G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

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

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

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

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


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

’
. . ‘

RODUCTION

v “

- PREFABRICATED
~~ "'WOODEN

UNITED NATIONS




e
: é® e
' ’ - ’ . $
‘ *
L ' f
L] *
"\ . ‘ . '
$
. .
= 1
. »uan*
‘ .
»
- »




i p—
=




UNTTED NATIONS INDUSTRINE DEVELOPMENT ORGANIZNTTON VL NN Y

PRODUCTION
OF PREFABRICATED
WOODEN HOUSES

UNITED NATIONS
New York, 1971




Matenal in this publication (except matenal which UNEDO has teprinted by permission of other
authors or publishers) roay be treely quoted or reprinted, but acknowledgement « requested.
together with a copy of the publication containing the quotation or repnnt

ID/6}
(ID/WG.49/5 Rev. 1)

UNITED NATIONS PUBLICATION
Sales No.: E.71.11.B.13
Price: $U.S. 2.50 (or equivalent in other currencies)




Preface

This paper was prepared hy Kei jo N, E. Tiusanen, Director of Product
Development, Oy Wilhelm Schauman AR, Jyuviskyld, Finland (formerly, Direntor,
Research and Development Department, Puutalo Sales Association for Prefabricated
Houses, Helsinki, Finland) s a conanltant to UNIDO, and presented ty the author
to the Study Group of Production Techniques for !Tse of Wood in Hous.ur Hnder
Conditions Prevailing in Developing ‘ountries, which met i Vienna 1n November

1)0)-

The meeting was convened by !INIDO in collaboration with FADY and the 'Inited
Nations Centre for Housing, Ruilding and Planning. [t was the first meeting to

be arranged by UNIDO on the subject of wood processing mdnstx‘ies.-l/

l/ The report of the meeting has been published unier the symbol ID/10 (United
Nations publication, Sales No.: 70.I1.B.32).







1.

24

3.

CONTENTS

Preface

Introduction
Prefabricated systems
Planning

Production
Trangsportation
Erection

Price studies
Marketing

Training of labour

Annexes

Technical description; Ffrection instructions and
architect's drawings; and Loading specification
for a modular panel house

Technical description
Erection instructions and architect's drawings
Loading spacification

Protective measures against termites

Shops for wood-frame house prefabrication

39
A0
17
A4

A6
50
1

89







INTRODUCTION

This study 1s concerned with szome ot the protlems i1nvolved 1n the plianning

and production of prefabricated woooden houses, 1 subjgect abooat which it fe b
veen published. The materinal and ooncepts presented 1n thie paper are
intormation obtained trom manutacturers of prefabricated we den hoicens iy oon
the general experience it the Puutals Cales Asgociation Uor Prefatrioarey 1
t Finland., An attempt has been made to present the partioiar protleme U pp

fuction ain tropieal countries, but this aspect has nob been conmiderser 1 tet g

The percentage of annucl production of pew dwellings 1o most Burope a0 un-
fries 1s equal to less than | per cent of their popuialion, acoorting Lo e
Annual Bulletin of Housing and sulldins Statistics puabliches by the Beoa mie

B

mmiesion tor Fus o ope (see table ). The average asable 1{ . r arein f new

welllngs 1o the oonntrieg congldered varies ~onstlerably - rom lees g
50 square metres 1n oeastern Buropean countries o approxinote iy 100 square
1 } . !

metres in certain countries of Central Burope.s  The avergre Loirde 100 aren

tosome parts of tne Pnated Statee is oas mach s V0 square metres for oW

werlings,

Hecause ot 1ts excellent thermal i1nsulation properties g vl

atrlity,
wood 18 commonly used tor housing o the northern »oountries f Yhe tempericte
nes of the worod, while i countries o the south, where e olimate 1w
wirmer, stone graaqually replaces wood,  Wood 1g commonl uged to b ld row
houses; small, single houses of one or two gtoreys; ang in Lhe tnteroo.rs of
iwelitngs of more than ‘wo storeys 11 1s used tor fioors, eLairs, partibi ng

gl the like,

Prerabricated wooden houses have been manutactured in Uorefanavia gince
the early 1320s, but the industry did not guin importance antil al'ter the
cecond World War., At this time the 1ncrensed productiion of mineral wool per-

