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ABSTRACT

Following the disintegration of the former Yugoslavia. war distractions on one

hand and major migration of the people on the other. the existing housing shortage in that

region became more acute. The lack of large scale housing developments. weak and

unstable economies in newly established countries. and transition towards privatization

have resulted in a change in the main carrier in the housing industry from large construction

companies to small-scale private ones. Technologically. however. the home-building

industry is going "backward". adopting the use of conventional masonry as a main building

method. which results in extended construction time and high prices.

The objective of this thesis is to identify alternative building systems for low rise

housing. that can be applied to the market of countries of the former Yugoslavia. Six

building systems. developed and produced in Canada. have been selected for this purpose.

In order to compare them to existing system. the set of criteria for evaluation is developed.

based on three major aspects: the technical aspect deals with codes and regulations.

implementation. durability and other physical characteristics of building systems: the

economic aspect compares costs: and the psychological aspect investigates the level of

acceptance from both the builders' and homeowners' point of view.

The results of this research prove the complexity of the issue of technology

transfer. Even though ail evaluated building systems showed technical and. particularly

economical improvements over the existing masonry. it is the issue of cultural acceptance

that is the determining factor in the success of a new product. That is the main reason why

building systems based on concrete would more likely be accepted over "Iight" frame

systems. These results could provide directions of possible export opportunities for

Canada's manufacturers of construction materials and components.
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RÉSUMÉ

Après la désintégration de l'ancienne Yougoslavie. les conséquences des guerres

d'une part et la forte migration de la population d'autre part. a entraîné un accroissement de

la demande dans le marché du logement. Le manque de construction de logement à grande

échelle. une économie fragile et instable dans les pays récemment formés. la transition vers

une privatisation des marchés ont eu pour conséquence de déplacer dans l'industrie du

logement les entreprises principales de grandes compagnies de construction vers des

compagnies de petite échelle. Cependant. technologiquement. l'industrie du logement

évolue "à reculons" en adoptant la maçonnerie conventionelle comme système de

construction principal. ce qui a entraîné une hausse du temps de construction et des prix

plus élevés.

Cette thèse a pour but d'identifier des systèmes de construction alternatifs pour des

logements de petite taille qui pourraient être appliqués sur le marché des pays de l'ex­

Yougoslavie. Six types de constructions conçus et produits au Canada ont été selectionnés

à cet endroit. Pour les comparer avec les systèmes existants. j'ai développé un ensemble de

critères d'évaluation reposant sur 3 aspects principaux: l'aspect technique concerne les

codes et régulations. la mise en place. la durabilité et d'autres caractéristiques physiques

des systèmes de l:u'-Istruction. les aspects économiques compare les prix. et l'aspect

psychologique permet l'analyse du niveau d'acceptation du point de vue du constructeur et

de l'acheteur.

Les résultats de cette recherche démontrent à quel point les transferts de technologie

sont complexes. Même si tous les systèmes de constructions évalués ont montré des

améliorations techniques et même économiques par rapport à la maçonnerie traditionelle. le

problème de l'acceptation culturelle est le facteur qui peut détenniner le succès du nouveau

produit. C'est la raison principale pour laquelle les systèmes de construction en béton

auront plus de chance d'être acceptés face à des structures dites "légères". Ces résultats
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pourraient éventuellement indiquer des directions possibles pour les producteurs de matériel

et d'éléments de construction Canadiens.
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CRAPTER 1: INTRODUCTION

A significant part of the home-building industry in Canada is dedicated to worldwide

export. Each market has its own specifie requirements. however. and one universal for­

mula can not be applied everywhere. Thorough research of a targeted market is needed

prior to determining a product's feasibility.

This study deals with the potential for export by Canada's home-building industry to

the countries of the former Yugoslavia. Analysis of conditions of housing markets in these

countries will identify existing shortcomings and needs. Further. by developing criteria

for cvaluation and reviewing selected Canadian building systems. the author is better

equipped to propose the guidelines for possible export opportunities for Canada's manu­

facturers of construction materials and components.

This introductory chapter is intended to present a general idea of what the study

involves. The rationale of the study will set the background for stating the research ques­

tion and objectives. Finally. the methodology used to develop this research is presented.

1.1. RATIONALE FOR THE STUDY

Unreasonably high construction priees. an inadequate building system that involves

extended construction time. a building industry that offers a limited assortment of materi­

ais and components. and lack of sufficient financial assistance. bath for developers and

prasperous buyers. are the problems that burden housing markets in the newly established

countries of former Yugoslavia (COFY). Ali of these problems are connected in a vicious

circle. and cannot be solved individually. The author is aware that an examination of

financial issues is essential in arder to arrive at a solution to housing shortages. and that



•

•

without adequate mortgage or loan programs from the governments. the situation in build­

ing industries in the COFY cannot be improved. However. the author of this thesis will

attempt to examine the other. technical side of the problem. The lack of alternatives is

forcing construction companies to go "technologically backwards" by retuming to the use

of masonry as the main low-rise single-family house building system. Its shortcomings

include: high priee. extended implementation lime and. often. inadequate quality. Il is

important. therefore. to investigate what can be done to improve this.

The introduction of alternative building systems in the local housing market could

be a part of the solution. In arder to be accepted and effective. new building systems

should offer better quai ity houses. reduced priee. reduced construction time and the poten­

tial for use of local labour. whieh itself. would be more cost-effective. Il should also be

flexible enough to adapt to the requirements of local building codes. The introduction of

alternative building systems would also create competition in the local building industries.

thereby decreasing unreasonably high priees of the materials and components. Ail of these

could create sorne equilibrium in the home-building industries of the COFY. making the

solution of housing problems more accessible to the potential buyers. and therefore. in­

crease the production of new. better quality houses.

As a world leader in building technology. Canada can play a significant role by shar­

ing its experiences and by becoming directly involved in housing production in the COFY

region. Canadian-made houses are exported throughout the world. and they are proving

their adaptability and high quality in different c1imates. Canada Mortgage and Housing

Corporation (CMHC) is researching the possibilities for Canada's housing sector to export

ta countries of Central and Eastern Europe (CEE) since the early 1990s. Their findings

have helped to establish cooperation between Canadian builders and manufacturers and

housing markets of CEE countries. and as a result. Canadian bctter quality houses are

being built in Russia. Ukraine. Poland. the Czech Republic. Hungary. Siovakia. and in

other countries. Due to a politieal turbulence and the civil war. the countries of former

2
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Yugoslavia. with the exception of Siovenia and Croatia. were omitted from these studies.

Nevertheless. sorne analogies with the situation in other CEE countries can he drawn: vast

housing shortage. economic recession. similar rnethod of building low-rise housing. and

similar living standards.

As an architect interested in housing. and especially in building technology issues

which can significantly improve the efficiency and quality of houses. the author of this

thesis intends to explore and examine different products used by the Canadian home-building

industry. in order to find out at which level technology transfer is possible. Coming from

that part of the Europe. and being familiar with local housing industry, building codes and

existing market. as weil as with cultural background. the author will try to establish the

basis for more detailed research which could lead to a more extensive implementation of

Canadian products, in the future. Hopefully. this study will assist not only researchers, but

the product designers to better understand the requirements of the market in COFY.

1.2. LITERATURE REVIEW

'Tee/mology transfer' is a tenu that is Ilowadays used in differellt a:ays, but
liseflil defillitioll that Iras a currellcy ofsome twellty years refers to tire proc­
ess whereby the techniques and IUllterials developed ill olle creative field,
industry or culture are adapted to serve in otlzer creative fields, illdustries
alld cultures. (P{nde)~ 1990)

Even though this definition originated in modem times. the issue oftechnology transfer

has been present in every aspect of human activity and progress since the beginning of

civilization. Today. more than ever. the innovations and scientific discoveries outstrip the

boundarics of its original field and find application in wide range of different fields. Aiso.

the CUITent state of the world economy dictates that the manufacturing of goods and trade

goes beyond a country's borders. and inevitably moves towards globalization. [n every

aspect of production. technology and infonnation f1ow. self-sufficiency of any kind can-

3
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not fulfill the requirements of the world's new market. Architecture is no exception. on the

contrary. it was one of the first aspects of human progress that exceeded the boundaries of

geographical. cultural and technological localism. since beginning of this century.

Housing. as a part of architecture that as a reflection of cultural. sociological and

psychological characteristics ofpeoples' lives. remained more isolated from these changes

for a while. Even in the developed countries. where the progress in other fields rapidly

changes the way of everyday life. the practice of accepting innovations in the housing

industry does not often follow \Vith the same speed. There are many reasons for this: One

of them is the fact that conventional new product development is a high risk business. As

~tacFayden explained in the conference "Next generation of housing technology" held in

Orlando. in April of 1982:

"For eaclz of60 1lew produe! ideas introdueed illlo a produel developmelll
lab. there is /rardu,'are researelz and a prototype built. At that slage. the 60
initial ideas gel' knoeked dOWIl 10 abOlit 12 or 14 tlzat have some tee/mieal
viability. Business analyses drop Ihe nllmber to sir: or sevell 'whieh wulergo
furtherdeve/opl1'lellt. Halfoft/lOse enter a testùlg program and halfoftlzose.
about two or tlzree produets go illlO a commercial use. Olle commercial
Sllccess results. "

Bearing these facts in mind. the reasons behind why manufacturers of building ma-

tcrials have reservations toward accepting new products become more understandable.

The other obstruction can be regulations already in place (either over-regulation or under-

regulation), that are set for certain kind of existing structures, which can contribute to the

reluctance to accept new ideas. The term 'regulations' here does not refer only to technical

regulations. such as building codes. but also design codes and municipal regulations which

govern the planning of the community. as weil as the regulations of financial institutions

which play the major role in providing the sufficient means for new developments. Over-

coming these obstacles can be a long and exhausting process, which can be additionally

influenced by fluctuation in the housing market. changes in the economy. real estates prices

4
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and interest rates. It is no wonder then. that even the most enthusiastic developers can find

themselves sometimes discouraged by aH these obstructions. whieh. together with the ex-

isting conservatism of potential homebuyers. are shaping today's housing market.

However. it would he wrong to conclude that the housing industry remained at the

tail-end of technologieal progress. The idea of factory produced buildings started with Sir

Joseph Paxton and his Crystal Palace in London. and the Victoria Regia water-lily house in

Chatsworth. as early as the middle of nineteenth century. But. it was at the beginning of

our century when this became an issue of serious consideration in housing. The architects

of the Modem Movement realized that industrialization in housing could he an efficient

solution. especially in the Europe. which was recovering from the destruction resulting

l'rom World War I. and where the shortage of housing was an acute problem. At the same

time. on the other side of Atlantic ocean. the years of economie depression brought a new

challenge for architects in the domain of housing. The need for small. aCfordable and fast-

built houses emerged. and many manufacturers and designers undertook a task to develop

an ideal model for the market. The idea of industrial-made houses (the housing equivalent

to the Ford assembly line) was adopted as one of the possible solutions. and even the U.S.

Department of Commerce officially defined the prefabrication:

"A prefabricated home is one Izaving ..val/s, partitions. floors. ceiling a1ld/
or roof composed of sections of pallels varyillg in si:e which have beell
!abricated in afactory prior 10 erection ollthe bttild;'zgfolilulatio1l. This is
in cOll/rast ta the cOllvelltionally built home u'hich is constructed piece hy
piece on the site". (Herbert. 1984).

Even though the concept of the "Ford assembly line" was not immediately and liter-

ally adopted in the housing industry. during the years the process of building the house has

gradually shifted from the site to the factories. Especially in developed countries. where

the high priee of labour seriously affects the total priee of the houses and requires high

efficiency at reduced implementation time. almost ail components are produced in facto-

5
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ries. even if the house is not itself considered to he prefabricated. In other parts of the

worId. also. this process is taking place. although not with the same speed everywhere.

The demand for housing in sorne parts of the world is an issue that requires immedi-

ate solutions. Even though the greatest demands are for minimum cost housing solutions,

the question of fast and efficient building of houses intended for the middle and even

higher income populations should not be overlooked.

New materials and technologies developed over time. are spreading around the world.

intluencing local ways of building houses in different ways and at different levels. and

sIowly but irrevocably change the indigenous housing in many parts of the world. Sorne

authors argue that imposing new technologies in housing speeds up this process and de-

stroys the historical and cultural heritage of the region. The author certainly agrees with

that. But. the example of the region of the countries of former Yugoslavia can probably

speak for other parts of the world. also. Traditional houses. in terms of their look. layout.

and building technology they were built with. do not exist any more. Diversities in cli-

mate. available materials and influences from neighbouring regions have resulted in the

development of several types of traditional houses in that relatively small region. 1 But in

the last 40 - 50 years it has changed. and the only way ofbuilding houses is that which uses

semi-industrialized masonry in combination with reinforced concrete. Even the difference

between rural and urban single-family house does not exist any more. Along with the

other social and economical changes. brought by the modem lifestyle. the structure of the

family unit is also changing. and demands different solutions for contemporary housing.

Therefore. if the contemporary building technology that is in use in that region does not

fully satisfy the need for efficiency and quality at an affordable priee. there is no reason

why alternative technology should not be introduced.

1 Along the Adriatic coast and in Monlencgro. houses \Vere traditionally built with stone masonf)', ln the
north. in Panonic Plane. adobe was the main building material. in Serbia and Maccdonia. the structure was
heavy-lirnher wilh brick infills. and in the pans of Slovcnia. Bosnia and Serbia which are rich in forcslry.
log houses "":cre vcry cornmon.

6
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Exporting housing has become a growing practice in Canada in recent years. Pen­

etrating a foreign market and introducing new products is not an easy task for any manu­

facturer. In the home-building industry. this can be even more difficult because of the

conservatism that exists not only among the potential users (i.e. homebuyers). but also

among the local builders and developers themselves who would rather stay inertly "on the

safe side". without any attempt to improve their methods and products (Friedman. 1991).

Entering the market of a foreign country. the process can be made even more difficult.

because of the influence of various conditions. Clirnatic and other naturaI conditions.

local building codes and legislation. the question of affordability and different priee ranges.

and social and cultural acceptance are just sorne of them. In order to succeed. every ex­

porter should undertake detailed research pn(\f to entering the new market. to find out the

local people's preferences. and to adapt the product to make it most acceptable to them.

Canada Mortgage and Housing Corporation (CMHC) is researching foreign housing

markets in order to identify their needs. and to help to promote and encourage the export of

the Canada's home-building industry products. Their publications. even those not directly

involved with the topic of this thesis. have been of great help to the author in terms of

providing background knowledge about the issues oftechnology transferto the other coun­

tries. ils relation to the local cultures. building industries and economies.

\Vith regard to technology lransfer. the first question that immediately arise is the

question of the economic justification. In the CMHC's workshop on housing opportunities

in Central and Eastern Europe in Montebello. 1993. sorne very important findings are

prcsented. Bill Teron of Teron International and Carlo Testa of Intelco presented their

'tield' experiences . as builders operating within the Eastern European market for sorne

times. Mr. Carlo Testa pointed out: "If construction costs for a house are 55000 in Russia.

[ have to make a house for 54200. and achieve Canadian quality at the same time". This he

daims to be able to do.

Canada's home building industry proved itself as one of the world leaders in this

7
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field with its quality. efficieney and priees. and it is entering the worldwide market as a

strong competitor with the others. Canada has proven its leading role in the area af build­

ing science. The variaus materials and campanents that transform the framing into a com­

plete home have continued to evolve rapidly. Sorne Canadian innovations have progressed

to the point that thcy compete against wood-frame itself. Metals. plastics and concrete

composites are now positioning themselves. along with the advanced wood-composite

products. ta provide premium quality houses (Canada's Exportable HOllSillg, 1995).

1.3. RESEARCH QUESTION

What are the appropriate alternative building systems that couId be applied to the

housing market of the countries of Former Yugoslavia (COFY). in order to speed up con­

struction. and achieve good quality at affordable priees?

SUB-QUESTIONS:

Which types of building envelopes used in Canada's housing industry can meet build­

ing codes of COFY?

How will the home building industry of COFY implement new construction meth-

ods?

1.4. l"IETHOnOLOGY

In arder to answer the research questions. the author will use the following methods:

FirsL the criteria for the evaluation will be established. based on: building codes.

current availability in local building industry. need for highly qualified labour. and con­

sumer acceptance.

The second part will present a review of relevant Canadian building systems for

8
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housing that are presently exported worldwide. Even though there are many different

building systems in the current market. the author chooses to limit this thesis to a review of

several systems which are essentially different from one other in basic principles. and

which are already being exported. preferably into Central and Eastern European countries.

Therefore the valuable experience of their exporters is included in the evaluation. The

selected building systems are:

- wood-frame prefabricated structural system.

- Iight-weight steel frame building system.

- concrete 1 foam core sandwich panel system.

- plywood 1 foam core sandwich panel system.

- permanent insulated formwork 1concrete system.

- PYC extrusion permanent form / concrete system.

Following that. each of the reviewed building systems will be evaluated. and com­

pared to conventional masonry work that is commonly used in those part of Europe. This

thesis will take the fonn of a critical review rather than exact rating.

To successfully complete this task. the author has undertaken thorough research in

arder ta familiarize herself c10sely with ail of these building systems. through books and

CMHC publications. the Internet and direct contacts with builders and building system

manufacturers.

1.5. OUTLINE OF THE THESIS

This study is organized into five chapters. In the introductory chapter. the author

presents the rationale of the study and the subject of research. a~ weil as the research

question. The methodology used to develop this research is also presented.

Chapter 2 (Housing in the COFY) consists of three main sections. The first part

presents characteristics that are common to ail five newly established countries. such as:

9
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existing housing conditions in the COFY. shortcomings and the reasons for their existence,

and the state of the home-building industry. The second part presents each of the countries

separately. and points to significam economical differences between them. The third sec­

tion describes the building system for low-rise. single-family houses currently in use in

that region.

Chapter 3 (Forrning evaluation criteria for the selection ofbuilding systems) presents

the process of creating the main tool for this research. The set of criteria. which approach

the evaluation from technical. economic and psychological aspects. based on local build­

ing codes. CUITent prices and home-buyers preferences. is defined.

Chapter 4 (Evaluated building systems) presents and analyzes selected building sys­

tems according to criteria established earlier. Short recommendations for possible adjust­

ments to each separate building system are also given.

Chapter 5 (Summary and conclusion) is the final chapter. The author provides an

analysis of findings. and outlines recommendations for possible methods of exporting

Canada's home-building industry products to the COFY.

10
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HOUSING IN THE COUNTRIES OF FORMER YUGOSLAVIA

2.1. INTRODUCTION

The former Socialistic Federal Republic ofYugoslavia (SFRY) is located in the South-

eastem part of Europe. in the Balkan peninsula. The federation disintegrated recently into

tïve independent countries: Sloveni~Croatia. Bosnia and Herzegovina. Former Yugoslav

Republic of Macedonia (FRYOM). and the federation of Serbia and Montenegro (which

retained the name Federal Republic of Yugoslavia).

Figure 2.1 : New COUnlries which arose after the disintegration of former Yugoslavia.
Source: Internet: \\'wu:/ib.I1texas.edlll/ibslpcI!J.Wap_co/lt:ctiollleliropeiFomler_Ytlgos/a\'ia.jpg

Retriel'edfrom \Vor!d lVide \Veb. Jalllwry 1997.•
•,

AcIdalie

Sea

--
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During the past seven years since gaining independence. ail of these countries have

faced not only political challenges connected with the establishing the new states. but also

economic troubles. The loss of a common market and resources. high inflation rates, and

a decline in industrial output are just sorne of the problems. whieh were magnified by the

difficulties of transition processes toward privatization. ln addition. wars in Croatia and

Bosnia and Herzegovina between ethnie groups resulted in large scale destruction of in­

dustrial capacity. housing. infrastructure. communications and trade channels. At that time.

massi ve migration of the population occurred in order to escape war effected areas. 2 Il is

only since 1994 and 1995 that the economies in the COFY have shown a certain amount of

growth. but. with the exception of Siovenia. they are still far from achieving the economie

standard wh ich they had in 1980s.

Housing shortages of varying degrees exisls in every one of COFY. especially in

urban areas. There are several reasons for this: problems inherited from the period of

former SFRY. weak economies which severely influenced the purchasing power of the

population. the lack of sufficient financing programs which would help both developers

and buyers. almost total extinction of publicly owned rentaI units. which made up 35% of

total housing stock bcfore 1991. and the inability of the building industry to efficiently

adapt ta new circumstances.

2.2. BACKGROUND: HOUSING POLITICS IN SFR YUGOSLAVIA (1945· 1991)

ln the first part of this chapter, the author of this report will give an overview of

hOllsing politics during the years before disintegration. because it greatly intluenced the

present housing situation in the COFY.

2 According to UNHCR data. thcrc is more than 700.000 rcfugees registercd in FR Yugoslavia. 380.000 in
Croatia and 320.000 in Bosnia and HerJ:egovina. Thcrc is. also. signifïcant numbcr of rcfugees from former
Yugoslavia in other European countrics. as weil as in Canada and United States.

