth increasing number of pupils vdth incomplete secondary education 
the period of education for the vocational and technical schools 
could be reduced for this category to 1-2 years. It is important to 
envisage training of teachers for vocational and technical schools 
in higher educational establishments of a country by organizing 
special industrial and pedagogical departments for this purpose.

At the first stage uf economic development of the country 
workers of required skills can be trained in the training centres 
for workers of the developed countries vdth the help of which the 
iron ana steel industry is being developed. The above centres are 
also established by the United Nations Development Organisation.

The Soviet Union renders cooperation to the developing countries 
in the field of training indigenous personnel of builders and metal
lurgists for the iron and steel industry, plants installed in those 
countries with the USSR’s technical assistance. Beginning from 1965 
six month instruction courses (seminar) have been held under the 
auspices of UNIDO in the city cf Saporozhie organized by the Govern
ment of the Ukrainian Soviet Socialist Republlo.

The tra in in g  of s p e c i a l i s t s  o f mean q u a l i f ic a t io n  - tech n ic ian s 

in clu d in g  teach ers of v o ca tio n a l and te ch n ica l sch o o ls 3hould be c a r r ie  

out in  the medium tech n ica l ed u cation a l estab lish m en ts vdth education  

period  of 3-4 years where p u p ils  graduated from incom plete secondary 

sc h o o ls . The ed u cation al p lan  of te c h n ic ia n s ’ tra in in g  fo r  the iron 

and s t e e l  In d u stry 'sh ou ld  cover gen era l ed u ca tio n a l, gen era l tech n i

c a l  and p r o fe s s io n a lly  m e ta llu rg ic a l c y c le s .  Vdth the development 

in the country o f secondary education  the g rad u ates from secondary 

sch o o ls can be adm itted to the tech n ica l sch o o ls with the. reduced 

ed u cation a l period  covering 1-2 y e a r s .
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The training of engineers for the iron and steel industry 
of developing countries can be conducted in a murber of forms. Ini
tially, it is centralized direction of the graduates of secondary 
schools for studying in higher educational establishments of deve
loping countries for receiving concrete speciality. Simultaneously, 
it is essential to organise in the country the training of engineers 
for the iron and steel industry, in the national higher educational 
establishments. If university education is available in the country 
then in this case for training engineers - metallurgists the gradu- 
ate3 of universities can be used for training them during 2 years 
in the established specialised technical higher educational insti
tutes cn special metallurgical disciplines at the level of Kagister 

of Technology.
In case the university education is developed in the country 

it could be possible to organize in the universities metallurgical 
departments with 5-year educational period. Depending on industrial 
development scale of the country and with great requirements in 
engineers it is possible to organize many-prcfiled technical insti
tutes with 5-year educational period included metallurgical depart

ments •
These are general approaches to the organisation of training 

of workers, technicians and engineers for developing iron and steel 
industry the content of which could be the subject of independent 

study.

4. Determination of oomclex energy expenditures for 
receiving second index of technological complexity of inves

tigated types of metal products

The usage of complex energy expenditures allows to. determine 
the requirements in fuels and electric energy per 1 tonne of inter-



mediate and fin ish e d  m etal products and d e fin e  the energy in te n s ity  

of the p rod u cts.

The complex energy expenditures in term ediate  end fin ish e d  

products fo r  the in v e s t ig a te d  tech n o lo g ica l c y c le s  were obtained 

during the c a lc u la t io n s . This allow s to  d efin e  v.ith more d e t a i l s  

the d is t in g u ish in g  fe a tu re s  of producing the m etal products under 

in v .s t ig a t io n .

The complex energy expenditures fo r  in term ediate  and fin ish e d  

products of the tech n o lo g ica l cy c le s  under in v e s t ig a t io n  i s  received  

by u sin g complex v a lu e s o f s in g le  hinds o f  fu e l  and energy expendi

tu re s  per 1 ton n e.of product c a lc u la te d  a s  a r e s u l t  o f d ir e c t  in 

version  of m atrix  o f d ir e c t  e x ien d itu re s  mentioned in  Chaper 2. The 

complex fu e l  expenditures v.ere c a lc u la te d  as a  whole in clu d in g  14 

kinds o f fu e l  as w ell as expenditures of a own and o u tsid e  e l e c t r i c  

energy, thermal energy in clu d in g thermal energy produced by thermal 

e le c t r i c  p la n ts , in d u s t r ia l  b o ile r-h o u ses and w aste-h eat p la n t s ,  

expenditures of oxygen, furn ace b la3 t and compressed a i r .

For determ ining the tech n o lo g ica l com plexity o f iron  and s te e l  

in d u stry  products i t  i3  n ecessa ry  to  use in te g r a l  c h a r a c t e r is t ic  : 

summerising complex expenditures of prim ary fu e l  and e le c t r i c  energy ' 

obtained ou tside fo r  producing d if fe r e n t  types of m etal p rod u cts. For 

th i3  purpose the b la st- fu rn a c e  £U3 exp en d itu res are  deduced from 

the complex expenditure o f fu e l  in  coal eq u ivalen t in  order to avoid 

double account and to  the obtained r e s u l t  i s  added the complex 

expenditures of o u tsid e  e le c t r ic  energy and m u ltip lie d  by the sp e

c i f i c  consumption of fu e l req u ired  fo r  i t s  production  (250 k j of 

fu e l  in  coal equ ivalen t /1,000 kV. h ) . This c h a r a c te r is t ic  i s  the 

complex energy expen d itu res. The consumption (energy in te n s ity )  o f 

other en erg ie s - fo r  which primary fu e l  and e le c t r i c  energy are 

used -  oxygen, b la3 t-fu rn ace  b l a s t ,  commpressed a i r ,  thermal energy,

i
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is taken into consideration by using the expenditures of primary 
fuel and electric energy for these products in analogy to the ex
penditures for the remaining types of intermediate and finished 
products.

Before determining the complex energy expenditures for va
rious types of rolled products it is expedient to consider these 
characteristics for the previous technological stages - iron or 3ponge 
iron production and steel production by various methods r.-hieh 
comprise the basis of the investigated technological routes for 
producing metal products.

The characteristics calculated per 1 tonne of iron and sponge 
iron are given in Table 13.

The data indicated in this table shou that energy intensity 
of sponge iron is almost 2$^ belov; this characteristic for iron 
despite the fact that higher consumption of natural gas and electric 
energy in production of sponge iron.

Table 13

Determination of complex energy expenditures for the production 
of pig iron and sponge iron

Expenditures Unit of 
measurement

Pig
iron Sponge iron

Fuel t of coal eguiv. 0.?b7 0.565
including cokt thou, t 0.44 -
natural gas 3tnou. or 0.2128 0.458
blast furn-cc t of coal equiv. 0.135 —

ga3

Electric energy thou. kVV ,.h 0.465 0.562
including cut — 
side el. energy — * — 0.354 0.555
Oxygen Xthou.m*' C .156 -

El-st furnace theu. tr.m^ i .87blast
Lr.ex^y a^ut e n  - t of ccul eruiv. o . ? 7 0.75
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In Table 14 the complex energy expenditures are determined for 
the production Of EOF-steel and ZAF-steel made on the base of scrap 
ana sponge iron and also on the base of the charge containing 25% sponge 

iron and 75* scrap.
The data in the Table illustrate high complex fuel expenditures 

required for the production of E0F-3teel because of high pig iron con
sumption for its production (850 kg/t). From the point of view of energy- 
intensity they are considerably loser in the case cf ZAF-steel melted 
on the base of scrap and they are the highest when ZAF-steel is melted 

on the base of sponge iron.
If we do not take into account the fuel expenditures for the ge

neration of electric energy in electric-energy complexes not included 
in the complex cf the steel works then energy-intensity of the EAF-steel 
made on the base of sponge iron within the works will be reduced nearly 

by 35*.
< • . ' Table 14

Determination of complex energy expenditures for the production
of BOF-steel and ZoF-ste6l

Expenditures

Fuel
including coke
natural gas

Blast-furnace gas
Electric energy
including outside 
electric energy

Oxygen
Blast-furnace blast 

Energy-intensity

Unit of 
measure- 
ren t . _ T _

BOP-
s t e e l

ZAP s t e e l  on the base of
scrap sponge

iron
25% sponge iro ;: 
and 75% scrap

t of coal equiv 0.67 0.261 0.647 0.32
thou, t 0.379 0.038 - 0.029

3
thOU. nr 0.205 0.071 0.479 0.183
t  of coal eojiiv; 0 . 1 2 0.03 — 0.027
thou. kW .h 0.605 1.033 1.698 I.I04

n 0.532 0.887 1.555 1.09
3thou, nr 0.18 0.031 0.026 0.032

3
thcu, t r ,  c r 1.564 0.139 - 0.095
t  of coal e i i v . 0.936 0.541 I.I9I 0 .6 8
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Complex energy expenditures required for the production of 
investigated steel types are determined on the assumption that all 
the steels are continuously cast. In case of ingot production and 
with the use of blooming and slabbing mills the complex energy ex
penditures will increase by 15-17%*

In Table 15 complex energy expenditures for the production of 
heavy sections are given.

These results show that the energy-intensity of heavy sections 
can vary from its minimum values (0 .6 2 6 t of coal equiv.) in case of 
EAF steel on the base of scrap to maximum values (1.557 to coal 
equiv.) when making thi3 steel on the base of sponge iron. At the 
same time from the point of view of fuel consumption for the produc
tion of heavy sections the use of EAJ-steel made from sponge iron is 
by 50% lower than that of BOF-steel. These trends also can be observed 
in the case of the production of medium and light sections. (Tables 
16 and 1 7 ).

Table 15
Determination of complex energy expenditures for the production 

of heavy sections and its energy-intensity

Expenditures Unit of 
measure
ment

>ihen using
•Qr\7 EAF-steel on the base of
Iclei; scrap sponge

iron
251 sponge 
iron and 75: 
scrap

Fuel t of coal equiv .1.027 0.324 0.723 0.408

including coke t 0.402 0.04* - 0.031
natural gas 3thou, mr 0 .2 5 6 O.C?4 0.527 0.213

Blast-furnace gas t of coal equiv .0.143 0.051 0.025 0.041
Electric energy thou. k W . h 0.724 1:168 1.882 1.51
incl.outside el.enerfcar ~ 0 .6 3 2 1.00? 1.717. 1.223

Oxygen 3thou. rr 0 .1 9 6 0 .0 3 8 0*033 0.03?
Blast-furnace blast 3thou.tr. ar 1 .6 7 8 0.147 - 0.1
Energy-intensity t of coal equiv .1 .1 0 5 0 .6 2 6 1*357 0.795



Table 16
Détermination of compier expenditures for the production of

medium sections

68.

Expenditures Unit of t When using
measure- «BOF- , 

steel :
r:-?l Cn ;hc* base of

ment scrap sponge
iron

25% sponge 
iron and 75* 

scrap

Fuel t of coal equi'' .1.014 0.298 0.721 0.446

including coke t 0.396 0.04 - 0.03
natural gas 3thou, mr 0.252 0.112 0.538 0.229

Blast-furnace gas t of coal equii .0.139 0.048 0.023 0.046

Electric energy thoujkft '..h 0.72 0.013 1.71 1.23
including outside 

energy —  n — 0.627 0.998 1.695 1.209
Oxygen 3thou, nr 0.1935 0.0387 0.0331 0.0394
Blast-furnace blast thou.tr. m^ 1.654- 0.145 - 0.0992
Energy-intensity t of coal equiv. 1.094 0.599 1.291 0.823

Lower energy intensity of medium sections in comparison with 
heavy sections is expl ined by a lower consumption of continuously cast 
billets for a given type of rolled produces f 1.044 versus 1.06 for 
heavy sections).

In Table 18 complex energy expenditures for the production of 
steel plates are given, and in Table 19 similar indices for steel 
sheets are shown.