Titted the manutocture of wooden bl lalng paneis consirauctes with Cieht Lhermi

Insulation, which, 1n turn, boosted the production ot pretibrioate s hoages,
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PREFABRICATED SYSTEMS

Prefabricated wooien houses o nsti*ite 1 .irge pertentage of present-day

2

housing 1n Swelen, making *his ¢ un'ry & leater .u ‘he t1el1 ~f housing level-
spments composed of small nLouses tuil® on 3 TUrn-Key Lasis. I Finlani, h wever,
prefabricated w..den h-ouses represent niy a small percentage f present—i.uy
housing. Small, single dwellings can still te turit 1aiiviaually onoa protfit-
atle basis only because small entrepreneurs make use .f timber 1n talliing

2
lengths,—/whlch 1s cheaper than timter 1n tixed lengths.

The Puutalo Sales Assoclation has galned 1ts widespread reputatlon not
from the sale »>f prefabricated houses in Finlang, btut rather from 1ts export
of prefabricated houses throughout the worli. With the rising standard of
living 1n Finland, the skill of building houses individually without profes-
sional assistance will diminish and the production of pretfabricated wooden

houses Wlli lncrease.

PRE-CUT

The pre-cut method is probably the oldest method of prefabrication. Sawn
goods and building boards are cut to specified lengths and notched at the factory,
marked with the identification numbers indicated on the construction drawings,
bundled into units and delivered to the building site. When the foundation slab
of the building is ready, external walls can be assembled almost horizontally on
the slab, raised into place, and then connected together; or they can be assem-

bled vertically in their permanent position.

Roofs can be self-supporting (roof trusses supported only by the external
walls) 1f special trusses have been constructed according to specification at
the factory. Some partition walls can be made as load-carrying walls thus per-

miting roof constructions of lighter design.

g/ Falling lengths - sawn wood of a given cross section and grade whose length
1s no. fixed but falls within certain limitations (not less than an agreed

upon figure, 1ncreasing in established increments).
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The pre-cut construction method, as compared with construction using timber
in falling lengths at the tuilding site, :ffers exactitude of measurement and
consideratle saving f raw material tecause the timber that* remains 1s used
profitat.y af*er the tesirel lengths have teen cut from 1%, whereas waste :ften
occurs when cutting 1s tne it the builliing site,

As pre-cu* *imrter requires less space f r ldelivery than prefabtricated
panels, *he pre-ci* method 1s popu.car for intercontinental deliveries. In the
United Jtates anl in trer nighiy lievel.ped ~ untries the pre-cut method 1s not
conslierey iriustria.icel en ugh *o te protitabtle; therefore the method is not

evern in~.id

@

toin pretatrication housing statistics,

MGDULAR PANEL SYSTEM

UL e T onents mase for the modular panel system are so constructed
that thes “wroote tantie: ty 'wo men without the use of cranes or other lifting

devices {see figure ! , External wall panels constructed under the modular

pariel system are maie in umif rm s:ires usine 1 module ("M ag a umit of measure,

Ceiling panel
(load-carry ing
. on ftlat roof)

Wail panel

Wooden floor panel
_.onconcreteslab

Foundation
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For wooden elements the minimum size 1s usually 3M, 1.e., 30 cm; a normal panel
1s then 12M or 120 cm. Partition walls are alsc made i1n panels or pre-cut com-
ponents 1n order to facilitate electric instal.ations., Floor, celllng ana roof
construction elements are delivered ¢ builiing sites 1n falling (eng'hs r as
modular panels., I!'nier the modular parel system, a concrete t uniati n is 111

and on 1t sleepers, thermal 1nsulati ns ant tLoor toaris are o ns ructed,

Architects familiar with the system can design o wide viariety of houses
with many different flcoor plans using modular panels. Juth panels ~an te pre-
fabricated by a1 highly mechanized procedure and kept in stock ty mam e burers,
The system, however, 1s not 1 practizal one to ase for luree baldisyr opera-
tions because amall components cun bhe easily lost 1t the burlding ovte, cowing
delays in oonstrurtion, The mcaulir panel system 1s witely ased 1n Finland
because of the popularity of tuil:. .r houses individially. Uince the end of
the Second World War, some 10,000 dwellings made by the modular pinel system

have been delivered annually to the !Inion of Soviet Socialist Republics.