12



• After World War lI, only 19% of the population of SFR Yugoslavia lived in urban

areas. Rapid industrialization. along with the low agricultural prices resulted in migration

of the people From rural areas. and by 1991. more than 50% of the population Iived in the

cities. Housing was an important part of the construction industry: more than 3.5 million

dwelling units were built over the 1953 - 1984 period. About one third of this was built

with public money. and the rest with private resources.

Unlike sorne of the other Eastern European countries, in SFRY. social and private

sectors could be clearly distinguished. The two types of producers operated under com­

pletely different conditions. Several housing reforrns had been introduced between 1945-

1991. in order to decentralize housing from government by the state. In these reforms

attention was given predominantly to new housing production by the social sector (i.e. of

building companies being 'state companies' in the first period, 'enterprises' in the second.

and 'basic organizations of associated labour' in the third period beginning in 1974) (Maildie.

/992). The entire social sector was predominantly oriented toward high-rise apartment

buildings in urban areas. This type of housing production has been perceived as virtually

the only promoter of housing provision. and was supported with the best site and serviced

land. and financing through favorable loans from commercial banks. Figure 2.2 shows

Dwelling units built

Figure 2.2: Dwelling units built in SFR Yugoslavia and thc rclations bctwccn two sectors.
Source: Yugos/avia: srarisrica/ revie',' /9-15 - /985 (/986).•

250

200-Q
~ 150
~-J! 100
'2
:1

50

o+--._..._~ ....~__..._ ..._~_....__....~_...

• privllte

o soci"

13



•

•

that even in the most successful years social sector production did not exceed 40% of total

dwellings huile and in the beginning of the 1980s. only about one-fifth of ail dwellings in

the existing housing stock was socially owned (Nord, /992).

Rea.."ons for this disproportion couId he found in the way that the social housing

sector \Va" organized. Almost the entire housing stock in this forro was built as rentai

property. This type of housing was extremely desirable because of very low rents) Natu-

rally. these amounts were not enough to pay for even the basic maintenance of the build-

ing. not to mention for providing enough funds for further investments. On the other hand.

'close relations' between large building companies and the municipal-level state adminis-

tration provided each large building company with its own 'municipal terrain' and opportu-

nities for housing construction there. Competition between construction companies were

avoided. and the building industry easily kept the supplY weil below demand. Under these

circumstances. prices could rise beyond ail rationallimits (Maildie. /992). What usually

happened was thae faced with excess labour capacity brought about by declining eco-

nomic activity. construction companies tended to stretch out the completion of housing

projects as long as possible in order to keep the work force occupied. Housing authorities

had little incentive to control costs. since they received funding with easy repayment terms

from the central govemment (Telgarsl...y·, /991).

2.2.1. SOCIAL SECTOR

Big construction companies with usua]]y more than 1000 employees were the main

carriers of the construction business in the social sector during the existence of SFR Yugo-

slavia:~ They were organized ta be completely self-sufficient: with their own design de­

partment with several teams of architects. technicians and draughts-people. urban plan-

3 ln 191'\3. no more than l.8Ci( of ail houscho1d cxpenscs went on housing. as comparcd. for cx:amp1c.
with 5.59c- for tobacco and bcverages (Nord, /992: Srarisricki godislljak. /986).
-t ln 1987. in Yugoslavia's building induslry cxistcd 87 companies with more than 1.000 crnployces cach.
whilc in sarnc year. in United Stales was 77 cornpanics of(hal size (A1lfwa/ bul/erin olhousillg alld building
srarisrics. /(92).
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ners. civil and mechanical engineering departments. Besides that. there was a large bu-

reaucratic force of managers. accountants and market specialists. Every company also had

its own operative department with several hundred or even thousand employees. mainly

craftsmen and their apprentices and complete mechanical facilities. They were often spe-

cialized in other types of building as weil as housing.

Figure 2.3: Thc Ncw Zagreb housing cstalc.
Source: G.P. 'Tempo' (1980).

The main structural material in SFRY was (and still is) reinforced concrete. Steel

structures have never been very popular even for a commercial buildings because of the

high priee of good quality structural steel. and because of the lack of qualified craftsmen to

build them. In the period of highest production of those large scale apanment blocks that

are the main characteristic of the social sector housing. industrialized building technolo-
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gies have been used.5 The principles of prefabrication was a major consideration in the

design process. as weil as in the process of realization. Every bigger construction enter-

prise developed its own prefabrication system. and whether they were using bearing walls

or post-and-beam as a main structure. it was common for ail of them to be heavy. rein-

forced concrete elements that could only be manipulated by cranes. Even though every­

body used the unified modular system. the elements were totally incompatible between

di ffe rent construction compan ies.

After the initial enthusiasm. prefabrication became less desirable. beeause it appeared

to be very limited. Together with the lack of new large seale developments. it lead to

graduai abandance of these building systems. 50. ironically. the industrialized building

system. instead of being more affordable. failed because it did not have a chance to over-

come its inflexibility. Nowadays. when large seale housing development has ceased to

exist. the most common building system for multi-story buildings is much less industrial-

ized. The bearing structure is still made out of reinforced concrete poured on site and after

it hardens. the infilling is made of masonry.6

2.2.2. PRIVATE SECTOR

On the other hand. private sector production was (and is) oriented toward detached

family housing units in rural areas and city outskirts. This private - social sectordualism is

also noticeable in housing morphology, since intermediary types of housing such as semi-

5 The housing construction in the social sector in this pcriod resulted in thc large scale additions of nc"·
housing arcas in many of main towns. creating completely new urban areas such as New Belgrade. Split III
and South Zagreb. In New Belgrade. a new city with the population of almost 300.000 people was buih in
the area of 588 hectares. On somewhat smaller scale. Split III was built with planned 50.000 population
alongsiùc the existing city of Split. New housing areas were typically divided into neighbourhoods of 5­
10.000 inhabitants. each with their own collective infrastructure - kindergartens. primary schools. markets
and local community centres (Bassin. 198-1).
6 The architecture of housing has also changed oyer thc years. The intluence of Le Corbusier and ClAM
and the Ville Radieuse was considerable in Yugoslavia. and sequences of housing blocks up to 30 staries
high appeared in the 19605 with densities of up to 600 persons per hcctarc. Such new construction has sincc
hcen seen as undcsirable. mainly for tcchnical and safety rcasons. and now. the general maximum hcight is
up lO ninc floors.
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detached and townhouses virtually do not exist.

Individual households who built their own dwellings relied mainly on their own

financing and labour. Those who were building the houses in the private sector couId be

divided into three groups:

• unpaid and unregistered labour (self - help practice).

• paid. yet officially unregistered illegai labour.

• paid and legally registered services of small private firms. mainly craftsmen (Mandie.

/992).

The first and the second categories belong to the so called 'gray' or 'informaI' economy.

Peter Bassin ( 1984) caBs it: 'black housing'. and according to him up to 30 % of ail indi-

vidual housing is built this way (i.e. without a building permit. located in the city peripher-

ies and often without appropriate infrastructure). [n his book Tou'ard market oriented

!lOusillg seClOr ill Eastenz Europe (1991) Jeffrey Telgarsky describes:

Due to the slzortage ofbuilding lots, construction by private individu­
ais wit!lOut planning approval or permissioll to build is widespread ill ur­
han areas. The shortage is mainly a refieetion of the tOl\,'n planning proe­
ess wlzieh greatly lIIu/erestimated the demandfor lots to accommodate sin­
gle-family homes; higlzer density development offiats WllS apparently en­
visaged. Eveil '",:Izere land is available for construction of sillgle-fami/y
lI/lilS, the costs ofinfrllstructure provision is often too Izigh to be affordable
10 the house/zold. Illsread, house/lOlds build under the threat ofdemolitioll,
using old or recycled materia/s to keep costs dOU.'lllllld limit tlzeir potential
lasses. This is a competitive solution to the lzousillg s/lOrtage, but a very
lellllOliS olle.

The author of this paper would like to point out that these settlements are very much

different from the squatter housing in Latin America. for example. even though the princi-

pIes of their origin is similar. Built using solid masonry. they are usually 3 or 4 floors high.

where the ground floor is often intended to be used for commercial purposes. which pro­

vide additional income to the farnily. BuHt without formai design. they are usually over-
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sized. intended to house the extended family of the owner. Because of the high priees of

building materials. building time extends over several years. Sorne ofthese houses remain

unfinished (usually on the upper f1oors) even though the family moves in and lives down-

stairs. As the size of these settlements grew over the years. the authorities found it more

and more difficult to fight this process. and gradually the idea of demolishing was aban-

daned. especially in cases where their location did not came into conflict with the General

Urbanistic Plan. Eventually. these settlements were recognized by local planning authori-

ties. and included into the city limits.

Figure 2.4: Houses built without the permit on the outskirts of Belgrade. This seulement. Kaludjerica. has
more than 70.000 inhabitanls.
Source: P/lOwgraph by (lut/wr (/995).

2.2.3. FINANCING

Owing la the crucial role played by ane's place of work in the bid ta abtain the

tenancy right in sacial rent housing stock. a pcrson's position in the company tagether with

the success of the enterprise in making profits were important factors. Official statistics
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also confirmed that highly ski lied workers. whether white or blue collar. had a competitive

advantage and that thase with the highest positions were much better off than the rest

(Nord. 1992. quotes Statisticki bi/ten 1675. 1988: II).

Clearly. the situation was paradoxical: those with higher incarnes who could afford

to invest in building their own home actually had easier access to law rent apartments. and

the majority with more modest means were left to make their own housing arrangements.?

Lars Nord gives an example in the chapter about Yugoslavia that he wrate for the book:

Reform of IIOUSÜZg ill Easlel7z Europe and the Soviet Union (1992):

" .••110 wOllder that a survey ofyoU1zg workers' expectat;ons of IZOH! 10 filld
somewlzere to live indicated tlzal ollly a quarter of them believed t!lat allY
possibilities existed in tlze relllal sector; 15o/é IlOped to gel a loall alld build
t!lei,. o\\."n Izouse; 13o/é u'ere lucky to ùû,erit tlze dwel/illg and /29é sal\." ail
option il1 buyilzg ail apartment u'itlz borrowed money" (Nord. 1992 quoti1Zg
Be~ova1Z, 1987).

In terms of financing. individuals could finance private home-ownership by making

downpayments and obtaining loans through their work places or commercial banks.8 A

portion of housing construction funds are set aside for financing private ownership. But a

major source of private funds for households finance home ownership was (and still is)

through contributions from household members employed abroad. It is estimated that

between 1965 and 1989 over 700.000 migrant workers sent between 530 and 535 billion in

remittances back to households in Yugoslavia (Vilogorac et al.. 1990). Of this amount.

more than 70% \Vas invested in housing. although a portion was also spent on renovation

and maintenance of existing housing. Mortgage and housing loans were also provided by

ï "Il has been pointed out by a number of observers thatlhe dominant lype of the housing provision of the
uppcr social strata has bccn rentai accommodation (i.e. the Icast costly). whilc the dominant type of the
lowcr strata has been sclf-hclp building (i.e. more coslly nol only in terms of effort but also in lcrms of
finances). Such a pattern of inequalitics in housing provision may bc - with minor variation - attrihutcd 10

ail rcform periods.... (Malldie. 1992).
X "In SFRY. the commercial or the 'basic' banks were nol stale owncd. Basic banks are owncd by the
"foundcrs". Yugoslav entcrprises can crcatc banks with their own capital. Worker councils ~an also own
and manage hanks. In practicc. banks arc subservicnt to thcir founders. they are usually underdc"c1oped.
o\'crly dcccntralized and ineffïcient". (Te/garsl..:)'. 1991)
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commercial banks. but this type of financing was much less common. Onlyabout 1% of a

banks' total assets accounted for home mortgages (Vilogorac et al.. 1990).

In the late 1980s. the Govemment tried to bring sorne market discipline within the

social sector. and authorized construction of 30.000 dwellings for sale at market priees.

The response was poor however. since construction companies did not have enough work-

ing capital to finance their own developments and households were unwilling to finance

the construction with their own savings or with expensive unfavorable loans. Since 1988.

when hard budget constraints were imposed on construction enterprises. the home build-

ing industry has contracted substantially (Telgarsky. 1991).9

In the early 1990s. as a part of privatization process. the Housing Act was intro­

duced: this enabled tenants to buy the unit for which they had a tenancy right. As a result

of this. the ownership rates have been increased from 59% to more than 85% in urban

areas. In rural arealO;. the percentage of ownership has always been more than 95%. The

newly introduced economic program manage to stop inflation and started to rebuild the

economy in an effort to help the transition toward privatization. but this was not effective.

At this time. political turbulence erupted. and in June 1991. when Slovenia declared inde-

pendence. the disintegration of SFR Yugoslavia began.

9 Indices shows Ihal in 1980. in SFRY werc 632.000 cmployccs in the construction industry (in the social
sector only). ln 1986. that numher dcclincd to 94.000 and in 1986 to 86.000.
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2.3. COUNTRIES OF FORl\'IER YUGOSLAVIA; PRESENT STATUS

Even during the existence of SFRY. ail federal republics were not equally developed.

either economicaHy or industriaIly. This. along with the additional economical collapse

which occurred with the break-up of the country. and difficulties produced in sorne coun-

tries by war. affected the status quo drarnatically. The next section of this chapter will

present a brief introduction of each of the newly-established countries. describing their

economic status and its affect on the housing in those countries. with the aim of pointing

out possibilities for future developments in the home-building industry.IO

Population
Density

UrbanizationCOUNTRY (population
(million) per km:!) level (%)

Slovenia 2.05 1 98.2
1

50.11

Croatia 4.80 j 54.5 54.31
1

Bosnia and Herzegovina 3.20
,

1
1 - -1

FR Yugoslavia
1

10.52
1

102.9 1 51.31

1

FYRü Macedonia
1

1.95 1 80.7 58.7i
1

Table 2.1: Population density and urbanization Ic\'cl in the countrics of fonner Yugosla\·ia.
Source: World Bank. UN srarisrics. Go\'emmental srarisric offices (1998).

2.3.1. SLOVENIA

Ol'ervie.......: Slovenia is located in the North-\Vestern part of the region that was occu­

pied by Former Yugoslavia. with a total area of 20.300 krn2. It borders on Italy, Austria.

Hungary and Croatia. and it has short coast ta the Adriatic Sea. Slovenia's climate is

l'vlediterranean at the coast. and continental inland. with mild to hot summers and cold

winters. The total population reached 2.05 miHion in 1995. of which about 50% lives in

urban areas. The largest city is Ljubljana. the capital. with a population of 330,000.

10 Sources for ail statistical data in this chaptcr are: Economist Intclligcnce Unit. World Bank. UN statistics
and local go\'crnrncnt slatistics.
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Siovenia is economically the most prosperous country of ail the countries of former

Yugoslavia. as weil as of the other couotnes of Central and Eastern Europe. The Gross

Domestic Product (GDP) per head was USS 9.326 in 1996. and the inflation is controlled

under 9.7Cfc per year. The average monthly salary in same year was USS 610. The unem­

ployment rate is a relatively high 14.4Cfc. Siovenia is member of GATI. European Free

Trade Agreement (EFfA). and the Central European Free Trade Agreement (CEFfA). It is

also a founding member of World Trade Organization (WTO). and has the association

agreement with European Union.

H OllSÙZg conditions: The 1991 Housing Act and 1993 Law of Denational ization regu­

lated the possibilities of buying socially owned dwelling units and returning nationalized

units to their fonner owners. As a result. in 1994 88% of total dwelling units in Siovenia

were privately owned and owner occupied. The rest (12%) are for rent and are divided

between publicly owned (99'c) and privately owned (3%). The average fIoor space is 30

m2 per person. which is generous compared to regional standards. but insufficient in real­

ity indicating the existence of sorne overcrowding. Water and electric power supplies are

ful1y comparable to Western European standards.

HOllsùZg market: The average price ofnew houses in Siovenia is approximately USS

87.600. Bearing in rnind that the average annual wage is USS 7277. it is easy to conclude

that the ratio between the price of the house and incorne is quite high (alrnost (2). How­

cver. there are several ways of financing the building of new homes. Besides using private

savings in hard currency. there are loans available. provided by banks. which will rernain

state-run for sorne times. There is also a National Housing Fund which grants the loans for

commur:ity groups for building non-profit rentai houses.

According to the 1994 statistics. there are 642.000 households in Siovenia. com­

pared to 620.000 housing units. which creates a shortage of about 20.000 units .
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2.3.2. CROATIA

Overview: Croatia has a long coast to the Adriatic Sea and it borders Slovenia. Hun­

gary. FR Yugoslavia and Bosnia and Herzegovina. Diversity in topography results in c1i­

matic variation: Mediterranean along the coast. continental with cold winters and hot SUffi­

mers in the highlands. low mountains and flat planes. Natural disasters include frequent

and vigorous earthquakes. The population of Croatia is 4.8 million (excluding 380.000

refugees): the percentage of urban population is 54%. The capital city is Zagreb. with

727.000 inhabitants.

Economically. Croatia holds second place among the countries which emerged after

the disintegration of the former Yugoslavia. but il is still far behind Siovenia. The gross

domestic product per head in 1996 was USS 3.972. The inflation rate is weil under control

and il is lowest in the region: 3.5%. In recent years. the Croatian economy is showing

consistent growth. it should be pointed out that it contracted more than 35% between the

1990 and 1994. due to the war. The average wage in 1995 was USS 355.

HOliSillg conditions: After the 1991 law of privatization of socially-owned dwell­

ings. the percentage of owner-occupied units reached 85'7c. Publicly owned rentai units

make up the next 10%. and privately owned units for rent are 4Ck of the total number of

dwelling. The average floor space per persan is 22.1 m2 (21 m2 in Zagreb). which is low

by European standards. Large migrations to urban areas has produced a deficit in dwelling

units in lhe cilies. while approximately 8% of the houses in rural areas are currently vacant.

The urban population enjoys higher quality houses (water supply. electricity. sewage and

cven district heating). because the urban areas have traditionally attracted larger share of

government investments in infrastructure and services. Still. substandard houses makes

up 14CJc- of the total housing stock in Zagreb.

The acute shortage in dwelling units was increased by war destruction. ft is esti­

mated that more than 27.000 houses and 210.000 apartments were destroyed between 1991

and 1993 in Croatia.
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Housillg market: The production of new houses in Croatia decreased drarnatically in

the early 1990s: only 9.700 new unils \Vere buill in 1994. The reason for this is decreased

governments investmenl in housing. and insufficient private investments. The cost of new

houses has increased 10 USS I. 115 per m2 (USS 104 per sq. fL). land excluded, and wilh-

out appropriale financial help from the banks and agencies. it is impossible to buy a house

\Vith an average annual incorne of USS 4.260. Currently, the main financial source for the

purchase of new housing is private savings in hard currency.

Il is eSlimated that CUITent demand for housing in Croatia is 10,000 units per year.

This number excludes the nurnber of 210.000 units urgently needed to compensate for the

war damage. Even though the Croatian govemment provided USS 19.8 million for this

purpose, without international help this task can not be fulfilled.

1 1 1

Bosnia and

1

FR 1 FYRO
COUNTRY Slovenia Croatia Herzegovina Yugoslavia j Macedonia

1

GDP (5 bn) 1 18.6 J 19.1
1

1.7 , 15.7 ! 4.5
1

GDP per head (5)
1

9.326 1 3.972
1

501
1

1.489
i

2.2631
1 1

Consumer priee 1
1

1 1

1

1

1
9.7 3.5 93.1 1 3.0

innation (~) 1 - 1

1 1 11

CUITent aeeount balance
1

0.0 1 -1.5 1 -1.7 -0.3

1

($ bn); 1

1

-
7ê of GD? 0.3 ! -7.6 -10.6 -6.5

1 i

1

1

1
1

Exports of goods (S bn) 8.3 ! 4.6 - 1.8 1.2
1

Imports of goods (Sbn)
1

9.3 1 6.8
1

4.1
i

1.5-
11

Table 2.2: Comparative economic indicators. 1996
Source: ElU, Country Profiles. 1997-98

2.3.3. BOSNIAAND HERZEGOVINA

O\'en:ieu': The Republic of Bosnia and Herzego\'ina is located in the central part of

the region. bordering Croatia in the North and \Vest. and FR YugosIavia in South-East and

East. The] 2 km long coast provides access to the Adriatic sea. The climate is ~1editerra-
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nean along the coast and deep inland along the Neretva river valley. and continental. with

cald winters and wann summers in the rest of the country. Western and central parts of the

country are characterized by the Dinaric mountains and highlands. The terrain lowers

gradually. f1attening into plains in the north and north-east along the Sava river. Sorne

parts in the north and entire southern part of the country are seismically unstable. Accord-

ing ta the last census held in 1991. the total population of Bosnia and Herzegovina was 4.4

million. But in 1995. the UNHCR estimated that population declined by more than 1

million."

