
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


fS*3>? 

U* 

Industrialization 
of Developing Countries: 
Problems and Prospects 

BUILDING MATERIALS 
1 il kJ\J *D JL A\ 1 

00 6/3 

UNITICI) NATIONS 



t'*»*. 



V. .">* 
vii I f.i'ííír."^*»' r t 



BUILDING MATERIALS INDUSTRY 





UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

VIENNA 

( UNIDO MONOGRAPHS ON INDUSTRIAL DFYLLOPMINT 

Industrialization of Developing Countries: 

Problems and Prospects 

MONOGRAPH NO. 8 

BUILDING MATERIALS 
IMHiSTKY 

Based on the Proceeding of t 1>< „International 
Symposium on Industrial Development 

(Athens, N«j u embuF DIMOIHUIH i 1967) "* 

® 
UNITED NATIONS 

New York, 1969 

m 



Material in this publication may be freely quoted or reprinted, but acknowledge- 
ment is requested, together with a copy of the publication containing the quotation 

or reprint. 

UNITED NATIONS PUBLICATION 

Sales No.; E.69.Ir.B.39, Vol. 3 

Price: $U.S,0.50 (or equivalent in other currencies) 

Printed in Aurtria 



Foreword 

The International Symposium on Industrial Development, convened by 
UNIDO in Athens in 1967, was the first major international meeting 
devoted exclusively to the problem* of industrialization of the developing 
countries. It followed a serien of regional symposia on problem* of 
industrialization held in Cain», Manila ami Santiago in HMK» lutMt 
under the sponsorship of 1TN1I>() and the Tinted Nation» regional 
economic commissions, and a similar symposium held in Kuwait m I «.MM 
under the sponsorship of UNIDO and the Government of Kuwait. 

The Athens Symposium was attended by nome finn delegates from 
78 countries and by repräsentativen of various Tinted Nations bodies, 
international organizations and other interested institutions in the public 
and private sectors. It provided a forum for discussion and exchange of 
views on the problems and prospects of the developing countries which 
are engaged in promoting accelerated industrial development. 

The Symposium devoted special attention to possibilities for inter- 
national action and for co-operative efforts among the de\ Moping coun- 
tries themselves, and explored the scope, means and channels for such 
efforts. 

Studies and papers on a wide range of problems relating to indus- 
trialization were presented to the Symposium—by the UNIDO secre- 
tariat and by participating Governments, international organizations 
and observers. An official report, adopted at the Symposium, has been 
published by lTN1I >0 > Based on this documentation and the discussions 
in the meet ing. t he present series of monographs is devoted to the 21 main 
issues winch comprised the agenda of the Symposium. Each monograph 
includes a chapter on the issues presented, the discussion of the issues, 

1 Report qftite International Symposium on Industrial Development, Athens 1967 
(ID/11) (United Nations publication, Sales No.: E. 69. II. B. 7). 



Mid the recommendation» approved by the Symposium. Some of the 
mofiographs deal with Hpecifio indiwtrial aeetor» ; Roma with matter« of 
generi! indiiNtrial policy AIM! other« with various a^jieet« of international 
eeonotme eo o|H*ratu>n An effort ha« lieeu made to make the monographs 
comprehensive and *elf contained, while the v at MMIS rcoimmit', techno- 

logical and institutional as|tects of the subject matter are treated within 
the context id tin* conditions generally prevailing in the developing 

countries. 

Since economie technological and institutional as|>ects are described 
with (»articular reference to the needs of the developing countries, it in 
fidi that the monograph« will make a distinct contribution in their 
renpeetive area« They are intended a« a Kniini- ni general information 
and referenti- for perso nn und inntitiitioiin in developing countries eon 
oerneti with problem* of indiiHtriah/.ation. and particularly with problems 
and issues of international eo o|MTation in the tielti of tndustna'ization. 
With this in view it wan considered that an uiniuK detailed teehnieal 
presentation should l>e avoided while at. the .tame time enough substantive 
material should IM« offered to IM- of value to the prospective reader. For 
A more elaborate treatment ot the subject the reader IH referred to the 
«eleeted list oi   I»« unit »»ta ami ptihlt« -at ion» annexed to eaeh monograph. 

The annexe-, alno contain information on the area» in which I'NIDO 
can provide teehnieal assistance to the developing countries on request; 
a «elected list of major I'NIDO projects in the renpeetive Held* and a list 
of meetings ree'-ntl. organized by the I'niteti Nations 

It IN ho|a-tl that the monograph* will la» particularly useful to 
(tovernmcnts in eonnexion with the teehnieal assistance activities of 

UNIDO ami other Tinted Nations bodie« in the tielti of industrial 
development, 

Thin monograph ha« lieen preparetl by the secretariat of UNIDO 
on the basis of material submitted by l*rofesaor D. A. Turin and 

Mr. T. O'Brien, University (College, London. 



CONTENTS 

l*O0ê 

INTRODUCTION  *••••••*•••• 

Chapter i 

THE   BCfLDINü  MATERIAL*)   AND   COMPONENTS   INDUSTRY 

OF TRU)«  AND PRODUCTION  . .         

Definition of the industry ,  
Trade in building materials ......................... 
Production of building material«  

A   REVIEW 

Ml 

13 

Chapter 2 

TllNOH IS CONSUMPTION OF Ht'Ii.DINO  MATERIALS     

Consumption of cement. st"d and brick  
Consumption of sawnwotul. wood based panels and plastics 
Interpretation of trends        ...... 
The statistical results  

15 

If» 
17 

1» 
20 

Chapter 3 

PATTERNS OF USE OF WILDINU MATERIALS 

Materials used in buildings.       
Substitution of material« . 
Materials lined in civil engineering ... 

22 
22 
23 
31 

Chapter 4 

CHARACTERISTICS OF THE HI'II.DINU MATéRIAU« INDUSTRY   ......... 33 

Stages of industrialization of building materials and components.     . 33 
Production characteristics of building material*      .. 37 
Further consideration of the most im|»ortant production criteria   ... 42 

VII 



Page 
Chapter 5 

PLANNING AND OEOANIZATION OF THE BUILDING MATERIALS INDUSTRY 51 

Hie information required for planning  .  52 
The measures required for implementing the plans      55 

Chapter 6 

THE INTERNATIONAL SYMPOSIUM ON INDUSTRIAL DEVELOPMENT: 

ISSUES, DISCUSSION, AND RECOMMENDATIONS  58 
The issues  5g 
The discussion  63 
Recommendations approved  66 

Chapter 7 

ACTION OF UNIDO AND OTHER UNITED NATIONS ORGANS TO PRO- 

MOTE THE BUILDING MATERIALS INDUSTRY IN DEVELOPING COUN- 
TRIES     67 

UNIDO action    ,   67 

Work of the United Nations regional economic commissions    69 

Annexes 

ANNEX 1 UNIDO    ASSISTANCE    IN   THE    BUILDING    MATERIALS 

INDUSTRY     71 

A. Areas in which UNIDO can provide assistance    71 
B. Selected major technical assistance projects    71 

ANNEX 2 MEETINGS, SEMINARS AND WORKING GROUPS ORGANIZED 

BY UNIDO    74 

ANNEX 3 SELECTED LIST OF DOCUMENTS AND PUBLICATIONS ON 

BUILDING MATERIALS INDUSTRY   75 

• 

viii 



EXPLANATORY NOTES 

Dollar ($) refera to US dollar unless otherwise indicated. 

Ton refers to metric ton (1,000 kg) unless otherwise indicated. 

The following abbreviations are used in this monograph: 
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ECE 
EEC 
FAO 
GDCF 
GDP 
GNP 

Economic Commission for Africa 
Economic Commission for Asia and the Far East 
Economic Commission for Europe 
European Economic Community 
Food and Agriculture Organization of the United Nations 
Gross Domestic Capital Formation 
Gross Domestic Product 
Gross National Product 

UNIDO    United Nations Industrial Development Organization 
UNDP     United Nations Development Programme 





INTRODKTION 

t «m*lruHk»n i* m m**j»*r t omj.ont nt    4'» to »Mi prr rr»!    «if capital fortnn 

ttoii  ('Apit.it formation HI«-r*-it-*** with fwr ntfttln imtiunal IIIHMIH'  AIM! tlw* 

-hurr of cti^truiti!.|, iiji|n »i* f.» I*e sin!« JKîMI« ut ut the ntAifi* <if <<-<»iniiiii«' 

<lt \ rlopttti nt     BUIMIMI»  m;i!i ruil* ,t iu| t • i||i p.ut« nt - lohlrihitfr  l»etwec»i   "»li 

•nul   *"•<•   |*t t   ««lit   t>t   f !>»•   t'ilrtl   Valili1  ff   « i -int I U« I I« Mi   •  Utpilt      Ihr   hn llihlt«.' 

lll.ttrl'IAl*     Itnill-tlV       I-.     I ftl't«  t1 >!•'     *I«»*»H\      tHlKlntl'il     Witti      liti'     jtfiH'f'HM    llf 

<!r\ ciopllif nf 

The* m*iin'(4i»»|»h *itoiil<| lit- rimi in <-.»iijuin-t i»<n with »he monoyrApti 

»Hi the rott*t rilettoti ltti|it«tr\ t MiUio^f~nph _* m tin« -wMle**) t- the two 

ituliiwt r i« ••» «ft i I« *m is linkrti < »»Hit riM -t i<<ii i« A «ttin{»l«'\ i»li\its an \ >»t\ tn«»* 

tin* si'.M'iiitih i»n ->tt*' of fiitft rtiii tv|t*»> « »f Mm« fur» »i-intf ;» Mtijfr »»I 

Militi i AI* input* Ih* i «MIHI i tu t ion niituMrv flirtif"* t ••»--»« »it lallv from tin» 

tliHtiuf&rt untitf  imlii-lrv   in  t h it   it   i«. «¡-intnl out   ni  Ih«    pl.t» e  wh»n   the 

(M|i|   pr<**l«lct    Will   It»1    II*«« I      It    !•»   IftMHTAiU    »I    If«   tl'<i • h » i * « 11 >¿\     ifitluttrv       it 

involve*, t hi1 ¡»«»MMith!\  <>| l>iilk\   iiiAt#Mial»    .41   prêtent  »h*- (-ml pr<«t|it< t   i«. 

la>inuill\    *.oM   In*!-»!!1   it   I«.   fllAll* Mül   I lit-   ltn|li«tl\    tti.'IH« -   pf «HIIIIM tit Iv    III 

Inn^» trilli   luv e*t tin Ht   iltM-tniiifiK     I In'   I MI il» I » t ij¿   umtet irti»   itnluitiv   t- \ p*| -* 

utilv   to s«-f \c thf rotiHtriK t ion in<iti*ttv 

t'httftttr I ¡M»!iit- out 'In liifttt'iiltv '»I t|* -tu unii t ht toiiittin^ niAtetiAU 

iiuliiHtrv Some niAtt'i IMU AM» u*i*tt c\t'lu»i\ civ in «oliati in t ton ut fu r-* Art* 

Hwil nino in nth«! tiuiii*tt ter» Ih*- mtfi ri'lut toii-ohip H compir \ ,uf| the 

IM mirrili ir I »et ween the lui ih imi; tun let IAI« un« I th« rolliti'net lot« ttuiu>»t t v i» 

Hind Some MiAterinl*» null *••#» cement «te» S InuUi mul hi lek* liiAV I»1 

ilr^c riiiril a.*, ke\ lUHtrriulM IM M -A UM* thcv ¡tre » ventini in lit* **»t ron-tiut tmn 

Alni  llTCrtUí*e tlll'V   Al ti Mint   for  ItlOtr tilAII    »It ¡MM   rrtlt   of  t hi'   III.Ill I IAI"» lilt*« I 

m many  liuihimgî*   (M her ntatrrtnl*.   irr iti(li.<t|MMi*aMr m thr «*>n«*t   that 

Although   tint   Uf«e«l   m   int^e   Hlllt»utit-i    critten!   *ln»ttnjfr*   of   thrill   I»IA\ 

seriously impede const rilettoli 

Thr four categorie?» of eon.-*t ruction     miri ii.it numi HI<»I*III   tidtioiiAl 

moiirni, iiAtioiial convent tonni atui trmlitioiiHi     titnkc ilittrrrnt tleiiiAtnÌH 

un tlie Iniililin^ tiiAtrriAls milu*try  Stmilarly. fhr reijuirrtnrnt?* fot tiiAtrr 

IAIM (liffrr iM'twcM'ti variuiiH tyj»4*H of  hutliiitig AIHì l>rtHr«Mi hiitliiing tutti 
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civil engineering. Thus the demand for materials is affected not only by 

the count met ion technology »«ed but also by the composition of 

construction output. 

International trade statistics show that in some countries imports of 

building materials represent a significant percentage of total imports. In 

add;tiun Mich imports may account for a large percentage of the building 

materials used A strong ineetitixe for local production is that many such 

materials can be produced locally, thus saving foreign exchange, 

K\eii when national construction output is fairly constant consider- 

able fluctuations iiiav oeeiir at the local level and the demand for build- 

ing mat« rials will likewise tluctuate. Building materials are not usually 

transported o\er gnat «iM.u.ees. owing to their low value weight ratio. 

The production of man\ huilding materials tends to be disperseti; local 

fluctuations in demand therefore result in local fluctuations iti production. 

Only rareI\ 1* there sufficient e«»nfidence in future demand to permit pro- 

ducers to build up stock* and thus attempt to iron out such trade cycles. 

The issue of confidence is important if the investment of private and local 

public capital is to IH« encouraged 

A few material* must 1M- produced in large scale, centralized planto. 

In mich cam's, the mam probi« m. apart from the fluctuation in total 

demand i*capacit\, utilization I'ndei utilization of capacity is endemic 

in developing « «»nutrie-' It cannot easily U» eliminated liecause demand 

grow* HIOWIV there are lew m ami fa* t tiring plants and their capacity can 

be increased onh   in discrete stages 

(%i¡4>r : .o tempt* t.. c\ aitiate trend» in patterns of consumption, in 

ortlrr to detenni«»«- target» for the levels of production of key building 

materials Ih« f* t <>tpiln consumption «»ferment, steel aawnwood, wood- 

bawd panels and pianti« s is MM-II to increase as the ptr capita national 

mwme rises 

Although th«* relationship Mweon levels of consumption and nation- 

al income in any giv««n year cannot automat ually be assume«! to hold 

mm a period of tune, there is c\ irletice t«» suggest that if is c«>nstaiit for 

cement st«Ncl ami W<MMI based panels, (onsumptio.i of sawn wood is 

derrvasing m s««un countries th« rate at w Inch plastics are substituted for 

other materials will change the relat ittnship* m ti m«' 

The eofiMimption oí cement and *t«*el m «-oustruction doe« not rise 

proportionately with men-ased ex|**ndtt un* on e« instruct ton, lino© th© 

p*rc**nt*ge of construction expenditure devoted to civil cnginaering and 
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building carease falls as development proceeds. On the other hand, con- 
sumption of wood-based panels and plastic tends to rise faster than expend- 
iture on construction. Thus, changes in the relationships between the 
levels of consumption of key materials and the macro-economic indicators 
also depend on changes in construction output and on the substitution 
of one material for another. 

VhapUr 3 suggests another approach to the problem of assessing 
consumption of building materials, since more detail is needed for national 
planning than can be provided by the global analysis described in chap- 
ter 2. It is possible to evaluate the materials inputs into new buildings by 
surveying existing construction. As the quantities of materials vary with 
the type of building, a representative selection of the most common 
types must be included. A table, based on a survey in a Western European 
country, shows alternative materials for each functional element of six 
types of buildings. 

In order to assess total requirements per unit of construction, it is 
necessary to take into account the possibilities of substitution of materials. 
There is less scope for substitution in structural materials than in the 
finishings of a building. In civil engineering, the choice of materials is 
limited. Apart from cement and steel, the main materials used in civil 
engineering are local rocks and soils. Local conditions and availabilities 
are therefore important. Tables are given showing steel requirements for 
single-storey factories and for bridges. 

Chapter 4 describes the characteristics of the building materials 
industry. Various stages in the industrialization of building materials 
may be recognized. Walling materials are among the first to be produced 
industrially, next, roorìng and flooring materials; and after thesc, carcase 
elements, fittings, finishes and equipment Thc.s<> stages overlap to an 

extent that varies from country to country. Modero const ruction uses 
relatively small quantities of traditional materials and dependence on 
cement, steel and timber is world-wide. When product nut of any building 
material is industrialized, a number of related subsidiary industries tend 
to develop. As resources are normally limited, the d< velopment of the 
building materials industry should follow a strategy phasing the produc- 
tion of building elements as well as building materials. 