LARGESIZE PANEL SYSTEM

At *hre precert *ime the large—size panel system (see figure ') 18 used
most freguently * - construct a large number of small houses at the same time.
Unier tris system, wing %o the lightness f wood, externul wil! puneis o e
mige the leng*hi  f an average iwelling - !l ¢ 1 me'res — ot Welshing under
1,000 kga Floors made f either woolen panels .r 1 u norete glal are agedt, and

partition walls uni roofs are made i prefacricate: lurge-si. e panels,

In Scandinavia *w- types of lurge-si.e panel system are teirny usel saccess-—
fully. In cne system used to counstruct row houses, concrete o untati ng ure
laid and on tnese are assembtled the lurge-sive panels for external wil. g and
for party walls. As roofs constructed ot stressed skin pane:rs with 1 span the
s1ze of each dwelling are usel, the houses are quicily unier a waterproot ponfy,
Once the roof 1s -n, concrete siabs can bLe [uli and 1uteri r poertitions vuilt.
Units of row houses with four to six dwellings o be erented rni one eight-hour

day by a team of four men.

Using another system, floors are constr.cted from .arge-ci. o W.len panelg
set on foundation beams, These beams, and no' a conerete siat, supp . rt the
external ani par+ition-wall panels anit the r ., Alth Wl more [retatrication
18 1nvolved in this system, erectl n takes mure *ime ant Ceq.lles more Uy ouar-

avle climatic conditions than those of the other system. In the rnitel Jtutes



almost 211 -refabricatei houses are made ~f large-size panels, but thermal

insulation, electric viring, ani finishing of interior walls (usually with

gypsum toari) are normally completet n the tullding site,

Figure 2.  Large-size panel system

Roof panei

Roof truss

|

’Cemng panel, such

as stressed skin panel
{foad carrying on

tat roof construction)

"Large-size
wall panel
. (dwelling size)

| Wooden

Hoor pane
{ on concrete slab

| Foundation
(solid or
\{ post andrpeamb

The large-size panel system is especially suitable for building operations
where cranes are available., With the exception of some mouldings, no small
components are used so there i1s no danger of their being lost. Prefabricated
panels made from gypsum board are transported vertical ly from the factory with
glaced windows already installed and external walls painted. As one of the
biggest problems in the use of prefabricated panels 1s Jolning them satisfac-
torily at the tuilding site, the use of large-size panels reduces the joining

problem tv a minimum.

When a large production series 1c 1nvolved, architects need not depend

solely vn conventional-size modules but may take certain liberties in their
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designs. The use of ctandard-size building boards, however, does avoid waste.
In this system the number of joints to be tightened has been reduced to a

MIN1ML.

POST-BEAM PANEL SYSTEM

A+ tte ~ ment, the most commen and most economical external wall construc-
tiun 1s n.° *he [ s*-team panel bu* rather one made by attaching tuilding boards
to both siies of a 0 1n x 4 1n frame structure insulated with minerit wile Whern
studs are erected “0-CO om apart, ‘these wulls an withstand the heaviest snows

and most severe wint loads, such as cour in Seandlnavia, wWithout needing special

posts as reintor-ement.

For aesthetic ani struciural reas.ns, h.wever, both the post-beam panel
system (see figure i) ani the modular panel system ure also beiny used ut present
and only time will tell whicn system proves to ve more ftavouratle. It the wal
panels used 1n the post-teum system ¢ uld te mass-produced 1n o saindwich con-
struction at a lower cost than the above-mentioned frame construction, this
methed could be developed for large buillding cperations.  Unfortunately the

details of this methed of construction are not dealt with in this studye.

Figure 3.  Post-beam panel system

Root panel
Wall panel _

_Post

\ﬂgof,eane'
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VOLUME ELEMENT SYSTEM

Ir tne - lume element system (see figure 4) of prefabricated housing,
awellings are * mpletely finished at the factory; building of foundations and
installation ¢ utilities 1s the only work done at the building site. In the
Unitei Utates the proiuction of automobile trailers has developed into the manu-
facture f ¢ mplete motile homes; 1n 1949 more than 400,000 such units were pro-
ducedl. A 1 itle-wiith meotile iwelling that resembles a normal house is now 1in
production.  In Furope, however, such volume elements have usually been manu-
factured ~nly tor scnols, hospitals, barracks and the like, but recently houses

have also been manutactured by this method,

(@) Relocatable house

Small-volume elements = sections

Foundation beams
supported by posts _

(b) Permanent house

Large-volu ne elements

_Flatroot

fWaH acting as primqry beam

Foundation beam

_Foundation post
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Floor areas of volume elements may vary from ten square metres to 50 square
metres. Using this system, dwellings are complete. 1t the factory to such an
extent that the cost of work at the br " Hing site now represents only 20 per cent

of the tctal price of each house.

