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COMMISSION e
OF THE
TUROPTAN COMMUNITIES

Brussels, February 1975

MEMORANDUM

on the implementaﬁion of an iron and stoel

research programme, with a vieW to obtaining
finencial aid under Article 55 (2) (o) of the
A BCSC Treaiy -

INTRODUCTION

This document contalns a serieg of proposa]s on iron and stecl research
that heve bcen submlttod to the Commis lon reque~ ing finarcial aid under
Ar t:alo 55 of the uCSC Treaty from funds deﬂlved‘from the levies prov1 ded
for in Article 50. It should be pointed out that the preparation of this
year¥s iron and steel research programme bas been accelerated in order to
advance the necessary administrative work and to reduce the time delay xn
.the awurdlng of resecarch antraotse This w111»allow regearch’ needs ‘on the

CSC grogrammo to be met more quickly and the results of the work to be

vmore rapldly uV@ll blo to industry.

The proposed rosearch deals with a wide range of activitics which are
directed at meeting current technological needs within the Community®s steel
industry. The areas covered by this programme irclude : further exploitation
of iﬁdigenous raw maber rials, 1noreas1n cptione in the oonSump%iOn of raw
materiale (replacement of steel scrap by sponge iron or pig iron) in stocle
making, greater'fiexibility invthe substitution of various forms of‘@ne"gy,
lowering proéﬁétion and p*oceSSiﬁv costs, 1mprov*ng control procedures
end the quallty of s’cco1 produo‘cs together with further s tudies on the

utilization of steel in building and engincering structures.
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In the important field of raw materials, rescarch iélﬁroposed on more adse
vanced mining techmiques to further exploit the available’iron ore resourcss
in the Community (P 194 and P 195) while another proposal deals with the
processing of a complex pyrite ore (P 172/é)o In direct reduction and
blagt furnance {echnologyv a number of the projects are concerned with
important aspects of energy consumption and productivity. In particular,

a major effort is proposed on further researoh‘on the injection of rew
ducing gazes as a substitute for coke in the production of pig iron4(P 039).
Earlier rcsults obtained in the BCSC research programme by AIRBO and
Cockerill Ougrée clearly demonstrated the feasibility of this approach to
energy subsititution. To reach a definlitive conclusion, however, on the
extent to which coke consumption can be reduced, it is now necessary to
conduct fulle=scale trials on a large production unit. This fesearch is

not only of mejor significance to the steel industry's energy needs but

is also of considerable interest to fubure developments in coal gasification
and the possible exploitation of nuclecar encrgy in steelmaking. It is
planned to carry out this project in Algeria in collaboration with the
Socié%é Nationale de Sidérurgic due to the availability of low-cost natural
gas coupled with the appropriate preduction facilitics roquired for this

research.

A proposal to further/dévelop the IRSID continuoﬁs steelmaking process
(P 230) represents another large scale research effort in which the scope
for using a granulated pig iron charge in place of liquid metal will De
dnvestigated; this approach is seen as a possible alternative production
nmethod to the stecl scrap (or sponge iron) - electric—arc furnace route

of stéelmakinga

An additional requirement of research ig to protect and extéhd the market
- for steel products so that the community does not become dependent on
oxﬁerﬁal sources of supply. In this regard, two projects are proposed

on electrical stecls (P 166 and P 215) with the aim of stimulating teche
nological development so that improvements in present-day materials can be

realised.
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Other proposals in the field of~usea properties of steel as well as the ro-
lated studies in physical metallurgy'cover additional aspects of product
oriented researche. This effort ranges from investigations of corrosion

(P 199), formability (P 208), fatigue (P 162, P 163) and brittle fracture
(P 165) to more basic studics of the relationship between microstructure
and mechanical properties (P 177, P 188) and of the surface protection of
steel by galvanizing (P 216). | |

At both the produbtion and product lévél, the steel industry requires
reliable and pracfioal methods of measurement, inspection aﬁd #nalysis. L
nunber of projects in this ficld deal with non-destructive methods

(P 168, P 182, P 207) of flaw detcction in semi-finished stecl products.
Control is alsé a major theme in the fesoarch proposéed on rolling; the main
objective is to achieve better dimensional contrcl and fle atness of both hot
and cold rolled material (P 147, P 158, P 186, P 210)‘ |

Rescarch on steel ukilization includes more effort both on the exploitation
of steel in industrialised building (P 143) and on studies of the performance
of structural elcments made from cold rolled scctions (P 192). TFurthermore,

due to the growing-intercst in the use of structural hollow sections, effort

is proposed to generate mochanical property data that are speoif;gally“required

to establish wniform design criteria and spccifications (P 212).

411 the sclected progocts have been approved by the Iron and Stcel Technxoal
Rescarch Committec (CRT) as top priority uﬁd reoommended for flnanulal aid

by the Eurorcan Coal and Steol Communltyo
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- THE RESEARCH PROCRAMNE

"IRON OPI?NIHES“ Programme

Tn the light of the changlng circumstances which have affected
world raw material markets, continued working of the Commun;ty 8 dron
ore mines is an important factor in maintaining the independence of the
iron and steel industry. The ore extracted has the particular advantage
that it can be used either as the basic element of the melt or-as an

additive to regulate the basicity.

To be able to keep the iron ore mines in operation, the presenﬁ
rate of technical progress must be maintained and sfepped"up if, &espite
wage increases, costs are 0 remain competitive with those of imported -

oT'eR.

The aim of current research is to replace the presént method of
extraction (winning by blastlng) by ore based on mechanized winning of
ore. This new approach is “the outcome of enOOuraglng'trlals carried eut
‘1n connection with earllnr research and is in response to the rlqlng cost
of exp1031vesg it should also ena%le hltherto unworkable average segms

~ to be mlned.

IT. "DIRECT REDUCTION" Programme

. The three research projects have one thing ln,oommon' %heg,all

pﬁovide for the use of cheap charging mate“1a¢u._v;,‘ e

> The Rotored process has beennewly developed by CSM in Rome. Its
A :

further development is of particular interest because ore fines (saving

in pelie@izing costs) and cheap fossil fuels can be used, capital costs

are Very‘iow‘and a molten reduction product is obtained.
AN

The Novalfer process is-one of the direct reduction methods
operating on the\T}uidized bed principles Here too ore fines can be
used. However,‘hydrogeh“is used as the reducing agent with an eye to. the

future cheap production of this reducing gas by nuclear energy.

The third project is aimed at the processing of calcined pyrites
containing Zn and Pb into pellets suitable for use in a direct reduction

process. Prospects for the sale of pellets containing Zn and Pb to blast
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;furnace Oﬂ®“a+o_m are> steaasly d@terﬂoratzng both because of thelr 1ower
s*rength and bécause of tkc envlronmental proulem~ caus:d by lead and
,21nc,’uome dlrect reaaetlon p;OOeSS@S ofxer - at Ioast in theory - a
solution: to.the proolem. The maln puvpose of uhls n“ogect 1s therefore
‘1;to a11cw better use to be m&d? of a local raw mute¢lﬁlg the 30 m:;llon t

‘uonne pyrlte oeposlt of Camw*ano 1n Tuscany.

IIIo‘"BLAST FURNACE“ Programnﬂ

. £ Three progecﬁs come under th@ headlng of burden preparumgon’
ny]l?G‘ Solzd fuels for ﬁhe produof;cn of 1ron pellet°’h
é];él?;ﬁelatuons be+wvon the morpho‘oyy and qual 1ty of smnher : _
Pviﬁéz'Tnvestlgatnon of 1mportant metallur ucal relatlongh*os 1n vhe-g

o 31n$»f1ng of 1ron ores. T n;'! L  v"»:'i;:§(f;~
oy Tﬂu energy requ¢red for tho flrlng of pelletg-ls gcnerally supplled
;*qih'fhe form cf natural gas cr 011. In progect P 126s part of thzs ene gy
is to be repla@ed by addlnw sokld fuel to the pelle Sa Pre¢1m1nary ‘
eru? ments have shown that energy ﬁaf"nns of around 40 OOO kcal/tonne
1pellets caﬂ’be exdebﬁe& from ﬁhls. A, l)~¢) i 1ndr 82 in output 15 alsgo;:
pos 51b}e bccausc oP the Qhorter flrnnn perloa. Be% er plant Uk 1llzat10nx
and energy COnserxatLon are therefore the maln amms oP this researcha
Reoearoh proaects P 151 and P 156 are fo be carrled out in very closm
‘oooperal;onu Both are ocnaerned al*h SLnter qual %J ‘

‘”P 151‘im dc°1gned zo 1nvest1gwte mcrn d]osely the relatlonmhlv between

%

IGtrucutre and qualilv »-suoh as cold qtrength, @at strengwh and 1‘ff'
redu01b111ty. ' A . ; o ’, ‘ : o
Project P 156 will QanStl” be the reLatlonshlp betwwen faobors such as

3pec1flc s1nterlmx eff c,@ncy, Fuel requirements, particle svve, strwnnth,

P@dﬂ(;bllity and deoomg051tlon oa reiuctlon. Prev1nuﬂ résuits 1n tllq
fiela’ cannot be tranﬂw rred to large modern plaat, Conscquﬂntly there
is a serlous 1ack of 1niormatlon to ‘be chﬁlf ed, B
The other thlee blast furnace research progecus oome under the neaﬁlng
of bl st furnace tecunolo prcoele,ﬂA ’ v - ’
P 039: Blowing of hot rmformed gas into -the blast furnaéé

P 130: Investigation of burden movement

P 155: Optimization of the pig—casting machine process.

The Commission has already helped to finance earlier research

on the blowing of hot reformed gas into the blast furnace. However, the
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Cexperlments then carrled out’ at AIRBO and 1 ter at Cockerﬂll Ouﬁree left
three 1mportant questlons unanswerea. e
1. Jhat ig the maximum quantlty of coke that can be replaced by reauclng
e R - : S . _ A
42;JqOW does & large blast furnace behave in pontznuous operatlon wnen th"'
teohnology is nsed? ‘ : o

3. What 1mprovements in efficiency are possible in a Specific blast furnace?

To answer these questlonsy experlmentw 1n a large blast furnaoe (
(P 039) W1th a capacity of at least 1500 tonnes p01 day are requlred. /
The results of such research are of oreat general 1nberest to the Eurcpean
steel industry, malaly\ln;connectlon~W1%h the current,effOrts t0 ga81fy
£68811 fuels by nuclear energy. As the right economit and supply conditions
for this research cannot be found in the CommunitY‘af‘thé“préséﬁt time,
it is plannea to carry:out the project in an Algerlan steelworﬁs
(2000 tonne blast furnace of the %ocleié Nationale de Slderurgle 1n[Annaba)
This will reduce the cost of the research to about onewthlrd.

[

Research progect P 130 conrevns 31mulatxon experlments on the,
descent of the stock in the blast fuxnace. The pnrpose 1s to anestlgate
tne relatlon hlps between hwng1ng, tuyere spaclng, tuyere dlameter and.”
bridg1ﬁg between tuyeres. Tne results should supply dﬁﬁa and guldellnes .

for 1ndustr1al practlce."

, Progect P 455 is desxgned to obtaln better utlllzation of plgmca tlng
machines. Tt 1s a known faot that most plgmoasﬁlng machlnes at present
op@rate well below thelr maxlmum capaﬂlﬁy. The aim is to reduce unpro~,

ductlve 1&19 tlme and thms lmprove its oastlng yleld.

The 1nvest4gaulon is also expeﬂted to prov1de 1nf0rmat10n on the
“optimum mould for a given p;gyform.‘Thc‘lntent;on is to produce a mathe»
matical model for the whole process which will enable the degree of . -
effiﬂiéncy to bé ascertained, even ih éXsiting plants,'Preiiminary S
1nvest1vat10na indicate that: if rasults are favourable a rOduotlon in !

costs of 1. 15 - 1 75 DM per tonne pig iron can be expected..
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IV - "Steelw
1V, "“TI“”ZW(:RR“ mﬁcmm

As usual, the re%ea:ob progcct° in. the etoeL plant pootor arc extremely
varied, renging from theoretical metu¢lu.gy to the flrot dpnllcaﬁlon of a
new technical process. The Commission proposes %o aid a total of nine
projects in this sector.
Thgozetionl metallurgy_ L
‘The thernodynamic data required in. ferrous motal’uroy are generally avail-
gble only in a very scattered form, if indced they are known at all. This
situstion will be remedicd by project P 148: Preparation of ‘a data programms

in the field of metallurgical thermochemistry..

Elgclrochemi sty

Project P 154 (study of clectrochemical deoxidation and desulphurization on
a semi-industrizl scale) is the continuation of carlier pr0300+ that received

EOSC aids The first part ostablished theorctical principles such ag s

i
o
(6]
o
[0}
e
i
o}
&
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on of the most suitable slag ccﬂios¢ulon
- 1nveseigatfon of elewt“ochemloal eff ﬂi"ncy '

- est ab41uhmcnt of cleotrical paramotcrs (currenu deﬁ; by, eta).

