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CHA PI'E:R 

I:i l'RQJlJCTIO!l 

1 . The First :!CA/UllE)() ~~ori.~hop on Man!:'X'wcr a:-rl Technological Deve l opment for 
th 3 !Jasic Industries: i :~·tals ~~ &lgi neeri !lf; Inc:.1striez for the EaGtern a."'ld 
Souti1c rn Af rica t~ubrcgion , -v1as a follo:·!- u p to the First ECA/Uii i:JO i.'leet ing of 
:lxpcrts on 3;'\sic i:ic t ab and 2ngi neering in Addi o Ababa fro;n 3-:: .Jeccmbcr 1979 and 
a r esponse to the exprcsG~l need for technical J;~a.'lpoHer ·t raininb and deve lopment in the 
region. The '•or kshop waG par<: of the ECA/UHI:JO' s continuing s~pport :~oro the African 
eourrt:ries in thoi1~ endeavour to d~velop t heir r eoources in t r ained. !'lanpo1-12r and 
gearoo to deve lop ane update the capabilit i ec of metallurgical , rJcch:mical, 
i n.:lustri.al and.·.procluc'tion cng.L"lcer s a.:-.1 qell as i ndustr.ial economis·b direct l y 
i .nvolv:ed in the ple.Nltng · o-2 projects or engaged · in the o per a tion and nariagenent of 
pr~~ction · facilitics in ~he metal and engineer ing subse ctor s and those like l y 
t o be involved i n the develo~t of multinati~~tnal ,.,r pci.rasta:tal projects r e lating
to iron and steel producti on and engineering eot a blishments • . 

2 . The Hor kshop ua ::: to prepai.~c the g round Hor !• for the esta~li~h.11ent and 
o per ation of t he proposed muHinat"i,()nal iron a:'ld s t eel and engineer ing industries 
pr oje cts for th0 Lusaka I,:UL~ cOunt ries through collaoorative consultations and 
tra ining of the staff that uill Qe closdy concerned Hi '!:h the planning, d esign, 
deve l opcent and oper at i on of the projects. In s pecif ic t~rm.S the wor kshop Has t o · 
~ru~ce the par t1cipants ' ability to~ 

(~) establis h r e l a ti,nship between· rn~'cals ·(iron and steel) and enginee r ing 
i ndustries , thcrc~"Y faci.1it :-:::.nc th-3 £orr.1ul ati oJI> of integrated progr a::uJes 
in the tuo s ubsectors uith respect to partia l, t empor a l and inte r- . 
?r ocess , inter-cicpehicncoi 

('!?) for.mulate arui ·apply approaches to integr ated 'p lanning .of metalG~eering 
ind u.ct ries; 

(£,) dctcl'r.line t he criteria for fo.l"l:iu l a ting and spec ifying investment 
programme s i n the ::;eta ! ::; and engine erL"lg industrie s and apply such 
c r .iteria i n the <Cievc lr,pr.tcnt of r.)roject::; i n the ::.ubsect(")rs~ 

(~) formulate guiciclines and approache.n ·for the pt~ornotit'n ,..f integrated 
m~tals and cngine~ring indu.::;tric::.; 

(~) detcrning t he rnan::x>'·Jer impli~tic:ms o'? th~ r.t::!'.:al and engineeri ng 
industrie~ , deve lo:,:: r elated ..:;idll :.:c.tx:-i ccs and profi·l~s liJ'lrl s ubsequently 
pr ogramrac for the clcvcl opa·.:mt and oJligat i on of th·-3 manpo1rcr r equired 
for such industrieo a ncl ; 
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(f) through .;x p ·3r :i.J:1ei1.tal ,.;xposur ::! a~'1::i o;.· roeruniry observe cur:-znt 
i nduDtria l pr act ices , processes and advances in relat~d 
indu~trial pl ants.!/ 

Farticipants 

3. . The r e >~er0 31 participants f ror.1 Ea::;t ...;)r n ane Southc:n•;'l Africa subt~egional 

states of Ethiopia, Kenya , i'1lala!d , Somalia , Tanzania, Zambia and ZimbabHc and 
observe r s fror.t Al geria ," Higeria · and UHIDO(Vie n.."la ). ihe partic ipants we r e 
netallurgical , mechan~cal, industria l ar~ p~oduction engineer s and economists 
j.n\.·olved: in pl anning· project::; r e iating t o ~tds and engi ne ering industri es and 
their subsector s. · · · 

Offic i al o~ning of the_:rorks~£ 

4. The Fir s t ECA/UNIDO r-ror!tshop ·on · r,l<:inpo~•er a.nci Technological Deve l opment f or · 
the basic indus tries f or the 5ast e rn and Soothern Afric a Regi on was he l d in Lusaka 
on 17 Novembe r 19~0 at Mulungashi. Hall. ;The ~rorkshop· ·began with 'the introduction· 
of :per sona lities by Lir. .• · ::> • .s. Sangt.f~l'i; t he 'Acting Director .and Te ar.t l ead el' o f the ·· 
ECA Lusaka r;ruL R:X:. Th~ wor ks·hqp ·"Was theQ ·:f orQaHy ope ned by the Hon. Remmy · 
Chisupa the Zambian !Unistcr of Comme rce a nd Industry. 

5. In his opening speech the Hon. r.li nister empi'!asized the i mportance of 
integr a t ed m~power. development. as ~ compone nt of investma nt programmes within the 

conte""t Q.f _:r eg:i:ona,l ~coo!)eration . H~ poi nt..:!d out · t hat th.;. d evelopnent of t echnology 
is insepa.J;'a~le . f :rom th<1<t -of manpowe r • . · I n concluding h:i:s .opening speech, the · 
r-!on •. rHniste r request~· t h~ tmrk.shop Fart:!.cipants to cxamlne· possible ways of 
co-operation be twe en ind;i.v:idua l countries in the promot i-on of ·industri e s , such . as 
inter~hange of raw nat::-r i .:::1J !:' , ~I.; then d 2ch.:- .:d the wor kShop open . 

6. · . In:.r~sponse to the •-i;i.niste r' s opening S!Jecch Mr.- ...Sahgweni · made i!.Il openi ng 
cUW·\;!:;:;; O l 1 t,~ia.al.r u; R:·v.L\.:;·b~UA. A~~Uayu i"ul\::J.\..! j.i.·. tl ... -..:: ~Ac~u.tl-... wc. c~c~~·::a.:-;.· vf th~ 

Ec onomic Co~~ssion for Afric a in which he cmp~~sized the . importance of basic 
m3t ~.ls and engineering i ndus tri e s t o the 0conomy of any country·.. He we nt: on t o 
point out that ma aningful creation a nd o pGr <-l.tion of met als and engine e r ing_ 
indush•i<)s iopliod the product i on of r ai: r.1:1tc ria l s and ca. pi tal goods . 

ITograr.t.':le and the organizati on of the work.shoJ? 

7. The works hop. then >~ent into -pl e nary s 8Dsion in orde r t o approve the pr ogrrurune 
of ~oror.k a nd the ·organizat ion of the t~orkshop. Th:_n workshop Has organized into two 
committees name ly: con~ittce I (iron and stc8l) and committe~ II ( engineering ) a nd 
the plenar y sessi-ons- for -j oint d i scussi ons ·at int~rvals to be determine d i ri 

.!f ... This was pa.~~y-- achieved _ t hrough pl~~ ·visit t o the Zi mba bwe Iron a nd 
St eel ~lant a.ric:f E~gineering l'forkshops 



accordance ldth workshops ne3do. I n ord~r t o ~.10nitor daily 
plan f o r subsequen~ co~t;t ~:.l . W<?.t:".t, ~ _ otcering· C?O.'?~~~ce yas 
arrangements adopt ee! wer e ao fql~<?1.rs: 

hfr. J ~ :·J. t iurisi (ZimbatnJc ) ' 
i':1anpower ::conornist &. & oject Offi cer 
R.tblic !d.ministration Ilanat;;.;)mcnt & 

~1anpmrcr Division 
Economic Conunission for Afric a 
f. ·.i.:.~i~ Aba!:>a 

Chairman Dr. A. 3anjo (Ni ger ia) 
Consultant to :·Jorks hop 

Rapporteur - r·,lr. ii:.K. I,;It-raneo (Zambi::J..~. 
Economi c P5:airs Offi c e r 

gjcti .H~/INR/238 
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d e v e lopments and 
also ~onstituted . 

Joint ECA/UiJI')C Industry Division 
. Addis Ababa 

Cor:uni ttcc D~!:sions 

(i) 

·_. (ii) . 

_ ..... _,___ . 

Co:nr.ti ttee I _ __,.,._'10 

Chair::1an 

Ilapporteur 

Committee. II 

Chairman . 

Rapporte ur 

3ng.·. F. Abouzaghla (Egypt ) 
Consultant to :·!orkshop 

Eng. N. Ojobor ( lli geria ) 
Participant to Worl-.shop 

i.1r. S.K. Tamc l c (Zambia) 

rill' . A'llahayes Di miru (Ethiopia) 

The steeril'}~ . committce. was composed of office~~ _.of the p l e nary and 
committee s essions : ' 

Cha i I'l:lilll 

Secrc"tnry 

D:.n . A • . B~ll1 .io 

t::r . I: .K . ;,;wango 

i!!l- . J. H. i'·'iurisi 
& o j cct Offic~r ·~ Co-ordinat or 

of 1·1o'r.kshop Activities 

The 



E/CN.14/INR/233 
Pnge 4 

(s) Discussi on of a l ternati";.re toolmolordcs for i r on and steel 
production papero presented in Conunittce J.. 

(i) Iron making by l.:r . 7 . 1. banchenko and Dr. A. Banjo 

(ii ) Steel making by :>r. F . J.bouzaehla and t:: r . H. Hadjiat 

(i ii) Ore prepara tion Direct reducti on ily Dr . N. i .~ahinda and 
;. r . S.l.: • 0 jobor 

(i-r) 

(v-) 

(·,ri) 

Or e preparetion !ly i . r . '1.:, . I vancben!co 

Coke pr epar ati on by J.~ r . 'f. A. I vanchenlco 

Gas prep.:•rati on by l· r . H. Hadjiat anci i ~r . Gjobor 

Pollution by l'!: r. Gjobor, Lir . 1 . 1. . l Yanchen!w and J;i r . H. Hadji a t 

(di ) Ingot casting: 

(a) 

(b) 

(c) 

(d) 

; ~ ould casting by 1- ~ r . S.l :~ . Ojobor 

Cont inious ca5ting by r.r. r . ri . Badjiat 

Blooming by Dr. F . f,bouzaghla 

Fi nishing flat by L r . SJ.~ . u j obor 
long by l ~r. i·:.x. i::Hango 

(viii) Special steel s by ; :r. H. ~!a.djiat 

(i.x) Power and Hater by Dr. F . ;.bouzaghla 

(,:) ld r and oxygen s upply by i::r• S .E . Gjobor and t: r . H. Hadj i at 

(:~i) Refr actories by !!.r . 1 .1 • • T•anchenko 

(xiii ) 

(xL•) 

(xv) 

(xvi ) 

(xvii) 

i•bf-t:~-T';~lc: h~n~l .; .,....,.., ·._,." \"' . .,,; ~ T1: ( • .;-\-..-- n - T:' '· ' --·-- - _ , . , _ - ···, 
- - · ___ .._ _ _ __ ... b · - J • -- - - - · • ....- J---· J •J • • • • ••u""'~ul':5/'•~" a...&u...&. 

i.;r. V. A. I vanche nko 

t;1a intenance facil i ties and spare parts by ~~ r;, A. K. E itra 

i.ietallurgic~.l labor atories by r:: r . I·l . !Iadji.at and 
Dr. F . l•bouzaghla 

By pr oducts by ~.lr. "I. A. lYMchenlco and Dr. F . Abouzaghl a 

Planning for an iron and stee l Hor!-cs by Dr. A. Banjo, ; ; 
Er. Hocine and L r. V.r~. Ivanchenko 

Selecti on of technology by Dr. F . abouzae,hla 

(xviii) Constructi on and pr oject implementation by i:·.r. S.l.i • 0 jobor 

(xr.Ls) . L anpowe r pl anning , t r aining et c . by Dr. E . X. Khanijo 
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(£) p_jscussion of a lternat ive technologies for an engineering plant 
P_!.J:!N'S presented i n COJ1!!1itt_.?c;..l! 

(i) Cast ing by Lr. ;;.:c. l::itra 

(ii) :lot forming by l. r. A. :'.. . i.1i t r a 

(iii ) Col d forming by Dr. fi . 3anjo 

(i-;r ) i.~ctal cutting : 

(a) Linear cutting proces s es by Dr. ;. . :i3anjo 

(0) Unconventional ::tetal rcmo-ral t echniques by i.. r. A. ! . i:i itra 

(c) Rot ating cutting process es by i)r. A. Janj o 

(v ) l."abrication by ~:.r. S . K. Tamele 

'(·ri) Tool malting and heat treatment by i;ir. A.:c. i::itra 

(Yii) i: et r ology by Dr. 1 •• Bar.jo 

(viii) ;;e t a l coating by Lr. :i. ::·Iadjiat and F.r. J1. . !C. L:itra 

(ix) i:anpowe r pl ann ing, t raining e t c . by Dr~ i~ . :c. I\hanijo 

(a) f amrs presented in j:Henenr s~ssion for pl~g. i mplementation 
apd m:mpQtre r dcv:elopment for industrial projec!_ 

(ii) 

( iii) 

(iv) 

(-,.) 

{-:ri ) 

General considerations : 

(a) Iron and s t eel uor ks by Dr. F. Abouzaghl a 

(b) Eneineering manufacturing Norks by Dr . A. Banjo 

Pl anning for an i ron and steel pl ant by Dr. A. Ban j o 

Pl anning for. an e ngineer ing plant by i>'ir. A. K. Mitra 

Economics and finance by !Jr • f, . Banjo 

Det e rminat ion of manpouer r e quirement and training by 
Dr. !'. .:c. ~llianijo 

Descriptions of plant visit s: 

(a) t;etals by i.;r. "I. A. I vanchen!<o 

('.>) Engineering oy l~r. t~ . :c. Hitra 
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CHAPI'ER II 

DI~SSION orr IROH AND STEI!:L FR<D.JCTIOi'1 TECHNOL(X';I:SS 

8. Session I opened at ')9. 00 ~rith a brief int roduction by Eng . Abouzaghla. 
He described the developnent of the Egyptian steel industry which started in 
1955 and its technical and p3roonnel problems. The loas of skilled manpower 
through emigration has had a marked eff ect on the steel indust ry in ~gypt . 

g. Dr. Banjo then expl ained that the purpose of the discussions in Session I 
was to review the t echnol ogies available f or iron and steel making and the 
parameters and cir cumstances that should be taken int o consideration in s e lecting 
a combination of technologies for the iron and steel industry by African countries, 
In particular, he point ed out that met allurgical processing r e search was expensive 
and time-consuming and advised that African countries should not a llow their 
projects to be used as opportunities for r esear ch by the foreign consultants often 
hired to advis e at pr oject planning s tages. Consequently, he recommended that 
for countrie s just entering into the fie ld of iron and stee l product ion , it was 
advisable to select we ll-tested and proven technologies for al l aspects of their 
oper ations and to avoid those processes, however prOiilising, whi ch Her e s t i ll in 
the cours e of deve l opment. From this point of view, the r ange of choice for iron 
making offered two possibilities the Blast Furnace Brocess and the Direct Reduction 
&occss. For steel making , the choices available include the air-blown converter 
processes (Bessemer & ocess or Thomas &ocess), the oxygen-blown converter processes 1 
the open hearth furnace and electric furnace processes!" Although i t i s nmt the 
trend to consider the open hearth furnace as out of f ashion, it offers some special 
f~'t~~s ~f fl~~i':>i !i+y :a.nti vr.~l"~:::o tility which might be advantageous for a country 
just entering into iron and stee l making. 

10 . Mr. Ivanchenko spoke on iron making proces ses . He e l aborated on the two 
wel l -proven processes in application at the present time . 

(a) The blast furnace proces s 

11. This process has been in existence f or over 90 years and has been well
r esearched and proven in practice . The process can accommodate any type of or e 
except or e that contains chl orides and other s alts or titanic oxides. The main 
advantage of this process is its r e liability; t he disadvantages are higher 
investment cost for lo~1er capacities and the need for coke wliaich i s usually quite 
expensive becau.se of the s carcity of coking coal . This proces s normally r equires a 
c arefully prepared input of r au materials (the burden) and i s usually requires 
the establishment of a sintering plant or pelletizing pl ant and coke-ovens. 
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12~ The d i r ect r ;:;J.ud; i o:1 ;--roo:! ~~:: t :ac s ga::;cou:.:; and solid f u;.;l and depends on 
a va ilability of high grade or e . Th e main advantage of this process i s i"t·s 
l owe r i nvesti:1e nt cost p:: ~· t ::mn·..! of ct ~'Jl eopecia l l y for loT-T<:r capacitie s as -:: 
compar ed t o b l ast f urnace pr ocess. I n c ountri :::s Hher c natur a l gas and e l e ctric 
powe r a r e .:>carce , thi s ;;;;.~oc ass b-3conc s uncor:l~-i:it ivc -~incc i t i s ener gy intensive . 
Th-~ e nd r esult of the cli r 0ct r~ci~;ction proc.:;:s.:; i s a por ou3 iron product called 
cponge iron. 

3 . ~ssions on technolo_g__ics for iron mai~_,& 

13 . Live l y discus sions took pl ace on tte ~clvantages and disadvant ages of blast 
f urnace iron making in co:::~pa.rison t o d irect- r eduction iron mal<ing . 

The following issues H .. : r e the fOCUS Of the' ·disCUssi ons: 

(i ) t he pr oblems of access t o a nd acquisition ~f conventional 
blaDt furn~ce and direct reduction iron making t e chno l ogi es; 

(ii) the criter ia for a s c.essing these hro t e chnological o ptions ; 

(iii) the need f o r compre hensive survey and . assessment of iron ores; 
t he t e s t i ng and evalu ation of orec t o provide the data for deciding 
u pon an iro n making route; 

(iv) planning f or manpoHl'!r for the il'"on r.Jaking plant and tra ining this 
rnanpo11er !~ell ahea d of t he p lant sta.rt~p. 

14. Discus s i ons. r egarding the blast furnace process eentred around the · c ritical 
role of c oke and t he i mportanc e of us ing a c lose ly c ontrolled burden for the 
purJX>Se o{ r egula tion of t h.3 'ulast furnace r cfji:.1e. I n this r espect, i .t was concluded 
t hat t he a vailability of an assur~d sup pl y of coki ng coal is a mandat.ory condition 
in adopting a bl ast furnace opt i on. 

15. In Br azil whic h ponscssc s lar g.; t ro r.>i cal f orests but l a c ks coal , the use of 
charcoal as a · f urnace fue l has bean tried experime ntally in low shaft blast furnaces. 
~Ol·lever, the main difficul t y :·rith following thi s exampl e i s obta ining supplie s ..,r 

charcoa l a dequa t e t o s ustain economically feasible l e ve l s of product i on . 

15. Di:Jcussions concerning t he direct r eduction proc ess r eflected the following 
points of en phasis: 

( i ) i ssues related to t he processing ec onof.'!}'; 

(ii) the d3gree arid extent t o 1-1hic h a par -ticu lar proce s s has 
~0en pro ved in t e rms of comme r cial succ 3c.s . 
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17. In this connection, a few pr ocesses were mentioned that have been success
fully tested and proved on a commer c i a l scale notably Midrex and 9yl processes . 
The most important of these .are: 

(i) SL/RN (solid ·fue l) ;. 

(.\i) Shaft (: f.1idrex pr.qcess (gaseous f ue l) ; 
(. Purofer nrocess 

(iii) Hyl proces s (gaseous f ue l ). 

W . The most important consi deraticin .. ernphasized was the availability of natur a l 
gas as the pri me source of the r edu<::_i ng gases necessary for using the gaseous 
r educti on processes . 

c. Discussions on steel mal'-ing technol()£;X, 

19. Eng. Abouzaghla made a pr eDent;'ltion on steel malting technology. Discussions 
after the pre9entation centred around the choice and sel ection of processes from 
one of the following opt iono : 

(i) Open hearth fur nace process; 

(ii) . fheumatic co.nver}~r processes (air/.oxygen blown); 

(iii ) El ectric furnace processes , 

20. The advant ages ·and disadvant.:iges .. of each of these pr ocesses Her e discussed 
in r e l ation to the iron making t echnol ogy empl oyed. In the case of the pneumatic 
processes , i t was pointed out that the LD type process is· suitabl e only when 

liquid pig iron is used; theref~re ; this proc ess 'is usuaiiv used i n conjunction 
with a blast. t ·urnace. The . B~ssemer type process i s an ol d type pnewnatic process. 
t·lhich uses. a:ir· but in some case .::; oxygen inay be injected , In most r ee ·.mt steel 
shopS this -process i s however being phased out , · 

21. In t he case of the e l ectric ar~ f urnace processes , a solid cold charge 
(scrap and sponge iron) can be . used as inp.It. mate ria l. Therefore this process i s · 
i deal for sponge iron and scrap based steel r.taldng, . In the discussions, the 
following conc·~usions ·~:ere made : 

., 

(i) for manr. use~, ~hq Co;jt of bas;i.c Bessemer (Thor.Jas) s t ee l i~ higher 
than the cost of steel s produced by other modern methods. The 
O!Jen hearth furnace r "'qui r es a high capi t al invectment in plant, 
hieh cost of r efr actories and a large in~t . of · l abour for its 
oper ation. HoHever its f l exibility i n the use of charge materials 
and ad)ustmcnt .. of .. the melt is a gr eat advantage ; 
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(ii) t-:"\o VJ conv3r·t;)PC ca.'l be uc~ci l.l· co:1jL•nct ion :t.i:ch blaz·:: 
furn2.c~ ircr:. oa:~ing; 

(iii) ~lectr1c-urc ::.'\.tr:1~ce p:ooc~c.s r.1cs t ·.:>·~ used ia conjunction with 
thG diract r~<.!::·i:'ion pr:xcs::;,~s ;:-.n:l in cazcs ..,;1er e only scrap 
me l ting :i . .s err; icae:cd ; 

(iv) i 'J developing· countr1cs the~ Direct !1.3cluction /i!:lcc·cric Furnace 
iron and .ste~l makL1.[~ plant can be e r ect e d as an i ntegr a ted 
ins tallat ion o r thr o ugh the prOC8C.3 Of oaclcward integration 
coJnnlenc ing vri'i:'h a r e -rolling mi l l a.11\l sera? melting in an e l ectric 
f urnace. Ti: ·:J capacity of su~h i ntcgr at -3d rai l!s r.:2.y rise to · Cl . 7 
millic o tor.s b'iving !xu~ , r0<.--1 and section rolling facilities. 

2.2 . This followed im:nediat~ly after steel me..king discussi ons. I t uas pointed 
o ut that it i s very difficult to ~:;olvc poll:.1t ion pr oblems after the installatio n 
of ·the iron and stc31 plant. 1':1er cforc t hic problem m>.1st be adequat e l y dealt 
~lith at the deoi gn Gtage. I t HaL; ::1entionecl that the most important conside r at ion 
in dealing Hith pollut ion p~·oolcr.1::; 1-J::l.S t he choice of t he right type of <lllt.i'
pollution cquipmc:1t < I!: :.!.:::; ··::.K',..!.SSa..."")" to cstnl::li.sh nccc])t ab l c pollution s tanda rds 
at national l e ve l s in inC::ivid~.al countr j eG . 

23. Some sources of poll;;.·::i o!t ;.;ar c ncot ionoo a:nong whi ch ~-~~re : 

the coke pl a nt 
the ~inter plant 
the ste~l pla..-!i: 
t he the:r.mal [10\T-'!L' ~:>l;:.nt 

fluid e:t:'f l ner1c:-.; 

2h. To c ontrol p:>llu'!:'ior~, baehouse f ilte rs, ::y-::!lone s e parat0rs , e l ectrostatic 
precipitators and both sol:i.d a...'1·1 l :i q~·.1r.l .:;c:-ub!:ler.::; a r e u::;ed. :1at e r contaminants 
are r ar.1oved t hrough 11\'Uti~ali.::aticn, s cdinentation, f l otation and concentration. 
Het·Iever , care mu~;;; be ~x.:;rc5. c~ l.n r;etting nat ional pol lution standards so that 
nm plants are not i mmediate:i,y saddled ~~ j:::h h~~-.ry inv-cstr.1ents to meet· str i n gent 
p)llut i o n standarc.b t~1.--:.t lil<'.y net be justif i ed oy local c ircumstance s. 

25. · Nr. Iladjiat :.n bi.o presentation expla:i.nc:-~ th~ r esons for , ana· the teclmology 
of coke prepar at ion. f·ir. Cjobm~ ma de n ::;>r esentat i on r egarding gas pr e·paration 
for t:1e direct· r e d•.lc·:: ion :_::>roc2 ,~s . 
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?...6 . Discuss i ons r ef l ect ed t he r equirement to uc ~ a pre pared burden as an 
inp..1t to t he iron making p..- occs c (whether blast furnace or direct reduction 
~ocess ) • . :!:t wac also IX>i;·rced out that the r.ta i n objectives for burde n 
pr~paration are: 

(i) i rnproveme11t of ptysi :::al cha r•ac t cl"istics such as: 
cruohing str e ngth , r educioility, permeability, ~tc. 