A considerable power-intensive of steel plates is explained 
by an increased steel consumption for this kind of rolled products 
{ 1.116 t/t instead of 1 .0 6  for light steel sections).
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Table 17
Determination of complex energy expenditures for the production of

light sections

Expenditures Unit of 
measure
ment

When using
BOF - 
steel

KaF steel on the Case of
scrap sponge

iron
25lsponge 
iron and 
751 scrap

Fuel t of coal equiv ,1.004 0 .5 0 2 0.711 0.423
including coke t 0.402 0.04 - 0.03
natural gas thou, mr 0.259 0.107 0.540 0.226

Blast-furnace gas t of coal equiv 0.137 0.045 0.019 0.041
Electric energy thou. kV7 .h 0 .7 2 1.175 1 .8 8 1.31
incl- outside energy —  a — 0 .6 5 1 .0 0 6 1.71 1.22

Oxygen thou, 0 .1 9 6 0.038 0.033 0.O39
E rergv-intensity t of coal equiv 1 .0 8 8 0.609 1.291 0.809
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. . ' . • • Table 18
Determination of complex energy expenditures for the production

of steel plates

Expenditures Unit of 
measure
ment

When using
B0F-
steel

EAF steel on the base of
scrap sponge

iron
25% spong 
iron and 
75% scrap

Fuel t of coal equiv. 1.1254 0.5215 0.7516 C .4 4 7 7

including coke t 0.422 0.042 - 0.032
natural gas xthou, m 0.265 0.112 0.571 0.210

Blast-furnace gas t of coal equiv. 0.151- 0.054 0.027 0.051
Electric energy thou.k*? .k 0.75 1.24 1 .9 8 1.32
inc.outside energy —  It — O .6 5 1.07 1.803 1.041

Blast-furnace blast Xthou, nr 1.765 0.155 - O.I06

Energy-intensity t of coal equiv. 1.201 0.623 1.356 0.848
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' Table 19
Determination of complex energy expenditures for the production

of steel sheets

Expenditures Unit of 
measure-

When using
BOF-
steel

EAF steel on the base 0.
cent scrap sponge

iron
25i sp. 
iron and 
75*scrap

Fuel t of coal equiv. 1.0667 0.5087 0.7325 0.4526
inc. coke t 0.416 0.0416 - 0.0318
natural gas thou, or 0.258 0.111 0.559 0.254

Blast-furnace gas t of coal equiv, 0.176 0 .0 5 2 0.025 0.049
Electric energy thou. k\7 .h 0.746 1 .2 1 1.94 1.29
incl.outside energy —  n -- 0.650 1.04 1.77 1.26

Oxygen thou, m^ O .205 0.054 0.053 0.04
Blast-furnace blast thcu.tr.m^ 1.7592 0.153 - 0.1o4
Energy-intensity t of coal equiv. 1.119 

J________

0.621 1.327 0.825

The energy intensity of steel sheets is lower than that of 
steel plates which is connected with a lower steel consumption 
( I .0 9 8 instead of 1.116 t/t).

The highest values of energy intensity characterize cold-rolled 
sheet End structural steel sections (Tables 2C and 21).

For ccld-rolled sheets it cen be explained with energy expen
ditures for an additional intermediate stage -sheet rolling.
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Table 20

Determination of complex energy expenditures for the production of 
cold-rolled sheets

Expenditures Units of 
measure-

l’fhen using
BOJT- 1 
steel

EAF steel on the base of
cents scrap : sponge !25% spong<

iron iron and 
75% scrap

Fuel t of coal equiv' 1.1453 0.3548 0.7163 0.4901

ino. coke t 0.44 o.028 - 0.034

natural gas thou, s? 0.253 0.097 C.571 0.277
Blast-furnace gus t of coal equiv 0.145 0.042 0.018 0.039
Electric energy thou, ki . h 0.80 1.29 2.207 1.38

incl. outside energy —  n — 0.70 1.109 1.884 1.34

Oxygen 3thou, nr 0.216 0.043 0.037 0.C44

Blast-furnace blast 3thou.tr. nr 0.839 0.161 - 0.110
Energy-intensity t of coal equiv 1.247 0 .7 0 1 1.407 0.920
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Table 21
T ^ a f  o W m i  m o  f i m m

c i  c o m p l e x  o o o r g y  8 jLp6 ixdJL'Lux‘6 o  f u r  t i i e  p r o d . u c t l . Q i i

of section structural alloyed steel

Expenditures Units of 
measure
ments

'_ . «

Tfhen using
BOF - 

steel
SA? s1seel on the base ci
scrap sponge

iron
'2-5T3P~
iron and 
75*1 scrac

Fuel t of coal eouiv. 1.117 0.358 0.71 0.488
incl. coke t 0.424 0.042 - 0.032
natural gas thou, tar 0.249 0.0985 0.556 0.224
blast-furnace gas t of coal equiv. 0.141 0.04 0.017 0.04
electric energy thou.kW .h 0.76 1.23 1.98 1*31
incl.outside energy _ n _ 0.66 1 .0 6 1.81 1.29
oxygen thou, m? 0.252 0.04 0.034 o . o 3 6

blast-furnace blast 5thou.tr.rr 1*77* 0.156 - 0 .1 0 6

energy-intensity t of coal equiv. 1 .2 0 7 0.683 1*327 0 .9 0 0

laedium-alloyed steel grades were taken, as section structural 
alloyed steel. The total values of energy intensity in all technolo
gical routes which have been investigated are given in Table 224
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Total value 3 of energy intensity of metal 
products, t of coal equivalent/t

Table 22

Metal product 
type

Energy intensity of metal products when using

BOF-
steel

EAF steel on the base of
scrap sponge - 

iron
25i sponge iron 
and 75i scrap

Heavy sections 1.105 0.628 1.337 0.735
Medium sections 1.094 0.599 1.291 0.823
Light sections 1 .0 8 8 0.609 1.291 0.809
Steel plates 1.201 0.623 1.356 0.848
Steel sheets 1.119 0.621 1.327 0.825
Hot-rolled sheets 1.247 0.701 1.407 . 0.920
Structural alloyed
steel sections 1.207 0.683 1.327 0.900

The comparison of these values shows that the most energy- inten
sive and complex from the point of view of energy expenditures are 
steel plates, cold-rolled sheets and section structural, alloyed steel. 
The energy intensity of metal products used for the production of steel 
with the use of sponge iron can be reduced due to imported sponge iron 
(the energy intensity can be reduced by more than 4-0%). It should be 
stressed that high values of electric complex energy expenditures for 
the indicated types of metal products when using EA? steel on the base 
of sponge iron which are 700 kW'.h higher than that of scrap. This can 
be explained by the necessity of additional electric energy consumption 
required for the beneiiciation of ore with medium Fe content and for 
remelting sponge iron containing gangue.

5 . Determination of complex capital expenditures for obtaining third 
process complexity Index of investigated type3 of metal products

For calculating complex capital expenditures in producing the 
investigated types of metal products the following direct capital 
expenditures */t (thou, m^, G cal or thou. k\V..h) has been assumed :



power-plant ccal - 1 2 , fuel oil - 80, blast-furnace gas - 3 , coke- 
oven gas - 1 5 , natural gas - 9 0 , coke - 1 0 0 , coke nuts - 8 0 , coke 
breezo - uC, cv;a electric energy - 3 0 . outside energy - 2 5 » scrap - 
28, thermal energy - 4.0, oxygen - 80.0, blast-furnace blast - 2,0, 
compressed air - 1.5, iron ore - 45.0, sinter - 25.0, pellets - 20.0, 
pre-reduced pellets (sponge iron) - 120.0, pig iron - 32,0, BOF steel 
(including continuous casting) - 8 0 , fireclay brick - 1 2 0 , silica 
briok - 1 5 0 , magnesia brick - 3 6 0 , dolomite refractories - 2 0 0 , 
burnt lime - 3 5 , electric-furnace ferroalloys - 2 6 0 , heavy sections - 
8 2 , medium sections - 100 ( 220 with thermal treatment ), light 
sections - 85 (140 with heat treatment), plates - 110 {230 with heat 
treatment), sheets - 5 0 , cold-rolled sheets - 200 and section struc
tural steel - 1 9 0.

Mentioned unit capital expenditures have been taken on the 
basis of foreign practice and the praotice of design institutes in 
the ¿Soviet Union to some degree are approximate. These costs require 
correction when calculations are made for specific conditions of this 
or other developing country.

Capital expenditures for the production of pig iron and sponge 
iron are shown in Table 23. Resulting calculation data show that 
capital expenditures for producing sponge iron are lower than that 
for producing pig iron by 9 %.

Complex capital costs for the production of BOF-steel and 
EAF-steel on the base of scrap, sponge iron and 25% sponge iron and 
75% scrap are calculated in Table 24.

Total data of this Table show that the lowest value of complex 
capital costs are those for producing EAF steel from sorap and the 
highest values are those for EAF-steel made from sponge iron. The 
last value is by 20% higher than that for BOF-steel. All complex 
capital cost3 values 3hown in Table 24 have been calculated on the



basis that steel is cast in continuous casting plants.
In casting steel into ingots and using blooming and slabbing 

mills for billets reduction additional capital costs, amounting to 
25* of shova in Tael® 24> values are required.

On the base of the estimated values of complex capital ex
penditures for the production of various steel types which can be 
made in new works in developing countries the following complex 
capital expenditures were obtained for different types of rolled
products (Tables 23 - 3D .  „ ^Table 23

Determination of complex capital expenditures (¿/t) for production 
of pig iron and sponge iron ( prereduced pellets )

Expenditures
i iDirect ¡Complex expend!-¡Complex capital
{Unit ¡¿apitai {tures of raw ma-j expenditures

h men] 1 t ire ; "*
i Imemmi o i  s ± e  \ a t  , -| smiwuwij. |Sponge } pig
! i ! I iron

1 t'Per

! ° fjirón

t {Per 
Í of

1 t
j sponge 
jirón

Fuel
Incl. natural gas

t of coal 
equival. 

Thou, in'5
0.9674 

90 0.2128
0.5654
0.458

7 2 .0

1 9 .2

4 2 .2

41.2

doke t 100 0.44 - 44.0 -

Own electric energy Ih.klsli 30 0.0711 0 .0 2 7 8 2.1 0 .8

Outside electric 
energy n 25 0.394 0.535 9.9- 13.4

Thermal energy Gcal 4 .0  0.277 0.194 1 .1 0 .8

Oxygen Thou.m^ 80.0 0 .1 3 6 - 10.9 -

Blast-furnace blast 3Ih.tr. nr .2 .0  1.87 - 3.7 -

Compressed air 3Th.st.nr 1 .5  0 .0 2 2 - 0.03 -

Scrap t 28.0 0.008 ‘ - 0 .2 -

Iron ore t 45.0 1.758 1.46 79.1 65.7

Sinter t 25.0 1.05 - 26.3 -

Pellets t 2 0 .0 0.659 1.3 13.2 ¿6 .0

Sponge iron t -80.0 - 1 .0 - 80.0

Pig iron t 3 2 .0 1 .0 - 3 2 .0 -

Total 250.5 ¿¿Q,'



Determination of complex capital expenditures U/t) for production of BOF steel and EAF steel on the base of 
scrap, sponge iron, 25ÿi of sponge iron and 7 %  of scrap

Table 24

Expenditures
! |
i ! Direct 
! ! capital 
! Sexpenditu
! rement! r®s**'/Un j j of measu
1 j rement
! !
! !
! !

---------------- ------ --------- -----Complex expenditures of raw mate
rials, energy and semiproducts
i.

Complex capital expenditures

Lt Per 
- 1 t of j- 
iOF steelj

Î
!
1

^Ke'bSsB 1̂  steel on Per f'er_,tâ«°iafiépj>ît_e e l .0n _
Scrap j

!
!
1

Eponge
iron

12& of 1 1 t of ! T 
J sponge ! B0F stefel Scrap ! Sponge 
J iron and ! j iron 
7S5 ofJ__ scran 1_________!__________I___

of
j sponge 
{iron and 
75* of{ - scrap.

----- 1----------- r ■ ■ y---- ---------- 5 r ' 'S'1 . b ! V - I b 1 9 1 n r i li 1

Fuel t of coal 0.8697 0.26II 0.6467 0.3199 64,5 13.277 44.33 2 2 .0

Incl. natural gas
equiv 

Thou, nr * 90 0.205 0.071 0.479 0.183 18.45 6,39 43.11 16.5
coke t 1 0 0 0.379 0.0381 — 0.029 37.9 3.81 — 2.9

Own electric energy ' Th.kWh 30 0.073 0.1445 0.1428 0.0139 2.19 4.335 4.204 0.42

Outside electric energy n 25 0.532 0.887 1.555 1.0895 13.3 22.175 38.875 27.23
Ccrap t 28 0.3 0.9735 — 0.795 0.4 27.258 — 22.3

Thermal energy Gcal 4*0 0.25 0.033 0.196 0.075 1 . 0 0.132 0.784 0.3
Oxygen jThou, nr 60 0.18 0.0313 0.026 0.032 14.4 2.504 K

>
• O 00 2.56

Blast-furnace blast •5Th.tr.n r 2,0 1.504 0.139 - 0.095 3 tI7 0.278 - 0.19
Compressed air Th.st.m3 1.5 0.0437 0.049 0.048 0.054 0.07 0.0735 0.072 0.08

Iron ore t 45 1.493 0.104 1.46 0.46 67.18 4.68 65.7 20.7

Sinter t 25 0.892 0.0753 — 0.054 22 3 •
1.0825 -

1.35



Pellets 
Sponge iron 
Iron
Fireclay brick 

Silica'brick ‘ “ (
ilagnesia "refractories 
Fired dolomite refractories 
Refractories,total 
Lime
Electric ferroalloys
BOF steel 
RAF steel

--- 1------ 3 ~ T---- r
t 20 0.561.

t 80

t 32 0.8495

t 120 0.0102
t 150 -
t 360 0.0023
t 200 0.006

t
t 35

0.0185
0.1

t . 260 0.015

t 60 I
80 •H.