Bosnia and Herzegovina was severely devastated during the four year war between

three ethnie groups: Serbs. Muslims and Croats. The war ended with the Dayton agree-

ment in November 1995. According to the constitution set up at that time. the Republic of

Basnia and Herzegovina consists of two entities. the Federation of Bosnia and Herzegovina

and Republika Srpska (RS) in a loose state. The war brought total economic collapse: the

gross domestic praduct (GDP) per head was USS 501 in 1995. compared to USS 1.979 in

1991. Much industrial capacity was destroyed. as well as housing. infrastructure. commu-

nications and trade channels. Post-war reconstruction will almost certainly be the main

purpose for building activity in the near future. According to World Bank reports. over

250.000 jobs have been created through reconstruction-related activities. Still. the unem-

ployment rate remained very high: over 50% in mid-1997. The recovery process has been

territorially uneven. with the Federation doing better than RS. The average wage in the

Federation reached USS 170 in the first quarter of 1997. and in the RS it was only USS 45.

Widespread poverty will rcmain as humanitarian assistance to thc rcgion declines. and the

effects of economic recovcry take time to be felL

HOlisillg conditions: Pre-war housing stock in Bosnia and Herzegovina was esti-

mated at 1.3 million units. of which 80% were privately owned. The quality of the con-

Il Thc United Nations High Commission for Rcfugees (UNHCR, cstimatcd that around 250.000 werc
killed. whilc others Oed to escape the war. In addition. there is around 300.000 people settlcd in from olhcr
parts of fonncr Yugoslavia.
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struction was high: almost half of the housing stock having been built after 1971. and more

than 90~ after 1945. The pre-war percentage of the urban population was 62%. but mas-

si ve migrations occurred during the war when people headed to cities in order to escape

destruction. 12 As a result. the pre-war population in sorne cities alrnost doubled. This put

a great strain on housing. infrastructure and other services in towns. while large parts of the

country have become underpopulated. A govemrnent survey in 1995 estimated that 63%

of housing units have sustained at least sorne damage. and 18'7c of units have been de-

stroyed (defined as more than 60% damage to the property).

Obviously. the priorities are to house the displaced people and to increase usable

stock by repair and reconstruction. Sorne reconstruction activities are already taking place.

but there are many obstacles. such as an inadequate supply of building materials. infra-

structure and financial resources. as weil as conflicting ownership claims. 13 However. it is

cIear that immediate solutions cannot be achieved without the help of the international

community.

2.3.4. FEDERAL REPUBLIC OF YUGOSLAVIA

O\'erl'iew: FR Yugoslavia is the largest country to ernerge after the disintegration of

the former SFRY. both by territory and the population. It consists of two federal units.

Serbia and Montenegro. It borders Hungary in the North. Romania and Bulgaria to the

East. Macedonia and Albania to the South. and Bosnia and Herzegovina and Croatia to the

\Vest. The terrain is characterized by fertile plains in the north - part of the Panonic Plain.

low hills in the central part and tall mountains in the castern and western parts of the

country. The 200 km long Adriatic coast provides direct contact with the Mediterranean

region through Bar port. The other means of access is through the Danube and Sava rivers.

12 Accordin5! to the local definitions. the tenn "urban" rcfers to cities wilh more than 50.000 inhabitants.
13 Both Cro;tia and Bosnia and Herl.egovina passed wartime housing laws. which are still in cffect. that
cm power their go"crnrnents to confiscate homes abandoned by citizens tleeing cthnie violence. Sorne peo­
ple tricd to rctum aftcr the war. only to lïnd that their homcs wcrc "rcassigned".
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which have three large ports: Belgrade. Novi Sad and Apatin. The c1imate is Mediterra­

nean along the coast and continental inland. The population of FR Yugoslavia is 10.5

million. but this number excludes more than 725.(K)() refugees from the war in Bosnia and

Croatia.l~ The capital is Belgrade. with a population of almost 2 million.

The collapse of the economy caused by the break-up of the former Yugoslavia in

1991. and the western sanctions against Serbia-Montenegro introduced in 1992. led to

hyperintlation of 117 trillion %. in 1993. Although an economic stabilization program

introduced in early 1994 result in big improvement. the economy of FR Yugoslavia is still

very weak. Even if this growth continues at the same rate over the next decade. in 2007

Yugoslav GDP percapita will be only one third ofwhat it was in 1980. (Kostie, 1997) The

inflation rate by the end of 1996 was 93%. and the GDP barely reached USS 1.500. The

obstructions in the process of privatization and internai pol itical instability are the greatest

obstacles in economic recovery. The unemployment rate is still high at over 26%. The

average monthly wage in April 1998 wa.;; USS 90 (Can$ 125). but many people earn a

living through different kinds of black market activities. 15

Holtsing conditions: According to the 1995 statistics. there were 3.124.000 dwelling

units in FR Yugoslavia. out of which 52% were in urban areas. with average of 3.4 persons

per unit. Average useful space per person is 20.0 m2. which is considered very low by

European standards. 16 As in the other countries. the Housing Act enables the tenants in

publicly owned rentai units to buy them under relatively favourable conditions. Still. there

is an acute housing shortage in urban areas. especially in Belgrade where the population

1~ According ta the information of UN High Commission for Rcfugccs (UNCHR) and Republican Com­
missariat for Refugecs of Serbia. in 1995 thcre were 725.526 rcgistcrcd rcfugees in FR Yugoslavia.
15 "Yugoslavia is still cxcluded from international fïnancial institutions. which means that there are no
international sources of statistics ahout the country. The [MF. the World Bank. the DECO and the European
Bank for Reconstruction and Oevcloprnent (EBRO). do not publish data for Yugoslavia. Ail data presented
arc relying on national sources. which have had to fill a big breach". (Cmllltry profile: t'ugoslw"ia. !\tlacedo­
Ilia. /997-98).
16 As it \Vas mentioned before. this data does not includc more than 700.000 rcfugecs. Of this number.
more than half (330.000) lives with close relatives or friends.
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has significantly grown in recent years. while there are vacant houses in rural areas.

HOllsing market: Although the share of construction in the total GDP is 6.7%. the

production of new homes is lagging behind eonsiderably. The main reason for this is the

high disparity between the average incorne and the cost of the house. The average price of

a new house in Belgrade is currently CanS 750 - 1100 per m2. which is equivalent to a

priee of close to CanS 100.000. for a house. land excluded. The lack of financial assistance

makes it almost impossible for an average family to solve its housing problem. Only those

in the upper incorne strata and those whose family members work abroad can afford to buy

a house by paying cash. The rest are left on their own. to try to obtain the house by relying

on self-help practice. building the house in stages. as they save the money for materials.

2.3.5. FORMER YUGOSLAV REPUBLIC OF MACEDONIA

Over\'Ïe...v: FYR of Macedonia is the most southem of ail the countries of former

Yugoslavia. It borders FR Yugoslavia in the North. Bulgaria in the East. Greece in the

South and Albania in the West. The climate is continental and the hottest month is July.

with average temperature of 25'C. and the coldest is January with average temperature of -

3'C. It is also a seismically unstable area. 17 According to the 1994 census. the total popu­

lation of the country is 1.95 million. with the capital Skopje having 403.000 inhabitants.

Even during the existence of SFR Yugoslavia. Macedonia was the poorest republic.

After gaining independence in the fall of 1991. Macedonia faced massive economic diffi-

culties ineluding the annual intlation rate which rose to 2000% in 1992. and external pres-

sures due to the sanctions imposed by UN against FR Yugoslavia. which broke marketing

and supply channels with Serbia and Montenegro. There was also the Greek blockade

over the name dispute. However. due to stabilization programs in place. and help from

17 The big carthquakc of 6 dcgrccs on Richtcr scale virtually dcstroyed Skopje. the capital. in 1963. whcn
1200 people wcrc killcd. and 170.000 left horneless. This c"cnt vcry rnuch influenced the rcvision of
huilding codes in wholc former Yugoslavia.
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IMF. the Macedonian economy is recovering and the inflation rate in 1997 was down to a

cantrallable 8%. while the gross domestic product per head reached USS 2.263. The pri­

vatizatian pragram has shown good significant progress during 1995 and 1996. resulting

in the World Bank's promise to advance up ta USS 300 million ta the country over the next

three years. with the major part being designated to support small-scale private-sector de­

velopment. Still. the unemployment rate is very high: by 1996 it had reaehed 50%. al­

though many people registered as unemployed in faet make sorne kind of income by fann­

ing or blaek-marketeering.

HOllsing conditions: The level of urbanization in FRY of Macedonia is 59%. Ae­

cording to the 1991 census. 78% of the total number of dwellings was owner occupied. but

it is assumed that this number is higher torlay. sinee the privatization of soeially-owned

rentai units. The average number of people per dwelling unit is 3.7. with 19.1 m2 of useful

tloor spaee per person.

HOIlSillg market: Construction accounted for 4.7% of the GDP in 1996. Housing

construction is dominated by the private sector. which builds around 90% ofall new houses.

However. due to the economie instability and widespread poverty. the rate of new con­

struction in housing is declining every year. In 1996. only 485 residential units were com­

pleted. compared to 999 completed in 1995. and 2.465 units in 1991. The main carriers of

the job are small-scale construction companies whieh were able to spring up throughout

Macedonia once the restrictions on private enterprises were removed. House prices are

similar to thase in other countries of the former Yugoslavia. and. there are no adequate

financial programs from the banks or govemmcnt agencies which would help the potential

buyers.

2.4. EXISTING BUILDING ~IETHOD

Dv/elling units in urban areas in the COFY are built with better quality materials

with infrastructure and services comparable to western standards. but they are smaller in
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size. as opposed to units in rural areas. Average useful floor space was constantly growing

over the years: from 12.2 ml per person in 1971. to 21.9 012 per person in 1987. but there

were significant differences between the republics. due to the level of economical and

industrial development. Table 1 presents the most recent data of average useful tloor space

per person in the COFY, which is still among the lowest in Europe.

COUNTRY
1

Avera2e size of 1 Avera2e tloor area

1

Avera2e size of
household i per p~rson (011) dwelling unit (012)

Siovenia
1

3.1 ~ 32.6 1 103.1
"

1

Croatia 3.2 t 22.1 1 70.7i 1

Bosnia and Herzegovina
1 1- 1 - , -1 !

FR Yugoslavia 3.4 1 20.0 1 68.0i 1

FYRO Macedonia 3.7
1

19.2
1

70.9

- Data not aV:1I1able.

Table 2.3: Average size of heusehold. useful floor area per persen and size of dwelling unit.
Source: AllIrua/ bullerin ofhousil1g and consrrucrion srarisrics for Europe. 1996.

The home-building industry in the COFY is at a semi-industrialized and semi-pre-

fabricated level. The measuring system in use is metric. There is also modular system: the

basic module is 1M which is equal to 10 cm. and derived values: designing and structural

module of 6M (i.e. 60 cm), and 3M (i.e. 30 cm). The whole home-building industry and

the production of materials and components is based on this premise. so the products from

different manufacturers are equally compatible. The main building system for the housing

in the COFY is masonry in combination with reinforced concrete. Structural walls are

built using hollow brick blocks measuring 19 X 19 X 29 cm. with reinforced concrete piles

in the corners and intersection of the walls. Partition walls are buiIt of hollow bricks. as

weIl. Horizontal structures are either reinforced concrete slabs made on site. or semi-

prefabricated stem construction with perforated clay blocks a~ an infilling. Foundations,

as weil as basement walls are also made of reinforced concrete.] 8 The roof structure is

18 Almosl lhe entirc tcrrilory of former Yugoslavia is seismically unstablc. and the building codc is vcry
strict aboul thal. Even in a self-help building acti\"itics. people are caulious abOUllhal.
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• made from wood. also on site. Although available on the market. industrially made roof

trusses are not in common use because of their high priee. The roof is covered with the

clay roof tiles. 19

R!inforœd~ ­
....in ifttssa;". of

st'UCIn1wa1s

~ ..... brict t*d 19011
~ Iftside pIast!r 1.5an

QItiidebriI:t.... 12an­
1ir~ 2an ­

Battinsllllan 6cm -:
""binier-·

ltJIIow bride: lIb:t 19an ­
~.. l.san ë

/

•

Figure 2.5: Section through the structure of the typical single
ramily house (the right side shows what the building codes

rcquire. and the Icfl sidc what is usually donc).
Source: Drawillg byall//IOr. 1997.

The building codes in the COFY also regulate energy efficiency requirements. sorne

of which are insulation. vapour barrier. and double glazed windows. It is obvious that a

wall made of perforated clay blocks is not very efficient. and 6 to 8 cm of insulation on the

outer side of the wall is required for the mainly continental Yugoslav c1imate. But. this is

19 Rc<.:Cntly. the bitumen shingles were introduccd (and they are known by the name that halian exporter
gave lhem: Tegola Canadesc' - Canadian shing[es). but they arc still not commonly acceptcd bccausc of
[heir high priee.
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something that is not always done. In order to reduce initial costs. and not fully under-

standi ng the importance of thermal protection. most of the future homeowners. relying on

their own labour and finances when building their own homes. are tend to skip this feature.

Also. to build a perfectly precise opening in the masonry wall so the modular window

available on the market can fit perfectly is not an ea~y task even for a highly skilled brick-

layer. The craftsmen that can be hired on the 'black market' are not always skilled. so the

leakage and the thermal lasses that occur are extremely significant.

The main shortcoming of this building technology is construction time. Il takes 18

months. on average. to complete the house (tum-key projects). When future home-owners

rely on their own financing and labour. it takes even longer because they usually build the

house in stages. progressing to the next step when they have saved enough money for

materials. As the horne-building industry does not offer any alternative options in terms of

Figure 2.6: New dcvcloprnent Bezanijska Kosa in Belgrade. FR Yugoslavia. Extrcrncly high priees ofhouscs
makes them unaffordable for rnedian incornc group.
Source: Pholograph byawllOr.
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materials and components. even the construction companies which used to build \\"ith pre-

fabricated components (usually in large-scale apartment building developments). reverted

back to this less advanced. "traditional" method. This, of course, significantly effects the

price of the house. Even though labour in the countries of former Yugoslavia is on average

8 - 10 times cheaper than Canadian labour, extended construction time increase the labour

portion ta 40 - 45 % of the total construction costs.

The average price of the house in tum-key projects in the COFY is DM 800 - 1200

per m2 (CanS 70 - 105 per sq. ft.), without the land. The reasons for this include extended

construction time, and unreasonably high prices of building rnaterials, components and

other expenses connected with the construction. In declining market, every involved part

is building up their price in order to make profit. On the other hand, weakereconomies and

weaker purchasing power of the population results in (ower investrnents in new housing.

regardless of existing shortages. Table 2.4 presents the average annual income in the coun-

tries of former Yugoslavia compared to the median price of the house. It is easy to con­

dude that without adequate financial programs it is alrnost impossible for average people

ta solve their housing problems. But, with the exception of Siovenia, such programs do

not exist in any one of the newly established countries of the former Yugoslavia.

~Iedian priee of ~Iedian 1 Ratio between Existance

COUNTRY the house annual annual incorne of financing ;
(land excluded) incorne and price of

• ... 1

1 assistance 1

(US $) (US S) the house 1 1

1
programs

1 Siovenia 1 87.600 1 7,277
1

12 1 Yes
1

Croatia
1

97,000 J 4,260
1

23 1
No

1 1 1

Bosnia and Herzegovina 1 -

1

1,890 -

1

No
525-

t

FR Yugoslavia 1 70,000
1

1,080 65 1 No
1

FYRO ~1acedonia
1

- 1 - j -
1

No

- Data not aV;lIbbk .
• Annual inl:om~ in Rcpuhlil:a Srp~ka.

Tahl~ 2.~: Disp~rity hetwecn the median priœ of the house and mcdian annual incomc in the countrics of
former Yugosla\'i~l.

SOllrcn: US SlllTislies. Wor!d Bank stati..ïics. /CJl)Î
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2.5. SUl\tIl\tlARY AND CONCLUSION

There are many similarities between the situations in the COFY:

• Serious housing shortages: The younger members of the urban population~ employees

in health-care. education. and other tertiary activities. anà those in the lower and lower­

middle classes were the groups which have always been affected by the problems of

obtaining a dwelling unit. This group is augmented the high number of refugees. and

with the disappearance of publicly built rentai units. whieh used to account up to 35 %

of newly built units per year.

• High house priees: from USS 500 - 750 per m2 in FR Yugoslavia to USS 1.115 per m2

in Croatia.

• Weak economies. high levels of unemployment and the decreased purchasing power of

the population results in widespread poverty. The ratio between median price of the

house and median annual income is extremely high (table 2). For example. in FR

Yugoslavia it takes 65 times an average annual wage to buy an average priced house.

• The lack of financial programs from banks or government agencies to help both build­

ers and prosperous buyers. The only country which offers financial help is Siovenia.

which has the most stable and growing economy of ail countries ofCentral and Eastern

Europe. (n the others. cash payment have become the base for financing home con­

struction.

• The shift in the types of housing producers: the once powerful large-scale publicly

owned construction companies ("enterprises"). are finding it difficult to adapt to a market

economy and are now facing insolvency. In contrast: small-scale firms capable of

building 2 - 30 homes per year. managed by former employees of the ·'enterprises". are

cmerging strongly in the marketplace. The number of houses built by their owners

remain also significant.

• The Iimited availability of building materials and components forces builders to go
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technologically "backward" and retum to conventional masonry. which is time con­

suming and additionally affects already overpriced houses.

• The lack of efficient coordination between builders. designers. banks. municipal gov­

ernments and other players involved in the process.

Clearly. without introducing any sort of financial incentives. the market for moder­

ately priced housing cannot evolve in any of the countnes of the fonner Yugoslavia. Still.

one of the steps that can he taken in order to make the houses more affordable IS to look at

the technological side of the problem. Introduction of the alternative building systems

which can improve the implementation time and therefore reduce the total priee of the

house is one of the possible solutions. That would also create competition within the local

building industry and hopefully influence unrealistically high priees of the materials and

components that are currently available in the market. For this reason. this research is

attempting to evaluate different building systems developed and produced in Canada. in an

effort to discover which ones could be applicable in the market of the COFY. The criteria

for evaluation will be presented in the next chapter of this thesis.
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CHAPTER3:

FORMING EVALUATION CRITERIA FOR SELECTION OF

BUILDING SYSTEM

3.1. INTRODUCTION

One of the major drawbacks in the home-building industry in the countries of the

former Yugoslavia is the existing building system. The limited range of choice of materi­

ais and components is forcing builders to build using masonry. a process which is time

consuming and therefore. affects the total price of the house. Alternative building systems

can help to overcome these obstacles. But. the issue of technology transfer is complex.

and involves approaching the subject from several angles. The acceptance of new technol­

ogy. even the simplest innovation. depends on many aspects. such as implementation.

economy. and the cultural and psychological mind-set of the market.

Canadian home-builders and manufacturers of materials and components have been

successful in exporting their technology throughout the world. and their experiences have

been invaluable in helping the author to study the issue oftechnology transfer. to recognize

kcy-problems and to incorporate the findings in this research. The thorough and detailed

study is needed in order to fully understand the complexity of introducing a new product to

a Foreign market.

Bearing in mind that this thesis is dealing specifically with the question of selecting

an appropriate building system for export which wouId be readily accepted in the markets

of the COFY. in this chapter the author will attempt to develop a proper tool for this task.

The tool would be a set of criteria combined with an appropriate evaluation system which

could be used to examine the characteristics of several existing building systems. which

have been developed and used in Canada. their applicability in the housing industry in the
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COFY. and their adaptability to local building codes. The criteria will be classified in three

main groups: technical. economic and psychological. The following sub-groups are sug­

gested:

1. TECHNICAL ASPECT:

• Codes and regulations

- Load bearing capacity

- Earthquake resistance

- Fire resistance

- Energy efficiency

- Acoustics

• Implementation

- Construction time

- Requirements for ski lied labour

- Requirements for specialized equipment and tools

• Adaptability

- Adaptability to the metric system

• Durability

- Estimated lifespan of the building

2. ECONOMIC ASPECT

• Construction costs

- Cost of building materials and components

• Labour costs

- Labour costs (both Canadian and local)

• Transportation costs

- Cost of shipping the components and building materials from Canada
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3. PSYCHOLOGICAL ASPECT (ACCEPTANCE)

• Homeowners acceptance

- Reservations about perfonnance of the house

- Requirements for regular maintenance

• Builders acceptance

- Availability of materials and components

- Availability of skilled labour

Throughout the following analysis, different conditions will he presented, and sorne

recommendations will also be made regarding the potential for export of sorne features of

home-building systems developed in Canada to the housing market of the countries of

Former Yugoslavia.

3.2. TECHNICALASPECT

As was discussed in the previous chapter. the main building materials in the housing

industry in the COFY are hollow brick-blocks and reinforced concrete. Even though tradi­

tional houses in these parts of the Southem-East Europe were built in different ways. influ­

enced by the availability of local materials. the diversity in c1imatic conditions. and vari­

ous influences from the occupation at various times in history by neibouring countries.

during the past 50-60 years. the masonry has been used exclusively. and has irreversibly

changed the appearance of indigenous housing. Today's housing industry can be charac­

terized as semi-industrial and semi-prefabricated. where the self-help practice (i.e. owner­

built homes) plays significant role .
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3.2.1. Codes and regulations

The CUITent building codes that exist in the COFY are heirs ofunified building codes

developed during the years prior (0 the disintegration of the country. as a part of general

standardization codes. called JU5. 20 They were based primarily on the Gennan standardi-

zation norms. DIN. with the necessary adjustments being made according ta the require-

ments of local conditions and industry. JUS uses SI measuring system. In architecture~ the

basic module unit is 1rvl which is equal to 10 cm. with its derived values: designing and

structural module of 6M (i.e. 60 cm). and 3M (i.e. 30 cm). The whole home-building

industry and the production of materials and components is based on this premise, so the

products from different manufacturers are equally compatible. Any changes in the build-

ing codes that were made after the disintegration of the Fonner Yugoslavia. were made

with the aim of unification and coordination with the EU standards.