Volume element housing permits a home buyer to see exactly what s house
will look like before 1t 1s builte After the tounduiron has been Lty 4 house
can be erected 1n a matter of days 4l any time of the your inomost cbimites,
The period of financing Jduring construction s triets  beccase of hagh trelght
costs and limited possibilities 4o seil large numters 1 vientioal houses i
Burope, the volume element system hus not reached a ostmgre of protioable mass

production.

It 1s pussible to comblne the above-mentioned gystems 11 oone house,  Archil-
tects have been working on plans tor some time that would permit e post-bean
construction of trames of steel or concrete to be titted successtully with
factory-tinished volume-produced elementse Factors influencigr such congtrue-

tion will be considered later in this paper.,
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PLANNING

Refore 4 choice of prefabricated bnilding system is made, the construction
methods mentioned earlier should be considered carefully. Among the various
factors affecting the choice of systems are: raw materials available, produc-
tion capnrity, transportation and erection facilities, planned outpat, archi-
tectural requirements, purpose of the building, climatic conditions and bailding

repulat ions,

It both sawn wood and wood-based batlding boards are avallable, suitable
combin:itions cian be congidered according to cost and quality requirements. If
sturdy building panels such as those made of plywood are not avarlable, the
volume element system is itmpriactical for large-seile operations. 1t particle
board or hardboard are torbiiden tor use under continual stress conditions,

stressed gkin panel roote and fioors cannot be used.

The give f Lhe working area of the tactory, the types of machinery .nd
eranes aviallable, i the capacity of loadine facilities all attect tb - cholce
of construction method to be employed. A bagic machinery department with elec-
triec saws, plamec, tenoners and the ke tor sawn wood and bullding  oards 1s
normad by required tor all methodse  Pre-cut trames and modalar buillding boards
can be asgembled into modular panels by hand on simple work benches tn a4 com=
pariatively small area.  As the welght of o large panel 1g about one ton, a crane
ant considerable gpace are geeded 1noa factory to move such a panel. An assembl)

room for votume vlements, however, needs even more space,

The roots used 1n volume element construction are delivered 1n completed
units and can be gtacked an the open air, provided that the joining elements
are well protected, Interior tinishing work, such as painting, can be done 1f

some form of temporary heating 1s provided,

Pre-cut conetruction material delivered n "package”™ form requires a mini-
mum ot gspace oo transport and modular panels can be delivered by any ordinary
means,  Large, pretabricated bibnng panels and volume elements must te trans-
ported on specially tesipned vehicoles, [t delivered by ordinary means o trans-

port, the chiypments would ke ton high tor bridges and highway underpuasses.




The modular panel system of manufacture provides year-round employment,

but construction of houses on an individual basis, and erection of their modules
are exposed to seasonal delays. The use of large-size panels and volume element
construction overcomes these delays 1f used on large building cperations, as
these units cuan be produced 1n the tactory on schedule and delivered precigely
as needed to the building site. The modular panel and volume element systems
are the most resirictive for architects whereas the large-sice pane! system

permits architects more tfreedom of degign,

The 1ntended use ot a wbuilding affects the cholce ot system used to con-
struct 1t. If the building 1s constructed tor temporary use 1n one iocation
i1 and 1s to be reloczted later, a small-volume element system i1s oo nsidered the
most practical, If the climate at the bulrlding site i1s very ralay, the taili-
1ng has to be assembled and the roof put on as soon as possible as the gtocking
of wooden componenis on a wet bullding site 1s impractical, For wet climates,

either the large-size panel or the volume element system is recommernied,

In many countries regulations control the height f btuildings, the tun=
dation construction, the nature of the facade, and the standards for joining
elenents .f structures t.gether. .uch regulati.ns 1ntiuen-e the h 10e .| o n-
struction method, One of the most 1mportant factors in complet iror prefabricated
buildings successfully 1s the use of a gatisfact ry method ot Joinlng panels on
the site. In cold countries precise jolning of panels is i protection apringt
wind, cold and rain, and in hot climates it protects against heat, ilncects, sand-
storms and rain. The number of joints to be connected should alwiays be kept to