In thelbfépqsed phaéé, the iabdratory resulis are to be tried out in a
planfoﬁ on seni-industrial scale. If the resulis obtainzd so far prove
correct, it isg possible to obtain sulphur contents as low as 0.001 % in
avrelat;veky short time {about 20 minutes). The process is also of 1ntcrest
Abecéuoﬂ desulpburization ig not tied to a spoctfﬂc ga%t of the plantg
Similar cunsiderations spply to aoox1lut¢ona A far+h3 advantage in doe
ox¢dwtlon is thn ?aot shad tho ad dition of deox:d1zer can Bo>partLy or

oomplot 21y &b andoncd‘

Speeial ISR process

e B o

Project P 57 (Prouuotlon of a 1900 mm generator shaft by welding two
parts together by the c;ec‘troslab prOooss) repres“nts a practical appli-

o

cation of electroslag technology. “he European gteel 1ndustpy is here
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trying to fill a technological gap that has existed\for many years. All
generator shafts for nuclear power stations of 800 MWe and over have at .
pregsent to be made in Japan or America as the European steel ihdustny is
unable to supply the necessary ingots, The projeet is of 1mme&1ate
interest and great importance.

Project P 167 (novel slag systems for clectroslag rcmelting (ESR)) is
closely concerned with melting technology. 4 supplements the project
P 0830 rcoommended in the second rescarch programe for 1974 which has the
same aims the development of slags that are non-polluting and non hygroe
soopico However, different binary and ternary systems will be irvesti~v
- gated. The technical and ¢conomic interest of the research iles in +he
intention to devolon the ISR process to the s+uge where it will be
possible to make stoels with a very low hydrogen content.

Cogting and solidification / continuous casting

‘ Projects P 174, P 099 and P 173 centrc mainly on the inves%igation of the

metallurgical processcs taking place in casting and solidification. .

Projeot P 174 concerns scgreogation in wideeend=-up ingots of 4-6.5 tonnes.
The‘problom is particularly relevant to special Stoels and arises in /
connection with the move towards larger ingotse. The purpoge of the
rescarch projcet is to reduce segregation and rcjects to a minimum by
means of spegi&l ingot mould design measures and an optimum height to
cross-section ratio, o

Projocts P 099 and P 173 are designed to investigate the effect of clectro-
magnbtic stiwriww of a continuous slab casting in the mould. The proaeoto
are ooo¢dinatod, have similar aims, but adopt different methods. The

main aim ig to improve the surfade quullty and reduce the number of non-

metallic inolu51ﬁnso

- Project P 173Na}so aims to influence the course of sclidification in such
a way that fromhthemsﬁructural point of view a virtually unkillsd stecl:
is obtained. If gpoa‘réﬂults arc obta ned the market for continuously. .
cast products would,be;grzt#lv erlarvnﬂ )

L
P
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ﬁutomatlon

Project P 22T ( automation of oxygcn stcelmuklnb plant) is a contlnuatlon anG

extension of rescarch alrecady in progress at ARBED.

It is now plamned to test at ARBED other esutomation models'develo?edlbyvgther
stoelworks and institutes (IRSID, CRM, Hoogovens).

Alongside work on ARBID's general aim of automatic process control by a
dynamic model, based on reaction Linétics, tests will be carricd out on a
model to prevent slag foaming dovelopeﬂ by CRYM and = mcdel to narrow the
temperature rangc durlng refining prepared by Hoogovens. IRSID has doveloped

its own dynamic model. which will also be tested in Hsch-Belval.

Continuous refining

Projeet P 230 (continuous oxygen refininz process with solid charge) is the
first technicdl application of the process dcvclopoﬂ by IRSID under an ECSC
agreement, The proccss was originally developed for a hot metol charge.
Instead, preheated granulated pig iron will now be charged. The CO gas proé
duced by the refining process will be used for preheating. The heat balances
pre?ared show that the process is sélfasufficient as regards encrgy. Howevér,
it has not yet been tried in practice; and that is the purpose of this pfo?”
jeot. | S o -

From the economic aspect, this typé of sfeelmaking repfeéenfs an’advanfégeous

alternative to the melting of direct reduction pellets in the electric arc

furnacc.

P

V. "ROLLING MILLS AND PROCESSING" Programme

The  quality of Burepean rolled prbduotswis of very.great. importance in ensur-
ing their success on.the world market. With the current deterioration in the
cconomic situetion®it is necessary to improve still further the competitives
ness of Buropean rolled products by maintaining ocur technclogical lead. ..
Consequently the IBuropezn rollers are presenting a research programme aimed
specificially at obtaining better geometrical properties of wide sitrip.

Four studics are designed to improve the thickness uniformity and accuracy

of rolled products, with increased production and bettcer flatness as

complementary results.
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One study is aimed at obteining greater accuracy in the width of the product.
One project, moerc in the naturc of basic rescarch, should enable better roge
ulation of hot rolling mills 4o be cbtained by increasing the knowledge of
the phenomena governing metal flow in stecl undergeing forming processcs.
Finally, the last project is related to contemporary problems (enorgy and

environment) and aims to optimize slab reheating.

VI "MEASUREMINTS" Programme

The actlvitlcs that come under the hoadlng "Mcasuremhnt Control, Exwmlnat1on
and lualysis in Iron znd Steel® include the analytical techniques, non-
destructive testing, and any cther method used in the inspection of compdnents,
or of assemblics, provided that it docs not affcct their ultimate use.

A very wide variety of techniques are employed, all of which have as their

main objectives :

- improvcmcnt of product quel:xtJ7
- ratlonallzatlon of all scctors;

~ reduction of prcduction costs.

Tﬁé:developmcnt of these techniques is made neocessary not “only by'dhanges
in metho&s omploycd in the maklng, processing and fabrication of steel?

but also by more exacting standerds of quality. The resecarch projects fall
within the category of schemes aimed ot evolving new methods ana/br adapt=-

ing existing ones to meet industrial needs.

VII. “USE PROPERTIES" Programmec

a) Holdability

Maintenanoce of the meohanioal properties of the parent metal in the heat-
affedted sone is a subject of constant concern to both the producer develop=
ing rew grades and the user who has to meet incredsing'difficulﬁy‘technological

requirements.
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b) Corrosion
It is not easy to find a soiﬁtion to thﬁlprbblom of protecting thin sheet
bofore formlng and a number of oomﬁlcmentamy studies in rclated flCldS are

noededo

o) Formgbility

Two major problems arise in the forming of sheet: to obtain 2 gbo& surface
finish and to ensure that the mechanical properties of the sheet used are
inherited by the product, whose own properties mey be improved by the forme

ing operations.

a) Fatiﬂue
Better understonding of fatigue behaviour by struo*urol d051ﬂners would

enable safely factors to be better asscssed gnd oould then lead to &

better evaluation of the design coofficicnt for s*hru.c’cures°

e) Erittle fracturg

The factors influ@ncing the risk of brittle fracture in welded steel con=
structions have been studied throughout the world, rzssulting in various -
approaches to the problems of ensuring fracture safe design. Mony current
desipn standards utilize the Charpy test as a measure  of material toughnoss
in oungonctxon with experience and in some cases with laboratory type tests.
More recently fracture mechenics epproaches have been increasingly adopted
and proposals to include the results of thesée tests in.revision of standards

are now being made.

') Heat_treatment

Tho study of fhe'effecté of ‘heat treatment on welded structural stecls is
still of great interest, cspocially as increasing use is being made of steecl
dgrhdes w1th higher mochanlch propertlos for technological purposes. The -
proposeu rcsoarch progects, suoh as the gtudy of ‘crack formation and investi-
gutlon of the effect o¢ the dxmcn81ons of *he assombled parts, will enable -

provross to be made in this flcld. )
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The feetors influercing the risk of brittle fracturc in welded steel con-
structions have been studied throughout the world, re ulting in various
approaches to the problems of ensurlng fraoturc safc design, Many current
design standards utilize the Charpy test as a measure of material téughness
in conjunction with experience and in some cascs with laboretory type tests.
More recently fracture mechanics approaches have becn incrceasingly adopted
and nro“osals to include the results of these tests in revision of standards

ar¢ ncw being mede.

£) ~ﬁp§§;tgegﬁgpgﬁ“

The study of the effects of heat treatment on welded structurai'steels is
still of great intcrest, especially as increasing use is being mede of steel
grades with higher mechenical properties for technological purposes. The
propoSea rescarch projects, such as the study of c¢rack formation and investi-
gation of the effect of the dimensions of the assembled parts, will enable
progress to be made in this fieide V

g) Elgctrical shegt

The most important commercial soft megnetic material is gralnworientod gilicon~
iron which is used in larwe quantities in thc cloctrical 1ndu~try. The amocunt

of grain~oriented material produced is steadily increasing each year; in

1969 over 200,000 metric tons were produced in Burope. The total tonnago

of electrical steel (oriented and non-oriented) made in the US4, Europe (the
EEC countrles) and Jepan in that year was 657,000, 933,000 and 686, OOO metric

- tons respectively, most of which was of non~oriented grades. In BEurope, the

major portion was consumed in home markets, although France and Belgium have
important export markets. Another country with large eiport markets is
Japan, whose production since 1959 has quadrupled, so that it is now probably
the worldt!s largé$tvproducer of electrical steel apart from the USSR.

hs 1% scems that ho now matorial is 11kely to replace grain-oricnted silicon=
iron in the forqseeable future, it is 1mp9rtant to strive for a further un-
derstanding of and impfévements in present-day matorial. Over the last few
years economic coﬁéidefations have tended to become increasingly important

in large transformers and rotating machines,-so'users of the material are
anxious for further progress.
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VIII. "PHYSIC&L METALIURGY" Progoramme

Rcsvarch in the field of physmcal netallurgy has, as its ultlmate obgectlve,
the generatlon of approprlate background information needed to brlng about
advances in the prooes31ng, sorv1ce progertles and utilization of steels.
The research proposed below satisfies this requlrement and deals with
strengthening and precipitation mechanisms, the effect of hot deformation
on structure and a basic study of the parametcrs governing the galvanizing

of steel.

This research will contribute to advancing our current understanding of
the factors governing such‘impérﬁant aspects of physical metallurgy as :

- relationship between micrestructure and mechanical propertics
(strength and toughness):

- influence of precipitates on toxture development of sheet steel;

- precipitation phenomena and deformation strcesscs during hot deformation

(rolling);

- role of base metal composition and process variables on the galvanizing

of steel,

IX. "UTILIZATION" Programmec

From studies carried out by the Steel Information Centres at the request
of the Statistical Office of the Furopcan Communities, it appears that the
construction industry accounts for about 25-35% of the total consumption

cf steel in the Community.

We continue to devote great attention to this sector, which is of consider-
able importance for steel utilization, mainly in order to encourage the
idca (which it is hoped will be given practical expression in the near

future) of the optimum use of stecl in building.

Thig idea is reflected in the resecarch proposals selected.
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e "ISCELLANEOUS" Prosramme -

Lt present almost three million tonnes of.granulate& blast furnacé siag aré‘
used in France as a binder for road foundations out of a total granulated

slag production of six million tonnes.

The proposed programme makcs an importantlcontributibn to the mofe profitéble
use of this by-product.

The proposed rescarch is of great interest to the iron end stecl industry

in Prance and in the other Community countrics.
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CONCLUSIONS

The total budget for the selected research programmes amounts to
31.961,776 vea. (at the conversion rates in the ECSC balance sheet for
1974). The ECSC's financial commitment will bo 15.507.872 w.a., of which
15.056.185 ue.a. will go to cover its participation iﬁ the rescarch costs

and 451,687 u.a. to cover the cost of disseminating information and

related costs.

Armmex 1 ¢ Summary table

Annex 23 Research projects
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 COMMISSION , - AY/IIT-B-4/T4-E
OF THE Annex 2
FUROPEAN COMVUNITIES —

Brusssels, February 1975

v

THE RESEARCH PROJICTS

o MTRON ORE" PROJECTS

P 194 ~ Trials of winning high-silica ore in longwall faces using cutter-
loaders

- Previous trials have shown that it is possible to conirol the roof

of a short face by means of powered supports.

Present research is geared to industrial—soale tests to see whether ore in
1ongwa11 faces can be worked under good safety condltlons using cutter=
loaders, powered supnorts and an AFC and whether output can be programmed
and a yield obtained which is hlvher than that achieved by traditional -

' méthods..

" The main parts of the programme are as follows :

1) Definition of the geometrical layout of the area to be worked

2) Determination of optimum characteristics of the cutter, powered
supports and the AFC i’."' o

3) Control of grouﬁd moveménts

4) Assessment of the ore recovery rate

5) Estimation of the economic returns =

The tWOﬁyear programme will be directed’ by the "Chambre Syndloale des

Mlnes du Fer de Frenoe“ in Parls (F)
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P 195 - Trials with the continuous miner in calcarcous ora

Earlier trials in France and West Germany have shown that it is technically
posaible and econcmically profitable to win high-silica ore using a con-
tinvous miner. Calcarecous ore is harder and less homogeneous than highe
silica ore and has differert abrasion properties. In France for example,

it accounts for 80 % of the normal extraction from the Lorraine Basin,

It would thereforc be worthwhile trying to win such ore by mechenical

means, and thig technigue could also be used to work average scams.

Trials would consist of ¢
1) Determining the opbtimum cutting characteristiocs of a Jeffrey mincr
in more than one calcareous seam uging several cutting heads and

. {
several types of pio«laoinv patterns.

2) Developlng a system for withdraw1ng the- ore extraoted by means of
- belt conveyors. ’ ‘ '

3) Aéséssing the eoonomic returns of this method of extraction.