3.2././. Load-bearillg capacity:2 1 The houses in the COFY usually have (WO (0

three floors. with a basement or semi-basement included. The local building code requires

the basement and semi-basement walls to be built of reinforced concrete. Walls above

ground are usually built of hollow brick-blocks 19 cm wide. with the proper reinforced

concrete pillars reinforcement in the corners and every wall intersection. as weIl as with

tie-beams that connect walls with the horizontal structure. This heavy and solid structure

can easily bear any live load that occurs in low-rise housing. so there are no special re-

quirements in this instance. especially in the parts which are seismically stable. The roof

structure is usually build of wood. covered with terracotta tiles. The tiles themselves are

very heavy and there are additional affects to the roof structure from the weight of SfiOW

and the wind influence.

10 JUS: Ahhr.. of 111gos/m'ellski stalldard -Yugoslav (standard) nonns.

21 This fcaturc represents the capability of the building system. or its structural sub-componcnts. ta carry.
hold and lransfer the dead load from its own weight. as weil as the live Joad frorn the furnilure. app1ianccs
and the people. and the weight of snow and the wind forces for lhe roof.
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Values of live Joad (p) for residential buildings determined by building codes are:

- for spans up to 4.50 m, p= 1.25 KN/m2.

- for spans between 4.50 and 5.50 m, p= 1.50 KN/m2.

- for spans larger than 5.50 m. p=2.00 KN/m2.

- for non-habited allies. p=1.25 KN/m2.

- for cantilevers. balconies and stairs. p=3.00 KN/m2 (Privremelli telznicki propisi ,

1948.)

As aIl proposed building systems are already used for building low-rise single fam-

ily houses. it is assumed that they have already proven their capability to fulfill the require-

ments for loads that occur in these types of structures. For this reason. there is no special

criterion in this instance.

3.2./.2. Eartlrquake resistallce: The diversity in topography and in the age of the

mountains makes the region of the COFY seismically unstable. This is the reason why

building codes are very strict in terms of earthquake resistance. Ali constructions are

divided into five categories. where category number IV represcnts temporary buildings

whose destruction would not endanger human lives. up to the highest category (buildings

of cxtreme importance). where the construction must not be damaged under any circum-

stances. Residential buildings. both high and low rise belongs to category II: building can

suffer a certain amount of damage from an earthquake. but must not collapse. As was said

before. the main building system for the residential structures is masonry. which needs to

be additionally supported by reinforced concrete pillars and beams. The calculations for

this structure. which inc1udes the amount of steel reinforcement and the quality of con-

crete. is required part in the process of obtaining the building permit.22 However in sorne

22 The cakulalions arc based on lhe scismic maps for the rccürrent eanhquakes for the period of 500 ycars
as wei: as on the additional parameters which depcnds on the qualily of the ground.
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• cases. regardless of the building system used. the calculation is not required. but the number

of stories is Iimited to:

- groundfloor + 1 for VIII degree of earthquake (Mercalli scale):

- groundfloor + 2 for VII degree of eanhquake (Mercalli scale). (Pravibzik 0 tellllickim

lW/7lllltil:il1lll :a izgradlljll objekata visokogradnje LI seizmickùn podrucjima. 1981).

MAP a= Œa:UŒNT
EARlltOUAIŒS
FOR nE PERJOO CF 500 'tEAAS
(Nsalli scaIet

06.,­
D 7d19­_8.,__ 9_-

Actiatic Sea

Romania

•

Figure 3.1: The map of recurrenl earthquakcs for the period of 500 ycars. This map is relevant for the
carthquakc resistancc of residcnlial buildings.
Source:Pr(l\'ilnik {} tehnickimllormativima::;a i::;gradllju objekata \"isok{}gradllje li sei::;mickim podrucjima.
(1981 ).

The map presented in figure 3.1 shows the instances of recurrent eanhquakes for a

period of 500 years. whieh is used for the calculations regarding residential buildings. Il

shows that in the major part of the territory of the COFY. there is no need for special

features in order to fulfill this requirement. Still. exact information needs to be obtained

for the specifie location. or if the house already exceeds prescribed size. Therefore. it is
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recommended that the special requirements for earthquake resistance depend on the loca­

tion. as weil as on the size of the house.

Criterion: No special approval is necessary for the houses of following sizes:

- groundtloor + 1 f100r high in VIII degree earthquake zones:

- groundtloor + 2 f100r high in VII degree earthquake zones.

3.2.1.3. Fire resistance: Having the tradition of building in brick-blacks and rein­

forced concrete. materials that by nature. are less inflammable. building codes in the COFY

have different demands than those in Canada. For example. neither fire-alarms. nor sprin­

kler systems are required for the low-rise houses.

According to buildi~gcodes. requirements for fire resistance in residential buildings

are:

- AIl structural elements in the building should be made of non-combustible materials and

must have a fire-resistance of a minimum of 90 minutes.

- Insulation materials within the walls can he inflammable only if the inside paneling is

fire-resistant for the period of a minimum of 90 minutes. Otherwise_ the insulation mate­

rial should be non-inflammable.

- Residential units. if attached to other residential. commercial or other units. should be

separated from them by fire walls with a fire-resistance of a minimum of 90 minutes.

However. one should keep in rnind that the building of high-rise apartment buildings

was favoured for decades. and the existing building codes refers mainly to these kinds of

buildings. and allows for certain concessions in the cases of single family low-fise houses

(Us!o\'i. 1983). In this case. the most important requirement is following:

Criterion: No requirements for within one unit. Attached units must be separated by

fire walls with a fire-resistance of a minimum of 90 minutes.
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3.2.1.4. Energyefficiellcy: Since the 1970's energy crisis. it has been recognized that

proper insulation in a building is an important aspect of every structure. Energyefficiency

is a feature that has a direct impact on the indoor environment. energy consumption and

cast e f[ecti veness.

The territory of the Balkan peninsula. although not large in size. has characteristics

of several climatic types. mostly due to topographical diversities. A mild Mediterranean

c1imate prevails on the sea shore. just a few dozen kilometers away from the severe conti-

nental climate in the Alps in the North-West. or the Dinaric mountains in the center. as weil

as the windy Panonnia lowlands in the North-East. This. of course. influences the part of

the building code that deals with energy efficiency requirements for the design and the

production of the buildings. The entire territory is divided into a three 'construction c1i-

matic zones' (JUS U.J5.600. 1987). Each ofthem can also be distinguished in every one of

the newly established countries.

Remania

MAP CF Q.IMATI: ZCN:S
.. nE 00tIfTRESa:
FOFM:A YUOOSlAVIA
-- 1diINIezane..........
,----, ft dhMl_
1.. . ..1 lIIId CIIIIIIIMIUI
f;. 'i~1 .I~.z_

l .• , anwnt~

Figure 3.2: The map of conslruclion c1imalic zones of lhe counlries of former Yugoslavia
which are in use for energy efficiency requiremcnlS.

Source: Yugosla ..· building code: JUS U.J5.600. 1987.

43



•

•

Insulation requirements are defined by the coefficient oftlzennal conductivity (k) and

the thennal resistivity (R). which is in Canada called RSI (the metric equivalent of the

imperial R-value)23. The value of the coefficient of thennal conductivity (k) of observed

structure. calculated according to a code JUS V.J5.510 or measured according to codes

JUS U.J5.060 and JUS U.15.062 cannot be higher and thermal resistivity (R) cannot be

lower than the values in the table. (Toplotna tehnika li gradjevinarStl/ll: tehnicki liS/o\"; :a

projektol:anje i gradjenje :grada. JUS. U.J5.600. ,1987)2..

Construction c!imaric zones

ITEM 1 1 II
1

m
1

k
1

R51 1 k R51
1

k R51,
1

10.90
1

1. Outer walls and walls between heated and 1

unhealed space 1.20
,

0.66 0.94 0.80 1.08
1

2. Partition wall beeween apartmencs and wall
1 0.26

1

1

1
becween apartment and heaced common space 1.95 1 1.85 0.29 1.60 0.38

1

3. Underground outer walls 1.20
1

0.66 1 0.90
1

0.94
r

0.80 1.08
1 ,4. Horizont:ll s1:lb beeween apartmencs 1.35 0.49 r 1.35 0.49 1.35 0.49
!

5. Slab on grade 0.90 0.94 1 0 .75 1.17
1

0.65 1.37

6. Horizoncal s1:lb under che nonhabicable aaic 0.95 0.88 ! 0.80 1 1.08
1 0.70 1.26,

7. Horizonlal s1:lb above che unheaced basemene 0.75 1.04 10.60 1.38 1 0.50
1

1.71
f 1

8. Horizontal slab above che open spaccs
1

0.50 1.79 !0.45 2.0[ J 0.40
1

2.29
1 1

9. Flat roofs or slope roofs wich he:lced Sp:let: i
1

under 0.75 1.[6 1 0 .65 1.37 0.55 1.65

[ clirnauc zone: Mcdlterranean;
[[ c!imalic zone: mild concinental;
III c!imacic zone: coneinental.

Table 3.1: Values of che thermal conductivity coefficienc (k). and the lhennal resistivity (R = R51) for
different structures in different climate zones.
Source: Top/orna reizllika LI gradjet'inarsTvu: rehllicki lIs/m'i ;:a projekrm'allje i gradje,rje ~rada. JUS.
U.J5.(jOO. (19S7).

23 RSI 1 =5.671.) R
24 TIlcrmal rcsisci\icy (R) in this lCXl. is adcquatc CO RSI in CanaLia.
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The differences between the required R factor for the different c1imatic zones will

cali for additional information for a specifie region. Therefore. the most successful build­

ing systems that can be used universally in the region of the COFY would be those which

allow adjustments to enable them to meet the local requirements.

Criterion: According to climatic zones (1. Il. HI). required R51 values are:

- for outside walls: 0.66.0.94. 1.08.

- for roof: 1.16. 1.37. 1.65.

3.2./.5. AcoLtst;cs: Similar to the fire-resistance aspect. acoustic requirements in resi­

dential buildings are more applicable to the high-rise apartment buildings and to the reduc­

tion of the outside noise and the noise between attached units. The density of the masonry

can easily achieve a satisfactory level of noise reduction. so noise reduction was never a

serious concern. In low-rise housing. there are no special criteria conceming the level of

noise between the rooms within one unit. However. in the case of grouped residential units

(e.g. semi-detached houses. row houses. duplexes. triplexes). there are requirements for

reduction of noise between the units. defined by minimum soundproofing Rw (dB) of 52

dB (JUS. U.J6.20/. /989). Therefore. the requirement for the soundproofing criterion

would be the ability of the building system to al10w an additional soundproof barrier in

specifie cases.

Criterion: No requirements for within one unit. Attached units need to be separated

by walls which are able to achieve minimum soundproofing of 52 dB.
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3.2.2. Implementation

3.2.2./. Constructio1l tilne: Construction time is certainly one of the most important

factors which directly affects the cost of labour and. ultimately. the total cost of the house.

as weIl as construction efficiency in general. particularly considering the inflation that

exists in every one of the new countries.

Length of construction time is probably one of the weakest aspects of housing pro­

duction in the COFY. Existing conventional building system. inexpensive labour. self­

help practice. and lack of sufficient means for completing the building uninterruptedly. are

the factors that can extend the construction time to an average of 18 months. Good organi­

zation of the building process. along with an adequate building system could significantly

minimize this drawback.

Construction time can be divided according to two main processes: the time needed

to realize the rough construction work Ce.g. foundation. walls. floors. roof. and ail parti­

tions). and the time needed to carry out finishing and installation (i.g. plumbing. electric­

ity. heating). Different building systems perfonn differently in each of these categories.

but in general. the second one is more time consuming. Also. the construction time de­

pends on whether the building system is conventional. semi-prefabricated or prefabricated

in its character. Therefore. the implementation time can be separated into:

- the lime needed for the rough construction work: execution of this part of the building

process using convemional way of masonry in ideal conditions. takes a period of minimum

of six weeks.

- the time for finishing and installation of equipment: Bearing in mind that several differ­

cnt professionals and teams need to be involved in this process. efticient execution greatly

dcpends on good organization of work and the possibility of overlapping different types of

work which could be done at the same time. This also depends on the type of building

system itself (i.e. whether the structural walls surfaces are ready for the final finishing or

nced drywall or any other kind of internai or external substructure).
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Assuming that there is good and efficient organization of work. and a sufficient sup­

ply of building materials and components. the house built using masonry can he completed

in an average time of 5 months. Therefore. in order to be competitive. newly introduced

bui lding systems should he able to reduce this time.

Criterion: The potential for a house to he completed in less than 20 weeks.

3.2.2.2. The requiremellcsfor specialized skilled labour:25 This feature can also be

an obstacle to the successful implementation of any building system introduced to a new

market. Highly specialized labour could he imported from Canada. but this would in­

crease costs since the labour in the COFY is in general much more inexpensive. Local

construction workers could he trained for the job. but this would requiTe additional time.

For example. skilled carpenters are available. but they are mostly specialized for the build­

ing of roof structures. Additional training would be needed in order ta enable them to work

\Vith wood-frame structures.

Criterion: For immediate and efficient implementation. the building system should

not require specialized skilled labour which is not available locally.

3.2.2.3. Requireme1l1Sfor speciali:.ed equipmenl and rools: As in the previous exam­

pIe. the usage of specialized equipment and tools would need either highly ski lied im­

ported labour or training for local workers. Il can also effect the cost of construction.

because of the amortization factor. and because of its impact on the flexibility of the or­

ganization. continuity and efficiency of the work. Aiso. the potential for later renovation

or adaptation of the house might be reduced if those tools are no longer available.

This factor can be important. bearing in mind that recently. main housing producers

25 This (crm rcfcrs lo labour ski lied in othcr than mason!)' or work "vith rcinforccd concrctc.
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in the COFY are now small construction companies with less than 10 employees. and

independent skilled tradesmen who are hired directly by the future homeowner. For them.

the obtaining of specialized tools such as concrete pumps or per-vibrators is not possible.

Criterion: The building system should not require utilization of specialized equip­

ment and tools other than those already available in the local home-building industry.

3.2.3. Adaptability

3.2.3./. Adaptability ofbuilding systems to metrie measuremellts: One of the major

obstacles in technology transfer is the difference between measuring systems. Even in

cases when the complete house. with ail its components. is shipped from Canada and in­

stalled on site. the issue ofdifferent measurements can influence the post occupancy changes

in the house. As in the rest of the Europe. the metric system is in use in the COFY. and the

whole home-building industry is based on il. and on the modular system where 1M (mod­

ule) is equal to 10 cm. and derived structural and design intervals of 3M and 6M (i.e. 30

cm and 60 cm).

[n arder to be compatible with this modular system and. thus with other products

from local building industries. new building systems should be adaptable to the metric

system. Also. if it can rely on supplies from local existing assortment of materials or

components. it would have an advantage in immediate application.

Criterion: Adaptability of the building system ta the metric measuring system ln

arder to be compatible with other products of the local home-building industry.

3.2.4. Durability

3.2.4./. Estimated lifespan ofthe building: Besides the purely technical aspect. this

feature has an equally economic and even psychological perspective. Uniike Canada and
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United States. where the house is perceived as a product which cao be replaced if circum­

stances change. in the COFY people still have a notion of building a house not just for

themselves but for their descendants. This idea can he supported by the fact that the usual

lifespan estimate for a house built using masonry is 100 years. For this reason. it is prefer­

able to this market to have houses with longer estimated lifespans. The higher initial cost.

extended over the longer Iifetime of the house. actually provides the best value for its

buyers. Since the house will probably stay in the possession of one family for a much

longer lime than in North American couotries. it will probably sustain sorne changes that

will reflect the changes in the family. A newly introduced building system should allow

for these kinds of changes. with lower costs and with readily available materials. Still. to

be competitive with existing masonry. it nceds to offer at least a similar estimated lifespan

of the house.

Criterion: Houses built with the new building system should have an expected Iifespan

of 100 years.

3.3. ECONOl\JIIC ASPECTS

The price of a product is the factor which can greatly influence its success or failure

in the market place. Being the major investment in the average peoples lifetime. it is

understandable that the price of the house is 50 important.

There are many factors that influence the total priee of the house. Beside the con­

struction costs. there is the price of land. infrastructure and services. taxes. and the general

economy of the region. which influences investments and interest rates. To take them ail

into a consideration and make accurate calculations could be the subject for a separate

srudy. That is why the author will focus only on the rough assessment of cost of building
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materials and components, labour and transportation. Still, it is difficult to compare the

exact cost. because a large percentage of low-rise family houses in the COFY are owner-

built. where is almost impossible to keep track of money spent on construction. Also. there

is a possibility of reducing the cost of Canadian building systems by using local labour,

and reducing transportation costs by using local suppliers for sorne components. For this

reason. the assessrnent of the economic aspect will he divided into sub-levels, where the

entries will be analyzed in order to estimate the final priee. which. finally. will be com­

pared with the average price of the house in COFY.

3.3.1. Construction cost

According to the latest information (February 1998). the average price of the house

in COFY. excluding owner-built homes, is around 750 to 1100 CanS/m2 (70 - 105 CanS

per sq. ft.) in tum-key projects. depending on the quality of finishing and equipment and

on the complexity of the building. This priee does not include the cost of land and infra-

structure. because in most cases. the future owner buys the lot prior to hiring the construc-

tion company to build his house. Naturally. the price of infrastructure. property taxes and

other costs should be added to this price. Therefore. the aforementioned price can be

considered as the construction price.

3.3././. Cost ofbuilding materials and cOmpOllellts: Of the construction price of a

house which is 750 - 1100 CanS/m 2 . the price of materials and components portion is

usually between 50 - 60 9é. A simple calculation will show that the average total cost for

the materials and components can be between 325 - 650 CanS/m 2. which is comparable to

priees in Canada.26 Il is easy to conclude that the priee is quite high. considering the level

of industrialization of the local building industries. but the lack of adequate competition

26 The average l:ost for malcriais and components for Canadian wood-frame houscs is around 40 CanS/sq.
ft. which is cqual to 430 CanS/m 2.
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allows the manufacturers to raise the prices beyond reasonable limits. This opens up the

possibility for Canadian housing exporters to enter the market of the COFY if they can

match above mentioned price with their good quality products.

Criterion: Costs of building materials and components should match the existing

local prices which are 325 - 650 CanS/m2 (30 - 60 CanS/sq. fL).

3.3.2. Labour costs

The cost of labour is another factor that can very much influence the total price of a

house. One of the substantial differences between the Canadian home-building industry

and those in the COFY is the price of labour. ln Canada. this price is high: between S 12

and 530 per hour. and the whole building process is adapted to reduce the number of on site

working hours. by shifting the manufacturing process to the factories as much as possible.

ln contrast. in the COFY. the labour is inexpensive. which reflects on the building process

itself by producing extended construction time and slow improvement in industrialization

of building industry.

3.3.2./. Labour cost (hoth Calladian and local): The cost of labour in the construc-

tian industry in the COFY is significantly lower compared to that in Canada. The average

wage for the ski lIed mason is between 35 and 45 CanS per day. and for his semi-qualified

apprentice is around 22 to 27 CanS per day. which is in total 4 to 5 times less than the wage

of Canadian labour.:!? Still. the prolonged construction time due to existing masonry

bui lding system and sometimes inefficient usage of labour. augments this price. so the

labour portion of total construction costs can be up to 40 - 50 %. With the adequate build-

ing system which has reduced construction time and the introduction of Canadian work

27 This priee is for those who work for small scalc contraclOrs. which mcans that the)' arc cmploycd only
during thc building scason. Construction workers who arc cmployees of large state-owncd companics arc
raid an annual salary. but thcir "';agcs arc signitïçantly lowcr.
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organization and standards. the engagement of local labour can significantly influence the

total construction cost of a house. and make it more affordable for the local market.

Il is almost impossible to provide exact labour cost which contribute to the total cost

of a house. because it depends on many factors. A detailed study would be required for

each individual case of different building system, in order to detennine the share of Cana­

dian and local labour involved in the process. Still. a general estimate can he made of the

total labour cost.

Criterion: ln order to be competitive with the priee of the houses on the market of the

COFY. the priee of labour (both local and Canadian) involved in the construction should

not exceed the 30 % of the total construction costs (i.e. 225 - 330 CanS/m2).

3.3.3. Transportation costs

3.3.3./. Costs ofslzippillg tlze componellts and building materialsfrol1l Canada: This

item ean greatly influence the total cost of a house. The option of shipping the components

and building rnaterials l'rom Canada to the COFY is feasihle only when there is the eer-

tainty ofbuilding a large numberofhouses. Still. in thatease. the possibility ofshifting the

production of at least sorne components in the local factories would reduce the cast. con-

sidering the priees of local labour and raw materials.