& minimum - a factor to consider when choosing a building system,

SPECIFYING

Wooden houses are basically designed and built as single dwellings or as
row houscs. Hecently low priced row houses have become popular wherever the
cost of land 1s high because each owner has a gurden area of his own. kow houses
are constructed with the fullest utilization of the buillding site anit operationnl
costs are kept at a minimum because utilities, neating and wir-conditioning are

communal,

In many developed countries the financing «f large rousing proects s
uander the direct or indirect supervision of government institutions. Jtrict
vullding regulations govern the placement of a house un the plot of ground, the

size of rooms of the house, quality of materials used and many other pertinent
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factors affecting construction. These factors must all be taken into account

in drawlng up specifications.

I'he ctaiards f living and dwelling habits of a country greatly influence
buildine specitfioatt us. lo tropieal countries, for example, a wide roof and
broad enves provide *tne vest and cheupest shelter against torr..tial rains and

1
H

the turning rayse of the sun, To change these :design features ty 1ntroduclng a
completely f1fferent roof or euves concept 1s extremely diffienlt in the

Lroples,

Whern the fact .rs mentioned 4bove have all been given careful consideration,
the archiitect dpawe plang Y o0 seale of 10100 anelutling floor plans, elevations

. i N § N

Al et oy b e e e b drawi gt o L seade o Lt

PLANNING. CONSTRUCTION, ELECTRICITY, HEATING AND PLUMBING

Aoy e et 0 U e e e Y et detalled drawings, building
techir Lo made Cheir e inled Lrawinese U omponents and panelse  Calculations
tor ©oori=te gt et s are Plgmare 0ot tnrs time takling into conslderation
gstandarisg set o Lods il s'regsegs Muany courtries set such standards as a
protection aguinet the elementa s well ag tor asguring the construcion of a
fwelling sate for normal bivinge  ln certain areas of the tropiles, wind loads
play a dminatone role,  bngineers usually estimate the dend weight of construc-
lon talrly accaratelyy wul gometimes the lewd welght 1s fuund to be higher thar

N3 b ga o rapy i vis bbb ko oy "[>‘Ji"
eshimatest arpd oaloulatiang mug!t Le redarie,

The ctrergrth o f many species of wood from all over the world has been
testet and results putlished 1ndieating maximum permissivle loads determined on
the tnugie ot thege tecte, Wood=tugel Dullding boards howve also been tested and
only plywood bug teen thund to be sultable for use i1n the construction of load-
bearirg members bpecnuge other builting boards lose their gtrength when placed

under continual Lonad,

I'm designing components and panels, bullding technicilans must take into
congideration the harard of tire that may oceur depending on the 1ntended use
of the turl firye It thire hurvard 1s torseeable, gypsum board or brick 1s
prescrited,  The protlem of sound-prooting 1s one that mus!' be solved by the
architect, particularly in lesigning party walls between dwellings und parti-
tion walls within dwellingse  In addition to thermal 1nsulation, designers must
conslier insulatln wiaingt vapour, which normally seeps from a warm area to a

cold area, ani must make provision for ventilation to prevent rot; for construc-

tion feturls, see tigures Y and 6.
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Construction and thermal insulation in a volume elemeant

Materials from warm side to cold side:

Floor
vinyl, parquet or carpet fiooring

th mm ptvwood or 22 mm chipboard,
screw-glued

floor heams cc 50 - 60 ¢cm and mineral
wnob insutation

4 mm plywood, nailed

W(lf/
.5 mm plywood, nal-glued, panted

ot wallpapered
trame and minera! wool nsulation
3 mm fibre hoard
vertecal boarding with open seams
Flat roof
6.0 mm piywood, nailled, painted
root beams and mmeral wool insulation
Jmm fibre board
S5em oventilation, 2. mx 210 1ibs ce
H0 cm
9 cm plywood

rootima mat

Partition walls
6.5 mm plywood on both sides of the
frame or honeycomb core

Insulation in stressed skin panel construction

Scarf-jointed plywood

Scarf jointed t-beam flanges
Non-scarf-jcinted t beam web
Ventitation space

Buitding paper ¢r buiiding board

. Thermat insutation

. Scarf-jointed plywood
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Plans are drawn concurrently for the systems of heating, air-conditioning
and ventilation; plumbing; and electric wiring and installations. These are
made on the detailed drawings of 1:50 scale. The architect takes into consid-
eration the above systems in drawing up his plans and adjusts them in accord-

ance with the most functional installation of these systems.