(ii) impr o vement of chemica l c haracterist ics: especially basicity. 

27 . It t,ras a l so pointed out that utilization of fine ore r equires the sintering 
or pelletiz ing of t he fine ore . 

23. It was emphasi z ed ·\;hat ma.."'ly tests a r e r cc;uired in order to ec·::a blis h . the 
c hemical and phyoica l (JUalitie s of the or e and fuels s o as to be ascertai n t he type 
of pr eparation r cquir0d. 

(a) Re oort: of the s esaion - 0--.• . ....-~--- ---....-.---

.~9 . :.mg. Ojobor deliver ed a paper on the i ngot mould cast ing and continuous 
billet casti ng methods . This wus follmred by a d iscussi on during t.ohich the Algerian 
and 5gyptian experi ences uer e e;carninad . 

30. The s pea !,.cr went on 1:o ~point out some new dcve l opr.t:;mts in t he in.dustry . 
There has been a mar ked improvetnent in casting speed in continuous casting machi nes 
which has had a tremendous effect on product i on. Impr ov ,d cooling conditions 
have bee n introduced~ r esulti ng ..;.n e:re~ter l'e}i~oilH:y of t h R o~'l':- ti ons. 'T'h P 

c ontinuous casting machines have become fairly i:1·cri catc in oper a tion, a factor 
which necessitates Hould-b0 ir'on and steel pr c11.:klcer s 'co inve s t in thorough 
r ersonnel training. 

31. A presentati on O!'l role of b l ooming n i lls aild th~ir operation ~1as nade by 
Mr. Abouzaghla who gav e a :1 account of the Egy~tian exper i e nce r egarding their hro 
steel plants i n COnnection Hit:~ the exis ting b l ooming mill. 

,3.~ . r.1r . Hadjiat delive r ed a pn.per on the rolling of flat products . From the 
Al gerian e xperi e nce i t :'las a l so been brought to t heir experie nce tha t the 
compl exity and high quality of ec;ui :rxnent and i ru:trur.tents necessi t ates ·t he set ting 
up of a traini ng centre for per sonnel i n advance of com•ni ssioning a steel p l ant . 
The question of mar ket grmrth trends Hac a lso r aise:!. Car~.ful a.<'lal ysis i s , the r ef ore, 
r equired bef o r e d eciC:ing on th0 produc·i: -mix though i t is a l so Immm that l ong 
products Nould b\! chea;,:>er- anc~ aasi c r to produce since they ca.."'l be oade f r om ingots 
or billets f r or.t the cont inuous c a sting process . 
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33. A pape r was d e livered by Hr. hlwango on thz r olling o f l ong products. From . 
the Egyptia.n e xperie nce , it ·be came cl~ar that bars shoul d be produced first 
becaus~ of the big d c nand for c ons truction bar e. This has get the advantage that 
we could r.~ake the s e in smalle r p l ants, which could h.:!lp the countrie s to a.?.~.~~e . 
experience in the r o lling of st~cl. 

(~) Spec ial alloy . ~~els 

34. A raper Has d e livered by Mr . Hadjiat on the producti9 n of special alloy 
steels. Following the discussions on the nubject, it be cam·e c l ear that .in Africa, 
thz demand for these t ype:;; of ste el does not justify the investr.1ent. But if for 
sone reason of ctrategic importance a country ~~ants to produce special alloy s t eel, 
then a lot of r e search and hi ghly skilled per s.onne l would. be n e eded·. It· was 
pointed out that i n r e lation to t hi s s ubject, a more pr ofitable activity fbr 
African countri es would be th~ set ting u p of industrie s t o produce ferro-alloys 
for e xport from the abundant reso~ces of the contine nt rathe r than _expotting the 
raw materials to t he d e vel oped countries . 

35. A paper tvas submitted by 2ng. Abouzanhl a . The paper emphasized the critical 
r ol e of power supply in assur~•g the r e liabilit-y o f production in a steel p~ant . 

(~) Discussion 

_36 . A necessary input of steel rna!dng is c l octric power. lb~.;er should be avnil:1ble , 
r~linble a nd a t r cason..-...bly lo:·J cost . For a ny steel making plnnt, ::t st:md~ ' powe r 
s u pply t.;ould b e ::m advantage ;1nd is in many cnoes ~ n ecessity. 

37. A pape r wa s submittad by .:!.ng . Abouznghl a . St ee l pla nts r equire n lot ·of 
wat~r ~nd the r efore should h.:lve ~ccess t o ~ good source of wa t e r. In some c a s es , 
a uatar treatment p l ant Hould 'D~ necessa ry to bring the r :.-.w '1-Jat e r to the r equired 
quality. In such c ases, a closed-syst'3m o f l-J~tcr circul::ttion in the plcnt would 
reduc e water d ema nd to just make-up wnt e r ~nd thus rcduc~ o pcr a tingcosts. 

(~) Air _§uppiy ~nd oxyg_~n sup£1Y.. 

3C. A pape r t-ras delive red by Lir. Ojobor. During the discussion, it was seen 
thnt because of the l arge quantities a nd the multiplicity of us e r s of compressed 
nir in the steel Horks , c a r eful optir.dz::ttion of the composition a nd disposition 
of compressed a ir equi pme nt must be d e c ided a t the design stage . It was a lso 
acr eed that. in cases J."Jh0re o:r.>Jr;cn could be r ec-.dily av aila ble f r or.t outside sources, 
the steel .comp l e x may choose not to invest on an oxygen plant . 
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39. A paper was de liver ed by f:lr. I vanchenko . Types of r efractories cons umed 
by various units of the i r on nnd s t ee l plant . were described. 

Discun.U.on 

40. In pl~nning a stee l induatry, we should nl so pl an for ~ r efr actory production 
plant, if the r aw mat eria l s ar e available . For the construct i on of an integr at ed 
steel plant t he component cost of refr~ctory products and t heir transpor t a t i on 
is very high. The establishment of a l a r ge r ef r act ory pl ant in one country of the 
African subregion s upplying the iron and steel an~ other industries in the sub
r egi on i s a r eco(,lr.lendable appr oach. Research on r efr act ory materia l s i s extensive 
and can be expensive , and so African countri es may think of org~nizing r esear ch 
on a centra l bns;i.s . In t his connexion, UI-!I JO can· be of gr eat assistance in 
est~blishing such r egiona l /subregiona l centres . 

H. ~bterials ~ndling and t r ansportation 

41. A pr esenta tion was made by Sng. Oj obor on the transporation ~nd handling of 
the following items: 

(~) I r on or e ; 

(~) Fuel s includ i ng cnal ; 

(£) Lim~stone, dolomite , r efractory clay and f erro- alloys. 

42. It was indicated t hat the cost of trarusporting_ t:~aterials generally 
has a significant influence on the oper ating cost of an iron and steel work. fi1us 
u .i..s usual t o rinci s tee.l wor i<s sited in an opt i mum position i n r e l ation to its 
sources of maj or r aw r::atcrinl s . However, it u.::s poi nted out that improved tra."ls 
portation methods ~re r educing the i mpact of transportati on costs , thus allowi ng 
steel pla nts importing even a substantial protion of the r aw mat eria l s t o r emain 
competitive. 

(~) Transportation of iron or e f rom ~ources to pl ant s ite 

l~3 . The transpo1•tation of iron ore f r om the mines · to t he i ron and steel wor ks by 
r a ilway Has r eviewed. Iron ore i .G car r i ed to the pl ant i n tipler-typ~ rail wagons , 
or in sel f -dischnr ging wagons. s .elf-discharging typa wagons have proved more 
economi ca l in oper atiqn than t i pl cr-type wagons because of the saving in oper at i on 
time and r eduction in cost of r,~intenancc . The tipler equipment r equires f r equent 
ma intenance and can l ead to ''bunching up" at the discharging s t ation. 

44. Ocean liner s nnrl/or o~rges are al so us·~ to suppl y iron ore to steel Nor ks 
l ocated at or cl ose to s ea ports or r i ver port!:l . In cases l1her e t he pl ant site 
i 5 not so c lose, the port ·has to be linked up by r a il c:onncxion. The problcra her e 
however i s the cost of the int~nnooiate s t or age between sour ce and plant and the 
multipl e handli~g involved. 
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45. Ocean liners for iron or e use bul k met a l car rie r s and a r e economical. At 
port they are off-loaded · by buU< s hi p. unloader s us i ng grub-bucket~:~ and despatched 
t hroug h convayor systems to the s t or age. 3arges can be used on r i ver routes , 
whi ch economically us e metal c onta ine r s as ore carrier s . 

(~) ~sportation of coal, ·limeston:;.z....,refr actory c l ay et_£. 

L~5 . The transoort <:~tion of coal f r or.t mi nes t-o the wor ks Has a l so r eviewed. Rail 
transportation ~d sea/ri ver . tra nsport sit uati ons a r e simila r to t he iron or e . 
For t r ansporting other materia l s such a s r e f r actory clay, dolomit a , l~est~r.e_etc . 

it -:.tas indic~ted t hn-t r ail and water t r anspor'blti on inva riably a r e_ .ch~~per ·means. 
HoHever, i t i s not a h Tays t hat t he sources of t hese rnat~rialc make nuc h modes 
feasible , especially i n develo~ing countr i es. In any case , because of the 
relative ly sr.tal l e r quantit i es of t hes<:) rnatcrialz, r oad tra nsport by t rucks can' 'a lso 
be e conomical • 

.. (~) . Material s handling_ of o r e , fuel and flux::!s withi n t he '1-~rl<.s 

~7~ .Conveyor be l t t r a nsfer of or e, coa l, and f l uxes from t he d i scharge station of 
t he r ai l way o r the port of d i scharge by s hip/barges was examined. Also r eviewed 
wer e the s t acking a nd r eclai mi ng a c tivit i ec at the stor age yar d . The merits of 
c ombine d stacker/re c l aimer wer e r e vie wed. It H:tG indicated t hat equi pment desi gn 
for t he stacki n,q, , re-claiming a.tld ble nding jobs t<.>J<e into conei der ati on the 
following factor s: 

quant ity of mat erial.::; to be handl ed; 
number and d i mensions -of s t orage piles r equi r ed ; 
numbe r ·of r.1achines and t ,he engagecc:mt t ime , e tc . 

46. The handl i ng of r efractory nlay, limestone , . dolomi te was a l zo cons ider ed. 
The me thods will d epend on t he qull.ntities invol ved and t he l ocations of the user 
s hops . It i s qui te usual to carry m~ of these :iter.to i n du :.tper ·tr ucks to the 
user s hops . Conveyor ::: a r c also i n use, although l tu;!py mat eria ls ·l ike uncrus hed 
limestone or very hw11i d refra·~·tory (,l a y ar e n">t q..1itc s ui ted to conveyor s . 

49. lhe umatic transf er of materia}s Has a l s o a pplicabl e i n many i ns t ances , as 
for exampl e . ground or e fines, gr ound lime and coke breeze~ Truck mounted .silos 
are a lso us ed to transfer grouml l ime· to the steel naking shop or pellet s inter 
plants wher e it i s tr~ferred to t he stor age b~ of t he s hop ~eunatically . 

(~) Di scus s ions 

50. The experi er.ce of the He l wan St eel Plant in Egypt 
or e i s coming by r ai l f r om a mine about 300 lons. away. 
hav·::: i s t he blocki ng of the rail r out e by gn.nd deposi ts 
disrupt s the i r on or e s~~~ly. 

t-Tas r e l ated . Their i r on 
One pr oblem t hey normally 
after sand-stormz. This 

51. Also at He l wan i t uas found i n pr act ice t hat one t i pl er equipilent ttas j us t 
not enough , e ve n t hough from t-h.a quant i t y of materia l to be handl ed cal culations 
s howed that it s h-:)ul d be . Hel wan is nmt inv~sting i n a second uni t . 
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52. The suppl y of fu8 l :; lii~e natura l gac anci liqui d petrol eum fue l I<.J.C a l zo 
r evi8wed , a:;pecially for many Af:-i can coun·i;rie s wi thout indigenous sour ce.:; . 
Pipeline suppl y of nat ura l gas hna proved e cono:nical although liquid natural gas 
c an a lso b e supplied in t anks . The economi c ::; of availabl~ alternatives chould be 
examined in e a ch case . Another ::1od.c of Qa·~ural gac t r anspor t d i scussed involved 

. the r eforming of t he na:tur~l gas to carbon uonoxi de anc! hyd r or;e n a t the source 
end , p i ping them separately anc~ r e c ombining a t · the r eceivi ng end to obta in me th.:lne . 
This· !.sas ·s a i d to be a i ned a '; obvi a t ing the ric k of hydr ate for::1a t i on a long ga s 
Ptpelinae 11 I t . Has obviou s , howeve r, that thic s i ':uation ic not a !'Plica b l e in most 

· ctr.owutanoe.. 

(~) §£rap and s l ag 

53. The s e could b e t r ansport.:::d by r a il and t rucko ~nside the plant , :tr a.ns -
portation of scr ap in special ::;cr ap b ox cc shoul d b e by t r uck c r a nes and r a ils . 
Scrap ha ndling is pr oblenatic b e cause of ·t h;; a brasive ness of the r.1a·ce rial . Care fu l 
pl:lnni~g of suppl y should be 1:1ade f r om the ?eginni~.· 

54. The r e : was a str ong f,~cling that the supply of scrap shoul d b e l ef t to 
speci alized· scrap cor.tpanio:.:: because ·scrap hanclJ.*-tlg and processing r e quired good 
1-..now- how and specia l aC[' .. d p.":lent . 

55. Ther e i s a need for ade{!Uato ly s i zed s ·:::orage yards f rom uhich products could 
be d e spatched by road, r ail or- wate r to th::: consur.1crc. The s i z -3 should taltc into 
consi derati on the fact · that des!=k'\tch of f i ni s!1ed ;::>roducts r:tay not t n!<c place 
according to t he best desir abl e r a t e . · 

:>G. I n p iann1ng the s ·<:or age yar d , one should t ak e i nto a ccount t he shor t - falls 
of transportat ion, as thi s Hill s ure l y eff~ct t~1~ size of t he storage yard. A 
provision s hould b e made in the s torage y ar d for provi d i ng cov·er for some of the 
stc e.l pr oclucts . Sonc of the speci a l stee l products carmot be tra."1.sported in the 
ordinp.ry r a ilway Hagone; this may nec~ssitate a r edesign of t;1e sc ,.,agons, a n 
~ccrcise which can prove ver y expensive . 

57. :tail and Hate r t r ansportation of :finished products are ;:)cononic?.l. Trucl< 
transy.x>rt u sually i s r.1or e e xpcl1£ive and r ecruircs he.:tvy maintenance . I n any e vent, 
adequate t r ansportation studi es should b~ carried out at the pl anning stage to 
d etcrr.rine the best cor.tbination of dcs~tch r,Jethocls of finished prod;.tcts . 
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5:-;. A pr3c ontation uac :,,a-:":~ by i:ir. i.li t r a u ho r e >rie wod t h<l r.1achine t ools and 
equipr!lerri: r cc;uir ed in cn.ch of ·l:heGG z ho:.-s >~hich ''ill ena~lc t he m CatTy out, as 
nuch c-..z ?Q::>:::i~le , the ~=~:_:>ec'cecl maintenance cio31;-,andc on t hen in cazting , o achi.n:ing. 
fCCU"--<:u·ct i l1[;, fabricati::m :l::c . I n nany instanc~c, uni ve r cal r.1a chines we r e 
pr 3fern.bl e i n vi3tl of th~ v .lr"{ f~H sp3cializ~-'- jo~c that arc re~ir~d in Gt ~el 
~lan·t raaint:m ancc HOr~:::> . 

59. It ~-lac ag r e&l in ~i.·inc i~1lc that tho subcontr acti ng of raa j o r jobs of a 
s peci alized nat u r e to s :--cciD.li.::<:ld com;-xtniez chould be e.ncouraged in o rde r t o 
f <.:tcilitate the c r mrth of servic e i ndust ries . ;-Iow:!v er, whe r e such specialist groups 
d o not exist, as i s th·,} c aoc in iJany A:f-ric.an countries, ste~l plante .caet 
inve st in ·i;b -~ cctabliat1i.lc nt- of thu abov'" .zhop::; in orde r t o e neure r apairs and the 
manuf<1cturc c f nec0sG.:u-y c~rc !x1.r ts f or t he cuoot !1 running of t he pla>1t. 

60. A pr ccant<:>.t i on on r.1::l. i nt..:manc 0 achc::-~cs cove ring th\:! abovo 14aS mad.:! by 
f,ir. Abouzaghl a . He im:ic?..tc~ plant units requiring ov e rhaul at l ong int ervals 
s uch aa t h e blast fur nace .:lnd. the coke-oven batteries . 

51. . Discuzsi onc that f ollouccl pointed out that in st-=c l p l ant s naintenance 
pe r sonne l accountoo for about 50 ):'Or c e nt of th0 labour for ce. Emphasis l-ras l aid 
en th~ need f0r advanco ru1d adesuat~ t raining of t he personn~l for ma intenanc e 
a inc0 ·e fficient mainte nance ~rae c r i t ical t o the effi c i.mt operat i on of the plant . 
A sound maint~nance phi loco::>hy anC: pr acti c aole schemes must ~o installed e arly in 
the life of . the plant. 

6~ . Any s t eel p l ant sho~ld :::oliv er its prOC:ucts according to the s pecifications 
of the custome r s and ~oduct~ of bad qua lity a r e r e j ected. Conse quently, al l 
st·cel p l ant s c0·;; up a c;uali ty co ntr o l dc~ment to check that the deliver ed 
pr oducts a r e accordine to t!1e a p3cification of the customers. 

53. Sv c ry ton r ejected :,y ·the (!u ality contro l d(:!partment corre sponds to a 
f inancial loss 1 particularly u:1cn t:1c re j ect i ::; a f i n i s he d product . In or d e r to 
minimize r ejects, the (!uality control shoul cl have its control :1t the differ e nt 
l e ve ls of production tc enc~c t hat any poor quali·i;y is not carried fon·mrd 
t o ::::ubsecp..1ent stages. ':'h-~ cont r o l starts at ';!1e rccc1_:1t i on of t he or e , coke , 
:fzrro-alloy~ 1 etc. a na r.m -i.C Hi·;; ~1 the finish~d products . 

61+ . Hot-~~ver , tha c f f·ect of !=!Uality control •·rill l.:>e ve ry liinited i f no e ffort is 
1na~:J ... ,o .!:.tudy the cau::;cs of . rl·~~~tc . 
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55. THo funct ionc arc acsoci a'.:-ed JJith c:;ualit-y: 

t::uality contro l ! 
mct<:lllurgic.al rcccarc~l. 

55. Gonor a lly t:~e r:uulity con·;;-rol d~partm~nt chcci~ the followine, : . / ' 

dimensions; 
dcf -3~ts (inte rna l and (;)Xtornal ) ; 
c hemical analycic ; 
mechanical ~ro:,-crticc ; 

metallogr aph:i.c ct ructurc . 

:)iffc r cn.t techni c;uos arc usc>J to ef::..;ct th3 control : 

visual d1ccks o f defects; 
automatic ch~c~~s ~rit !1 ·i;echniquc s lil~.z X-ray, gamma r ays; 
dofect ci1ecks by ul·::rasoni c methoo; 
defect checks uit!l e ye pen~trators . 

67. A r>r e sentation wac r.tade by Hr. I vanchenko uho out l ined the various sub
s'cance s t!1a t can be pr ofitably r ec over ed as by-products from the coking process of 
coal . 'Th~so include crude t ar, crude benzole, ammonia, coke-:-oven, eas , etc. 
Tar can be pr ocessed and usee as fuel within the ctccl plant , for exampl e in the 
thcr :nal pcmer plant . I-:: can also be injected into the blast f urnace to reduc~ 
coice consW!l;Ytion. Crude bc nzole can also be r ectified to produce r:ure benzol 
anci ·coiuena Hh1cn a r e use-:, , among otb~rc, ac a petr o l additive and as a ~ .. .:.utical . 
solvent r espective ly . • · 

6~,. Coke-oven gas i.::; a pr cr.tium :fuel, t-tit:; ·a cc:.lorific value of 4'XYJ KCal/l\1r.t3 
and is u sed exten.::;ivc ly for heating pur poses insicic the plant . Coke oven gas can 
al~o be used as do~ectic gac. 

69. Arnmonia gas , obta inable f r om the coking process i s used for t!1e production 
of ammonium sulphate f ertilizer. 

70. High quality st3ar.l ca..c"l also h e rained frou the quenching of hot coke from 
the coke-ovens, ucing t ho ·::-echnique of dry-quenching . Thi s pr ocesD will l ead to 
gre ate r total cne r gy r ecovery and l ess air pollution. 

71. Loca l ciroUtactanc .::s whiC:1 woul d make an extensive by- product r ecovery ;>l ant 
desirabl e Her e revietvo;~ . I t was ge ne r ally agreed that 'Hher e alternative cheap 
source s of oome of 'ch·~ proc~acts are available in the country , e specially through 
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the !)etr ocherni ca l i roustri c::; th.Jr e may be no j ust i f i cation for heavy investment 
to r ecove r sr.1al l qua ntiti es o1 some of the product~ . It t-~as al:::;o the feeli ng 
that the use of dry-<ruenchin£! proce:::;s as against Het-<!tJenchi ng should be 
j uct i fied f r om investment studies . Dry-<!Uenching facilities are expensive cornpared 
to Het-qucnchi ng . I n r.1a11y cacec , wi thi n a :::;tcel plant , the avai l abl e fue l sources 
of 'bl ast furnace gas , coke-ove n ga.G , natural g".s and liquid fue l may prove a mo:·e 
economical way of rais ing steru:: t ha..1 tl;r ough t he dry quenching process-;· 

(s) 2!- pr oduct of th~ tonage oxygen-4olan~ 

72 . The mai n by- pr o<luct of the tonage o~ygen plant i:::; n i trogen t4hi ch finds 
exte.n.sive use in steel plants especi a lly 1-1hcre an inert atmos,?her e i s desir ed. 
Nit r ogen is t hus used as seal -gas; as cooling meeium where r e-oxi da t i on ia to be 
avoided; as t he inert atomosphcr e i n annealii1G f:..trnaccs for col d-rol l ed coi l s , etc. 

73. Slag is pr oduced fron two r esour ces: 

(i ) s l ag fron the blas·c iurnace; 

(ii) s l ag f r o::t t he s t eel making pl ant . 

( e ) ~~st fur na.,.c-9 _cJ2-~ 

7h . The s l ag fron the blast furnace i s us~ally pour ed into :>lag lad l es and 
c arried by r aihray to the granulating pl ant uhe r e the granulation pr ocess takes 
place. It is then stor ed and transp::>rte(~ to the ·customer s (most l y cement pl ants ) . 
In other cases slag can flOtr d i r ectly for ths bl ast furnace to a g r anulat i on plant . 
The slag also i:::; used to procluce pumice to~hich can be used for manufacturing bricks 
or slag tmol . 

(f ) 

(i ) slag f r om the Thomas steel pl an-t Hhich can be used, after crus hi::1g , 
as fertilizer ; 

(ii ) slag can be sorted in d iffe r ent cl~se~ and used as a. cooling 
additivQ. 
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Casting 

CHAPI'ER III 

DIOOJGSIO!J.:; OH UETAL:TORliTUG T~I-ll-IOLcx:;IES 

· FO~ ZliGD-FO;SRTIJG :;:NIXJSTIU~ 

76 . ilir . A. K. l.i itra made a presentation on this topic in Hhich he -descriQe.d t he 
processes involved in the ca<;ti ng of engin0er i ng components and th3 d iffer ent 
operations involved . in O?Crating a foundry . 

T? . The process of casting involycs melti ng a...C pourirlf· of me t <!l into pr ·cp;:tred 
moulds in ~1hich the metal is left to cool and· solidify . To obta in good 

:cast ings, it is importan·~ to ensure that tha li~id metal solidifies unde r care 
fully controlled co nditions in o r der to obtain ccrapnents f r ee of defects . 

73. The operation of a foundry invo lves several activities Hhich i nclude: 

(i) preparatio n of clcs i en/dr atdngs of components to be casted; 

(ii) patt e rn malting; 

(iii) pr eparation of moul ds and col:'es; 

(iv) melting a~ pouring the nztal ; 

( v) knoclwut and fcttling of the casting• 

(vi) inspection . 

(~) Drmiip.gs 

79. I t i s i mportant to ensure that correct d r <:LHings are available before 
c onunencement of pattern making . The se 1;ay be pre pared by the des i gn per sonnel or 
supplied by c ustomerz. Sampl es of items t o be ma..•mfactured can act as a guide 
if avail able and somctir.~es arc used as patte rns i :f not worn in dimensions. 

Co. This is the backbone of any foundry operat i on. The s hop has to be equipped 
wit h the right tool s and materi a l s and ex!=>Crienced personnel. Fatterns a r e 
usually prepared in good quality seasoned Nood, but sometioes pl ast ic or e ve n 
metal may be used. After use, patterns are s t ored away in case they a r e r equir ed 
for futur e use. 

J l . Good quality sand has to be u~::ed for thi~ purpose and r eclaiming for f ut ure 
use i s necessary to minir.1i s e coGts. After preparation, drying and backing of the 
mould fol l O\.z prior to pouri ng. 
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82 . The me l ting of the met a l t~kec plac e in a fumace. The furnaces gene r a lly 
us ed in foundries may be of di~ferent type:;; nnd include : 

(i ) 

(ii) 

(iii) 

(iv ) 

cupolaa fired by co!ce ; 

oil-fired f urnaces i 

e lectric i nduction furnaces; 

e l ectric ~rc furnaceo . 