Development plans should take into account not only the levels of 
output required to enable construction targets to be met, but also a 
number of production criteria for building materials; production problems 
may often impose severe limitations on what can be achieved.  For 
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planning purpose«, a full chart is given, grading materials «coordino to 
certain production criteria that are fully evaluated. 

Among the factors that must reeeiv, tailed examination are the 
sources of raw materials in relation to plan, location. Investigation «how» 
that .„puts are normally over ¡SO per cent of the total output value 
of building material«. Pre-investment studies evaluating all factors con- 
tributmg to production costs should pay particular attention to plant 
mamtcnanee costs .Studies must also he made of labour and capital 
requirements and of the ,iw of market in relation to the economic size of 
plant. In arrmng at the optimum solution, it »ill usually be necessary to 

reach a compromise be.ween ma, kct requirements and production factors 
Ine costs of the various choices must be carefully considered. 

CimpUr 5 deals with the planning and organization „f the building 

»*n4  ¡.*^.    «W•  are   usually  experienced   ,n   planning 
owmg to the lack of data .atura! resources, current produc ,„„ and 
consumption and existing patterns of use of materials. The importance of 
having information on whirl, to base ,,,„,„ ar„, foI.(.„asts is e*¡(1 • 

the mechanism for obtaining it must be established. 

net«wkf'h,:r::ii;m;,f'''rrnay,h"innmM ,,vh^^ ^^ networks, lack of technical know-how. lack of skills and lack of finance 
ami meent.vos.  micss these problems are considered and re , Iv 71 
.east m par,   ,, „,,v |irm, „„„_,,,, t(, ,„„ ^^ ^ ^ .  « 

The production and use of modern h |i„g „uUcrials requires a 
h.g er degree ,., árnica, know how tha.us «enera,,v ,ccog„1Z(,,' he 

«>J"Sl•l,.n,d,,,,,o,, of h1,ild,ng„,a,,,n,ls ,l,,cl„p„.„,,,„,«,„„ „.ehnd 

2T s""" h""M "M i"-""1""-" •> -"-i„;,.„  ," 
and   consumer-,   irsv.m-U    laboratories   (or   ,„.!<,,,! l 

•-**•"-.- > Ma,„ia„;: :*: ::r;,:;;„;t;;; 
^z:";:'k-;:r » ^- i,..:i« 
the>' m"y '"' •*•*>•" I..V...s„,gi,.. ,,.,„,,, (l>, • f""ltr,C8 

II  is often   more oxpons.ve to  produce  materials loeallv  than  to 

z: ; ;r ',:;;>;"" -1 ^u- • — « «- -*Ä maust.j    ,t   ,n,u   be necessary to  impose „„port  controls  until local 
production costs can he brought down to rca,so, able levels Thù7(  JZ 
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mported1 maten* ahouM „ot be used for government or government 
sponsored construction „nless specific approval fa given   In Z•  he 
questo of finance and incentives for  promoting bui] if m•e,    s 
mdustr.es „ the same as for any other manufacturing inch" 

Chapter 6 deals with the work nf th« r,^     ¿-      i ., 
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Chapter 1 

THE BUILDING MATERIALS 
AND COMPONENTS INDUSTRY: 
A REVIEW OF TRADE AND PRODUCTION 

DEFINITION OF THE INDUSTRY 

It lias often been pointed out that there is no generally accepted definition 
of the building materials and components industry. It is worth repeating 
this here in order to emphasize the problem of defining the scope of this 
monograph. The range of materials used in new building, maintenance 
and civil engineering is very wide. Some materials, such as cement, 

bricks and gypsum plaster, are produced almost exclusively for use ia 
construction. In other cases, although construct ioti may be a large, or 
the largest, user of the products of an industry, such as iron and steel 
products and wood and wood based products and plastics, these products 
are nevertheless produced for many other users. 

Considerable overlap exists betuecn the building materials and the 
construction industry since many materials are manufactured on site, 
particularly in the early stages of economic development. The production 
on-site of materials like concrete blocks is considered ;is part of the 

construction process. At later stages of d< veloprnent. such materials 
are usually produced ni factories, and construction becomes an assembly 

operation. Man; inatciial inputs are supplied in a semi processed or 
simply shaped state, for example, aggregates for conerete Production 
of such inputs is not al\va\s recognized as a manufacturing industry. 

National statistics and development plans do not recognize many 

branches of the building materials industry, although t hey sometimes 
cover branches that develop early and use industrialized production 
techniques, including key materials, such as cement, steel, wood and 
ceramics. Construction planning must take account of the whole range of 
materials required, since critical shortages of small components like 
screws, even though their value as inputs is slight, would seriously hold 
up construction output. 
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Planning for the various sectors of the industry is difficult owing to 
lack of statistical information. The key materials usually receive attention 
because data are available from which to draw conclusions. 

The variety of materials required in construction may be illustrated 
by noting six main categories of use : 

Load-bearing structure ; 

External envelope (protection against weather) ; 

Improvement of internal climate ; 

Hygienic requirements; 

International subdivisions ; 

Aesthetic requirements. 

A considerable degree of co-ordination is required among the various 
parts of the heterogeneous building materials industry in order to produce 
the various combinations needed. In the early stages of industrialization, 
this problem is often solved by manufacturing in one plane a wide variety 
of products for a variety of end uses. Ar. économie development progresses, 
factories become increasingly specialized: they manufacture products 
for one spenti,- industry or one [»articular product. Thus, factories 
formerly producing a range of fabiieatcd metal components tend to 
specialize and produce metal window liâmes or structural steel or 
machinery. 

The trend towards transferring the production of building materials 
from site to factory docs not m /essai ily mean ¡hat such production 

passes out of the hands of construction enterprises. In industrialized 
countries, contractors are beginning to set up plant manufacturing 
specific materials -.„eh as light weight aggregates, or <„ acquire a 
controlling interest m other industries. In these cases, the products are 

not used exclusively by the controlling enterprise, but arc traded through 
norma! commercial channels. This diversilicat ion of interests on the part 
of large contra«! o,s makes the present situation someuhat analogous to 
that in early stages of des eiopment, u IM-U coot -ol of t he const ruction and 
building materials industries is more integrated. 

Within this trend, however, there is another trend towards "supply 
and fix-, whereby the assembly or application of some specialized 
materials is earned out on site bv a unit of the manufacturing enterprise. 
This is an example of manufacturers diversifying into construction at the 
same time that contractors are diversifying into manufacturing In 
developing countries, the situation may be confused still further if the 
Government becomes a major investor in building materials production 
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Traditional »rid modem rat emeries 

In most developing countries, the ooriHÌruction industry fall« into 
four categories the internat lonal modern, the national modern, the 
national-conventional and the traditional.' ttaeh category inakeH different 
demands on the building materials industry. In the first category, the 
construction enterprises are international in character and tend to 
purchase the most suitable materials from any source At the same tune, 

the construction works undertaken may require sophisticated materiata 
such as high strength steels, materials of particularly uniform quality 
or materials from particular countries. Such factors militate against the 
use of local sources, and a large proportion of the materiata may IM* 

imported. 

National-mo* ,?rn construction is found chiefly in urban areas, and 
the materials and the construction technology are similar in developing 

and developed countries. It is therefore possible to discuss thiscategorv 
in international terms. 

In the traditional and national-conventional categories the situation 
is different. The differences between regions may be attributed to various 
factors, for example, the climate, which determines the materials that 
are readily available for use in building. Tins has helped to shape local 
traditions which have governed, m turn, the form and character of 
traditional, rural construction. A complete classification of < limati« 
zones has been worked out by Koppen and Ueiger.2 Many countries do 
not fall neatly into one zone. Tropical climates may he divided into the 
three following zones: warm humid, hot-dry, and composite. 

Organic materials (timber, bamboo, reeds etc.) do not grow well in 
hot-dry climates, but they flourish under warm humid conditions. They 
are there I ore used as building materials in countries in the warm humid 

zone. These organic mat; rials are easy to use for building, particularly 
for roofs Limited amounts of inorganic materials, such as earth, are 
also used m traditional building. 

Countries in the second zone are short of organic materiata; their 
traditional building materials are inorganic (e.g. stone, brick, lime and 
earth). These» materials are excellent for walling, but difficult to use for 

T A \F^furt
1
h0r discu88">n  of this subject,  <    , Monograph   2   "Connimet ion 

Industry" m this series. 
T    / Joppen-Geiger, Klima der E-de [map], revised by R. Geiger and W. Pohl; 
Justus Perthes, Darmstadt, 1953. 

2* 
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roofing, for which nome organic materials, such as timber, have to be 
found. Countries in the third zone use a combination of organic and 
inorganic materials. 

The national conventional category of building is found in semi- 
urban areas in the subsistence sector of the economy. It is based on 
traditional meth >ds and uses material*: derived from rural building. 
However, these are supplemented with simply formed products, not 
necessarily produced industrially, but derived from the modern sector. 
The best example of this is corrugated iron for roofing, which is 
particularly useful in countries that are short of suitable roofing materials. 

In view of the international character of the modern sectors oí the 
construction and the building materials industry, it might be thought that 
a study of the input -output tables for the economies of different countries 
would yield valuable information, particularly about the interrelationships 
between the various sectors. However, existing tables are not really 
adequate for this purpose. Many do not even recognize construction as 
a specific industrial sector. 

TRADE IN BUILDING MATERIALS 

Trade in building materials is sufficiently important to be identified 
separately in the foreign trade accounts of many countries, although the 
volume of trade is small compared with that in consumer goods owing to 
the low value/weight ratio of building materials and their relatively 
high transport costs. For some materials the value/weight ratio is high 
enough to make trade worth while; timber, glass and metal products are 
examples. Orient is traded, despite its usually low value/weight ratio, 
because production costs vary sufficiently from one country to another 
to permit the transport costs to be absorbed. Still, cement "plant« must 
export in bulk shipments, and as a rule only plants located at or near 
ports can be competitive in price. 

The development of modern construction calls for building materials 
that often cannot be produced locally for a small market. The scale of 
production required for some building materials does not allow economic 
local manufacture until the keal market has expanded considerably 
Such a market may be bu.lt up by initially importing the materials. In 
addition, trade sometimes occurs because a particular country lacks 
some indigenous raw materials; timber is the most obvious example, 
but there are others, such as asbestos. 
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The scale on which building materials are imported may be gauged 

from information covering a number of countries in Africa, Asia and 

Latin America over various periods between 1955 and 1965. These data 

show that in most of the countries concerned, the value of imported 

building materials ranged from 5 to 8 per cent of the total value of imports 

Since expenditure on building materials is from 3 to 5 per cent of the 

gross domestic product ((¿DP) in developing countries, it is clear that 

building materials, as compared with inputs for other industries, use up 
a disproportionate share of foreign exchange.3 

TABLE 1 :   BUILDING MATERIALS IMPORTS, AFRICA, 1960 

Percentage 

Commodity Percentage distribution by value °f con' 
sumption 
imported 

North     We.it   Cenimi     East 
Africa Africa Africa   Africa  Africa      Africa 

CTent
r    • :  5 23 15 5 12 33 ~~ 

Uther fabricated building materials 1 4          o 2             
Bricks, tiles and ceramics  3 2 1 5 3 «n 
Iron and steel products  60 61 74 69 62 87 
Sawn wood and wood products     24 2 1 H 13 33 
Glass and manufactures  2 2 1 2 2 100 
Paints and varnishes  5 6 8 6 6 60 

TOTAL    100    loo     Too    loo     Too       ~~58 

SOURCB: ECA, Housing in Africa. 

Tables 1 and 2 give the breakdown by main categories of building 

materials of imports in the regions of the united Nations Economic 

Commission for Africa (ECA) and the Economic Commission for Asia and 

the Far East (E< \\FK). Both tables show thai for thedevelopmg :-oiintries, 

metal products form the largest group of imports, fol lowed V timber 

and cement. In contrast, in the developed eountries of Asia'and the 

Far East-Australia. Japan and New Zealand tut,her imports account 

for about 80 per cent of the total. In all regions, a higher proportion 

of wood production is involved in international trade than is the case 

with cement because the raw materials for cement production are more 

8 See the Hole of Building Materials and Components in the National Econo- 
mies of the Countries of the ECAFE Region, for full reference seo annex 3 under 

Economic Commission for Asia and the Far East"; ami Housing in Africa, for 
lull reference see annex 3 under "Economic Commission for Africa". 
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TABLE 2:    BUILDING MATERIAL IMPORTS, ASIA AND THE FAR EAST, 1964 

Percentage distribution 
by value 

Building muf trial Developing Australia! 
countries in Japan/ 
the EC AFE New Zealand 

region2 

Cement and allied products   18.9 0.4 
Stone, sand and gravel   1.5 1.3 
Clay and refractory materials       ... 5.7 1.7 
Other non-metallic mineral products  3.3 2.8 
Glass     4.1 4.2 
Wood (rough)    13.4 69.4 
Wood (shaped)    4.7 11.6 
Veneers arni plywood      3.0 0.9 
Iron and steel tuhes and pipes  25.0 4.1 
Structurais -metal     8.8 0.8 
Nails, screws, nuts, holts etc  4.3 1.6 
Sanitary, pi umhing and other fittings     6.7               1.2 

TOTAL ÏÔO0 10o7o 

SOURCE: KCAKK, Th» Role of Building Materials and Components Industries in the National 
Economi«) of the Countri»* of the KCAFK Region. 

a Excludes sfvcn ('»untrue not reporting trade »tatirttics. 

uniformly distributed than timber resources. Brazil, Canada, Central 

America, northern and central European countries. South East Asia 

and West Africa ha\e an export surplus of timber, whereas the Caribbean, 

East Asia, the countries of the European Economic Community (EEC) 

and the Midd!" East, North Africa. South Africa, southeast South 

America,   the  I'nited Kingdom and the {'rated Stales are importers. 

The picture of world trade in building materials is slowlv changing. 

This may be illustrated by reference to data for cement. Eigures for 

cement export.- and imports for the \ears 1 *.*-">"» and l(.tt>7 show that there 

was little tendency tor exports to increase smmticant ly. Exports from 

Western Europe declined from it.7 to 3 Í» per cent of its production. The 

countries with centrally planned economies only slightly increased their 

proportion of exports in l!»t>7 as compared with l'.t.V.. On the import 

side, the trend was one of progressively lower imports, implying greater 

local production. In East and West Africa, for example, the percentage 

of cement imported decreased considerably, although the level still 

remained high.* 

* Calculated from data in Cembureau Statistical Review (Paris) 19fi8. 
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Such statistics demonstrate the efforts of many developing countries 
to industrialize the production of building materials in order to speed 
construction (by eliminating delays in delivery) and to reduce the 
foreign exchange bill. The problems of local production are reviewed 
briefly below and in more detail in chapter 4. 

PRODUCTION OF BUILDING MATERIALS 

National production of building materials presents problems of its 
own. One of the most important in that construction output may 
fluctuate considerably, particularly at a local level. The supply of 
building materials must be adjusted to meet the situation. Normally, 
fluctuations in demand are accommodated by adjusting the level of 
output, by stock changes and by importing or exporting. Adjustments of 
output are often difMetili to make owing to the use of capital intensive 
production processes requiring high output for economic operation, or to 
a reluctance or inability to lay off labour. Furthermore reductions in 
the labour force may lead to difficulties when there is renewed upsurge 
in demand. Stock changes are widely used as a regulating device. Stocks 
of building materials are normally held at a level sufficient for production 
for from one week to six months, the average ranging from one to eight 
weeks. Stocking is expensive, however, since space or buildings are 
required, inventories have to be maintained and extra handling costs are 
involved. It is relatively easy to import as a means of meeting an excess 
demani!. It is mere difficult to export asa means of continuing high output 
at a time of low demand unless there are established channels and 
markets. 

Countries may be divined into three categories as regards the 
trend of construction outpr.t: those in which the trend shows a slow 
but steady rate of growth, those in whi.'h it shows a more rapid but 
steady rate of growth, ami those in which it fluctuates widely. Countries 
in the first category ;re developed countries with relatively stable 
conditions Countries it, the second category include those that have 
suffered war damage o have received considerable outside economic aid 

to assist development. Count ries in the third category cover most of the 
developing world. 