Research conducted among the Canadian companies which export their houses over-

seas. gave the author a general idea of transportation costs. 2S Even though it depends on

many factors. it is safe to conclude that shipping wouId be fea~ible if the transportation

cast do not exceed the 10% of the total construction cost of the house.

Criterion: Transportation cast should not exceed 70 - 100 CanS/m2 (6.5 - 9.2 CanSI

sq.fLl.

2~ For example: Multigon is the company which expons their houses worldwidc as a package. The trans­
portation cost depends on the size of the package. but usually it is possible to lït the two house packages in
three shipping containers. The average priee for one container is 4000 CanS. Thal priee needs ta be enlargcd
hy the additional cost of transportation from the port to the site.
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3.4. PSYCHOLOGICALASPECT

For every new product in the market. as weIl as in the case of technology transfer. the

issue of acceptance is crucial. As was mentioned earlier. the home-building industry is one

area where the conservatism is very much a factor. That greatly affects the introduction of

a new building method. even one which can bring obvious advantages. One of the reasons

for this is of psychological nature: people have a cultural mind-set about the way their

houses should look and what they should be made of. New materials and methods are

especially unappealing for the cultures where the owner-built homes play a significant

mIe. because professionals needs to be involved in introducing the innovations. Although

not everybody builds their own houses in the COFY. the majority still shows a high level of

prejudice against new materials and techniques. The most frequent of these prejudices are

related ta new structural materials and finishes. which directly affect the appearance and

the performance of the house.

Ali participants in the process show certain reservations toward new housing tech­

nology: builders and devc10pers as weil as the potential buyers. However. the reasons for

their reservations are of a completely different nature. which is why the issue of accept­

ance will be viewed from the points ofview ofboth homeowners and builders. As opposed

ta the tcchnical and economic aspects. which can be expressed in numerical values. and

thus. are easily comparable. the psychological aspect is more of a descriptive nature. and

thus. criteria will be presented accordingly.
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3.4.1. Homebuyers acceptance

3.4././. Resen'atiolls toward perfonnallce of the hOLlse:29 For a great majority of

people. buying a house is the biggest investment of their lifetime, so it is natural that they

\vill be extremely cautious in their decisions. The cultural mind-set plays a large part in

defining theirexpectations about the house. Forexample. in cultures where building houses

in hard materials. (e.g. bricks and concrete), have a strong tradition. accepting any kind of

"Iighter" structure might be a problem. because in average people's minds it cannot be

compared with the solidity of concrete. For them. the "Iighter" structure. such as any sort

of frame construction. is equivalent to a temporary structures, and appear "Iess valuable"

than ma~onry. A house. on the contrary. symbolizes personal asylum. family nucleus. and

status. and it needs to "Iast forever". Overcoming this cultural mind-set is not a simple

task.

An average user of any other product is not interested ofhow that product is made. as

long as it offers the expected (or beuer) performance. There should not be any difference

in terms of a house. because it is a product like any other. and despite its complexity. it is

not much different than a car. for example. As long as the newly buiIt house performs to its

owner's expectations. the question of building method should not be a problem.

The design of the house should preferably be adapted according to the needs and the

way of life of the people in the COFY. Il also needs to have an appearance that will be in

accordance with cultural expectations. Finally. it should achieve at least the same level of

comfort. in terms of energy efficiency and sound-proofing a.., the existing building system.

Ali of these features depend more on other elements rather than on the structural system

itself. Different types of applied finishes can greatly determine previously described fea-

tures.

29 The term "perfonnancc" hcrc represents thc performance orthe product as a wholc. dcsigncd in a ccnain
\Vay and assemblcd out of diffcrent componcnts and materials that work togcthcr. Il can range rrom struc­
tural issues. such as carthquake resistance. to thc sound-prootïng of partitions. as weil as the durability of
the applicd Iïnishes.
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Criterion: ln order to achieve the required appearance and performance of the house.

the newly introduced building system should be easily adaptable to design and finishes

that are preferable for homebuyers in the countries of the former Yugoslavia.

3.4./.2. Requiremellts for regular maintenance: ln order to last a long time. and

perform weIl. every house needs regular maintenance such as painting, upkeep of f100r

surfaces or other minor repairs. The level of this regular maintenance can affect the users

satisfaction with the house: the less work needed and the more simple it is for the home­

owners to do it by themselves. adds to its appeal. Having the tradition of living in houses

buiIt of durable. long-lasting materials which do not require any specialized maintenance

except those listed above. as weil as the customary "do-it-yourself' practice. has enabled

the average homeowners in the COFY to rely on their own efforts for regular maintenance

of the house.

Accordingly. in order to be accepted. any newly introduced building system should

allow easy regular maintenance. with the materials and tools tllat are available on the cur­

rent local market.

Criterion: Regular maintenance should be within the self-help ability of the average

home-owner.

3.4.2. Builders acceptance

Builders and developers can also show a significant degree of inertia in introducing

a new technology into the home-building process. The main reason for this is the great risk

involved. along with the enonnous investments: builders often fear that houses built using

a newly introduced system would not be accepted and thus. would not find buyers. Fur­

thermore. introducing the new building system usually means additional investments in

new materials. tools. and adequate labour training. However. if the new building system
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brings obvious advantages in term of quality. improved efficiency. time saving and reduc-

ing costs. builders need to find a way to approach the potential buyers. and to win them

over by offering them what they want. Assuming that they are able to fulfill previous

criterion (i. e. to offer adequate design and finishes that would influence the appearance

and performance of the house). and thus. satisfy future buyers' preferences. builders also

need to be able to rely on availability of materials and components as weil as skilled la-

bour.

3.4.2./. Availability ofmaterials a1ld cOmpOllellts: This feature is important not only

for the efficient execution of construction. but also for the successful post-occupancy life

of the house. in terms of future renovations. adaptation due to changed needs of the occu-

pants. or for simple regular maintenance. Regardless of whether materials or cornponents

of the new building system would be shipped wholly from Canada. or partly or entirely

produced in factories in the COFY. il is very important that these are available on the

market. or at least made in a way that is compatible and replaceable with adequate compo-

nents from the local home-building industry.3o As was mentioned earlier. adapting to the

metric measuring system is one way to bring doser the new building system to compo-

nents available in local building industry. However. if a building system itself involves

materials and components available on the local market (i.g. concrete over steel frame

studs) it would significantly improve chances for both implementation and builders' ac-

ceptance.

Criterion: A building system that includes materials and components available on

local markets would have an advantage over the others.

30 One of the drawbacks conccming the availability of products and components in the home-building
industry in the COFY is the divided and scattered market: there arc no big construction stores such as
"Home Depot". "Home Hardware" or "Reno Depot". where the manufacturers can present their products
and the consumers can lïnd what they need. Del/elopers and consumers need to shop around among many
small suppliers or contact the manufacturers directly in order to lïnd adequate products and best priees. For
a longer tcnn goal. the opportunity of opening similar chain-stores would surely upgrade the number of
possibilitics. both for the produccrs and builders. as weil as for the consumers.

56



•

•

3.4.2.2. Availability ofskilled labour: The general experience of construction work­

ers in the COFY is with masonry and with concrete. As was mentioned before. ski lied

carpenters are specialized in the construction of roof structures. which are usually made of

raw timber. because prefabricated trusses manufactured in those parts are still too expen­

sive to be used in the construction of average housing. They are also needed for making

the formwork for reinforced concrete structural elements. Besides that. there is large number

of semi-qualified and unskilled labourers. who are hired as "casual" labour. especially in

the "seJf-help" portion of the private sector. Their experience does not exceed physical

work such as digging. reloading and simple masonry. This leads to the conclusion that for

any building system which is not based on the principle of pour-in-place concrete. ma­

sanry or a combination of these. there will be a need for the specialized training of work­

ers. unless the assembly process is simple and easy to perform.

Criterion: The potential for a building system to employ available and inexpensive

local labour with minimum of specialized training.

3.S. SU~(~'IARY

The set of criteria developed in this chapter is intended to review several building

systems for low-rlse housing. which were developed and produced in Canada. in order to

conclude which ones are applicable in the housing market of the countnes of the Former

Yugoslavia. Three main aspects of the building systems will he reviewed: technicaI. eco­

nomic and psychological.

After c10sely examining the criteria. the following table was developed in order to

present the evaluation in the c1earest possible way. The findings will point out which of

them are most appropriate for immediate implementation .
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CRITERION Commems and recommendations Mark

3.2. TECHNICAL ASPECTS

3.2.1. CODES AJ.\[D REGULATIONS

3.2.1.1. Load-bearing capaciry: no specifie

1 1
requirements

3.2.1.2. Earthqllake resisrance: no special
1

approval necessary for the houses:
1- groundtloor+ 1 Ooor for VIn degree zones:
1- groundtloor+2 Ooors for VII degree zones.
1
1

3.2.1.3.Fire resistance: no requirements for

1

within one unit. Attached units must be
separated by fire-walls with a fire-resistance of
a minimum of 90 minutes.

1

3.2.1.4. Ellergyefficiency: R5I requirements 1
1according to c1imatic zones: 1
1

- outside walls: 0.66. 0.94, 1.08.

1
- roof: 1.16. 1.37. 1.65.

3.2.1.5. Acoustic: no requirements for within 1
1

one unit. Atl.:lched units need to be separated
1

by "v.:llIs which are able ta achieve minimum 1

1
soundproofing of 52 dB.

3.2.2. IMPLE~'fE~lATION

3.2.2.1. Construction rime: the pOlentia! for !
house la be complelcd in Icss than 20 wceks. !

!
1

3.2.2.2. Requiremellts for specialised skilled
1

labollr: ne"'" building system should not require
specialized ski lied labour which is not
available locally.

i :
3.2.2.3. Reqllirements for specillli:ed roofs and
eqllipmellt: Building system should not rcquire
uliliz;llion of specializcd clluipmenl and laols.
olher lhan lhose alrcady avai/able wilhin the

1
local home-building industry.

3.2.3. ADAPTABILITY

3.2.3.1. Ac!aprabili0' of buildillg system ra the
l1Ietric system: lhe ne"'" building system shou/J
bc adaplahle to lhe mClric measuring systc:m in
on.lt:r 10 be compalihlt: wilh olher producls of
lh~ local home-huilding industry .

Conlinue ...
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3.2A. DURABILITY

3.1.5.l.Esrimated life-spall of the building: i
1

houses built \\:Îlh the new system should have 1

an expected lifespan of 100 years. 1
t

3.3. ECONOMIC ASPECTS

3.3.1. CONSTRUCTION COST

3.3.1.1. Cost of material and componellts: l
~hese costs should match the existing local i
priees of 325 - 650 CanS/m! (30 - 60 CanS/sq. 1

fl.).
1

3.3.2. LABOUR CaST

3.3.2.1. Labour cost: Labour costs (bOlh i
1

Canadian and local) should not exceed the !
amOUnl of 225 - 330 CanS/m2 (21 - 30 i

1

CanS/sq.fl.). or 30'ié of total cost.
1

1

3.3.3. TR.o\l'iSPORTATION COST

3.3.3.1. Trallsportation cost: Transportation 1
1

cast should not exceed the priee of: 70- 100 1
1

CanS/m~ (6.5 - 9.2 CanS/sq. ft.). or fO<ïé of 1

[he [O[al COSl.
,
1

3.4. PSYCHOLOGICAL ASPECT

3A.I. HOMEB UYERS ACCEPTANCE

3.4.1.1. Rese,,:atiofls tO'~·ards perfomlance of
the !louse: the newly introduced building
system should be easily adaptable to design and
finishes that are preferable for homebuyers in ;

the COFY.

3A.I.l. Rt:quiremelllS for regular maitut!/lallce:

regular m:lintenanœ should he within [he sclf- i
j

help capability of the average homeowner. 1
1

3A.2. BUILDERS' ACCEPTAl\'CE
,

3A.2.1. Awlilabiliry of l1larerials and 1

c.:omprJ/lt!f1IS: building system tha[ involn:s ,
matcrials and components available in local i

1

markets would have an ad\"antage o\"er the 1
j

others. 1
1

3.4.2.2. Amilahiliry of skilled labour: the i
1

pOl~ntial for a builJing system to emplllY 1
1

available :lnJ in~xpcnsi\"t: local labour with :l :
minimum of speeializcJ lraining.

•

•
i\larks: 2 - Fully sallsfy lhe crJtenon:

1 . Partly salisfy the critcrion. but :lJjustnlents :lre r()ssibl~:

() - Do nnl mCC'l the critcrion.
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CHAPTER4

EVALUATED BUILDING SYSTEl\'IS

Alternatives to masonry work. which is the major building method for low-rise houses

in the COFY. are different kinds of prefabricated and semi-prefabricated structural sys­

tems. These systems can significantly reduce the construction time. which is. in general,

the weakest point of the existing building system. Being able to adapt to the local modular

system opens possibilities of allowing a choice of different products that can be applied.

thus satisfying a wide range of market needs (i.e. From lower- to high-income prospective

buyers). Several kinds of structural systems. developed and produced in Canada. will be

presented and analyzed here: wood-frame and steel-frame based systems. concrete/foam

core sandwich panels. plywoodlfoam core sandwich panels. the permanent insulated

formworklconcrete system and the PVC extrusion pennanent form/concrete system.

These systems have been selected following thorough research of the Canadian home­

building industry. By contacting manufacturers and exporters of building materials and

components as weil as prefabricated "kit" houses. the author has had a chance to familiar­

ize herself both with the technical characteristics of selected systems and with CUITent

trends in housing exportation. Ali data presented here is obtained from manufacturers'

publications. from direct contact with employees or. where possible. from published re­

sults of tests performed on components. The author would Iike to point out as weil. that

given prices are result of approximations given during conversation. The exact prices of

products dcpend on many factors. and they could be the subject of a separate study. How­

ever. these approximations are good enough to offer general picture about the product.
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• 4.1. WOOD-FRAME BASED STRUCTURAL SYSTEMS

The vast majority of low-rise residential buildings in Canada and the United States

are built using the wood-frame structural system, which is also in use in Japan, Australia.

and other parts of Europe. Actually, wood as a building material in housing can be found

throughout the world where its availability and climatic conditions made it effective. Still,

in Canada. because of the high level of industrialization and specifie climatic conditions,

building systems based on wood are developed aImost to perfection and they are exported

and highly valued for their quality beyond Canada's borders. The post-and-beam building

system and Canadian log houses are sorne ofthese. but because oftheircomplexity and the

priee. they will not be included in this study. The focus will be on the 2x6 wood-frame

building system. preferably for its advantages and popularity: more than 90% of Canadian

home-builders and exporters use this building system.

Figure 4.1: Prcfabricated wood-frame houscs
Source: Cwuula's exportable /lOlises. 19901

Figure 4.2: Prefabricated panels do
not lakc lao much space in transport.
Source: COllrtes)" of FERMCO.
1998.

•
One of the biggest advantages of the wood-frame system lies in the possibility of

shifting the greater part of the construction process from the site to the factories. where
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prefabricated or semi-prefabricated panels are produced. Therefore. the amount of labour

needed for assembly is reduced. as is the construction time. which greatly impacts on the

total cost of the house. Modular panels can he easily packed and transpot1ed. and it is

possible ta use the same modular unit for various types of houses. The assembly itself is

easy and fast: a crew of 6 to 8 workers can erect a house within 5 to 7 days. Light-weight

panels do not require special equipment or tools and can be handled by men. Ski lied

carpenters are available in the COFY because even though the main building system in

these countries is masonry. carPenters are used to build wooden roof structures.

The other advantage of a wood-frame structural system is its ability for easy adapta-

tion to specific requirements. For example. the amount of insulation can be easily changed

to achieve the R-factor required by local building codes. Also. in areas of seismic instabil­

ity. while there are several issues that need to be considered. in general. light wood-frame

structures. which are properly designed and constructed. perform quite weil during earth­

quakes.JI Similarly. the requirements for noise reduction can be met by additional im-

provements.

The price of wood-frame houses can be competitive with the existing prices in the

COFY. which is 750 - 1100 CanS/m2 (70 - 105 CanS/sq. fL). The author obtained the

information from severa) manufacturers who are successfully exporting their package houses

(or "kit" houses) in different European countries.32

31 Ta avoid sliding off the foundations. the sill plates need tu be bolted with 112 in. bolts on 4-6 ft. centres.
Avoiding large windo\\' openings in the scismicaly unstablc areas should prcvcnt the torsion problems thal
mighl oCl.:ur during the eanhquakes. To reinforce the structure from lateral forces of eanhquake. a vcrtical
plywood diaphragm is required. cxtending from the bolted foundation sill plate to the fïrst floor. Also.
partitions should reach the roof rather than stop at the cciling linc. because this way the)' arc utilized as
shear walls which can resist lateral forces. Ail brick or stone \'enccrs as weil as brick chimncys must be
çropcrly rcinforced and anchorcd to walls to prc\'ent their falling. (Srrarra. /987).

2 Intcrhabs Ltd.. Halifax. NS: Modulex. Quebcc. PQ: Fcrrnco. St-Adelphe. PQ: Muhigon. Ste-Annc-dcs­
Lacs. PQ: PRO-FAS. St-Mathicu-dc-Beloeil. PQ: Norrncrica Building Systems (nc.. Mississauga. ON.
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CRITERION Cornments and recommendations Mark

3.2. TECHNICAL ASPECTS

3.2.1. CODES AND REGULATIÛNS

3.2.1.1. Load-bearing capacity: no specifie Bearing in mind that this system is already in
requirements. use for housing. it is assumed that il can easily 2

bear loads common ta this type of buildings.

3.2.1.2. Earrhquake resistance: no special 1 Sorne of the fea(ures (ha( can improve lareral
approval necessary for the houses: forces resistance of wood-frame system include
- groundtloor+ 1 tloor for VIII degree zones: 1 inserting vertical di~phragms. extending 1
- groundtloor+2 Ooors for VII degree zones. ! panition walls ta the roof rather than ceiling

r line. and avoiding large window openings.

3.2.1.3.Fire resistaI/ce: no requiremenrs for i This system is considered combustible.
within one unit. Auached units must be Masonry fire-waJls are required between auached

0separatcd by fire-walls with a fire-resistance of units.
a minimum of 90 minutes. 1

3.2.1.4. Ellergy efficiellcy: RSI requirements 1 Adjustable. as required.
according to dimatic zones: By adjusting the amount of insulation according

2
- outside walls: 0.66. 0.94. 1.08. r ta requirerncnts. the final costs can be reduced.
- roof: 1.16. 1.37. 1.65.

1

3.2.1.5. Acollseic: no requirements for within 1 \Vood-frame system by itself does not act as
f)ne unit. Attached units nced te be separated 1 sound barrier. The required results can he

1
by walls which are able to achieve minimum : achieved by adding insulation in partition walls.
soundproofing of 52 dB. i which would incre~e the costs.

~

3.2.2. IMPLEMENTATION

3.2.2.1. COl/sentcrion rime: the potemial for : Prefabricatcd wood-frame kit houses can he
2house to be completed in less than 20 weeks. : completed ....·ithin 10 wecks.

3.2.2.2. Requiremcflls for specialisee! skil/ed : Implementation needs highly specialised labour
labour: ncw building system should nol requin: i which is not immediateiv available locallv.

01 "

specializcd skilled laoour which is not : therefon:. local carpcntcr.; necd to be trained.
~\"ailablc locally. !

1

,
3.2.2.3. Requircmclllsfor specia/i:.ec!lools alld Light-weight panels can he handlcd bl' men. and
eqllipmenr: Building systcm should not rcquin: nu special lOols arc needcd for assembly. Other
ulilizalion of spccializcd equipmcnt and lOols. carpcntry wols arc a..-ailable in local markets. 2
other than those already a..-ailable within the
local home-building industry.

3.2.3. ADAPTABILITY

3.2.3.1. Ac/aptabiliry of building system to tilt.' Prcfabricatcd wood-frame houses come in the
lIIt'tric systcm: the ne\\" building system should imperial mcasuremc:nt system. thus they arc not
hc adaptable tn the metric mcasuring system in compati hie with other products of the local 0
orda ta he compatihle with other products of home-building industry.
the local home-huilding induslr)" .
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3.2A. DURASlLITY

3.1.5.I.Estimated life-span of the building: iGood quality wood-frame house with adequa(e
houses buil( with the new system should have r maintenance can have a lifespan comparable (0 1
an expected lifespan of 100 years. 1 masonry.

3.3. ECONOMIC ASPECTS

3.3.1. CONSTRUCTION CaST

3.3.1.1. Cost ofmaterial and componems: According: tO several manufacturers. the priee of
these costs should match the existing local a prefabrica(cd kit house is around 300 - 450

2
priees of 325 - 650 CanS/m2 (30 - 60 CanS/sq. CanS/m2.

ft. ).

3.3.2. LABOUR COST

3-3.2.1. Labour cost: Labour costs (both Reduced construction lime greatly affects the
Canadian and local) should not exceed the labour cost. whieh can he decreased to 110 - 160

2
amount of 225 - 330 CanS/m 2 (21 - 30 CanS/m 2.