Total



'— ъ ~ ~ г — Е Г ~ Т --- 7 Г:— “тгт---- 9
0.0271 .1.3 0.359 11.22 0.542 26 7.18
- 1.0 0.25 — - 80 30.0

0.0588 - 0.05II 27.18 I.88I6 — 1.64
0.0301 0.0301 0.028 1.22 3.612 3.612 3.36
0.0006 0.0006 - — 0.09 0.09 —
0.0105 0.0105 0.02 0.83 3.78 3.78 7.2
0.021 0.021 0.01 1.2 4.20 4.20 2.0
0.0622 0.0622 0.058 3.25 11.60 11.68 12.56
О . И о . п 0.II5 3.5 3.85 3.85 4.025
0.036 0.036 0.036 3.9 9.66 9.36 9.36
— — - 60 f __ - —

I I I — 80 80 80

305.56 183.90 367.02 241.90

-о
00
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Table 25

Determination of complex capital expenditures (li/t) for production of hcavy-section rolled producte:

Expenditures

----------------- -p— -

fuel
Incl. natural gas 

coke
Cwn electric energy 
Outside electric energy

Lcrap
Thermal energy 
Oxygen
Blast-furnace blast
Gompre.'jsed air
Iron ore
binter
le l le t s

]------- 1--------- Ï

|2S 2 i
j rnent !$/Unit0; :
1 ! measure-*
! î mentI t

t

Complex expenditures of raw mate-i 
rials, energy and semiproducts, j 

when using t
'  — pnEr-BTOSl^J 7i ■' -file '  base^dr " j '

Complex capital expenditures, 
when using

BOF 
steel

Scrap • • ¿5/° of .
} Sponge}sponge 1 
! iron {ix'on ana

1 75>- of 1

t BOF
steel j Scrap

ÎI

1 EAF steel on the base of
i r  ri a :r  otT

! Sponge ! sponge 
! iron ! iron ar.

1 I79Â of
Î 2--- T— 3---- --- 5 ~ f o ! 6 ! •~9----r 1Ü ’ r Ir
t of coal 1.027 0.3244 0.7227 0.4081 70.736 19.144 52.129 26.266

equiv. 
Thou, nr 90 0.2363 0.0943 0.527 0.2130 21.267 8.487 47.43 19.17

t 1 0 0 0.4017 0.040 ~ 0.031 40.17 4.0 - 3.1

Th.kWh 30 0.0914 C.I67I 0.1654 0.0287 2.742 5.013 4.962 0 .8 6 IC
It 25 0.6324 1.009 I.7168 1.2234 15.810 25.225 42.92 30.565

t 28 0.318 I 032 • • ~ 0.843 0.904 28.196 - ■ 23.60

Gcal 4j,0 0.305 0.075 0.2478 0.II95 1 . 2 2 0 0.300 0.9912 0.478C

Thou.m^ 80.0 0.1958 0 0382 • 0.0326 0 0388 • 15.664 3.056 2.608 3.II2

Th.tr.m^ 2 . 0 I 679 • 0.1473 0.1007 3.358 0 2946 • - 0 ,2 0 1 -

Th.st.m^ 1.5 0.0623 0.0679 0.0669 0.0732 0.0935 0 r1019 0 1003 • 0 I06i •
+ 45.0 I.5826 0 .II2 0 I 5476 0.4076 71.217 5 076 • 69 64 • 21.94.

t 25.0 0.9455 - 0.080 0 0572 » 23.638 2 . 0 — 1.430
t 2 0 . 0 0.5946 0 0237 I 30 

1*06
0.381 11.892 0.574 27.6 7 620

t m  o
« 0 265 • - - 84.8 2 1 " 2  •nO'l.'V' iron



---------- ---------- j— — — x: 2 ZI— -~r~— r
Iron t 32 , 0 9005 •

¿ 'ire  o lay * b r ick t 120 ■ 0.0108

r e f r a c t o r i e s ,  t o t a l t 0.0196
S i l i c a  b r ick t 150 -

iia sn e sia  r e f r a c t o r ie s  ^ t 330 0.0024
fired , dolom ite r e f r a c t o r ie s -• 200 0.0064

Lime t 35 0.106
L le c t r iq  fe r r o a l lo y s t 260 0.0159

s t e e l t 80 -

DOF s t e e l t •60 1.06
H eavy-section  r o lle d  prod u cts t 82 I

Total



---5 ~ 1 ---- 6— ! 7— 1 ---- j— T  9 ~ ~ Т ~ Т Г .  '
0.0623 - 0.0542 28 816 « I 9936 • 1.7344
0.0319 0.0319 0.0297 1.2960 3.828 3.828 3.564
0.0659 0.0659 0.0613 3.44 13.184 8.389 13.24
0.0006 0.0006 - 0.09 0.09 —
0.0III O.OIII 0 . 0 2 1 0.864 3.996 O.OIII 7.56
0.0223 0.0223 0.0IC6 1.28 4.460 4.460 2 . 1 2

0.II7 0 .II6 6 0.I2I9 3.710 4.095 4.081 4.2665
0.038 0.0382 0.038 4.134 9.880 9.932 9.880
1.06 1.06 1.06 - 84.8 84.8 84.8
- — - 63.6 - - -

I I I 82 82 82 82

410.98 284.82 474.95 333.33

œо
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Table 26

Determination of coDipl8^S$finditvtres (S/tJ for production of medium-section rolled products

Expenditures
« I Unit 

of 
measure

Direct ' i ComPlex expenditures of raw mate- 
canital I rials» energy and semiproducts, 
einendl-j when using________________ ■

LTL 'k/'N-rT '̂L e _ _ ""tures !

Complex capital expenditures, 
when using
T EAF steel on the base of

i
!
!i

iiAJnit . 
of mea- j steel 
surementi

!
!

| t-5 Ji Wt -
! Scrap ! Sponge 
! 1 iron 
1 !
! !t i • •

¿cu.ua. -ma.— — j 2%<, of 
j sponge 
' iron and 

of
j scrap
■

I B0F 
J steel
t
!

----------p
Scrap t

i
!
!
!

1Sponge j 
iron j

i•1

25/j of 
sponge 
iron and 
7 ^  of 
scrap

-------— J----------- ~ t ~ z— ----3 T  4 71 5 ! t> 1 7 ! B ~ 9 T I D ' j li
Fuel t of coal 

equiv. 1.0141 0.2981 6,721-- 0.4462 72.997 18.1640 52.0369 SB.532

Xncl. natural gas Thou.m^ 90 0.252 0.II2I 0.5381 0.2291 22 68 • 10.089 48.429 20.619

coke t 100 0.3957 0.0388 — 0.0303 39.57 3.98 ' - 3.03

Own electric energy Th.kWh 30 0.0922 0.1355 0.0167 0.0305 2.766 4.065 0.501 0.9150

Outside electric energy " 25 0.6269 0.9975 1.6949 1.2089 15.6725 24.9375 42.3725 30.2225

Scrap t 20 0.3132 1.016 - 0.8300 8.7696 28.440 - 23.24

Thermal energy Gtal 4.0 0.202 0.0654 0.2356 0.1093 1.168 0.2616 0.9424 0.4372

Oxygen Thou.m^ 80.0 0.1939 0.0387 0.0331 0.0394 15.512 3.096 2.640 3.152

Blast-furnace blast Th.tr. m32.0 1.653/ 0.145 - 0.0992 3.3074 0.290 — 0.1904

Compressed air Th. st .tí* 0.0806 0.0942 0.0931 0.0994 0.1329 0,1413 0.1396 0.1491

J jv»n ora t 45.0 1.5507 0.IIII 1.5242 0.4ai2 70.1415 4.9995 68,508 21.609
Winter t 25.0 0.9312 0.0786 - 0 0564e 23.20 1.965 — 1.410

!'<■ I I ntrs t 20 0.5057 0,0203 1.357 0.375 II.714 0.566 27 14 • 7.5



'?..... T --------- r--------- r
Sponge iron t 30 — . -

Iron t 32 0.8869 0.0614
R e fra c to r ie s t 0.0193 0.0648

I n c l .  f i r e c la y  b r ic k t 120 0.0106 0.0314
s i l i c a  b rick t 150 — 0.0006

magnesia r e f r a c t o r ie s t 3GQ 0.0024 0.0109

f i r e d  dolom ite r e f r a c t o r ie s t 200 0.0063 0.0219

limn t 35 0.1044 0.II48

¡ le c t r ic  fe r r o a l lo y s t 260 0 015 • 0.0376

BOR s t e e l t 60 I 044•> —.

RAP s t e e l t 80 - I 044 •

1‘iedium -section  r o lle d  prod u cts t 100 I I
\

Total



t t
1.044 0.261 - - 83.52 20.88
- 0.0533 28 38 • 1.9648 - I 7056 •

0.0649 0.065 3.396 12.144 12.086 13.108
0.0314 0.0292 1.272 3 7680 • 3.768 3 504 •
0.0006 - - 0.072 0.0006 -
0.0X10 0.0209 0 8640 3.924 • 3.960 7.524
0.0219 0.0104 1.260 4.300 4.300 2.080
0 1148 • 0.II96 3.6540 4 0180 « 4 0180 4.1860 •
0.0376 0.0376 3 90C • 3.776 9 7760 9.7760 •

_ 62.64 - -
1.044 1.044 83 52 • 83 52 • 83.52
I I 100 100 100 100

427,43 298.36 487.31 373.54

COГО
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Table '¿'l

C8l̂ 3 itclJLDetermination of complexO'expenditures (&/t) for pi'oduction of light-section rolled products

1 - Complex exp en d itu res o f  raw m ate- 1
Expenditures

I tD irec t i -y-jt'-—  — -y " r vv,“  i complex c a p i t a l  ex p en d itu res,
U nit o f j S p i t a l  ¡ rial^ e®n^ g , and sem ip ro d u cts ,, j „hen Soin g
m eaeuref expendiilu- 1

| ment i res 1 
j j i/Unit j 
. j j of meaeu-f 
‘f f reraent j
j j ! 
! ! ! 
! L !

B0F
1
t'lAP flteel nn_tJie. Jaase^of_. 1 flAF ftt.aiq1 . on . the bflRe r>f

steel
I Scrap
i
i
!

1 ' 12̂ /9 01 1
1 c 'sponge *
1 1 *«>» * 4iron . of 
j j scrap j

BOF
steel

| (2RS of 
Scrap j Sponge [ sponge

i iron i iron and 
| j75/i of 
j j scrap---------— — 2--------- -T— 2 T 3 l 4 ! 5 ! b 8 ' ' 9T 1 1U ! XX

Fuel t of coal I.004Ii 0.3017 0 7III7 0 423 • • • 70.213 18.5971 51.48 27.879

Incl. natural gas
equiv, 

Thou r 90 0 259 • 0.1073 0.540 0 226 • 23.6 9.657 48 60 20 34 • •
coke t 100 0.4017 0.40 — 0.031 40 17 • 4.0 3.1

Own electric energy Ih.kWh 30 0.0927 0.1685 0 1667 • 0.030 2.781 5.055 5.601 0.9
Outside electric energy •> 25 0.6299 1.0062 I.7143 1.2209 15.475 25 1550 • 42.8576 30.5225
Scrap t 28 0.318 1.032 — 0.843 8 904 28.896 • 23.60
Thermal energy Gcal 4 0 • 0.289 0 0590 • 0.2318 0.1035 1.156 0 236 • 0 092? 0.414 •
Oxygen Thou.m^ 80 0.1958 0 0382 • 0.0326 0.0309 15.664 3.056 2.608 3.II2

Blast-furnace blast Th.tr. 2.0 •1.679 0.1473 - 0.1007 3.358 0.2946 0.2CI4

Compressed air Th.st.m^ 1.5 0.0893 0.0949 0.0939 0.1002 0.1340 0.1425 0.1409 0.1503

Iron ore t 45 1.5826 0.II28 1.5476 0.4876 71.217 5.076 69.64 21.94

Sinter t 25 0.9455 0.080 - 0.0572 23.638 2.0 1.430

lellets t 20 0.5946 0.0287 1.30 0.301 11.892 0.574 27.60 7.620



--------------- ï--------— p— 2 — r ~ 3 ---- !— 5
Upenle iron t Ш — —

Iron t 32 0.8005 0.0623
Fireclay brick , ; * 120 0.0108 0.0319
3:lica brick t 150 - 0.006
I-iagneuia refractories t 360 0.0024 0.0III
Fired dolomite refractories t 200 0.0064 0.0223
Refractories, total t 0.0186 0.0713
Lime t 35 0.106 0.II7
Electric ferroalloys t 260 0.0158 0.038
130F steel t 60 1.06 - .
LaF steel t 80 - 1.06
Li¿ht-section rolled products t 85 I I

Total

I



Г~"б-----;— -у—- т -------- S ~ V  " "Г"*"ТЦ 1---- IT
1.06 0.265 — - 84.8 21.2

- 0.0542 28.816 1.9936 - 3.564
0.0319 0.0297 1.2960 3.828 3.828 3,564
0.0006 - - 0.9 0.009 -

O.ÛIII 0.021 0.864 3.996 O.OIIX 7.56
0.0223 0.0106 1.28 4.460 4.460 2.12
0.0659 0.0613 3.44 13.184 8.389 13.24
0 .II6 6 0.1219 3.710 4.095 4.081 4.266 Г.
0.0382 0.038 4.134 9.860 9.932 9.880