Production of key building materials may be expected to follow a 
similar pattern; the trend in construction output is matched very closely 
by that in cement production. The recent history of some developing 
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countries explains the large fluctuations that have occurred m construction 
output Data arr not available for brick or g lam production in most 
developing countries In develop«! countries, brick production ha« been 
relatively Mnhc or even slighih declining, despite the increase m 
construction output, «hile the pattern tor glass production hat« tieen 
similar to that of cement Cims is imt widely produced in developing 
countries, most  of which must import  the hulk of their requirements. 

Developing countrien still produce only a Minali proportion of the 
world output of building material«, an they account alno for only a «mall 
proportion of construction output '• Statistics «how that in HiftH• ll)«7, 
Europe, North America and the linon of Soviet Socialist Republics 
manufacture«! 72 per cent of the world cement production AM regards 
wood products, their combined «hare of world production was 83 per cent 
of sawn softwood, «<i |M>r cent of «awn hardwood. 7H per rem of plywood, 
85 per cent of tibrcboard and !»2 JWT cent of particle board * 

In many procede*, plant capacity can IM» increased only in ditterete 
stages, which may lie large an a ]>ereentage of existing capacity The 
capital investment required may alno be considerable. The growth in 
demand for the product may not match such increases in capacity. This 
leads to a high degree of under-utilization of capacity in the building 
materials industry in developing countries, where the number oí factories 
is small. During the early stages of development, there is no way of 

solving this problem, and it must be taken into account in assessing 
production costs 

The summary of building materials production characteristics in 
chapter 4 shows that most building materials are bulkv and have a low 
value/weight ratio, so that they are costly to transport. This provides 

a further reason for producing them locally, provided that the resulting 
production costs do not completely offset the savings in transport costs 
A consideration of all these problems tends to reinforce the conclusion 
that studies of consumption provide the key to planning in the building 
materials industry. 

Inaiti i^Jrmi0n °f th" robieCt' - """WM "(Wmctk» 
• Cembureau Statistical Review (Paris) 1968. 



Chapter 2 

TBENDS IN CONSUMPTION 
OP BUILDING MATERIALS 

It is useful to be able to forecast the level of consumption of different 
building materials, but it is not clear how this can be done most effectively 
and what margins of error are acceptable. Planners in a particular country 
can make more accurate assessments of local consumption than one who 
attempts to make a global analysis. However, the analysis presented 
below may serve to show tne over-all trend and to give comparative 
data to which national planners can refer. 

It is possible to analyse only those key materials already referred to 
in chapter 1. In order to have a common basis of comparison, per capita 
consumption (by weight or volume) has been used as an index. These 
figures were then compared with the macroeconomic indicators, namely 
the gross national product (GNP) or the GDP, according to the data 
available or with the gross domestic capital formation (( ¡ IX T) attributable 
to construction, each expressed in dollars per capita. In most cases, the 
GNP has been used as an index of national income, as it is readily 
obtainable from the World Bank Atlas.1 For wood products, the GDP 
had to be used. 

CONSUMPTION OF CEMENT, STEEL AND BRICK
8 

Cement 

Regression analysis confirms that the relationship between cement 
consumption (in kilograms per capita) and the GNP (ii. dollars per 
capita) in 1965 was non-linear; the GNP-elasticity of cement consumption 

7 For full reference see annex 3 under "International Hank for Reconstruction 
and Development". 

• The analysis given in this chapter is based on original work by' Professor 
O.A.Turin and Mr. Turlagh O'Brien of the Bartlett School of Architecture, 
University College, London. 

15 
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decreases with an increasing GNP. It is unity when the GNP is 
approximately $390 per capita and cement consumption stands at 
148 kg per capita. Below this, cement consumption increases faster, and 
above this, slower than the GNP. 

Cernen* consumption may be expected to be more closely related to 
expenditure on construction than to the GNP. Unfortunately, fewer 
countries have data available on the GDCF in construction. A regression 
equation derived from data for 1965 for as many countries as possible (42) 

showed that the construction-elasticity of cement consumption is unity 
when expenditure on construction in the GDCF is approximately $1*6 
per capita and cement consumption stands at 60 kg per capita. A discussion 
of changes in consumption with increasing development will be left to 
the end of this chapter, as it is relevant to most of the materials con- 
sidered. 

The usefulness of regression equations for purposes of forecasting 
depends upon their constancy over a period of years. Unfortunately, 
data on the GDCF for years before imw> were available for still fewer 

countries. A check of figures for I960 covering :ìf> countries showed no 
significant difference between the relationships in that year and in 1965. 
This suggests that the relationship between cement consumption and 
expenditure on construction is a fairly stable one. 

When cement consumption ¡s compared with expenditure on 
construction, one or two countries show pronounced departures from the 
general trend, that might be explained by a significant change in the 
nature of construction output, as for example a large increase in the 
proportion of civil engineering works. 

Steel 

If the relationship between steel consumption in 1965 (in kilograms 
per capita) and the GNP (in dollars per capita) is analysed, as in the case 
of cement, in terms of a second (»nier polynomial equation, it is seen 
that the elasfieitv is unity only when theCNP is about SI jUm ¡u r capita 

and steel em.sumptioi, stands at -iso kg /« , n,r,ta Mouler unlike 
cement, only a proportion of M eel production is used m construction. 
There is some evidence that the proportion of steel used m construction 
is higher in developing tliun in developed countries. This opinion appears 
to be supported by statements about the situation in Asia and the 



TREND« IN CONSUMPTION OF HCII.DINC MATERIALS 

Far East.9 It has been estimated that construction accounts for between 
35 and 50 per cent of steel consumption in developing countries in this 
region, which is reasonable, since other steel-using industries are usually 
less well established than modern construction. In Africa, the proportion 
would appear to be higher still, but precise figures are lacking.10 

From regression analysis, it would appear that the construction 
elasticity of steel consumption is less than unity. This means that the 
rate of growth of steel consumption in construction is less than the rate 
of growth of expenditure on the GDCF in construction. 

Bricks 

It is difficult to relate the consumption of bricks to the GNP or 
expenditure on construction; statistics for developed countries are 
available, but there are few statistics for developing countries. As bricks 
are not traded to any significant extent, the }>T-< M1UI*í ion ligures may betaken 
to be equivalent to consumption (ignoring stuck changes). It is probable 
that developing countries show marked fluctuât inn.--. In consumption, 
but the pattern in each country is determined either l>v tradition or 

current policy. Some countries have found ¡t expedient to promote 
brick production; others have allowed the industry to languish. The 
availability of skilled bricklayers may be a contributing factor. 

CONSUMPTION OF SAWNWOOD, WOOD-BASED PANELS AND PLASTICS 

Sawnwood 

Interpretation of the relationship between per capita consumption 
of sawnwood and the GDP is complicated by variations in the timber 
resources of different countries. The highest consumers are Canada, 
Northern Europe, the Pacific and the l'iiited Stu + es, all of which have 
large reserves of timber and a long tradition of leing it. particularlv 
in housing. Not all sawnwood, however, is used in const ruction. A 
survey of countries grouped in the subregional classification used by 
the Food and Agriculture Organization shows that the proportion 
varies widely    from 40 to H(> per cent. 

» ECAFE, op. cil. 
10 ECA, op. cit. 
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The general trend seems to be towards a very slow increase in 
per capita consumption of sawnwood, with an increasing proportion of 
it used in construction, the precise amount depending primarily on the 
country's timber resources. 

From the survey of the FAO subrogions just mentioned, three 
patterns may be observed for the percentage of sawnwood consumption 
used in construction : 

For countries with a timber surplus: over 70 per cent; 

For countries with an approximate timber balance : 55 to 70 per cent; 

For countries with a timber deficit: under 55 per cent. 

At the same time, however, there is a trend towards a reduction in the 
sawnwood content of buildings, particularly houses (see chapter 3). 

In developed countries, softwood is used in construction rather than 
hardwood, but statistics are not available to show what proportion of the 
total consumption of sawn softwood is used in construction. 

Wood-based panels 

Wood-based panels include plywood, fibreboard and particle board 
Production of wood-based panels is a growing industrv in all parts of the 
world, and p<r rapita consumption is exported to rise everywhere After 
analysing data for Ili eoimtnes over the f»enod ni;>u to |<ic,o FAO 
reported: KV M„ir,v n„ millllrii.s m „„. Kri(1||) a n.iLSI1|1JlMv ||d 

linear relaf.onslnpeoHhMH.nbta,,,,,I hHueen f ho In^rit Inn of > r rapita 
coiUHimpti..i.uiMl the. InomlUmnï p.rrupihi i',\ i\. . A ,1 ..jkj,,,, Heine 
tensile was that (here «,,„,,| ,„ fH. n„ Hi(M, 1)f ill(.,im<. IrV|V, (m th(i 

apparent   n,,,,,,,  H.-.st icily    In  other words,  th.-  ,vl.-,ii(,„shi,,   between 

chai.gesi,1e,Hisu,n,)fHMul,l(h.|ian,esn1(;XPap(,oan,l,!Kie|1en<lt.nfofthe 
magnitudo of ,* r rapüa monne. 1 tns phenomenon is not common to many 
products, Ihe explanation is that ,nco,ne le.el j* ,,ot the sole and 
seldom the drr.s.x... factor drt.T.n.ning cnsun.pN,,,,. Mun. ¡mpnI.|íl|lt ¡a 

the substitution ni tins umup of products f,.r saumvnod". Feu data are 
available on t ho proport lull uf t ,,(1 ,.OI1.slimn( ion ()f njVVV(1(H, .„. o| h(ip k 

used ,„ «„„struct ion. |„ the United States, the proportion i„ about 

*> per cent, In 1055, the proportion in South East Asia was about 
7o per cent; in Europe, the trend has been generally downwards, from 
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76 per cent in 1951 to 26 per cent in 1959, with a slight recovery to 
34 per cent in 1962.'* 

Plastics 

Data for the per capita consumption of plastics in 1966 were available 
for 22 countries, but the variability was too high to say that any 
relationship exists between per capita consumption and the per capita 
GNP. In addition, with a new material such as plastics, changes in 
consumption at different levels of development cannot be expected to 
show stability. Estimates of future consumption are therefore difficult. 

Data on the proportion of plastics production that goes into 
construction were available only for a few developed countries, namely: 
Japan—36 per cent; the Federal Republic of Germany—30 per cent; 
the United States—24 per cent; and the United Kingdom—15 per cent.12 

INTERPRETATION OF TRENDS 

It is difficult to draw firm conclusions from an analysis of per capita 

consumption of materials and the per capita GNP or expenditure on 

construction that refers to only one year. 

It is probable, however, that the relationships between per capita 

consumption of cement and stee! and the /xr rapitaGNP will not change 

much o\ei a period of approximately ten years. Cement is used almost 

exclusively in construction, whereas steel is used in a number of 

industries The other steel u.-iiig industries grow at a faster rate compared 

with national income than does emisi met ion ; (1 Ins is retici ted m (he small 

proportion of total steel consumption which is used in construction in 

the higher income countries). As a result, the relationships of the use of 

steel and cement to the G\T are such that use of steel shows a higher 

income elasticity than use of cement. 

It is possible that the trend for v\ ood based panels as a group will 

be similar to t.iat for cement and steel, but the position of individual 

products is less clear. Sawn wood and plastics show no trends that are 

likely to remain constant. 1 n t he ease of sawn wood, per capita consumption 

11 Plywood and Other Wood-Hosed Panels; for full reference see »imex 3 under 
'Food and Agriculture Organization". 

12 Sante and Wulkan; for full reference see annex 3 under "Other sources". 
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is decreasing in some countries as more economical use is made of this 
material or as other materials replace it. In the case of plastics, consump- 
tion is increasing fast owing to the substitution of plastics for other 
materials. 

it has already been stated that the relationship between per capita 
consumption of building materials and the per capita GNP varies so 
greatly that it is only of very general use to economic planners. An over-all 
picture of the situation in many countries of the world, however, provides 
a pattern to which individual countries can refer in developing their 
plans. 

The relationship betweer consumption of materials and expenditure 
on construction shows a somewhat different pattern from the relationship 
between consumption of materials and the <!NI\ In the case of cement 
and steel, this is caused by changes in eons!ruction output at different 

levels of development. Both cernent and steri JUT uscii in civil engineering 
and the earcasr of buildings. Very little is used in finishes, h is shown in 
the companion monograph <m const met ion that the ¡hare «if civil en- 
gineering m construction decreases with development : furthermore, the 
proportion of expenditure on building tiuisln , and equipment increase« 
until it accounts f',,r ahout .'»<> per cent nftfe total. Hence, the amount 

of additional expenditure on cement and -ted arcing from each additional 
dollar of expenditure ,,f const met ion tends to fall as the ¡u r capita 

ODCF rises. Although data, are not available to verify tins, it seems 
likely that the opposite is true m the ease of plastics and wood-based 
panels, since they are more extensively used in building finishes than 
in structure. 

THE STATISTICAL RESULTS 

The data discussed in this chapter have been analysed statistically 
using a computer programme for polynomial regression. This calculates 
successively lines of best fit of increasing order until the improvement 
obtained from a higher order polynomial is not, significant, For this 
exercise only first or second order equations were found to be necessary. 

The regression equations are of the form: 

log y=za log a;-pò 

or 

log y = c log x —d (log x)2+e. 

Table 3 shows the results of the regression analysis. 
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TABLE 3:   REGRESSION ANALYSIS FOR TRENDS IN CONSUMPTION OF BUILDING 
MATERIALS 

Dependent Year Independent | Regression f l'ir 
variable* variable** t £ coefficient* 2 „     rent of 

y X "3  2" *   <î   variance» 
S   g        for for £, % . 

<5  ©•     b>g x      (log x)*     ft;  g 

Cement      1965                GNP                 100    1.02 0.58 78 
3.22 0.43      3.27 81 

Cement       1965 GDCF in construction    42    0.72 (1.91 87 
1.62 0.20      0.22 HO 

Cement       1960 GDCF in construction    26e   0.82 0.71 90 
1.50 0.21       0.24 92 

Cement       1965 GDCF in construction    26e   0.75 —         0.H3 90 
1.48 —0.21      0.30 92 

Steel 
(total)    1965                GNP                   69     1.42 1.92 87 

3.32 0.37  "4.31 88 
Steel in 

construction..   1960 GDCF in construction    20    0.83 —0.05 93 
Sawnwood    1961                 GDP                    25d   1.21 —1.31 80 
Sawn softwood  .   1965                 GNP                    73     1.51 -          2.39 85 
Wood 

panelse    1901                 GDP                    25d   1.51 —      ~ 2.20 85 
Plasties'    1965                 GNP                    22     1.20 —      —1.23 78 

a Materials expressed in kg per capita or 1,000 m' per capita. 
" Indicators expressed in $ per capita. 
c San.v countries in each analysis. 
" Subregji. -s, not countries. 
c Equations in form: log (I0y)=a log z + b. 



Chapters 

PATTERNS OF USE 
OF BUILDING MATERIALS 

MATERIALS USED IN BUILDINGS 

All the separate, although related, indicators that have been discussed 
in preceding chapters are indispensable for assessing future patterns of 
demand for building materials and components. It must be appreciated, 
however, that the statistical information available in most developing 
countries is rarely adequate to build up reliable and sufficiently disag- 
gregated input/output Models. It must also l>e recognized that general 
trends in jxr rapita consumption of key materials provide by using 
macroeconomic terms only the roughest guide to forecasting future 
demand». 

It appears necessary, therefore, to proceed to a much more detailed 
analysis of the specific consumption of individual building materials and 
components in particular ty}>es of construction, with a view to 
establishing more reliable models for projections. The validity of such an 
analysis defienda on the building tyj>es selected, the assumptions 
underlying the estimates, and how far the technical coefficients used in 
the survey are likely to apply in future situations when use of materials 
and/or building technology may have changed. 

The assessment in this way of the material inputs of construction 
output is an established feature of the planning machinery of centrally 
planned economies, and is becoming increasingly popular in the market 
economies. In developing countries, although the lack of statistical 
information is a handicap, the problem is somewhat simplified by the 
limited size of the modern sector and its concentration around urban 
centres, by the narrow lange of technologies used in the modern sector 
and by the small number of building types constituting a large percentage 
of total construction output. It is therefore possible to obtain an 
acceptably reliable set of ratios from a very limited number of case 
studies. 