03 . lunong thes e furnaces, the cupola fired t.rith coke is the most c ommonly 
used. 

(~) iCnocl-tout and f ettlin,g 

04. ~!hen· 1aetal has s o-lidified in t he mould, the latter is ilroken up and the 
me t a l casting 'is extracted . The roueh casting is t :1e n c leaned up by various 
processes Hbich involve cutting off the rise rs, grinding and sand~r shot-
blast.ing etc • . . 

85 . Good t r a ining programmes shou~cl be instituted to pro·vide the highly . 
s!cilled pe r s onne l r equired ·t'o run fOI.U1dry operations, particularly iii pat tern
making und moulding . The r equireme nts of various foundry pers onne l 1•ere .. 
e laborateci upon by the autbor. · 

Discussion 

r.6. Dr. ''• Banjo c!r e 111 c-.ttention to other moulding s ystems which a r e ava ilable 
using silicat e and resin-binde r s for the s and Hhich does not requires firing or 
baking of the moul ds. Large castings a r e usually l eft f or some Heeks or even 
months t o mature 0ef ore machining . This i s done t o a l l olY time f or the internal 
stress t o ·eyeri out. In othe r cases, the c astings may be subjected to stress
relieving L~ an annealing furnace . 

~. l. del egate enquired on hoH the skilled manpotver reql,lired for the develop-
ment of casting industries in the subregi on could be tra ined. It was explained 
that training could be carried out in craft training s chools. llowever, the more 
satisfactory method would be through e~.pprenticcship schemes. tdthin existing- · - - -
foundries Nithin and outside the J'd'rican r e gion. 

BG. A c'iel egat e a l s o raised t he question Hhethe r othe r mat erials can be 
used f o r pa.tternmaking . It NaS expla ined t !lat wood is nomally used for the 
making of pattel''ns because of ·easy crec;t .ion of sha pes. Hoa e ver patterns made of 
metal are s omatim€8 · used Hhen the quantity of pieces to ba produced is very 
high. The !dnd.c of wood gene r ally used are mahogany, tea.!c, ·pine etc. 
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Hot f or-min_,g 

39.· The paper was pr~se~~ed by l r. h . !{. Litra . The purpose of hot fanning 
is to shape th~ met al into a desir ec:. f o rm and size in the hot condition by 
application of ext ernal f orce. In order to achieve this objective , the meta l 
is preheat ed to a pr~etermined tempe~ture at which it -is r e l ative ly soft 
and r equi r es l ess force t o deform t he metal t o the r equired shape . 

9) . The r e a r e t tw major hot fo r ging techniques, namely, 

(£::,) Fr ee-form for ging; 

(p) Di e f or eing . 

91. Free- form fo r ging is used at bl acksmit h l eve l t.,.he r e the metal is not 
confi ned i n a d i e but the form is gene r a t ed by s uccess·h•e· bTmrs while the hot 
piece of met a l is manipulat ed _ into d ifferent position~. Sometimes t emplates .are 
used t o guide the defo~ation of th~ metal l·Thilst i t is be i..n,g struck. 

92. In dic~oreing, speci a l shaped moul ds called dies a r e us ed to partially or 
comple t e ly confine the hot metal so tha t it f l mrs into the shape pr ovided :fithin 
the d i e . The d i e may be an own ,die Hhen the met a l is only partia lly confined , 
or a c l osed die i n which case. tb.e . met a l Hill be entirely enclosed by the die . 

' • • • • I 

93 . The force u5ed to produce t he deformation of the hot met a l may be applied 
in diffe r ent Hays, e . g . 

(i) as an impac t force : i n this case the for ce is pro·;rided by the 
kinetic energy of .a hammer Hhich is suddenl y br ought to a stop 
vi-. t!.&;;; :£vt auct~J... 'r'i1~:: ""UI;;a;·gy, may U~ prOViuOO oy a falling We ight Or 
a fl y.·rhe~l ; 

(ii) as a s t eady pressur e produeed b~ hydr a ul ic. or pneumatic m&an&J 
' ' 

(iii) cora~ination of impact f orce and st.eady pressure : this is usually 
obt a i ned .. Nith mechanj c a l toggle .presses used in certain kinds of . · 
closed die forging . · 

Types of fpr ging machi nes 

94. The f ollot;rin g a r e the machine s generally used for forging oper ation : 

( i ) poHer striker: .· this i s a smail haun.1e r similar t o the· blach:smith 1 s 
ham;;1cr driven by a · ~dal or an e l ectric motor t-~hich . is . us~d in f r ee. 
f r o::t for ging on a blacksmith's am·il ; 

(ii) . pneumatic or steam hruMter ; 

(iii) dr op for ging presses ; 

, " • . 

(iv) mach;;mical forging press : types inc l ude friction f lywheel presses , 
crank pr esses and t oggl e pr ess es . 
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Die t echnology 

95. The choic~ of material ~or the di~ i s La ?Qrta nt t o e nsur e sustaining of 
h~a·;; , pr essur e or force .. "Tc-..riouo tool s and r.-~achincs ar.e useci i n d i e pr e par a tion 
includj,.pg dia sinki ng machine o. !)ie o are u.::;uc.lly i n two part~ . :Ameti.nes 
vari o us d .i es ar~ used in Gtagc c. to obta i n the_ f i nal for m. I n d i e clesi gn, the 
we i ght of the bille t i s i mport ant. The r;~at~rial t o be d i '3 for gGd shou l d be t h a 
right :::.izc and we i rht to r ::!d u-:::e e xecs.::; flash r.1at e rial ~-;hich ·vr i ll ooze out bct~•een 
the dies. 

Discussion 

96. . The 
t r eatment 
import ant 
dCS?rY$!5 • 

. . 
d a ye l opment of for g i ng f .ac ilit i ~s 
i s n .ac l ected i~ A:frican countri co 
s ector of c ngi nzer ing induo·t ry i~ 

'.: 

i ntegrated with d i e -rnaldng alrl heat 
a rui i t i s i r.1_pcr a t i vc that t!1is __ . 
g iven the i 1:tpor t ant at·t e nti.on ·tha t it 

97. As shortar;e of s !tillzr..l manpower i s a major obst ac l e , e ffort.::; must i:>e dirept ed 
toHarcl.s · ensuring that trai~ing program;;·"~s are o r gani zed in t.zchnical ins titutio ns 
and on-t he-j o b a f ter l eaVing c::i.uc nti on a l inoti.t utions. It i s i mportan·c t'o offer 
t he rig ht l evel of remU:n-~ration anr:l othe r i nc'e...-,t i ves t o e ns ure that trahr~d a nd 
qualif i ed perZonne l are retained . 

Cold formin_a 

g::;. Dr . k~ _Banjo gave a pr cs cnt c:t i on on thi s _sub ject . Col d-for ming i s one of the 
l atect teclhrio~~~ies in metal onaping by whi ch ~~ctilc m0tal.o ldthi n a sp<:dfied 
range o_~- phys i i;:al and cheroliC;?.l propcrti~~ a r c ·formed into r.r '<J-det e r:nined s hapes · 
!..rhi l c i n the co l d. condition . 

99. Succe 9s i n s haping ; ;1~tal by the co l d - forming proce s s i .s _ hi ghly d e pendent- . on 
the ·. ;;ize and .(;omposition of the prod,ucts and the choice of r aw mat e rials . Col d forming 
r equir·as · the a'pplication of l arger forces Hhe n compar ed with hot f o rming opcr<~:tions. 
Hence , i ts a pplicati on i s l :init".:!d t o the manufactur-a of: 

soal l c omponents r-3~ired in l a r ge quanti t i e s ; 
_for par ts ~hich need t o be t oug h a nd r eci l i ent; . 
f or compon~nts i n _;111-ich high pr cci s _i on form i s r c qui r bd . 

100. The be s t known r a ng a of ~ roducts that are m~"1ufactured by co l G forming 
processe s arc fast'e ne r si bolts 1 nuts 1 t ive ts a nd WOOd5Cr CI<IS o '3te.e l o alls ' for . b all 
b~~ing$ arid nails G\:re some of the pr Oduct s tha'c ar e also pr oduced by .cold . forming 
pr oces.-:cs today . 

101. Since the i ntroduc t i on of this t 0chnol ogy in e ng ine.zrin& i ndustries, a ~ide 
variety of col d f o r r.1ing opcr a·cion.::; a r c qu ite wel l dev·~loped toeay. Among the 
vurious t ypes of col d ::;"or mint; oper at i ons t he ;:lost corn;nonly used arc: 

upsett i ng ( col~ h~ading ) 
e xtrusion 
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- metal spinning; 
- thread rolling; 
- wir e and tube drat-ling. 

102. t~ong the above types of cold forming operations upsetting is the most 
commonly used. Today, different types of nails, screws and oolts a r e manu
factured using upsetting operationso 

103. ~~trusion is normally used in shaping non-ferrous metals like copper:~d 
aluminium into diffe r ent forms such as tubes, bars, windoN and door frame 
sections. 

104. Hire-<lrauing is employed in many engineering industries in th~ manufacture 
of diffe r ent sizes of tdre . Tube drah'ing .is employed in the production of 
high quality seamless tube~ 

105. i.:r. A:o:C. i:;itra presented the metal spinning process Nhich is frequently 
employed in shaping sheet metal and . i.:> found to possess the following n1ain 
advantages o-rer other types of cold forming operations c The major ones are: 

the possibilities of using less skilled workers; 
it is less capital intensi7o than other cold forming oper a tions; 
it is ee.sie r to obtain unifonn distribution of materials than 

tdth sheet metal pressing; 
it requires simple formers nnd eleminates hi~~ cost of dieso 

106. The spinning process is be ing increasingly used in the manufacture .of 
kitchen-.wares especially cooking pots and containerso Due to ·the .advantages of 
this operation, some of uhich are outlined above , and the large demand for 
!ti tchent.rare in many countries, it Has recommended that metal spinning operation 
could easil v be developed i.11 many Afri c 2.11 ~ountri P.r. .• 

107. The need to tra in the mnnpot-1er r equired for cold for-.ning operations should 
be seen as part of the gener a l manpot-~er developnent require~ents for enginee ring 
industries in Africac 

Discussions 

108 . During the ,discussions, some of the cold forming operat ions presented t.rere 
furthe r elaborated by different de l egates and consultants. 

109. A c~elegate enquired about the difference between erlrusion and dra!1ing 
operations. It uas explained that in extrusion, the metal Has pushed through 
a die by suitable pressure. In wir.e or tube d r aNing , the meta l 1.ras pulled through 
the die. 

Fabrication 

110 . Mr. s.::c. Tatne l e gave a presentation on this s ub j ect. i .etal fabrication 
is the process iJy l·lhich sheet met a l, plates, tubes, etc. are cut to· requirer.l f orm.s 
and joined together by 1wlding, rivettine or other type of fastening method to 
produce larger and more complicated components or structures. 
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~11. I n all fabrication Hor1;:s , the sequence of O?erations could b<! SU.':t':larized 
as follows: 

pr epra-cJ.on of component drav.;ings and designs ~ 
selection of ap~ro~riate naterial~; 
inspection and t ooting of the marlted sel·ected materials e ithe r 

by physical exa:'ilination or by r.~ctallurgical tests 9 
cutting of the pi eces ·co b e joined ·coecther ; 
asse::~bly anC./or joining operations :~ 
stress relieving ( if required and depending on the assenbly and/ or 

joining process , cc.x,,;;!l cxity of the fnbrication wor k, e tc. ):- ; 
i nspection and t e sting of the assembled andior joined parts; 
cleaning and he.:rt treat·r.1ent i f r equired; 
r.1achining to fina l shap.~ and dinension:::; ; 
painting (both for rrotcct ion and ap~earance )• 

?..112. All the above o~:>eratiorw have to be carrier..l out 1-1ith care a><d require 
experie nced and s!d!lecl Horke:--s. Special atb;ntion has to be giv::m to the 
pr eparation of component drawings and selection of r:1aterials and the assembly 
oper ations. 

113 . It is to be not ed that the devclopr:1ent of appropriate component drawings 
call::; for the crc;:-~i.on of good desi gn offices and the cnployment of e xperienced and 
skilled draught .men. 

114 . Frepar a tion of the Dat·eri a l s i s us ually achi ·a ved by the use of s t andard and 
appropriate machines s uch ac guillotine machines , bending machinec , pr esses, saws, 
etc., •rThile the joining of th~ cut pi eces materia l s is carried out by welding, 
rivetting , bra zing as ~1cll <::!S oy the US;:! of bOlts ar> .. d nuts . 

115. Today, many ty~s of Holding such as g~s Hol d ing, aro Helding, stud-\..1elding, 
COz ;.rel ding , etc. , are Hidcly uacd in j o i ning ::l<!ta1s. The successful j o ining of 
metal p..·u~s and scctinns . ic rnainly dcperv..ient on t-he selection and application of 
Hel d ing electronics. The pro;:>er sel ecti on and application of He lding ·e l ectronics 
i s often negl ecteG in •1elc:ing operati ons carried out in l'IOrkshOi)S in African 
countries. 

Discussion 

116. It i o important to develop the std. lls of ti1e wel d ing technician and the 
craftsman for metal fabricat·ion in the African countries . !Toper t r a ining and 
suitable r emuner ati on scher.!es zhould be davised i f f abrication uor ks are to flourish 
in these countries. 

117. The importance of r.ta~nraining adequate stocks of r aJ..I mate rials for · t he pr e 
par1iltion of cut components 11as emphasized. Cl ose control of the quality of such 
ral·l materials i s necessary to <msure oat i zfactory output of fabricated pieces. 
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llC. Th.e paper~ :·~~~ ,·~ ~recentcd by vr. 1 .. Banjo a nd f·ir. A.K. ffii t ra. Metal
cutting involv~o tho:"! r-:~1..:'1.;,_1ing of r.1et al by cut t i ng . of f u nwanted portions of the 
mco.te rial ·to l eav e bc~1i.nd c1edr.~ s urfaczs and s hapes of t he r~quired dimensions. 
l:letal-cuttir.g c a!l ;.,:e can.•:Led out by the fol l oi1ing ~Jethods: 

by l :i '""":\_;" cat~j::1g fll"'.J~:;szes; 
by r o·i;ating cut·::iL~ processes ; 
by un-· o::-~ \--mrtion::tl cutting pr oceE>ses. 

119 . In li.:e·tr cu":tir1z of :na·i;als, d~fferant '.:ypes of t ools arc used to generat~ 
.- required s'.:..rfac:~s and s~apes e ith2r by ;;he linear move ment of the work pi ece, 

!teeping the tools ct:, tionc:.ry, or \-"i.ce-vers~. . This princ i pl e is used in shaping 
and plannirl£ .:~c-cioin·:::!C fo-r tl1e rrad:uct~.o:1 of plane sur f a ce s. 

120. In rct~ti.ne m:;·; i\l- ::::uttl:1.[l: procc:;c.;et; , netal-<!utti ng is achie ved by r otating 
e ithe r the lior!tpl ' !CC Nhilc tl1e ~ut~ine t co l.s are kept s t a tionary, or vice-versa, 
or both. Rot:.:.tin /2; r.y~ ·'-c.J.-ct'.tting processes constitute t he bulk of the metal-

-cut t ing o;.:::;:-3.t:~o'-=· ;_:'\ :i ndncb·y . 

1~1. The ct:t ·ti:,.g c:f ;:~ :~": ~~ •: i n lin.x:.r and r otating cutting processes i s a chieved 
by the use of too7.<J :r.-~:lc <:'Ti: of hard met a l alloy c (e . g. h'igh speed stecl s )or 
f r on hare non-r.:::i:'<ll l.ic :~~a:>3:•ic-.l=: ( e . g . ·;;unccten carbi de ). 

122 . As the cotilb.n~ cutting processec are Hi:::~cly used for cutting metals ~lith 
varying phyr;:,.cc>.l 8,:-_j ~Jctc-.l lurgic~J. chr.ro:::cte ristics a nd for d i ffer::mt applicati ons 1 

ther e is c. u:.::!:: V:!r:i.0~ .y o f me..chi~'3 -:: .::::::: :!..:-; deve l oped for d iffe r ent purposes. 
Simil arly , tl::~ ·c i n ·.1 ~or::.c~~ Yc-:ic'ty i r: the cutting tools ei:tpl oyec. Ther efor e , the 
.;;.::1\::.::;·t'i.v•i ui ~~;·.; <.t1;1.•: ·u i)!' .i.a~ ·.! ::.3-c!n.ne too:'. <-.'let C' .. :t r~ng 'tool s for a 9articul a r 
applica·::: io~ rt"<;'Ji:.ce:: e!. ':ho:.~oug!1 knm lle<Jg.:; of :·:1::rb.l-c•Jtting and t h e capabilitie s 
of d ifferent i'l~C~::',e.!" o l:Ir:chi.nz ·l':ool s for rotating cutting proce ssec inc ).ude l a thes , 
drillin.:; r:!Z.C!1ill~!; , r.:::.lli n g r.1P.c?.1i n<?C, ~ori:1g ::1achine s 1 gr inding machine s a nd s o 
forth. 

123. The r.~"l' lt ·fact:.n•,:) oi cut~':'ing tools l~equiroo for ne ·tal-cut ting can be associated 
~·1it!1 an cx:i~ ,;_;_n;:; C!'262 : "n:'il1,: r.;.::od~.;ci·ioll Hor-!•::; or s e t u p as a separate entity. 
The succe:::::>f1.!;. _;::;y>ductic:-. of c1.r:::tL1g tools ca1ls foro the employment of s killed 
Nor k6::-s Hith exto::l:::;i·;3 ·.:!;:;;3ri.;mce anr( t raini ng i n pr-ecision r.1achining as we~l as 
the special sl:illG of t·oolnml~-'-rlB • 

124 . Uncom-e!'lti or2.::. r.l ·~i:il~. r -:·.1oval tech."Lol ogy .:.c a r e c ent d evelo poent in 
e ng inee ring iP.du::'crir . .:; . 'I'h,~ ·;:cchnology is uscr1 nhen t h e meta l i s too hard t o 
machine or Hhen :.r:~.:.';.c::-:>_, chc.:.pes are .t' (~<iu :i.rcd Hhich c a nnot uotherHise be conveniently 
gene r ated by cc:r /'o:'ltJ.ona:!. tool s . Th3 r.1ost cc:;-,mon t echnoloev u3cd in unconventional 
meta1 r cmov:.:.l i s '.:!-..- r;par·~{ erosion techn i que. 
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125 . TI1e su~cess.of metal cutting b y the unconventiona l metal r emoval p~occsses 
depends to e. gr eat degree on the skills . of t he c r aftsman using them. Gene r ally, 
the manpower r equired for this operat i on ~as to be especially trained f r om 
amongst c r afts men already qualif i ed as machinistsG 

Discussi<?_n 

126. The advant ages and disadvantages of two different appraoches of esta.bli :;~1-
i.Jlg metc~l~utting Horks hops .(units i n t egrated Hith industries and u;1:.ts establi::;hed 
as separate ent ities ) were discussed, Furthermor e , i t Has decided tl:a.t every 
engineer ing industry must have a c utting tool mainte nance facility in tha form of 
a toolroomo 

127. L ultinationa l co-operation in the setting up of small t ool s ma.'l'l'-~:facturing 
industries t-rhich require large capital and l a r ge markets Has d :::..scussed. 

12l3Q The ahortage of skilled manpo'l-rer required in many metal~-cutting e~ta'bli.si.:-
ments wna raised . One of the r easons for this problem is said to be 1·he poor 
remunerat ion policies of many engineering establishments in the subr egiono 

129., I. deleeate e>s!ccd for the advice of ttle consultar.ts on ~10H to go abO>~!; 

selecting J.tachine t ool s for a production Nor!<.shop and s ome guideline8 for this 
Jx.trpose Here pr ovided by one of the consultants., 

Toolmak:kn.&. c;pj he.at trcat mcnj. 

130., The paper Has presented by i"r. f, .".S... L itra . Toolmaking i s considered ;o'l"' one 
of the important services for t he promotion of e ngineering production ir. any 
country. The development of toolmaking capabilities provides the base for t .. ...: 
supply of the vat'i cus types of tools :·equired in all ty;.es of engineerlng 
industries , including casting , forging , :fabr icating and machining in industries 
and t.rorkshopo c 

131. Although some engineering industries ar e in existence in many cotmt:::-ies of 
the s ubregi<'n , thr-! esi:abl ishment of uell-equipped toolrooms and toolmaking 
facilities are net yet given proper cons i deration . l~one of the subregi cnal 
countries have toolroomD of adequ at e s t anGardo 

132. The presentation deal'!: uit h t he follot-ring t opics : 

133 . 

funct i ons of t oolrooms; 
structure of toolrooms; 

...... 

types of heat treatment applied in tool~<ing; 
equi~nent and machine ry r equired for toolmrucing; 
c::omt;~on services in toolmaking shops ; 
des ign of toolrooms, 

The pr(?sentation a lso eleabor atcd on : 

the sui tability of induction hardening for small toolmaking ~hops; 
the nee:: to deve l op the highly skill e d manpoto~er required for 

t ool ::ta!dngo /, detailed list of diffe r ent gr ades of t ool makers 
Nas p-.t:"esent ed and discussed; 
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tbe n :;~cl for provi d ing a ir conditi ::m e:l rooms fo1· s pecial r.tachine s 
a.-rl equipment such a s j i g bori ng machines ,cylindrical g rinding 
machines and d i e s inking rn:1chine s ac Hull .as for s pecial purpose 
inStrUme nts ; · · 

the need to s eparate ·cooirooms f ran g~neral machine sho~s; 
the need for spplying appropriate cle aning methods such as vacuum 

c l e aning in tool~oo~; 

134. - The abo dealt · ~·r i·th tl1e h\:3at tr~ati\tcnt pr ocesses . The,re are three 
i mportant heat treatment application in gcne~al engineering activity ~.g. 

annealing ; 
t hrough hardening a nd ~empcring ; 

case harde ning ; 
stress r e lie ving • 

135. Annealing invo l ves heating the me t a l com:-onQnt u p to a temperature which 
varies accor d ing' to the met al or alloy , but t-lhich is suffi c i c n·tly. hig!l to induce 
a softe ning in the metal a~ a r esult . of change s in i ts crystal s t ruct ure . For 
s teel s, thi-s · temp~rature i c cf t hz orGer of 75C°C. The ceta. i . i s t hen a lloHed 'to 
cool sloHly. 

1]6. Tbrough-hard~ng i s carrierl out on high ccrbon and alloy steels to obtain 
hardness in or der to improve t:1e str ength of the :·.te tal . Through harde ning can 
be effected with steel s by heating the r.teta l U:? to a t emper ature of 90QO C to 
1CYJ0° C and subsequ.ant quenching in Hater or oil. 'Through-hardening i s ofte n 
followed by tempering the object to g ive dafinit e hardeness. In tenpcring, the 
steel is raised to about· .? .. 00° C and a l l mred t o c e o!. in a ir or in controlled 
atmospher e. · 

137 . Stress ralie ving is an ~ealiri,{i tre atnen·<: g ive n to f abricated or cast 
com!JQnents~ es!_)eci;:~lly l :o. ,..zP i.?-<:>~s., '!"~ :- :::::~·.·~ i~-::~;-:;-..:.l .:;'.: :&.· ..;;.,"'"""" ~i.1<:1 ~ mC:ly i.~.ave oeen 
caused by une ven cooling of the metal. During str ess r e lit::!ving heat treatment, 
the component is usually l eft to cool down tTithin the furnace. 

13-1·. · Case-hardening is use~ to create a hard surface on stee l in order to achia ve 
great er wear r esista."lce ;:>ro~rties_ , .. while l eaving the inside of the metal 
r e latively ductile and tough. It .i .e carried cut by c overing the metal object with 
charcoal and specia l c on:,x>uiY..iz and soalt ing it f or seve ral hours in a scal ed box 
wi'.:-hin a furnace a t )5·:> to 900°C. This allo~IS ·t-he car::,On to pe.n.etrate insi?e th~ 
s urface upto a fc'.or hund reths of a milli~ter. Tl1c component is then tal~:en out fro m 
the box and quenched in uate r or oil. Case harde n zd surfaces can achi e ve hardnc s c 
up to 6 4C Roclnrell. The material us<3r:'l. is lm1 carbon ·steel. Case -hardening and 
t hrough-hardening a r e used exte ns ive ly in the manufacture of e ngineering c ompone nts 
a nd tools. 

Discussion 

139. During the d iscussi ons, parti cipants exchanged inf or ma tion on t oolna.king 
and t oolr.oom facilities in their t:!ifferent count ries . A de l ega·te ~roposed t he 
i dea of estalbishing a centra l toolroom Hithin a count ry fo:;. <:he put:-:pose of : 



cupplying t ool::: f:~r ot!18r indus trie.c; ; 
procuring of cri ·::-ica.l tools and toolmaid nr; r.1atc ria l, 

and nupplying thc8 to smaller toolmru~ing shops ; 

140..- ~A/UN !')() r epresen·tativ12s ~·r~re re~este.:: to develo:"' prototype layouts of 
:t oolrooms, ob.m ring pr o::>er arrangcnent o f c!iff~rcnt facilities and equipments and 
to d is'.;ribute these t o member 2tates a::: soon :.>.::: ~ssible. A:::si::;tance was al::;o 
request~d on pr e paring 3s·;; ir,l0t~ ::: f or the total investment of t·ypical toolr oor.ts , 
~rith breakdmm of cost~ c£ oac!1inery, :Jquipr:t~mt and buildings. 