The two«year research project will be carried out by the "Chambre Syndicale
des Mines de Fer de France" in Paris (F)

II. "DIRECT REDUCTION" PROJECT

P 082 - New processes for direct reduotlon 1n 1iQU1d4pha$e ‘

The Rotored process is a smelting reduction process that is in many res~
pects comparable with the Ecketorp or Dored processes. '

The main component of the installation is the rotating cylindrical reactor.
The ore and reducing agents are charged.and the oxygen and additional

fuel injected through rotating, vertically displaceable lances inserted
from above. The ore and ful are alternately projected against the cylinder
wall. ‘
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The existing 1 m high plant is to be enlarged so as to provide valid

data on

T

the iron yield (establishment of matcrial balance)
the energy consumption with various types of cnergy
the refractory wear

" the uses of the molten metal.

The work is belng done at the Centro Sperlmﬁntalo Metallurglco in Rome,

Italy, over a period of two years.

P 153 - Admptatlon of the Noval for fluldlzod~bed rcductlon Progess to

" the bulk processing of ores

In previous oxporiments (ICSC Agreement 6210.76 with IRSID snd CSM)
quantitative data have been obtained on the influence of the ore in the

fluidized bed and the optimum service proegsure for hydrogen.

In the current phase, experiments with threc fluidized beds operating
in series arc to be carried out.  Prercduction to wustite will be done
in the first reactor with partiall y oxidized gas. - The main reduction
will be done in the second reaotor and the flnal degree of reduction
will bo obtained in the tblrdo

The eurrent plant oon513u1ng of one reactor will therefore be enlﬁrged
by the addition of another fluidized bed. A gas cleanlng plant mugt also
be installed. - . ‘ .

The work is to be done at the Institut de Rcchercho de la. Sidérurgie

Frangaise in Ma1z1cres—leu~Metz, Francc, over a period of 3 1/2 years.

P 17é/éi" Production of pecllets by dircet reduction of calcined pyrites

centaining Zn and Pb

Rotary kiln processes, such as %he Krupp rotary kiln or the SL/RN, process,
are the most suitable for the direct reduction of pellets containing Zn

and Pb;, and consequently the resecarch is limited to them. The following
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arc nlanned

(a) preparatory laboratory experiments, particularly of a physicai and
chemical nature, to investigafe the reactions between zinc and lead
oxides and the iron oxides and the gangue;

(b) experiments in a pllot rotary klln, first to try out various fuels
and then to investigate operating conditions such as throughput
rate, reduction temporature, temperature profile in the kiln, ete,
The distribution of Zn and Pb will also bo ascertained (in the
pellet, in thc waste gas and possibly in accretions or rofractories);

(c) experiments with the reduced pellet. In addition to the normal
 ‘pellet tests, melting tests in the clectric arc furnace will be
carried out. '

The work is to be done by the Centro Ricorche ¢ Sviluppo Solmlnc in Rome,

I%aly, over a perlod of two yoars.

ITI. "BLAST FURNACE" PROJECTS

-~

P 126 - Solid fuels for production of iron pellets

In a number of scattered cxporiments it has been found that an increase

of about 20 % in production can bc obtained by adding solid fuel when
firing hematite iron ore pellets. Energy consumption in making hematite
pellets is about 100 000 kcal/tonme higher than for megnetite concentrates.
It appears possible to replace about 85,000 kcal/%onne by adding solid
fuel. This means that by adding 1.0-1.5 % solid fuel to hematite pellets
the cnergy consumption in the form of natural gas or oil would remain the
same as for the.firing of magnetite pellets. The experimental pyogramme
is designed to supplement the tentative experiments carried out éo far by
a systematic investigation. A variety of solzd fuels such as coke breeze,
charcoal, 11vn1te, coal of high and low volatllzty and. potroleum coke will
be systcmatloalxy investigatod to ascertain the optimum quantity and size

inge
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The ores investigated will be hematite, hematite-simonitc end hematito-

magnetite mixtures.

The firing experiments will extend primarily to simulation of the travelling

grate process an&llater the grate~kiln process.
The possibility of firing in the shaft furnace will also be explored. The
pellets from the best experiménts will then be tested for their chemical

physical and metallurgiocal properties.

The rescarch will be carried out by the Studiengesellschaft fir Eisenerge-

aufbereitung in Sicbenburg, Germany, over a period of three years.

P 151 - Relationg between the morphology and guality of sginter

The texture analyser developed by the Institut de Recherches de la Siderurgie
Francaise (IRSID) ond made by Leitz is the mein instrument for this research.
Tt analyses and records quantitative ‘data on the following components

simultancously: meagnetite, hematite, wustite, gangue, voids and ferrite.

A wide range of sinter mixtures will be made under varying operating con~
ditions in an experimental shaft furnace in order to obtain a broad spectrum
of sinter qualities. These will then be systematically investigated with
the structure analyser and at the same time the conventional éinter tesgts
sich as cold strength, reducibility and decomposition on reduction will be
carried out. In the most characteristic cases the sinter speciments will

be reduced in counter current operation so as to monitor with the analyser

the changes in structure during reduction.

Sinter tests in industrial plent are to be carried out at the same time to
investigate the influcnce of the composition of the blending beds on the
morphology of the sinter. The industrial results will then be comparcd
with those obtained in the pilot plant.

This work is to be done at the Institut de Recherches de la Sidérurgic

Frangaise in Maiziéres-les-Metz, France, and is expccted to teke two years.
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P 155 - Invegtigation of impcrtant météilurgical relationships in the

sintering of iron ore

In this research project it is plammed to investigate . systematically

once again the metallurgical relationships connected with sinter. The
reason for this is that sinter is exposed to very much greater mechanical
gtress in new plants than in old ones. The following experiments are

planned @

(a) The investigations will be carried out on simter from high-grade
or¢ with an average Fe content of 60 %. Coke breeze of propertics
remaining constant throughout all the experiments will be used
as supplementary fuel, the volume being varied.

(b) The basicity will be varied in stages from 0.25 to 3.5. Limestone
will be used as the basic material in one seriés of experiments and

. magnesite in the other.

~ (o) Mechanical stress will be determined at four stress levels in the
tumbler test (10, 20, 70,'250 revolutions).

(d) The proportion of returns will be kept constant in each series
of experiments (two proportions, 30 % and 60 %)

(e) The factors to be determined or measured are size grading, sinter—
ing efficiency, fuel consumption, tumbler strength, degree of
oxidation, reducibility, resistance to degradation and struéture.

The structural analysis is to be carried out at the Institut de Recherches
do la Siddrurgie Frangaise (IRSIID) with the texturc analyser dcscribed
in ‘connection with P 151,

The work will be carried out by Mannesmann, Diisseldorf, Germeny, over

é-periog of two years.
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P 039 - Blowing of hot reformed gas into the blast furnsce

" The preliminary work will take about three years; during that timc the

following will be done 3

(a) pfoparatioh of the project study, estimate of'prime costs, conclusion

of the necessary contracts;

(v) supervision of the construction work in Annaba and acceptance of the

plant;

(c) training of the necessary personnel in the Community° The experiments
will be cerricd out with engineers end technicians from the Community.

.The experiments proper will take about one year.

. Pirst oil will gradually be replaced by reformed gas until the injection

. technique is properly mastored.
Only then will coke gradually be replaced by reformed gas.
~ In the final phase experiments to increase efficicncy will be carried out.

In all the experimental phases the substitution r@lationships‘will be
precisely determined and chemical and physical measurements carried out.

On completion of the okperiments a critical cconomic study will be made.

Tﬁoycénﬁraotjis to be concluded between the Commission and the Centre de
Recherches Métaliubgiquos (CRM) of Lidge, Belgium, which will manage the
whole research project. The actual experiments will be carrdied out on
the 2000 tonne blast furnace of the Société Nationale de Sidéru:égié in
Ammaba.,

The total duration of the research will be about four years.
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P 120 -~ Invegtigation of burden movement and the'consequent £a8 pressure
drop ' ' ' '

With increasing hearth diameters, the gas flow problems in the blast
furnace are increasing. Individual phenomena such as the descent of
the stock can very well be investigated on a model. Experiments of this

kind are plammned in two experimental plants:

(a) Experiments with sublimating particles
A three-dimensional blast furnace model is to be constructed on
which the ndmber, angle of inclination and diameter of the tuyeres
can be varied. It will be charged with paradichlorobenzene pellets
which sublimate whon air is blown through them. Decomposition
therefore occurs in particular in front of the tuyeres. The burden ‘
movement is monitored optically by colour-tagged particles or by
means of X~ray absorption measurements. The parameters in the
measurements arc volume of blast, particle diameter and size dis-

tribution.

‘(b) Experimenfs with ﬁon—sublimaﬁing particles ih'an éxperiﬁéntal plant
with mechanical discharge o
These experiments will be carried out with one sublimating and one
non-sublimating component (coke, formed coke or lime). Again the

descent of the stock will be monitored by means of marked layersw

In all the experiments pressure drop measurements will be carried out
over the full height.

The results will be stored and analysed by computer. They will be deg~
cribed by means of a mathematical model.

The rescarch will be carried out at the Institut fiir Wirmetechnik und
Industricofenbau of the Technische Universitit Clausthal, Germany, over
a period of three years.
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P 155 - Optimization of the Pig Casting Machine Process

Tlg casting machlnes are O*enerally uscd well below their maximum ca-
pacity and it has been estlmate& tnat over a 20 9% increase in effi-
ciency could be reqllzcd bv reducln ‘unproductlve non-operating times
and improving the casting yield. Such anlimprOVement'in operating
efficiency would lead to importanf economic gains for pig iroh Tro-
ducers. To establish the scope that exists for such a uevelopqent

a test programme'has been prcposed aimed at the op%imizatlon of
various operational parameters including'casting temperaﬁure; method
of mould cooling and iron composition for different pig forms and
~different types of moulds. The project will consist of four parts :

(1) direct enalysis of machine characteristics

(2) thermal balance studies of the mould

(3) developrient of o mathemcotical model end , .

(4) apvlication of the model to determine maximum perﬂls%ble strand
speeds,

This project will be carried out jointly by Socilété Saulner at
Uckange (F) and Institut de Recherche de la Sidérurgie Francaise
Maizidres~les-Mets (F), over a period of 1 year.

b

V. ‘NS EELWORK" TROJECTS

P 148 « Data nrogramme in the field of metallurgical thermochemistry

Thefappiication of thermochemical pfinciples ahd‘dafé_tqvihdustrial
problems involving metallurgical eguilibria is a réiafiﬁeiy'new
field of technology. There is not as yet a general technical
ew%Leness of the UﬁOSp@CtS for developnent that is offers.

Althouzh a iew 1aboratorles in varxous oountrleq are vpry active
in the flelc of thermochemis s try, the pr Llcql man suffers the
disadvantage that the avallable information is wvery widely scat-
tered in the 11teraturb.v In ad dltlon, thbre are stlll apprecliable
gaps that inhibit practical apollcat;on,
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In this research project, it is pianned to remedy the last two disadvantages.
The most important data for the ferrous metallurgist will be collected in

the form of a reference work and much of the data will have to be reexamined.

Spocial attention will be paid %o iron alloying systems of the binary and
ternary type, with the cmphasis on elements Ni, Co and Cr. The research
will be carfied out at the Institut fiir theoretische Huttenkunde ofthe
Rheinisch Westf#lische Technische Hochschule Aachen, Germany,'over‘a period
of thtce years. . ' ' ' a ’

P 154 - Electrochemiocal deoxidation and desulphurization on a semiéinduStridl

scale
+ SR

This work is a continuation of the.results obtained in an earlier ECSC

research project.

The research again covers pig iron and steel. Both solid and liquid slags
are considered as clectrolytes. Lime or dolomite with 3-8 % CaF92 are-to
be used as solid slags and the liquid slags will be those of the Cal = CaFém
A1203 gystemo : '

The experiments will be carried out in a 300 kg orucible. The clectrode
material is graphite. The anode is in contact with the slag, and the
refractory-protected cathodc with the metal,

. After installation of'the necessary electrical equipment; the metallurgioal
pos31bllit1es will be investigated, having r@gard to Faraday efficiency

and attalnable curront densities.

The costs of clectrolytic deoxidation and desulphurization will also be
dete'rmincdu Then the agitation effect, the heat transfer through the
, Joule effect and the puriﬁy of the metal will be investigated. ‘

The rescarch will be carried out by the Institui de Recherche de la
Sidérurgie Frangaise, Maizidres-les-Metz, France, and the estimated

duration is one year.

%
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P 157 = Production of a generator shaft with a barrel diamcter of 1900 mm
by welding two parts together by the partial clectroglags process

The research embraces three different problems

(a) Two parts of 2100 x 2100 mm and a gcnerator shaft of 1900 mm diameter
are to be welded together by the partial electroslag process developed
by the applicant. B |

(b) PFirst of all, preliminary tests arc to be carried out to ascertain
whet sced charge is necessary to obtain a fino-grained primary grain

in the weld metal;

- (b) /Thé weld scam must be forgeable and heat-treatable. To detcrmine

these properties speoimens-will be taken after the first welding
operation (but before quenching and tempering). The remaining
paﬁts will then be welded together again, quenched and_tempered*'
and tested. |

The rescarch will be carried out by Rheinstahl Huttenwerke AG at

Hattingen, Germany, ovcr a period of one year.