- - 63.6 - - -

1.06 1.06 - 84.8 84.8 84.8

I I 85 85 85 05
4X6,6 301.2 484.3 353

i

OD

•
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•

_ i
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Table 28

Détermination of complex capital expenditures (&/t) for production of hot-rolled plateo

-V
Excenditures

j j Direct
i Unit j capital 
: of : expendi- 
! roeasu-{ tures, 
j rementj &/bi <t

of mea
surement

Complex expenditures of raw mate-{ 
rials, energy and semiproducts, | 

when using ;
Complex capital expenditures, 

when using
-------------T

BOF !■ 
steel !1•

!
t•i

-------------------------- t----------1-----------
FAF steel on the ba.se oij B0JI j EAF steel

steel !!B m , r W œ î  !

i ¡ ¡ * 7 * !jof scrap

Scrap I
i
!

on the base of.'
o f "

Spongd sponge 
iron j iron

jand 75/»
| O l  S C IC -i

------ r ------- ----j--- 2— T 3 ~ H ----5 T 5----r--- 6--- r--- ?----p------ 8HP----- P— r T O --- i— n —
J uel t of coal I.I254 0.3215 0.75IG 0.4477 77.4329 19.1026 53.91 C 29.0578

equiv.
Incl. natural gas 3Thou, nr SO 0.2654 0.II6I 0.5706 0.21 23.886 ‘ 10.449 51.354 18.9

coke t 100 0.4222 0.0424 - 0.0323 42.22 4.24 - 3.23
Cvm electric energy Th'.kWh 30 0.0080 0.1777 0.1758 0.0322 2.94 5.3310 5.274 0.966

Outside electric energy I t 25 0.6501 1.0691 1.0032 1.2847 16.3 25.73 45.08 32.1175
Scrap t 28 0.3342 1.0845 - 0.8856 £.3576 30.366 - 24.7565
Thermal energy Gcal 4.0 ■ 0.3305 0.0888 0.2703 0.1356 1.3220 0.3552 1.0812 0.5224
Oxygen Thou.m^ 80' 0.2055 0.03S9 0.0340 0.0406 16.440 3.1920 2.720 3.2480
Blast-furnace blast Th.tr.nv5 2.0 . 1.7646 0.1548 - 0.1058 3.5292 0.3096 - 0.2II5
Compressed air Th.st.nf'1.5 0.0487 0.0976 0.0965 0.1032 0.0731 0.1464 . 0.1448 0.1548

Iron ore t 45 Ï.6632 0.1185 1.6264 0.5124 74.844 5.3325 73.188 23.050
Sinter t 25 0.9937 0.0839 0.0601 24.8425 2.0975 1.502c
Pellets t 20 0.6250 0.0302 1.448 0.3999 12.50 0.6040 28.96 7.998
Sponge iron t 80 — - I.II4 0.2785 — ~ . 89.12 22.28



• ] •• ■ 1 ! r ?rr 1 4 1 H 5----
Iron t 32 0.9463 0.0655

fireclay brick t 1 2 0 0.0II4 0.0335
Silica brick t 150 - 0.0007
Magnesia refractories t 360 0.0026 0.0II7
Fired dolomite refr. t 2 0 0 0.0067 0.0234
Refractories, total t 0.0207 0.0693
Lime t 35 0.III4 0.1225

Electric ferroalloys 1t 260 0.0167 0.0401
DOF steel t 60 I.II4 « ■

EAF steel t 80 - I.II4
Hot-rolled plates t 1 1 0 I I

Total



l b -- T---7— T----- m--- g ~ — n r ~r— n —
- 0.0569 30.2016 2.096 - 1.0208

0.0335 0.0312 1.3680 4.020 4.020 3.744
0.0007 - — 0.0840 0.0840 —
0.0II7 0.0223 0.9360 4.212 4.212 8 . 0 2 0

0.0234 O.OIII. 1.340 4.680 4,680 2 . 2 2 0

0.0693 0.0646 3.644 12.996 12.996 13.992
0.1225 0.I2GI 3.099 4.2075 4.2875 4.4835
0.0401 0.0401 4.3420 10.426 10.426 10.426
- - 66.04 - - -
1.114 1.114 - 89.12 89.12 09.12
I I no no no no

462¡,2 334,5 526,38 375,70

CDO'



Table 29

Determination of complex capital expenditures (fc/t) for production of hot-rolled sheets
T T “ T

Expenditures u .. {Direct j Complex expenditures of raw materials{ Complex capital expenditures, 
jcapital j energy and semiproducts, when using j when using 

a e a m ^ P f n d H _________ _________________________________f.

T T

J'iATi' -nt.ftP,remenï tures* l~ ~  F
r 1  S/Unlt I B0F I

of mea-i _teel ! Scrap
sûrement* oteel j

1 !
! ________IE ~5"

■xxcu-tiia ..bja.ee „q£-------

lron  End 75/ o f f
j scrap j

B01?
steel Sponge

"T T U T .

sponge 
! iron 
j and 79?o
.^OÎ^CTiip,

Fuel t of coal 1.0667 0;3087 0.7323 0.4326 76.6217 13.6618 62.7685 37.3694
Incl. natural gas

c^uxvr
Thou, nr 90 0.2581 0.II09 0.5509 0.2339 23.229 9.9810 50.301 21.051

coke t 100 0.4*6 0.0418 - 0.0318 41.61 4.10 - 3.18
Ovn electric energy Th.kWh v 30 0.0955 0.1741 0.1722 0.0307 2.0650 5.2230 5.1660 0.9210
Outside electric energy " 25 0.6496 1.0394 1.7729 1.2618 16.240 25.9850 44.3225 31.55
Scrap t 28 0.3294 1.0689 — 0.8729 9.2232 29.929 - 24.4412
Thermal energy Gcal 4.0 0.3165 0.0702 0.2572 0.1243 1.2660 0.3120 1.0288 0.4972
Oxygen Thou, nr 80.0 0.2026 0.0344 0.0335 0.0401 16.208 2.7520 2.680 3.208

Blast-furnace blast Th.tr.a¿2.0 1.7392 0.1526 - 0.1043 3.4784 0.3052 - 0.2086

Compressed air Th.st.m¿1.5 0.0910 0.0538 0.0957 0.1023 0.1365 0.0007 0.1435 0.1535

Iron ore t 45 1.6393 0.1168 I.603I 0.5051 73.7685 5.256 72.1396 22.7295

Sinter t 25 0.9794 0.0027 — 0.0593 24.485 2.0675 - 1.4825

Pellets t 20 0.6160 0.0298 1.427 0.394 12.320 0.596 28.54 7.88

Sponge iron t 80 - - 1.098 0.2745 — — 2.196 0.549
C D  —J •



------------- 1----------- r ~ ~r
• — 3— ^

Iron t 32 0.9328 0.0646

i le f r a c to r ie s t 0.0203 0.0681
I n c l .  f i r e c la y  b r ick t 120 0.0II2 0.0330

s i l i c a  b r ic k t 150 — 0.0006

magnesia r e f r a c t o r ie s  t 360 0.0025 0.0II5
f i r e d  dolom ite r e f r a c t o r i e s t 200 0.0066 0.0230

Lime t 35 0.1098 0.1207
E le c t r ic  fe r r o a l lo y s t 260 0.0165 0.0395

BOk s t e e l t 60 1.098 -

¿AF s t e e l t . 80 - 1.098

L o t-ro lle d  sh e e ts  , t 50 I I

Total



! 6
" f * m  *

1---- 8----T ~ T — т ~ г о ~ T U
0.0561 29.050 2.067 1.7952

0.0Ô8I 0.0637 3.564 12.79 12.79 13.804
0.0330 0.0307 1.3440 3.960 3.960 3.6040
0.0006 - - . 0.09 0.09 -

0.0II5 0 . 0 2 2 0 0.9 4.14 4.14 7.92
0.0230 O.OIIO 1.32 4.60 4.60 2 . 2

0.1207 0.1263 3.843 4.2245 4.2245 4.4205
0.0395 0.0395 4.290 10.27 10.27 10.27

- — 65.88 - - -

1.098 1.098 - 87.84 67.84 87.84

I I 50 50 50 50

394.039 2C8.207 459.75 320.531

00CD

J
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Tablje 30

Determination of complex capital expend!tures (î/t) for production of cold-rolled sheets

Expenditures

■L i '* «t
i! of

Direct
capital
expenditu
res,

Î/Unit oJ 
measure
ment

| ' - " ■ ' - - ■ 1- ■ -1 ■ »-> . . 1. 1 " 1. 1. _ 1 1. 11 ' ■- ' ■ ■
: Complex expenditures of raw mate- j Complex capital expenditures, 
• rials, energy and semiproducts, when : when using 
j using |

mea su 
rement !

r| BOF 
! steel
i
i:

--------------— — --------------1 ■ÎÜAF steel on the base of. 1EAF steel on the base of
j Scrap
!
!1

! Sponge 
j iron
!
! ir

! ¿9/» of 
! sponge 
¿iron and 
M %  of 
! scran

BOP
steel

! ..j ,jcrap
!»•
!

j oi 
Sponge j sponge 
iron j iron and 

| 7 9,» of 
J scrap----------- j-------------- ---- 3— Í 4 } 5 ! br 1  V 0 ! 9 1U ! ii

Fuel t of coal I.I453 0.3548 0.7203 0.4901 76.6192 38.6557 53.093 33.3707
Incl. natural g?is

equival 
Thou, nr 90 0.2530 0.0974 0.5711 0.2275 22.770 8.766 51.399 20.475

coke t 100 0.4400 0.0277 - 0.0337 44.0 2.77 - 3.37

Own electric energy Th.kWh 30 0.I03I 0.1860 0.I84I 0.0344 3.093 5.58 5.523 1.032

Outside electric energy tl 25 0.6969 I.I087 1.8843 1.3438 17.4225 27.7175 47.1075 33.5950

Scrap t 20 0.3483 I.I302 - 0.9230 9.7524 31.6456 — 25.844

Thermal energy Qcal 4.0 0.3963 0.1443 0.1308 • 0.I93I 1.5852 0.5772 0.5232 0.7724

Oxygen %Thou, nr 80.0 0.2160 0.0433 0.0372 0.0442 17.28 3.4640 2.976 3.536

Blast-furnace blast Ih.tr.m 5 2.0 1.8390 0.1614 mm 0,1103 3.678 0.3228. - 0.2206

Compressed air Th.st.m? 1.5 0.1007 0.1069 0.1057 0.II27 0.I5II 0.1604 0.1586 0.I69I

Iron ore t 45 1.7334 0.1235 I.695I 0.5341 78.0030 5.5575 76.2795 24.0345

Sinter t 25 1.0356 0.0874 ~ 0.0627 25.89 2.185 - 1.5675

Pellets t 20 0.6513 0.0315 1.5093 0.4165 13.026 0.630 30.18-3 8.33



I  ..........- r rr T ^ - 3 ------------- r ------------ 4 ------------------ r

Sponge iro n t 80 —

Iron t 32 0.9663
l ie f r a c to r ie s t 0.0215
I n c l .  f i r e c la y  b r ic k t 120 0.0118

s i l i c a  b r ic k t 150 -

m agnesia r e f r a c t o r . t 360 0.0027
f i r e d  dolom ite r e f r . t 200 0.0070

Lime t 35 0.II6I
i i l e c t r ic  fe r r o a l lo y s t 260 0.0174
BOI' s t e e l t 60 I.I6I
JSAT s t e e l t eo' -

H o t-ro lled  sh e e ts t 50 1.05
C o ld -ro lled  sh e e ts t 190 I

Total



о Г----ХСГ~!— ГГ- V — Т  « ■ г

0.0683 I .I 6 I 0.2903 •* 5.464 92.80 23.224 .

- - 0.0593 31.5616 — - 1.8876

0.0722 0.0722 0.0673 3.7В8 13.544 13.544 1'4.572

0.0349 0.0349 0.0325 I.4I60 4.1880 4.188 3.90 '

0.0007 0.0007 - - 0.084 0.084 -

0.0122 0.0122 0.0232 0.972 4.392 4.392 8.352

0.0244 0.0244 0.0II6 1.400 4.88 4.88 2.32

0.1277 0.1277 0.1335 4.0635 4.4695 4.4695 4.6725

0.0418 0.0418 0.0418 4,524 10.868 10.868 10.868

— 69.660 ■ - - -

I .I 6 I I .I6 I I .I 6 I - 92.88 92.88 92.88

1.05 1.05 1.05 52.50 52.50 52.50 52.50

I I I 190 190 190 190
602.598- 486.221 672.988 523.086

VOо



T aiilâ  31

Determination of complex capital expenditures ($/t) for production of section structural alloyed steel

.Expenditures
T------- 1-------
j Unit j Direct 
j of j capital 
jmeasu-t expend! 
j renient jt'ures, 

j t/Unit 
!of mea- 

! jsurement
! !
! !
1— 2--- T*

! Complex expenditures of raw ^t'eriais, Complex capital’ expendiYur es, 
| energy and semiproducts, when usin̂ jj when using

!

”!
r
!
!
!
!
!