141. African countries are s t r ongl y advice<! to Jrovidc adequa~.:e maintenance 
facilities for the toolo us-ed i n their variou.::; in:lustri~o . 

142. Heat treatment i ::; th~ noct n~gl3cted area in t he machine s hop activities 
in African countries. Gr~ater em[)hasi s s hould be gi v·:m to im!Jrove the heat 
treatment facilit i es in engineer ing inductries. 

l h3 . Toolr oom dtilled oper ativ;::)G r-equire to b ;::) ;Jaid hiehe r Hages than the other 
crafts men in machine sho~;,s . 

t.ietrol ogy 

144. Dr, r> .. B.:.njo made .1. prosont<'..tio;·\ on th i s · subject . He dre1.; attention to the 
need within the African r egion ·co devel o p metrology uhich is t he ccience of 
rneasurerne n-::s. r::easuring i ru:;tr-u:ncnts an<! devices ar-'! e r.tpl oyed. consJcantly in 
i ndustry to deter r.1ine the gcoraetry, t:1e s i zes and the dimens ional accuracy o£ 
product i on o-!:: engincerine; prock1Ct s. 

llf5· The va r :.ou .::; measuring instrwmmts and the i r applicat ion in measurement of 
product::; were illusti~ater_: . =:a gave e xampl es of t he l zve ls· of accuracy that can 
be obtainec': in d iffer ent ? roduct:i.on o!Jerations, e . g . in iron casting mad e in sand 
mo~lds, components c a n be p..-oci'-10 ·.d t o an accuracy Hithin 3 mra 11hereas a r einforced 
concrete s tructure can be cnst only 1·1ith an accuracy of a bout 10 mm. In ' producing 
machine parte the range of accuracy r equired coulr..l vary be tween 0 . 4 - 0 . 02 mm for 
ordinary Horl<. He explain:~ .. t he need for r.-1ell e:-;uipped central metrological 
labor atories Hherc services· could. be providec ·:;o indu::;tries to set and rese. thclc. 
measuring instruments and cauges . 

l hS. ~H thin ;s.ch manufacturing li0r!<shoi , ma!·1y d i f ferent type s of measuring 
iru:;trum(;mt.~ and devic e~> :?.r e employ ed such as steel r u l es accura te to 0.5 mrn, 
vernie r c;>.lli par gauges a::;d r.1i crorneter gauges accur ate to 0 . Cl5 l!L-:t. · 3pecial 
checking gauges needed i n mac.:; pr oduc'cion contrc l of dimencions also are used 
tdth accuraciec. of the sa:;'ie or~el:' or higher. Al l these eauges r equire to be 
set and rc-calibrated f r om t i;ilc to time on r egula r mai ntenance programme. It was 
therefor e nece~.>sary to ~)rovi0e in each l ar ge e ngineering :-Torkshop a metrology 
labora t o ry or a measurements r ocim t o pr ovide thi s service . 
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147. Such a metrology laoorat ory would ;,:x:>ssesc secondary r ef er <)nce standards 
(e.g. slip gauges ) and comparators to enabl e them calibrate and adjust the 
measuring tools used i n normal production operations . The need for the control 
of t emperature and h~~idity in a metrology laboratory was explained. The 
~resentation dealt with the follo"ling t opics: 

concepts in taking measurement s ; 
the types of measuring instruments ; 
ordinary hand measuring i nstrument.c; 
special measuring instrum~~ts; 
met r ol ogy laboratory operations and some t:la j or types 

of instruments; 
primary r ef er ence standards ; 
secondary r eference standards; 
the cc~cepts of ancl some basic types of fits and allowable t o l erances 

(limits ). 

Discussiol!. 

l4•J . During the discussion, the accuracy l evels that have to be maintainad in 
the manufacture of differ ent engineering products wer e further e l aborated by 
Dr. Banj o , t1r. thtr a and other del egat es. 

149. An exchange of ideas on how measurem~nts arc t aken and what l evels of 
precision ar e r equir ed in the manufactur e of engineering products in countri e s 
like Zimbabwe Her e a l so di scussed. 

150. The two major functions of metr ol ogy l abor atories namely pr ovidi ng of a 
place f or checking measuring instrumc.~ts and the production of measuring 
instruments . and g~uges wer e f urther e l abor a t ed. 

1.iet a l coating 

151. & esentations Her e made on this subject by i:;r . H. Hadj i at and Li r . A. K. !·a t ra.The 
s peaker s highlighted the needs for metal coating as a meana t o pr otect the metal 
surface by cove r i ng wi th another metal namely zinc, tin, copper, a luminium, 
nickel, chrome, e t c. in order to protect the surface against corrosion and some
times t o obta in a decorative effect . 

152. The two 1-1i de l y used procesaes in metal coating ar e: 

hot di .PPin: i 
e l ectrolysis procens ; 

153 . Electr olysis e nables the coat i ng of metal s uniforml y to prc-determincld 
thickness at a loHcr loss of materia l s. 
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154. Th·.::: pr~entation outline<?: th.e different al:l?Ccts of the fo llm.Ting types of 
gctal· cont ing : 

galvani s ing ; 
tin pl a ting; 
nicke l -chrome p l a ting ; 
copper p l a ting ; 
phosphating ; 
annodi z ing ; . 
;:>~dnting , and 

- · plastic di?ping . 

155. For a ll ·t he above mentioned t ypes of coa tings , t he purpose ~ proo'·edures 
and a pplica tions ~•ere briefly outlined. 

Discussion 

156. ·Chrome pl at i ng ~as i~cntified as a ve ry· ~idcly r equir ed sc~ce ahd t he 
need· for' cstablishin·g a central chrome-plating ·facility in each~ country was 
discussed • . 

157. The participants noted t ~1c limi t ed activitie s a nd. capabilitie~· for metal 
coating in the s ubregion. 

158. A de l egat e pointed out that i n h is countr y they were.·~ · 
!-lith s e veral s t andardc · ori tin piating for food container s . The r e is an Urgent 
need for s tanda1 J izat i on ·on t 'hi s s ubj ect . 

159. I t was observed t Lat niclte l and chrome plating techno l ogy and their 
ap\')lications He r e not deYe l opcd in tho East/South Afri~ari s ubregi on. It ' was 
s uggested by another de l egate t hat elcctro~lating indus tries shpuld be treat ed 
as a common service facility to the industrie s . 
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CHAPI'E'R I I 

DISCUSSION 0!1 i ;ANPO:IER DE7ELGR :ENT FOO l.:ETAL t.tiD 
ENGDffiERTIIG INDU3TRII!S 

Summary of gresentation 

160. The paper H£\S presented by Dr. r.: .~~. r<hani jo. The importance of manpotter 
planning is ~eing increasingly r ealized in developing countries as it i s felt 
that the national effort in the nr ca of economic devel opment is being h amper ed ~y 
the non-a-:railability of adequate skills. Essentia lly, manpotier planning in·;rolves 
forecasting of future requirements, deil'el opment of s!d.ll s through education and 
training , and utilization of skills in an optinrum manner . 

161. Forecastinc is done at nationa:.. , industry an<i ente r Frise l ev:el. Forecas ts 
may be long--te rm, mediUJII-'te rrn and short-tern, de~nding on the objectives· 'of the 
forecast and the manner in torhich the r esults ·are to be used. Forecasts in aevelopo
ing countries are cond.l:t:i.ona l forecastc bas~d on· .assumptions regarding the rate of 
growth, chances in technology, e t c . The oldest method of forecasting is the e;r:tra
polation of time series data. other method.-:: in used at the nationa l and industry 
level are the direct enquiry survey and the use of labour co-efficients. At the 
ente rprise l eYel , Hork s tudy prov·icles the most accur ate forecast s . 

152. . Q~velopnent of s kills in the forr.tal system starts at the school l e vel and 
enc;ls at the l evel !=>f industria l training centres, polytechnics/colleges of 

· technology, and universities for the s!ti.lled 1-1orker, t cclmic ian and engineer 
categories, r espectively. The prograrmaes can be discipline/tr ade oriented or 
indust ry/function orientedo It i s possible to s upplement the skill developnent 
efforts by the non-fonnal system. HoHe·:rer, at the v1or!cer l evel, and important 
uvu4'Co vf .,.: ... .L. l :i. .s .i.:s i;a~ unorganized sec~or Nhere skills .a r e acquired -without going 
through organized prog:."anunes. To develop the s idlls further as r equired for work 
in the industry, different !dnds of industrial training progranunes are developed. 
Training cou!.d be pre-employment , i nducation l evel or r e-training. 1\dequate 
institutational facilities as uell as teachers /trnincJS need to be provided t o meet 
the targets in terms of quality as Hell as quantityo Training coold be organized 
uithin the company, in other cootpanies, in specialized institutions, or oyeroeas . 

163. Ent erprise le·rel forecasts a r e made to plnn the r ecruitment and training 
schedules. Th.ey also aim at job ana lysis, taking into account the changes in the 
work or ganization and the demands of the processes and equipnent in t e rnG o£ 
complexity, speed, performance and cost of machine ry as He ll as materials . J ob 
specificationz are reviet-red from time to time and bette r s!dll mat ching att empted 
using internal ~.s nell as externa l sources. Utilizati on also aims at appropriate 
personnel policies in terms of , inte r a_li~, salaries and t-rages, perfonnance 
appraisal and career planning, identif i cation of t't"a ining needs , and motiYation 
and job so.tisfacti.nn of employeesc 
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Determina~on of manpo~er requi rement s 

161~, . :1eve loping coun".: r i-'lz :10\l\-:! adopted pl.:uu1i ng az .:111 i nstr-.liilent of cconomi~ 
and social dc va lopm2:1'c . :::n their ~atuation , f o recasting on the baoi s of out put , 
-investme nt or vn.lu~ <"!.dGcd c-::>ul::! ryrovid~~ usefu l r:!.:rt.:; for f unds cV. l ocnt i o n f or 

: ed~cation a nd t r a ining facilitL~s. i,lo<c de·i:ail~~.:). foreca:;':s for t!1c purpos e of 
pl anni ng education a n d t r aining progr a::unec r ec;uire more d etailed 8xerc i ses 
involving coll~ct ion of u l P_rgr.} <l!;lount of r}~ta . 

165 . Dir e c t e nquiry n .:!·::hor.: h<'.s t:~~ ndvnntag~ o:J: ;:>res ent i ng tho actanl n -::ods ·Of 
organizations as asses sed by ·them on th.:.: ba.si s o:Z t heir product i o n progr anu:tes , 
tech..'1.ol ogy, product r:li ;~ , ::;iza a nd so f orth . D.:.t.:-. obta i ned i s th~ l a t est and 
req>...tires little pr oc e.ssine . HoHever , the method hac t wo TiJDjor d i zn.dvant agea .. 
Fir st, r e sponse i s oft e n poor and t h .::r ·3for ·::! , r cc:ui r ea. blot-~ing up of r esults . 
Secondly , cnter pri sec pr~~e only 3ho r t -ter m f.;:,re~a.sts, i ! a-t all , ;3xccpt in t he 
c as e of ve ry l a r ge o r ganizat i o!ls 1;hich r cqui::-e a lon& period fo r ~ctting up or 
expansion . Alao ~ or ganisations not ye t G·:::-c u p t•roul d b.~ "'.xclu::l0d £r o1':! consideration. 

165 . Surveys of existing or eani zations fo r ·th~ ~valuc..t ion of appr opri.::t e r e l a tion
s hi p between man power a.n'.l e conoJaic ~rCl:tcters i n rHff e r ent a cctors c..n.::i i ndus tria::; 
could be mor~ useful for 1-::>n£-t~rm for~casts . ~uch s urve y ::; c.:.n be ciesi gned i f 
the indus try has a lready .:-.. : ar.c;;2 nwnber 0f c s tablish..":le nts and t he ir preliminary 
dt1~a to e rublc d r ar-t i ng of repl~~scn·t~tive sampl ec i~> ::l.Vaila bL) . 

167. It Hou l d , t he refore , b•J see:1 t hat n. c m.mt ry could adapt t !1e d i r ect enquiry 
nethod or t he l abour coefficient r:10thod o r a combi nat i on of the t Ho d.apondi~ 
ur-on t he s ituation. · For i ron .-.nd s teel pl nntc 1ri1ose nur.tb~r in any deve loping 
country in Africa i s s mall ·at best c..nd l~here e s tablishme n'l;_, or expanGi on i s a 
discont i nuous f unc tion, d.iract e nquiry netb<Xl ~ri l ::. b <3 more useful . :'his ·is a lso 
tr-ue of e ngi neering inductrie.:; i n a count ry i :: the bas e i s not suf f i c i ent l y wide , 
o r i f t·he unit s be ing cet up arc very much l arge r t han or differnt from t he 
existing units . In countries •·rher e t he engineering industries is fairly we ll 
d ev·e l oped, l a bour coefficient r:1etho:~ can be uc-ed to c>.dvantag~ . 

15t). I t r:tay be not.er} t h='..t the greater t he r ef.ino3ne nt a i noo at .i n f ore casting , 
the mor e e l e nbor ata i s t!1e ca-::a require~ for the pr upos c. iJltir.1ately, t he 
accuracy of the f or e ca!:Ot i s da::xmdent upon ':he co':':lpr e hensi '!Cne sc of t he da~ and 
the_ s peed and accuracy Hi tl:. ;·r!1i ch i t i s collect:.}d and proces.n ~:': . 

169. Estimates of pr e sent stock and anticip..~ted supply also a r e r 3quircd. The 
former· 1-1ill provide a ttrit i on or r aplacenent re~irenents f o r dea t h::. and r etire 
ment s on t:he basis Qf age .pr ofil es. The latter arc e va luat.:!d : roru intake data 
of educat i onal training iout i tuticru:; an.::: w~stace - r .:-..t oc . I n son~ countries , 
intcrnntionn.l nir r a tion .:1.loo noc-:_l::; t o be .:-. .::cc~cd . Refinczl.:mts in th-e e .ntimates 
could- i n c or;x>rate s uc h f .:1.ctors as occupat i onai and educational s ubst i t ution. 
Greate r accur ac y can be nc~1icved i f for ecastc ~~·~ pr epar ed at a c ::msider a i:>le 
c!eg r ee of d i s agg r egation of i nductria l activi·:: i ec. HoHcvar, thic r equire s complex 
surve y design, e l abor at e r.:ata collection nnd consider ab l e i npu·ts in terms o f time , 
manpYt-~cr r e s our c e::; a nG f :.mcb . 



Strategies f or tra ining 

170. R-ocesses of s ltill acqui::;it ion are facilitat0d by the provision of appropriate 
preparatory education in terms of level of cc.:ucation as i!ell as contcntse &actices 
vary in African countries :;.~egardine the age of C<'ltry into tracle t r a ining . However, 
keeping in vieu the conflictine rcquirement·n of as high a 1-::!vc l of genera l education 
as possible and as early al'l entry into trade traini ng as possible, i t hlould . be 
r easonable t .:, commence trade t r a ining at the age of 14-16 year s • . ill'ltry into poly
t echnics and universities han t o be at a l a·ter stage at the end of senior secondary 
l e ve l. To provide a bette r orient.<~.tion for th.:~ cleve l or,x:t>:m-c of indust rial skills, 
it uould be useful to incorporate g r eater exr:osw~e to science and technology in. 
the school curriculum by vocati onalizing education at t h0 secondary l e ve l. Thc 
objective woul c. b e to deve l o;? an a:_:1preci ati on of the application of scient ific 
principles in simple industrial proce.sses and products ru'ld to il~ulcate the d ignity 
of labour. This Hould al.no enabl e the stuclents ·to mal-::e a choice of a creer on the 
basis of· inclination and aptitude at a later s·;;ageo 

171. Technical courses, y,1hcther a t the l ave l of industrial training centJres , 
·--p<:)lytechnics or unive r sities , necc t o be geared to meet the ne•:ds of the industry 

in t enns of the broad based lmoul edge of scientific ~inciples ancl t he ir application 
in problem solving. They need to be reviewed fror.t t ime to time arY.'l i mpro ved u pon 
through curriculum developmant. Narrm~ .SilCCializations are to be avoided and a 
certain degree of versatility and flexibility developed to meet the demands of jqbs 
in the developing countri es o An i mportant asrect of technical eciucation is 
improvement iri the quali ty arvJ r emuneration of t eachers. This can be achieved by 
providing adquate f acilities for teacher training for industrial traini ng centres, 
short-term quality improvement prog rammes for t eachers of all levels of institutions, 
and encouragement of researc h activities for teachers in the universities . Another 
issue which needs serious consi'-:eratio n i s t!le inc lusion o:( ind ustr ial t raining in 
the formal oro~ammese I n this context~ i t r.tay be stated that it is not only 
necessary to provide indus ·trial training to :T::-udents enrolled at- the institutions, 
it is also necessaij' to provide institutional facilities to uor icer s employed in 
the industry. 

172. Students coming out of educational inst i t ut ions need training in industrial 
skills to enable them to per :for r,1 at an acceptable l e vel of pr ofici e ncy in th6 
industry~- Large organizations Houl d do well t o organi ze their mm inst"itut:ton: · level 
programmes, to cate r to th0 n0e::1s of organizations Hhich c annot s u p!JOrt theit· own 
training programmes , facilities of larger organizations may be utilized for 
contirming education U..'1d3r eov~rnm3nt cchemes f unded by speci al arr~enent . 

173. Uo amount of t r aini ne i n the educati onal i nstitutions o r at the induction 
leve l can Gq_Uip a pl:'!r son for the entir e Norking career. At c ertain stages during 
the Horking life , need for re-tl:!aining i s felt for u¢ating of slcills, upgrading 
of stcills a nd enlargement of skills. For higher leve l per sormel, su~h t r a ining 
!-Tould includ0 a part fror.J ad·.ranced knoHl edge on mat·3ria ls, ec;ui 2:>r.1ents and methods , 
deve lopment of managerial s~dlls. 
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174. To make the training c.trategies r:1eanine:::...1~ a nc'. effective, active co
oporation of the inc~ustrie::; i.s essentia l. This co-operation could be in the 
form of: 

participation in C'..lrric .. lum dev·;lopr:Kmt; 
provi::>ion of faciliticc for industrial training; 
grant of stipend..:;; for indus'.:rial ti~ainine? 
institution of ~cholarohi:;:;s a.7ld anc.r:}s for r.teritoriou:;:: performance~ 
making research grants for prcgram::1cs of inter·~st to the induztrn 
encouraging Consultancy Hork b,y the hiGb,3l~ level i nsti'b.ri:ions on 

specific problem::> faced by the i ndu.stry , a nd 
exchanee of t eachGr s and exr;~erts ;,ehrec:t the institution::; arui 

industries. 

Planning and progr~mming of training 

175. A necc.Gzary pre-r·3qui:::He for planning of training is the pre;:la.I'ation of 
forecasts. For the prurose.s of training pl~~~L~g, forecasting may ~e do:te on 
i:he basis of macro ck\.a or ;,Jl"OCbctivity normc duly corrected according to local 
conditions of l ·::lvc l of ddlls, :legr ec of automation aru::'!. support faci lities. 
Such forecasts may be u:::ed for the allocation of furns and the ? lanning of 
institutional facilities. ::n ·th.~ second. staee , short- and me::.iur:t- term forecasts 
are prepared using more accurate tectmiquec ·::-o d •3CL:b ·tho actual nuaber of 
traincae required for each :Jisciplino or trad~ for all the l c v,;lc nf training. 
A major handicap i n African countrics has lxl~m ·t:1e inability to dcvc.i.o r adequate 
institutional faciliti.a.c Hhic!:l., in turn, ic d ue mainly to tho non- availability 
of long-te rm p0rcr.ectivc forecacts. A slig11·i:' surplus (rntb.or than a ohortagc) 
of technical rnanpm1cr may oo a i rJcd at. 

176. Planning of training iacilitias has to covm~ such acpecto as: 

organizational a..-rangement::; 1 adr.lini s·crati ve as Hell as academic i 
funding arrangements; 
land, build~gc and inZ~actructural facilitics; 
nature, contents and capacity of trai:1ing; 
laboratories, Hot"ksho;c, library and ot:1er technical facilities 

such as co~}~tcrc; 
staff-teaching, sup?O~~ivo technical a~ general services~ 
hotels for trainees and houoing for .am?loyoes ? 
other facilities e.g. r ecrc<J:tional, medical, t ransport 1 etc . 

177. Training im;titutiona ofte n have a l m1 utilizat ion of facilities in t e rms of 
time. This is more so in the cace of hig:1ly s~cialized ccn ... lipment Hhich also 
happens to be expensive. 0!·1ing to the con.ctraints of funds as !.rell as inc1.bility 
to plan and devclo_!1 facilitieo in tir.1~ 1 it 'rould be useful to consider improving 
the utiliza·tion of 0xi sting facilities . 'I'hi::; can b ;.: done in i:'h<~ form of : 
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,aralle l progr anne::> uith ctaggor eG tining~ r r..1ru1ing into the 
evenings ; 

evening courses cz~cially for those i n employment , <~ 
short· ·te nn coursen during vccat i on • 

178. Likewise, thu utilization of 8qt: i !:lr.~<:mt in l arg3 >IOr lcsho:x: anr.i. fact orias 
may 00 improved by i nterleaving I!Orl:: progr a mr.ie::> tmd t r a i ning . 

179. Planning and program.'iline of t r a i ning ofte n suffer s due t o lac~ of an adequate 
mechanism for co-or dinating t:10 worl' of Ynriouc agenci es i nvol ved. i n ·tho t r a ining 
activitie~J . I t woul d be t·tor thwhilc to evolve a joint con~mltative and advisory 
forur;) comprising r e presentat ives from ministries of educat i on , manpower , l abour, 
industry and other rnini strieo :·ri.1ose ~xo&rammes utili2e larg"\ a.1tounts of industria l 
nanpower, and othe r or ganizati ons s:.:.ch a ::;: 

a~sociations of di fferent inGustri~s; 
prof~ssional s ocieti es ; 
curriculum f ormul ating and axami1Ling agenci es; 
consult i ng, de s i gn, researc~1 and s·tandards organizations ; 

- ·t raining instit ut i onz. 

18o. Such a body as sugge sted above could be c harged ~·ith the r csp:msibilit'y of 
maldng r c cor.llllendations r egardi ng the quantlL";J o f training faci liticw r equireq at 
different l evel a, curricul~1 deve l opment, equi~cn~ ~~d otuer tec~iical ' facilit i es 
in individual instit:Iti onc, s t andards of t raining ane evaluation, accr edi'i:ion of 
qualificationz, measures for i mprovine the quality of t eacher s am frar.tellork for 
liaison ·.with i ndustrie5 especi a lly for industrial training. 

Utilization of c.anpo1wr 

181. Technical t raining i c exp~nsiv(! in compari son t>Jith t r aining in the l ibe r al 
arta and sciences. It i c , t her efor e, important 'chat technically trained persons 
are ut ilized in an opt i mum 1.1anner. Gr e a t er att ent i on needs t o be o.1.id to s!dll 
mat chi ng f or thi5 r eason. This uould mean, amongst ' ot her t hings : . 

the· organization of Hork in such a manne r a~J to minimize under
utiliza tion of cl~ills at a ny leve l ; 

the dra~ling tt!) of j ob de5criptions and j ob specif i cations ; 
the selection of right ~ind of ~ople and s ubseqUent t raining as 

necessary ;· 
provis ion of o~~rcunities for f urther devclopncnt ; 
mobilisation of exicting industri2l ·~:"oA.""tise availabl e Hi t'hin t he 

country. 

18?. . A suitably desi gnccl. a ppr a i sal syster;J is ne ce ssary to monito r t :'le performance 
in ter ms of achie veoent, i nLicat e career ~evelo:.it~t poss i b ilit i es , and i denti f y 
training needs . 
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1[:3. fl major ;::ro::,L);~i c'.izcourat;in[; enploy~rs f r o;;1 ·:>rganizing or .SUJ:p:>rting 
trai ning i s th3 tu_rnover of trained pc rsono. 'fhc company not only l oses the 
invect ment i n t rai .-1ing )t.:·c alec ltas Hz ~ for:, ~'ror,ra.J11.r.le up$et . 'Jhil~ it may not 
b e ::x:>scibl .;; t o e limi na-::c t h.in ;:>:roolcn , it can PC ;ni nimizcd pa r tly oy imposing 
reaconable contractual oblieat ions on tho<:! train~cs anC. part ly by pr o vid ing 
adequate mot ivati on, care ·ai~ proa pectc. and job ~Jatisfacti';)n - f actors oft e n 
n::!g l ected by e r.1p l oyers i n. th:= ,;.J.:;ign of i:l(lnage m;';!nt of hUI1lan r e sour ces. 