CanS/sq.fL). or 309é of total cose

3.3.3. TR~NSPORTATIONCaST

3.3.3.1. Tral/sportation cost: Transportation , Approximare transportation cost for wood-frame
cost should not e;~ceed the price of: 70- 100 prefabricated house is C:lnS 6.000 to 8.500 per
CanS/m~ (6.5 - 9.2 CanS/sq. fe). or 109é of [ house. which is Jess than 109é of tota; costs. 2
the total cost. i (However. this priee depends on the qU:lntity of

1 shipping.)

3.4. PSYCHOLOGICAL ASPECT

3.4.1. HOMES UYERS ACCEPT.-\l~CE

3.4.1.1. Resen·atiol/S ro~\·ards performance of The fle:<ibiJity of wood-frame systems should
the hOllse: the newly introduced building allow adaptation [Q any design of the house. as
system should be easily adaptable to design and weil as to different kinds of internaI and external 2
ftnishes chat are preferable for homebuycrs in : tïnishing. Once completed. a housc docs not
thc COF)". ; havc CO ren~al diff~rcnt structural systcm.

3.4.1.2. Rt'qttÏre11lclIf:ifor regll/ar mail/renonce: Sorne maintcnanœ can c.1Ccced the ··do-it-
regular maintcnance should be within the ~c1f- yoursclf' maintaining experic:nce of local
hdp capability of the avcrage homeo\'.:ncr. ; homcowncrs. For ~."(Jmple. inside ftnishing 1

; (gypsum boards) require more maintcnance than
: plaster uscd in masonrv., .

3.4.2. BUILDERS' ACCEPTANCE

3.4.2.1. A\'(lÎlahility ofma/eriais al/d 1 Even though sorne components (e.g. bau
compmte1lts: a building system [h:ll involvc i insu!ation. plurnbing. piping) arc availablc in
materials and componcnts availablc in local 1 local markcts. [he others, sueh as gyprock

0
markets would havc an advantagc o\"cr the 1 boards. or differcnt kinds of cxtcrior siding are
()[hcrs. ~ nol. and this \Voull! cre:l[C problcms for future

i maintenam:e and rcnovations.

3.4.2.2. A mi/ahiliry nf skilied labour: the Evcn though there are many ski lied carpentcrs
potcnliaJ for a huilJing systcm to cmploy in thc local home-building markct. the nature of

1
avaibble and ine"<pcnsivc l(lC~ll Iahour wilh a 1 this job is Jiffcrent anJ sorne training woulJ tx:
minimum of specialil.cJ training. n:ljuircd.

6.+
Conlinuc...



• ~L1rks: 2 - Fully satisfy the: crite:rion:
1 • Partly satisfy the criterion. but adjustments are possiblc::

o - Do not meet the: criterion.

Total points: 21

•

Sorne housing experts argue that wood-frame houses wouId be rejected in the region

where masonry is the dominant building system. However, the system's many advantages

can help to overcome any prejudice. Finishing. such as brick veneer, or stucco. for exam-

pie can be used to achieve a variety of appearances, according to the home-buyers' prefer-

ences. This system might not be accepted in the part of the market serviced by self-help

practice (which is still significant). but otherwise. the quality and advantages of prefabri­

cated \vood-frame houses can slow[y be introduced into the market of the countries of

former Yugoslavia.

05



•

•

4.2. LIGHT-WEIGHT STEEL FRAME BUILDING SYSTEM

The use of light-weight steel framing for residential buildings is relatively new even

in Canada. and not many builders work with this system yet. The author of this thesis has

had difficulties finding out information on this topic. Even though there are many manu-

facturers of steel components (studs, beams and trusses). there are not many builders who

build houses. nor enterprises who offer prefabricated steel frame houses as a package.

Still. contact with manufacturers and builders. uncovered sorne valuable information and

experiences which will be presented here.

Figure 4.3: Light-weight steel frame houscs.
Source: Courtesy ofCalladiall Slzeet Steel Building /llstÎlllte. 1998.

The baliic principles of building with steel are similar to those when building with

wood. but steel studs and joists are used instead of wooden ones. The framing is usually

done directly on site. according ta specifications and designs. Light-weight frames are

easily erected by two men. Another process is identical to one used with the wood-frame

houses (i.e. placing the insulation. inside and outside finishing). The advantages of steel-

frame over wood lay in the strength of the structure. and its durability. There is no twist-

ing. warping. nail-popping or other deviations that can occur with wood over time. Resist-
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ant to humidity and insects. the steel-frame structure is extremely durable. Also. it is

suitable for seismically unstable areas. Required thennal resistance is achieved by regu-

lating the amount of insulation. Moreover. the steel studs have smaller dimensions than

wooden ones. therefore. more insulation can be placed in walls of the same thickness.

According to builder Waine Berry of Metallic Homes. Edmonton. a steel-frame house

is about 5 'k more expensive than the same house built with a wood-frame (materials

onlv). There are. however. other advanta!:!es that can not be overlooked. Li!:!ht-wei!:!ht
~ ..... ~ .-

steel studs and joists take about 60% less space than wooden ones. which is very important

in terms of savings in transportation costs. Erecting the house is faster. so labour cast less.

even though skilled labour is required. There are additional savings on maintenance. and

also. the insurance premiums are up to 40% less than for the wood-frame house because

this structure is non-combustible.33

Light-weight steel framing allows different kinds of inside and outside finishing. so

once the house is completed. there is no difference between a traditionally built wood-

frame and a steel-frame house. This can certainly help in overcoming the psychological

reservations of prosperous home buyers toward a new building system.

33 This advantage. actually is nat vcry applicable in the countrics of fanner Yugoslavia at the rnoment.
bccausc masonry is non-combustible material. and people do not need ta insurc the housc for thi s. Insur­
ance usually includc on1y damage to furniturc. appliances and other articles that could be affected in a lïrc.
hut not the structure of the housc itsclf.
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CRITERION Comments and recommendations ~Iark

3.2. TECHNICAL ASPECTS

3.2.1. CODES AND REGULATIONS

3.2. [ . [. Load-bearing capacity: no specifie 1 The strem!th of a steel frame can easilv hear anv
requirements Iload that ~ccurs in residential buildinis. •

2

3.2.1.2. Earrlrquake resiSlance: no special With adequate adjustments and introduction of
approval necessary for the houses: venical diaphragms which will take lateral

2
- groundfloor+ 1 floor for VIII degree zones: forces. this building system shows excellent
- groundfloor+2 floors for VII degree zones. 1 perfonnance in earthquake areas.

3.2. [.3.Fire resistance: no requirements for This system is considered non-combustible.
v.·ithin one unit. Attaehed units must be However. masonry fire-walls are required

1
separated by tïre-walls with a tïre-resistance of between auaehed units.
a minimum of 90 minutes.

1
3.2. [.4. Ellergy efficiency: RSI requirements Ilt is possible to adjust the amount of insulation
accerding [Q c1imatie zones: J aceording to requirements. It ean bring

2
- outside walls: 0.66. 0.94. 1.08. additional savings. heeause the required amount
- roof: 1.16. 1.37. 1.65. 1 of insulation is lower than in Canada.

3.2. [.5. ACOClstic: no requirements for within The system itself does not offer aeoustic
one unit. An::lched units need to he separated comfert. This ean he aehieved with additional

1
by \valls which are able to aehieve minimum features (e.g. a masonry fire wall between the
soundprootïng of 52 dB. attached units can aet as noise reduetion wall).

3.2.2. IMPLEMENTATION

3.2.2.1. Constrltctioll time: the potential for i According to the builders. the light-steel house
2

house to b~ eomplcted in Jess than 20 wceks. 1 can be finishcd in 12 to 1~ \...·ecks.
t
l

3.2.2.2. Reqctiremell/s for specialised skilled The implementation requires highly skilled
labour: ncw building system should not rcquire 13bour (..eiders). which are not immediately

0
spcciolil.cd skillcd labour which is not available.
a\"~lii::lblc locally.

1

3.2.2.3. Reqltiremelltsfor speciali:ed rools and 1 Light-weight frames can be h~ndlcd by men.
cqlliP"'t:lCt: Building systcm should not rcquire Still. specialized tools arc rcquired for
utilization of specialized cquipment and tools. assembling a housc. 1
othcr than those alrcady availablc within the
local home-building industry.

3.2.3. ADAPTABILITY

3.2.3.1 ..·\daprability of the building system to Devc lopcd for the North American markct.
r/te lIletrie system: the ne\\' building s)'stem stecl-frame houses come in the impcrial
shoulJ he adaptahlc to the mctric mcasuring measurcmCnl system. Adjustmcnt to mctric is 0
system in order to be compatihle with other possible. but it would be fcasihle onl)' for a
pn1duch of the local home-building industf)' . 1 large of order of houses.
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3.2.4. DURABILITY

3.1.5 .1.Estimated life-span of the building: Resistant (0 humidi(y and insccts. the steel

1

houses built with the new system should ha....e structure is extremely durable. Its lifespan is 2
an expected lifespan of 100 years. easily comparable with masonry.

3.3. ECONOMIC ASPECTS

3.3.1. CONSTRUCTION COST

3.3.1.1. Cost of materia1and componems: Even though the steel-frame house is about 57t
these costs should match the existing local more expensi"'e than wood-frame. it still
prices of 325 - 650 CanS/m2 (30 - 60 CanS/sq. matches this price range of 35 - 60 CanS/sq. ft. 2
fL). The final cos(, naturally. depends on the number 1

of units built. t

3.3.2. LABOUR COST

3.3.2.1. Labour cost: Labour costs (both 1 Even with reduced construction time. the cost of
Canadian and local) should not exceed the Canadian labour required to implement the
amount of 225 - 330 CanS/m2 (21 - 30 system. which is approximately 8 times more

1

0
CanS/sq.fL). or 30Cft of total cast. expensive than local labour. would dramatically

increase labour costs.
1

3.3.3. TRANSPORTATION COST

3.3.3.1. Transportation cast: Transportation Steel studs are stack:lble and do not takc tao
cost should noC exceed the priee of: 70- 100 much space in transportation. According to

2
CanS/m2 (6.5 - 9.2 CanS/sq. fL). or lO9"e of manufacturers. transportation costs can meet
the total COSL chis criterion.

3.4. PSYCHOLOGICAL ASPECT

3.4.1. HOl"IEBUYERS ACCEPTANCE

3.4.1.1. Resen'ations towards performance of 1 A house build using the steel-frame struC"ure 1
the IW/lse: lhe nev"'ly introduced building , can he designed ta easily meet the preferences of 1

syslem should be easily adaplable [Q design and 1 local homebuyers. Aiso. applicd finishing does i
finishes lh:lt are preferable for homebuyers in 1 noC have lo reveal the stfl.lcture of lhe house. 1 0
lhe COFY. 1 However. lhe aUlhor lhinks lhal this building

, system is too advanced for (he housing market
! afCOFY.

3.4.\.2. Requiremellts for regltlar IIlClÙllt!mll/Ce: i The stecl-fr.lme itsdf docs nol need any t

regular m:lin(cnanl:C should he within sdf-help 1 mainlenance. Still. sorne applied tïnishing (e.g.
1

abilily of lhe average homcowncr. gypsum·boards) can rcquire more frcqucnt
1 rc:pairs than masonry.

3.4.2. BUILDERS' ACCEPTANCE

3.4.2.1. Awilabilit)' ofmaterials and As with wood-frame building syslems. nol ail
compo/le1lts: building system lhat involves componcnts arc availahle 101.:aIl y. and this could
malerials and components available in local 1 creale difficuhies for lalcr rcpairs and 0
markcls \....ould have an advant:lgc over the renovalluns.
olhcrs. :

Continue ...
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3.4.2.2. .-\ ..-ailabifiry of skilled labour: the:
pocencial for a building syscem [0 e:mploy
;}...ailable and ine:<pensive local labour wich a
minimum of specialized craining.

As steel-frame houses have no tr.ldicion in che
market of the COFY. local labour would require

l
a certain amount of training in order [0 be able
[0 implement this system.

Marks: 2 - Fully satisfy the criterion:
1 . Partly satisfy the criterion. but adjustmencs are possible:
o- Do noc meet che criterion.

Total poin[S: 18

•

As was memioned earlier. the light-weight steel framed houses are still being intro-

duced in, to the Canadian market. There are sorne attempts te export them to other coun-

tries, such as Germany. Russia and Portugal. However. besides their obvious advantages.

especially in the area of structural strength, the author believes that, at this point. chis

building system would not be accepted in the COFY. The main reason for this is the

necessity of framing directly on site. which requires specialized ski lied labour, which is

unavailable in the local building industry. Canadian labour would drastically raise the cost

and thus the total price of the house. AIso. the psychological barrier could be too scrong.

In the Canadian housing market. people have experience with the frame structural system,

and chey still show reservations [Owards steel as a material for housing, even though the

difference is not visually evident once the house is completed. These reservations can be

even greater in cultures where masonry is the main building system. Like in the case of the

wood-framed houses. the housing market of the COFY would rather accept prefabricated

houses that cornes as a package.

Despite its obvious advantages. the author feels that ie is too early for the housing

market of the COFY to accept light-weight steel frame houses.
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4.3. PLYWOOD 1 FOAM CORE SANDWICH PANELS

Plywood / foam core sandwich panels are made up of a core of insulating

polyisocyanurate foam. pressure-injected between two sheets of oriented plywood parti­

cles. Expanding foam completely fills in the space between outside skins and. in its solid

state. makes the panel perform as a monolithic structure. Tests performed showed very

good resistancc to compression. traction and shearJ~ They can be used for outside walls.

interior walls. tloors and roofing. This system is suitable for buildings up to three stories

high. but also can be combined with other methods. [t is also performing weil in seismically

unstable areas. because a weil assembled structure acts as a three-dimensional spatial struc-

ture.

Dimensions of the panels are standardized at 4x8 ft and 4x9 ft. but the manufacturing

process also perrnits other dimensions. This is certainly an advantage because the dimen-

Figure 4.4: Plywood / foam core sandwich panels
Source: Canada's exporTable houses, /99-1

34 Compressive strenglh: 0.22 MPa (32.4 psi). tensile slrcnglh: 0.21 MPa <30.2 psi). shear strenglh: 0.18
!'.IPa (25.5 psi). dcnsily 40.0 kg/m3 (l.5 lbs/cu. fl.). (PAN-/SOX structural insulated pal/el. courtes)' of
Unlimita/ f/(J/lsing Corporation 200/ [((/.. /998).
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sions can easily be modified to fit the modular system used in the COFY. The thickness of

the panels can vary. depends on their intended usage. For outside structural walls in resi­

dential buildings. the standard thickness is 117.7 mm (4 5/8 in). which provides thennal

resistance of R-30. but this can be enlarged on demande For interior walls. the thickness is

usually 60.3 mm (2 3/8 in). and the polyisocyanurate foam acts as a good soundproofing

barrier.

Light weight and simple assembly considerably reduce the construction time: it takes

t\Vo men only 4 hours to assemble the walls of the house measuring 8 x 10 meters. Ali

joints. such as the corner and roof joints are prefabricated. Once walls and floors are

assembled. the openings for doors and windows can be cut out according to the design.

regardless of their size and position. This again. is an advantage. because it opens up the

possibility of using doors and windows produced by local manufacturers. which can addi­

tionally reduce the total priee of the house. The fact that it is easy to assemble prec1udes

the need for specialized ski lied labour and special equipment and tools.

The construction costs (i.e. costs of materials and components) depend on the I\~vel

and quality of finishing. According to producer (Unlimited Housing Corporation 2001

Ltd.). the priee range for a median house would be between 330 to 450 CanS/m2. The

possibility of employing local labour would reduce the labour costs down to 150 to 200

CanS/m2. Combined average costs of material and labour would thus be approximately

550 CanS/m2. which is significantly lower than CUITent price in the housing markets of the

COFY (750 - 1100 CanS/m2 ).
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CRITERION Comments and recommendations Mark

3.2. TECHNICAL ASPECTS

3.2.1. CODES AND REGULATIONS
1

3.2.1.1. Load-bearing capaciry: no specifie ! Compressive strength of these panels is 0.22
requirements 1 MPa (32"+ psi). Suitable for buildings of up to 2

three tloors hi2h.: ...

3.2.1.2. Earthquake resisrance: no special ! Tensile strength: 0.21 Mpa (30.2 psi), shear
approval necessary for the houses: 1 strength: 0.18 Mpa (25.5 psi). Assembled weil.
- groundtloor+ 1 floor for VIII degree zones: 1 the structure aets as three-dimensional spatial

2
- groundfloor+2 floors for VII degree zones. structure. Sorne additional reinforcements might

be required in zones with higher seismical
acti vities.

1

3.2.1.3.Fire resistance: no requirements for These panels are eonsidered combustible.
within one unit. Attaehed units must be Attached units need to be separated by fire-

0
separated by fire-walls with a fire-œsistanee of 1 walls.
a minimum of 90 minutes.

3.2.1.4. Energy efficiency: RSI requirements 1 Panels of standard rhickness provides RSI of
according ta climatic zones: 5.3. which is more than the required. (Reducing

2
- outside walls: 0.66. 0.94. 1.08. the thickness of panels would decrease the
- roof: 1.16. 1.37. 1.65. 1 structural strength).

3.2.1.5. Acoustic: no requirements for \,,·ithin 1 Polvisocvanurare foam acts as a eood
one unit. Attached units need to be separated soundproof barrier. It will improve the acoustlc

2
by walls \vhich are able to achieve minimum 1 comfon within the unit if panels are used as
soundproofing of 52 dB. 1 partition walls as weiL

3.2.2. IMPLEMENTATION

3.2.2.1. COl/struction time: the potential for 1i It takes a two man team to assemble the walls
house to be completed in lcss than 20 wecks. 1 of the house mcasuring 8 X 10 m in only 4

2
1 hours. Accordingly. a turn-kcy project should
! not takc more than 8 weeks.

3.2.2.2. Requirelllellts for specialised skilled 1 Simple asscmbly proccss of this system docs
labollr: ncw building system should not rcquirc 1 nnt requin.: specializcd ski lied labour.

2
specialized skilkd labour which is not 1

:lvailablc locally.
1

3.2.2.3. Requiremerrts for specillli:ed rools and 1 Light.weight panels can be handled by men.
eqllipmellt: Building system should not require 1 Tools required for the job arc standard
utilization of specializcd equipment and tools. ! carpenter' s tools. 2
othcr (han those already available within the i
local home-huilding indu~·;[ry. !

7':~
Continue...



• 3.2.3. ADAPTABILITY

3.2.3.1. Adaprabi/if): of bui/dùrg system to the 1 The panels can be made in any required
metric system: the new building system should
be adaptable ta the metric measuring system in
order to be compatible with other products of
the local home-building industry.

dimensions without additional cost. AIso. ail
openings can be eut in any sizes. 50 the system
can be highly compatible with the products of

1 local building industry.

2

3.2.4. DURABILITY

3. 1.5. 1.Estimated life-span of the building:
houses built with the new system should have
an e:<pected lifespan of 100 years.

iAccording to manufacturer. the lifespan of a
1 properly built and protected house can be

compared to that of the brick house.
Considering that this is a relatively new
product. long term durability is not yet proved

i in practice.

3.3. ECONOMIC ASPECTS

3.3.1- CONSTRUCTION COST

3.3.1.1. Cost ofmaterial and compOl:ellls:
these costs should match the e:<istir.g local
priees of 325 - 650 CanS/m2 (30 - 60 CanS/sq.
ft. ).

Ir depends on finishing. but for a median house
the price would be 330 - 450 Can/m2 (30 - 45
CanS/sq. ft.).

1

2

3.3.2. LABOUR COST

3.3.2.1. Labour cost: Labour costs (both
Canadian and local) should not exceed the
amount of 225 - 330 CanS/m:! (21 - 30
CanS/sq.fL). or 30lft of total cost.

i The involvement of inexpensive local labour

l
and reduced construction time greatly reduce the
price: the six men tcam would bring the cost of

1 labour to around 100 Canlm2 (10 CanS/sq.ft.).

2

3.3.3. TRAJ.~SPORTATION COST

3.3.3.1. Trmuporwrio/l cast: Transportation
cast shoulJ not exœed the price of: 70- 100
CanS/m2 (6.5 . 9.2 CanS/sq. ft.). or 1Ot7é of
the total COSl.

i Even thou!!h it is difficult to find out e.'<act
! priees. light-weight panels are stackable and
i thus. casy to transport.

!

•

3.4. PSYCHOLOGICAL ASPECT

3.4.1. HO~IEBUYERS ACCEPTANCE

3.4.1.1. Reser\'Cllimls toward perfor11uma of i [t is rcasonable co e:<:pcct that thcn: would be
the flOuse: the newly introduced building . sorne rescrvations toward this building system.
system should bc casily adaptable to design and 1 bcaring in mind that it is considered "lighC.
tinishes that arc preferable for homcbuycrs in comparcd to masonry. However. the adequate
the COFY. 1 dcsi~m and tïnishin!! do net have to rcveal the 1

difference in structural systems. Sull. tt should
1 be c:<pectcd that this building systcm wou Id not
i he widcly acceptcd. at least in the bcginning.
1 cspccially in the owner-built part of the housing
1 market.