!
T

BOP
steel

o

! T  1 ¿ %  of 1 BOF
!   ! I sponge ! steel, Scrap j Sponge ,
: ! lron ! 75;S Of !
! J________ ! scran !

V — t— 0

clAP steel on the base of 
r~ of

Scrap ! Sponge!sponge
I iron Jiron and 
! I'75/i of
- ! scrap

1 ---n n — I T
Fuel t of coal I.1173 0.358 0.7099 0.488 72.759 17.187 51.976 26.6426

Incl. natural gas
equival. 
Thou, nr 0.2486 0.0985 0.5555 0.2240 22.374 8.865 49.995 20.160

coke t 1 0 0 0.4244 0.0427 — 0.0324 42.44 4.27 - 3.24

Own electric energy Th.kWh 30 0.09576 0.1758 0.1739 0.0296 2.8728 5.274 5.217 0.888
Outside electric energy " 25 0.6638 I.0614 1.8096 1.2882 I6.5S5 26.535 45.24 32.20

Scrap t 28 0.336 1.0903 — 0.890 9.408 30.528 - 24.92

Thermal energy Gcal 4.0 0.07IS 0.0940 0.2765 0.084 0.2852 0.376 1.106 0.336

Oxygen Thou.m^ 80.0 0.2516 0.040 0.0341 0.0858 20.128 3.20 2.728 6.864

Blast-furnace blast T h . t r . 2 . 0 * 1.7740 0.1557 — 0.1064 3.548 0.3II4 - 0.2120

Compressed air Th.st.m^ 0.0649 0.0709 0.0698 0.0765 0.0974 0.1064 0.1047 0.1148

Iron ore t 45 1.672 0.II9I 1.6352 0.515 75.420 5.3595 73.584 23.175

Sinter t 25 0.999 0.0843 — 0.0604 24.975 2.1075 { 1.510

VO



I  -------- r '2  1 f f ----- ! 4  T S

P e l l e t s t 2 0 0.6283 0.0304
Sponge iro n t ' æ — —

Iron t 32 0.9514 0.659
R e fra c to r ie s t 0.0207 0.0696
I n c l .  f i r e c la y  b r ic k  v ;• t 1 2 0 0.0II4 0.0337

S i l i c a  b r ick t 150 - 0.0007
m agnesia r e f r a c t o r ie s t 360 0.0026 0.0II8
f i r e d  dolom ite r e f r a c t o r ,  t 2 0 0 0.0067 0.0234

Lime t 35 0 . 1 1 2 0.1232
E le c t r ic  fe r r o a l lo y s t 260 0.0168 0.0403
BOP s t e e l t 60 . 1 . 1 2 —

¿AP s t e e l t 80 - 1 . 1 2

Section  s t r u c tu r a l  a llo y e d t 190 I I
s t e e l

Total



Т --T— 7--!--Б--Г" "9--Г~ГО 1 IT
1.456 0.402 12.566 0.608 29.12 8.04
1.12 0.26 - — 89.6 22.4
- 0.0572 30.4448 2.1088 1.8304

0.0696 0.065 3.644 13.077 13.077 14.072
0,0337 0.0314 1.3680 4.044 4.044 3.768
0.0007 - - 0.105 0.105 -
0.0II8 0.0224 0.936 4.248 ' 4.248 8.064
0.0234. Q.0II2 1.340 4.68 4.68 2.24
0.1232 0.1268 3.92 4.312 4.312 4.508
0.0403 0.0403 4.368 10.478 • 10.478 10.478
- — 67.2 — — —

1.12 I.I2 - 89,6 89.6 89.6
i; I 190 190 190 190

533.05 401.168 606.048 457.79

•
-

)l

VO
fo.



On the basis of the total data of Tables 25-31 a following 
overall Table of complex capital expenditures for the production 
of investigated metal products can he made.

7 " Table 32
Total complex expenditures for the production of investigated 

metal products ( $/t }

Type of metal products Complex capital expenditures when using
BCF EAF-steel on the base of
steel scrap spoogé

iron
25% sponge iron 
and 75 * scrap

Heavy steel sections 411.0 284.8 475.0 333.3
Medium steel sections 427.4 298.4 487.3 3 7 3 .5

Light steel sections 416.6 301.2 484.7 3 5 3 .0

Steel plates 5 8 2 .2 4 5 4 .5 646.4 4 9 5 .8

Steel sheets 394 258.3 459.8 3 2 0 .5

Cold-rolled sheets 602.6 486.2 673.0 5 2 3 .1

Structural alloyed
section steel 533 401.2 6 0 6 .0 4 5 7 .8

The values of complex expenditures indicated in the Table 
allow to conclude that the plates, cold-rolled sheets and section 
structural alloyed steel are of highest capital-intensity. This can
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be exp lain ed  by a  high s t e e l  consumption f o r  the production  o f these 

types o f m etal products (1 .114 , 1 .161 and 1 .12  correspondingly) which 

le a d s  to a d d it io n a l con sid erab le  complex c a p i t a l  exp en d itu res. A con

s id e ra b le  fe r r o - a l lo y  consumption has a g re a t  in flu en ce  on complex 

c a p it a l  expenditures fo r  the production o f se c t io n  s t r u c tu r a l  a llo y ed  

s t e e l .  Depending on the m e ta llu rg ic a l route  the complex c a p it a l  ex

pen d itu res are  40 $ / t  h igher in  case  o f EA F-steel on the base of sponge 

iro n .

There i s  a  p o s s i b i l i t y  to  reduce the t o t a l  c a p i t a l  in te n s ity  

by h a l f  i f  to  import sponge iro n , but in  th i s  case  i t  i s  n ece ssa ry
i

to search for currency reserves.

6 . In fluen ce  o f m etal q u a lity  on te ch n o lo g ica l com plexity of

products in  iron  and s t e e l  and consuming in d u s t r ie s ,

The m etal products q u a lity  improvement a s  a ru le  haS an in 

flu en ce  on in c re a s in g  th ree d iscu ssed  v a lu es o f tech n o lo g ica l com

p le x i ty  in d ice s  of these p ro d u cts, but a t  the same time allow s to  

.reduce co n sid erab le  in d ice s  of tech n o lo g ica l com plexity in  the pro

duction  o f c a p it a l  goods and in  other in d u s tr ie s  consuming m etal 

p ro d u cts.

The problem of m etal q u a lity  improvement i s  o f the g r e a te s t  

importance fo r  any country, in clu d in g develop in g cou n tries because 

the use fa c to r  o f m etal products in  d i f f e r e n t  in d u s tr ie s  consuming 

the m etal v a r ie s  w ithin  g re a t l im it s  and eq u als on average to  0 .8 .

Prom the rest quantity of metals nearly 15% is intended for the 
insurance of safety factor which is necessary because of heterogene
ity of steel. Taking account of steel consumption factor for the 
production of rolled products only some more than a half of the 
total volume of produced steel is used in the form of finished 
produot3.
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measures in  any d e f in ite  case  i t  i s  n ecessary  to  determine the re 

la t io n sh ip  between the m etal performance changes and i t s  se rv ic e  fe a tu 

r e s  ( fo r  example, between in crease  of pure and u n iform ity  o f the 

m etal and in crea se  o f i t s  stren gth  and s a fe ty , between in crea se  of 

m etal stren gth  c h a r a c t e r is t ic s  and reduction  of i t s  products mass 

and in crease  th e ir  se rv ic e  l i f e ,  between change o f geom etrical form 

o f r o lle d  products and reduction  of m etal working volume and so  on ).

The m etal products of improved q u a lity  are  eq u iv a len t from 

the poin t of view of th e ir  consuming c h a r a c te r is t ic s  to  a g re a te r  

volume of products fe a tu r in g  ordinary q u a lity . B e sid e s , the economy 

value depends on the p ro cess or u t i l i z a t io n  stag e  where the e f f e c t  

of improved q u a lity  i s  r e a l iz e d .  This i s  connected with the f a c t  

th a t the value of the embodied labour in  the m etal mass u n it i s  

in creased  in  the course of i t s  development from the i n i t i a l  s ta g e  

o f production to the f i n a l  s ta g e  of consumption.

I f  the e f f e c t  from the improved q u a lity  i s  r e a l iz e d  in  the 

p ro cess of metal-working and u t i l i z a t io n  o f the m etal product then 

the economy of the d ir e c t  lab ou r, energy and c a p i t a l  investm ents in  

iro n  and s t e e l  in d u stry  a s  a whole i s  insured due to  r e la t iv e  de

c re a se  o f m etal production , and in  metal-working and machinery -  

due to  reduced volume o f worked m etal and das to  reduced number of 

produced machines and equipment.

In  th is  connection along with r e d is t r ib u t io n  o f these r e 

sou rces within the in d u stry  one should take in to  co n sid era tio n  pos

s i b i l i t i e s  of search in g ad d itio n a l resou rces due to  the economy 

which would be received  by in d u str ie s  consuming m etal and m etal
a

products of improved q u a lity .

lie ta l  products q u a lity  i s  ch arac terized  by a number of pro

p e r t ie s  and th ere fo re  has no unique measuring instrum ent. In
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practice the moat important metal property which is considered to 
be most significant for a given purpose is distinguished as the 
main one. The comparative assessment of metal quality can be per
formed therefore on the basis of this main property (for example, 
according to the strength) provided that all other properties ^re 
within the permissible (for the given purpose) limits.

For steels of ordinary grades, carbon and low-carbon, as 
well as structural and alloyed steels used for the production of 
the investigated metal products, the main quality characteristics 
are yield point and ultimate strength at static test (or fatigue 
limit) and auxiliary ductility (elongation or impact strength).

In the Soviet Union today when assessing the quality of 
ferrous metals as a rule orientation is made on the characteristics 
stipulated by the standards. The standards for ferrous metals 
stiictly normalize the chemical composition of the metal, its me
chanical properties (yield point, ultimate strength, elongation 
or oompression, sometimes impact strength, bending test and others), 
as for quality metal norms for hardness, macrostructure, thermal 
treatment etc. are also established. Àt the same time there are 
more than 100 various increased requirements for the metal quality 
which can be united in 10 groups (TableJ3). All these requirements 
characterize the technological complexity of metal products and 
products of industries-consumers as well as in iron and steel 
industry end lead to the growth of complexity indices values.
~ It is very important to determine the stage of production
where an improved quality effect is realized. This is connected 
with the fact that complex labour, energy and capital expenditures 
are being increased from the initial stage of its production to 
the final stage. For example, if Improved 3teel quality results in 
decreased volume of wastes in metallurgical processes, then the



Table 33

Classification of additional teohnlcal requirements for the quality 
of ferrous metals and the nature of effect manifistation in their use

A d d itio n a l requirem ents 

( in  comparision w ith  

standard Requirements)

A d d itio n a l expend itu res in  the production o f a h ig h e r 
q u a lity  metal

The e ffe o t o f 

metal q u a lity  

improvement
M e ta llic  char
ge cost in 
crease

Prod uctio n  pro
cess cost increase

Technology 
change .

Lo sse s

1 2 3 4 5 6

Lowering in  the l i 
m its  f o r  bulphur and 
phosphorus im p u r it ie s  
content

Lowering the content 
o f re s id u a l chrome.nic
ke l , copper and o th e rs

A d d itio n a l requirem ents f o r  chemical com position

S e le c tio n  o f
pure m e ta llic  
charge (w ith  
utm ost l im ita 
t io n  o f the use 
o f p ig s in  the  
charge)

Se le c tio n  o f me
t a l l ic  charge 
th a t co nta ins  
le s s  airanount o f 
these elements

Increase o f 
heat time (F o r
mation o f Spe
d a i  s la g  o r 
s I og removal)

Sm e lting  in  
eleot r i e  furnace  
in s te a d  o f open- 
-h e a rth  furnace

En su rin g  h ig h  re 
l i a b i l i t y  o f pro
ducts due to  good 
metal homogeneity. 
Improvement c f wel
d a b il i ty  and cold 
re s is ta n c e

Im proving s te e l woi 
k a b i l i t y  d u rin g  pa
te n tin g  and cold  
stamping

Lowering o r n a rro 
wing the oarbon content 
l im i t s

P re c ise  c a rry 
in g  out and 
c o n tro l o f the  
production pro
cess

Com plication o f 
the production  
p ro c e ss,mora 
fre q u e n t samp
l in g

P o ss ib le  due 
to  se p a ra tio n  
o l the metal 
th a t does not 
meet the  
s t r i c t  speci
f ic a t io n s

Lowering tho l im i t i  
o f mechanical pro
p e rt ie s  v a r ia t io n s  
a f te r  heat t re a t
ment

VO
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In c re a sin g  the con
te n t o f a llo y in g  e le 
ments

t

A d d itio n a l 
consumption 
o f fe r ro 
a llo y s  and 
a llo y in g  e le 
ment s

— -T-

1

Improvement o f s tre n g th  
d u c t i l i t y 'd u r a b i l i t y  an. 
metal saving d u ring  use

A d d itio n a l check ana
l y s i s  o f chemical com
p o s it io n  o f f in a l  r o l 
led products

'nr
D ire c t expendi
tu re s  f o r  the  
check a n a ly s is

«

. P o ss ib le  due 
to  separa tion  
o f the metal 
th a t does no t 
meet the . 
s t r i c t  sp e c i
f ic a t io n

En su rin g  h igh metal ho
mogeneity and r e l i a b i l i  
ty  \

t

A d d itio n a l requirem ents f o r  mechanical p ro p e rtie s  .