124. A nouon experi ence in African countric c i c. the casgui s ed: und er-employment 
of high l evel i ndustri al manpoHcr. Thi c has r c z i.!ltcd f rom t he l a c !' of a vailability 
of adequate mi dd l e-leve l r.JanTJOW.;r. In e e ner a!' y lanning for training has lagg•3d 
1:e:1ind requirements . Ire lou,~•~ l~v.;;ls; hor·rcver , r equireme nto ar·3 m~t t o a l a r ge 
ex t ent by persons t rained to· th ~ i nfor r.1al sec-tor. Tr a i n ing f or high l e ve l mati
;:xnrel~ has not ·been too ~eficien·c b e :-:au.se of :::;ooiz.l d~mand , but the supply of 
mi ddle l evel manpcnr.:;r hac bean f ar t oo moagr ':! ;:>ecau :::;e t he ne e d s cannot be met 
by p3o p l e not fonna l ly t rainee:. and the re has not been enough soci a l pr es::;ure owing 
·i;o limited gro1rth pr ospeqt c. .3ince ~rork r::3c.;uir~r.tent·s have t o be met anyway; some 
of t h e midclle-le,rel function::; are being IXrfor med by high-level manpower.· The 
s i t uation coul-"1 be gauger.~ by ·:;he fact that t l1e teclmiciar": engineer rat i o in 
African countries i s norr:tally l~r.;s than 2:1 1 oft en as l oH as 1 :1. In develope9 
count riec , thi s r atio i.:; o: -:;he order of 5: 1. ';·!hat is necessary i s to increase 
the facilit i e s f or t r ain ing of t e c hnicians at a faster rate a.1d: provide a better 
grot·rch range f or technicianz. 't hic Hil l make :t he technician career mor e attractive 
and simultaneously i~ru--ovc ·~h~ utilizati on ·:>f t e chnicians as Hell as engineer s . 

135. An i.:tpor tant aspect of tho utilization of industrial manpcmcr is the 
rationalization of ,sal arie s , 11ages and incentives o Salarie s have to be based on 
considerations of:· 

inputs of education, t r a ining . and c ;tperie::1c0 
proficiency in the skill; 
hours of Hork, ::;hif ts and holidays; 
'1-rorking environ::1e nts and otr e s.ce s due t o n oi se , heat, Heather 

and pressure- of ~writ ; 

personal hazarc s, a~l 

rioks in handli:::1g ex!)ensive !:tateria l s, eq-..tirrolent and in· decision
litaldng. 

126 . On a ll the above counts , industrial r:lanpoHcr ne eds to b e pai c b etter than in 
1,10et other occupations. Also , s u itable incent ive sche:;;es need to be evolved base<;! 
on product' i vi ty · and e<::ui·ty o 
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CHAPf:SR V 

H..Al!IHHG FO~ Ai l BOU ,'\f,D ST:.!3L RANT 

107. A presentation was r.mde oy :1r. Banjo <Iho outline d some of the pr e liminary 
i nve.cti gations of a gene r al na·ture that should b;:: carried out Hithin the country 
during the conceptual }<hase . These inc l ude: 

(~) Investigation and definition of tha r aw ~tarial ~,a fuel 
base for the plant. The t;,ajor r aw r:tatcrials and fue l a r e iron 
or e , lim~stone , clolo~ite , coal anc! natural gas ; 

(p) Inve stigat i o n and defi nition of the state of r equired i nfr astruct ure 
including r oad and rail t r ansport syster.ts; 

(!?) Co,nsi der ation of sources o f '~<later and power supply to the plant ; 

(~) Investigati on anr.~ definit i on of inte rnal manpower - availability 
e.Gpecially s!dll~ technical man;;x:mer. 

183. Some countries have a?~roachecl the pr obl em of these pr e lininary surve y by 
setting u p a ta:s!< for ce of -~~perts charged uH-~• tackling the vari ous aspects . 
The infornati on so col lected shoul d be a.!::se:abled in a c tudy r'::!JOrt • 

189. In orde r to e nable decisi on to b e taken Hhether or not to embark on a -
steel proje c t t he consumption and for ecast of ot eel demand "1-d thin the country rnust 
oe deterr:rined. ·f ne steel c!enand should be br oken u p into the vario':.ls steel 
categories so as to expose the :nost desir able product wix. 

190. Other consider ations of a ;:>rel ininary nature shoul d i nclude the eho i c e of 
location for t he st ee l complex. It is often advantageous t o l ocate pl ants c l ose 
to the main r aw !:tate r ials bases. aoweve r , othor locations could a l so be selected 
from point of view of o·ther consider ations l i ke t r ansporation links , harbour 
f a c ilities etc. 

191 . Tr ansportation 1~ethodG should also be g i ve n thought at the e arly stage o f 
planning . Hith rail t r ansporta-tion , detaurrage shoul d be ascertaineC. in addition 
t o the f r e i ght tariff as thes~ could ha ve big i :1pact on cost of the proj ect 
ir:tplementation. 

192. Di scussion on the pr e l uai nary consi der ations : for s e tting up industrial 
pr oject s centr ed to ec-tteri a that 1mul d acsist decision i!laki ng on ~1hether to e;nbark 
at all on t he pr o j ects . ~fhat volutae of de:land , of steel pr or.lucbJ for i nstance , woul d 
j ustify embarking on a n integrat ed steel plant? Is the l ocal availabili ty of t he 
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uain r m• ;:1at e riu l::. li~<~ i r on nrc &"'ld co~ung coa l a pre- r e c:uini t e f or African 
c ountri e s and i! co in 11hat ::~ini:nu::1 quantity? 

193. The gene r a l vi•:!W ~ laG i:ha.t a l e ve l of c~ e;'!lanc: oe l ou 300, 000 tonnes per year 
should not be c onsider ed f or an integrat ed st~ol co:.1pl ex: TI1is figure also 
c orre::;pond s to the ::rini::::z:: eapaciti~s o f tha cor.t::J~rcial ly pr oven iron and steel 
t:laldng processes. It t ras ·::be v i <:m that such ' ' l01• de;:1and shoulci :n r.1e t by a 
se1ai-integrat·~d r~-rolline uill uc i ne i::~port~ billets or :;i t h sera).? :.:elting 
e l ectric a rc furnace. 

194. On iron arc r e s e rve::. , i t 11ac the vie~/ ·t~1at a minir:JU/:1 pr o ven r eserve of 
Qe'mecn 25- 30 year s s ho•ld b e av~i.lable befor e setting u p an integr ated steel works1 

This ho~ievcr d oes not i :Jpl y t hat a country :!ith lm·1er quantit y of ~:-raven r esePVes 1 

but wh i ch has oth~r viable ;:K!C'.l1C of e cononically ;:~ceting tbe iron ore r t30Jir ements 
of the s t e e l u ork::; f r o;:: \:!l::ba r !ci :1g on suc h a ~:>reject. 

195. The n•~ed to :naint a in c.. ge:1e r a l o v:.:::r-vi8H o~ a ll the involve::-tents the 
projects in ord er to avo i (l o:,1:1i .::;~ions or l a·i:e- a t a..-1:' of c ertain vital actions was 

·citr esGec!. · So a lso is ·c~1a ncc~cai·cy to get o.ll the· govern.~enta! or gans that have 
inrxxts into '.: he p.~oj .::ctz r e ?0r l y co-or cii :1ateC: by an authoritativ·~ co-:ordinati.ng 
Dody. 

195. In disc:.~ssine ~cono:.1ic o~je~ti;res of an iron ,.,nrJ . ste e:l. !_')r eject , D:r •. 3anjo 
oentioned that i d ea::; about ·i:~w decision criteri a t o be u se<.i i n anz wcring the 
quect i ons of ~•hy steel >lc:.>>"t ::;hould he bui l ·:; can -:! i ffer f ron count r y t o c ountry 
and f r om tiaB-tii:JC !.J i thin a country. This conpexity is comp:>undeG by t he fact 
that in tl1e early decision .:; 'cages , it i s no·t ::x>t::ciole t o quantify a ll cost 
r.arar:~eters . There for e on~ c armot bas~ hi::: clc~izions on pure numbers r ef l ecting 
::.>rof i t , OCF etc. H01.;ev er, i t i s possible t o asse:.;1ble a .. s e t of par a iilet e r s t hat 
will consti t u te a scenari o t hat will deter aine t he· decis i on ~lements s uch as: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

Value added of t he proj ect 

Saving of for e i en c urre ncy i n the l one- t a :n:1 

Creat i :::m of e:nrl oyne nt 

Best use of nat i onal r esources 

Assurance of s t e e l s upply t o the e conomy 

rf.ultiolier e f f.::!cts on t he t e rtiary s~ctor (se rvices , transp:>rtation 
etc:) 
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D. Assess1:1ent of feasibility_ 

197. It was furthe r er.tphasi zed in d i scussionz t ilat furthe r studies are always 
·: mandatory . Feasibility , t echnol ogi cal and engineer ing studies a r e conduct~d in 

order to establis h the n.a.gnitudc of the pr oposed invest::tents ~&d the cost of the 
production oper ati ons·. These studies ascer tain th.a following: 

(i) Capi tal investr.1ent s and f i nancial efforts r equired. &xtent 
and degree of external financing nc~ed. 

(ii) The time n~eded to construct, coo;ni::>s i on and then r e ach nominal 
capacities including measures r equired t o ensure t hat operations a t 
design capacity are r eached quickly , and al so measures needed to ensure 
optimal prlductivity. 

(iii) Impact of t he pr o j act. 

E. Financing 

.. ·: 19&. One of the 1aost i mportant issue:; that car.1e out o f this discus::; i on was that 
if we consider a theoretical cas e based on an estioated overal cost of say 
$1,500-2,500 per installed tonne of capacity in a new iron and s t eel pl a nt; the 
investr.1ent needed for a snall integrated pl ant could r each as ouch as 5% of the 
gr oss nati ona l product of a country. It i s, the r ef or e , i mper ative to consid~r in 
gr eat det ail what the effects t hat woul d b~ i nduced on the economy; in r espect of 
financing and repa~ent. 

199. It was further pointed out t hat sources of i ron and steel investments are 
not many. The most common f i nancing i nstruments bei ng: 

(i) Int~rnatio~l - lending agenc i es 

(ii) Bilate r al ~i~•cing 

(iii) Commercial l oans 

(iv) Joint ventures 

F. Site locat ion 

200. Several factors wer e discussed t hat are involved i n d et ermining the location 
of an iron and s t eel pl ant . Among the oost i r.1portant are the f ollowing : 

· ·(i) Raw mat eria l s 

(ii) Ener gy 

(iii) The market 

(iv) Labour 

(v) Soc i o- pol iticnl consider ations . 
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201. In his pr esentation O il r a\.J r:1ateria l s, i:ir. 33rhouni Mustapha e.'aphasi zed that 
i t is i mportant t o thoroughly check raw ;:1aterial:> ;:>ar amat er s Si.lCh as : 

(i ) consi s t ency of t~18 a.i3.lysi.:; 

(ii) a vailabi lity of l ocal cr est coals li::tcctone et c. 

(iii) r ange of var iationz in the phys ical and chemi cal characteristics 
of r aw l~tateriala. 

202. This is conducted f or l ocally avai l abl e of ir.tported r aH mat eria l s because 
of the basic r e lationship betHeen avai l able r ao matar i a l s and thGJ process route to 
be used f or I r on r.1aking . Ther e are tl.;o ava ilabl e pr ocess es t o be consider ed i n 
this r espect : 

(i) Bl ast/Furnace and bazic oxygen furnace 

(ii) Direct r eduction pl ai t an1 el ectr i c arc furnace . 

The blast furnace and basi c oxygen fu r nace mathod i s based on iron ore and: coke , 
Specif icat i ons r egarding the quality and c haracteristics of iron or es ar0 consider ed 
to be f l exibl e . f.:fetallurgi cal coke bo~Jever i s consi der ed t o be a scarce· r aw 
nat cria l and the pric0 changes ar 3 r egar deci ;iith COJ'!Cern by all steel ma.~ers . 

Direct reduction r ec:ui r es very rich or es (62% Fe ) and natura l gas . Some
tines t he specifications and t;uali~f r cquirenant s f or the iron or e and ~llcts 
re~ired for sponge prodi.lction can ~e difficul t t o catisfy. 

203. Differ ent technol ogi es are ava i l able for changing the characteristics and 
properti es of iron or es by benefication and/ or Ol~e prepr ation such as : con
centration, r emoval of un~esiraclc ela~cnts etc. ~Y these methods it i s poss ible 
to upgrade a l nl• · gndo . ')~ ·e :i nto ·-ricr. or e < 

201~ . It i s inpor.tant to conduct r esear ch and deve l opr.tent during the pl anning 
stage i n or der t o f acilitate process s~lcction for Iron making , coke and r educing 
gas preparation. 

H. £t?ctuction cap~citr 

.?.Q5. He f urther point ed out that according t o the s pecifi c state of the t echnology, 
each pl ant has nn opt i mal r ange of capacity . I t is generally consider ed un
cconoriic t o iru:;tall small units . The u pper ci ze limit is generally fixed by 
technica l consider at i on. 

205. Gener ally t he blas t furnace r oute entails larg3 sized pl ant s . Direct 
r educt i on r oute entails a ~mall sized pl ant. Installed pl ant capaci t i es of the 
Bl ast furnace/oxygen basic pl ant type are i n the r ange of 2 million per year. 



E/OJ .14/UIR/23 ~: 
fage 40 

Long product s can be produced in a plant Nith an in.5talled capacity of 100, 000 · 
ton;ne s per year. 

(ii) & ocluct r:tix 

207. He continued J}' JX>intine out t ha·:: tha r->roduct t;~ix and productio n progr amme s 
are dete~ined by: 

- statisticnl data a bout 'l:he over all ec onooy 
- data on stee l c ons umption suc h as iiaports , exports nnd 

apparent steel c on3ur.rpti on 
- c har<.etistico of the main s·cee l consuning s e c t or s in the econor.ty. 

2<X'1. The pr esentati ons was fol l owed by a discussi on regarding assembly o f data 
on demand. It wac s aid that many !;tethods have been de veloped for forecasting 
steel demand . The most ir.tportant eeneric types are: 

(i) Glo ba l ·est i mation metho1s 

(ii) Analytica l methods 

Usually a l'J-15 y ear time hor izon is us ed fo r estimating ste e l d eriland. 
This time f r ame c oncides Hith the pro j ect cycle of an Iron a nd steel pl ant. 

209. Global methods a r e base d on c orre lation between the steel consUr.tption and 
economic indicators such as : 

gross national product 
gross t ·i xed capita l fort;tation 
pofllllation 
industrial out put e tc. 
s t eel intensitieo 

210 . Anal ytical ::~ethods for demand a l"e based on the analys is of c onsumption o f 
each o f the main t ypas of s teel product s of s ec tor of the e conomy. The t ine f rane 
used is the same 10-15 year horizon. Analytical methods r e quire a l ot of time 
and effor t t oget her the nec essary d etai l ed infonJntion. This methods have advan
tages over the e l oba l method bec<..uGe of the folloHing r easons: 

a r.10re r efinec! ? i c ture o f damand i s obta ined 
the structure of cons~mption is mor e definative l y definee thus 
enabH~ a cleare r definatior.. of product-mix 

f acilitates t he cor.1pilation of a check-lic t of t he main steel 
proouc·:::s clients by product~-nix. 
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2 11. Eng. F. Abou::ac;:1la went on to ·say t ha:: a::> <:.. :;x>int of r e f 3r e nce for the 
e valuation of to·::-a: ca~ital requircr:I~ntc, it has t>een assumo3d tha t a typi cal 
BF / BOF facilit~r ·.Jou:!f have an annual ca:;acity of : ::Jillion t ons of r at• steel . 
As for 'TJ./?.F r~mte , i t ha::; b.acn a.s.su:"!3·~1. ·tha t :uost ~respective uccr s in the 
davelo~ing countries u i ll b~ concernef~. ~ri t h z '.:eel-Ji1alcine: facilities in the ranee 
of 200- 3()0 to'W pm" <1ay ( i. e. u_:-> to l :iO, :):}') tons per year) . This scale of 
pr oduction Can ' )C ~c:1iev'e~ by a ne:1ly e r ected ':JR./ ?.'! in·::ec;r ated installat i on Or 

t :u-oug h the beac:~:ra!'d. integr.ation of <: rc-rolline or scra:)-t;)clting ZF operation. 
The capacity of sucl: i ntegrate d i;Iillo (JRt.i:F rout :~ may rio..! to 0.4 .• - 0 .5 
million to!l!;; , e;iv.; n ·the ap:=-r opriatc bar, roc! a n ·1 .zcction r o lling facilit i ec. 

212 . He f urth3r ;:-aenti oned t hat a cci:l~rioc- :1 of cari tnl coot::; fo r f l at a nd non
f lat pr oduct ~;1i;~es sbo~ld encourage t:1e developing countrie::; to g ive pr~ority to 
non- flat pr:Y:!:Jctc , i ::: such a ::x>licy i~ concictent :rit:1 r.1ar~<~t r~c;Uirert~~nts . In 
asti!?'.ating a ver age cc:.::-i tal cost::: , i ·~ i::; assumed thn·:: ·::he r o lling and finishing 
s9cti ons of t:1e ztcel plant 11ill be ori~nt .:!~~ to~·1arcl::; non-flat products, though 
no t e xclucively so. 

213 ~ 7!egar dinz .tilc design of i ilstallat i ons and oel~ction of plant and e'1uipment , 
eng . Abou:;::agh l a f.lent i o!led that usuaily the clcsien _of i~tallations and the _plant 
e quipr;1ent is ·clOne 0y fore i e n COw!X'.nias according to the selected technol ogy . and 
the capacity of ·;;ne ::;l ant uhcther i ·c u ill be inpleme nte::i as one . stag'3 or different 
stages . In so:;te count ries t he 1:1ain ~ra~Iing of the installation is submittro by 
the fore i gn c onpany ani t he detaile(.~ d ral'dng i s done by l oca l compan i es whe the r 
in the c ivil engi neering or ~ech~1ical engin~ering . Also in connection with the 
i r.tpl ernentation ;,1os'.: of th8 civil ~rorl-: , the steel s·cructure fabrication, er ection 
and some er;ui p::lcnt C?Jl be done by local cor.~panies . I n e ·znc r a l t he wei ght of 
e quipr.1ent i.e e<,:ui vala"lt to one thenth of the in::;tallc~ :_-:>rocluction capacity ; 
excl uding the H.=i ght of str.1ctural need3d . The follo:rine; tabl e shoHs sooe estir.ta'ces : 

--------~~------~~------·----------

. g~ r oute J:>.l£E.!£ 
Equi pment 
Structura l e 

3 l ast f urnancc rout~ .. _ ..... _. .... _ _ 4>.-i"" .:.l 

Equipment 
Structura ls 

l:.S,SOO 
~o ,ooo 

rs,soo 
35 ,000 

150/JOO 
60 , 0CYJ 

::!:~Q,800 

175, 000 
MJO, OOO 
320 , 000 
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The t rad i t ion;:! stee l matnng countric o and t o an increasing degr e e Br azil, China , 
India. anc1 Mexico carryout the ir o:m e ngi;'leering and rnanufach.1ring work as ~1ell 

as· t hat of ot her eler.1ents. 

2ll~ . In connexion ~-lith i ndi genouc su,ply of spare-rar~..:s Eng. Abouzhag l a pointed 
out that t he d eve lop;nent of engineering ca.pabilities r.rig ht Hell begi._a with the 

.produc;tion of £rpare-~rts to m8et local demand , · Hhi ch can be assumed to be of t he 
order of 2, 4Q9-3 ,200 ton~ per million ton capacity ~ depending on the age of the 
equipment and the maintenance standardc.. In orde r to be able t o i d entify· 
nat ional t echnological constraints on manufacturing facilities, caref~l assess~ent 
should be made of the d istribution of spar e-parts in terr.w of their component 
raw-materials (iron, s t eel and- non- ferrous castings for gines, and structural steel) 

. and the ir Heigh·t r equirements . Rlr'cicular attention should be paid to f acilities 
f or the · manufacture of medium- and heavy spar e s . In t1exico , for . exanple , mediu..'il 
and heaVy- ;Pares accqunt f or a s much as· 7'Yfo of tota l expenditure on s r ar e s , even 
thaugh in quantit ative t e rms they a r e relative ly small • 

. 215 • . H.::: :".'urthe r mention~ t hat i n devc l o;?ing l ocal e ngine ering and produc~ion 
capabilities , pri ority- should be given to lieht and nedit.:.m- wcig ht equipnen~ for 

-r olling mills and fini s hing lines . ~1e ifleorporat ion of heavy capita l rolling 
. equipment , s uch as mills fo r blooms , slabs , · a~cl wide hot · ~~d cold strip, in stages 
of deve l opment i s not rccor:u~ended, ouing to "i:he need for ·11dditional he ary 
manufactUring equip;Ient for c asting, forging and r.tachining . 

?..16 . He .. 1•1ent on _ to s ay that the light and medi ura-wei g:1t e quipr.1ent may include 
mills for bille ts , . bars wir e r ods, lig:1t ·structura le, merchants, transf e r anG 
coo ling beds, coil~rs , she a r e, anG sm·to . fo'inishing lines may ·include straiP.h·teners ~ 
ba.•·~~ ~iK:ci.rs , e:u' wc.J.. .t as bund.le r :::; :f or structurals, ~ars and r ods . Ro lling ·mill 
equipment inc l udes r e petit ive i t e ms such a::; mill stanc!s , cooling beds, rolle r 
tables, coilers , c o i l converys and str a ighteners. 

217. He furthe r po;inted ou t that in pre _::Jaring cont ract :;; for ste e l plant 
const ruction, connid~ration s hould be g i ven to the inclus ion of a heavy fabricating 
and machining 1-1orks hop. In the c our s e of the actual conntruction , a substantial 
part of the ec;uipnent could ba manufac tured in the wor kshop,ut.ilizing mainly the 
contactors supe:;:>vioory skills and loca l l abour. Upon cor.1pl ction of the pl ant , the 
11orkshop could be o perated by an a ppro:.lri a t e .or ganization as a s eparate ant ity to 
provide a national hea vy enginee ring facility. The procedur e l'Oli ght ensure the 
availability of an e X_?erie nced and t r a in.OO i ndi ge naou:;; labour force .and of _the 
t ools that would pe rmit l ocally made s t eel to be oons~ed i n the manufacture of a 
large pr of,X)rtion of the capital equi p:1ent and spar e-part needs of the national 
industria liiation programme . 
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2! 8 . In his pr esent a t i on , hL- . Ojobor said t-ha-t t o ensW'e an organised programme 
of •rorks and a · timely realisation of the pro jec·:: the construction and impl ementa
tion schedules should be c l ose ly monitor ing consulting g r oup to l-Iho should be 
a ttached a good mem~er of indiginous per sonnel. Clcse monitoring is essential so 
that l agging activities could be corre cted befor i:! it becomes late. !Jlonitoring i~ 
also involved Hith chec:.<ing the quality and c;uantity of supplies to ensure t ha t 
they i!leet the condi t i ons of the contract behreen the owner and the contractors. 
r!ionitorine; he l ps t o indicate :10H and "~<!hen to pr ess outside governmental agenc i es 
for accel er ated act ions on t !1ier o:m contribut ions. Al~o, in cases Hhere 
financ ial d i s bursement to contractor c de pend 0n vollll':le of l-iork executed, c l ose 
monitoring ensurez that contractor · gete paid only :~or t he actual a.nount of s upplies 
and ; rork done . 

Zl9. To malre coru:;truct ion and impleme ntat ion ~chedules meaningful, they must 
be up-dated at r egul?.r a11d fixeci intervals of ·:= ine . 

220. rih". Ojobor pointed out t hat; As par t of the action guides and the setting 
of targets f or realisation •~ithin a ti:71'3-frame, a project implementat i on programme 
should be dratm up once ·;;he basic d ecision ha~ been '.:- a;~en to proceed. Three broad 
c l asse.z of programmes '~>Jill be neceGoary durine t he cour::;c of proje ct imple:nentation, 
namely:-

~~) Global programine ; 

(£) A :naoter s chedul-:! of construction; 

(£ ) uet ailec ochedules of construct i on activities 

221. He \Tent on -to' say that t he . g lobal sd-1ed.ule is. "re c:\l{red at the early stage . 
I t chould contain the t i ne- f rame of execut ion of the follOldng activities necessary 
for t he realis at ion of t he project: 

(i) 
(ii) 

(iii) 
(iv) 

(v) 

(vi) 

Initial planning and finalication of concepts ; 
Investigation~ and full t ecting of ralol materials; 

~etailed proj ect r epor t; 

Deve l opnent o f minec and quaries ; 

Recrui tment and manpowe~ development; 

Jevelopment of requisite i n-f r astructure including 

accesc roads 
~ail ways 
:1oucing schemes for construct ion and operation 

•;~orlcers 

p011er supply {or construction and for. oper ation 
..,;ater s upply for construction anci oper ation 
contr actor' s construct ion oase& . 
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o. Construction master schedule _,..,._.___.__ ~--

222. In this connection ~.'lr' . Oj ooor pointed out t hat t he coru::-tr~uc'cion schedule ~s 
drawn up shop-wice and Hil l cont ain the folloFing act ivity versus-t-ime inputs : 

design and elaborat i on of working dra't-rings 
supply of a ll materials (civil construction materials, s truct ural 

steel rrorl<::s, sheeting, equipment etc.) 
execut ion of civil Horlcs 
e xecution o f civil ctruct ural er ecti on 
exe.cutio n of mechanical equipment e r ection 
ex ecution of electrical inntallat ion 
execution of i nnt run:enting installation 
execution of cold-tests 
execution of co~niss ioning 
exec~tioo . of perfor mance guarantee t est s . · 

223 . He went on to oay that the master scheduled Ghoulcl shovt, ·<!Xplicity , the time 
of e nt ry of facilities ecpecially thosz under the direct c ontrol of agencies out 
side the steel company i tself such as electric povrer, railway etc. 

pctail scbed~le of construction 

?24. !-Ie f urther poi n ted ou t tha t t he detai led schedule of construction will go 
into dc!_:•ch on va rious shop by having more a c t ivi·c ies indicated alongside the 
durat·i on . large constructior project use 

General conside r a tions on draHing up an implementat ion sche~ 

225. In concluding r1ia presentation, I1r . Ojobor said f or devel.oping countries 
integrated direct r educt i on steel compl ex takes betueen 3-Yt~ - 4 years of 
c onst ruct i on, e xcluding all external f ac ilitiec. o l a.st furnace plantc take 
behreen 5 yearD - &~ year s . Af rican count ries 3mbarl<ing on steel projects shoul d 
no·t press t he ir contractors to col:tpress the period unduly because of t he problems 
of the mmer ~rill have in meeting h i s oNn obligations s uch as manpo;·rer, r aw 
raater ials and gene r al infr astructural 1m r lw li:~e ho~ing . 