22 
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Once the basic ratios have been established (and the order of 
magnitude of the error duly assessed), it becomes possible to modify the 
model in the light of observed or probable trends in technological changes 
and to indicate more clearly to planning authorities the effects on the 
building materials and components industry of different sizes and mixes 
of construction investment programmes. 

Table 4. showing estimated materials usage in new buildings, is 
based on a study carried out recently in a Western European country. 
Data are presented for the alternative materials used in each functional 
element of a building. Six types of building are distinguished. In each 
case, the table gives the average quantity used per 100 square metres of 
gross floor area ; nd the percentage of buildings in which the material is 
used. (The percentages add to more then 100 for roof linings because 
two or more materials are used in conjunction to perform the function.) 
It will be evident that table 4 refers to a developed country ; corresponding 
estimates for a developing country would show some significant differences. 

SUBSTITUTION OF MATERIALS 

Boots 

Roofs may be divided into flat, low pitched (5°) and pitched (20° 
to 35°). Asphalt and roofing felt are relatively interchangeable for flat 
roofs. If people are to walk on roofs, asphalt must be used. Other sheet 
materials, such as sheet rubbers, are being developed as substitutes for 
roofing felt, but they are usually more expensive and are therefore used 
only in special circumstances. For pitched roofs, sheet metals and asbestos 
cement may be used. In developing countries, corrugateti iron i* widely 
used. The amount required is similar to that given for aluminium in 
table 4. Sheet plastics an as yet little used, hut as thev hemme cheaper 
and quality is improved thev mav be expected to lind inereasint/ use. 
The sheet materials are u.Mialk fully interchangeable and use depends 
on price and awulahihtv In >i.me countries «lav t ile-, superseded slates 
and have now in inn» beer» largely  replied h\ concrete tiles. 

In each building type, one uf the three main categories of roof 
structure materials tends to be used much more than the < thers; thus, 
timber is used in houses and low flats, conerete in high Hats and steel in 
factories. A greater variety of roofing materials is used in schools and 
offices, and steel is often employed in the form of light joists. It is possible 
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that light steel joists will be used more in houses, hut this is unlikely in 
developing countries until the supply improves considerably. The range 
of materials for cover support is slightly greater, but a gradual change 
may be expected, with light boards becoming more widely used, since 
they provide insulation as well as a solid deck. This will have the effect 
of reducing the extent to which glasswood or slagwood is used, although 
as long as they are cheap, their use will be widespread. Obviously, the 
need for roof insulation varies considerably from one country to another. 

Questions of substitution in roof lining materials will be considered 
with internal linings generally. For roof drainage, the materials listed in 
table 3 may be regarded as fully interchangeable. However, in developing 
countries, only asbestos cement and plastics are likely to be widely used. 
Among the various plastics, polyvinyl chloride and polythene are the 

most often used. 

Main structure (including Uxid-bearing walk) 

The choice of materials for structural frames is normally limited to 
timber, steel and concrete. The structural use of aluminium is likely to 
remain very limited. In practice, the choice for developing countries is 
between timber and concrete, steel bring used only in factories. Data for 

TABLE 5:    STEEL CONSUMPTION FOR SINGLE-STOREY FACTORIES AND 
MEDIUM-SPAN BRIDGES 

Type of structure 

Range of bay      Range of steel 
size consumption 
(m*) (kglm*) 

Single-storey factories 
Steel framed (with heavy cranes)     200—350 30—65 

(40—-120) 
Reinforced <oncrele,  100—500 24—36 
Pre-Htreswd concrete  100—800 15—36 

Medium-span hrulw's* Bridge »1»• (m) 

Ordinary H!«M>1  20—80 175-475 
High-tensne «tool  35-80 100—370 
Reinforcing steel for deck  20—60 
Pre-BtrusHiMl eoncreteb       20—70 40—140 
Reinforced concrete0      10—50 60 -204 

SOURCE: ECE, The Use of Steel in Construction. 
» Steel consumption for bridges is expressed as kg/m* of deck are» for given spaas. 

b Including steel in girders and deck. 
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the use of steel in factories and bridges are given in table 5. The principal 
developments regarding structural frames lie in the analytical techniques, 
which enable more economical structures to be designed. The use of 
pre-stressed concrete in framed buildings is likely to be limited to special 
cases where long spans are essential. 

For load-bearing vvalls, the choice lies between the varieties of bricks, 
blocks and concrete. Although table 4 does not include dense concrete 
blocks, as they are not used to any great extent in the country concerned, 
the data may be used for estimating the quantity of blocks required, as 
it would be similar to the amount of brickwork. For high-rise buildings 
using load-bearing walls, the pre-eminent position of concrete, either 
cast in situ or precast, is being challenged to a limited extent by calculated 
load-bearing brickwork. In European countries, the structural costs of 
the latter can be very low and may be quite competitive with concrete. 
The slowness of construction and the highly skilled labour required are 
the main disadvantages of this method 

It is possible that the quality of dwellings built on a do-it-yourself 
basis may be improved by the introduction of moulded plastic* bricks, 
provided that preliminary trials of the material are satisfactory and 
production costs are sufficiently low to make the price competitive. 

Walls (non-load-bearing and partitions) 

The main categories of materials used for non-load-bearing walls are 
clad-tiniber frames, concrete blocks or clay blocks and bricks. A variety 
of aggregates may be used j„ hlockmaking and a. varici v of materials 
may he used for el.-.dding timber frames. The development of .synthetic 
resili- and plasties based panels will extend the use of clad timber 

frames. The ehcapness of the block wall accounts for its popularity. 
Blocks base ben, found in some piares to be cheaper than other 

materials even UIHH relocation of partitions is occasionaliv required. 
The various panel systems of partit lonmg available ,n developed countries 
tend to be expensne, and their advantage as regards appearance is 
more important m oft,ce buildings and similar structures than in 
housing. 

The choice of wall, partition and ceiling finishes lies between integral 
finishes, such as self-finished substrate; wet finishes, such as plaster- 
and dry finishes, such as plasterboard. The choice depends on the 
building techniques used and the labour skUls available. 
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Floors 

Apart from using timber for floor surfacing in countries in which 
this is available or in which light (as opposed to solid) floors are customary, 
the choice for floor finishes is between a range of tiling or sheet materials 
and various concrete finishes. The use of plastic tilos is widespread in 
developed countries, and it may be expected to extend to other countries 
as local plastics industries develop. Until then, plain concrete or concrete 
tiles will be the most commonly used floor finish. 

MATERIALS USED IN CIVIL ENGINEERING 

Choice of materials 

The range of materials available for use in civil engineering íK limited. 
Cement, steel, bitumen and a variety of aggregates and filling materials 
are the main materials. For structural purposes involving spanning a 
distance, steel or concreto arc usually alternative materials, as thev are 

for piling, For the general run of ¡ml engineering works, plain or 

reinforced concrete is used in eonpuictìoti with tilling materials. For 

roads, lut innen nsav he used as a I at H 1er m place of cement (this produces 

what arc- sometime,-* called  '"flexible pavements") 

The high investment in civil ciigmeermt' works that often occurs during 

the early stages ol development tend- to encourage the establishment of 

a local cement industry Alt hough -teel is also required, local steel pro- 

duction is not greatly stimulated, possi hi v because it is more difficult 

on the completion of niaj a* engineering works to divert steel products, 

other than steel reinforcing rods, to building. 

Quantities of materials required 

t Detailed  studies on  the quantity of materials required for civil 

¡ engineering  works do  not  seem  to  have  been   carried out,   with  the 

P exception of a study on the use of steel in Europe.13 The major difficulty 

is to express the quantities in some standardized form that   makes it 

possible to compare one custom-built structure with another. 

18 The Use of Steel in Construction; for full reference Bee annex 3 under "Econo- 
mic Commission for Europe". 
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Table 4 shows the estimated quantities of steel used in single-storey 
factories and medium-span bridges. It is based on the results of the 
international survey in Europe mentioned above. Owing to the difficulties 
of collecting data by this method, the estimates must be treated with 
caution, liefere lice should be made to the source document for detailed 
qualifications. It will be seen, however, that the consumption index 
(kg/m2) increases quite rapidly with bay size for factories and with span 
for bridges. Similar data are not available for concrete bridges. It has 
been found, however, that for a selection of medium-span bridges of 
various structural designs, the quantity of concrete used varied between 
67 and 85 m3/100m2 of deck area. This information must also be treated 
as indicative only. 



Chapter 4 

CHARACTERISTICS 
OF THE BUILDING MATERIALS INDUSTRY 

In this chapter, the problems of the building materials industry itself 
will be considered in the light of the analysis of the use of building 
materials that has been made in the preceding chapters. 

STAGES OF INDUSTRIALIZATION OF BUILDING MATERIALS AND 

COMPONENTS 

Pattern of industrialization 

There is no single pattern for the industrial development of the 
building materials and components sector that would be applicable to 
all countries. Like many other manufacturing industries, the choice 
depends largely on the availability of local resources and is conditioned 
by local traditions. However, the impact of local conditions should not 
be unduly exaggerated, when allowance is made for differences in the 
speed of development and in the rate at which mooeru technologies are 
introduced, it is remarkable how different countries follow .similar trends 
and eventually reach a similar stage in huilding technology. 

It is even possible to suggest a "scenario" of stages in the industrial 
production of building materials and components in which these materials 
are related to their Junctional use. The most likely sequence, followed by 
most developing connine-., starts with the industrial production of 
walling materials, followed b_\ rooling and Mooring which together 
provide t he essential elements ut the carcase of building- ot any type. 

Finishes and equipment normally follow at a later stage, with the 
production ot jouictx Moors, windows, built-in luriutiire etc), services 
(starting w it h pipes and condii its and proceeding subse-i'-cut I y to lit tings 
and accessories), and more sophist icated t \ pes of eh "trical and mechanical 
equipment. Structural components may be manufactured at early stages 
in this sequence if they arc a by-product of other major industries; if 
not, their manufacture may not be introduced until much later. Some of 

33 
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the reasons for this general sequence of development are summarized 
below; other equally valid considerations such as economies of scale, 
capital intensity, economic levels of production and other technical and 

economic factors are discussed later in this chapter. 

Building elements 

Walling materials exist almost everywhere. They are required to 
act in compression and to have a certain degree of solidity. Either 
inorganic or organic materials may be used. Industrial production is 
relatively easv and may be modified as development proceeds; concrete 
blocks and clay bricks, for example, may be produced by simple processes 
and by processes requiring various degrees of mechanization. 

Since roofing materials cannot be dispensed with and are expensive 
in foreign exchange, pressure for early local production is justified. A 
distinction must be made, however, between structural materials and 
semi-structural cladding and non-structural clodding. As the first two 
categories must act in bending, the requirements for mechanical 
properties are stringent; semi-structural cladding includes various 
complex sheet materials discussed in the section on roofs in chapter 3. 
But a good case can be made for local production of non-structural 

claddings (tiles, felts etc.) that are fairly easy to produce and have 

relatively low value/weight ratios. 

Flooring materials are usually very primitive in early stage?. When a 
knowledge of the technology of concrete production is acquired, floor 
tiles or in situ concrete may be used for this purpose Countries with a 

tradition of clay building materials may use clay tiles lor floors. 

Joinery may l>e produced in small workshops using simple methods. 
Industrialized production may therefore be postponed. Metal an 1 plastic 
pipes are essential for modern building, but sophistical ed techi '»logy is 
required to produce them. Concrete and clay pipes may be produced 
locally at an early stage, but they cannot replace metal and plastic pipes. 

Structural components are normally manufactured relativ, ly late 
in the development of industrialized building materials industries. 
Successful production depends on dimensional standardization and an 
adequate market. It is easy to produce wood components in areas 
with a tradition of timber construction. Concrete components may be 
manufactured next, if problems of transport can be overcome. Metal 

and plastic components follow much later. 
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Equipment and finishes are regarded as luxuries at early stages of 
development. However, they later become essential accessories. Sanitary 
and electrical fittings are necessary of equipment above certain levels 
of development. 

Préfabrication normally represents the last stage in the process of 
industrialization, a stage that has been reached in developed countries 
only recently. In some developing countries, however, there are moves 
to introduce préfabrication at an early stage. A wide measure of integra- 
tion of materials is required and the consistent application of standardiza- 
tion. Préfabrication docs not necessarily involve significant advances in 
production technology as compared with on-site assembly operations. 
The real benefits of préfabrication are achieved only when the market 
becomes sufficiently large to enable high outputs to be maintained. 

A surrey of specific building materials 

The exact course of industrialization depends on the traditional 
materials employed, but the use of cement, steel and timber as industrial 
building products is world-wide. 

When cement is introduced into a country, it tends progressively to 
replace other materials, owing to its versatility, ease of handling and 
durability, although the technology of production is relatively sophisti- 
cated. The establishment of a cement industry may promote a number 
of subsidiary industries manufacturing asbestos cement, concrete blocks 
and concrete products that give added imj>etus to industrial development. 

In most countries, cement is a strong competitor to clay products. 
Their manufacture continues and is worth expanding only in area« with 
a long tradition of using them. Similarly, the use of limes often declines 
owing to competition from cement. However, there are likely to be 
renewed efforts to bring back limes and "natural" cements as cheap 
alternatives to manufactured cement for many purposes such as mortars 
for block walls. Lime may also be used in some forms of light weight 
concrete blocks and sand lime bricks that are widely employed in a few 
countries. 

If raw materials are available, gypsum products are useful building 
materials. In dry climates, gypsum blocks may be; employed. More 
generally, gypsum products are used for the lining and finishes, that, as 
mentioned above,  become essentials at later stages of development. 
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Whether stone is used as a primary walling material depends on its 
availability, but it is nowadays traded for this purpose only in small 
local markets. It is „sed in developed countries as a cladding material. 

There is a trend towards greater economy in the use of timber- 
roundwood ,s „.placed by suitable types of sawnwood ; wood-based panels' 
such as plywood, have quality facings, but the cores are made of lower- 
qual.ty t.mber; wood residues from sawmilling and plywood production 
are used m hbreboard and particle board. Useful lining materials can be 
produced in this way. 

In the early stages of development, reinforcing rods can be easily 
made from scrap metal. Flat sheets can be turned into corrugated sheet* 
ior roofing. Window frames may be assembled by relatively simple 
operations, from rolle,! steel sections that are normally imported until 
local steel production his made considerable progress, although fabrication 
of structural steel i» fairly s.mple. Metal accessories (nails, screws bolts) 
are also not difficult to make, hut they are not usually manufactured a 
an early stage of industrial development. 

The main advantage of „sing aluminium as a building material is 
U durability. It ,s more expensive than steel, and, for window frames 

the assembly of extruded sections is more difficult. Corrugated alnmmium 
roofing « useful as a substitute for steel. Ro||,„g mi)|8 an(1 extrudin„ 
presses are installed normally al a late stage of development, but they 
might be introduced earlier if the building materials industry should be 
come more concerned with durability than it is at present.   ' 

c„„.riafltt,haV'' grPat P"t<'"tÌal m buUdin« matCTial8 ¡n «fcvelopin. 
countries. The stage a, which they are introduced is likely to vary morf 
widely than ,s the case for many other materials. The first plastic com- 

PT," «"' "m,mtM,Wed "" PiP- fi- «»Id water and waste disposal. 
1 iast,c floor coven,,,,, equipment and accessories are generallv introduced 
later^txj.r.ments ,„ housing systems using plastics have "bee,, carried 

eat mat'It'h P '" '" '"r "? "*** PT°W •> "^ " P-visional 
exrTrîence ^""'"^ * ""* ^^ "» COnHr'"ed h>' »ub»eq»ent 

mentiled" "Í "" ?"**? "°t ^"^ 8° far' P&"'U a"d «1MS
 
shoul(i «» menu ned.  Wal manufacture of paints is usually introduced  at an 

vê y Cdt; rr ;y are emy to pr,,,,"c<- °n a ^ «*• «•- £ 
viser ,       *      e"ml^'tin« fr«m transparent plastics is not a. 

prodrZ        """' hOWem' * fM* '"«e market for economic 
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PRODUCTION CHARACTERISTICS OF BUILDING MATERIALS 

In a given country, production problems may limit the amount of a 
particular building material that can be produced so that this amount 
is quite unrelated to the potential demand. In planning the levels of 
investment in factories producing different materials, account must be 
taken of production problems as well as of the level of demand and 
other national economic considerations, such as the saving of foreign 
exchange. In this section, the principal limitations imposed by production 
technologies will be reviewed. They will vary considerably in effect in 
different areas. 