A d d itio n a l s tre n g th  
and d u c t i l i t y  te s t s —

Expenditu re  f o r  
p re p a ra tio n  and 
te s t in g  o f spe
cimens

— —
E n su rin g  m etal homoge
n e ity  and h igh r e l la b i l  
ty

Boo sting  the standards  
on s tre n g th  and d u c ti
le  p ro p e rtie s

Narrowing the  
content l im i t s  
o f carbon and 
o th e rs

P o ss ib le  du
r in g  o rd in a ry  
opera tions  
due to  so r
t in g  out heats 
not meeting 
the s t r l o t  
standards

Improvement o f  the  
s tre n g th  and d u c t i l i t y ,  
metal saving d u rin g  use

In c re a sin g  the e lse  
o f c o n tro l work —

Exp e nd itu re s  
f o r  the prepa
ra t io n  and te a t 
o f a d d itio n a l 
specimens

—

Duo to  metal 
s o r t in g  out 
i n  in c re a s in g  
the s iz e  o f 
te s t  work

En su rin g  h igh r e l ia b i l i  
ty  o f the metal

VOCO
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Additional requirements for purity and homogeneity
’raoture test for de- SnDuring high Improvement of
crroinlng fibrousness quality raw the production
>t structure materials process,high

qualified per
sonnel

Due to metal ’ Ensuring high reliabili- 
sorting out ty due to the decrease

in brittleness

standardization of mao- Selection of Precise condi- 
ostructure according ingot of tiono of mel-
;o numerical reference strictly defi- ting and casting 
talons ' nite mass and (specifioation

shape of temperature
and speed)

Due to metal 
sorting out

¡on metollio inclusi- Ensuring high
m s  standardization quality raw

materials
Right process In case of very
technology,striot- striot require-
ly defined ingot ments it is ne-
maas,obligatory cessary to
observation of change the pro-
temperature and cess technolo-
slag conditions gy right up to

the use of slag 
and vacuum re- 
melting

Ensuring me tail high 
reliability

Improvement of surface

?
uallty of worked parts 
polishabilit;:) and lo
wering costs of proces

sing at the users premi
ses

lair orack standardi
sation during tests on 
:pecimenn (by gradual 
-urning,magnetic me - . 
;hoda or others)

Specimens oon- 
trol

Due to sor- Ensuring high reliablllt 
ting out of of superduty uteel and 
the metal that improving the surface 
does not meet quality of workod parts 
specified stan- (pollshabillty) dardo for spe
cimens

Standardization of de
fects detected by the 
aser on readv parts 
ihalr cracks)

At the expen- ditto
se of payments 
for sorting 
out parts abo
ve agreed norms

VO
VO



U ltra so n lo  ln sp e o tio n

D eterm ination  o f  the . 
g a s e s  con ten t

In c re a s in g  the e l s e  
o f  work in  m aorostru o- 
tu re  exam in ation

Ш c ro stx u o tu re  s te n 
d a rd i satA oni p e a r l i i e
shape

Carbide network

S t e e l  g r a in

In sp e c t io n  a t  
the m e ta l lu r g i
c a l  p la n t  and 
a t  u s e r s  premo- 
a ia

At the expen
se  o f  payments 
f o r  s o r t in g  
out the m eta l 
a t  the m eta l
l u r g i c a l  works

Improvement o f  the r e 
l i a b i l i t y  o f  h ighduty 
s t e e l  b e fo re  making 
p a r t s  from i t

Expenditure for 
additional tests

Im proving the r e l i a b i l  
ty  o f  s t e e l  t r e a te d  in  
vaouum ,etc.

E xpenditure  f o r  
specim ens num
b e r  in o r e a s e , 
f o r  t h e i r  p rep a
r a t io n  and t e s t

P o s s ib le  due ; E n su rin g h igh  r e l i a b i l  
to m acroatru e- ty  o f  the s t e a l  
tu re  r é a c t i 
on

A d d itio n a l req u irem en ts f o r  m lo ro stru o tu re  and d e c a rb u r iz a t io n  depth  ,

Technology im
provement . ade
quate h eat f r e a t -  
ment

O b servation  o f  
c o o lin g - te m p e ra - . 
tu re  soheduleij mo
re  c o r r e c t  f i n i -  
sh in in g  tem pera
tu re

D eo x id atio n  P re c ise  c a r ry in g  
c o n tr o l ,u su -  out o f  the p ro -
a l l y  w ith  a lu -  d u c tio n  p ro c e ss  
minium

Due to  s o r t in g  Improvement o f  p ro p er-  
out o f  the me- t i e s  u n ifo rm ity  and wo 
t a l  th a t  d oes a b i l i t y  o f  the s t e e l  
n ot m eet:.the 
s t r i c t  s ta n 
d a rd s

Due to  s o r t in g  Im proving s t e e l  toughne 
out o f the me- and en su rin g  h ig h e r  re  
t a l  \  not l i a b i l i t y
m eetin g t
s p e c i f i c a t i o n  
( f o r  more ro 
und s e c t io n s )

Due to  s o r t in g  
out o f  th e me
t a l ,n o t  m eetin g 
s t r i c t  s ta n 
d ard s

Improvement o f  p roper 
t i e s  u n ifo rm ity  o f  th 
s t e e l  and d e c re a s in g  
d i s t o r t io n  o f  p a r t s  d 
r in g  quenching



1 2 3 4 5 6

oC -  phase H igher n ic k e l  
con ten t and 
low er chrome 
con ten t sho
u ld  be used

— —
Due to  s o r t in g  
out o f  the me
t a l ,  not m eeting 
s t r i c t  s ta n 
d ard s

In c re a s in g  s t e e l  d u c ti 
ty  in  hot w orking and 
su r in g  non-m ugnetic pr 
p o r t i e s  o f  i t

B o o stin g  m ic ro stru c -  
tu re  s ta n d ard s —

Im proving tech 
n ology  w ith  adeq
u ate  h e a t t r e a t 
ment

— d it t o
E n su rin g  h ig h e r  r e l i a b  
l i t y

Depth o f  d eo arb u rin a
t io n  la y e r

P re c ise  o b se rv a
t io n  o f  the p ro
d u c tio n  p r o c e s s ,  
a d d it io n a l  con t
r o l

E xp en d itu res 
f o r  te c h n o lo g i
c a l  p ro c e ss  com
p le x i t y  in  
h e ig h ten in g  the 
r e  quirem ent s

Due to  s o r t in g  
out o f  the me
t a l ,n o t  meet
in g  s t r i c t  
s ta n d a rd s

The p o s s i b i l i t y  o f  ap 
p ly in g  ch eaper t r e a t 
ment and re d u c tio n  i r  
w aste s a t  u se r s  premi 
s e s  owing to  l e s s  a l i  
wances

A d d itio n a l req u irem en ts f o r  p h y s ic a l  p r o p e r t ie s

H ardness p e n e tra t io n  
guaranty —

C a re fu ll  d evelop
ment o f  the p ro
c e s s  , narrow ing 
the l i m i t s  o f 
carbon  con ten t

—
Due to  so r 
t in g  out o f 
th e m o te l,n o t 
m eetin g s t r i c t  
s ta n d a rd s

In c re a se  in  the dural 
l i t y  o f  p ro d u cts  o f  c 
surner e n te r p r i s e s

H ard e n ab ility  gua
ran ty —

S t r i c t l y  d e fin e d  
chem ical compo
s i t i o n

—
Due to  so r 
t in g  out o f  
the m eta l in  
c e r t a in  c a s e s

In c re a se  in  the dural 
l i t y  o f  p ro d u cts  o f c 
sumer e n te r p r i s e s

S ta n d a rd iz a t io n  o f  the 
tendency to  in ta r c r y -  
s t a l l i n e  c o rro s io n

S ta n d a rd iz a tio n  o f  the 
tendency to  g r a p h i t i -  
z a t io n

Narrowing the 
l i m i t s  o f r e 
s id u a l  chrome 
con ten t

O b servation  o f 
so ak in g  tim e du
r in g  an n ea lin g  
by d e c re a s in g  
the charge

—

Due to  m otai 
s o r t in g  out

E n su rin g  s t e e l  r e s i s i  
co to  i n t e r c r y s t a l l i i  
c o r ro s io n
E n su rin g h igh  r e l i a b i  
l i t y  o f the s t e e l



2 3 4 5 6

M agnetic p r o p o r t ie s -  
- low crin g  the upper 
l im it  o f c o e rc iv e  f o r 
ce in  lo w -a llo y  e l e c t 
r i c a l  s t e e l

In c re a s in g  the low er 
l im it  o f c o e rc iv e  f o r 
ce and r e s id u a l  in 
d u ctio n  in  magnet 
a t e e l

Due to  m etal s o r -  B o o stin g  the re q u ire  
t in g  out e l e c t r i c a l  p ro p e r t ie

Due to  m eta l B o o stin g  the re q u ire
s o r t in g  out e l e c t r i c a l  p ro p e r t ie

IJe lt in g  o f  s t e e l  w ith  
la d le  treatm en t w ith 
l iq u id  sy n th e tic  s l a g s

S t e e l  m o ltin g  w ith sub
sequent re m e ltin g

A d d itio n a l req u irem en ts f o r  m an u factu rin g  methods

Lowering in  the 
c o s t s  o f  the 
p ro d u ctio n  pro
c e s s  by red u c
t io n  the tim e 
o f  e l e c t r i c  
m e ltin g

D ire c t expen d i
tu re  f o r  the u se  
o f  sy n th e tic  
s l a g , t a k in g  In to  
account e l e c t r i c  
sm e ltin g  speed
in g  up

D ire c t  expen d i
tu r e s  f o r  e l a c t -  
r оs l a g  re m e ltin g  
and a d d it io n a l  
c o s t s  f o r  hot wor
k in g  o f  the s t e e l

A d d itio n a l 
l o s s e s  from 
m e ltin g  l o s 
s e s  and was
t e s

S t e e l  m e ltin g  w ith  sub
sequent re m e ltin g  in  va
cuum a rc  fu rn a c e s

D ire c t  exp en d !-  d i t t o
tu re o  f o r  the v a
cuum-are rem ol
t in g  and a d d i t i 
on al c o o ts  f o r  
the hot w orking 

o f  s t e e l

Im proving m etal r e l i  
b i l i t y  due to  lo w e r ! 
in  su lp h u r c o n te n t,d  
c re a se  in  h a i r  crack  
and n o n -m o ta llic  in 
c lu s io n s

B o o stin g  the r e l i a b i  
ty  o f  su perdu ty  s te e  
owing to  d e c re a se  o f 
n o n -m c ta llic  in c lu s i  
ons,im provem ent o f  m 
r o s tr u c tu r e  and boos 
t in g  the m echanical 
p r o p o r t ie s

B o o stin g  the r e l i a b i  
ty  o f oupurduty s te e  
owing to  the decreao  
in  n o n -m e to llic  in c l  
sions,im provem ent o f 
m acro stru ctu re  and 
m echan ical p ro p e r t ie  
and low erin g the con 
te n t  o f  g a se s

crv
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S t e e l  m e ltin g  in  v a-  E n su rin g  a  
cuum in d u ctio n  fu rn a -  h igh  q u a li ty  
cea charge

S t e e l  m e ltin g  w ith 
subsequent double r e 
m e ltin g

\

D ire c t  exp en d !-  A d d itio n a l I o b - B o o stin g  the r e l i a b i l i  
tu re s  f o r  vaouum s e s  from m elt-  o f  superduty  s t e e l  by

in d u c tio n  rem el- in g  l o s s e s  
t in g  and a d d i t i -  w aste s 
on al c o s t s  f o r  
sm all in g o t s  p ro
c e s s in g

D ireo t exp en d i- d i t t o
tu r e s  f o r  the 
double rem elt
in g  and a d d i t i 
on al c o s t s  f o r  
the hot working 
o f the s t e e l

and d e c re a s in g  n o n -m e ta lli 
in c lu s io n s  and low erin  
o:’ the con ten t o f  gaso

Utmost b o o st in g  o f  the 
r e l i a b i l i t y  o f  superdu 
ty  s t e e l  due to  the do 
c re a se  in  n o n -m o ta llic  
in c lu s io n s , improvement 
o f  m acro stru ctu re  and 
m echan ical p r o p e r t ie s  
and low erin g the conto 
o f g a se s

A d d itio n a l req u irem en ts f o r  su r fa c e  and appoarance

Improvement o f  s u r fa 
ce f in i s h in g  (g r in 
d in g , p o l i s h in g ,e t c ,  )

Roughing , p ia n ln g , 
b r ig h te n in g

Pickling

D ire c t  expendi
tu r e s  f o r  f i n i 
sh in g

D ire o t expendi
tu r e s  f o r  rough
in g  or p lan in g

D ireo t expendi
t u r e s ,  d i f f e r e n 
t i a t e d  acco rd in g  
to  the type o f 
r o l l e d  p ro d u cts  
and s t e e l  group