Because all information cannst bve shown on plans r irawings, the archi-
tect submits a written uescription f the structure he has lesignel, ani detalled
written specifications are irawn up ty speciilists 1in plambing; heating, air-
conditioning and ventilation; electric installati ns ana painting. he type
of prefabrication system chusen tor the dwelling will tfetermine the nature and
method »f installation for each .f the abtiove-mentioned. With the use f the
pre-cut method, normal 1nstallations of utilities can bte made on thre bullding

site.

With the use of the modular panel system, a number of modifications of
normal 1installation procedures must be made. If instaliations are built into
small panels at the factory, there are too many joints to be connected at the

building cite,

When a concrete floor is laid, pipes can be 1nstalled directly in the con-
crete. When panels are used as flooring, one end of the construction 1s left
open so that pipes may be run 1n at the building site. In row-house construc-
tion, thermal insulated canals can be built parallel to the houses below the
floor level. From this main installation, braiches are brought 1nto each dwel-

ling as needed unier the floor panels.

In sloped ruot houses electric wiring that 1s strung horizontally can be
1nstalled 1n celling r nstructions at the burlding site. In flat-roof houses
such lines can be instalied with the aid of curtain boards. The installation
of vertical wiring in prefatricated modular wall panels, however, presents a
problem of manufacturing and stocking a sufficient variety of alli of the various
kinds of external ani partition wall panels each installed with electric wiring.
Partition walls, therefure, are delivered as pre—-cut units. One possitle solu-
tion to the wiring problem, still t te developed successfully, 1s the use of
hollow, plastic taseboard and door mouliings which act as pipes for the Wwiring,

This method 1s feasitle when the modular panel system 1s used.

If 1t 1s economically feasible to install individual units of electric

heating, the work of 1installation 1s considerably reduced as a heating circuit

1s not required and the house can be made ready for occupancy 1n less time.




i
£l

- 21 -

The i1nstallation problems for heating and plumbing are practically the
same 1n the use of the large-size panel system and the modular panel system,
Plastic pipes carrying electric wiring can te eas1ly 1nstalled 1n wall panels
at the building site tecause f the relatively few rorints Ut be connected, In
+wolume element c.onstructi o installationg may be easiliy synchrnizceti with other
assemblies 4t the fact ry 1t a practical eimple metn 1 -t ¢ upling tloors,

walls ant erllng nas teen tevel net,

PREFABRICATED PANELS. COMPONENT LISTS AND ERECTION DESCRIPTIONS

[fa smalo 0 e L5 0 netraoter £ timter Tl oung Lengths, 1 skilled
carpenter is Ari. falot Lt oo the slte f 0 Wing ‘he arcnitect's plans and
certain fetallel w.r¥ing 1rawings tasei strengtn 4.0 uiatl ons.  Whern wooden
components ani the panelg *  te assembtlel 'n them are “anutac ure:r it the fac—
tory, every uni® must be 1esigned separa‘tely and marked wi‘l an idientificatiom
number. There may te more than 100 separate 1dent1itfi-a’1i ns inv lved in i
medium-si:e, modular panel, ono-family iweliing. " mp nent an: panel irawlngs
are made acc:rding t: exact calculationg and lesigns. {(‘ertain tolerances are
indicated 'n the 1rawings to facilitate the erectinn of (he dwelling and to

avold making adjustments on site,

The following t.lerances are permitted in the production of modular

panels:
Uimensions of external walls -, mm
Pimensions f ceiling panels 2o mm
Pimensions f roo: trusses 24 mm
Cutting, notching, tapering Yl mm
Dimensions »f planed components +1 mm
Unfinished sawn components -, mm

When specifyirg production tolerances, possitle variations in raw materials
used, such as changes 1n the dimeasicns of wood that can occur from moisture
content, should be taken i1nto consideration., Fo- example, wooden panels sup-
ported only at the ends warp because their warm side dries and shrinks. This
phenomenon 1s especially harmful to floor panels supported at the ends, Warp-
ing caused by humidity can be solved by constructing floor panels as continual

beams supported at many points.