Continue...
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• 3..+.1.2. Requiremems for regll/ar maimenal/ce: This building system allows a variety of
regular mJintenance should he within the self- finishing that corresponds with those used in
help capabilitj' of the average homeowner. traditional masonry. Properly chosen and

installed. they might not required specialized
maintenance more orten (han in the case of a

1 traditional building system. Smooth surface of
1

the panels allows immediate application of
wall-papers or paint. Therefore. this type of
maintenance is completely within the capability
of the average homeowner. However. plywood
panels might pro"'e [Q be less resistant to

1 humidity and insects.

3A.2. BUILDERS' ACCEPT:\l'iCE

3..+.2.1. A..ai/abilir)" of mareréais and r Adaptability of mis building system to required
componenrs: building system that lm'olves measurements makes il compatible with a
materials and components available in local variety of products from the local building
markets would have an advantage over the industry. :\150. easy production of the panels 2
others. l'hemselves makes il possible 10 eSlablish lhe

manufactures in the COFY. which would make
this product easily available to the builders.

3..+.2.2. A~·ailability ofski/led labolir: the 1 Local. inexpensive labour can easiIy be trained
pmcntial for a building system to employ 1 forthe job. 2
availabk and inexpensive local labour with a
minimum of speciaIized training.

Marks: 2 - Fully satlsfy the cntenon:
1 - Partly satisfy the criterion. but adjustrnents are possible:
o- Do not meet the criterion.

TOlal points: 29

•

This building system allows different kinds of inside and outside finishing. which

can enhance the appearance of the house and help overcome possible reservations toward

. new materials and components. Good performance of these prefabricated panels, and

other above-mentioned advantages. make this building system acceptable in the market of

the COFY.
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4.4. CONCRETE 1FOAM CORE SANDWICH PANELS

This building system is very similar to the previous one: expanding polyurethane

foam is injected under pressure between outer light concrete layers. Each panel also has a

built-in frame made of wood or steel. which protect the foam core. and through which

panels are connected to each other with screws and bolts. The thickness of the concrete

and [oam layers. as weil as the size of the panels. are adjustable. depending on specifica-

tions. which means that they can he easily adapted to the metric system and the local

modular coordination system.

These panels show high performance in structural strength: the performed tests show

that this system can withstand lateral forces of wind up to 120 MPH (210 kmlh). and

seismic tremors of zone III. They are firm. durable and resistant to humidity and insects.

By regulating the thickness of the layers. different levels of insulation and rigidness can be

achieved. in arder to fulfill the various requirements of different climatic zones. as weil as

other building code requirements such as structural strength and acoustics. The assembly

is simple and easy. and does not require any specialized tools. heavy mechanization or

equipment. Aiso. local labour can easily be trained to do the work.

Smooth surfaces are ready for final finishing. and do not requiTe substructure. as is in

the case with gypsum drywall boards.35 Aiso. different kind of outside finishing are appli-

cable to these panels. so the appearance of the house could be adapted to meel local buyers

preferences.

The openings in panels should be defined prior to manufacturing. because an open-

ing should have its own frame which contributes to the rigidity of the panel and also serves

as a substructure for attaching doors and windows. This would be the only major disad-

vantage of the system. because later alterations are not possible without affecting the per-

35 This I.:an work as an advanlage. because. the kind of insidc walllïnishing such as gypsum-boards are not
common in the counlries of forme:- Yugoslavia. al lcast not for the residcntial buildings.
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formance of the panel. It means that this system is suitable for prefabricated houses. but

not for a single, atypical design.

The price of these panels is similar to the previous one: between 350 and 450 CanS/

m2 (this price include other materials and components, i.e. besides the panels comprises

the total construction costs). Labour cost, also should not exceed 150 - 200 CanS/m2. if

local labour is employed for the construction. Therefore, even with transportation costs

which are usually 8 - 10 'k of the total amount, the total price of the house should not

exceed 550 to 700 CanS/m2.

CRITERION Comments and recommendations Mark

3.2. TECHNICAL ASPECTS

3.2.1. CODES AND REGULATIaNS

3.2.1.1. Load-bearùzg capacity: no s~cific 1 High perfonnance in structural strength: 0.22
requiremcnlS 1 MPa (32.4 psi) in compressive s...eng'h. 2

Allows building houses up lo lhree stories.

3.2.1.2. Earrhquake resistallce: no special 1 Rigid panels show good lateral forces resistance:
approval neccssary for the houscs: r shear strength: 0.18 MPa (25.5 psi). tensile

2
- groundtloor+ 1 tloor for vrn degree zones: 1 strenglh: 0.21 MPa. The system works as a
- groundtloor+2 tloors for VU degrce zones. j lhree-dimcnsional spatial structure.

3.2.1.3.Fire resisuzllce: no requircrncnlS îor 1 Outer concrcte laycrs of sandwich panels protect
wilhin one unit. Auached uni(S must be foam core from combustion. However. longer
separaled by fire-walls wilh a firc-rcsis(ancc of C.'(posure to firc can effecl the structural strcngth ,
a minimum of 90 minutes. of the panels. Atlached units must he separated

by masonry fire w:llls.

3.2.1.4. Ellergy efficiellcy: RSr requircmcms Standard thickncss of the panel makes the RSr
according to c1imatic zoncs: value 5.2. Even lhough this is much more than

2
- outside walls: 0.66. 0.94. 1.08. required. reducing the thickness could affect the
- roof: 1.16. 1.37. 1.65. structural slrength of the panel.

3.2.1.5. Acol/sric: no requirernenls for within 1 Polyurcthane foam core of the panel acts as an
one unit. Atlached units nccd lo bc scpar:ltcd ,eXCCllen' noise .bsorbcnt. No .dditianal noise

2
by walls which arc ablc to achic..-c minimum rcducers arc neccssary.
soundproofing of 52 dB.
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Conlinu~ ...



•

•

3.2.2. IMPLEMENTATION

3.2.2.1. Construction cime: the potential for 1 Approxima« [im~ '0 compl~'~ [h~ oous~ is 8 (0 1 2
house to b~ completed in less than 20 week5. (0 weeks.

3.2.2.2. Reqlliremellcs for specialised skilled 1 Easy and fast assemblage does not require
labour: ne.."· building system should not require specialized trained labour.

2
specialized skilled labour which is not
aV:lilable locally.

3.2.2.3. Requiremellls for speciali:ed tools and Light-weight panels can ~ handled by man
eq!lipmenr: Building system should not require power. Ali tools required in the implementation
utilization of specialized equipment and tool5. are available in the local home-building market. 2
orher than those already available in the local
home-building industry. 1

3.2.3. ADAPTABILITY

3.2.3.1 . .4.daprability of the building system to The panels can he made in any required
the metric system: the new building system dimension. Important: the size and place of
should be adaptable to the metric measuring openings needs to ~ defined prior to 1
system in order to be compatible with other rn.:lnufacturing. No alterations are possible after
products of the local home-building indusrr:·.

1
the panel is made.

3.2.4. DURAS lLITY

3.1.5. l .Es!imated life-span oj the building: According ta manufacturer. it is comparable to
houses built with the new system should have masonry. Still. as this is a relatively new

1
an expected lifespan of 100 years. product. the perfonnance of the foam core needs

to ~ pro ..·ed over the longer period of time

3.3. ECONOMIe ASPECTS

3.3.1. CONSTRUCTION COST

3.3.1.1. COSl of material and compollenrs: 1 According to producc:rs estimate. the priee of
these costs should match the e;(isting I()(;al m:lterial and eomponents would be 35 - 45

2
pril..:t:s of 325 - 650 CanS/m! (30 - 60 CanS/sq. CanS/sq.fL
fL).

3.3.2. LABOUR COST

3.3.2.1. Labollr COS!: Labour costs (both Employing 10l.:al labour. along with th~ rcduœd
CanaJian and local) should nOl c;(ec:ed the constrw;tion time. would dc:crease the price of

2
amOUl1t of 225 . 330 CanS/m2 (21 - 30 labour to around 100 CanS/m2.

CJ.nS/sq.fL). or 30% of total cost.

3.3.3. TR.-\NSPORTATlON COST

3.3.3.1. Trallsporwtiml cm·r: Transportalion Even though it is difficult to provide 3ccurate
cast should not c:(cccd the priee of: 70- 100 priees. the manufacturer cstim.:lted that

1
CanS/m 2 (6.5 - 9.2 CanS/sq. fL). or 109é of lransportation costs \\Iould match th~sc limits.
the total cost.
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• 3.4. PSYCHOLOGICAL ASPECT

3.4.1. HOMEBUYERS ACCEPTANCE

3A. J.1. Rcser.ariolls to',-ards performallce of
rhe IlOltJe: the newly introduced building
systcm should be easily adaptable to design and
finishes th:lt are preferable for homebuyers in
the COFY.

3A.I.2. Requiremellls for regular 11/ail1Iellallce:
regular maintenance should be within the self­
h~lp cap:lbility of the average homeowner.

Rigidness of the pancls and their concrete outer
layers makes them similar to the masonry in
minds of potential buyers. and with adequate
design and finishings this system can be
successful. Still. it most likely would not be
immediately adopted by the pan of market that
obtain their houses by self-help practice.

Hard concrete outer layers of these sandwich
panels protect the foam core. Resistant to
humidity. insé:cts and impacts. these panels do
not rcquire specialized maintenance. Hard and
smooth panel surfaces allow il variety of
finishing. such as paint and wall-papering. the
implementation of which is usuatly within the
capability of the average homeowncr

1

3.4.1. BUILDERS' ACCEPTANCE

3.4.2.1. A\·ailabiliry ofmater;a[s and
componems: a building system that involves
materials and components available in local
markets would have an advantage over the
others.

3.4.2.2..·h·ailabiliry ofskilled labour: the
potential for a building system to employ
a\'ailable and inexpensive local labour with a
minimum of specialized training.

This building system involves materials that are
available in the local building industries. 50

eventuaIly. the factories for production of panels
could be set up in the COFY. Also.
dimensiona1 coordination with other

1

compone~ts from the local building industry
makes this system highly applicable.

lnexpensive local labour can easily be trained
for the job.

2

2

•

Marks: 2· Fully salisfy the cricerion:
1 - Partly satisfy lhe criterion. but adjustments are possible:
o - Do not meet che criterion.
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Affordahle priees. together with good technical performance make these panels very

appealing for the housing market of the former Yugoslavia. Still. the aspect of cultural

acceprance can play a decisive raie. These panels have a more sol id appearance than any

lighler frame system. With adequate design and finishing. houses built with this system

have a good chance of being accepted in the eDFY market.
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• 4.5. PERMANENT INSULATED FORMWORKICONCRETE SYSTEl\'1

Although innovative in design and assembly features. this building system remains

conventional in its essence: expanded polystyrene e1ements assembled together act as built-

in formwork for reinforced concrete walls.

Insulated forms are composed of two symmetri-

cal expanded polystyrene panels. measuring 2.5 x 12 x

96 in (63 x 305 x 2438 mm). They are fastened to-

gether by T-shaped polymer fixtures that are inserted

into end grooves on adjoining panels. and which also

serve as a solid base for screws. The precise and con-

tinuous space between parallel panels is ensured by tie-

rods. with a maximum distance of 9 inches between

them. Reinforcing steel bars are attached directly to

these tie-rods. Once poured. the concrete adheres per-

fectly to the surface of the forms. creating a concrete

and expanded polystyrene sandwich wall. The usual

thickness of the concrete portion is 6. 8 or lOin ( 152.

203 or 254 mm). but it can be adjusted according to

requirements. Also. the steel reinforcement can he regu-

Figure 4.5: Pennanenl insulaled
fonnwork 1 concrelc syslem.
Source: coartes)" of Polycrere.
1998.

•

lated to meet different standards for load-bearing and earthquake resistance.

Expanded polystyrene formwork act as buHt-in insulation (R-value from 20 to 30):

properly installed concrete leaves walls free of air-pockets and thermal bridges. Insulation

properties of polystyrene panels also allow pouring concrete at extremely 10w or high

temperatures. without compromising the hardening conditions within the forms: this fea-

ture can extend the construction season so that it lasts almost year-round.

Other advantages of this system are basically the same as those of other concrete
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structures: they retain their shape and do not deteriorate. therefore maintenance costs are

minimized over the years. The structure is highly durable and fire resistant and thanks to

its high density. the walls provide an excellent sound barrier. This wall system allows

different inside and outside finishing styles: various types of siding. stucco. brick or stone

veneer. according to preference. The simplicity of polystyrene panels assembly and the

familiarity of the local labour force with concrete work results in the possibility of using

local. less expensive labour for the construction.

Even though this system offers construction material costs similar to those of other

building systems. overall costs can be significantly lowered due to many factors. Con­

struction time is reduced up to 50 % of conventional masonry building time. The possibil­

ity of engaging a local labour which do not require special training. and which is less

expensive than Canadian labour, can also effect the total cost. Transportation costs are

lower than for other prefabricated systems. because polystyrene panels are light and easy

ta transport: concrete can be produced by local building industries whose prices are also

lower than in Canada. The ability of the system to easily adjust to different measurements

and local building code requirements can add up to additional savings. through use of other

producls made by local building industries.
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CRITERION 1 Comments and recommendations Mark
1
1

3.2. TECHNICAL ASPECTS

3.2.1. CODES AJ.\fD REGULATIONS

3.2.1.1. Load-bearing capacity: no specitïc 1 This system offers structural strength of
requircments reinforced concrete. Il is suitable for muhi- 2

store)' multi-unit buildings as weil.

3.2.1.2. Earrlzquake resistance: no special i These requirements can be easily met.
approval necessary for the houses: 1 Additional resistance can œ achieved by adding

2
- groundtloor+ 1 Ooor for VIII degree zones: 1 more sU'Uetural steel, according to engineers'
- groundfloor+2 Ooors for VII degree zones. recommendations.

3.2.1.3.Fire resistance: no requirements for 1 Concrete walls are non-combustible.
within one unit. Auached units must be However. smoke which is the resuh of burning

1
separated by tïre-walls wilh a fire-resistance of of polystyrene panels is taxie.
a minimum of 90 minutes.

3.2.1.4. Energy efficierrcy: RSr requiremems Built-in insulation of polystyrene panels
according to c1imatic zones: achieves the R-value of 27.45 (RSl: 4.8).

2
- outside walls: 0.66. 0.94. 1.0S.
- roof: 1.16. 1.37. 1.65.

3.2.1.5. ACOllstic: no requirements for within Massive concrete walls act as an effective sound
one unit. Auached units need to he separated absorœnt. This feature is improved with the

2
by walls which are able to achieve minimum addition of polystyrene layers.
soundprootïng of 52 dB. i

3.2.2. IMPLEMENTATION
,

3.2.2.1. Construction time: the potential for 1 According to the manufacturer. this system
house tù be complcted in less than 20 weeks. reduces the construction lime by up to 50'ié

2
comparcd to conventional masonry. Therefore.
the criterion is fully s:ltisficd.

3.2.2.2. Reqlliremems for specialised skilfed The assembly of panels is simple and fast. and
lahour: new building system should not require local labour is c.,<pericnccd with working with

2
spccializcd skillcd labour which is not concrete.
availabk locally.

3.2.2.3. Requiremellls for speciali::.ed lOols and Pouring concrete requires use of concretc
equipmem: a building system should not pumps. as weil as vibrators. Also. during
require utiliwtion of spccializcd cquipmenl and creetions of fonns. scaffolding nccds to he uscd 0
(Ools. O[her than those alrcady availablc in the to stabilize walls.
local home-building industry.
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3.2.3. ADAPTABILITY

3.2.3.1. Adaprabiliry of tire buildillg system ra The system can be adjusted ta fit the merric
rhe merric system: the new building sysh~m measuring system and the local modular grid.
should he adaptable to the metric measuring 1
system in order to be compatible with other
products of the local home-building industr)·.

3.2.4. DURABILITY

3.1.5.1.Esrimated life-span of the buildillg: Concrete walls of this system can easily achieve
houses built with the new system should have even longer lifespan of the building with no 2
an expected lifespan of 100 years. changes in performance of the structure itself.

1

3.3. ECONO~1IC ASPECTS

3.3.1. CONSTRUCTION COST

3.3.1.1. Cost ofmaterial and compollems: 1 According to the manufacturer. the construction
these costs should match the existing local material costs are similar ta other building
priees of 325 - 650 CanS/m2 (30 - 60 CanS/sq. systems. Ho\vever. the large amount of concrete

0
fL). needed for this type of building can he very

expensive. considering the priee of cement in
the local market.

3.3.2. LABOUR COST

3.3.2.1. Labour cost: Labour costs (both 1 R<duc<d conslruction lim< rosulls in reduclion
Canadian and local) should nor exeeed the of labour costs.

2
amount of 225 - 330 CanS/m2 (21 - 30
CanS/sq. ft.). or 30'ié of total cast.

1

3.3.3. TR.o.\l....SPORTATION CaST

3.3.3.1. Transportation cost: Transportation Considering that only light-wcight and
co~t should not exceed the priee of: 70- 100 stackable polystyœne panels need to be shipped.
CanS/m: (6.5 - 9.2 CanS/sq. ft.). or 109(- of the transportation cast are approximatcly 3.5 9é 2
the lot:!.1 cost. of the [otal cast. The concrc(e can he supplied

by local concrcte factories.

3.4. PSYCHOLOGICAL ASPECT

3A.I. Ha~lEBUYERSACCEPTANCE

3A.I.I. Resen:ariolls towards performance of Il can be assumed th~t thae will not be many
rite hOllse: the newly introduccd building reservations toward structural performance of
system should he easily adaptable to design and this building system. becausc it is based on
tinishes that are preferable for homcbuyers in rcinforccd concre(c. Because this building
the COFY. system offers performance \...·hich is the most 2

similar ta the convcntional building system. il
can be assumcd that it is 1!oinl! to be more

1 rcadily acec:pted than any :-'Iigh~" structural
i system.

Continue...



• 3A.I.2. Reqllirements for regu/ar maintenance: This system allows ...mous types of finishing: .
regular mainh::nance should ~ within the: se:lf- Outside: one:s can he durable: and the:ir
heip capability of the average homeowne:r. maintenance can ~ compared to masonry.

(nside. though. this system requires gypsum
1

boards. which require more frequent repair than
the plastered masonry wall. Howe...er.
application of finishing requires sub-structure.

1 which makes the walis "'ery complex.

3.4.2. BUILDERS' ACCEPTANCE

3.4.2.1. A\'ailability ofmaterials and 1 Ali materials and components of this building
componenrs: building system that in"·ol ...es system are currently available in the home-
materials and components available in local 1 building industry of the eOFY. 2
markets would have an advantage over the

1
others.

1

3.4.2.2. A\Oailability ofskilled labour: the 1 Local labour is ...ery experienced in working
potential for a building system to employ with concrete. therefore. this system couId be

2
available and ine.'<pensive local labour with a immediately implemented in the market of the
minimum of specialized training. COFY.

Marks: 2 - Fully sausfy the cntenon;
1 - Partly satisfy the criterion. but adjustments are possible;
o- Do not meet the criterion.

Total points: 27

•

However. a closer look at this system will reveal sorne disadvantages. The oversized

thickness of walls makes this system inappropriate for low rise houses: the reinforced

concrete walls are too heavy and too massive for this type of building. even in the region

where masonry is the main building system used. Once made, concrete walls do not allow

for any adjustment. without enormous additional cost. Permanent polystyrene formwork

works weil on the outside surface of the walls, but inside. the whoIe substructure which

\vill carry gypsum boards finishing. and allo\v electricaI. plumbing and other installations

ro take their place needs to be built. The horizontal structures offered with this system are

light: either steel or wood trusses, and in contrast to the heaviness of walls.

Even though this system is the closest to conventional masonry, and most likely

\vould be more acceptable to the housing industry of the cauntries of former Yugoslavia,

the problems that this system brings are tao close ta the disadvantages of using masonry.

The improvements that this system introduce are not significant enough to justify its appli-

cation.
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4.6. PVC EXTRUSION PERMANENT FORM 1CONCRETE SYSTEM

Similar to the previous one. this system is based on the principal of elements which.

when assembled together work a'i a permanent form for concrete walls. Pre-eut PVC

extrusions sIide into each other to form a hollow panel whose cavities are then filled with

concrete. The walls are anchored to the concrete foundations by reinforcing bars. Addi-

tional reinforcements within walls can be added if needed. Houses of one to two tloors

high can be easily built with this system.

Ail elements are based on a 10 cm module. whose advantage is that it corresponds

perfectly with the same module used in the building industry of the COFY. Based on the

structural strength of the reinforced concrete. this system can resist lateral forces of the

wind velocity up to 250 kmlh. and earthquakes up to 7 degree of Richter scale. Roof

structures can be made of wooden roof trusses. or from PVC extrusion filled with concrete.

<1- l_....._. )-

Figure 4.6: PVC extrusion pennancnt form 1concrctc system.
Source: courtes)" ofDIGIGRAPH. /998.