C o sts  re d u c tio n  o f met 
working a t  u s e r s  and i  
provement o f appearane

L o sse s  due to  
w aste s d u rin g  
rough in g or 
p lan in g

L o sse s  from  
p ro c e s s in g  

l o s s

D ecrease o f w astes a t  
u s e r s  prem ises

C o sts  re d u c tio n  o f me
t a l  treatm en t a t  u se r s  

p rem esis and improve
ment o f  su r fa c e  q u a li t

cU
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1 2 3 4 5

Heat treatm en t

N orm aliza tion  or 
an n ea lin g — D ire c t  expendi

tu re  s , d i f f e r e n 
t i a t e d  accor-

L o sse s  due to
trea tm en t
l o s s

d in g  to  r o l l e d -  
product o k ind  
and type o f  t r e a t 
ment

Ileat harden in g C om plication  o f  
the tech n o logy  
b ecau se  o f  the 
quenching and 
subsequen t tem
p e r in g

D ire c t  expendi
tu re  s , d i f f e r e n 
t i a t e d  a c c o r
d in g  to  k in d s 
o f  r o l l e d  p r o 
d u c ts  and type 
o f  treatm en t 
( w ith  s p e c ia l  
o r  r o l l i n g  p ro
c e s s  h e a t in g )

d i t t o

A d d it io rn l req u irem en ts f o r  d im en sions and accu racy

D eterm ination  o f  s ta n 
dard  o r  m u ltip le  
le n g th

In c re a se  o f  
w aste s  d u rin g  
c u t t in g  (above 
normal p ro c e s
s in g  w aste s)

Accuracy improvement, ___  C o sts  in c r e a se  __  S o r t in g  up i s
minimum c u rv a tu re ,b u c — due to .m ore p o s s ib le  in  ca
b le  s ,  camber s t r i c t  r e q u ir e -  so o f  s t r i c t

m ents f o r  su r -  s ta n d a rd s
fa c e  q u a l i t y ,  
re d u c tio n  in  
r o l l s  s e r v ic e  
l i f e

6

E q u a liz a t io n  and boos
t in g  o f m echanical p ro 
p e r t i e s ,  im proving stceD 
treatm en t

Im proving s tre n g th  pro
p e r t i e s  o f  the s t e e l  ai 

i t s  sa v in g

D ecrease  in  w aste s du
r in g  s t e e l  p ro c e s s in g  
a t  u s e r s  prem ises,

C o sts  red u o tio n  in  me
t a l  working a t  u se r s  
premises



1 2 3
—1

4 5 ( i

additional stamping
. Additional requirements for marking and packing 

—  Direct expen- __ Loss prevention at user.
ind marking ditures premises

improvement of contain- __  Ditto __ Improvement of steel pr*
rs, packing, coating servation in handling a: 

st orage

cSJ
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effect is summerizeti mainly from economy c? «rr.endifcures in steel- 
making and rolling processes.

The utilisation • in machine-building and construction of 
metals characterized by higher strength properties and more rational 
rolled metals ranges insures their reduced consumption, increased 
labour productivity and thus reduced manufacturing and construction 
costs. The utilization of machines manufactured from the metal of 
improved quality v;iii reduce operating costs and will allow to 
minimize the machine stock, energy capacities and so on. Thus if 
the effect from the improved quality is realized in the process of 
metal working and operating of the metal products, then the sum
marized economy in labour, energy and capital expenditures is in
sured as a whole in iron and steel industry as a result of relative
ly reduced metal production, and in metal working and machine 
building due to reduced volume of metal being worked and reduced 
number of machines and equipment being produced.

The efficiency of the utilization of the improved quality 
metal is generally resulted in increased yield in iron and steel 
industry and in efficiency of the use of ferrous metals due to 
their decreased losses with wastes as well as in reduced volume 
of metal-intensive products, in increased safety and extended period 
of their life, in other improved operating characteristics of th9 
machines and products.

The character and stages of the efficiency evidence have 
their specific features.

1. If the effect i3 realized in the process of metal-working 
and the operating properties of the products made from the metal 
of improved quality do not change, th9Q the result will be in re
duced metal consumption and volume of it3 working in metal working



l u !.

industries; For example, the application of rolled sections of 
additional intermediate sizes, steel sheets in coils instead of 
sheets and so on allov/s to reduce metal losses due to wastes. In 
this connection the demand in metal and its working operations are 
reduced and hence required capital investments and current costs 
in metal working industries per unit of this produot are also re
duced.

2, The use of improved quality metals (low-alloy steels, thermal
ly strengthened rolled products, enlightened beams and channels, 
formed sections and others) makes it possible to decrease the mass 
of 1 metre of reinforced steel rods, construction steel structures, 
pipelines, machines and others per unit productivity. In this case 
if decrease in weight of metal products does not affect their opera
tional characteristics (e.g. whils producing fixed steel structures) 
the effect will be expressed in decrease in the metal demand and 
lower volume of its processing [6].

Relative characteristics of metal products quality are the 
coefficients of metal saving. These coefficients show the quantity 
of conventional metal products intended for replacement to be saved 
with the use of ]. tonne of improved quality instead of metal products. 
With the help of these coefficients the effect of the contemplated 
upgrading of quality on the intended outputs and consumption of 
ferrous metals.

The total saving of metal as a result of the extension in 
the range of rolled products and enhancing quality of metal products 
is determined a.=> the product of particular saving coefficient on the 
outstripped increment of the proper types of improved quality metal.

In the USSR the mean value of coefficients for every item of 
improved quality products is determined on the basis of the saving
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specific industry.
For every item the saving coefficient is determined as a

weighted mean,value according to formula :4
C 9  )

where C3j ;/^^¿-coefficients of saving in various fields of the use

The methods of coefficients calculation are differentiated 
depending on the trends of actual saving of metal :

1. Decreasing the weight of products ;
2. reduction in metal intensity of a product U3lng high-quality

3. reduction in quantity of metal wastes when machining the articles
4. increase in durability of articles as a result of

- short-term use with service life less than one year ;
- long-term use with service li+’e more than one year.
Definition of metal saying in reducing the weight of an article

on account of increase in strength properties of metal or use of 
more rational sections is based on the principle of equal strength 
replacement. For every concrete case the principles of equal strength 
are used in different ways : in some cases it it achieved by comparing 
metal consumption for an article, in others - per unit length of 
rolled product. In this case the coefficient of metal saving is de
termined according to formula :

where - weight «f article made of metal of previous quality,t. 
$2 - weight of article of improved quality, t.

of definite type of improved quality metal, 
j ^2 » “ shares of increments of every field in the total

volume of demand in the given type of metal.

metal

( 10 )
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The coefficients of saving as a result of using the metal of 
improved strength properties have substantial fluctuations due to 
different extent of use of properties depending on purpose and condi
tions of operation.

Hence, the actual saving of metal, as a rule, is less than 
the value obtained by the use of relationships between indices due 
to failure to coincide the calculated shape-sizes, e.g. section steel 
with the actually produced shape-sizes.

Besides, the actual value of metal saving i3 influenced by 
the character of load of structure elements (tension, pressure, 
bending, mixed deformation as well as relationship of strained, com
pressed, bended and other elements in various structures).

The calculated section area of tension elements (P) is de
termined, without regard to their length, as per load value (P) 
according to formula :

pwhere B - calculated resistance, kg /cm .
When working for compression -

? =  “far ( 12 )
where U is coefficient of decrease in permissible stress for compres
sed rods.

This coefficient is taken according to predetermined standards 
depending on the bendability of elements.

In case the elements work for bending, the metal saving is 
determined as per calculated resistance ( H ) :

R ( 13 )

where M is bending moment, kg/sm
3W is moment of resistance to bending, sm'.



In the tensiled elements of structures the metal saving, in 
comparison with the increase in yield limit, is less by 15-20%. In ' 
compressed and bended elements of structures the effect is decreased 
more. In compressed elements the effect Is approximately by 50% less 
than in tensile elements and in bended elements by 25%.

On the average, the increase in metal saving is less than 
the increase in yield strength by 4-0-50%.

The evaluation of metal saving when using higher-strength 
reinforcing rod steel is based on equal strength of 1 m. of reinforced
rods.

The quantity of reinforced rods of various grades ( T ) can 
b'i expressed by the given quantity of steel of any grade of con
ventionally equivalent strength which i3 determined by formula :

7} = Krtp * T  ( 14 )
where Kno - Is coefficient of transformation.

where

‘ nP
This coefficient is equal to 

t/ _ /tig, x fCn x fC 
^ • Kni. * K-m I

R* - is calculated resistance, kg/sor
( 15 )

_  is coefficient of strength utilization.
t/___ i3 coefficient of metal utilization.rv /i

The saving of metal is determined as follows : 
in tonnes 9ri * Kn/> ~ ■i
in per cent 9n 3 (i~ fapJ- ) < 16 )

If the use of metal with higher level of properties allows 
to increase equipment efficiency, then coefficient of saving should 
be calculated according to for utla :

t/ '¿ -9  ~ P M t. _ j  , %
' ------p----------- ----~p~------ 1 ( W  Ir 1* 2. ~mt.

where Pni - is consumption of metal of former quality, per an artic3 
- is consumption of metal of improved quality per an 

article.
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i3 coefficient of equivalence snowing the quantity 
cf finished articles of forcer quality that is equiva- 
lent to the quantity of "finished articles" of new 
quality.

The coefficient of equivalence is calculated as follows :

As a result of improvement of a range, shapes and sizes of 
products the quantity cf wastes and savings in metal processing is 
decreased without changing the weight of products. The metal saving 
in this case is determined according to the difference between rates 
of consumption of imported metal of conventional quality in accor- 
dance with formula ;

per article, t
P»2 - is consumption of improved quality metal per 

article, t
The evaluation of metal saving as a result of the increase 

in durability of an article has its own specific features. As a 
rule, the increase in durability does not lead to the change of 
specific rates of metal consumption per article or any other measure 
unit. The increase in durability generally results in the decrease 
of consumption of metal intended for repair and maintenance purposes.

With the durability of a part or an article being less than 
one year the economy coefficient of saving is determined by the 
following formula :

( 18 )
where Qu - is annual output of a "finished article" produced 
with the use of improved quality metal.

CPc - is annual output of a "finished article" produced 
from the metal of ordinary quality.

where

_  P m  i ~ P f * z _ P i  _  j

 ̂ Pm î  P m  ( 19 )
Pni- is consumption of metal of conventional quality

( 19 )

( 20 )
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where IC9. ”  is a coefficient of saving, t/t ;
7^  - is a durability of an article when using improved 

quality metal, t/t ;
^  -  is a durability of an article when using metal of 

former quality, months. ;
The peculiarity of evaluating metal saving with the increased 

durability of an article of long-term use with the durability of 
more than one year is that the achievement of this saving does not 
go in time with the use of improved quality metal.

The metal saving for every year can be determined as dif
ference between :

a. metal production output needed in a particular year for 
changing articles if their durability does not change and

b. metal production output needed for the change of articles 
with higher durability that should be changed in a particular year.

The metal saving for every year is determined by equation :

A t-± ~ Ar-ti ( 21)

where A - is the output of improved quality metal ;
T - is the year for which metal saving i3 determined.
*£ - is durability of articlec made of traditional metal ;
■fc -̂is durability of articles mada of higher quality metal ;

T~i ; T-t± are indices of years for which output is taken.
For evaluating the influence of improvement of metal product 

quality on the indices of its technological complexity it is nece
ssary .o have the values of coefficients of metal saving.

It is expedient to dwell on some examples of quality improve
ment.

The use of rolled products of low-alloy steel insures con
siderable metal saving. Low-alloy 3teels are characterized by higher
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strength properties as a rule good weldability, ability for 
bending and forging, higher corrosion-resistance strength. It is 
expedient to use it for more loaded elements of structures.

In the USSR the most widely used grades of low-alloy steel 
with the yield point of 33 and 4-0 kg/mm2 are C9T2C , 1 4 P 2,

10r 2C1, 15XC3J1, 10XCHB and others. These steel grades are generally 
used for main base structures and elements of constructions and 
buildings instead of normal grade steel CT3 insure the metal saving 
of about 17% (0.21 t/t). The saving of steels with yield point of 
43 to 75 kg/nsn2 can make up in comparison with 3teel CT , 35“*0% 
for the main bearing structures of buildings and constructions.

The use of low-alloy steel rods for prefabricated and mono
lithic concrete structures gives saving of metal in comparison with 
steels of conventional quality by 0 .2 7 5 t/t.

The use of low-alloy steels for hot-rolled sections for 
wagons makes up 0.126 t/t and for sheets - 0.18 - 0.22 t/t. The 
coefficient of saving on account of the use of these steels in the 
USSR accounts for 0.14 t/t in wagon building, 0.l6.t/t in diesel 
locomotive building, 0,224 t/t in metallurgical engineering,
0 .2 3 1 t/t in hoist-transport machine-building, 0 .1 1 0 t/t in 
mining machine-cuilding, 0 .1 6 t/t in coal machine-building, 0 .1 $ t/t 
0.14 t/t in chemical and petrochemical machine-building, C.16 t/t 
in construction and road machine-building, 0 .2 0 t/t in automotive, 
tractor and agricultural industries, 0 .1 6 t/t in ship-building,
0 .1 8 t/t in energy machine-building, 0 .1  t/t in other industries.
The complex labour, energy and capital expenditures are increasing 
while changing steels of conventional quality for low-alloy steels 
less than 5%.