226. In drauing ~p the e l obal pr oject nchedul e the time needed to obtain certain 
government a pproval a..nd f or execution of those obligat ionn ~mich are t he obligationa 
of the owner should not be optimistically undc r-e.::rtimated. 

?.27 . Deve loping countri es :;hould not take -much in terms of bonus to contrac t ors 
for early compl et i o n of construct i on. 

228 . He f inally said tbat gr eat s urveillanc e must be placed on the pr ogr ess and 
state of r eadiness of r au materials ; tra ined personne l and t he external fac ilit ies 
of povrer 1 gas etc. beca use t he l ack of any of t:1e:;e could f rustrate the pro ject 
even Hhcn constructi on has been completed . 
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P. ~paration of m~nEPwer for o peration maintenance and management 

?29. As it ~tas agreed upon in connection to planning of the manpot-rer for 
indu.:::tria l de ve lopment. The pl a nning of educ ation t r a ining especially in t he 
technical fie l d mu~t s t art earlie r at l east f ive y~arG i n advance. This planning 
inc lude t he differ ent· s t ages o f education covering the technical school s 
i nntit utes and unive r siti es . 3ef ore starti ng t he constr uction Of the' sreeT'pl'ant 
ue mUDt Gtart t he r ecruitr.1cnt of the ma np:mer needed f or const ruction and 
e rect i on of t he ec;ruir-ment . I n the same time t he !~ey staff needed for t!1e operation 
and mainte nanc e of dif fir ent production unit.::: mu.::r:: be r ecruite d nnd s e n t f'br 
tra ining unde r t he s uperviai on of the e r:uipnen·c oupplier o i n s ir;,ilar s tee l plant s. 
Thi s training pr ogramme .:::hould be pl a nned according to the ochcdule for the 
star-::- o f producti on units . On t he other hand ue must put in consi der at i on t o 
ut ilise t he exper ience of the man poNer rrho part i c i pate in t he e r ection p~1ase f or 
t he operat ion a nd maintenance. I n connection Hi t h t he management s taff a plan 
must be put i n adva nce for t rai ning courses in both t op a nd middle management. 
These courses s hould be carried l oc ally or in for e i g n count ries. Al so different 
vis i ts to s imi l ar s t e e l p! anta is r e commended. 
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cHA PI':sR . VI 

FLfuJHI HG FOa All ~NG TIEZRI!IG rt.AHT 

Summary of prcoentaticn , .. 

230. f!tr . A.K. Hitra gave a detailed presentati on on the subject arrl e laoorated 
t he different s tages of pl anning Hhich includes market survey, policy, t echnology 
s e l ections etc . which are to be c aref ully considered for the s uccessful impl ement
ation of ~pecific engineering pro jects . 

2.31. During t he stucly for ?':!I:YJ:Y of De:nand fqr...z.octuct or ser~.C.!'~ the important 
criteria should confine t o four r.tajor areas e . g . (aT national dem.:"\nd - past five 
year s and projected ten years in value and quantity, (b) s ubr «!tgional der.tand in few 
nei ghbouring count ries a z ind i cated i n (a ), (c) replacer.~ent of exis·:: ir.g products 
due t 6: obsolesence in value and quantit y, and (d ) requirement of s pare par ts and 
accessories based on a, b, c above in va lue ancl quantity . 

232. With r egard t o t he Iblicy of Impgrt ~t~J;_ion the author ~mphasized that 
the imporT substitution plays an i mportant r ole in developing countries for 
industrial deve l opment. Ther efor e it i s necessary to r evie1-1 the past i mport policy 
and t o negoti ate Hith the gover nment t o r egulat·3 t he import of a particular 
engineering product which i s pr oposed t o be manufactured locally , a t this stage 
it i s necessary t o highlight the fore i gn exchange savings and cr eation of local 
employment through the establishment of ouch proposed pro j ect. 

233 . In order t o establish t he Selection of Outout and FToduct i\1ix for a 
pa1~icular product i t i s necess~ t o ~~nsider~h~ f;l l owing aspe~s e . g . 

- t o s e t an init ial production target ba3od on market survey 
(units t o be manufactured/year ) ; 

-to assess the degree of external aru:! i nternal technol ogy , skill and 
investment r equirement ; 
to negotiate Hith exi sting importer to obtain for eign manufactur ing 
source for particular product ; 
t o plan Bought -out- finish (30F) and l.'lachined own .to1or kshop (MOW) parts 
and component fo r t hat product. 

234. During the pre parat i on of Frefcasibili~y ~~ the author explained t he need 
for the preparation of a document which s houl d include a ll the i mportant parameters 
s tated above . Such an illuntr atecl document Hill inter est the pot ent ial collabor ator 
and t he marl<et opportunity for this product !rhich Hill cvent uall7" lead t o possible 
investment participat i o:1. The pr e- fea!> i bility s tudy s hould not be a compl ex writ e 
up. The purpose of the study uill be t o pr ornace coll~i;;rat~ services . The author 
explained that the pr e- f easi bility s t udy shoulC: also include important industri al 
inc ent ives offer ed by the Gover nment in order to attract the i nvestment opportunity. 
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235 . 'l'h~ auth-::>r hi ghlig;lte-:1 the n~c~ssi::y to •~:-~Dar.e a s t udy ·::;f 3;d::;ting 
engin~~ring ~ac!•-=:::p ~U.£._?Ort· :Zacilities and Ancil~ary Industries St,l.E,..OOrt f acilitiec 
Hithi n the c oW1t ries ; · . . Th~se facilit i e s .arc iou11dry, :?o::-g i :ag, heat treatment, mac!:1i ne 
sh.ope 1 tool room, 'i•epair ~!1(~ maintcnan~e -ate . '!Jt1i Ch can 0enefit fro~:! greater sub
cont r acti ng arrangements i&'l ord~r :co :nanufactur'O! l ocal :par ts a nd compon,_ont s o f a 
part i cular produc t , 

235 . ";Juring t!1is early .stace oi th0 project it i~ imp~rtant to no:;gotiate -.rith 
th~ pr oDpect iv.a c o llabora·tor · S'> as t ·::> obtain design, d r aHing and proce~s s heets (a·c 
l~st · asser.1bly drauing of the product ) in o rder t o a.:::;scss t he i n vestr.te :rc criteria . 
The cie·tai l eci dia l ogue in als-;:> neces.::;ary uith .a ;_Jros_p,3c-::i ve col l a0orat:::>r so as to 
establish co.ct i nvolvoo i n the procurem~nt r::>f (a) assemb ly/cub- a s se1:tbly/parts 
d r ani ngs; (b ) t ools dr a;,Tings; (c) proc ess sheet s ior planningi (ci) rough est i mate 
of r.uu• ufacturing costs i n the collabora tor ' s count ry . 

·237 Th~ a uthor then h i ghli ghted the modal ities fo~ the Er.epa~a~l?P of fe~~ibilitx 
~:s..~.· He me nt i oMd that th.; cost of t he f~asibility s t udy should ~'>c shared 
babH~en the l ocal company and t he pr ospective collaborat or . The co.st/b~n.efit or 
tec!:no-economi c study should be based on alternative teclli1clogi es availa~l~ in 
internat i onal r.tar kct a nd adapta t i on requ:!.red under l ocal conditions. The equit y 
partic i patio n s ho ul d be clea r l y o~lt-::mt in '::-te fea.c i bili ty !':t udy including ti1e 
f lll1G necessar y f01• initial investment. The .study Ghould also i ndi cate the pahsed 
cxpanzio n of t he m~"lufacturing ~!ant . He c.!.abora'!:ed t !-lat th-~ foas i t.Li.ity ::tur.Jy 
should incl ude (a ) basic i nvc sti:!en'C ( pl a nt , :.1achine ry , uorkine cc-.pital e :;.tir.tat.:!d 
vo lur:t-'2! of pr :xluction ~~r y~ar); (b) estir.1ate.:::; c.rK: lise of plant anc: ~achinery anr~ 
COl~:lOn service facilit i es; (~ ) estimated ma nufacturing tir:1e and COSt (bas~d On 
cii r ect and ind i r ect l abour cos t ) anci (d ) estima ·;;e·:'. mat~rial cost; (e) est imated 
l abour r equire:nant (skilled, ser.ti-skilled , unskillC..: , managerial sta:.:'1s etc • .); 
(f ) other ' on ' coots ~ . g. e l o3ctr icity , heating, light, ..servic~s, :-r.anpo~¥er t•·~ining, 
administ~a:t ive etc. (g ) ccntingenci~s . 

238. The author highligh:::ed that the §~~of ~£.-:~Ellent shoul<: !:la Horl~e<i in l ega l 
f rar.teHor lt involving the local a nci fo:cei gn f inancial i nstitutions. ;1it.h r~gard to 
the .Si t/3 Locat i on, he ;:>oL1ted o ut that the majoz- c'~·n.sidcrc>.ti-:>:;u; should '.:>e (a) .si ze 
of th~~plant i;;-·:;q , meter ; (b) vi cinity of !Jr oiX)s;ed plant t o ot her mnnufact~ing 
uni·ts; (c ) e xisting facilit i es e . g . roads , elcc·cric suppl y, housin2, Hater Stip~:>ly , 
r a i hiays; ; pos tal, ·te13,;~, com.rmmica'tion etc . ; (::;: ) t y P'..:! f act:')ry shec ~i:c .; (e ) trans
por t for wor ker s. 

229. !~e then focucef.i t h0 neec! f or the Sele_9ti on of T<:_chno l o[fL• The ·t echnol ogy 
selecti~ ~ sho uld be 0asecl on proeuc·t vo lume raJ s :.all bat ch size; (o ) r.!edi u:n batch 
s i ze ; (o ·inass product i on, Exi sting teclmologi~o availa ble ~dthin the c ou.1try 
s hould be a s sessed "'"1d empl oyment cri teri a should iJe given pri ori ty . 

2i~~ . He Hent on to say that t he Selectio n of ~-:~~}1!-_I?-~ arri '2qui2:1_c:::c_ sho'..!ld be 
based on (a) t ype oi !•'laChine accor~Llg 'co manufacturi ng t cchni qu.e coru..:i~m· ~"\.'\; 
(b) s!dllz of l abour/oper ati ve to guide the selection of the co::tpl~;Li..t'y of machi nery ; 
( c ) eneine ering pr ocesse:; to gove r n t he major c r it.e ria f or the sel()ction of 
r.1achinery; (d ) maintenance l evel; (e ) i nvestnent li::1itation. 
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241. Tho author the n ou~; li:_~ the de.:. i gn of. f!al'lt Layou~. In accordance l-Tith 
the machinery r.;el cc t 5.on , t he follct,ring oonGi der ation should be talten during t~1e 
preparat i on of pla..1t layouts (a) mot::10d of production ( jobbing or maso scale) 
(b) est ablin:1;nent of varicua dep:!lrtments (fot.:ndry, machine shop, toolroom, 
fabrication, etce); (c) dispos i t i on of thece section£ for effective mo;rements; 
(d) 1.rater s upply, cleo{;:d .c i ty , r.:aintenance shop etc o ; (e) stores and storing 
facilities; (£) mect";~5.c.al l:~:1dli.ng; (g) ad;;ti.ni s trathre and Halfare s e r'l·ices e t c . 
(h) prepara·i:ic-n of pl un·;; l:l.you·<: ~ither b y consultants or by the collaborator 
participati.i1~ i n t he p~~~jec·;; ; (i) se!;)a ~ .. ate l ayouts f or !electric supply, l-rater 
supply ~1C: air nt·pf.Jly ar:d nui::;:.ia s ion of these layouts to the appropriate govern
!Tlent au1.:h c;::•1:t ::cs f o~.. a!)p~ ... c·~·~l., 

2.42. He thl"\n po~.-.':ed c:.:;; ~;i:c impor'cance of obtai ning the SHOtations and follet-~-
!:!2 of the pro j ec·t o I<; i s ns c:x:;oary t o obta in quotations from three alternate 
supplier:. indi.0ating CeieF . , F.O oBn and F~O .R . prices. The follot.ring components 
of the p:.·ojcc t r-:1c'i~ld b; c&.::.i del•ed e.g. (a) quotations for building inc luding land 
leve llinC e-::c . ; (b) qt;:ot.;.~:tcn.:> for machinery and equipnent; (c) quotations for tools 
etc e; (d) qt!o·~a1:ion f r;.:;• e lect:a.•ica l installation; (e ) quotation for vrat e r inatal
lations; (f) ~..to'c ::1:t:i.-:::;:"· f :;r· ?.tr i11ntnllation and pipe uork; (g) quotations of 
transpm."'t."'.~ i.o;.1 :.\:'.cd :?:.!.~.i ·:.:nlL~~: ion of machiner y; (h) quotations for ra'• materials, 
semi-finisi1ed 1 fh::~:-::cd ~ :.-ughtcu!': and i :uported parts and c omponents; (i) quotations 
for spar e 1=~..:~~ o:!l r.::·:::.;.~:i.!l:;;:·f :md equi pment. 1-.t least C to !.0 per cent spare 
parts by valt~e r.:!:1 ~:.•J.d be o~xlercd ui t!1 machi ner y and equipnent . 

243. Dt:rbe •::.:-; r..':~~~,t:::::~t of ti!_~ ,PolllJ?imY, he pointed out that a final plan 
should ~o clr aNn t : i) to :i.r::i)l•~m:-:at ·::he project and to establish the ordering 
points. Tl1e fl~:_;t?.J'~ i~ ~'"~ f2~'1~r T:.. .. a:i}li l1!:! should be programmed before the project 
implemer/..:;:J:·i c-.1 ~·;·c age in the folloH:L'lz -ar eas e.g . manager, acc ountant, s uper
intendents, fo;;•c":~n~ oha:cc e hand and oper·atives i ncludi ng planners, designers 
and drat!g:1tsn:en~ 

244. Du:r.i n 1 t ho <.~}"f:::J-:; c:,-:'i 0:1. :~mportant points were focused by many del egates 
where Gelec·t e:-.l r-~-·oj•=-otr.; fail~ due t o lack of considerations of important para
meters di~~~:."'.s~d :1l:-ov ~.. i;1 :·:::.n y ~ot.mtries in Africa, it is obser-.red that 
projects a r c ~:..·ien':•-:d -::-:: ·:.1-:.c.· 1::-;:ls i :; o-2 l i censing agreement. The ma j or ity of such 
projects f a iled o1• ha ... l p:.•o:"J:;_c;:•-:; due to lac:~ of inter est on the part of t he 
collaboratc :.:-o Tb.~ de l cg::d;e::: acr~ed that i t i~ better on the part of t.:fric.an 
investor<; to 1~vol•.r:3 r.t~:-!''.l of joi n t· -renture projects 1-rith equity participation 
from the f0l~ig:1. c0!..l~b-:-r.~ .. ';o~·:;;" 

245. It l~a..":j f ul"'i:!.,0::. .. agr~ed -::!-.a':: the f inanci a l institutions should partic ipate 
during the ne.::;o ;; :;_ ,;;; i ·;,:~ and c c::-.-t rac·Li ng stage of the project. 

246. Pl•oblel.:.-:.: r ·""?. l :o.tcd t-~ ·::be nelecti on of ne~; engineering projects Her e also 
elaborated by ::o· .:-~ 6.~ll!gates o It uas noted that the sel ection and ~.ocati6n of 
plant shoul d ue di l'z~ted -t~ {; 'l:o arec.s ' i ~e e (a) in v·i cinity to the existing 
infrastructu!'e ; (b ) :::o!' rog:i.cnttl a."lCl rural de ·.relopment uithin the country. A 
oornpreheru:;ive a.D.3""·"" '-.J'~'cnt is ,;-~quired in selecting s uch areas. 
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247. In deciding a product f or l ocal manufact ure , it was not ed that existing 
importers of such product should be encouraged t o be involved in l ocal manufacture • 
The specific Indian cases were discussed Hhcr e l ocal i mporter of t r actors and 
implements become t he manufacturer of such products in j o int ventures with the 
f oreign companies from whom they used t o i mpor t. 

248. The development of ancillary industries which in the back bone of engineering 
industries deve lopment was discussed in detail . It was agreed by the delegates · that 
an inventory of an9illary industries facilities should be considered bef or e embar
king on an e ngineering projc~t. The Indian experience in this case is of great 
significance to the African .:!')untries . 

249. The transfer of appropriate technol ogy wao discussed in great datail. . · 
It was agre ed that UNIDO and ECA can assist in these important aspects. The del egates 
took not e that it is eosential that the countries should train their staff in 
selection of appropriate t echnol ogy and r elated machinary and equi pment. .. . -· . - .. 

250. Some of the delegate~ pointed out that in some e ngineering pro jects in Africa 
the same cons ultants l-lerc used f or machinery sel~ect~on and supplier s of machinery. 
It was decided that· the fe~sibility study and sel~ction of machinery and equipment 
should be assessed by third p.iry; .UNIDO assictance on this can be r equested • .. . 

. . 
251. The i mportance of manpdwer t raining was discusoed i n details by the 
del egates . The majority opiri.ion w-:t.s t o train the personnel in the key positions 
be f or e t he implementation of the. pro j ect, international assistance in this field 
can be well utilized. 

252. The discussions concluded with a positive r ecommendation that in selecting 
various pro j ects it is desir able .that the j oint venture pro jects should be 
encouraged from the devel oping countries under TCDC or EC"DC. ·· 
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CHAPfER VII 

CONCLUSI ON AND RECOil.iMENDATIONS 

A. Iron and Stee l Making Technol ogy and ~.anp:mer Dcvel opr.tent 

Iron making 

253. In view of the i n1pr ovoo world r ecord for DR .plants , it should be given 
consideration especially £or count r i es withou~ coking coa l but whic~ have access 
t o natrual gas or other reductants. I t is not advisabl e thnt devel oping 
count ries r isk their sca r ce r esources on any processes t hat ·ar e not in successful 
commercial oper ation . Ther efor e only c ommercially successful processes s hould 
be conside r ed when s el ecting a DR process . 
Steel maki ng 

254. (~) Noted that s uch processes like LD, EF, ar e well established . 
However dev~loping countries should not ~xclud~ f r om cons i dr ation 
Siemens ~furtins (open hearth), even though they appear t o be falling 
out of fashion in d·evel op....--><1 countries. This is mainly bccauoe of 
its l ack of comp1.axity in · additi on t o its flexibility in accepting 
charge material s . I n view of the ener gy s itutation and f or countries 

· w-anting t o start i r on and steel works -..lith EF r.telting scr ap, the 
'Clevelopnent of cheap sources o f e l ectric power, especi a lly through 
hydr o-electric stations , s hould be gr eat ly encouraged. 

(~) In view of the l ow scrap-gener ating r ates of most African economie~ , 
in any pro j ect using scrap as an input, it is imperative to ... atte a 
~cr~p .inv~n~n~ ~n~ ~ ~~~ap-g~~~~~ti~ ~~t~ !~~c~~tt, ~~~~ 
same principl es as the invent ories. of natural r esources . 

Ore pre pa r ation and coke pre paration 

255. (~) It is desir abl e t o use the opportunity of the availabl e t echnique s of 
or e benefication t o process the r aH mater ials as clos e as possible 
t o s pecificat i ons r equired f or input for iron making . 

(~) In or der t o avoi d ~~baraesment during the oper ation stage s , the chemical 
and l aboratory investigation of a l l intended r aw mat erials must be 
thoroUgh and exhaustive and should cover t he entire deposits that should 
be well sampl ed. However it should be borQe in mind t hat in actual 

Coke-oven 

iron and stee l making process qua lity l mser than thos e specifi ed are 
still usable . 

(~) In view of t he progress made in the con1r.1er cia l us e of forr.1ed coke t his 
a lternative s hould be borne in mind by countries with poor coki ng coal. 
This s hould be consider ed along sid~ wi th possibilit y of i mporting 
prime coking coal s f or blending uith the l ocal coal. 
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Be~ause of the fflany investi gati ons and tests on coal that a~e usually 
r equired at t he pl anning stages, s ubregional laboratories serving 
many countries of th-3 s ubregion will be highly advantageous in raw 
mat erial r esearch andte s t .s . 

In ~ny consideration f or charconl-based iron making, i t i s important 
t o ensure the r e placement of the f or est r e source exploited f or . · 
the making of charcoal, ot herwise a serious and permanent damage t o 
forest r esourc es .may t ake place and the pl ant will be grounded. 

Reducing agents for DR plants 

255 . Natural gas has bc8n well establis hed as a source of CO and H2 f or DR plants. 
However CO and H2 could al 5o be obtained from coal gasificati on although svc;::h 
applications ar e not yet ir. commerci a l use f or sponge iron pr oducti on. 

Ingot and .cont inuous casting 
I 

257. Ingot mould casting r equires higher investment· than continous casting. 
However, because of t he fdgher r equirements of s kill and experience needed f or the 
oper ati on of continous casting machine new pl ants , expeci a lly with production 
higher t han 1.0 million .t ons par year,should consider i ngot mould casting as a 
r ecommendable soulut·i on. This should however be consider ed in r elation t o the 
quality of products t O" be cast· and the product-mix. 

Specia l alloy steel. 

258 . The r equirement ·or. :~ilOy: steel in African countries is l ow and the r equired 
knmr- how is high. However if ther e should ocdur, f or strategic r easons a demand 
f or s uch proctucte, it could be met by small al ectric furnaces . 

259. An ir.u;Iedi ate complimentary action aincd at l ong-term preparation f or alloy 
s t eel production is the encouragement of l ocal manufacture c:>f ~.er~o-alloys _f_9.r. 
export from the abundant ra'~ matcrialD in many African countries inst~ad of 
exporting the fcrroy a lloyn raM materials to ·deve l oped count ries. 

AUXilia ry f acilities : Power and wate r 

260. (~ In view of the influence of electric power on production cost all 
efforts should be made t o tnp any l ow cost source of power s upply, · 
especially hydro-stations . 

(~) Limi ted sel f - gener ati on of e l ectr icity within the plant continues 
t o be r ecommendable so as t o r ecoup onergy (fuel ) within t he plant 
which othen ;ise could be • asted. Such n stand-by capacity will also 
protect power s ensitive sections f r om t otal failure of the main .. . 
electric f.Y.:'\TCr su::>pl y . 
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(£,) Because of the imp:>r tance of >later to iron and steel making 
proceaoes go.od and adequate sources of uat er mus t be given seriouc 
consider at ion i n the location of the pl a nt. As muc h a s possible 
1-1ater r e-circulation s hould be adopted t o limit coru:Runption to 
juct make-up and thus reduce oper ating co.:;t . 

Refract ores 

261. B~cau~e of the high and cons i s t ent need of r ef r actories in s t eel works 
Governments should give serious thought to the cctablishment of l ocal r efr act ory 
pl ants . Subregional centreo f or investigation of r efr actory materi al s .and even 
for production arc desirable. 

•' Mat~~ial :ha~ling 

262. (~) The necessity for a good r.a il-networ!< ~dthin the COWltry for 

<s.> 

transporation of raw materia l G i s obvious. !'!hen iron and steel works 
ar e l ocated on gr een sit es it i .s advantageOus to· link. i'f up· irith .. . . . 
r ail lines f or s upply of r aw r.~terials · and di stribution of finis he9 
producto~ .. 

. Sub-regional co-operati on f or deve l opment of iron ant..'\ st~el works 
req~re inter.~regional r ail and r oad liru<s as well as harbour 
assi otance for the ~ranc p:>ration of r a1-1 materials f r om the 
participating countries to the location of t he twrks . 

Car e and detail ed attenti~n must be giv~n t o the design' deoision 
r e lated to the supply and handling of impcrtant r a\1 materia l s 
like or e and .coal 6Cpecially in r ezpect of r eliability of supply 
r outea; adequaoy of stor ages; and flexibil i ty and adequacy of the 
discha r ging facilities . 

Maintenance facilities 

263. Because of t he l ack of opp:>rtunities of obtaini ng mai ntenance assi stance 
f r om specialized agencies for stee l plants in African countries , it i s recommended 
t hat adequat e provisionc in facilit ies be invested ,upon including f oundry, f orging , 
machining etc. for r epair s and the making oCncicessary spare parts~ .. Tile -need t o 
develop an effecti.v.e system of pr ev.entive and maj or maintenance should be t ackled 
early befor e t he start of oper ation t he pl ant. Since in most steel plants well 
trained maint enance personnel are r equired and s ince they constitute abour 50 per 
cent of the t ot al labour force , t he earl y tra inine of t he maintenance staff s hould 
be given t op priority . 