Assembly of PVC extrusions is fast and simple. and a team of three men can assem-

ble first storey walls in one day. The pouring of concretc. however. requires the involve-

ment of the pumps. and better results would certainly be achieved if vibrators are used.
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The smaII size of cavities requin~ the use of concrete with more liquid consistency. which

it rnakes more expensive. For an installation of electrical lines. a special. C-shape extru­

sion must be installed inside the \valls before the concrete is poured. Similarly, the system

requires that the water supply (plumbing) and the drainage system come up through the

sIab. The pipes can be incIuded inside the walls prior to pouring the concrete. These

features leave IinIe freedom for post-occupancy adjustmenrs or other renovarions, which is

certainly a disadvantage for the market in the COFY, where the house rernain within one

fami!y for decades, and ofren need to be modified to accommodate the farnily's changing

needs.

1

CRITERION Commems and recommendations Mark

3.2. TECHNICAL ASPECTS

3.2.1. CODES ~'iD REGULATIONS

3.2.1.1. Load-bearing capaciry: no specific Based on the structural strength of reinforced
requirements concrete. this system is appropriate for houses 2

1 of one CO two stories high.

3.2.1.2. Earrhquake resislallce: no speci:ll ! Tests pro ....ed th:lt this system h:lS earthquake
Jppro ....al nl::œss;lry for the houscs: 1 rcsistancc capabîlities of 7 degrees on the

2- groundtloor+ 1 floor for vur degree zones: 1 Richter scale. Therdore. no specitic features
- groundtloor+2 floors for VII degree zones. 1 need te be added to mc:et th~ code requirements.

3.2.1.3.Fire resiSlallce: no rcquirements for 1 Concrctc walls are non-combustibl~. Howevcr.
\,.. ithtn one unit. Attachcd units must b~ burning PVC e'urusions can rc:kasc thc

1
sepJ.r:ltc:d by tirc-walls with a tire-rcsistance of poisor1oUS smokc:.
a minimum of 90 minutes.

3.2.1 A. El/erg." efficiellcy: R5r requircments This system doc:s not contain any kind of
Jccording to c1im~tic zones: insulation. It necds to ~ added. according 10

0- outside walls: 0.66. 0.94, 1.08. requin:mcnts.
. roof: 1.16.1.37, 1.65.

3.:!.I.S. ACOllSlic: no requirements for within 1 10 cm thick concrl:tc walls of this system do
onc unit. Attached units nccd to bc scparJtcJ 1 nO( cn,;rciy mc« 'hi; crilcrinn. An ,ddition,1

1by walls whil.7h arc able lO achicvc minimum sounJ harrier shoulJ b,: installcd bct\.. ccn
sounJrrooting of 52 dB . 1 ~[[~Khcd units.

Contrnul."
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3.2.2. 1~IPLEMENTAnON

3.2.2.1. COllsrnlcrior. rime: the pOlential for Three men cc:am can assemble first story walls
house to be completed in less than 20 weeks. in one day. E·..en though time is nec:ded for the

concrete to harden. and additional insulation and 2
finishing need to be installed. the construction
time can match the PCriod of 20 weeks.

3.2.2.2. Requiremenrs for specialised skilled Considering the ex.perience of local labour with
labour: ne..... building system should not require concrete. chis building system can he

2speci:1lized skilled labour .....hich is not implemenced e..-en by owner/purcha.ser in the
availJ.ble locally. case of simple buildings.

3.2.2.3. Requiremenrs for speciali:.ed rools and Concrcte mi.~er. concrete pumps and even
1equipnze/ll: Building systems should noc vibrators need to he used in order te properly

require utiliz:uion of specialized equipment and inscal1 the concn:te without air-pockets. which
tools. other than those already available in the can effect the strUcturaI strength and create 1
local home·building industry. theffilal bridges. Still. ex.perience in work with

concrete makes the most of these tools available
in the local market.

3.2.3. ADAPTABfLITY
-- . .. -

3.2.3.1. Adaprabiliry ofbuilding system to rire Ali elements of this system are based on a 10
metric system: the new building system should cm module which perfecdy correspond with
be adaptable to che metric measuring syscem in local modular grid. 2
order to be compatible with other products of
the local home-building industry.

3.2.4. DURA.BILITY

3. 1.5.1 Esrimared life-span of the building.- Durability of concrece walls correspond with
houses built with the new system should have conventional masonry. Still. PVC cJ(trusions
:m e:<pected lifespan of 100 years. influenced by temperature changes might not be

1
equally durable. This system still needs lo prove

1 its perfonnance through practical use over long
! period of cime.

3.3. ECONO~lIC ASPECTS

3.3.1. CONSTRUCTION CaST

3.3.1.1. Cosr ofmClreria! alld compollellls: According to the produeers. che whole house kit
lhc:se costs should match the e:<isting local [ogethcr wilh doors and windo\vs cornes up lo
prit.:cs of 325 • 650 CanS/m 2 (30 - 60 CanS/sq. CanS 175/m1. Still. the priee of concrcle. as

1
ft. ). weil as of insul:llion and tïnishing is no[

includcd. so it can he assurncd (hat il will reach
CanS 300/m l ..

3.3.2. LABOUR CaST

3.3.2.1. Lahour cost: Labour COsls (boch Ernploying ine.,pensi\·c local bbour wilh
CanaJiJn and local) should nO( I::<ec:ed [he rcdueed construclÎon lime can dcerease thc priee

2
~llnount of 225 - 330 CanS/m l (21 - 30 ta 95 • \30 CanS/m!.
ClnS/s4 ft.). or 30Ck of [olal cost.

1

Con[lnu~
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3.3.3. TR.-\..'.;SPORT.-\TrON COST

3.3.3.1. Trc:nspor:arion co~':: Transpon;uion ; PVC e:<trusions are 5tJ.l.:kJblc;: and the a...eng::
-:OSt should noc excc:c:d the priee: of: 70- 100 [ house kit takes only [5 m= of shipping space.

~CJ.nS/m.:! '6.5 - 9.2 CanS/sq. ft.). or 1O~ of : Therefore. che tr.lnsport.:lcion .:ost is reduced ta

(he (0(.:11 cost. i 1I:S5 than 3% of the: [oto21.
1

3.4. PSYCHOLOGICAL ASPECT

3.-l.1. HOMEBUYERS ACCEPTA:'-iCE

3.-l.1 .1. Reun;Qcions coward perjormance oÏ
1

1! The s[(Ul.:(ure or chis :iyscem is reinforced 1

the nouse: the: newly inrrodueed building conerere. so ic can be: a.ssume:d chat there will 1

system should ~ easiIy adapcable co design and not be as many reservations cowarci sU'Uctural 1

finishes thar :ue preferable for homebuyers in performance. However. the solidity of concrete
!
1

the COFY. walls can make pose-occupancy interventions in
the house difficult. and very e:<pensive .-\Iso. 0

1 this system is noc visually :lCtraetive. lt is mosc
rl'Ui!Obl. for less imporun, buildings. As in
1

other cases. tinishing and design can influence 1
1

mis feature. but ie brings additional cose and ,
1 effort.

r

3A.l.2. Requiremenrs for regular mainrenance: i Based on 10 cm thick concrete walls. the
,
1regul:u maintenance should be within self-help i building system itself is extremely durable and !

;lbility of the :lverage homeowner. does not require any maintenance. However. the J

need for regular maincenance will depend on the 1
2

types of finishing used. :l!ld chey can be chosen 1

1

i according to future buyers preferences. t

!

3...1.2. B UILDERS' ACCEPT.-\..'lCE

3.-l.2.1. .4."'cilabiliry oÏmareriels and ~ Ail matenais and components e.'tcep[ for the
i,

componenrs: the building system thac involves extrusions themseIves 3re :lv:lil:lble in che
ma[eriaJs and components av:lilable in loc:lI home-building markets in the COPi. 1
markets would have an advantage over the
others.

3...1.2.2• .-\vailabiliry of skilled labour: the 1 Local construction workers are experienced in 1
pocentiaJ for a building system to employ ! working with ~oncrece and no a.dditio~al training 1

2
:lvailable and inexpensive local labour WiÙl :l J would be required. 1
minimum of speciaJized craining. 1 t

•

Marks: 2 - Fully sansfy the cncenan;
1 - Partly satisfy the cricerion. buc adjuscments are possible;
0- Do not meet the cricerian.
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The price of this building system appears very attractive: the whole house kit which

includes extrusions for walls. roof, windows and doors costs CanS 175 per m2. Extrusions

are stackable and easy to transport: a kit for a house occupies approximately 15 m2 of

shipping space and weighs about 2,000 kg, which significantly reduces the shipping costs.

However. several other elements must be added to the price. The price of concrete is not

included into this amount. Even though the concrete work might be less expensive in the

COFY than in Canada. the necessity of using concrete of a more liquid consistency makes

it more expensive because more cement needs to be used. Second. this system does not

include any kind of insulation. nor inside or outside finishing. The priee of these materials

and the cost of their installation needs to be added to the aforementioned price. Aiso. the

installation of wall finishing itself can he complicated because it involves drilling solid

concrete walls. and building additional substructures which would carry them. It is easy (0

conclude that these additional costs are likely to bring the price closer to that of other

building systems. Thus. with ail disadvantages that this system has. it does not make it

efficient enough.
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CHAPTER5:

CONCLUSION AND RECOMMENDATIONS

After contacting Canadian manufacturers and exporters of housing building systems

and prefabricated homes. the choice was narrowed to six building systems that were evalu­

ated by the author. These systems differ in the materials used or in their structural princi­

pIes.

These six systems can also be divided according to the nature of the systems them­

sel ves: frame structures are represented by wood and light steel frame structures: plywood

or light concrete shell sandwich panels represent second group: and in the third group are

systems based on the poured-in-concrete principal with different kinds ofbuilt-in formwork.

Every system was analyzed according to criteria developed for that purpose. Sys­

tems \Vere approached from different aspects. such as technical (technological). economic.

and psychological aspects (acceptance). The technical aspects include local building codes'

requirements. implementation. compatibility with local building industry products. and

durability of building systems. The economic aspect deals \Vith the costs of components.

labour and transportation. and the psychological aspect is concemed with the question of

acceptance. both by potential buyers and by builders and developers.

The marking system that was used in the evaluation involved three levels of grades:

:2 points \Vere given for entries where building systems fully satisfy (or even exceed) the

requirement. One point \Vas given for entries where building systems couId be adjusted to

meet the criterion. and 0 points were given for entries where evaluated systems could not

offer satisfying solutions.
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After evaluation. the following results were obtained:

- Wood-frame prefabricated building system: 21 points:

- Light-weight steel frame building system: 18 points:

- PVC extrusion permanent forro 1 concrete system: 24 points:

- Permanent insulated formwork 1 concrete system: 27 points:

- Concrete 1 foam core sandwich panels: 29 points:

- Plywood 1 foam core sandwich panels: 29 points.

However. it would not be right to hastily conclude that the concrete 1 foam core

sandwich panels are the ultimate solution for problems in the housing industry of the coun­

tries of the former Yugoslavia. even though this system satisfies most of criteria. The

author would 1ike to take the opportunity to further expand and compare the performances

of different systems.

Ali building systems show excellent results in implementation time. and even in the

total price of the house. compared to the conventional masonry that is used in the housing

industry in the COFY. These features were defined as major problems that burden local

housing industries. apart from economic difficulties. Using any of the offered building

systems presented. a house can be completed in Jess than 20 weeks. which is a significant

improvement on the average 18 months construction time. In terms of priees. the research

revealed that the priees of materials and components are equal to or less than local ones.

Reduced construction time provides additional savings in labour costs. so even with trans­

portation expenses. the total priee of Canadian houses is competitive with local prices

(land excluded). Still. there are many differences and obstacles that prevent immediate

implementation of any of these building systems in the COFY housing market.

From results gathered. it can be immediately seen that both wood and steel-frame are

far behind other systems. This surprising discrepancy between the performance of frame

systems. which are weil established in North America. and have definitely proved their
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quality here. and other systems. has its roots mostly in the essential differences between

them. The advantages. such as reduced construction time and high efficiency. cannot he

recognized in the housing market of COFY because of the lack of highly qualified labour

used to build frame houses. Aiso. the main steel frame advantage over the wood, that is a

non-combustible structure that reduces house-insurance costs, is applicable here in North

America. but it is of very little importance over there. Local building codes do not even

deal with this issue. because non-eombustion is presumed to be a feature ofmasonry. Similar

to this is acoustic comfort. where brick partition walls offer a satisfactory sound barrier

within one dwelling unit.

The other group of criteria where frame structures failed compared to the others is

maintainability and durability. as weil as cultural acceptance. A doser look at these fea­

tures reveals that. besides their technical characteristics. they are greatly related to the

culture and traditions of the people in that part of Europe. Uni ike North America. where a

house is a product. which can be sold and replaced relatively easily at the time when it no

longer meets the needs of a family. a house in the COFY is considered to be an investment

for a lifetime. and it usually stays in the family for generations. There are many reasons for

this: most of them are of a traditional and economic nature. For people in the COFY. a

house must be built solidly. of hard material which does not need many repairs or mainte­

nance. simply because these are expensive. Also. many people like (or they are forced

economically) to build and to maintain a house by themselves. Introduction of new mate­

rials. such as gyprock boards for partitions. can be refused by potential buyers. simply

because they lack the experience of working with these kinds of materials.

On the other hand. building systems that involve any type of concrete work are more

likely to be accepted in the housing market of the countries of the former Yugoslavia.

Again. it has much to do with the cultural mind-set of the people. more than with any real

advantages that these systems offe r. For example. the permanent insulated formwork /

concrete system. in Quebec produced under the name Polycrete. performs very weil in the
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evaluation. Besides its obvious structural and acoustics qualities. as weil as its fire and

earthquake resistance. the familiarity of local labour with its implementation \vould make

it immediately applicable.36 Because ofthese characteristies. this system would he able to

overcome obstacles of cultural acceptance without much difficulty. Also. because it is

suitable for multi-storey structures. it can have wider range of application. Besides low-

rise single family houses. it can be used for mid-rise apartment buildings. and commercial

buildings as weil. and thus would provide more opportunities for its exporters. However.

more critical analysis shows that this system does not always justify its usage for low fise

buildings: its walls are tOo thick. and neither structural nor thermal regulations require this

amount of expensive concrete. Besides this. once they are made. concrete walls are very

difficult to modify. so possible post-occupancy changes are almost impossible. The PVC

extrusion permanent fonn system presents the same problem. along with the need for addi-

tional insulation and inside finishing (gyprock boards). which can significantly enlarge the

total cost.

Of aIl the systems. sandwich panels offer the most plausible solutions. Structurally

strong enough. they contain enough insulation to be able to improve the energy efficiency

of houses in the countries of the former Yugoslavia. Also. they are easily adaptable to the

metric system. and therefore. compatible \Vith other components of the local building in-

dustry. Suitable for one or two storey houses. they are easy to assemble by local labour.

Smooth surfaces allow any kind of finishing both inside and outside. Adequate outside

fïnishes. such as stucco. will contribute to the appearance of the house and make it more

attractive to potential buyers. Affordable priees of the components themselves as weil as

casy transportation can make them more accessible for the housing market of the countries

of former Yugoslavia.

~6 [n fact. Polycretc is currcntly ncgotiating the possibility of cxponing to FR Yugoslavia and ncighboring
counlrics.
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As was discussed earl ier. the introduction of new products to the market is not an

easy task. especially in the home building industry. However. in the market where owner­

built homes account for almost 50 % of newly built units a year. and can be found at ail

income and social levels. it is somewhat understandable why there are more reservations

toward new products. That is why building systems doser to masonry in their nature. such

as concrete / foarn core sandwich panels and pennanent insulated formwork 1 concrete

system. performed rnuch better in this evaluation. even though their technological and

economic advantages are not that notable compared (0 others.

Still. even with competitive pricing on the housing market. it is not realistic to expect

that a pùtential exporter from Canada would immediately be successful. As was already

pointed out. the inadequate building system is only a part of the problem that burdens local

building industries in the COFY. Even though the housing shortage is evident and in sorne

areas even acute. the weak economy and decreased purchasing power of the population are

real problems that affect their housing market. As long as there are no adequate financing

assistance programs from governments or banks. it is unlikely that the developing industry

for the construction of moderately priced houses can evolve in any way. Until then. the

export programs are possible only if they target the upper income group. which is only a

small part of the market.

Ta be feasible. the newly introduced building system needs to be implemented in a

large number of houses. Small building companies that are emerging today in the COFY

are capable of carry out less than ten constructions a year. Thus. individually. they would

not be adequate partners in Canadian exporting program. At this time. it would be much

better for Canadian manufacturers to enter the housing market of the COFY through inter­

national community programs that are involved in rebuilding and revitalizing areas in Bosnia

and Herzegovina and Croatia that were affected with war destructions. First of ail. the

housing shortage is the greatest in those areas. and amount of homes needed will economi­

cally justify the export. as weil as provide a stabile market for at least the next five years.
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Secondly. during that lime Canadian-made houses will be able to prove their quality and

efficiency and will become more attractive by overcoming the reservations of both future

owners and builders in the area and in neighbouring countries. Aiso. the presence of alter­

native building systems would induce competition. and provoke the otherwise inert build­

ing industry to investigate the making of new products.

This thesis is a review that of the building systems most likely to be acccpted in the

housing markets of the COFY. The next step would involve undertaking a more detailed

feasibility study for selected systems. in arder to provide more precise infonnation both

for Canadian exporters. and for builders and developers in the housing markets of the

COFY. That study should also include the design of one or several pilot units. with de­

tailed analysis of implemented materials and components in order to determine the most

successful combination for ail sides involved: Canadian manufacturers and exponers. build­

ers and developers of COFY. and most of ail. potential future homebuyers.
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LIST OF CONTACTED MANUFACTURERS AND EXPORTERS

ARHIMED 2000 INC.
392 Parc Industriel C.P. 100
St-Frédéric (Beauce) Québec GON 1PO

ATCO Structures Inc.
5115 Crowchild Trail S.W.. Calgary, Alberta, T3E IT9
tel. (403) 292 7600. 1-800-575-2826. fax. (403) 292 7624
E-mail: atco@atco-inc.com
http://www.atco-inc.com

CSivl CANADIA1~ STEEL MAl'fUFACTURING INC.
10022 - 29 Avenue. Edmonton. Alberta. T6N 1A2
tel. (403) 462 5757. fax. (403) 450 3378

DIGIGRAPH SYSTEMS INC.
1610 Eiffel. Boucherville. Québec. J48 5Y 1
tel. (514) 449-6400. fax. (514) 449-4679
E-mail:digigraph@digigraph-housing.com
http://www.digigraph-housing.com
Contact person: Bernard McNamara. president

FER1\11CO
251 du Moulin. Saint-Adelphe. Québec. GOX 2GO
tel. (418) 322 5747. fax: (418) 3225743
Contact person: René Paquin

GEivlITE PRODUCTS INC.
2244 Drew Rd.. Mississauga. Ontario, L5S 1BI
tel. (905) 6722020. fax. (905) 672 6780

HABITATIONS INTERNATIONAL (lNTERHABS LTD.)
1869 Upper Water Street. Halifax. Nova Scotia. B3J 159
tel. (902) 422 2121. fax. (902) 425 2121
E-mail: info@interhabs.ns.ca
http://www.interhabs.ns.ca
Contact person: Robert William~. General Manager

LE GROUPE MULTIGON
632 Chemin des Lacs. Ste-Anne-des-Lacs. Québec. JüR 1Ba
tel. (514) 2248255. fax. (514) 2248643
E-mail: multigon@CÎteneLnet
http://www.multigon.qc.ca
Contact person: Julles Paquette
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LES RÉSIDENCES PRO-FAB INC.
PRO-FAB BELOEIL
1915 ch.de r Industrie, St-Mathieu-de-BeloeiI, Québec, J3G 4S5
tel. (514) 4463841. fax.(514) 446 3329
Contact person: Pierre Jobin

MODULEX INC.
3040 Hamel blvd. Québec, Québec, G 1P 2J 1
tel. (418) 6810133.1-800-6638539, fax. (418) 6813080
E-mail: modulex@vision-i.qc.ca
http://www.modulex-international.com
Contact person: Martin Dechene

NICHOLSON ROLLFORMING INC.
939 Kamato Road
Mississauga. Ontario, L4W 2R5
tel. (905) 629 2292. fax. (905) 629 2943

NORMERICA BUILDING SYSTEMS INC.
150 Ram Forest Road. Gormley. Ontario. LOH 1GO
tel. (905) 841 3161. fax. (905) 841 9061
E-mail: nor@interlog.com
http://www.nonnerica.com
Contact person: Ernie Lehmann

POLYCRETE INDUSTRIES INC.
909 Sault St-Louis. La Prairie. Québec. J5R 1E2
tel. (514) 646 3825
E-mail: polycrete@polycrete.com
http://polycrete.com
Contact person: D. Lecca. export manager

ROYAL BUILDING PRODUCTS
30 A Vinyl ct.. Woodbridge. Ontario L4L 4A3
tel. (905) 850 9700. 1-800-387 2789. fax. (905) 850 9181

TREBOR BUILDING PRODUCTS LTD.
1499 Star Top Road, Gloucester, Ontario, KI B 3W5
tel. (613) 7496600. fax. (613) 7494038

UNLIMITED HOUSING CORPORATION 2001 LTD.
683 Giffard Street. Suite 204, Longueuil. Québec. 14G 1Y3
tel. (514) 656 5979. fax. (514) 646 2275
E-mail: housing@CAM.org
Contact person: Donald Moses
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