Because of changes in the molsture content 1n wood-tased building boards

used for interi-r walls, butt -:Iints should not te tightly fastened ‘.gether,

[
or
/2]

painted or lecorated, vecause 1f trney are the joints wil. cpen. hes® resu
are obtainen vy ieaving .pen jiints te‘ween the bcardas. Varli.us rinas o f glass
fibre cloth have teen glued to btuilding boards or gypsum toard with su:tisfactory

results, but this process increases the price of the finished panels.

W
ot

1
ida

ihe specificati ons indic

+

€ tre various components andt panels thiat have
teen 1eslgrei t. - mplete the L .se 1esirite gpecifically i%ems such ag rard-
ware that can te purcnaset reaty-mate. A loading specifica*i o rn 1s preparea
indicating ‘hre rrecise .rier f arriva. I these C mponen*s a* *‘he tullilng
site. [he lis* f ormponents can te irawn up only after *he oh 1ce hnas been

made ~f finish hLariwire, 4ccess ries ani ‘ner ready-made 1npu*s.

Erecti n {ruwings andt te*alle: ins'ructl ns for the sequence . te f llowec

at the tuirlding si1*e must te issued iy th

4

iesigner. .hese .1rawings proviie

ldertification numters fHr *he prsitioning f panels.

lepeniing n “he ~onstruction system used, the erectlon instructions will

inilcate meth is 1 r synchr.oniZing electric wirln heating and plumting instal-
. ?

lations, The iustalla*i . . f alr-conaltionlng systems, especially 1n tropical

feurtries, requires sreclal ins‘ructions tor ducts, insulation and the lire,

These fac® reg mus® te ‘*aken 1nt: consilerati.n 1n the planning stage. An exampl

“f erecti n insTr.ctiong tfor a mojular panel nouse ieliverei t CScotland by

Puuta. 1r (4 s given in znnex l.

-

‘e o ry price f o house, as a percentage .f 1ts completion price,
can te estimatetr roughly us follows depeniing on the production system used:
mojuiar panelst _° ©  4U per cent; large-sice panels: 30 to 45 per cent;

volume elemernts: =0 t. = per cen‘.

The .tegree * > which panels are completed tefore leaving the factory varies
conslderably. The quantity of timber and wooden cuillding boards reguired to
btuild a modiular house with a flocr area of 75 square metres is i1ndicated 1in

tatle o,

It 1s difficult to give estimates ¢f the various costs involved 1in pre-
fabricated housing that woeuld have universal application. If a factory manu-
facturing prefatricatei h-uses 1s part .f a large c:mpany ‘hat has 1ts own saw
mill and pr-iuces 1ts own building board, the price of these comporents will

be equivalent to the prevailing marxet: price. The simplest pricing method 1s




~

round when a factor: functions primarily as an assemtly plint purcrLasing 1°s
tuilding materials as c.rpletely pre-cut as possitles Uniter thls arrangement,

sts culi, tr example, te estimate: as . ll.wWs?

st f rulltirg mater.als calrulate:
arcoplirg Y pians an: syecificatlons: .
irect Wwes (£ assemtiy at sites £ ceeenes
"aral firect oo.gts: $ ceicnee

Irntirect ¢ g*gs:

Irtirect Wwiyes (U r mechanics, cleaners
ani o the [iKe

b Cwes pEr Cent  Uorirect wages) S
. . < ! ) P X . . B
ral o terefitst (§0013al gecurity eto,,

{eee per vent f 1irect ani 1ntirect wages, § ceceees
*her indirect - gty
gervice charges, €70,
{ese Er cent . f i{ire-t wages) L S

{r-wer, water,

tal {irec* c.og'ss s ssssse

ble Jverheuan expenses:

_epartmentul verheat expenses (capital,
A
ﬂm'r'lfatlﬁﬁ’ insurance, Salarles etc.} ‘ R

mpany -verheii exyenses SN

{otal owverheal exjenses S

iotal direct ana intirect costs and overheal expenses

Sales cousts

P Profit

tvs M

Taxes

i e

: Cales price ex works .