? 167 - NOVQI slag systems Tor electroslag remelting

Sl@g‘uséd in the elecfroslag'refining process arc conventionally based on

calcium flworide. This family of sl"gs has been widely developed to meet
elcctrlcﬂl, ‘thermal and chemical requlroments for almost all ferrous or
high melting point metal applications. Preliminary experiemnts carried
out by BSC have shown, however, that important advantages mayvbe.obfained
from the use of fluori@e»free compositions of eléétroslag remclting, ‘It’f
is proposed, therefore, to cxtend %hisfinitial work. to optimize’thg
observed advantageous!features and to estabiish the limitations of low
fluoride or fiuorideaffec slags. Compositiohs will be selected from
combinations of CQO~A1PO3 and CaO~M@OmA1203 and similar slags containing
up to 10 ¢ A CaF. Somc of the trials w1ll be corried out on large ingots,
€ogo 300 - 400 mm dlameter, to ensure thct conclusions obtalned from

pilot plant work apnly on a commcr01al scale.
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The proposced research will be carried out by British Steel Corporation
United Kingdom, over a two~yea& period and will be closcly cowordinated
} with a number of projects in this technological field zhat are currently

recciving ECSC support.

P 174 = Segregation of widewend-—up ingots

The objective of this research is to assess the influence of ingot design
variables on the centre segregation pattern obtained in wide~end-up
ingots used in. the production of special steels. From a better wnder—

- gstanding of thé cffects of the sgpeeific variables of ingot height to
cross-gection ratio and ingot taper 1t should be possible to cast blggcr
1ngots' such a development would lead directly to improvements in steol-‘
works .productivity and reduce throughput cogtss The mean cross-section
of the ingots would be 0.54 m, 6 m and 0,65 m and ingot heights would
be chQsen to produce ingot weights in the range of 4 to 6 tcns,

This proposed research will be carricd out by British Steel Corporation,
Uniteq Kingdom, and the estimatcd duration of the progremme is 3 ysars.

P 099 - Electromagnetic stirring of a continuous slabMCa«ting‘in the mould

In a previous rescarch pro3ect supported by the ECSC, prcllmlnamy tests
were carried out on cloctromwgnctlo stlrrlng in continuous castlng. They
related to billets and were intended solely to establish efficient flow
conditions by clectromagnetic mcans and to determine the optimum

clectrical parameters.

:"In the current resoarch progoot, 1t is prOposod to desmgn a spe01al mould
with a wall thickness of onLy 30 mm. Attempts will then ‘be made to obtain
an efficicnt stirring effect with relativoly small current 1nten@ities,

so as +0 improve the surface quality of the contlnuous castlng and

roduce the number of inclusions. '

Tho work will be done by tho Institut de Recherche do la Sidcrurgle
Frangelse in Malzloreeules~Motz, Francc, and 1s expected to take two
and a half years.
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P 173 ~ Zlectromagnetic stirring of stoel during}soiidification with

particular rcference to continuous casting

Improvement of surface quality and reduction of inclusions are also .the
aims of this project. Another special aim is to obtain the structure of
a virtually unkilled'steel‘by‘means of electromagnetic stirring.

Unlike project P 099, it is here plamncd to uséknormal, commercially
available moulds. The electromagnetic equipment will be adepted to require-
ments. Whereas project P 099 will be carried out in a pilot plant, this

rescarch will be done on an industrial scele.

The rcsearch is proposed by the Brit 1sh Stnel Corporation, United Kingdom,

¥

P 227 - Automatlon of oxygcn st eelmakimg‘plant‘

Slnce 1970 ARBED hss boon engaged in rosearch on the avtomation of oxygen
steelmaklnb plantA(ECSC Agreement No. 6210.58).

Under this agreement, ARBED was to cquip its stecl plant with a computer,

o mass spectrometer and the neccssary intorfaces for data colleétféh and
regulation of the contrel circuit. It was also planncd %hat ARBED would
pu$ into operatlcn other automation models or control systems supplied

by other 1nst1tutes or ocompar anics. IRSID, CRM ahd HOUgovenSQEstel ‘e¥pressed

ﬁhelr 1ntorost 1n OOOperatlng in tho project.

(=) IRSID

IRSID would be 1ntcrestvd in te ting the dynamio'autdmatibh models
relsulting from its own research. ‘The cxperimeﬁts\could cover the
following points : e

_=:use of a suitable:metallurgical relation betwecn rate of carbon
o drop and carbon content and a‘c9ntro1‘a1gorithm for‘sﬁbpﬁing the
vbloW°-v‘; A | _ - - 4
= use of contlnuous argon measur@mcnt in tha wagte gases (and 1f '
necessary in the blowing oxygen) to calculate the gas flow escaping

from tho converter and slag decarburizing and oxidation rates.




(b)) om
. CRM
1)
2)
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will investigate ¢
the causes of the overflows currently obscrved and

the relationship with reaction paths and charge characteristics.

A mathematical model will he>designed Tor continuous caleulation

of the carbon and ocygen reaction paths. Off-line processing

will be carried out to‘ihvestigatovthe_parameters accounting for

- an overflow. At a later stage on-line operation will be used

to minimize overflows.

(¢) Hoogovens-Estel

- Hoogovens will test its LD automation model using an off-line ﬁfocess,

It is mainly interested in studying the possibility of narrowing the

temperature range at the end point by recalculation of the heat

balance a fQW'minﬁtes bcfore'ti1ting of the converter. The calcul-

ation would be based on the gas oxidation ratc in the converter and

the iron content of the slag.
k(‘d) ARBED
. For its part, ARBED would :

1) meke aii‘its'équipment’and programmes available for the studies;

2) extend the equipmeﬁt 80 the rescarch could be carricd out: under
optimum conditions. ARBIED plans to put the converter on balanoes
and acquirc a mass spectromecter with single collector plate for

- determination of argon.in the blowing oxygen;
3) meke its team available to coéperate in‘thefmeasuréments,

statistical analysecs, model design and programming.-

‘The research will be carried out by ARBED, Esch-Belval, Luxembourg, the

Institut

de Recherches de la Sidérurgie Frangaise, Maizilres-les-Metz,

France, the Centrc de Recherches Métallurgiques, litge, Bolgium, and

Hoogovens-Estel, Ijmuiden, Netherlands, over a period of threc years.
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P 23¢’- Contlnuous oxygcn reflnlngAprocess w1th Solld ¢charge

The rescarch programme. W111 be carrled out 1n a 35 t plant to be newly
bullt at the works of ARBED»Felten & Gullleaumc in Cologne~Mulhelm, This
plant will be the first olets klnd on aqklndustrlal scale and consists
of a rofary kiln to preheat the granulated pig iron, a continuous charg-
ing device, the IRSID-dcveloped plant fbr’continuous refining, a waste

gas cleaning system and measurement and control equapment.;

Long-term testing of the plant will be carried out first, with a gradual

move towards the charging of solid materials only.

Then optimization tests will be conducted, special attention being paid
to heat losses at the reactor, afterburning of waste gasés‘and preheating
of the granulated iron. ‘

Finally, various oharglng materials will be tried out, 1ncluding sponge

irone

The research will be done by ARBED-Felten & GQilleaume, Germany, and the

Institut de Recherches de la Sidérurgie Francaise, France.

The expected duration of the research is three years.

V. UROLLING MILLS AND\PROCESSINGU PROJECTS

P 124 - Optimization of slab reheating

Changes in the respective costs of electric power and foseil fuels and -
the constraints imposed by the need to avoid pollution militate in favour
of the substitution of électricity for combustible fuecls whercever the

conditions for substitution are propitious.

A case in point is the roheating of -slabs, where it is possible to couple
a flamc furnace for the lower heat levels with an electric induction
furnace. to attain the higher lcvels. '
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The present researchhpfojedt prbposes:to,ekamiqe this combination of fure
inaocs with a view to determining the confifurationé thaf are mbst advan—- = - =
tageous for the purpose of obtaining less atmospheric pollution, a greatly

reduced noxsc level, higher output with lower energy oonsumpt1on,band

finally more even hcating with a- lower rate of oxidation.

The implementation of this project, which will take five ycars to complete,
is to be entrusted to the Prench Institut de Recherches de la Sidérurgie,

Maiziéres—les-letz.

P 147 = Control of product width in wide-strip mills

Euronorm standards 29~69 for hot-rolled plate do not permit any minus
tolerance in the product width. -To allow for normal variations‘in'width,
therefore, the producers of hotwrolled strip are obliged to supply products
that are 12 to 18 mm too wide along the whole length of the strip. This-
involves a loss of production in the order of 30,000 tons annualxy for a

\plant producing 2,000,000 tons a year.

This research project is aimed at‘achieﬁing an appreciable‘reéuctionyin
this loss of output by :

1) investigating the causes of the variation in the width of the s%rip;

2) working out an improved rolling techniqué'based on the information
acqguired;

3) finally, applying the new methods on a modern wide~strip.mill.

‘ The implementation of this progect, whlch will cover a thrcewye%r period
is to be assigned to Betriebsforschung VDEh., Disscldorf.

P 158 - Thermal variations in roll cambcr in a tendem COldvrolling mill

To ensure the flatness of cold=rolled strip, it is essential thaﬁ’ﬂnifcrm
thickness be maintained over the whole width of the product despite |
deflection and wear on the working rolls. This”resuit is obtained with
difficulty by various means (machined camber, natural thermal camber or
counter=deflection), usually in combination. Ah original new method has



-

P 119 - Adaptive sot-up of a tanéem;cold rolliﬁg mi1l

e 1T« - 43/1T1-B-4/715-E

reoehflyzbeen'syggeste ely, ‘that of controlled thermael cember obtained
by the differential dis%ributidn‘df heat over the width of a2 roll. ‘Thié
mcthod, which in theory is promising, is the subject to be studied in this
projéct. It will be applied to a rosearch rolling mill with a view to
developing a method that can be used on modern tandem mills for cold—l'

rolling.

The implementation of this project, which will cover a ﬁWOﬁyear period,
is to be assigned to the Max-Planck-Institute, Disseldorf.

P 186 - Thermal variations in roll camber in a hot strip mill

The transverse profile of the strip leaving a rolling mill is an important

factor in the quality of the product. One of the techniques that are used
to obtain the desired profile is that of adjusting the roll camber. A cone

- venient way of achieving this end is that of counter-deflection, which is

at present the subgect of an ECSC research project. Since this method
is not widely used, however, it seems,expediemt to study the possibility

cf controlling the thermal camber by adjusting tho roll coollng spray

‘The pronosed research w111 bc dlrected towards :

1) The dev010pmeﬂt of nathematlcﬂl models for forocasting the thermal

ambcr of the working rolls of a continuous hot-rolling mill.

2) The study of dynamlc varmatmOns of the thermal camber resulting from
adjustments to the roll cecoling system, and the development of a
tochmique for controlling the cooling system.

Tho implémenfétibn of this project,which will cover a period of two years,

" ig being assigned to the Centre de Recherche Métallurgique, Litge.

o

[ T

Modern cold rolling mills arc gonerally regulated before the strip onters

them by means of an off-line mathematical model that is often simplified

. and always imperfect becausc of the complexity of the phenomcna involved

in cold rolllng.: This method results in a certain degree of scatier in

properties of the finished product. Feedback (adaptive) control techniques
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provide an answer to this problem by enabling the mill tovbe.cqntinuously
~adjusted to the properties of the-stripwduring rolling..

The statc of the rolls must also bo known for caleulation of the optimum
set=up for entry of the strip. Consequently models must be deﬁeloped‘to.
predict thermal variations in roll camber and adapted to on-line adjustment
of a rolling mill.

The proposed research project involveg a study of these two subjects in order
to reduce scatter in the thicknesses of cold=-rolled strip and improve its

flatness.

This fourqycar progranme will be carried out at the Centro Sperlmentale
Siderurgico in Rome, Italy.

The more speeific problem of roll camber will be studied at the Contre de
Recherche Metallurglauc in Liege, Belglum, OVOr a perlod of two ynars.

P 175/2 ~ Development of = mathematical model for~thu prcdlctlon of metal

~flow in stecl undergoing hot forming processes

Much work has been done in an effort to describe metal flow during hot
forming by rolling and, to a lesser extent, by forging. Most of the exist-
ing modeéls sfﬁdy‘thc phenomenon on the assumption that the temperature
distribution in the material. bcmng worked is uniform. This hypothesis is
never correct in practice and thc models thercfore calculato operatlonal
paramcters (force, torque, power) with a degrnc of upprox1mation that can

be very disturbing. This project aims to provide a more exact calculation
using the method of finite elements to ‘determine the dlstrlbutlon of stress
and resultant strain durlng the fcrming process, the tcmperature distribution
‘(as a funpction of timo) being oalculatcd durlng the heaﬁing and forming pro~

oosscs..

;The model will be tcstod'on 5 varlety cf speommons exposed to varying tem~
porature and formlng condltlons.r ' ‘ : T

-
¥ |
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The cxpected results will allow bebtter prediction of the oxact operational
parametcrs for hot rolllng and consequently w111 improve relling efficiency

in both qualitative and quantltatlvc terms,.

This study will be carried out at the Swindon Laboratorics of the’ Britzsh

Stoel Corporation, United Klngdom, over a period of three years.

P 210 ~ Vibretion and friction of a cold tandem mill

In the ooldzreauotion of very thin sheet, vibration and a chattoring
phenomenon appear above a certain speed. Thése cause thickness defects in
strip that nccessitate rejection. * At present, reduction of rolling mill

speed is the only course open to the roller, with the consequent loss of

production. The reasons for thevocdurrencg of this vibration are not yot

known.

The purpose of this rescarch projcct is to demonstrate the factors involved

aln the ocourrenoc and contlnuatlon of v1brat10n and then tb deflno ways of

av01d1ng 1t.

‘Thls study will be cnrrxed out at the Centre de Rochcrche Méta 11urgique

at Llogo, Bel glum, over a perlod of four years.