Quality control 

2E4. (~) The est ablishment of a strong and centra lized quality contro l 
divis i on i n s t eel pl ant i s p-:tr aoount i nportance . 
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I nspite of thG hi r;h demand ,Jf ste-.ll pr o.:lucts in d ev e l oping 
countri~s whic~l s ometi mes could lea~ to c ustomer s buying 
whL~.tcv3r thzy f ind , st~cl pl a nts mu.st nev~rtheless r-r ot cct 
'customer intm·est~ by em;;urine coo~ q u..;,lity s t andar ds . 

At the. 5a~-:'! t i rr.c deve l o ping c ountri e s should i ntroduce a limited 
range of ct.mdn.rd of stee l products in accoroance !-li th international 
standar ds. 

Instrumenta tion and automa:li2!i' 

~55 . CortDiderin:z the !>l<ill r cquir.;)r.ta nt for hi ehly a utomated pl ants j the hieh 
investment cost a n::: t pa cb c r e asc i n r:mnp:mer requirem~nt it i s no·;; r ecommended t o 
start steel in.:lu.strie s i n deve l oping countri e s v1i·t:1 a h i gh cl agr ee of a ut omation. 
S imila rly, th,~ ove r - use of autom2tic pr ocess c -:>nt r o l of oper at i on ic not 
recomme nded. Ther e i .s th~ ne :Jd to assist i n.:1i tye nous personne l tc f irst gr asp 
the f~la<:Jentals of -Jccision--making in o!)er:~.tinc th~ e quipments by using manual 
cont r o l bcforc""cHitc:1i~~ the process to c-.utor.tatic con t r ols. 

By-product of steel plant 

(~) The r ecuperation of by- product :2or the pt'oducts of coke oven is 
recomr.1an:lubl~ . HmH3V·:lr car eful c 0 l e cti on of the rang e of products 
to be 111<."\llufacturorl in th•3 by- product pl ant must be adopte.-1 on the 
basi c of l oc a l dcr:mnr~ for t h e product;) and 'othe r alta rnat ive 
sources, if a,railabb d.!Jr:'ec i a lly throuch perochemical industries. 

(~) Slag c e ment industry l ocat •:=!\l prefer a bly close t o the wo r ks is 
recommafiG~J fo r blast furna ce rout zd pl a nts as ~~rt of t he down
stre~J i ndustry. Howev e r , t !'te .!JUi tability o f the bla~t furnace slag 
for C ClilGnt product i on s hould be -~i:;'c~~l'l:1ll100 in acv~nce . 

(~) Slag c a n alsc be utilized i n b1·i ckc, s l at:; tmol manufacture and 
r oad constructi on. 

Planning f o r un iron an d steel plant . 

?.57. In planni ng c f iro n arr.! nteel t·rork!; , i t:: of gre~t i mportance in the first 
phace of the study t .o obtain ·th~ f o l l owin:,: -·: a tZ". : 

<s> 

.Actua l dcr.1anc~ .:lnd projections f or 10-20 years ; 

The a vail c.bl} ra~r rnate ria l i n the c ountry mainly 
(iron ore and coal) . 

ThB inf r a!::t ructur-.il r.nd i t !: c apnbility ·~; t he needs of s t e e l 
ind us try ;nninl y (railway::>; po1-r0r ; ;rater ). 

The second point i s th~ c~ laction of t ec!m olocr . Ther e a r e 2 main r outes : 

?.6~ . Th e fi r st route is DR /EF, I t has be en assumcp that mos-t_· prospe<;-tiv~-~rs 
in '!:'ha deva l opine: countri 9.s l-li ll O.J s t ee l pl ant!:l of ca pacb :-y (L~J,000 t ons/year). 
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Thi::; s cale of pr oduction c a n be achie ved by t hro ugh the backward in·cegration of a . 
r e-ro lling or scra p-tJe lting and EF o per a tion. 

The s e cond r oute is ~)last f urnu.ca for annual . ca9--'\city o f 1.0 :nillion ton/year 
a n i above . TI1e ~vailability of iron or e or c0~l i~ a~sential f or this r out0 . 

Design of install ations and s electi on of plnnt ~quipment 

(~) In most of the developi ng COlli,tri0s des i gn of installation and 
plant equi);Y!l.; n t i s carri e<:! b y fo r e i gn i nterna tional cotn;Jan i es 
hoNaver in some of tbcr.a s ome of the designs and detailoc'i 
dr aHings are done by local desi en offic-es. Consi d ering t he 
l ar.ee equi:;ment involv3d it. i s rcco~anded t o d ave l o? the design 
eng ineeriue and manufacturine;. capability- and begin 1dth the 
pr oduction of spare parts to meet l oca l derila~s •. : This ~Till ·need 
tha put ting in th~ plant t he nanufacturing faciliti e s whic h include 
foundry, for ging, machinine• and el<:!ctrical .ohops . I n the coul"se of 
the a ctua l c onstruct ion, a s ubstant i a l !)c"U"t of the a qui pment ··and .. . 
struct ure o could be manufactur.ec.' in the workshop, utilizing mainly 
the contractorc .supervisory .<;kills and l oc a l l abcur. 

T~is pr ocedure mi ght e ns ure. the av~ilability of an c:xp3rie nced a nd 
trained ind i ge no us l abour .force and hel p to manufacture s ome 
equipncnt and spar0 parte nee··,cci f o r -ttie nation.o·ll industria lizati on 
prograr:~me . 

An integr ated iron a nd steel ·pl ;:nt is lik:)ly t o b8 economical 
if built for a capacity o f 200 ,000 t ons/ye a r or higher. Thi s 
:fi~~~ !..:: ~=..:;~t 't~~ ~lliiti.w .. uu l.i ta.i t ur !.:!l!OnOmica i prOClUCtl.on 
capacity of the mai n iron anc~ .stee l !:tru:ing processe D. Countri e s 
pla nning oteel pl an t of capaci t i es l ouer '-: han thi s c ould concider 
scra p melting with e l ectric arc furnace and rol ling mil l, 
.su pp l ·;ment.z.:-l i f need be by b por te1 b ill::!tn. Such a compl e x · 
could b e converted to an integra ted pl ant at a future date when the 
(.!,'~liland of otc-31 prod uctz riG~s. 

(~) It i s desira~le t hat any of t he Afr i can d~veloping c c untry 
~r.;barkinc o n ste e l pr.c j cct shoul'J h"-ve at l east ona of the ma in 
r aw mate rials ;,e c a use t he e conor.1 i c c o f the pr o j ect is like ly 
to be unfavourable i f both raH :':1.:\.t eria lc and machinery are a ll 
to be i mportecl . 

(~) A minimtmt pr oven iron ore r es e rve o f 25-30 yea r s oug h·t t o ba 
av:.dlablo a s a safe base -for a n integl~C'.t...!::~ steol pl ant. Jasing 
a plant on l ·:;!Sser r eserve shoul s be bac~:-:~1 up by an assurance 
o f othe r alte rnative sources which must be economica l. 
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Implemcnt~tion 

(~) ~itl~er ~JurinG the p lanning stag ') o r the opcr"-tionz.l c·b?.::; of · 
i r:1pler.•an-:: atL:>n thar e is a nc~ for ::.n .ovor~ll c o-ord i na·:ing 
r.m.chine ry ;4ii"h suffi~i ent clecioion- ta:dng po'1-1er :;;o ao to help 
in solvinc intcrfac.e .~.roblc::u:: oe ·: o;ocn t he sto~l pr ojoc·i; aru:! 
o ther orer ati onc such as: educat i onal ::oystem, t r ancport oyst ~rn. ,". · 
wate r acc ncy :rtc. 

I n ..-..:.,)ve l o::::-i ne countri·3.S DR Dir ect Je::lu c·: ion plants nould nor mally 
take 3-i-4 yaar EJ f or conctr..tc tim.<. 3last f urnace plants :·rould 
take 5~.: ycarc. :!:n rir aw i ng. u rf the nacter schcdul<a of cons truction, 
t he CQn·;;actors ::::hoult:~ not b~ prc~:;; c-:'. to und uly coo;T~Cc "\: he 
constructi on peri<Y.l 0acause t he m rnc r cauls b y so doi nc creat~ 
mor::! !Jro::>lel~IC for hins<3lf in mec ·dnff t h ":! obli[.::tt i onc r c l c.t ed to 
r ncruitr.1811"t :me:! t r aining of p:;)r sonne l nncl in ;)nau:::-ing a va ila bility 
::>f the ra'l;~ lilat '::)ria l s 3.'C the ri[.h-:: ·c i rne f o r COllL':liczionine the 
pl a nt . 

In t he c om:-cc of project impl.:m-::mt~t i ·::m, Govern.:nents chould t ry 
t o re~u~c the ~cually long periodc n~~~~d t o obtain Gove rnme ntal 
aDpr ov nl on ~ttern ~ffcctinr. t~~ proj8ct be cauca l o ne ~~layc 
Houl,-1 upse-t ':he i::1plen~ntation schaeulc . 

Project financing and economics 

271 . (~) Governm~ntc oh::mld oe::\r in ::tin·:.l , v:hil~ 0xa:aininc the t-~chnocconor:lic 
an a ly$iG of ateel pr ojects in -;:h~ feani~ility stuc.~y . that ~t2::ll plants 
do not usua lly eive good r atr.! o -1 r eturn on investment , e ve n in 
develo~ count ries Hith 1-:me ctaol ::1alcinr; t r adi t i ona aru~ ex perie nce . 
i!tor a c on.:;i .~crn.tion could the r e f o r e ~e ::llaced :m the .str~tegic 
il'tlpor'.:anc~ , th-:: pro:fj.t in t~l'~ ,_lo~m-::;trea.""J industri .ec nnd . the soci al 
benefi t aiY~ fo r e i gn exchange s~vingc. 

(!?) The buclge·tory pr ovisions for pr~-o~ratinnal 3Xpensec end 
c o nt i eenci;)O c.houl~ not be under-~s"t i1::atcd. 

( ~) Joint-venture pr o j ectn 1-"i t h co nt r act o r::; or ec:uipme nt cupplie r s 
have inher ent ricks cf c u.u.sine ~roj .:;ct co::;t inf l a tio n. :':n view ·of 
the cac: '3Xp.=rienccs of l!la ny countri .:;c i n joint -ve nture buciness 
co~tric.o t hat are conct ainecl ·co adopt t he procd~ur~ by financial 
o r c-!;~1cr r~acons s:1oul·J have the pr o ject s ·.epurat~ly .evaluated b-· 
a t hire anc.. neu·c- r a l pary . In -~hi s rccy-~t :::::CA/ UNIDO ' s.. ass istance i n 
some f o r..t i o r c cor.tmended. 
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B. Met a lworking Technol ogies and r.lanpower Development for 
~Jl~_e_r;pa, :C·~tti2._~ 

Casting 

?.7.?.. (~) Foundry tachno l ogi es 5hould b~ Jivcrsifi~l in the ~a0tern a nd 
Southe rn Afr ican . s ubr eci c n particular ly by t he i ntroducti on of 
steel castines , na11 '3ab l e and ::> .G. iron casti ngs .. Gr eater 

(~) 

(~) 

(d ) ... _ 

attent i on i s · r equired to impro ve th::: -;:~chnologies in pattern-making , 
r.tould / co r e ma!dne anr! i!let a llurgicC'. l as:,ccts . The pattern 
maker s a nd moul d maker s i t:tportanco shoul d be r ecognized and 

. h ::ltter remuner at i on should b~ e i ven to thera. 

iAoul<..liil[i sarY:l s houlrJ b~ r ecycl ed in or der to r ecluca the cand cost . 
For · ev ery o ne t on e of ::tetal o acting h1o ·tone of sand a r e r e quir ed. 

Far t icular a ttentio n i s r equired at ind ustry l e vel to i mpr o ys 
cast ine; . 'Jr aHines so as t o i mpr ove );Y'.t t.3rn making. :t i s 
rccomm-''!ndc·O::, to impr ove t he quality of cazting grac.~e i n lin~ 
Hith British o r ~quivalent c t andard .;; . g . B.S. 1452 : 1961 Grey iro n 
casting~. Gr .l.f; B.C. 3333 : FJ72 fuarlit i c !11elleable iro n cast i ngs 
p,~ . Gr. 4; B.S. 309: 197?. ·~rtlitoh~ar-::- malleable iro n cactings H. Gr.lH 
and B. S . 27.:-:9: 1973 iron castines :1it:1 --s pheroi.1al ·or·noctuh r · · · .. · 
graphite H. Gr . 6. 

Exi sti ng founc ry facilit i eo sbouL~ ~ 9roperly ut i lized :1her e ver 
possib l e at nat i ona l l e vel. Th3 cu_;::ola technol ogy ohoul d continue , 
but opeci Gl attenti o n s houlc be g i v3n during oc~3ction of 
i4~.:lu~~ i Vi'i f\ . .U."Tu1.~..:.:.:, . TI,.; jJlc:U-Ui\:;&-& .:,:iv'-il':.~ 0 ~ (;.c.a.i··t:.L ul .. , ~.l ·.;u 1. '\::'..;v,.s.uu;:-'1\ ~~1•~ 

induct i on f urnaces i n countrico ~ 1hcre the procurement of sel ected 
scraps o r p,oorJ quali ty pi g iron i s ~.1i:fficult . 

(~) The te::>ting facilit i es for t he fotmdry mat e rial::; a nd f inio:1ed 
pr oducts s!-toul d b ('l nandatory . 

Hot farming 

(~) The i mprov<:lr:tcnt of · the a lacksmit·h f org i ng techno l Og'/ particularly in 
the rurc:.l oector i s r ccommende:::1 . If posoi?:>l e W'.!Chanical ~"llwer 
striker 3hould r~place · the zxiztin~ l1c:md forging technology . 

(:?) The hot :Zorginz a ctiviti es in eng i neerinc :indus tri es .:::houl cl be e xpanded. 
The closar.: Gi e for ging ·b~dmclo[r,y s hould be introouc-acl as early as 
possi b l e in or d& to produce loc2.l .sp.:>.re l=kirts , a utomot ive parts a nd 
agr i cult ura l ir.lplem-~nt !.:ar -::-s . 
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(£,) . The local die and tool ~anuiacture for hot forging operation should 
~e de -/eloped. ~·iherever poss~ble mechanical forging presses should 
oe installed. i::echanical drop forging machine should be used f or 
primary forming and t o be followed by forging presses for secondary 
form~n[; . 

{2.) 

(e) -

The existing a r e f urnaces should be utili.~ed fo r the production of 
steel ingots for forging . Easte rn anc~ Southern African countries 
do have arc furnaces in t !1eir stee!. mi:!.l s Hith capacities ranging 
f rom 5- 15 tons/charge. 

The appropriate die a n:': f orge material shou::.d be selected and 
standardized in the Eastern and Southern Af rican su;,re.gional. · 

'Cold forming 

2:74 • . 
.. . 

(!,Y All types of cold f orming technol ogies in the Eastern and Southern. 
African subregional countries e . g . upsetting , extrusion, metal 
opirining, thread rolling arYJ ltire drauina should be expanded and 
neH ones have to be establi:.:;hecl. 

(R) :I'he metal spinning technology s houl d Je f urther developed and 
'apinni1ig technology to :>1.1al::.-sca!e le7el shouE ~e . provided . 
Appropriate machinery facilities (lmr cost) is of paramount 
importance to t£1e esta~JliG:lments at 'li llage craft level . 

(£) 

(:I) 

The non-f errous metal e;:trusion technology for the manufacture of. 
tub e containers (f or r.1edicine , t~othpaste , cosmetics) and the door 
an1l uindotT a :.UI1)inur.1 fr<~Jiles sections shoulc ;Je developed . 

The e7.i:Jting bolts 
thread · rolling and 
apprOXil<tatel y 12. 5 

and fasteners manufacturers should introduce 
ups~tting technolo,gy for hat'(it-rare upto ~· or 
wm dia . products . 

(~) Particular attention shoult.:!. be given "t '6 "the local manUfacture anrJ 
maintenance of dies anG. too~s for coY! f orming . 

Fabrication 

275. (~) Altho~gh reasona';:,le f~brication technologies are developed in the 
Baste~ .and Southern African subregional countriea , particular ' 
attention 3hould be g i ven to introduce CC2 , submerge arc , stud Helding 
technologies on !-Ti de scale t o the exist inc; engineering industriea . 

Tool designs, pre:.:;s tools -;;e s igns and com!)leY. formed bending toolc 
designs in exi5tin3 industries should be i mproved. 
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(£) The e;::pansion and improve ment of tool!;, press tools, 1 ormed tools 
and compound tools manufacture uith~n the existing fabricating 
ineustrieo should be developed if the demand justify .such pro
duc~ion of tools i c recommended. 

(£) Appropriate machinery and equipnent for fabrication shops should 
~ selected. C.areful consider~tion s :1ould ~ given not to install 
heav y machinery for light e~gi.neering products . 

·~) Eore safety measures and quality control in engineering fabrication 
industries should be ~rovid~1 . 

(b) 

Eore rotating cutting technoloe ies in existing machine shops should 
i>e introduced. It is als o noted that single cut ting technology has 
considerably dev el9ped in the Eastern and Southern Afric an subregion. 

3urface broaching . teChnology and external and internal broaching 
technologies in larce repair and maintenance t.rorkshops and in 
selected machine shoPs· should be introduced . 

~) Throughttay tip cutt~rs for milling and tnrnin~ operations s!1ould 
be introduc.ed . These technolpgi es r educe tool setting, rae-rding 
and tool maintenance coots . 

l .t least one engineering industry that manufactures small.· cutting 
tools (drills, taps, cutter etc.) should ~~ established in any one 
of the Eastern and 3outhern African subregiona! c ountry. Subr egionai.. 
co-operation is an important parameter for such a project . 

Every machine shop should provide facilitiec f or .appropriate too:!. 
maintenance and tool design. 

Tool making and heat treatment 

271. (~) Existing rail~ray Horltshop, large repair and maintenance Nork!lhops 
and industrial estates should intensify their t oolroom ~ctiv~t~e~. 

(~) The e".isting toolroo:.113 s4ould. produce jigs , tools, fixtures , dies , 
press tool s, etc . Jigs , tools and fixture::; technology should be 
e;tpa.nded and incorporated in t he major i ty o£ the production machine 
shops. 

(~) E~isting toolrooms ~hould b~ upgraded ane i f possible should 
l:lanufac ture standard jig bushe&, pins, claEI?3, bolts holders, 
supporting plates for othe r ·industrieo. 
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(£!) :Uc existing toolrooms or proposed i:oolrOOI'!IS should cater to 
' the s upply of standard and special t ools to ot her industries on 
hirin~ basis. 

(~) Exi s tine t oolroo:J"U: should he reinforced ~rit~1 j i _- and tool 
design. offices t·rhi~h shoulr:i form integral part of the toolroom. 
Toolroom management should be separ at ed f rom machine shop manage
tnent. 

(f) In every t oolroom there should ~e heat treatment facility particularly 
the case-hardening and thr ough-hardeni n g technologies. 

(.g) 

(£) ' 

A gr eater care should be t aken in procuring appropriate materials 
. for t ools, dies etc.' anr:l pr oper measures should be taken to 
stand~.> .. rdize the tool body and acnessories Hhe:-ever possible . 

J-Ieat treatment technology a.I-:.d f acilities s hould be expanded to all 
machine shop activities in the Eastern and Southe rn African s ub
regi on. 

(!.} ·. ·;. rigor~s quality control i n all toolroom act i vit i es and heat 
treatment shoul d be introducede 

(j) At least one jig boring machines in each of the F.astern and Southern 
African su~regional countries in Africa ohould be installed . 

l;iet rology 

278.9 <.e.> f~ inDpection and quality control section should be installed in 
each machine shop ~.n the Eao.f::ern and · Soutt>.ern African s ubregion. 

(b) Ade(_!Uate provision should be made in e::ioting and proposed 
engineering indus·tries to procure sufficient inSpection ·.and 
measuring t ool s o 

{£) Th e exi.Gting machine shops should incorporate t-Tor:dng and master 
gauges, and r eference s t andards Hi t h a ppropriate inspection 
facilities . 

The local manufacture of ' simple inspection t ool s in .existing 
preciDion engineeri ng industries s houlr.i he intro:lucecl and i mpr oved 
in the s ubregion . 

Met al coating 

(!:,) The exi sting galvanizing plants in the Eastern and Southern African 
subregion should be utilized and metal tining technol og y for the 
production of t in plates for containers G!10uld be indtrodueed . 
8xisting galYanizing plants s hould also e;~tend t hei r facilities 
t o the s tee l door and Hindm-r f r ames raanufacturing in:lustries c 
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<.e.> Niclcel chrome plating plants and annodizing plants should · be 
established fqr engineering consumer products. It. is f urther 
recommended that t hese plants s hould cater for the needs of 
large number of engineering industries. 

~) The electroplating technol ogy and manufacturine facilities should 
::,e ot;mdardized. 

(£) Electri c vat type o r barre l type galvanizing equipnents should oo 
installed for s mal l steel parts e . g . scre\rs , bolts, nuts, etc . 

Institutionnl De velopment 

zoo. (~) 

{£) 

Gove rnments s:1ould des i gnat e a limited number of fOWldries, forging 
shops and tool room facil i ties in the interest ::()£ ser-:ring nation<'-1 
industries and manpower training . NeH ones have to be c reated in 
countries wher e such f acil ities are . not av-ailable . These Hor !(Shops 
J:ruSt be equipped Hith t~ relevant equipnent and manned by trained 
and experienced peroonnel . 

~ihile these industries are being set . up , t~ining programmes should 
be f on:rulated f or local personnel both in ;i.ooal technical. colleges 
as Hell as in colleaes a ::,r oa.d . These progranunes nrust culmin~te : in 

· well programmed industria l or ,shop f l.oor training in we~l established 
industries i n local r egions or abroad. 

Gov errunent should gather inforr:~ation on all existing facilities t o 
ensure proper d irection and co-ordination of their functions on a 
.national lev:-~ . • Al r.r:- t :1e related functio~ of metal coatings etc. 
need to be centralised or intr ooucecl in t:hP t.:•_~:..,r-:>~:!. 0~ :.!! !'.. -:::~:::::~:-:. 

se~.rice facili·cy. 

(b ) !J.anpoHer Develo_P!llent 

Cast ings 

201. (!,) ·To introduce in-plant training c r aft courses at national l evel t o 
train pattern makers, mould and core makers in eiisting foundries . 

(!?) To. i ntroduce spec.ialized training cour se.c fo r fOWldry technoloeY 
at polytecbniques level . 

Hot forming and cold f or r.ting 

2e2 . (a} To introduce hot formine and cold forming t echnology in the curric·ulurn 
at, univer sit y ~nd pol ytechni que leorel . 

(b) To tra:i.n de£o iene r s for hot and c old forming die design. At preoent 
this fac ility I11ay not l:>e availa::,le Hithin exis ting industries in 
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Ba~·terr1 and ~uthern /tfrican c ··.·:n·r,. .. ·.P..s , 1':1a~cfore , it is 
nece::;s~ry to send nationals a!Jre>ad. for this type of training. 

:(st To 'uperade the s!c'Lt,l~ of 'j;o61Ja~.:cert> in order to manufacture hot and 
6old fornin~ ~ies~ 

Fabrication 

2G3 . (a) To train ~!elders i n C02 , submerged arc a nd otll.er specialized welr1ing 
tcchn0~ g i eso Thi.s can be achieve<! through in- plant t-raining 
COU7 "::0CS organized at nati onal Oi~ iT!'.J.lti r..ati C!la:!. lc"lel o .·.'t iw aoove 
special -:.-1elding techn ological cour.::;e:::; o!10uld 'Je introduced at the 
polyl:ec!mi que l evel and .e-.ren ~::- crafts le-rel ,, 

kietal cutting 

(~) To organize i n-plant tra.ining · courses for turni~g , boring, screN 
cutting, drilling , planil'\g , gearct.rtting , fitting.::; , i nspection and 
quality control , at oper ati ve h:·rel , Guci1 cour ses . should provide 
ac:e quate appropriate too],ing f~cili tie~:> Go·· t~1at th·e opei•ators can 
learn the mcdern met!1od -of macl:.ine shO!) · pr~wtice. 

(£) To -:,C':!.ot·er trade cours.es on _:1ctal cu·:.ting t e chnologies Hith 
app::-or:-riate c urricula in order ·::o·~<.\f•!'llY industry ·lorith specialized 

·ald.liSo 
... ... .. . ' ' 

(,5;) To cre~t-e s u per.risory courses at p'lytecl.:niqt~e l evel for machine 
, . ~- shop pra.<:tice, 

>"(d)' To ii~troduce procluC'.+:.: ':'ln and . indnt:~t >-;~ <ll Pngineerin g courses at 
- polyl;eciurique and university l e ,relo 

.· . 
To c reut e inc;titutional facilit:..~.s -:; o upgrn.d2 O!JE!l"rlti".'~ from semi-
q!dlled to s killed. f rom ::okille ci tc ;::;upe r 1i sory ·and .from super-1isory 
t-o .management cadre - .. ThiG ·can .be .. achie·t ed : :.>y" t hi!'· creation of 
faci l itieo such as evening clascc::o :l r.. a;dsting t r .v:le sc:·wol s and 
pol ytechniques . A:q·an c;emel:'lt ::; ~o off~r; . ·ci;n.~ off for personnel to 
otudy in educati onal· instituti.cr~· :..s h i ghly to :r·ecommeJ1ded., 

Tool making and h~<;:t- t r oatment 

(a}"To t .rair. high ~iti l,led operai.:ives for :i?5.tt'inr; , turning,_- ooring, 
. .. mil iing , grinding anci pr ecisio:1 t ;:;ol ma!dng., '!'hi s c an be achieved 

iJy t~1e cra:1tion of toolroom faci.li~;ie.; >tithin ·...,::isting tl•ade 
c chool and polytechnique u0rks h ops. 