Tables of building materials graded according to selected production criteria 

In order to evaluate production problems, it is useful to measure the 
degree to which a number of selected criteria affect b¿ production of 
certain common building materials. For this purpose, sixteen criteria 

TABLE 6:   DEFINITION  OF PRODUCTION   CRITERIA AND   GRADES   USED  IN 
TABLE 7 

Production criterion 
Grade 

A B c 

1. Raw materiale source 
The optimum distance from 

source to factory  less than more than 
8km 8—160 km 160 km 

2. Water requirement 
The volume of water consum- 

ed to manufacture $2,400 
more them 4,500— less than 

13,500 litres 13,500 litres 4,500 litres 
3. Fuel coste 

The total fuel costs as a per- 
centage of production costs more than less than 

10 5—10 5 
4. Electricity requirement 

Electricity cost as a per- 
centage of fuel costs     more than less than 

90 90—90 50 
Minimum size of market 
The minimum value of annual 

output that would justify 
capital costs 
(thousands of $)  more than 

1,200 240— 1, Î00 
less than 

240 

í 
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TABLE 6 :    (continued) 

Production criterion 

Grade 

B 

6. Capital for storage 
Outlay on storage facilitios 

at all .stages of manufacture 
expressed as a percentage 
of capital costs       more than 

1 15 
7. Reliability of process 

The length of time the basic 
process has been used 
commercially            less than 

10 years 
8. Adjustability of process 

How easily the process can be 
adjusted to market demand      continuous 

process 
9. Plant maintenance 

The percentage of production 
time lost through main- 
tenance     10 

10. Supervision ¡quality control 
The ratio of supervisors to 

total labour force and pro- 
portion of their time spent 
on supervisory duties     10% 

continuous 
11. Skilled labour 

The ratio of fully skilled 
operatives to the total 
labour force      more than 

50% 
12. Production per man-hour 

The value of product per 
man hour worked        less than 

$4 
13. Packaging 

The percentage of costs added 
for packaging     10 

14. ValuelweigfU ratio 
The sale value per ton of 

product       less than 
$30 

15. Handling for delivery 
The equipment required for 

loading and unloading 
transport vehicles     cranes 

16. Cost of delivery 
The addition to works costs 

for delivery cost       more than 
10% in 50 

mile radius 

6—15 

5% 
continuous 

10%—50% 

•4—110 

c 

less than 
5 

more than 
10—30 years 30 years 

intermittent        adjustable 
but regular to demand 

nil 

only 
intermittent 
supervision 

less than 
10% 

more than 
$10 

nil 

more than 
$30—$150 $150 

hoists, lifts etc. no equipment 

less than 
5%     10% 6% 

any distance      any distance 
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have been selected. Table 6 shows the definition of each criterion and of 
the three grades into which building materials may be placed with 

reference to it. 

The sixteen criteria may be grouped into five categories. The criteria 
as regards input are raw materials source, fuel costs, water and electricity 
requirements. In certain circumstances, inadequate supplies of fuel and 

raw materials may limit potential production. 

With some processes there is a threshold capacity, below which it is 
uneconomic to manufacture. This obviously varies considerably, as the 
definition of economic production can be framed only in relative terms 
by comparing t. e cost on site of local materials with that of equivalent 
imported ones. The criterion selected is defined as the minimum size of 
market required. This is approximately equivalent to the minimum capital 
investment needed, although the actual money values used for grading 
purposes in table f> would vary in each specific case. The indicator of 
capital invested per employee lias not been selected as a criterion because 
of the wide variations observed in the production of the same material. 
Further details will be found in the following section as regards cement 

production. 

Criteria rela! mg to process technology are defined under the headings 
"reliability of process", "adaptability of process" and "plant main- 
tenance". If the principal processes have been employed for many years 
in various count ties, fewer difiicuhies may he expected when they are 
adapted for use in developing countries The rate at which technology 
develops is also imp« alani since the rate ol obsolescence oj equipment 
is likely to he faster lor newer processes. Some prod in Hon plants using 
high tempera* ores mu^l he operated continuously, as it is uneconomic 
to stop and start a [dan! repeatedly. 'Idos is furi her discuss» d below in 
relation to (he sr/.e of plants ( oniphoaied machinery may require 

extensive aiaintenaiice. and lack of trained maintenance stall may 

reduce output 

Criteria relating to labour are defined by the ratio of supervisors and 
skilled workers to total staff and the value of production per man-hour. 
The last figure mav vary widely and the ranges given for grading are 
tentative. The variations do not appear to be < pi ite so great, however, as 

for invest nient per employee. Value of production per man-hour is an 
index of productivity Mid is therefore likely to increase as improvements 

are made in a plant. 
The ease with which materials are transported is most often defined 

by the value/weight ratio. Criteria relating to packaging, method? of 
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handling the finished product and delivery costs must also be taken 

into account. 

It will be evident by reference to t^ble 6 that grade C indicates 
relative ease of production, whereas grade A implies difficulties. 

When tne production criteria have been defined, a complete chart 
may be built up. Table 7 shows 41 building materials, in eight groups 
graded by the selected criteria. It is possible to manufacture some 
materials or components by different methods; occasionally, several 
products may be produced by one factory. Cases such as these are covered 
by the appearance in the appropriate column of two gradings. No 
attempt is made in table 7 to indicate the relative importance of the 
sixteen selected criteria. Some are clearly more important than others; 
the main ones are further discussed in the following section. 

FURTHER CONSIDERATION OF THE MOST IMPORTANT 

PRODUCTION CRITERIA 

Raw materials and plant location 

The raw materials required to manufacture building materials are 

heavy and bulky. Tin-ir transport costs are high, particularly if they come 
from relatively inaccessible places and if" they have to he transferred 
from one form of transport to another For many building materials, 
the location of faetones near the souree ot raw materials is a prime 
consideration. '1 his ideal cannot always be attained for various reasons, 
such as lark of raw materials within the country, difficulty of attracting 
labour to factories situated far troni places of habitation and inter- 

dependence with ether industries. 

Examples of raw materials found in relatively few places are asbestos, 
metals and decorative stones. Most countries have to import them from 
the few count nés with an export surplus. Other materials, such as timber, 
gypsum and bitumen although (pule widely distributed, are not found 
in many countries. Raw materials such as (¡ays, limestones, sand and 
concrete aggregates are widely dist nhuted , most countries have deposits 

of some sort, although the quantity and quality are uneven, 

At the early stages of industrialization, local production of building 
materials will probably be confined to heavy walling materials, such as 
cement, lime, aggregates, bricks and blocks. For these products it is 
particularly desirable to locate the factories close to raw materials, but 
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this causes difficulties in delivery to markets. In some countries these 
difficulties are overcome by dividing the production process; thus, cement 
clinker may be produced near the deposits of clay and limestone and 
transported for grinding to a plant near the markets. This technique is 
likely to become increasingly important in developing countries, where 
there are considerable distances between the sources of raw materials 
and the centres of population, but it can be applied only to a limited 
number of materials. Clay bricks, for example, cannot be produced in 

this way. 

Industries dependent on imports of materials such as timber and 
steel will tend to be located close to ports, particularly at the early 
stages of development, when transport networks are still under construc- 
tion. The possibilities of exporting products to neighbouring countries 
will reinforce this tendency. Subrvgional trade groupings of countries 

will probably also mliuenee the location ol factories. 

Another group of building materials depends on other industries 
for its raw material for example: cement or aggregate production uses 
slag from blast furnaces, and aggregates ami lightweight, concrete blocks 
use pulverized ash from coal burning power stations. The production ot 

several building materials may be integrated; thus, the [dati! manufactur- 
ing asbestos cement products may lie adjacent to the cement works, 
and saw-milling ma\ be integrated with the production ot plywood or 

other wood based sheets. In making national economic plans, careful 
consideration mus* be given to whether such concentrai ion of production 

facilities is desirable; from the viewpoint of a particular industry, there 

may be certain advantages. 

Size of market 

Lack of markets of suitable size inhibits the establishment of 
building materials factories. The problem arises not only from inadequate 
total size, but also from poor distribut ion in relation to transport facilities. 
The minimum size of plant for economic production varies according to 
the type of material and the production technology h is fairly easy to 
define, the limitations imposed by production processes, but it is more 
difficult to reconcile the conflicting criteria, for factory investment 

and location. 

Large plants are required for steel, for many other metal extraction 
processes and for petrochemicals, including plastics. These, however, are 
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not strictly building materials industries, although some of their products 
may be processed to produce building materials. For economic production, 
met al-processing plants are usually large, and rolling nulls for sections, 
plate and sheet, extrusions presses and pipe-forming plants require high 
output». Products from small-scale plants generally cannot compete 

with imported products unless protected by tariffs. 

Of the products manufactured almost exclusively for the building 

industry, sheet glass requires the greatest concentration of production. 
Even in developed countries the output of flat glass is concentrated in 
very few plants. In view of the special situation of the sheet-glass trade, 
it would be difficult to establish factories to supply even subregional 
markets without the assistance of one of the major producers. This is 
partly because it is technically difficult to produce sheet glass of reasonable 
quality and partly U cause the principal manufacturing techniques are 

covered by international patents. 

Wide variations may be observed in the capital costs involved in 
producing the same materials in different countries and in different 
plants. From an international survey of five selected countries, it appears 
that in cement production the capital invested per employee varies 
from $1,S00 to $117.000, ¡us shown in table S. 

TABLK  8:    CAPITAL   INVCKTED   FEU  EMPLOYEE  FOR  CEMENT  PRODUCTION 

Plant invest- 
Number of   ment¡employee 

planta (thousands 
of dollars) 

France  
India     
Israel     
Yugoslavia     

SOUBOK: UNIOO, l'rofilrs of Manufacturing EsUiblishments. 

2 72- -75 
5 1.8- 16 
2 63 -117 
3 11- -25 

Cement production is becoming increasingly concentrated and the 
average size of new works significantly larger. It has become evident, 
however, that high-cost, small-scale production of cement close to the 
construction site may turn out to he cheaper than low cost, large-scale 
production far from the construction site if transport costs are high. It 
may, therefore, be economic in certain countries to establish small cement 
works in spite of their high production costs. 
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The materials discussed so far are manufactured by processes 
requiring high temperatures. Capital costs are high, and an intensive, 
three-shift o]>eration is rtMjuired. since it is uneconomic to start up 
furnaces every day, Limes and clay bricks also require high tem|>eratures 
for their manufacture. With lunes, small scale production is possible 
only by accepting a variable quality of product and a relatively wasteful 
use of fuel. If more modelli equipment is used, production Incomes 
capital intensive. Modern brick plants also involve high capital costs 
and high output compared with traditional brickworks, where greater 
variability of product is accepted. High investment and high output are 
required in new plants using high temperature processes. Production 
on a reduced scale is feasible only if a variable quality of product is 
acceptable or if there is protection from eheaj>er imports. Since coiiqieti- 
tion is usually limited in the brick market owing to high transport 
cost«, high cost brickworks may be able to survive. 

The group of building materials including fibre-board, gypsum 
plaster, sand lime bricks and aerated concrete blocks and units, involves 
heating, often » y steam, to tem¡>eratures of just over 100 C. Production 
is feasible in plant of middle range capacity, but any expansion of 
plant entails duplication of existing facilities (brick presses, autoclaves, 
steam presses etc.). The advantage of larger-scale production lies in 
spreading the costs of services, such as steam generating equipment. 

Low-pressure steam heating is also used for curing plasterboard 
sheets. It is not essential, but it is normally employed in plant sufficiently 
large for economic production of l>oanLs of a uniform quality. For other 
products, such as as ties tos cement, concrete blocks and precast concrete 
units, steam curing is an optional process usually employed in larger 
plant« where it is desirable to reduce the space used for curing. 

The economic scale of production for other building materials 
depends on the complexity of equipment used (other than the heating 
unit«). Heat is required to manufacture plasties by injection moulding 
or extrusion, but is usually produced electrical1 and no reduction in 
costa is obtained by increasing the number of machines. Each machine 
operates relatively independently and outputs may vary considerably, 
but it i» easy to increase capacity by adding extra machines, with little 
disruption to priHluetion. In large plants, mechanical handling may be 

introduced The same conditions apply to <,. er processes of manufactur- 
ing plastics, except glass fibre reinforced plastics, where moulding is 
usually done by hand but may be mechanized for repetitive work. 
Although the manufacture of plasties is apparently flexible, expensive 
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machines are  required,  and a fairly large output of mass-produced 
products is necessary for economic production. 

Timber processing is a \ery old industry; it has therefore usually 
been carried out in small works. The size of the plant is increasing, but 
the average is still small in comparison with other industries. Larger 
sawmills are able to install kilns for seasoning, which improves the 
product. Wood-based sheet materials are relatively new, but production 
is growing fast. Prices for wood products in international tracie are 
tending to fall owing to over-capacity in some developed countries. 
Although medium-scale production is technically feasible, it will be 
difficult for producers in developing countries to be competitive unless 
the develop countries have a smaller surplus to export as a result of 
their consumption growing faster than their production. 

Joinery works can survive as small operations in many countries 
because there is no particular advantage in large-scale production until 
products become highly standardized. The same consideration applies 
to the assembly of light metal products such as steel window frames. 
Operations of this type are particularly suitable for de- doping countries 

because they may be started on a small scale and progressively expanded 
without large capital outlays and with little disruption of production. 

The foregoing discussion has not covered all building materials, 
particularly those used for finishes and fittings, but enough has been said 
to indicate the characteristics that determine the size of market and the 
type of production unit required for economic production. 

Labour skills 

Most workers in the building materials industry are semi-skilled. 
Some materials, such as cement, are produced ii/highlv automated 
plants in which only a few mon are required to keep the machines derat- 
ing correctly. In other rases, the process itself may be automated, but 
moving the material iron, or„> operatimi tu another may be done by 
hand and for this unskilled h hour may be emplo\ed. 

Traditional materials, such as stone and wood, require craft skills, 
which are still required in modern production. New skills required for 
new materials, as m the case of plastics and wood-based sheets, are 
usually quickly learned on the job. 

Most tasks in the manufacture of concrete products are often regarded 
as unskilled, since they are concerned with the mixing, transport and 
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placing of heavy material. It is becoming recognized, however that the 
production oí concrete of consistent quality reqmres a certain degree of 
skill and that such workers should he more carefully trained »n concrete 
mixing and placing. 

The training of labour to produce building materials does not present 
a major problem, provided that sufficient instructors can he found There 
is sometimes a shortage of a few key skilled workmen such as < «renters 
welders and mechanics. As regards supervisory, technical and managerial 
staff, however, the situation is usually less satisfactory. Developing 
countries must often rely upon expatriate staff to till these posts while 

they nude.take urgent training programmes. Lack of technical skills 
often results m considerable increases in the costs of bringing new plant 
into production. 

Value added by the building miterials industry 

The international survey previously referred to provides an analysis 
of inputs and output for building materials plante in France   India 
Israel, Japan and Yugoslavia.'* The data are used in table 9 to show 
total inputs as a percentage by value of outp.it in each country for 
building materials as a group. 

Differences between countries in the composition of the output 
value of the same product make it difficult to interpret the information 
and there are wide variations in the relative proportions of inputs and 
value added. Table 10 shows for selected groups of building materials 
the proportion of output value attributable to inputs and to value 
added, \ahu- added tends to contribute a smaller proportion to 
output xalue than do inputs. The proportion of value added to 
output value exceeded f><> per cent in only 13 per cent of the 
examples analysed. From tabi.«  10 it may be seen  that: 

Metal products manufactured by the more mechanized process 
tend to have a low value added; only the production of structural 
steel and the assembly of metal frames show a value added similar 
to that for other important building products, although in both 
cases it varies widely; 
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The only other materials where the value added  IM in the same 
range a** for metal producta an» paint and varnish. 