One more method of metal saving by consumers is thermal 
strengthening of rolled products that lies in intensive cooling
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of metal Seated up to a hardening temperature. There Eire several 
methods of thermal strengthening: tempering for flat and long pro
ducts, strengthening of reinforcing rods with the use of rolling 
heating etc.

Thermally strengthened rolled products are used for manufac
ture of building metal structures, rods for reinforced concrete 
and machine-building. The utilization of low-alloy and carbon

pthermally strengthened steel with yield point of 29-40 kg/mm. saves 
0.126 t/t of metal.

When using low-alloy thermally strengthened long and flat 
rolled products in the welded span structures of bridges the econo
my for the substituting parts will comprise 0.28 t/t.

However, according to the figures calculated by experts,
60-120 dollars/t are required additionally in the complex capital 
expenditures of rolled products for carrying out thermal strengthen
ing and other kinds of thermal treatment. But taking into account 
the obtained saving in the consuming industries and decrease in the 
total output of metal it fully proves its value.

The average metal saving from the use of thermally strengthened 
rolled products amounts to 0 .1 7 5 t/t of flats for the construction 
steel structures, 0.28 t/t for transport machine-building, 0 .2 5  t/t 
for automotive industry, 0.181 t/t for heavy and tractor machine- 
building and rod3, 0.277 t/t for reinforcing steel and 0 .2 0 7 t/t 
of long products for machine-building.

One of the most efficient ways of decreasing wastes is the 
usage of die-rolled sections made by helical rolling. The metal 
saving obtained from using these sections amounts on the average 
to 0.13 t/t including for heavy, energy and transport machine- 
building - 0.122 t/t, automotive industry - 1.10? t/t, tractor



and a g r ic u ltu r a l  m achine-building - 0.206 t / t ,  con stru ction , road 

and community m achine-building - 0.236  t / t ,  e le c tro te c h n ic a l in 

dustry  - 0 .13 9  t / t .
\

The m etal ¿aving from using co ld -ro lled  sh eets in stead  of 

h o t-ro lled  sh eets com prises sav in g on account o f more r ig id  to le 

rances (3-4%) and p o s s ib i l i t y  o f using thinner sh eets in  p lace  of 

h o t-ro lled  3heets (15-17%). Hence, the average sav in g i s  evaluated  

a t  20%, and the c o e ff ic ie n t  of saving i s  0.25 t / t .  Thus, the g rea t 

complex labou r, energy and c a p ita l  expenditures fo r  the production 

of th is  type of iron  and s t e e l  in du stry  products i s  ju s t i f i e d  from 

the point of view of reducing tc t a l  expenditures fo r  the whole 

economy of developing co u n trie s .

The c o e ff ic ie n t  c f net&l sav in g  due to  wider use of hot- 

r o lle d  sh eets of 1 . 2  -  1 . 6mm and 2 mm th ick  in  comparison with 

the use of sh eets of voider range o f th ickness amounts to  0 .25  t / t .

The use of co iled  r o lle d  products allow s to  reduce the con

sumption o f m etal on account o f improvement of cu ttin g  out and 

re la te d  decrease in  w astes.

In  e le c tro te c h n ic a l in d u stry  the use o f co iled  s t e e l  makes 

i t  p o ss ib le  to  save 5 - 8% m etal, and in  automative in d u stry  - 5%» 

On the average the c o e f f ic ie n t  o f m etal saving from the wider use 

of s t e e l  in  c o i l s  i s  0 . 05%. *hen using th is  metal the labour in 

te n s ity  o f cu ttin g  work3 d ecreases by 35-40%, and a g rea t number 

of cu ttin g-o u t equipment i s  r e le a se d . The use of co iled  ro lle d  

products c re a te s  al3o  favourab le  conditions fo r  in troducing auto

m atic fo rg in g .

The la r g e s t  demand in  co ile d  s t e e l  i s  observed in  automa- 

t iv e  In du stry , a g r ic u ltu r a l ,  tra c to r  and e lec tro tech n ica l machine- 

b u ild in g .



The conducted, research, allow s to  determine the techn ologi

c a l  complexity of the products of the iron  and s t e e l  in d u stry  by 

3 in d ice s : complex labou r, energy and c a p ita l  expenditures re 

quired fo r  th is  product which give the p o s s ib i l i t y  to determine 

the s tra te g y  fo r  s e t t in g  up and progress of the iron  and s t e e l  

in dustry  c f  developing c o u n tr ie s , requirements in  labour re so u rce s , 

variou s hinds of fu e l  and energy and c a p ita l  investm ents. In the 

research  . a tte n tio n  i s  attach ed  to the in fluence o f le v e l  of 

product q u a lity  on the com plexity of i t s  production in  the iron  

and s t e e l  in d u stry  and u t i l i s a t io n  in other in d u str ie s  of economy 

of developing c o u n tr ie s . The d istin g u ish in g  fea tu re  of the study 

i s  the determ ination o f lab o u r, energy and c a p ita l  expenditures 

fo r  the production of im portant types of metai products with due 

regard  to the most c h a r a c te r is t ic  tech n o logica l rou tes in  the 

modern iron  and s t e e l  in d u stry .

I t  has been found in  the work that the sim p le st route fo r  

in troduction  i s  the process one with m elting ZAP s t e e l  on the 

base of scrap , but fo r  th is  i t  i s  required  to  use s u f f ic ie n t ly  

la rg e  quan tity  of scrap  and th at i s  d i f f i c u l t  to  carry  out in  

the developing cou n tries which have low volumes of the metal 

fund.

The import of scrap  req u ire s  high expenditures in  currency 

and th is  i s  not an e f fe c t iv e  so lu tio n  of the problem of se ttin g-u p  

the iron  and s t e e l  in d u stry . B e sid e s, the excessiv e  import volumes 

could make the developing cou n tries dependent . . econom ically on 

the developed cou n tries and could not contribute to  the achieve

ment of th e ir  p o l i t i c a l  independence. The use o f a t  l e a s t  25 i 

of sponge iron  in e le c t r ic  furnace charge makes the p o sit io n
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e a s ie r .  A ll three in d ice s o f techn ological com plexity of th is  

p rocess route have com paratively low values and can be carr ie d  

out in the developing cou n tries with considerable sav in g  in 

labou r, energy and c a p ita l  expenditures in  comparison with the 

c l a s s i c a l  route (b la st- fu rn ace  - b asic  oxygen urnace) and the 

route based on the use o f sponge iron fo r  charge of e le c t r ic  

arc fu rn aces. The r e a l iz a t io n  o f the la t e r  tech n o lo g ica l route 

lead s to the h igh est values on the metal products under in v e s t i

ga tio n . However, i t  should be mentioned th at the c a lc u la t io n s  

of exp erts are based on the te n ta tiv e  average v a lu es o f d ir e c t  

labou r, energy and c a p ita l  expenditures. In p r a c t ic e , depending 

on the c a p a c it ie s  of iron  and s t e e l  works to  be se t  up these 

values can be changed to  one and the other s id e . The n a tu ra l r e 

sources a v a ila b le  in variou s developing cou n tries a lso  p lay  a 

g rea t r o le .

For in stan ce , when con siderab le  resources of r ic h  iron 

ore and n atu ra l gas are  a v a ila b le  and th e ir  p r ic e s  are  r e la t iv e ly  

low the development o f s t e e l  iron  and s t e e l  in d u stry  on the b a s is  

of d ire c t  reduction  process can score s ig n if ic a n t  advantages.

The system of complex labou r, energy and c a p it a l  expendi

tu res makes i t  p o ss ib le  to a s s e s s  both to ta l ly  and by s ta g e s  the 

demand in  manpower, to  id e n tify  the requirement in the number of 

higher and secondary edu cation  s p e c ia l i s t s  and the requirem ents 

in a l l  kinds of fu e l ,  energy and c a p ita l  investm ents. Thus, fo r  

a works with a cap ac ity  of 1 min t /y e a r  of s te e l  se c tio n s  operating 

with the use o f the route " b la s t  furnace -  b asic  oxygen furn ace" 

i t  w il l  be n ecessary  to have 5,000 workers, 500 engineers and 

¿00 tech n ic ian s, to  consume 1 .1  min t  of primary fu e l  in  coal 

equivalent ; the con stru ction  o f the works w ill demand 400-500 min
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In  case  with a works of the s im ila r  output producing co ld- 

r o lle d  sh eets in  accordance with the same tech n o logica l route the 

above mentioned f ig u re s  w ill  be in creased  correspondingly up to 

8,000 workers, 450 en g in eers, about 1,000 tech n ic ian s, 1 .25 min t  

o f primary fu e l  and 600 min $ .

When the tech n o lo g ica l route i s  based on the use of e le c t r ic  

arc furnaces operating on the sponge iron  the above f ig u r e s  w ill  

be in creased  by 25%.

The developing co u n trie s w ill b en efit a g re a t d ea l i f  they 

use the system proposed by the Sov iet exp erts fo r  the determ ination 

of complex expenditures fo r  raw m a te r ia ls , energy and sem i-fin ish ed  

products required  fo r  the production o f interm ediate and f in a l  

p rodu cts. This system allow s to  observe c e rta in  r a t io s  when c a lc u la te  

the requirem ents of the in d icated  re so u rce s, to  make c a lc u la tio n s  

with the e lim in ation  of some tech n o log ica l s ta g e s  and su b stitu tio n  

of some kinds o f fu e l  by o th ers, to  e s t a b lish  r a t io n a l r e la t io n 

sh ip s between c e r ta in  kinds o f raw m ateria ls  ( p e l le t s ,  s in t e r ,  pre

reduced p e l l e t s  and so  on.) F in a lly , th is  system allow s to  d e te r

mine with the use o f d ir e c t  labour and c a p ita l  expenditures proper 

r a t io s  when c a lc u la t in g  the requirements in  these re so u rce s .

Taking in to  con sid eration  concrete conditions of the deve- 

lop in g cou n tries the tech n o log ica l com plexity of iron  and s t e e l  

in dustry  products which i s  determined by three in d ice s comprising 

complex labou r, energy and c a p ita l  expenditures can be varied  

w ithin ra th e r  wide l im i t s .  T> i values of these in d ice s obtained 

by the experts on the b a s i s  o f average d ata  are n ecessary  fo r  the 

o r ien ta tio n  and approximate c a lc u la t io n s , the f in a l  c a lc u la tio n s  

must be performed with due correction s of i n i t i a l  d a ta . -

While making these c a lc u la t io n s  i t  i s  e s s e n t ia l  to know the
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tech n ologica l com plexity o f the production methods used by metal 

product consumers in cludin g su p p lie r s  of equipment and machines 

fo r  iron  and s t e e l  in d u stry . I t  i s  worthwhile to  obtain  h erea fte r  

the u n ified  in d ice s o f tech n o logica l com plexity in  a l l  branches 

of th9 n a tio n a l economy. T otal labou r, energy and c a p ita l  expendl- 

tu res can be used a s  these in d ic e s . These expenditures are of 

the same nature as complex expend itures, but embrace a  wider 

range of in d u str ie s  w ithin the l im it s  of the n atio n a l economy.

The m erit o f these in d ice s c o n s is t s  in th e ir  r e a l i t y  and 

high u t i l iz a t io n  s ig n if ic a n c e .

The development of Iron and s t e e l  in dustry  i s  connected 

with a wide range of problems, concerning technique and production 

tech n o logies, production organ ization  and con tro l, s o c ia l  problems 

a n d ,f in a lly ,  fin an cin g problems.

The p r io r i ty  of production c o s ts  and fin an cin g i s  of great 

importance fo r  the developing co u n tr ie s .

The development of iron  and s t e e l  Industry  in  the developing 

coun tries today i s  going on due to various fin an cin g forms : 

s t a t e ,  p r iv a te  and complex. The mo3t r e l ia b le  and o b je c tiv e ly  

sound form i s  the s t a t e  cen tra lized  fin an cin g  which con tributes 

main..y to the independence of the country.

The p a r t ic ip a t io n  o f the s t a t e  in  fin an cin g corresponding 

programs on plan b asi3  provides fo r  the proper o rien ta tio n  in  

the development o f the n atio n a l economy, and p a r t ic u la r ly  of 

iron  and s t e e l  in d u stry , in  developing coun tries with due con si

d eration  of the n atio n a l in t e r e s t s .

I t  should be noted that as a ru le  in  the developing 

cou n tries there i s  not production base fo r  the construction  of 

n ecessary  equipment and fo r  th is  reason they have to  address
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in d u s tr ia l  cou n tries and to  buy the equipment on c r e d it .  Under 

these con dition s in d u s tr ia l  cou n tries must play th e ir  p o s it iv e  

ro le  e ith e r  in  one form or another.

t

f '
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