(~) To ir.t;.~o-:luce jig an d tool desif!tl eour .s es at polytechnique level . 
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. 2£6. 

{£) To send a~road tool room operators to obt ain C..'Xperience in pr e ss tool, 
die and mouldma.ki.ng technologies. It is proposed that these 
operatives during their training should Hork in large toolrooms 
in oroer to acquire necessary practical skills. 

(~) To produce heat treatment technicians at polytechnique level. 
Heat treatment courses should reflect indus trial necessity 
rathe r than theor et ical aspects of heat tre atment . 

(~) The q-uality control and inspection courses should be included af . 
polytechnique level. 

(,2) To organize in-plant inspection allQ quality control courses t.ri th 
particular r e f e rence t o i mprove capabilities in appropriate choice 
of inspection equipment and inspection :Jethod. 

(~) At tradeg s chool l evel mor e appr opr i ate curriculum s h ould 
be established in inspection methods . 

(g) At the uni versi t y l evel 1 met r o l ogy s hould be t aught •1ith in 
giv en courses t-tith reference to industrial requirement. 

Me t al coating 

287. (a) To train operators at trades schools f 6r electroplating and 
galv anizing process . Such courses should ~e more oriented tmrards 
maintenance and running of plants ancl 'equir:ment. 

{£) To include met al coating courses at PQlytechnique level. 

(c) To o rganize in-plant training courses in metal coating processes 
uhere f acilities are a vailable. 

c. i..;appo11rer Developnent Conclu.nions and ReconuneJ'!&!il_!ions 

288. A planned approach to the forecas ting of technical manpower requirements 
should be adopted . Using a combination of macro projections, direct enquiry and 
labour coefficients and progressively increasing the degree of detail as Hell 
as accuracy, long-ter::t and mediw:Ker:n f orecasts should be made to plan education 
and training f acilities. 

2C9 . Technical Education and training institutions should be planned t.rell 
i n advance and action to set them U!> initiated 5-10 years bei'ore they are 
scheduled to contri~ute to the supply of manpowe r. 
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29). Tn st ihrti.onal facilities , in the same manual industrial facilities, 
should be creat~l in planne1 phases in terms of d i 1 e r s ity of programmes as 
uell as cap~city. 

291. HeN disciplines required :!or the indus trial program::~es should be 
identified e•G• metallurgy, mininr; and ceramics etc . for t !1e iron and steel 
industry 7 and productio~ and industrial engineering for the engineering 
industries , ru1d facilities created for them. 

292 . Industtia l training should be integrated Hith ac ademic progra!llnes . 
Pe riod spent or L'ldustrial training should include industrial probleDP-Oriented 
u o r k . 

293 . In countries having a laree !_)Otential for iron and steel industry, the 
possibility of developing multidisciplinary acader.Jic progra-:1111es for this industry 
should be explored. 

294. Part-time courses for t hose ernp::!..oyed in the industry should be started. 
These could be in the form of sandHich courses, evening courses or on day
release basis , 

295 . La r ge inci'..ls~rial units such as iron and s t eel plants shoul d have their 
own tra ining institut es . These institutes s hould provi de training for twr ker, 
technician and engin-eer l evels for the employees of the or ganisation as "tell as 
otbe~o 

2~. Hhen star'cing a large industry, prcx:luction and maintennnce staff should 
be associated. Hith cons truction activ·ities especially at the testine and 
commissioning stages . 

2W. Training of. op.~ration and maintenance staff. shoul d have 3 c omponents -
f amili arity uith all t·he processes and f unctions in the plant , intensi ·re 
knowledge/skill de·-te l opnent for the job, and actual t·rork experie nce . For higher 
l evel manpm:er, tra i n5.ng in manaeerial functions should also be a c omponent of 
programrnes • 
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1. l...usa..'!ca Engine'ering Company (L2H(l)) , Lusaka 1 Zambia 1 l9 No<emoer 1900 

The team !<Jas r ecei-ved by the General i:anager L:r. S . :(. Tamele of the 
Company . This is a light engineering estaolishment manufacturing sheet metal 
and tubular fabricat ion products e . g . table::;; ·chairz , s11elves~trttc.k assembly, 
tanker assembly and bus body a.szembly. The company has the following shops·s 

sheet metal cutting and fabricating ~1op ; 
paint deepening booth · 
tube manufacturing shop ; 
nail manufacturing shop; . 
toolroom and r epair and maintenance· ·shop; . . 

:-. heavy fabricat~?n shop for !Jus ~ody , t ruc!cs , trailers and tanker 

The various sheet metal f abr ication techniques ~tere demonstrated and 
expl ained t o the te~u. Particular r eference was made for t he application of ~ 
wel ding , col d fanning operations and tools and di; manUiacture in its toolroom. 

2. Toolmekipg and Engineering, i3ul mrayo, Zimbabwe , ?!t November 1@ 

The team t-ras r e1::ei-Jed by i :r. ~Tilson, Lanaging D.irector of the Comap1y. 
The ca'npany has spe-c~a~~zed in manufacture of follmring items: 

pr evision die and tools (f or f orging and press 111orld; . 
jigs. and fi~ture (particularl y f or raihray 1.rork) ; · 
manufactur e of hacksatJ frames; 
manufacture of !mives , cut l ery and kitchen Har e items; 

.. manufacture of automotive accessories; 
manufacture of children b icycles etc. 
manuf actur e of light defence parts and accessories . 

The team SR\l the . progressive manufacture of ~ie::; , preSS . tools and' moulds 
including the precisi on turning , boring, shaping , mi lling and heat treatment 
of various parts and. components • . . Particular attention :11as . focuss ed on the 
specific pr ocesses e . g . chr ome plating , heat treatment of car bon steel, precision 
grinding a nd f itters assembl y Nork for die and tool manufacture • . The team also 
1dtnessed the i mportance -of quality control and the Hide range of. ins¢ ... tion 
tools and gauges required for prec i s ion uork. It lras also pointed out t-1\a.t the 
toolroom operatives are highly paid in the company. The team also &atr the jig 
and tool dr at-sing office and disc ussed various aspects of tool design , The 
company haz installed a fully automatic proe r amme contr olled chucking autbmatic 
lathe for mass pr oduction. 

3 . United ~pring and For ging , Buluto~ayo, Zim~abHe , ?.4 tlovember l gSQ 

The team t-ras received by i·:r. Dodd , General Eanager of the Company. The 
follotdng a r e t he ·company1 s ·rna j or aeti vi ties : .; . 
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- manu£ actur e of hoes , s pa.cles , shovels , ladders ; . 
- manufacture df· hea~.ry fm:•ge·G·i e$- anef ' t-ools; 
- manufacture of he~vy hot foreed parts for r aill·rays; 
- manufacture of heavy hot coiled and leaf springs; 
- re-oonditioni.ng of used leaf springs'; · · 

The tear,t uitnessed the complete manufacture of spades, shovels, hoes, etc. 
from press wor!t upto heat treatment and p.aint ing . J'he tool~oom operatiotlB uere 

· ..e;:tudied very carefully particularly t~e manufacture of h eavy hot forging dies 
and tools. Drop forging technology 1-ca.s explained during the actual working 
condition. Closed die hot forging for specific components was also tvitnessed 
by the team. Special attention Has dra'l-rn to the manufacture of coiled and leaf 
springs toJith particular reference to the harrlening , and tempering operations. 

4. Bulmray_o Steel Products , 3ulut-Tays 1 Zimbabt-~e, ?A No-vember 1@ 
. . . 

The team Has received by i ~r. il . Ferriman, General '!.~anager of the Company. 
the compjlllY:· m~ufactures agricultural· implements, e.g. 

' . . :. . ~ . 
ox-d~at-rn .. plough; "v 

- ox-drat-rn mouldboaJ'd plough; 
- sledge ha.111ner; . . . 
..;. various ·implements and tools. 

r.~ost of the t.'\achinery. ,in thi~ company i s very old. The mission GaH the 
complete manufacture of agricultural implements , parts particularly the mouldboard 
and share. The prof il.e of . the share .is specifically manufactured in the fonn 
of rolled section ny RJ.Sd) Steel i.F,~ll • . Th4· ~elps·· them to reduce the nwnber of 
manufacturing operat i ons. The company also ll\anufactures he~vy lin!~ of the chain 
.l " thick by cold press uorlt. 7ariouo heat treatment operations ; l!ere explained 
~partJ.cu.Lar.ly case hardening and through hard~ing of steel . parts.. The company 
docs not have hardness testing ~quipment . The heat treatment On':lilledge hammer faces 
are carried out by induc.tion ,. hardening processes.. The team wit;._ :;sed the 
induction hardening machine and its function . The team also saw the toolroom 

· operations pa~icular~y the manufacture of various press tools. 

5. ·ghobolts Ltd., 3ulat<~ayo 1 Zirnnabt·Ie 1 25 November 1.9;§9 
·' . 

The . tea111 Has .received by f.~r. [:Jiicbel, the General Manage r of the Company. 
The company rnanu:factures the folloHing bardHares e.g. 

- high tensile bolt and nuts; 
- ,higp tensile castle nuts; 
- nyloc nuts; 
- high tensile s tuds and ri;.rets; 
- high tensile f rict i on e rip bolts; 
- va rious fastener s speci fied by the customers. 

The company is basically a jobbin&s~op an,d· louds machinery and equi pment 
according to customers orders • . Tr1e tea.n sau the planning, estimating and tooling 
s ection. The bolts and nuts manufacture is carried out by Capstan Lathe and 
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singl e spindle bar automat ic machines . The team tdtnessed various thread 
cutting tool.o particularl y coventry die heads and external chasers · for thr ead 
cutting . The materi2.ls used for bol t .o an:'i nuts a re 2N 16 to EN 23T steel s . 
The team .:>at-1 the heat treatment of stee3. ooltso 

6 . ~eel Force , J ulauayo , Zi:n~h;·Te , 25 NoYember 1@ 

The team Has received by l·.i r ., Burroughs , the Senior i :echanica l Engineer of 
the Company. The company has tHo plant s , e . g . 

(a) The plant r econditioninJ the raih1ay loco{lloti vcs , t r nilor s 
under steam l ocomotive reha~ilitation progrrunme; 

(b) The plant uanufacturing r e rolled coil for reinforced fabrication, 
steel doors and tdndous , roof s trusses and heavy steel 
!ai~rication. 

Th e mission obser.red various fa~rication processes , particularly the 
application of C02 Heldi ne and he~wy plate .ri-;_r.ettinc • 

7. B_ESSCO.& Nul aHa _yo, Zi mbabt,le.t. ?5 E~vem~er 19!?0 

The mission Has receive<! by ! · r . J.:orrison the i :anaging Director of the 
company. The company is enJ;:ager:l in complet e r econditioning of 130 steam locomo
ti ves that were scr apped during t he last 15 years . The reconditioned boilers are 
supplied by the 3teel For ce Lt d . The mission obsei"Ved the various · ma,cbining and 
fabricating operatorn dUring the process of reconditionina . Th~ Co~pany a lso 
manufactures hot forgee parts required for railways . The company erripioyes highly 
skilled operatives and ha:::; estaol is~1e-.d a good quality control oper at 'ion. The 
mission saw the heavy fabrication of raihray t.ragon body including the application 
of submerged ar c vTel<Hng pi~ocess. 

The mission Has recei ve:.l by l'.~r. 3roc~<en, the i:anaging Director 
Company. The company i s engaged in manufecture of ferrous fom1dry, 
and press ~hop. T~1e company manufactures its o~m die and tools. The 
;,ritnessed the fm1ct i on of the spart erosion machine in the toolroor.11. 
did not s how the manufacture of radi ator s . 

9 . Railway ~·!or~tshop , Nulawayo..a_ Zimba.;JNe , 26 November 1.2§9 . 

of the 
tool r oom 
mission 
The company 

The mission uas recei Yec.~ by the Chief Lechanical Engineer of the :·Tor ltshop. 
The major activ ity of t~1e ~1orkshop ia to repair the rail coaches, diesel locomo
tives, freight Hagon , etc., The l'Torltshop is equipped uith : 

f om1dry ferrous and non- ferrous (gr ey cast iron, brass and c hromium ) ; 
1aachine shop; 
pattern shop; 
fabrication shop; 
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- eng$-ne t_~:z;ting shop; 
~ upholstery shop; 
- electrlcal repair shop~ 

The foundry and machine shops uere of importance to the mission. The 
mission uitnessed the pa·~tern !'.".aking technology, core and mould making technology 
and melting and pouring technology in the uorkshop. In hea·•ry · machl.ne ·shop the 
gear cutting and gear grinding t.rere of spec:;nl interest to the mission member. 

10. 3olt i:anufacturers. tlulatfayo, Zimbabv1e, 26 Nove!J!.ber 1@ 

The mission u as .rece:l.ved by the Procluction Manage r of the Company. The 
company is a part of G~<N Group in UX and specialized in manufactu:'i.ng of l ow 
carbon bolts, nuts, and -fasteners on a mass production scale. The mission 
witnessed the th~ead rolling of bol ts in mass production. -The company has 
facilities for linear and circ;1lar thread rolling facilitieso The company also 
has facilities for electric galvanizing plant. 

11. Nimir and Chaffian, Bulat•ayo, Zimbabucl 26 Ho-.ren1ber 19QO 

The mission uas received by the General f;ianager of the Company,. The 
company is engaged in :nanufacturing of h·eavy finished ': 'l.:::t!~c· and fabri cated 
parts for m~ning industries.. The fol:!.o1-1·ing . facilit ies are available, e.g. 

high duty steel . casting up to 6: tons capacity; 
preparation of f.err<;>"':"maneanese and ferro silican plant; 
~eaV'y faiJricatl.ng mach~ne shop t.Yith a turning capacity of 14 ft •. 
diameter; · 

.:.;. mocle,rn ~crell equipped pai;tet'll si1op; 
- 1-rell equipped metalh1rgical laboratory. 

The mission t-ritnessed the ffi2 core making, large casting moulds, heavy 
machines particularly ·the Yertical lathes. a~d large gear hobbing machine. 
Casting technology uas discussed in f ull cov erage including the .metal analyser 
in operation to shoH the major composition pf a particular sample of steel. 

12. · 0,. Cono.!ly & Company (Pvt. )~td ., Bul_:u~ayo, Zimbabtre,. 27 Uovem~r 1Q80 

The team Ha.s recei.,, ed by i :r .. Conolly the i~anaging Director of the Companyo 
The follotring a re the major facilities Nithin the canpany, e . g . 

heavy foundry s hop; 
machine shop; 
fabrica-tion. shop. 

The company ma..<ufactures !1eayy mining parts, !JU.n:J .. ng machinery and accessories. 
The foundry facil ities include grey cast iron, steel :nalleable, S .G. i ron, brass 
and aluminium casting. The various processes uere explained ~:-> the mission. 
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The fabrication shop ha..r> facilities for submerged arc uelding and ill2 welding 
operation. The company has procured a fully automatic I-I . C. turning machine 
Hith cirucular turret head. The mission also witnessed the fabrication and 
building of vibrating conveyors for ores handling and horizontal shearing and 
grating machines for mines , 

13. Mathews La.nufacturing, 2ulaHayo, Zimbabt1e, 27 November 1900 

The mission Has received by the Managing Director of the Company. The 
company manufactures coins, models, badges, etc., in bronze, aluminium, and 
steel for the Government of ZimbabHe., The mission tdtnessed the coining 
operations in cold forming. Special attention was drat-tn on manufacturing of 
dies for coining operation. The mission returned to Lusa!ta on 30 November, 
1930. 
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St eel_l-i_ll. 

The vis itora got ver-1 uarm r eception f;,~o;;l the ~anagement oi the Co~J,.t"\ny, 
headed by Gene r al i·;.<mager i.:r . T. Uarl"io. 

Existing annua l cupa~ity is about 0 .8 mil l ion tonnes of raw - ateel, produced 
'LJy the basic o::ygen me·thocL :.n.::ro i s one of the country's majo~ i n:tustries, 
Nith over 5 ,ooo employees? 

Tile uork.s re~resent·s an integrated steel complex including: 

. ..,.. materialc handl ing plant; 
- coke c:rven and !?Y proouct plant; 
-: ·blast f urnace plant~ 

s t eel ~aking plant and found ry; 
heavy rolline mill; 
medium rollin~· mill; 
light rolling r.ull ; and 
r od mill. 

The mai n supporting en c;ineering f acilities are: 

- mechanical and maint enance; 
- e.lectrical maintenance ; 
- .. ·tran.:J port; 

fuel, Hater , B<'..Z aw1 e l ectricity s upply; 
:refactoriec C'..ll:l civ i l engineering ; 
sto!tes. 

The compa ny obta i ns iron or e , limcctone, coal , alloying and other es3ential 
i.l-:.g rer.iients of stee l-ma!dng f rom r esources a·Jai lable Hithin t he country enabling 
it t o produce Gt eel yery con:_::Jetit ively. 

The ores be ing used at rn.sro cont ain mor e t han 6()5~ Fe and supplied f r om Buchwa 
mines sit u.-'lted near t o Iledcliff 1 depooitc ·of tth ich have been proved t o be at 50 · 
million tonnes. The limer;t one and dolomit e of suitable grades c u pplied f r om 
Redclif:f' quarry, the depooit .:J of whi ch esti mated to be at over 27 million tonnes . 

The coal for c oke production is oupplieG f r om Wanki e coal mines v The materials 
handline p l ant equipped u ith dur.1rx; , conveyer belto , crus!1ers, oc reens and Nei gh:.n 0 
machines an~ open store.:J . 
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The capacity of co!ce oven plan t Y.tith 2 ~ttaries in operation is ov·er 
soo ,aoo tpy. The Ginter plal''!t operate~ !·lith capaci ty of aoout l , YY.J tonnes a 
day of fl~ed sinter tota lling ove r .: so,oo6 tpy. TI1e b l ast furnace oper ation 
i :> done ~dth cha re;e cono i ot ing of l ump or e added together t.rith sinter , l imestone 
and coke . 

:::J last furnace plant equipped uith f our ~)last ovens : 

3F N 1 the -;rolm:Je 116 rn3 
:JF N 2 the -rolw;Je l £7 m3 
JF H 3 t he 7olur;te 553m3 
3F N 4 t he volume 1267 -:> 

ri}.J 

The existinc capacity of ~last f urnace plant is 960 ,000 tpy., inc l ud ing 
iron for steel malting - Cl :5 ,000 tpy. 5~~ oi the BF plant ' s out~t uas being used 
as pig iron for t he foundry in the plant , 

The capacity of pig-casting machineG i s 1 , 500 t onneo a month . Pigo are cast 
in hro hal-..-es ttith mass of each 3. 4 kg . 

The steel ;·.taking plant equippecl. trith hot metal Jili.xers , m:ycen c onverters and 
casting devices . Capcity - 960-,000 t py. a l most 100;~ of metal is killed steel . 

The foundry ic one of the l argest in Zimbam1e , consisting of pattern shop, 
u oulding and casting . The consw:1ption of i eee i s .1 , 000 tonnes a mont h . Among 
the i t ems ,,rhic h can be proc!uced the r e a re 5 tonne moul ds and 12 tonne slag ladl es , 
:rxwstitor, br onze caotingo , et c . 

The r olline fan i H ·Hp.r.. :L"!':'l~~1e: 

- Soaking pits; 
- Heavy mill; 
- ! :edim.1 mill; . ~. ~· 

- Li ght mill ~ 
- Rod mill . 

The product gr oups of the RI~9D plant is: 

(i) Heavy mill : (a) !3:\,llet mill , size 48x4G :nm upto lOOxlQO mm 

(b) J l ooming , size H30;:1Go m:a upto ?.00x200 1111n 

(c) Concast, size . ll0-~100 mm upto 160xl68 nun 

(ii) Ledium ;nill: (a) Angles, z ize 6o-..!60 iilm upto l OO:r.lOO nnu 
75x50 mru upto 1~:7.5 rruu 

(o) Ch&nnel s , size J;:l+" upto 6x3" 



. (iii) 

(iv) 

(c) Flats , s ize . 100x6 HUll upto . lO<ht2S ~ltll 
130r.C mr.t lJ,pto .130x25 nrn. 
15P~S lffi .t uptci. l SQ;t?-5 llUit . 

l OOYJ 0 !1!11. uPt;o l !JOx25 nun 
.~01)~3 nun upto .~'JOx25 lOin . 

Z'3Qxl0 mm upto 230xZ5 ·i'.un 

(d) . Rai::.s , si2;e 9 kg/m upto 22. 3 ke/m 
Jea~s , niie ·100J:t50 nun upto 140x66 nun 

(e ) · .Round , ·size 47 mm upto 100 nun 

(:f) · Mi.sb'ellaneous 

Pl ough .shar e -6.1 kg/m 
Grade r blade 15 .2 !tg/m 

Light mill: (a ) Angl es , size from 25x25 mm upto SOx.SO ml1l 

(b) Flats , size from 20x.4 nun uJ#o 80x30 nun 
' •.. . . ~ ;. . . . . . ·. 

(c) Fencing and wincirni sections . 

Roc! mill: (a) Rounds 55 nun upto ~0 nun 

(b ) Squar es 10 mm upto · 40 nun· 

The annua l capac i t i es of s 

· ·Hea-t-}r · rolling t:iill 
Billet mill 

670 ,boo tpy. 
6')0 ,000 tpy. 
1~,000 t py . Lediu1n mill 

Li ght raill 
R¢ mill. 
Contibas:t_ ' 

so·,oo) tpy; 
18p,OOO tpy. 
1'?6 , 000 t py. 

The technologi cal' ~chiev-ecienta at lU GCX.. a r e of a . mo4ern l eYel .· 'l'hey i pc_lude; . . . 

(a) the imp;rovem~t.c :of . . heat and . nw.ss .. tr~fet' teclu;li~es {b_last 
pressures an~·- blast ten:ipera tu.res , f uel i njections , et c . ) in,trodu~ed. 

(b) 

(c) 

· at BEN4 . f or ~hie·,;ed l evel of product~,on with auto_!Tiat ic s ystem ·of 
control of char gi ng; 

c oke co~suinpt:l~ i s aboUt soo· kg. Per tonne of pi g iron;. 

the amount of liquid i ron per tonne of c rude s t eel produced at 
RISOG ascillates a r ound 0 . 35 tonnes ; 

. ' 

(d) steel JJaltin~ process i s e lectr onica lly monitored and s upported by 
the most modern l abor at ory technique~ , including a ·racuum spectrometer 
u ith ccmpute r and t e lexing syst ems; 'Hith s ufficient control of 
t e mperature ; 
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(e) the laboratories are able to support t echnologi-cal processes and 
equipped with sample preparation plant to carry out analyses of 
all ra~·t materials, P:ni-f inished and finished products; secured by 
e quipnent and personnel to provide mechanical testings including 
tensil e, ~ardness and e longation, to provide macro and micro-etching , 
metallographic and heat treatment specimens . 

The built of its electricity supplies RISCL· r eceives f rom ~~riba Hydropowe r 
Station mainly. The Hate·r conswnption of t he t·!orks and t ot-1llShip is more than 
5 million cubic meters annua lly • .. The mechanical twr!cshops hou.se some of the 
largest and most up-to--date equipinent in Zimbabwe. There are oeparate uorkshops 
for olac!tsmiths , Helders 1 boilermake r s r riggers J carpent e rs I transport I gas 
control and electrical and instrument tech,niques. 

RJS(lj operates its ot-tn diesel loeomotiv·eo . There are facilities for training 
at RISOO Company. 

2. 26,21,00 Steuard· an..s!._L loydo Ltd • ...&...f-A!e' .2rui 

The plant production ·i s : 

- seamless tubes (diff~rent size); 
- metal structure:; of . different design and size 

there is line of gal vanization. 

The explanation kindly uere gi\l'en by Plant i ~anager, r.: r, ?,:1. :Tells and 
his personnel. 

3. 26,21, 00 Rl1omet , Uni.on Carbide , Que Qu~ 

The plant visit was conducted .by Mr .. X. R. Nordswor th , Plan1; . ~,\ anager .. 
The works equipped with materials han<:lling including wagon t 'ippl·er 1 four e l ectro 
arc furnacea. Capacity of production i s 35,000 tpy . of ferro-chrom~. The ·ferro
chrome content is 92/~ , the r est are c=6;~ ; Si=2;·j. 

The ferroalloy contain 67;~ of chrome . .Specific c on.Gumption of electroenergy 
4 megawatt pe.r tonne of ; fe rrochrome. The estimated Norni 'of capital investment 
io US$ 660 per 1 ton of alloy. 

Due to goo.:l sourcec of raH mat erials the production of the uodcs is very 
competitive, 