The mat nah uith the  highest  value added are (lay  hrielcH and 
conerete product H 

These observation* merely confirm that value added is a higher 
percentage of output value when production IH labeur intensive. Metal 
manufacture and assembly processes have high value added, whereas 
the more automat« »1 production of tubes and pipes have a low value 
added The manufacture of clay products is also labour intensive and 
ha« high value added However, to this relatively simple relationship 
must be added the complication of labour intensive production using 
expensive, imported raw materials. Referring ¡«gam to table 10, it will 
be seen that the value added fo; asbestos cement products is a smaller 
percentage of output than is the ease with concrete products. This is 
because an expensive raw material asl>esto8—has to be imported, 
whereas concrete products do not suffer from this drawback. 



fÜMaá** ft 

PLANNING AND ORGANIZATION 
Or THE BlILDINO MATERIALS INDI STRY 

In attempting to plan the building material« industry at a national 
level, the first difficulty is usually lack of data on natural resources, on 
the scale and location of existing production unit«, and on current 
consumption and the efficient une of material«. If it proven possi hi» to 
obtain the information HO that production targets may l>e established 
and suitable sites selected for production units, the problem becomes 

one of implementation This raises the difficulties of unsuitable transfert 
networks, lack of know how and skills, and lack of finance and incentives. 
A detailed plan must take all these difficulties into account and put 
forward proposals to overcome them. 

In the case of the building materials industry, plans must cover the 

requirements of all four categories of the construction industry, namely, 
the international modern, the national modern, the national conventional 
and the traditional. As a short term expedient, subsistence level housing 
may have to be subsidized. Small scale industry must be promoted and 
mass-production facilities established. 

The following special factors must be considered: 

Range of materials. Many different building materials are required 
in modern construction. Planning must cover all the principal 
materials in order to ensure that the total supply is adequate, 
having due regard to the possibilities of interehangeability. 

Relationship with other industries. The estimate»« of total demand 
must make allowance for the fact that some products used in 
construction have other end-uses. 

Overlapping with construction. In national industrial statistics, some 
production facilities may be classified under construction because 
they are owned and run by contracting enterprises. These must be 
included in plans for developing the building materials industry. 

51 
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Sealf of opération*. Few building materials an* man tifaci tired on a 

large scale, many are produced efficiently on a relatively «mall 
wale The industry IN UNiially characterized by a large mmitwr of 
small producers 

MarhtM. Owing to fluir low value weight ratio, building materiata 
in market économie* may IM* exposed only t-o limited local com 
petition Thin Nometimes means there IN a lack of incentive to 
modernize production and thus lower production costs 

Demamf At the local level, the demand for materials may H'iettiate 
widely a« construction output vanes There IH often little incentive 
to irne stocks to even out the supply situation, as stocking ties up 
capital and there is often a lack of confidence in the level of future 
demand 

To these problems must be added the Imitations imposed by the 
nature, production processes and handling characteristics of the 
materials 

THE INFORMATION REQUIRED FOR PLANNING 

Data on natural resources 

Informati m is required about deposits of clay, limestone, mineral 
ores, sand etc Clearly it is neither possible nor desirable to make a 
detailed survey of all fhes* resources at the same time. It is more 

economical to make a series of surveys in increasing detail as particular 
areas are shown to be possible sources of some useful raw material. In 
the final stage, when a choice of deposits is being studied with a view to 
extraction operations, detailed studies must be made in order to collect 
information on the workable area, the average thickness of overburden, 
the average thickness of deposits and their yield, the total overburden 
and deposits, and the position of the water table. In general, the raw 
materials for building materials are found close to the surface, with the 
possible exception of natural gypsum. It is therefore relatively simple to 
compile a map of building materials resources, since deep exploration is 
not required as in the case of some other industries. 

The conducting of surveys is an operation requiring expert technical 
assistance, ami the advice of international agencies should be sought. 

Local sources of raw materials are not important for all building 
materials: timber may be imported as round wood or sawn wood; plastics 
as polymer chips or powder; asbestos in slightly purified form after 
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mining    and   metals  as   crude   ingot   „r   primary   products.   Building 
matonaia  paitieularly dependent   on   local  raw  material« aro cement 
bricks, concrete products (fur aggregates) and glass 

Data about production and coriMumptioii 

It in difficult tu obtain and keep up to date information about the 
building materials industry owing to its fragmented and ill defined 
nature. Although data about mann produced materials, such as cement 
and glass, are n>adily available, it would be necessary to collect many 
statistics in order to keep track of the manufacture of concrete product* 
Some check, however, must be kept ou the mam producers m each 
sector of the building materials industry HO that attempts can IM mad- 
to prevent critical shortages of materials It is preferable to develop an 
existing Htrueture rat lier than to create a completely new industry 
System« from other countries should not lie introduced unless they arc 
appropriate to local conditions 

The general information given in the previous chapter should not l>e 
used for planning purposes in all countries without checking specific 
points Investment figures for various production levels of particular 
materials may vary widely. For example, the distance from port to 
factory site will affect the cost of imported machinery The net output 
per man is also likely to be subject to wide variations 

In addition to a review oft he level and distribution of consumption 
of building materials, an inquiry suould be made into how economically 
they are used.»» It has been observed in many countries that expensive 
materials arc used -vastelmlv Tin* may indicate the need for a pro- 
gramme to promote the more efli, lent use of building materials in 
construction design and to eliminai    waste on site 

The national level of consumption of the materials covered in 
chapter 2 should be compared with « h. data given for other countries. 
Ideally, however, information is rc.juin-.| >,i the consumption of a wider 
range of materials If studies ut pr>»iu. non and consumption were 
carried out with international technical assistane- through bodies such 
as UNIDO, the data collected would be .f ..n,prahle value throughout 
the developing world 

'* Report of the Semii'tir on I he  Development  ««!   It » .l,.^  Millenni*; (or full 
reference see annex 3 under    Kcoiioime ( OIIHIIIHHIOII I,H    \.„„ and the Kur Kant". 
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Forecasting demand and production 

In considering trends of future consumption it is important to 
recognize the difference between key materials (cement, steel, timber), 
which are irreplaceable in any n 'tional construction programme, and 
others thai are useful but interchangeable. The key materials are, 
fortunately, those for which good statistics are available. Cement and 
steel estimates for Africa may be found in documents relating to this 
region.16 Figures for Asia and the Far East are also available.17 Few 
data are available for Arab countries. In the case of timber, detailed 
forecasts of consumption are available.18 

In estimating the demand for other building materials, account 
must be taken of: 

The present breakdown of building materials inputs, which has 
been influenced by national climate, geography, history, tradition 
and the pattern of construction output; 

The changes in the breakdown that will probably occur as a result 
of changes in the pattern of construction output, in the technology 
of construction (including rationalization of the use of materials), 
in the availability and price of materials, in fashions, and in govern- 
ment policies. 

Tables (such as table 3 in this monograph) giving the consumption 
in particular countries of building materials in different typ's of cons- 
truction are very useful, although the actual figures will not be directly 
applicable in other countries. Such tables enable tetter estimates to be 
made of the effects on total consumption of changes in the composition 
of construction output and show the possibilities of interchanging 
materials. Continued growth in the national-modern category will increase 
the demand for industrialized materials faster than the increase in total 
construction output would suggest. Similarly, a change in the inter- 
national-modern category might significantly aber the volume of imported 
building materials. 

The role of the Government as a client should also be considered. 
The commissioning of major defence or engineering works may alter 
completely the character of demand for building materials; these works 
may either require heavy imports or severely retard other construction 

" ECA, op cit. 
17 Industrial Development \n A«ia and the Far East, Vol. IV. ; for full reference 

see annex 3 under    Economic Commission for Asia and the Far East". 
l* See publications listed in annex 3 under "Food and Agriculture Organize» 

tion 
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works In creating shortages oi' materials. In developing countries, the 
Government may often be able to regulate demand in a way that is not 
feasible in developed countries by programming its own works. 

Transport costs of both raw materials and finished prod net.s play an 
important part in determining the prices of building materials. Factors 
affecting transport, therefore, also a fleet building materials. Thus, a 
new road link between areas may radically change the previous supply 
position for building materials. An industry cujo\ing a market hitherto 
eut off' by transport difficultic> from other sources of supply may 
suddenly ha\c to Income compel it INC. I'nlos it is able to react to the 
change, it may find that its costs arc too high and it los» > business. As 
a result, the supply of building materials may be disrupted. 

THE MKASrRES REQUIRED FOR l.M IM,KM ENTINU THE FLANS 

Provision of the appropriate industrial services 

Adequate technical knowledge in the production of building materials 
is indispensable: if it is not available locally, it must be imported with the 
assistance of international agencies, such as TNI DO. 

The shortage of technical expertise in developing countries makes it 
essential to use what is available as efficiently as possible. It is therefore 
suggested that one central institution be established, covering both 
Uie construction and the building materials industry, to serve as an 
advisory and research body responsible for standards and testing, thus 

combining functions that are discharged by a number of separati- bodies 
in developed countries. 

The functions that such an institution should undertake may l>e 
summarized as follows: 

To serve as the national clearing-house for technical assistance 
provided by international agencies; 

To assist in surveys of natural resources, particularly by carrying 
out sample analysis ; 

To assist government agencies in preparing plans for the develop- 
ment of the building materials industry by carrying out surveys 
and studies on the use of materials: 

To provide technical advice to industrial enterprises on producing 
materials and to users on the selection and performance of materials; 

To undertake research on subjects related to the production and use 
of building materials ; 
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manlifmlnif  of building   materials and  to obtain greater economy in 

thr urn» of building materia! < in »instruction. 

The importan»** of quality control cat,not !>«> nvrr»'inj»h;u<i/.ril. 

There are mum c\a mple> <d ' mtei national eont r actors engaged in modern 

roust nut ion uhi» prefci to use imported materials of known and uniform 

quality t HI IMI than variable lo* ti products Tit H is dearly an unsatis- 

factory situation For most user- a known muuninni -laudani of (pialitv. 

even if tpnte low i- »teller than no standaid ¡it all situe it entourages a 

degree of ronfio!* Hf»* m I.M-alk po-dueed materials1'' 

Financial ftiecn!i»« 

At early stages of development, the budding materials and com- 

ponent« industry requires considerable government ass'stance. In addition 

to abort term measures such as unjtort tariffs certain long term measures 

h*ve been pro)toned, for example t0 

Long term loans at low interest 

Exemption from income tax or from other local taves and duties 

and permission for rapid depreciation rates for an agreed jteriod; 

Development of industrial estates ami infrastructure and the 

provision of cheap lain! suitably located 

Vm of locally produced building materials in all government or 

government sjsmsored construction programmes, 

H|**eml advice ami assistane»» to industries to develop ex|torts of 

product« m the manufacture and marketing of which the country 

Ha* r»»al advantages. 

special training grant- for managerial and skilled jiersonnel; 

Reduced traiisjMtrt rates for industries located in developing regions: 

Subsidies for the rent   of land or buildings for a jteriod of five to 

ttrn year» or a grant of part of the cost of building factory premises. 

Buch measures ap|»ly not only to building materials but to most 

industries Since resource* are limited, an order of priorities must IM» 

established ami the role of the building materials industry within the 

national economy must l»e mon» precisely defined than it has generally 

been in the past 

'• For further discussion on this subject, see Monograph 12 "Standardization" 
in this anriete 

*• "IVvelopnwnt of the Building Materials and Component« Sector"; for full 
reterei«*«» «et» »nun S under "Economie Commission for Europe". 



Chapter 6 

THE INTERNATIONAL SYMPOSIUM 
ON INDUSTRIAL DEVELOPMENT: 
ISSUES. DISCISSION AND RECOMMENDATIONS 

The issues, the discussion, and the recommendations approved by 
the Symposium are presented in this chapter. 

THE ISSUES 

The building materials and components industry is closely connected with 
the construction industry. The objective of both industries in developing 
countries is to provide the facilities necessary for the economic develop- 
ment and well-being of the people. The share of the gross national product 
(GNP) contributed by the building materials and components sector, 
including transport, increases rapidly with economic development, from 
about 5 |M»r cent for the less developed countries to nearly 13 per cent of 
the (¡NT for the most advanced countries. The annual per capita 
expenditure on building materials and components, including their 
transport to building sites, may be estimated at about $o in countries 
at an early stage of development (with an average per rapita GNP of 
$127) while in the next group of countries (with an average per capita 

ONT of $315) the corresponding annual expenditure of GXP on building 
materials and components may he estimated at about $23 In the most 
advanced countries, no less than Sl<»4 per rapila is otimated to l>e use«! 
annually for the purchase and transport of building materials and 
components. 

Although based on rather uncertain data from a somewhat arbitrarily 
selected list of countries representing different economic conditions, it 
seems reasonable to conclude that on-site expenditure on building materials 
and components increased about three times faster than the ONI» ¡wr 

mpün.  This adds particular significance to the discussion of the issues 

,ûA1
î!mroeA^'">S f0! Di*c,,ssio»: Building Materialsand Components Industrie«, 

1907 (ID/CONY. I A. 11) (mimeo.i. 
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related to this industry. The changing pattern of this industry in industrial 
development is illustrated by the steady tnnsfer of operation« from 
building and construction sites to factories. 

Foreras!ins hiliirc needs and establishing Inner-tonn targets 

Few countries have yet adopted a comprehensive policy for 
co-ordinated efforts in the development of the building materials and 
components industries. It is apparent that there is a need to establish 
long-term targets lor these industries on the basis of long-term plans tol- 
tile construction industry. Such targets should be based on surveys of 
raw materials suitable for the production of building materials, components 
and equipment. 

It would seem that long-term programming of construction activities 
provides a suitable basis for the forecasting of the future demand for 
various building materials and components. More research is required, 
however, to provide the necessary basic information. 

Local materials and techniques 

Building materials and components produced by organized industrie« 
are sometimes more expensive than local goods produced non-industrially. 
While every effort should continue to tie made to encourage increased 
industrial production of matt rials such as cement or steel and milled 

timber, equal importance should IM« attached to the improvement of local 
materials and techniques. Lime may be taken as an example. Lime has 
IM'CII universally used for thousands of years, but its application in the 
construction industry has dwindled iti the \u\<\ century A more extensive 
use of lime could be encouraged by disseminating information on it« 
possible application in building and the savings resulting from its use. 
Manufacture of clay bricks and production of all-clay lightweight blocks 
should IK* contemplated in areas where cement is costly The manufacture 
of this ty|K« of product could IK« considered in conjunction with a brick 
plant when equipment and kilns are available. The manufacture of sub- 
stitute cements such as pozzolana may also Ix1 considered Traditional 
mortars of this type can still have an important place as building materials 
The Regional Symposium on Industrial Development in Africa recom- 
mended that emphasis be directed to the development of traditional and 
new building materials based on local resources such as building stones, 
clays, lime, sand, gypsum, bamboo and timber, as well as agricultural 
and industrial waste products. 
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Smallar il* manufacture 

Th.- encouragement of traditional materials should go along with A 

policy ut promoting the establishment of «mall scale industrial manufactur- 
ing mills ihn- small ^avwnill* and joinery workshops m small modern 

brickworks m concreti-, block plants may CM«*! sub- by -.Mí« with ! hi« us*> 

of round W.HHI and MUí .Inni bricks SJH . ifi« -alb -m.dl «•, al, pi.Hhtetmn 

of Portland cement c.uld IM- established and -h.mid »*• em-oinaged The 

Asian IvVgional ( .»tili r. ni, on hidu-t riah/.at ton i» •< « immended that 

countries unii adequate resources ot »ok«- anthracite or j* -tioleum * ok« 

«how i-on^mii|iiion .1« « « meni »s |ovt (of tin older ..! :|41 «MM» to on 000 ton* 

per aniMiin) adopt 1 IM- --It**!* kiln process and tin- \u>t or dry process for 
higher râpant ics 

Mollera techniques und racional taai-fiif »I market« 

Although traditional technique* play »n accepted rote in building 

materials production, it must IM» emphasiitd that in each country there 

«re sector« of construction that require quality materials produced under 

the most advanced technological condition» and that these sectors will 

grow m im|»ortance Thus. capital intensive advanced technology 
induatnes producing material» such a* cement iron and steel are ap 

proprmte where the size of the market and availability ot ra» materials 

permit The «-stabliahment of such industries d.w*w nut replace but 

supplement!« existing industries at a lower teehnologi. al level and 

represents a desirable investment for «catre eapital By replacing 

imports, not only do they help ronmderal.lv 111 aaving foreign 

exchange, hut they also tend to have a linkage with other industrie« 

and thus play a pivotal r..le m stimulating the establishment ot ancillary 
facilities 

There arc, however serious difficulties and olitaci «s The ,,wt of 

establishing manufacturing plants m developing countries tenda ta be 

greater than m the more developed countries, mainly lieeauae of higher 

wat» of transport construction and installation The running.in conta 

of tin- factory art» also generally higher than m m, re developed fornitrici 

because of the lack ot trained staff These factor» eau result m higher 

production cost^ per unit than world market price* and apeeial measure« 

may I«- required at least m the initial stage to protect the domestic 

industrv from the competition of unpolled products for these reason« 

maiiv developing countries are considering regional sharing of markets 

tor building materials although thi« development utili appears to be 
reunite 
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In tin «atlv stages ot u countrys development, the demand for 

building materials and some combinent s is iih't tua large tvxt«*iit In imports 

troni dev« I.|M,| countries Tins often had- to the UM- O| vanoiis patterns, 

sizes and -cales ni ihr Mimt' mal«! ml m component Attrinpts to 

stumlurdi/'- pi<>du<ls ami dimensions an -miirhmr^ n'-i^tnl hv traders 

w IM» h.n> ,i M >{< >\ mti M-^t m tin- -tutu* (¡nu As lonu as building malcriáis 

an- impôt t« d thete I- a Milam «langet in i nb»:« in- staml.trdizahon. Mim 

this miyht uiv« |nrtorini in materials <.| a e« rialti iiiaik <n lo materials 

import»»! 11 * «IM a certain eountiy A- -non ,i> domrstir production is 

envisaged. »1 •«* imputant to introduce standard ixut ion of product.-. 

involving dim» usions composition ijiiality. pitlormaiu« methods of 

mutuila« »m« ami I« ^»iiiy (gialli y standards max prove to have a !a\ «unable 

effe« I upon productivity, i ven tor su« h simple items as stone aguichâtes. 