VI. VYMEASURFMINTS' PROJECTS

P 168 - Ultrasonic holography for the inspeetion of thick sections

The use of ultrasonic hologra?hy as an improved method of exemining the

vdlmen31ons and shaoe of a defect w1ll be studle& more partloularly in oon=

nection w1th very thick stcol platcs, tho aim belng to make it casier to

-assess the 1mportance of a dcfect from the poxnt ‘of v1cw of tho use and

_service life of tho component.
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The first part of the rescarch will investigate the utility of uwltrasonic
holqgraphy with diffraction wave scanning, both for general inspoction pur-
poses and for the more'spécific‘pdrpose'df,exﬁminihg welds in thick plates.
The second part will be concerned with its uscfulness in improving the
resolution of the B scanners which arc being used more and more for examine
ihg thick sections. The study should result in an improved cost/bfficiency
ratio for the quality control of thick steel components by pormitting a
more accurate asscessment of the nced to remedy a particular fault either

at the time thacompoﬁéﬂt is placed in service or during operational use.
Having a better knowledge of the dimensions of the defect will make for
better judgement of its rcpercussions and the avoidamde)of prcmature wear

on the part in question.

The woerk is scheduled to last three ycars and will be carried in the U.K.,
at the Harwell Atomic Energy Roscarch Istablishment and the British Stecl
Corporation. ‘

i

P 181 - Inprovenent of the surface guality. of hot~rolledJstrip by autématic

“inspoction on the strip mill

If full advantage is to be taken of the very high productivity of modern
strip mills, therc must be facilities not only for continuous checking of
the geometrical and metallufgioal pafameters suck as we have at present,
but also for comtrolling the quality of the plate. The first problem has
been solved by the oombincd usce of measurement rcoorders,. mathemetical

" models and control loops, which together form the process control aspcct

of rolling., At present, however, the control of quality (considered in
the normal scnsc as the presence or otherwise of intermal or surface dew
feots in the plate) continucs to clude automatic control, and it is this
gap which the proposed research is designed to remedy . - at‘leaét as regards
the surface defoots =~ by developing a visual mcthod based on the usgjof
in%egrated photodiode batteries in conjunction with a high-spced electronid
scanner depending on the width. This work, which is ekpqéted_to last three
years, will be conducted at the Institut de Recherches de la Sidérurgie o

/

Frangaise at Ste~-Germain-en-laye, France.
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p 182 - Developmenh of new indus tfiéi'bdﬁibmcnt for the detection of sure

M*aoc defects hy cddy curren%s with a view to 1mprov1ng performances

Vln the automailc control 1f iron and stoel products

Although the guality control of iron and stocl products has nade great

‘strides in regard to the automatic detection of internal defects, notabky

by the use of ultrasonic techniques, the samc cannot be said of the methods
of detecting surfacc defects, These are highly detrimental to the majority

of products, and may also cause incidents during fabrication. WNot surpris-
ingly, thcrcfore, there is fﬂlt to be an urgent need for a method of

revealing surface defcots at any sta@e 1n the fabrication of steel. The
most suitable tochnlque for solv1ng these oruok~detect10n problems is that
of non~dostruct1ve tcstzng by eddy currcnts, which is better suited to the
productlon rhythws of the iron and steel 1mdustry than techniques such as
dye ponetrant testlng or magnctio nartlclo testing, which are harder to
autamate.' During the last few years? howevnr, it has been found that, in

1ts proscnt state of uevclopment, the cng curront test method is not

/antlrely satlsfactory &8 applled to iron and stecl.

Aware of the importanoc of this inqpcofion perlomfand the difficulty of

,Llndlng a sutisfactory answcr, tho IRSID has beon ongagod for several years

in a major laboratorx pragect 1nvolv1ng re~cxamination of the basic

_principles of this technique of testing by cddy currents. Judging by the

favourable results obtained in the laboratory, this rescarch, which has
bean SubSldlzed by thn ECSC, anpcars to have born fruit, and the task.
that now remains is to apply to 1ndustr1 1 practico tho theoretical know—
ledge already acquired. This is what it is hoped to accomplish in this

_rescarch projoct whloh will be carrled out over a three~yoar period by

the Inst1tu+ de Rcchercbos de la Sldorurﬂme Frangalse at’ Ste.~Germain-en-Lay.

P 189 ~ New developments in dircect-reading optical emmls ion spectrometry

;VW1th 2 vaow to spcodln up and atlonallzlng the nccessary proéﬁss of -
J‘change 1n analytlﬂal chomistry, ppsﬁ Cemmunlty research Programmes have
, 1noluded subaocts QGSl“nG to trJ out’ technluuas and equlpmont in course

of developmcnt and asccrtaln the advantmgos of’ applylng them for the

1nopectlon of iron and stoel matericls. The 6evclopment of emission
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sources for spectrometric analysis comes within this category. Latély,
there has been a trend towards replacing the traditional sources (arcs

and sparking devices) by souchS'qfwhgllowfgathodgatype. What still has

to be done, however, is to study the possibilitics thoy pffer.in regard

- to both the cquipment and the various ﬁatcrials that have to’Be‘anéLysed
(castings, alloy'orAnon~dllqy steels, stainless stéels, forrp—allqys;:e{cgs
thié is the purpose of thi§ projcot, which is Being'conducﬁcd ovér a ﬁhre@-

year period by the Centro Sperimentale Siderurgico in Rome (Ifayy).

P 200 -~ Development and implomentation of methods for the routiné,spéctro-

chemical enalysis of non-metallic substances ﬁsingAa grimm lamp

The aim of this research is to apply and develop the Grimm lamp principle
in the spcotroanalysis of non-metallic substances. In the first instance,
efforts would be directed to evolving a gencral-purpose procedurc specially
gearcd to the requirements of the iron and steel industry, c.ge, for analys-
ing any kind of oxide. This might be followed by work toxdetormine the
accuracy, fitncss and spced of-fhc"proceduro - rescarch into the best way

of preparing the testepicces, with special attention to certain techniques
such as crushing, $reatment with tannin; and compaction.- Detormination'g
of the granular structure required to obtain a high leovel of accuracy

where concentrations of homogeneous and heterogeneous mixtures arg present.

Thig projcct is to be carried out by the Dortmund Institutc of Spectroshemistry
and Spectroscopy (West Germany) in association with the: Verein Doutscher
Piscnhiittonléute in*Dﬁsseldorf'(Wés% Germany )« It is scheduled to take two

years' C : Ce PR . C o e

P 217 - Study on the application of the glow discharge '‘source for the deter
‘mination of metalloids, with gpecial attention tc their surfacs
Cdistribution .

e

The metalloids in steel arc analysed by a number of methods involving claseical
and instrumental chemistry and spectrometry. . In regard 'to the last-named,
classical optical emission spectrometry permits the; simultancous analysis of
carbon, sulphur, phosphorus and: boron in.addition to:the mgtalli@;el@ments.

4 new source of exeitation bascd .on glow discharge has come to-lights . ;-
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The IRSTD will endcavour to Cevelop spoctrometric glowwdischarge‘aﬂakysis
of the metalloids in steel, end to show that in this way valuable infore
notion can be obtn 1nod on the d:s*rlbutlon of thoee elumnnt on and below

the surfece..

Tho work will be agsigned to the Irstitut de Recherche de la Sidérurgie

Pfrongaise at ubo*GGrﬂalﬂw“ﬁmLCJO \Pruncc) It is schoduled to cover a two-

. 4

year. ])(""‘lf)ﬂ a

P 100 - Hetimote of borsn in golid sola#xon in stegl and 1te effeots on

nitic‘aﬁd rartensitlr h@r&cnablll

I{'has,lqng‘beo ‘kjown thwt boron can improve the hardﬁnablllty of ¢teels,'
S0 fdr, however, it hUu not bcen QQSQIDJ@ to determine its ﬁxact cffoct
~before and aurlng 1sruen1np, anl ite gencral belaviour fr”m the meltlng
bath to the lagt thermal treaiment carried out- tu thc user of the boron
stocl. It is as sumcd, therefore, that boron is responsible for both tne
fevourable and the less favoureble behaviour of thesc st@ol with raspoct
to éheir hardenability and final mechan_cal properﬁluso o cstubllsh the
nxlsi once of such 2 collolation5 it wes osscntial to develop‘a,spu01;\¢
nothed for deternininzg the boron in aus”ﬁn;tic sclutlon.» Thig is the aim -
of ‘this rcogearch, which will be performeu by the O@ntro Sperimentalgq.:"n;

Sidérurg gico, - Romc? (Italy), over a pcrloﬁ of two years.

P 203 - Stu@y on *hc preparction of poarls for X-ray fluorcsence

Tt ought to be poisible to apply the S-ray technique to,any non-metallic
iron and stecl product with thé'éxcéﬁfioﬁ of certain volatile elemonts. -
This tochnique; i.e., the propwrﬂtlon of nonmmctal ic sapples by solution
in a vitrifying mlxturc fur an¢1151s by X=ray fluorcscemco, is rolativéxy
wicdely uscd,; Hewever, wlthovﬂh the technolu?y is far enough advancod to
produce pearls with o reasonable chance of SUCCEEE, the mnalytical conse—
queneoes of the preparation for the iron and steel seotor havc stlll to -

N

" be 1nvedtlbntcd.
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The main aim of the project is to adapt the fabrication comtrol techniques
to the requirements of X-ray fluorescence. In attempt will also be madc \
to extend the method for use with pre-reduced products and products with a \

high ignition loss, as well as with ores, sinter, slag, dust and rofractori%s.
The research will be carried out at the Institut de Recherche de la. \

‘Sidérurgic Frangaise (France) at Maizidres-los-Metz over a two-year period. \

P 204 - Study of the isoformation of powder samples for X-ray spectrometry |

X-ray fluorescence has become en established process in all modern labor-

' atories for the inspection of irun and steel products, but there is still ,/
a nced for improvement in the preparation of samples. Measurement of the {
ignition loss in each sample is impracticable for the purposg‘pf rapid \
inéﬁectiqn of fabrication. What is required is a method that autumatically
takéé account of the loss or gain by ignition of both the samples and the
Flux itself. To achieve this end, it is proposed that a refercnoe clement
be introduced into the flux, e.g., oxidizing cobalt salts.

‘ The,foliowing work is planned :

~ ihvéstigations into optimum concentrations of the reference clement in

" the flux; study of the efficacy of the method; '

- devblbpmcht of a general mcthod of analysis for ircn and stecl péwdcr

products for use with the follow1ng olementso Fe, Mn, Ti, Ca, K, P, Si,
.{..Ll Mgo

The T@séarch‘will be conductéd by the Centre de Recherche MEtallurgique,
'1at1ﬁibge, (Bélgium); - It is scheduled to take two yuars.

S

P 207 = Detcctmon cf surface defeots on scctions and hot sem1~finzshed

' ET dunts

The need for quality comtrol of the surface of iron and stoel seotlcns and
' sem1~finishea produc+s is bmcomlng 1noreusingly evident, especzally in the
case of blooms, ‘billets and slabs. This resecarch proposal is aimed at ‘
filling a few of the gaps in this field by measuring the Quaiity of sections
and semi-finished products, using objective oriteria, and by developing
and placing in service in industry cquipment for the detection of cra cks

appearing on the surface after the hot-rolling process and before sheurmrb.
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The primary task will be 3

-~ selection of an optical crackedctection mothods

-~ daracterization of the defeots and their degrec of seriousness and
harnfulness; . ' ‘ k ' :

- use with making dev1cos canpatiblv w1th th& rollfmb speed.

The Centre de Recherche Me-ta,llurgiquo at Lidge, (Belgium), is allowing

three years for this work.

ViI. "ISE PROPERTIES" PROJECTS

ay bcla b11lgL 5

'P 167 = wtuay of Lot embrlttlcmunt 1n tn« hezt~r fected zonc of welds

uustcmwtlc stecl

The rescarch programre is designod to ascertain the oonditibns‘that;fgster
the occurrence of embrittlement nhenomena at critical service ﬁompcraturee
around 55000. Variougly alloyed eustenitic steels will be glven normal or
weld-simulating heat treatment and in those states will be exposed $o the
normal service temperatures with and without simultancous mechanical stressge
ing. By comparison of the changos in mechanical properties in the two

- statég,'the“extmntwofwany‘embrittlemcnt phenomena that’ ocour will be
determined and related to the interaction . gf the various factors involved.
'The purpcse of the rescarch project is to obtaln infcrmatlon on fwbrlcat~
ing méasurcs that could for the service 11fe of tho stcels obviato mmy

‘reduction in formability detrimental to their use.

Special attention will be paid ﬁo the carbon confbnt of the stcels, ﬁd to
the type and quantity of any carbmdc~fovm1rv alloyxng eloments that may
also be present, Beoausa of the 1ncrea31ng use being made of steels
alloyed with nitrogen, the effect of nitrogen addltlons will also be ine

vestigoted,  The behaviour of understabilized steelshwlll be studicd.

This programme will be carried out by the Vercin Deutscher Eisénﬁﬁttenleuie

at Dilsseldorf, Germany, over a period of threc ycars.
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P 191 - Possibilitics of and limits tc¢ the develorment of new étructural

gtecls

This resoarch\projeét is decigned to cvaluate, by systematic sfudy, the

© effocts of various 2lloying elemeonts on the wcldabi%ity of low carbon
steel (C 0.10 %) the final aim is to obtain uscful information for the
definitive development of new types of high strength stecels alrecaldy
optimized as far as possiﬁlc‘from the aspect of wéldability. In the
structural steecl sector » new trend has cmerged towards the developmen%
of high sfrength stcels that can be used in the as;rmlled state to replace
steels which, er the same strength>levels, traditionally have to be
“quenchcd end tempercd.erhe proccdure adopted is, in bricf, to reduce the
carbon contont more and more and at the same time to inof@aso the content
of alloying elements, some of which (Mn, Cu, Mo, Ni) can in principle be
selécted-on the basis of cost considerations, while an element from the
group Nb,‘V and B is always present to obtain the required austonite
trangformation characteristics. - B |

Thi s programme will be carried out at the Centro Sperimentale Siderurgico

in Rome, Italy, over a period of threc years.

b) Corrosion

P 199 - Stﬁiy of the corrosion and metallurgical propertics of Zn-Al bosed

binaryy and complex alloys

Aﬁew*trends~inyhot~dip zinc and aluMinium coating have been moving fowardéx
experiments with Zn-Al based alloys which as compared with zinc'coatings"
hove better adherence properties, resistance to electrochemical corrosion
and to corrosion at high tomperatures and, as comparcd with aluminium
coatings, more efficicnt sacrificial protection. It is poséible that there
are Al concentration thresholds Whioh,ar@ critical for the metallurgical
and corrosion properties of the coating dnd,"since'the proper bhoico of
méédondary alloy may make it possible to reduce the Al content, therc is a
'goqd cage for carrying out a systematic study of the basic properties of

) An;Al based binary and ternary alloys and of coatings of such allcys on

’étéol;'in order that the bost alloying method may be selected.
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A rescarch stuﬂy compris lng tarec stages iz pronosed
* ' i) Study of the ffect mf inorﬂa51ng Al cunten+s (5uoO %) on thgﬂéhgﬁical

and electrochemical proper tl“s of Zn=lT alloyss
ii) Study of the int tercotion betxeen steel and the alloy melts

1ii) lissessment of the chemiocal, clectrochemical and mechanical propertics

i

of alloy coetings.
The research will be corried out by the Centro Sperimentale Metallurgico,

Rome and will last fer o period of three yeors.

¢) Formability -

P 187 - Deflnltwon of the surface norpholu o of colc rcducad thCt

The Surfac@ mc‘pthugy f cwld reﬁuocd Ohcct is of oons;derub;e 1mnortance
t0 both preducers snd users. Surface rouﬁhacss is a fer from nﬂ”11gble
factor in crawing opera mions, It is always modified to some extentqdurlng

the processe.

~The ultinmate °urf%ce iinlsh of thu parﬁ w111 dopond on the 1n1tial roubhp
- ness of the she“t to be dravmi the 1ntv1n51c proﬁcrtles of the stcel and

the sheot and flrally the draw1ng cond1+1ons.t

The surface murnhology after & part hag becn drawa should be such that it

can be painted urdcr optimum conditions.

Cﬂn eqhently it is important to knuw the sur;aco flnlsh critcriu thﬁt will
rcduce the risk of scoring during forming opera vbions and enabla a palnted

finish absolutely rcpreducible in apvearance to be obtained.

:vThe anulysls of roubhness nrcfllcs has beem used for this purpose, Howevar,
’tnls methdd is artificial and conv*ntlonal and 1t "ppcars from prollmlnary
trst° that &naljpcs u31ng the quuntltative tclevmslon mlorosconc hold out
interesting prospecte for tho dotermination of shoct behav1our 1ith rovard

10 scoring.
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Prese measurements with the QT must therefore be made as discriminating

- asposeible and to do this it is necessary to definc absolute paramcters,

establish renges for the new surface finish parameters to enable the risk
of scoring to be averted and study the influence of final roughness on the
appearange of the coating. '

“This programme will be carried out by the Centre de Recherche Nétallurgique
at Lidge, Bolgium, over a period of 2 1/2 years.

P 193 - Surface of gtainless steel sheet

At ﬁhe prese@t time, the assessment of gurface finish in stninless stcel
sheet is puréiy subjective. As a result, unrealistic statements arc made
with regard toiihe relative appearance of material pfodgcéd in differcnt
works. Additionally, although various types of finish are recognizcd,
eugg‘bright anngéled and electrolytic polished, these definitions are based
on the method of production rathier thaan the true nature of the quality of

the "surfacc., .Onn%he other hend, the aluminium industry hes dovelopcd mcthods

of assessmont which define surface finish in quantitative terms.

In addition to intringic surface characteristics such as reflectivity, colour,
- lustre etc., the surface quality of stainless steel sheot is also governed by
imperfections that are produced during the manufacturing process. On-line
monitoring devices are becoming available which could be applied to the cevale
uation of manufacturing defects such ag scratches and'gouge markse.

The objective of the research project is to develop quantitative methods of
measurement and standardized test procedures for evaluating and comparing
the surface quality of gtainless steel sheet.

The programme concerns the evaluation of surface aspects such as total and
specular reflectivity, colour, lustre and image clarity. Instruments have
been de@eloped for the measurement of these'charaéteristics and preliminary
" work at instrument manufacturers! works has indicated that theée facilities
are suitable for the evaluation of stainlcss steel shect. Atténtion will be
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directcd mainly towards the popular grudos of StalﬂlOSS stcel such as 18 %
Cr 9 % Ni ausgtenitic stecl and‘17 j% Cr ferritic. steel. Muasarements will
be teken on a 1afge number. of samnples from UK sources and from other pro-
ducers within the Commmity. Ais well es obtaining basic data-on these
materials, an attempt will be made to seck the co-operation of'European

producers in draW1ng up draft standards for surface finish.

The proposal relates to the étu&y‘of methods for quantifying surface damage
and imperfections, such as those produced in the manufacturing procese., On-
line sconning cquipment has beon developed and used on a_limitéd basis for
the evaWu\tlﬁn of stainless steel sheet. A dotailed survey will be made
rof thn available systems and the most suitable system will be 1nstmlle& at
the Shppoote Lane Vorks of British otefl Corporatlon for evalaatlon under

. Lroaaotlon conditions. Thls woulu rclatn t) the rroduct:on of stalnless

: ﬂtpcl shcct up to 1 1/2 m wide.

This progromme will be carried out by the British Steel Corporation, United

~ Kingdoem, over a period of three years.

P 208 ~ Cold forming (joint programme)

This joint progremme is designed to supploment and oxtend to aqnindusﬁrial
‘scale knowledge obtained in the laboratcry during research projects, some.
of them aided by the HCSC. Three different areas. of activity have been

.defined @

(a) Search for oriteria gnabling the suitability of a metal for eold £ OX i

ing to be assessed
Special attention will be paid to the influence of metal ductibity on the
bent sccotions. ' An attempt will be made to dofin e preciscly & general worke
hardening coefficient and ascertain how it affect31the risk of removal of
workhardening., It ié also planned to determine the. correlation between the
degree of softcning and cold forgeability in cxtrusion under expérimcntal

and industriel forming conditions.
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(b) Metellurgical studics

The influence of various elements on spheroidizing kinetics and on ductility
will be investigated. In steels with 0.15 -~ 0.4 % carbon, mangonese, chromium,
silicon, molybdenum boron and elements containing dispersoids will be studied.

In addition, as the origin and nature of the hardening of wire together
with its importance and influence on the subsequent forming process afe not
known at present, the cause and nethod of hardening of ferritic~s%ruoturés
‘and,the'importanco of hardening as a function of coolihg kinefios will be
gtudied in particular. .

(). Propertigs of work hardened materials

An attempt will be mede to measure mechanioal propertics and correlate theii,
values with forming conditions and the original properties. 4 special study
will be made of the properties after lowtemperature tempering to deéermine
tHe effect of this process o

An endeavour will be mado to defint a final state in which the produot can
sti1l withetand some deformation.

This joint progremme, which will take 3 years, will be carricd out by the

Centre do-Recherche Métaliurgique at Liége, Belgium, the Institut de Rechcrehe

de la Sidérurgie Frénoaise at St.-Cermain-en-laye, France, the Verein Deutscher ok
I&Sﬁnhuttenleute at Disseldorf, Germany, and the British Steel Corporation,

United Klngdom.

(d) Fatlguc

P 162 - Stuﬂy of the 1nfluenae of the dogrce of purlty and proﬂuctlon conm
g;tions on the nchaviour of lowhallov stoels when exposod to alter-

natmng stress

The .aim of the research project is to extend existing knowledge of tho
influonce of |

(a) the degree of purity,

(b): small degrces of work hardening normally occurring during fabrication, and
(¢) the application of heat during welding
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on the fatigue strength of steels. Stress- an& strainw~controlled fatigue
tests will‘be carried out on two low—-alloy steels of difforont stfengths
to provide coefficients for behaviour under qyclié étféss that could also
be used where appropriate for the design of components. To facilitate a
'oomparative asscessment of the material conditions and the effect of the
various‘factors, it is intended to plot cyclic stress-strain curves under
both tensile and cyclic stress. Notched test pieces will be used to
determine the deformation conditions at the notch root as a function of

nominal stress.

For welded connections, strain-controlled fatigue tests will be carried out
on test pieces takon along the weld seam, in such a way that they contain
all the structural zones between the wcld metal and the unaffected parent
metal and the same strain is imposed on all the structurul zones in the
tests Tho conditions for crack formation a and nropagatlon in matcrlals
with ﬁonnhomogenous stratification w111 be 1nvost1 sated more closely in

this way.

This programme will be carried out by the Verein Doutsohcr Fisenhiittenleute,

Dilsseldorf, Germany, over a period iof three yoars.

P 163 = Study of the deformability of bozlermaklng stecls under elternating

load at moderatcly increased temperature:

The proposed research will help to increase existlng knowledge of deform~
2bility and thus make 'a substantlal contrmbution to the attaanment of

greater safety in boilers and pressure vessels.

The materials tested will be steels for eclevated-temperature service at -
up to “about- 400° °C in three differcnt catvgorlos 5

(a) an unalloyed steol .
(b); two dlffcrent flne-gralned alloy structural stoels
(¢)  two quenchod end tcmperod stoo1s for particularly th;oknwalled cm®~‘

. JPOn@ntSoi
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The materials will be tested in the following conditions

1) The basic mnterlals will bo tested in the commercxal dellvony condition
: and random tosts W111 be made after % cold working, in the stress-
rclleved state and after long cxposure to service temperaturc

2) Plate lengths of the basic materials in the delivery condition will be
welded together, preferably by submerged arc welding, and will be tested
“in the'stress~relieVed condition, random samples also being tested in

the non-anncaled condition for comparison purposes.

The test methods will be as follows @

1)"Préliminary7tests of the usual kind to"define the state of the material,
for example tensile tests and notched bar impact testse

2)"Stress#cbntrolléd fatigue tests under pulsating tensile stress or strain-
'controlled alternatlng compress1on~tension tests up to about 2 x 10 4
twload qyoles with alternatlng stress amplltudus Just above the yield
1901nt and a test temperature of 350 °a.

;3) Metallographio investigations to clarify the relationships between

- grain structure, strength undor tensile stress fracture surface
appearance and ability to withstand alternating deformation.

. ?hia prqgramme’wi}}'pekcarried out. by tpejV¢reinkDeutscher E&sgnhﬁttenleute
at Dusseldorf, Germany, over a,perigd of th;ee,years.

P 164 - F&tlfﬂu strongth und fatlgue 1im1t of weldud 301nt3 in hollow
sections

Pxtensive test results and other information arc available for estimating
; the,behaviour'andrfor designing welded joints between circular and rect-
angular hollow sections in the QaSGvOf static 1oading. Gomprehenéive
data is however lacking regarding the application of such resulis to the,
field of structures under dynemic load (osclllatory or revorsal) A come
parlson bctwecn %he availabillty results (relaxod in partlcular to tests’
carried out abroad on such tubular connectlons) with the established
stress/bycle curves for basic types of welded connections (1.e., DV 848
of the German railweys dealing with fillet welds for notched bars) shows
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first of 2ll that similarity or proportionality is not dircetly apparent .
This anplies to an even greater extent in the ‘case of joints with rqotan«

gular hollow secticns for which only typical results arc known.

Purther information can only be obtained at the present time by means of
sultable fatigue tests on specimens used in practice. The knowledge of
these tcst rosults may be extended for other structural variatiqns°

The téstslwhioh would be undertaken in this connection should make it
possible to detcrmine the dimensions and structural configuration pertain-
ing Yo structures with welded tubular joints and do thie for both the region
of "endurance limit" (1.eo about 2-3 tlmea 10° cycles) and the "fatigue o
strength for finite life™ (up t6 ebout 6 times 105 cycles) The information
in the latter field (i.e. that of "fﬂtlgue strength for finite life") is
principally aimcd ot cxpected desmgn methods for “malnly statically® loaded
structures and for the spplication 6f'hi3h ﬂtrcn;th gteel.. In this region
of "fatigue strength for finite 1ifec" the appllcatlon cf hlgh strength .
steel could. 0003101y yield variations i#l the rosults fron thos of stecl
grades St 37 and St 52. ‘

The 1mpmrtence of this investigation bucomes apparent con81dcrin5 the ficlds
of aprlication where- structural fatiguc is involved: structuros wnder dynamlc
load; speclally crancs, conveying or'rubb}éioloaring ﬁquipmont bri&ges,,‘w

- tracks for high-spced trains, offshore installations and aeriol masts and

structures.