Diint'iiMiiiial standardization is ot pnmarv imfiortancc in the early stages 

ol economic «lev elopmenl Al a mor«- advanced staiíc v», hen industriullv 

manufactured and fabricated building components are beintr increasingly 

used dimensional «<> -ordination la-comes uitjM'raiiv e To promote accept- 

ance ot the stumlards. considérât ion should be given to a'loptmg existing 

international ot regional standard* There may however, be good reasons 

to deviate fri,m standards adopted m other countries, lor instance, to 

achieve i loser compliance with tfie real needs an«! conditions m the 

country Mem- the standardization of each item should be carefully 

studieil m cadi country It i> evident thai the developing countries have 

an unusual op|H., « unit y to «-labórate and apply, at an early stage of 

development a , oh» rent system ot siaudaids .regulating ( he dimensions 

am! |tro{ieitics of building materials and eoiti|>onents, as well as methods 

oí tetri mg and quality control and thus are in a position to make a 

considerable short -cut in technical dev« lopment 

TcnlitiK »loi rp»p*nh hi»t Hut«'*; control of quality »Utidanls 

The setting up ot testing and research institutes and the establishment 

Ami control ot quality standards arc vital necessities in developing 

countries and might l>e recommended as a significant field for expanded 

technical assistance Such institutes may als«» IM* responsible for the 

survey of existing resources ot raw Materials for building anil the laying 

down of specifications for the tpialitv und properties of all building. 

It is highly desirable to have an early linking-up with testing stations 

in other countries, particularly within the same climatic and geological 

" *.»*> Monograph IJ "äUMtti*riii/-t»ti<>u    m thi» MVIW. 
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regions. Manufacturers in developing count lies aie often ignorant of the 
experience of other countries which have gone through ¡i similar period of 
development. It is therefore important that information on successes as 
well as failures of industrial undertakings in developing countries he 
systematically gathered and disseminated, preferably through inter- 
national organizations. 

As a general rule, standardization, testing and quality control of 
materials and components, education and the provision of information 
represent primary activities in developing countries, while research and 
development work are to be considered as secondary activities. This 
means that standardization, material testing, quality control, educational 
and informational activities should be organized in the first instance, 
while independent research and development work should start at a later 
stage, on the basis of the progress made in the primary activities and in 
order to develop them. Furthermore, research >¡.ould concentrate on the 
particular problems of the country and on adaptation of research results 
achieved in other countries. Thus, the Regional Symposium on Industrial 
Development in Africa recommended that an African building materials 
industry development research centre be established to work in co-opera- 
tion with national and subregional building research organizations, 
existing or planned, in order to facilitate the exchange of information 
and experience among African countries. 

Trauspurt costs and location 

Transport costs of building materials constitute an important part 
of on-site costs. Savings can generally be achieved through a reduction 
in the bulkine»» and weight of materials, a shortening of transport 
distances, 01 an improvement •••!'I rausporl facilities, -iuglv or in combina- 

tion. Measure.» of t hi.» kind give high rrt urn.» and have perhaps const it uted 

the niosi important riman- «>• improving râpant v and productivity in the 

production <>t building inaici tal» m (lie last de* ade Intnisive research 

into building materials and <•< >u»t nmt ion tm-thods has considerably 

reduced île con»umpt ion ol material» per unii, for m»tance. through the 

introduction oi hiirh-quaht\ »te«-1 pre »t re»»ed concrete prefabricated 

concreti Itollou brick» etc Alongside t he more economic use of t raditional 

building m,ilenals, saving» i>n transport costs have been made also through 

the intiodiiction and increasing use of concrete, metal and plasties of 

light weight Transport costs are a potent tactor in the location of modern 

building materials industries, and mildern techniques otter a great variety 
of solutions, which should be made available to the developing countries. 

•UMIiiiUillliaB 
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THE DISCUSSION-
3 

The discussion on this subject was concerned primarily with building 
materials that are mainly used ior construction. »Since other materials, 
such as steel and plastics, were discusseti under their respective industry 
sectors, there was little opportunity to review the complex problem of 
interrelationships between industries. It was considered that building 
materials were an important industry, which, like construction, had often 
been neglected in development plans; that neglect had seriously impeded 

the growth of the industry and was particularly unfortunate in view of 
the opportunities existing for import substitution, which might achieve 
significant savings in foreign exchange. 

It was stressed that waste materials should be used where possible. 
Nevertheless, the role of composite building materials based on waste 
products (rice husks, coconut fibres, groundnut shells, date palm etc.) 
remained controversial. Many trial schemes had been tried but without 
great success. Research was coni inning and there were reports of success 
on a laboratory or sma;l pilot scale The Symposium did not include in 
its discussion any consideration of lion such composite building materials 
would compare in price and performance with more usual products. Tt 
was stressed that, where possible, building materials industries should 
be based on locally available materials. In that connexion it was 
necessarv to distinguish bet u ecu locally produced modern and traditional 
materials; only negligible quantities of the latter were produced 
industrially. The international character of most modern materials was 
not brought out, except  in the case of cement and steel. 

In view of the complexity of the topic, the discussion did not, go 
deeply into levels of consumption. The only materials singled out for 
special mention were cement and wood b;»sed products, and attention 
was centred on ways of using t hew materials rather than on the quantities 

required. 

The role of wood products in construction was also considered 
controversial. Arguments were cited loth for and against their promotion 
as a primary material for house construction. There was general 
agreement that- economical use must be made of the products employed, 
but their precise role must be determined m each country, having regard 
to the raw materials available, their cost and characteristics. 

23 From Re¡)ort of the International Symposium on Industrial Development, 
Athena 1967 (ID/11) (United Nations publication, Sales No.: 09. II. B. 7). 
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The discussion of the use of prefabricated components covered 
speed of construction, quality and dimensional co-ordination. The 
problems of labour requirements and costs were used as arguments both 
for and against préfabrication, but the Symposium reached no conclusion 
as to the stage of general industrial development that should be reached 
before préfabrication was contemplated. The concept of préfabrication 
though attractive at first glance, required detailed examination, and 
caution should be used to avoid wasteful and unsuccessful projects. 
Transport problems were mentioned in general terms, but it was observed 
that the centralized production of components in factories requiring a 
high output for economical production called for well-developed services 
and facilities. 

Attention was drawn to the difficult problems of choice of materials, 
since materials could be substituted for one another to quite a large 
extent in buildings. There was usually less range of alternatives in 
developing count ries than in developed ones. Kam country would have to 
determine for itself the extent to which choice should be encouraged. 

The importance of adapting the technologies of producing and using 

building malcriáis to local condition was emphasized. An example 

given was the ¡noblem of producimi concrete component- m tropical 

countries. As the c\,u| nature and quality of ,;¡u mat -n.l.s differed in 

different count rie.-,, adaptation ua,s obviously essential It would be 

illogical to import processes that depended on imported raw materials 

when alternative processes could make use of local materials. 

Attention was inven to the issue of capital investment versus labour 

requirements, already mentioned m connexion with préfabrication, which 

was considered to appl\ to most investment decisions affecting building 

materials production However, even if |ou capital intensity processes 

were adopted where possible the total level of investment required in 

building materials pioduchmi uouhl st.ll remain high The necessity for 

examining detailed production cos's which applied to all products, 

was partim tain important m i lie case of cement In assessing costs, 

capacity utilization must be c msidcred. It was suggested that I'NIDO 

assist in providing guidelines for new uses of products in (»nier to utilize 

the lull capacity of factories. A thorough st udy of capacity utilization 

and associated problems would be required in order to establish such 
guidelines. 

Another issue raised at the Symposium with regard to production 
was that of plant maintenance, and it was stressed that in planning 

Mi 
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capital investment in plant    particulai attention should ho paid to tin- 
maintenance services in (»nier t < ensure minimum delays to production. 

Cement « .IN considered t<> he the ke\ material in the ¡ndustnali/.at ion 

of the building materials industry. although a number of other materials 
were also involved. Particular interest was shown in the question ot 
small scale manufacture of cement. The size of eemenl lactones ions! 
he considered in relation to the current rate and anticipated growth of 
coiiHuniption. the distrihution of markets, the transport required, the 
price of importeci cement and raw materials production costs and a num- 

ber of other technical considerations. 

The long-term forecasting of requ rements of building materials 
attracted considerale attention U was stressed that surveys provided 
a necessary background for the preparation of long term plans for the 
development of the building materials and component industries, it wis 
realized, however, that long-term plans and forecasts of needs were 
not sufficient on their own to determine investments in new factories. 
Feasibility studies must be carried out for each project, otherwise 
misinvestment, high production costs and idle capacity might result. 
In this connexion, it was suggested that each country study carefully 
its own resources of raw materials rather than rely uncritically on 
building materials of foreign origin. It was also noted that direct cost 
comparisons between various materials could be misleading if durability 

and other requirements were not taken into account. 

Much emphasis was placed on the need for surveys ot natural 
resources. Local raw materials were to be preferivi! in developing the 

building materials industry, and i.iw materials for budding were 
generally formed in shallow deposits that were not «liflicult to survey. 
Nevertheless, priority was often given to surveys to locate valuable raw 
materials that could be exported while little attention was given to 
surveys of raw materials for building. Assistance was needed m making 

such raw materials surveys. 

International assistance would he particularly useful in establishing 
technical infrastructure: this issue was the subject of extensive discussion, 
and stress was put on the necessity of having comprehensive services, 
including technical training centres, research facilities, pilot and 
demonstration plants and bodies to promote quality and dimensional 
standards. It was proposed that these issues bo dealt with at the regional 

level. 
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RECOMMENDATIONS APPROVED
24 

Developing countries should, where appropriate, give higher priority 
to the development of the building materials industries in order to 
achieve great«T efficiency in their construction activities, better utilization 
of local raw material resources and swings in foreign currency. 

UNIDO, on request, should assist in drawing up national and regional 
long-term programmes for the prmluction of building materials having 
regard to plans for their construction industries and surveys of their 
relevant natural resources. 

UNI DO, on request and in co-operation with other organizations, 
should promote studies and collect and distribute info*.nation on the 
economics and production techniques of competitive building materials, 
having regard to the function and durability of the constructions. 

UNIDO, on request and in co-operation with other organizations, 
should assist in the development of production techniques based on the use 
of loca! raw materials, including agricultural and industrial waste products, 
by promoting the establishment of pilot and demonstration plants in 
different regions and by other measure? 

UNIDO should assist in the establishment of testing and training 
centres for a more eftk icnt use of traditional and modem building materials 
and the setting up of research facilities to promote the application of 
modern production techniques to specific climatic conditions (as, for 
example, in concrete products handled in large quantities). 

UNIDO should examine the feasibility of smaller scale local cement 
plants having regard to high transport costs for imported cement. 

UNIDO was asked to promote the implementation of project« based 
upon pre-in vestment studies already available either on regional or 
national bases. 

UNIDO, in co-operation with other bodies, should assist in the 
development of co-ordinated systems of standards relating to the 
dimensions and properties of building materials and components as well 
ad to methods of testing and quality control. 

* From Report of the International Symposium on Industrial Development, 
Athene 1967 (ID/11) (United Nations publication, Sales No.: 69. H. B. 7). 



Chapter 

ACTION OF UNIDO 
AND OTHER UNITED NATIONS ORGANS 
TO PROMOTE THE BUILDING MATERIALS INDUSTRY 
IN DEVELOPING (OINTRIES 

International organizations arc in a good position to study problema of 
general interest throughout the world. They have access to a range of 
information and experience that i- often invaluable. AH the characteristic» 
of building materials industries are virtually the same everywhere, they 
provide worth-while subjects for   nternational study and research. 

UNIDO ACTION' 

The programme of UNIDO for promotion of the building materials 
industry is financed under various United Nations operational programmes 
in   which UNIDO  participates.  These   programmes are:   the   Regular 
Programme of technical  assistance devoted to industry and  financed 
from the United Nations budget: the Special Fund component of the 
United Nations Development Programme (UNDP SF) ; and the Technical 
Assistance component of the United Nations Development Programme 
(UNDP TA)  UNIDO receives, in addition, voluntary contributions from 
Governments for the financing of the  Special Industrial Services pro- 
gramme (SIS) a programme limited largely to urgent short term missions. 
Some projects mav also be financed from funds in trust, debited by 
Governments for specific projects, or other direct voluntary contributions. 
Inali these programmes assistance is given only at  the request of the 

Government concerned. 

Considerable work has already been undertaken by UNIDO m the 
field of building materials. A list of selected technical assistance project« 
and of areas relating to the development of the building material» 
industry in which UNIDO can provide technical assistance is given 

in annex 1. 