- The basie of the investigation consists of comparafive.fesﬁs with standard
specimens of the materials, as well as tests on notched specimens variQusxy-;
welded (fillet or butt). L comprehensive literature survey is to bé dafrigdl,
out in,par31101VWith’this investigation..iThis should.give;»iﬂﬁéf alia -
and by further analysis of the fatigue behaviour of circular tubc joints -
detailed guidelines for the tests with rectangular hollow-scetion jointse.
The experimental work on tubular jeints &ill first of all concentrate on

W- and M- joints with a gap between the toes of the bracing members and with
overlapped bracing members'and; in addition to building mcthods bascd on

the exclusive use of circular hollow section, will also consider the utilize

ation of rectongular hollow sections or alternatively a combination of



¢ 4. | 43/TII/E~4/75_E
‘- Annex 2

of rectangular and round sections. Tests on joints consisting of rectangular

“hollow scetions and H-sections are“alSG‘planneda

The steel grades St 37, f s 52; StE 47 and StIL 70, partly in cold formed
condltiOn, arc to be tosted.

This progfamme will be carried out by Marmesmann, Germany,; over a period of

3 years.

~©) Brittle fracture_

P 165 Design condltlons for avoldance of brlttlu fracture

The’ factors influenclng the rlsk of brittle Practure in welded stee1 COYiw
structions have been studied throughout the world, resulting in various
approaches to the problems cf ensuring fracture-safe design. Many current
design standards utilizc the Charpy test as a measure of material tough—
ness in conjunction with experience and in some cases with laboratory=-type -
tegts. More recently fracturc mechanies approaches have beon increasingly
,adoptcd and proposgals to include the results of thesc tests in revision of
standards are now being made. The aim of the present project is to exomine,
in detail, the‘iﬁterpretation of large-scale laboratory wide«piato tegts
with reference to a number of applications and design oonaitiohs in order
fo‘provide data for a unified aﬁproach o -EBurcpean design Stan&ards fpr

~containment and support structures.
The programme will be carried out by the British Steel Corporation, (U.K.)

) Hest_treatment

P 160 - Study of oﬁacking‘in the Stross~relieving of fertitic stecls

The reéearch programme is aesxgncd to nrov1de “urther knowledgo of tho

mctallurglcal causcs of cracking and prepare the w%y for measures for tha

reliable and coonomlcul worklng of steols which in the present stato of
the ‘art and of productlon technzques are considercd liable to orackin



The following will be investigated 1 -

.35 . 43 /TIT-B~4/15~E

lnnex 2
R e

1) The influence of chemical composition

3)

A1l experimental materials will be tested after weld-simulating heat-

treatment. ' .

a) Hot tensilc tosts after very rapiﬂ hoating on 2 Gleecble machine
to determine reduction of arca as o function of test tomperature

~ at low strain rate ‘ o "

b) Relaxation tests by the Murray method in the temperature range of
normal stross-froe relieving

¢) Metallographic investigations and exemination of precipitation °
proccsses by the isolation of residues on test pieces having under-
gonc prior thormal stressing.

The influence of grain structurc and temperature aspplication in stress-

free annealing.

)

b)

The

Hot tensile tests aftor vory rapld heatlng on a Glceblc machlnc ﬁo

‘dotermlnc rcductlon of arca as a funotlon of test tempcrature a$

low straln,rate

Relax%tion tests by the Murray mcthod at 5OO~075 C in steps of
25°¢

influence of the weld deposit properties

Determination of thc mechanical proportles at ambient tomperature,

“with and without' prlor eyposure “to stress~froe &nncallng temperatures

- and where appropriate. in the range -of the:expected scrvice temper~

Jcif

aturcs.

“‘Hot tensile testing after very rapid heating to determire mechanical

properties; especidlly reduction of ‘area, at high temperaturc.

Rolaxa%mon tests By tho Mnrray mothod in the tenperaﬁurc rango of
500~675° C, in stops of 25 G,

Thls programme will be carried out by thc Verein Deutsoher Elsenhﬁttonleute

at Disseldorf, Gormany, over a verlod of throu ycars.
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P 159 - Relationship between strength, wall thickness and fracturc behaviour

in component-gimulating test picces of high-gtrength steals in the

welded and stress~re110ved states

Until a few years ago it was oustomary to use steels in the normalized state
E w1th yicld p01nts up to about 350 N/ﬁm and a yeild p01nt/%cn51le gtrength
ratio of about 0.7 for the construction of welded pressurc vessels, espooially
vessels to hold’gaseoué or liquid substances both at ambient temperature

~and at elevated temperature. Non~alloy and low~alloy stecls of this type

have proved exccllent for the purposc and extensive expericnoc is available

~ on their processing and reliability in service.

The rapld devclopment 1n process cnginecring, cspecially in the chemical

industny and in the enorgy cneratlng sec%or,jhas produced a demend for :

1. ‘hlgher safe working stress'and
2. larger vessels

The research programme should help $o provide more information on this sube '
‘ject and thus to cstablish a more reliable basis for the evaluation of the -
- saféty in welded Structures of high-strength stecls then is provided by
existin experience. As there is not yet a watertight safety concept based
on quantitatlve evaluatlon of the usual narwmeters for the meohanlcal Pro-
perties of steels, it w111 be more or 1ess necessary to relate the behaviour
of more recent mwxerials in the fabrication statcg found in prgctlce to the

behaviour of the well-khown stecls in the lower' strength categorics.

""f~'C-Omf)ara’i;‘ive“test*.s*On“ steels in three strength ecategories are proposcd :

1) an unallqyed flno—gramned structural stoel in the normalized stato
with a yicld point of about 350 N/%m ; '

2) o or threo. lowaalldy fine-grained structural stecls with differing

C alloy additlons in the normalized state with a 2 yicld point of about

500 Nyhm , including onc steel sultable for use at moderatcly high
temperatures up to about 400 Q;

250 3)7 one: or twor low-alloy stecls in “the waier—quenchcd and tompercd gtate

with a ylcld point of. about 700 N/hm .
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The wall thicknesses to be tested should be in the 30-50 mm renge, depend
ing on the strength of the materials selected for testing. At least wo
wall thicknesses for each steel are to he tested.

This programme will be carried cut by the Verein Deutscher!Eisenhﬁttenleute,

Diisseldorf, over a period of threc years.

g) Electrieal sheet
e M GO TR we WS WO Wl

P 166 - Basic properties of grain-oriented clectrotechnical steel

The most important commercial soft magnetic material is grain~oriented
'silicdn~iron which is used in large quantities in the electrical industry.
The amount of grain~oriented material produccd is steadily increasing each
years in 1969 over 200,000 metric tons were produced in ITurope. The total
tonnage of clectrical stcel (oriented and nonporiented) made in. the US4,

- Burope (the EEC countries) and Japan in that year was 657,000, 933,000 and
686,000 metric tons respectively most oP whloh,was of nonworlentod grades.
In Burope, the major portion was oonsumed 1n homo markots,‘although Franoe
~and Belgium have 1mnortqmi cxport markets. Anothcr country W1th 1argo
export markets is Japan, whose prouuctlon slnce 1959 has quadrupled, so'
that it is now probably the worla's largest producer of electrlcal sfeel

- apart from the USSR.

-As it seems that no new. materlal lS llkely to replace gralnuorlented
;sxlloon—lron in the foreseeable future, 1t is important to strive fdr a
‘furthor understanding and 1mprovement in present~day materlal. Over the
last few years economic con81deret10ns have tendea +to become 1ncreas1ngLy
: important in large transformers and rptatlng'maoh;ngsz so0 ugeranf the

matorial are anxious for further progress.

The major aims of the proposed investigatiéﬁs‘ﬁiillﬁe to obtain improve-
ments in the magnetic characteristics of the matcrlal itself, and 1mprove-

- ments in the way in Wthh the matcrial 1s uqoa in olectrlcal cqulpm\nt as

- -an aid to the. oompctltlvenoss of - EGSC stool, This will be done through

specific projeots which w111 rolat@ tho magnetlc behaviour to Varlous
nmetallurgical characteristics of tho materlal 1tself and study, solontlflcally,
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‘some design and operating principles appropriate to electrical cquipment for
which oriented electrotechnical stecl is produced in large quantitiese

The work will be divided into three parts
-~ power loss, domoin wall motion and the nature of the anomalous losss

-« flux distribution and localized loss in silicon-iron cores and equipment,

particularly when complex wave forms are present;

- denendence of the magnetic properties of silicon-iron as uscd in both

machines and transformors on stress and toemperaturc.

This programme will be carried out by the Britlsh Steel Cornoratlon, Unitod
Kingdom, over a pcrlod of three years.

P 215 --,'Lossefs, in elcotrical sheet

The problem of anomalies in power losses is of comsiderable intcrest not 6nly
from the scientific point of view but alsoc as regards applica ationg since by
definition an abnormal loss implies a higher powcr loss thon calculated on a
conventional model, where . the induction is.assumgd to be uni forn throughout
the cross-section,. Any research designed to.throw light on the origin of
this abnormal loss .could in prineiple provide useful information on the |

possibility of reducing total losses and hence obtaining appreclable savings.

In the resepch already done by the Istitute Elettrotecnico Nazionadle on these
" problems, it wa3~decidedAtoﬁstudy,qbngrmallpnenomena,in_a1gqural_fash;onwbyv

means of measurements on macroscopic specimens of different materials.

The»main_results‘obtaineahto;date'concern:the.devmlqpmgnt of igst?@ménts@&r.
the cxact measurement of power losses as a function of frequency and under “

gpecific working conditions.

The 1nstruments produced have onablod pre01se measurements $o be madc, 1n a h
very low froquency field.and under controlled. conditlons, of thc cnvelopea

of the induction flux. -Measurements on variety of materzals, both dlrectlénal
and isotropic, have demonstrated. that»theianomaly of ‘non=-linearity is a
fairly general phenomenon.. . |
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Experinents show that this anomaly becomes more pronounced with high valges B

of working 1ndactlon, which appears to indicate that domain nucleatlon
phenomena may 1nf1ucncc the anomaly, while the part played by othor effects
that are present, such as block wall motxon, nay be of lcss 1mportance. ‘

Rescarch over the next two years could therefore start here and follow the

lines given below :

Pirstly, it is proposoa to continue the precision measurements on various
materials to verify whether the anomaly of non~11noar1ty is gcneral or ‘

typical of certain materials.
Sceondly, it is proposcd to measure the variation in form of dynamic
hysteresis cycles as a function of frequency, to sce what parts of the cycles

contributc most to the anomaliesvobservad.

Thirdly, it is proposed tc¢ measure losscs as a function of the surface

finish of the clecctrical shcet, as this appears, in the final analysis, to
have a very considerable effect on domain structurcs, magnetization processes

and hence most probably on losses and their anomalies. i

This programme will be carried out by the Istituto Galileo Perraric in:Turin;
Italy,; over a perlod of thrce years. - B , .

VIII.7 "PHYSICAL MVTALLURGY" ‘PROJECTS:

P 177 - Thcrmomechanloal trcatment of weldable medlum»carbcn stcel

Rccently, the market for hlghpstrcngtn steels has prandod con81derably.
This increase has been particularly marked in the oil industry for tube
plate and plate for offshore platforms: It has croated. a'oontinuous demand .
for hlghpperformance stcels (hlgh vield poznt and toughneas) Whlch also .
have good welaablllty.

Thermomechanical treatment (controlled rolling) provides an advantagcous
mcthod of obtaining thesc propertics. Rescarch on the application of this
method to certain steels (C, Mn, Nb, C equivalent 0,32-0,36) has been
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proposed, with particular attention paid to the following paraméters H
- Iustenitizing tomperaturc
- Rolling programmc

~ Cooling spced

This résearch has been'proposed by the Insﬁitux de Recherche de la Sidérurgie
Frangaise, St.~Gormain-cn-Layc and would take thrce ycars.

P 179 - Simulation of the metallurgical phencmena oecurring during hot
rolling of strip

A knowledge of the metallurgical phenomena occurring during hot rolling is
essential for prediction of the mechanioaliproperfios of the product and
important for the evaluation of the rolling stresses necessary for mill
automation.

ZFull~sca1e mewsurcments are 1mpossmblc beecause of their cost and the 1oss
of output.

wponsqquqnyly,a mgthqd of simulatiqn using a torsion machiné and oxperimental
rolling mill has been developed and tested successfully for a heavy plate
reversing mill.

The purposec of . thls research is to carry out a s1m11ar study, but for hot
wide-strip mllls, in which the deformatlon condztzons and tcmneratures as
a function of tlmc dlffer very groatky from those in the rolling of heawy
plate. )

The following four points will be studied in partmoular

(a) Study of austenitc recnystalllzation phcnomena and any preo1pitatlon
occuring very close consecutive rolling pasgses

(b) Simulation of the strip mill eooling table
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(¢) Complete simulation of a strip mill with an asscmbly oansisting of
No 1 furnace, experimental rolling mill, hardonlng maohmne?

No 2 furnace.
(a) Stu&y of the mechanical propertics of the simulated strip.
This study will be carried out by the Institut de Recherches de la
Sidérurgic Frangaise at St.~-Germaineen-laye, France, over a period of -

three years.

P 188 - Ratio of concentrations of precipitating clements ;p'Steeis

/

Increasing use is being made iﬁ steels of elements that form carbides or
nitfides because cf the many effects they have on the structures and
mechanical propertlos of the procducts obtalnea. Despite the numbur of
research projects devoted to this subject, some p01nts stlll nccd ,

further clarification.
~ The CRM proposcs to study two of thesc points in particular :

(1) Production of an extra mild steel with 1nproved drawabllity whlch
hag clmultancousky a high normal aﬂlstrophy and a low planar .’
anisotrophy as a result .of thc modlflcatlon of the' reorystalllzatlon
kinetics of mild steel in the controllcd presence of dlsper501d-

forming elements.