Technical assistance provided by UNIDO has extended to the 
cement and allied industries, ceramics, bricks, glass and refractories, 
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mirrerai de|>o*tt* atid grner»! building IIDI iimxirurtinii material* indus 

trkw«    Sortie forty   technnal   ««HtitiM'»'  pr«*|« * f-*  ha\e  latri   financed   hv 

rNursK rxnrTA -»i sis   n»< tt* *|< *» it % >.i teeiomai ,tmi*tanee 
project •» m *«<»îtt s«'«!- hi » lut-n «-««un«-« teti »tth the eut tthhxhment or 

itioderni/ati« » «f partii nt* huiMín«/ niHlrnüK plant.« Nut many 

pmjt-tt- !ia\» * I * - * IT with v» I«II I ) •Intimity i«*-ur- Hut the -»if uni ton s- likely 

to chattel «|<>wi\ ciMinni w t- e\pieaaed üt fhr Sy m|»o#tlurtl i»\*f the 

lark of technical infralirò«-ti ire m devclMping «'«mutrie» although fi« 

ret|iMT«t» have been inaili   .•»- v« t f»n aM*i*taiice m thi* area 

\* regard» « rtiit tit tht work »I I N 11M » ha* t«>cu>*ed and »ill continue 

to mm entrate i»n fin- réhabilitât i<>r. ,tn«| modernisation of »-Mating plant,1« 

an *i,li a- <>}! tf-H-ihiJit \ attilli«!* is <) m.uket «*nr\ « • \ •» h*r new iti»t allât ion.«* 

l'art ini Ur »ft» (int. ¡- l*»itig pai« i n. fbr erott.uiiic» and design of «"ment 

plani" f»«» a* f« int1* t the n» • •«!- of de* »'toping ««»untne» where market» art« 

often Hum1! an«! tu* I -upplM»«. limitai and expetmive Stre*- i* laid «m 

tht* iiiijM»rtiMH •« .f . i. >*|tt>ratioii î>n .* »utirt'ifiouaJ ba*«i- AU rigarti* cement 
pr«>«iin » ¡itti 

In \ * -w «.f tht* «.hofî.ttfi M. »«un* <i« -wlt.ptng rouritrw-« «»f l«xal 

resource» h>r A*ÌM»*to« plan- f * *» tc«hut«,*l aM»mtah<<»> will cover the une 

of »It» rnatne material« 

l NffM » plnn« tt M \ paini it«, technical ajtan*tam<e arti\ it le* m cet a nue», 

brick* y la-- .tn< I rt'trat i.'t \ it»dnt*trte>» Such utduftt net« are «>f conMi«]t-rahle 

import«! «« t«. mam «lt-\t*l«»f»ing . ..«intr»- hut they %rr freiptentlv 

o|«er»tt*i| «MI i -»«Ir »IMI with te« h i» i-pif* nii«tnt«»d t«> kaal need- and 
et »lid it tot»« 

A i.iiiuU-r oj fiel«! Mtr%ry* will I»* <an;ctl out on tin- | a ami hie 

imlitwtrial n«f« »»I mineral »I iw«*§t# im hiding a#th-e»t«t* g\p«tim. Hands 

ciavK and Mihri «t-raiuii |<rm| n ,ug mai» rial» General «ttr\cvii of building 

mate nal« i idu*trte» „iltead* cycciited with ie« hm« al astiatane** have 

prmed \ah. il»lt- n proiittrtitig th«*»- tndm«trte- m dc\ eltiptng c« unit neu 

It i* unti« tpatt*«! ih.»t more p*..it<« t. ..( ihn« i. itttre will I*, undertaken 
m the fut un 

\* tti«uib n« •« *if«* It« I'MIN» attiviti technical amuatatw with 

(irefalirt« »noti m mtMrtit ti<>n >* alrmwh plamtrd Prefahriemtitm M a 

natural «I« \ctopu» t.t H« <-t»uiittita that are indiiatrwhftug their building 

ittdtiatiM*» auti ar» U-« «untrtg m«»re awart of the netti lor greater pro 

diu-tt\tt\ 1'laj.ti««. im aiHtthff area m whieh t«*ehiiiraj aanuitance «ill 

probahh h given I'NIlMI |nt*U that it uhi »uhi lie j*tm«ible in «lev«ltipnig 

«»titttrM* to ttimrmtr the »i«tr «if plaatiei« «aith Itami matertsli» tt> pmvide 
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efficient  low-cost construction, although in industrialized count ru- the 

tachnique employed HO far is rather sophisticated and expensive. 

Major operational projects in which UNI DO has partiripated include 

the netting up of housing and construction centres under Social Fund 
projects or with financing from ether sources Such centres may have a 
significant impact on the huildmg materials industries Xew Social Fund 
project« are alno under consideration In these projects I'NIDO is 
co-operating with the United Kations Centre for Housing. Building 

and Planning 

In  support  of operational   activities.   (NIDO  organizes,   in  close 
co-operation with other international bodies, technical  meetings on a 
wide range of subjects. A list of meetings organized by UNIDO is given 
in annex''J. In addition to facilitating valuable personal contact*, such 
meetings often provide the starting point for the preparation of studies 
and reports that are subsequently widely circulated and used in many 
countries for years afterwards. A study is tieing prepared on small-scale 
production of Portland cement, a subject that attracted much attention 
at the Symposium   At the Workshop on Organizational and Technical 
Measure* for the lVvelopment  of Building Materials,  held ir, Moscow 
in   196»   studies  were presented  on     Puzzolana  cements        Building 

lime   it* properties, uses and manufacture", the manufacture of   Sanitary 
ware from common clav and the brick and tile industries"." Further 
research on some of these topics will be conducted in continuing study 

programmes and other subjects may be added. 

WORK OF THE UNITED NATIONS REGIONAL ECONOMIC COMMISSIONS 

The secretariats of the United Nations regional economic commissions 
have already carried out various studies o» the buihling materials 

industry. It is proponed to continue these studies for which l NIDO can 
offer assistance as regards sco,»e. content and methodology. By contribut- 
ing to regional and subrcg.onal studies. UNI DO will be able to supplement 

its work in commissioning general reports 

The studies will cover a survey of the trends in the use of building 
mataríais and componente by sectors of the construction industry. 

including trends in production technology, capital and manpower 
requirements and forceaste of likely development in the regions. It » 

•• Time P*P*• *• •">* M >'et mailable for general dirtribution. 
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clear that much of this information is also required for national planning 
and some of the data may already be available. Studies of the following 
sectors might be prepared : 

Cement, asbestos renient,  lime and concrete products (including 
aggregates) : 

Clay building materials; 

Plastics for building purposes (including paints and varnishes); 
Steel in construction ; 

Non-ferrous metals for building purposes; 

Miscellaneous building materials (gypsum, glass etc.); 

aServices equipment in buildings. 

Further consideration should also be given to the role of wood 
products; some studies have already been made on this subject. 



Annex 1 

UNIDO ASSISTANCE IN THE BULDIMi MATERIALS INDUSTRY 

A. AREAS  HKí.VTIM; TU  THK   I>KVKI.OI-MKNT  <»F   TIIK   HIIí.I>IN«;   MATERIALS 

INDUSTRY   IS   WHICH    I'XlDt»   I>   IN   A   I'oslTloS   TO   PROVIDE   TKt'HNICAL 

ASSISTANCE 

Standardization of building materials and components; 

Materials testing and research; 

Pre-in vest ment projects, pilot and demonstration plants, and the 
establishment and initial operation of industrial plants producing 
building materials, at least to the extent of proving their com- 
mercial viability; 

Training ; 
Promotion (developing, implementing, evaluation) of manufacturing 

industry projects; 

Expansion and modernization of existing facilities; 

Techno-economic evaluation of competitive processes and changing 
technology, adaptation of technology to requirements of develop- 
ing areas ; 

Development planning on a national and regional level; 

New and traditional raw materials for the building industries (e.g. 
clay, stone, sand, plastics, wood, metal etc.); 

Manufacture of products and components for building industries 
(e.g. cement, ceramics, glass, bricks, tiles, concrete and concrete 
products,   plastic,   wood  and   metal   comjionents.   plaster and 
board of various compositions etc.); 

Testing and research institutions in the above field. 

B. SELECTED MAJOR TECHNICAL ASSISTANCE PROJECTS 

The projects listed below relate to the activities of the United Nations 
Industrial Development Organization since its establishment in 1967. The list 
exclude« projects carried out under the predecessor organizations of UNIDO 
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(the former Division of Industrial Development up to IíMíI» ami »IM- (Votre for 
InduHtrial I development up to 1967) Sine»« the proj« ets «re Int ni tor illustrative 
purposes, the name* of countries have \*vt\ tniiitt«*«! Tin- M>»J* •< ti\<- prou ri m men 

under whieh il»»   project* aie miplnneiitcd are *hmui  •- 

SIS Spretai Itidust nal Sei vices ot I  \ 11 >< > 
CNDPTA     l *mt«<l  Nation.-  )>e\ clopinent   Programme   Technical 

Assistance   (*o|li|M>n<'lll 
UNDP SF      Irntrl  Nations   Deiiiopmrnt    Programme    Special   Fund 

CoIllpOIM'tlt 

RP Regular Programme 

(I)    Project» implemented or under tmplt mentitium by VS UM) in arm* rtkátd 

to the dewlopment of the building mater mis industry 

APRI«'A 

Technical assistance to brickworks (SIS) 
Establishment of a cement industry (SIS) 
Glass industry expert (SIS) 
Consultant m the test run of a cement factory (SIS) 
Investigation of glass industry (SIS) 
Feasibility study of the cement industry (SIS) 
Feasibility study for a cement plant (SIS) 
Specialist in the technology and commercialization of marbk (SUI) 

THE AMKRH AS 

Pilot asbestos processing plant (UNDP/SF) 
Development of ceramics industry (SIS) 
Establishment of a Hat glass industry (SIS) 
Establishment of the refractory products industry (SIS) 

AMA AND THE FAR KAST 

Ceramic research and training centre (UNDP/TA) 
Development of the production technology used in the glass works 

(UNDP/TA) 
Assistance to Ceramics-Corporation (UNDP/TA) 
Building and construction materials expert (UNDP/TA) 
Expert m mining of decorative building stones (SIS) 
Feasibility of manufacture of precast concrete producta (UNDP/TA) 
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Centre for industrial rrseureh (ceramics ¡nul classi (UNDP SK) 
Assistance tt» Hst'.í'stus-i'í'nH'iit processing hictory (SIS) 

Afr"*istnnee to glas* ta«t<ii\ (SlSi 
Anbeut OH pipe plant project (SIS) 
Assistane«* tu cement Untoti«--, (l'NDP TA) 

Slag granulation «-xpcit (UNDP TA) 
Assistance tu t IM- Building Resemeli Institut** (SIS) 

(2)    Projects in preparation or  under discussion  with   Government* in area* 

related to Ike development nf the buildimj matt rials industry 

AFRICA 

Clay product« survey (SIS) 
Exploitation of marble (SIS) 
Establishment of asbestos-cement industry (SIS) 

Assistance to glaasware factory (SIS) 
Use of plastics in conjunction with local raw materials in building 

(UNÜP/TA) 

THF. AMERICAS 

Establishment of lime industry (SIS) 
Pref'brication in the building industry (UNDP/TA) 

ASIA AND THE FAR EAST 

Pilot plant for building and construction materials (UNDP/SF) 

Rationalisation of clay building materials (UNDP/TA) 
Pilot plant for production of plastic/wood structure by irradiation 

techniques (UNDP/SF) 

KITROPK AND THE MIDDLE EAST 

Assistance to cement plant (SIS) 
Polysand (conglomerate) pipes (UNDP/SF) 

Establishment of a glass factory (SIS) 
Fibro-cement composites (UNDP/TA) 
Survey on raw materials for the manufacture of building materials 

(UNDP/TA) 
Centre for Development of Housing and Construction (UNDP/SF) 
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MEETINGS, SEMINARS AND WORKING GROUPS 
ORGANIZED BY UNIDO 

Interregional Seminar on the Development 
of Gay Building Materials Industries in 
Developing Countries 

Expert Working (»roup Meeting on 
Fibro-Cement Composites 

Location 

Copenhagen 

Vienna 

Regional Seminar on Préfabrication in the        Denmark or 
Building Industries in Africa (in co-operation   Africa 
with EC A and the IN Centre for Housing, 
Building ani' Planning) 

Regional Un? ksl¡, n  .n the Development-of      Denmark or 
Clay Building MaW-naU Industries in Africa      Africa 
(in co-opentt !< >n with  K<\\ and the IN 
Centre for Housing. Buildup and Planning) 

Meeting of the Head-* of Building Materials 
Research and Development Organizations of 
the ECAEE region (in collaboration with 
ECAKE) 

Seminar on Cement Manufacture (in co- 
operation with the VN (-entre for Housing, 
Building and Planning) 

Bangkok 

Date 

August 1968 

October 1969 

Proposed date 

1970 

1970 

1970 

1971 
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SELECTED LIST OF DOCUMENTS AND PUBLICATIONS1 

ON BUILDING MATERIALS INDUSTRY 

UNITED NATIONS 

DEPARTMENT OF ECONOMIC AND SOCIAL AFFAIRS 

Soil-Cement: Its Use in Building (Sales No. : 64. IV. 6). 

Modular Coordination in Building, Asm, Europe and the  Americas (Sales 

No. : 66. IV. 4) 

CENTRE FOR INDUSTRIAL DEVELOPMENT (PREDECESSOR OF UNIDO) 

Studies in Economics of Industry. I. Cementi Nitrogenous Fertilizers Based on 

Natural Can (ST/KCA/75) (Sales No. : «3. 11. B. 3). 

Plastir* as Construction   Materials for Developing Coutúries,  by  A. P. Lien, 
1964—reprodueed   in   studies   in   Petrochemicals,   pp. 538—565   (ST/CID/4) 

(Sales No : 67. II. li. 2) 

Report of the Interregional Seminar on the Cement Industry, held in Denmark 
from 2 to 16 May 11)64 (ST/TAO/SER. C/71) (mimeo). 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

"A Sectoral Study on Silicate Industries" in Industrial Development in Asia 
and the Far East. Voi 4. Development of Key Industries, pp. 349-^06. 

(ID/CONF l/R.B P./2) (Sales No.: 66 IIB. 22). 

Industrial Development m the Arab Countries (ID/CONF. l/R.B l\/6) (Sales 

No.: 66. II. B. 23). 

i Symbol« and Salee Numbers of united Nation* documenta and publication* are given 

parenthèses after the titles. 

in 
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Industrial Development in the Arab Countries (ID/CONF. 1/R B.P./6). 

"A Review of the Building Materials Industry in Africa and the Possibilities 
for  a   Rapid   Expansion"  in   Industrial  Development  in  Africa,   pp. 51—74 
(JD/CONF. 1/R.B.1V/1) (Sales No.: 66. LI. B. 24). 

Profiles, of Manufacturing ¡establishment*, 2 vols. (ID/SER. K/4 and 5) (Sales 
Nos.: 67   II   B. 17 and 68  II   B   13). 

The Development of Clay Building Materials Industrien in Developing Countries 
(ID/28) (Sales No.   60. II. B. 18). 

The Establishment of the  Brick and  Tile  Industry in  Developing Countries 
(ID/IT)) (Sales Nos : 69. II. B. 10). 

Sectoral Studies Prepared for the Symposium: Building Material Industries 
Including Wood Products, 1967 (ID/CONF. 1/23) (mimeo.). 

ECONOMIC COMMISSION FOR AFRICA 

Housing in Africa (Sales No. : 66. II. K. 4). 

ECONOMIC COMMISSION FOR ASIA AND THE FAR EAST 

Industrial Development in Asia and the Far East.   Vol. IV. Development of 
Key Industries (Sales No.: 66. 11. B. 22). 

The Role of Building Materials and Components Industries in the National 
Economies   of   the   Countries   of   the   ECAFE   Region,   1967   (Document 
I & NR/BM/2Ô) (mimeo.). 

Report   of the  Seminar on  the   Development of Building Materials,  1968 
(E/CN 11/1 & NR/BM/L. 3) (mimeo.) 

ECONOMIC COMMISSION FOR EUROPE 

Annual  Bulletin of Housing and   Building Statistics for Europe, published 
annually by the Statistical Office of the United Nations 

The. Use of Steel in Construction (Sales No.: 64  II. E/Mim 24). 

Development   of   the    Building   Materials   and   Components   Sector,   1968 
(Document flOU/W.P, 208) (mimeo). 

ECONOMIC COMMISSION FOR LATIN AMERICA 

Housing and Building Materials Industry, Central American Economic In- 
tegration Programme, 1960 (ST. SOA/41). 
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FOOD ANI» AURICPI,TTKAL ORGANIZATION 

Timber Trends und /'inspects in the Asia-l'an fie  Region, prepared by FAO 
and EGA FE, HM» I 

Latin American Timber Trends and Prospects, prepared by FAO and KCL A 
(Sales No.: (tt.M.(M). 

Plywood and Other Wood- Un sal  Panel*   Report  on an international eonsulia- 
tion on plywood and oilier wood-based panels. Koine S    I!) July 1963, 1967. 

European Timber Trends and Prospects A neu appraisal 1950    1975. prepared 
by FAO and YTK (Sales No : 64 II E.4) 

Timber Trends and Prospects in Africa, prepared by FAO and ECA. 1967. 

Wood: World Trends and Prospects. 1967 (Freedom from Hunger Campaign 
Study No. 1«). 

INTERNATIONAL BANK FOR RECONSTRUCTION AND DKVELOPMKNT 

World Bank Atlas: Population and per capita. Product, 3 vols., Washington, U.C. 

OTHER SOIJRl'KK 

Cembureau Statistical Reviere (Paris) 1968. 

Chilien.   B. D.   "Materials   lTsage   in   New   Buildings",   Building   Vol. 212, 
January 1967 

Köppen-Geigei. Klima  der Erde [map],  revised  by R. Ceiger and W. Pohl; 
Justus Perthes. Darmstadt, 1953. 

Sante, F.-I. van and E. K. H. Wulkan, Plastics in Building, Bouwcentrum, 
Rotterdam, 1967. 



UNIDO MONOGRAPHS ON INDUSTRIALIZATION OF DEVELOPING COUNTRIES: 

PROB ¿EMS AND PROSPECTS 

No.   1. Non-ferrous m * tais industry 
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