(2) Production of- structural stcols ho.vinb increased tensile and impact
strength and 1mprOVLd forvoablllty by muklng maximum use of tho
“possibilitics of aluminium deoxidatione 4" spoclul study w1ll be

‘made of the systematic:prescipitation of aluminium nitride 2
- either in the form of very fine particies:proﬁucing:hafdening )
fcompafable to thﬂf.bbtained by'oolumbium”or vanadium carbides -
- or in the form of partlcles that are sufflolentLy large und 1n

sufficient quantity to produce exﬁens;ve graln rcflning.'

The research hﬂS beon prOposod by the Centre de Rocherche Motallurglque

at Lleve, Belvlum, wnd wmll tﬁke three yearsn



. 42 . 43/T1T~B4/15~5

Annex 2

P 216 - Galvanizing of steel wirc £y

The purpose cf the research project is to study the bulvnnlzmng mechunisms
~and pinpoint the origin of the difficulties encountered in this opcration

so that they can be overcome, especially in the case of wire rod.

IRSID will therefore study the influence of the type of steels used, the
 nature and finish of the surfaces and the operating corditions on the
nature, appearance and adhesion of the coatings. The reactions will be Y,
”studlea simtiltancously on pure iron and iron alloys containing a very low

" level of impurities and on synthetic steels prepored specially by wvacuun
‘melting, with subsequent verification on industrial steels. The structurcs
of iron-zine alloys will also be studied. ‘The results of“thig research '
-would help to overcome the difficultics arising in the golvanizing of wire
rod owing to changes in the proporties, to extend the knowledge obtained

to other galvanizable steel products and to scoure better zino utilization.

Thls rescaroh has boon proposod qy the Institut de Recherohe de la

h Slderurgle Wrangulse, St.~Gbrmain~en~Liyc, France, in conjunction with the

 ‘$yndicat National du Trefllage de l‘Aclor and is planned tc take three

years.

:IX.‘ "UTILIZATION" PROJECTS

P 143 - Use of steel _in housmg

- The: construotion of the Berlin: statlon where ?urope@n comfort crlterla

~are to be determmn d is continulng.

a;E&perts who v1sited the site at the end. of 1974 unanimously agreed on the
, usefulness of this demonstratlon and were euger to see. the research attoin

’the aims set some years ago. o
Thisﬁbonfirmeq the advantage‘to thé Community of this station.

It is proposed to grant Brandl an @ddltional six months ﬁo complete the
project. Thms brings the final date for the research to 30 June 1975.



« 43 . 43/1IT~B~4/75~E

Mnnex 2

P« 149 - Hybrid stecl-concretc beams

The fabrication of composite welded beams is developing rapidly in countries
such =s Sweden and Japan. Production lines for these beams ére‘being or
will be sct up in the Community. Therc are threc main_redsons for ﬁhis de-
velopment ¢ the first is that very commonly produced produots,‘generaily
flats, arc used as the starting materizal; the second; which follows on

from the first, is the flexibility of the proccss, much greater than that

of rolling, which makes it poséible to offer constructors a continuous range
of product shaopes and sizes and sections of varying forms and ébmpleXities
(symmetrical and asymmetrical double tces, box girders, etc.), and the third
is the possibility of éupplying small tonnages at prices justified by short

~ delivery pericds.

Although these three reasons are sufficient to account for the profitability
of the production lines, it is novertheless true that an increase in the
utilization factor of the steels involved would further reduce the cost of
the process; this can be obtained by using different stecls in the same
secticn in such a way that the further they are from the neutral axis the
higher their yield points In these hybrid beams, low yicld point steels
can be loaded in the plastic range as a rvesult of :the prescncc of high
yield point steels surrounding them and providing rigid support.

The rescarch will include static tests on composite beams that are prebent
but not stressed during curing of the concrcte, prebent and stressed duringt
curing of the concrete or prebent with'a temporary top ‘plate, together

" with creep and fatiguewtgsts and tests to evaluate the adhesion forge

betwecn the steel and the concrete.

Thls progrmmme whlch u111 take two years, will be carrled out parﬁly by
.tho Centres de Recbﬂrches 301ent1f1ques et techniquos de 1tIndustric des
fabrications métalliques (CRIF) at Lidge, Belgium, and partly by the Centro
It liano Sv1luppo Implego Aceciaio in Milan, Italy.
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P 140/? Steel components connectod to concreta members in buildin@s

The following research proposal is bused on reullstlc and fundwmental COYim :
slderetlons -

(1) Throughout Europe there arc (and will be for several ycars) tens of

thousands of "traditional® bullding firms which because of their

mental attitude, need to use eiisting equipment or lack of preﬁaration
- for the adoption of new building techniques based on metal Struc%ures,

will most probably prefcr to continue to build in reinformed concrote.

(2) It is known that in o structure entirely of reinforced concrete, if

the cost of the columns is 1 (per cubic metre), the cost of the
horizontal beams is 3 (they necessitate special bending of concrete
reinforecing rounds, the cost of formwork is higher, etc.).

(3) By definition, reinforced concrete must be loaded in oompreésion,
while steel can withstand bending stress. '

The aim. of the proposed rescarch is to encourage the “trwditiohal"-firms to
use steel at least for horizomtal structural compononts, without too much
‘modificmtlon to the construction equipment of thb firms themsc;Ves. '

Obviously if such dan.effort wore to succced, thevadditional quantities of
steel used would be incaleulable.

It is proposed to ‘study and carry out scientific experiments on @
(a) :thc nosgt efficlent wqys of f:l.'xzrl.nLa hﬂrlzontal ste&l beams 1n convcntional
' reinforced concrete columns; o ‘, 4 A
(b) +the stecl beam sections that are most suitable for this type of
mixed structure (cxemining either hot-rolled or cold=rolled beam scctions);

(o) ecrection systems. -
This programme will be carricd owt by the Centro Italisno Sviluppo Impicgo
Aocizio (CISIA), in Milen, Italy, over a period of two ycars.
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P 141/3 -~ Ploor and roofing structures for erﬂgtrlallzcd bu¢1d1mg_compouad@d

with deformation-resisting units

For horizontal structures (floors and rouﬁ“), use is made either of come
ventional reinforced or prestressed oonorete gystems or systems basecd on
ribbed plate. The former are very heavy and hence unguitablé for construction
in the factory and transport to the site (ieoey not in keeping with the new
requirements for industrialized building) while the latter are not wvery
economic since for every square metre of ribbed plate flooring, a plate
surface area of about 1.80 m2 is required. As a result, ritbed plate floors

are used very little.

From the static point of view, too, it must be remembered that ribbed plates
are orthotropic, i.e., they have monodircctional bending stron gth and consem

quently need a line of support at their cnds.

The above considerabtions indicate the necd to design components for horizontal
gtructures thot can be made of thin plate pressed or stamped with geometrical
forms (ribs, spherical indents, truncated pyramids) so as/tOMObtain?*in"
adﬂltloq to the necessary load resistance and mlnrﬂum ratio of weight per

LZ of permissible load per n . ¢SOT?Op10 chare ctewabtlcs or the »llml&aﬁ’un

of prefercential bending lines; in other words to zocept in theory“anat;th
rectangular (or\square) plate can be supported, not on linesg, but on only

four points forming the corners of the rectangle.’

$Since incdustrialized bullding by assembly of components is an innovation
still in the trial stage, it is also logical to believe that an 1sotrnp19 ‘
horizon*al componont could make a va]v able conurlbution to UVLroomtng ‘
nuEnerous structurql dlfflbululOS, ‘and also thot the SthO of the pressing
could have 1ntorest1ng esthotic cffcots as well as fulf1111“g loadmbearlnh

functions.

The research aims to define a horizontal struetuvral component of pressed

plate having the following basic properties 3.

(2) m1n¢mUm pluto thicknoﬂs (depending on 10“&)

‘(b) hlgb otrcnﬂth drrlved from 1ts form
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(¢) large-scale industrial production s

(d) oontinuity of form between two adjacent components

(e) ocomponents suitable for use either alone or in conjunciion with a
concrete slab ‘

(£) components suitable for easy ercction on sites

The rescarch will be carried out by the Centro Italiano Sviluppo Impiego/

Acciaio ih'Milan, Italy, over a period of onc and a half years.

P 192 - Golderolled gteel sootions fj0int programme)

o Thm previous research projects, carried out with BECEC ﬂ1d made it p0331hlc
first of all to study the influence of the motallurgical and mechanical
properties of cold formed steel on the stability of light structures made
up'bf scctions and then to incorpcrate the practical results obtained into

Duropc%n reoommendation, and to de81ﬂn the necessary software for modern

calculatxon of the performaace of cold=-rolled secctions.

“The importanoe of this research, which relates meinly to structural steel-

work, justifies its extension to other fields.

The purpose of the proposed programme is to investigete s

(a) the internal stresses resulting from the cold rolling of sections
in order to ensure greater aoouraoJ and better prodact performanco'

\

(b} the fatigue behaviour of thin sections under vibrabo ry shress;

() the‘welding of +hin elements so as to obtain a full undorstanding of
the ¢ eohriques and &esmgn methods applicable to thv assembly of cold
rolled sectionss

\

(4} cold rolling of steels with a higher yield point.

The progremme w111 ta{e thr ¢ years znd w111 be carried out 301nt1v by ¢
Fachverband Deutsghcr Kaltprofllhoroteller in Dusscldorf, Germany?
Syndicat national des ﬁrofilugog dos’ produits plats en acier in Parls, France;
Cold Rolled Soctlons Association in Blwmlngham, United Kingdom; '
_ Stichting Staalcentrum Nederland in Amsterdam, Nederlands. ‘ \
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P 212 - Ultim vte statis strength of welced lattice. girder joints in structural

hollow gections.

Due to the growing intercst in tubular structures the demand for uniform
design coriteria and specifications has incrcased. '
last year a rcsecarch programme was proposed by tho Staalbouwknmdlg

Genootschap and approved by CIDECT.

This research programme was based on the then available test resulis and

the adopted method of analysis. Furﬁhermdre, it wag set up for joints in
square and rectangular hollow scctions. The aim of this programe was to
check the design criteri& for parameters which were not taken into account

previously.

During the exccution of the above-mentioned research prograrmme it becams
apparent that the design parameters in the usual method of analyéis for
joints in rectangular hollow sections were not representative. This was
further substantiated by research carried out in Germeny. It 1s unavoidable,
therefore, to carry out en additional prograrme to complete thc togt data

- for joints in rectangular hollow sections.

This programme will be carried out by the Stichting Staclcentrum Nederlands,

over a period of two years.

P 2°3 - Buckling of: thanwwallod axielly-loaded hollow reotﬂngulﬂv sections

The optimization of the usc of thin-walled hollow secctions as a rhsult of
thzs rescarch will gruatly inecrcase the potential opplications of this
type of section and consequentLy will incrcase steel consumption by exiondm

1ng it to new arcag, in particular the economie construction of :
blocks of flats
office buildings

school and hospital buildings.

Because of their lightness and ease of ercction, these sections are par—

ticularly suitable for industrialized building systéms.
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The problem of the buekling of thin-walled hollow scotions is an extremely
vagt one‘bécause of the very varied cross-sections of these products may

have.

This project ig limited to the case of :

roctangular sections

under axial load

Research progrommes of a similar type arc planncd to cxplore other cascs
(different cross-sections and types of loading).

These future brogrammos will profit from the experience gainéd in this

rescarch project.

The purpose of the rescarch is to demonstrate and clarify the interaction
of three phonomena : ' '

(a) general buckling of the prismatic scetions

(b) non-linear bowing of .the walls of the sectiong

(¢) progressive plastification resulting from the variation along the
cross—-gection of the combinationg of residual stresscs and elastio

limits in compression.

Although it is true that :

(a) the buckling of prismatic sections in relation to the distribution
of residual stresses has been very thoroughly studied by CECM
~ (Furopean Convention of Constructional Steelwork Associations) with
. ECSC aids ‘

(b) non-linear bowing of thin-walled scotions has been studied by
Profcsscr Winter in the United States and by Profesesor Shearer Smith
in the United Kingdom; .

(c) some progress has been made towards determining the interaction of
the two phencmena in thin-walled scetions (but without taking account:
of variations in the elastic limits and residual stresses) in the
work done by Professor Skaloud in Czechoslovakia and experimenﬁs
carried out in Bolgium (SERCOM) and Germany, with ECSC aid,
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it has not yeot been possible to formulate the interaction of these phenonena,
in a general fashion,

This programme will be carried out by Sociét? Cométube in Paris, Frunce,

over a period of itwo ycars.

Zo "MISCELLANTOUS! PROJECTS

P 134/? ~ Usc_of grenulated dlagt furnace slag for rond construction

Tie use of granulatcd blast furnace slag as a binder for road foundations
has developed very rapidly in rccent years, cspecially since the increase

in the cost of bituminous petroleum products, transport and road works.

4 new technique involving the precrushing of granulated slag should, if
this research proves that it can fulfil cxpectations, make it possible to

reduce by 3C % the quantities of granulated slag required.

The proposed research project will consist of two rclatively independeat

phages @

(a) study of granulated slag and the possibility of using it to treat
local matorials (precrushing and treatment of local materials with

precrushed slag)s

(b) study of the fatigue behaviouvr of slag gravels.

Tt will be carried out by the Laboratcire Central des Ponts at Chaussles, -

Paris, France, over a period of three years.
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