The management of a company can greatly 1influence 11§ direc’ o .gtg by
purchasing material at a profit and througr rati-naliza*i n ! assemtily, btut

i rrofit margins are controlled t¢ a high legree ty murke* prices,
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Table 2

Quantity of timber and wooden building boards required to build
a modular house with a floor area of 75 square metres

Building
board
Components or groups of components m< Timber
Per cent
Stdé/ m3 of house
Ploors 0.0801 0.3/47 1.9
External walls 66 0.7062 3.7994 16.8
Partitions 120 0.0G629 0.4340 Ze?2
Main roof 0.4128 1.928¢ 9.9
Ceiling 0.3325 1.5534 8.0
Windows and exterior doors, including
mouldings 0.2635 1.2311 6.3
Partition doors 0.2235 1.044° 563
Cabinets 0.039€ 0.,1850 1.3
Separate roofs 0.0553 0.2584 1.3
Loose timber 1n falling lengths 1.9651 9.,1809 47.0
st
Weather-boarsing 0.4758 242229
Roof boarding 0.6633 3.0989
Floor boarding 0.5089 2.3776
Mouldings 0.,0612 0.2859
Planed timuer 0.0569 0.2658
Cawn timber 0.1990 0.9297
Total 4.1715 19.4892 100

a/ Ut+1  Ctandard (Petrograd) 165 £ (4.672 m3).




PRODUCTION

The location of a factory i1s fregjiorn .y tetermined elther by ec nomic fac-
tors or by the labour available. In rier * provide employment 1n 4 certaln
area of a country, frequently a1 government wili assume complete responsibility
for the establishment of an industry in the region, r will gran' highly favour-

able conditions, such as tax exemp'ilon, ' priviate 1ndusiries.
) )

If political influences are n 't the determining fact. 1 14 the establishmen®
of a factory, and 1ts establishment can be mufe - n 1 purety tree enterprise basis,
the main factors of i1nfluence 1n urder of 1mportance are: market for the prod-

uct, transpert facilities, raw materials and labur ani p wer,

When the cost of all the prefabricated components has teen determined, the
price of the completely finished house can be estimated. This price 1s then
compared with the general price level of housing in the areua, and the radius of
profitable transportation of the elemeats from the fact ry can be caleulated,
Truck transport 1s the most common method used for short hauls, whereis train
or boat are employed most advantageously for long distances. The cost ot raw
materials as well as freight charges for delivery must be taken into account

in planning.

Sawn wood 1s used as raw material for house construction almost everywhere,
but building panels sultable for large-scale housing are not yet avallable 1n
all parts of the world, a fact that should be given counsideration when choosing

a factory site,

The power needed to run a factory can be supplied by the local distributing
company or the factory can build 1ts own power plant. The =mmount of power re-
quired depends on the types of machines used. The machinery and electric power
needed to run a factory with an annual production of 500 to 1,000 dwellings are

indicated in table 3 below.

; As skilied labour 1s not available 1n all areas, a factory may have to

provide housing or provide opportunities for private building. Many factors

must be considered i1n choosing a site, but in tropical countries skilled labour,

:
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raw materials and transportation usually present very difficult problems that

must be solved before a factory can be suitably located,

it le 2
————

Machinery ani eiectric power reg.irements needed to run a factory
with an annual production of 200 to 1,000 dwellings

Activity Units kW

'ransp rei*i oo

Fork 1ift truck, 7 tons 1 -
Overhead «rane, © tons 4 40
Waste chip and dus® transportation system i 20
Mackining (atting, monulding, planing, etc.)
Moulding planer with 5 hends 2 60
Cut— 1t gaw 2 12
Double-end tern rer 1 40
Alr compress r 1 80
Kip saw 1 16
Internal rransp rtation systems )
Transportation of timter ) 60
Unloading of timber )
Hani trucks for timber 4 -
Sharpening
Cirecular sawtlade sharpener 1 1
Plane edge snarpener 1 1
Cutter hend gharpener 1 1
Girinder 1 1
Aljustment equlpment 1 1
Hepair shop lor machinery
Hand t..ls tor machinery maintenance -
Electric welding umit 1 10
Gas wel ting untit 1 -
Grinder 1 1
Portabtle grinder 1 1
Portatle drill 2 2
Electric power required for machinery 350 kW
4 ~ : . 2
Electricity for illumination (40W per 10 m“) 60 kW
Total electric power required 410 kW

Hand touls for assemily

Pneumatic hammers
Pneumatic screwdrivers
Pneumatic grinder
Prieumatic drill
Electric hand saw
Miscellaneous tools
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The annual proiduction of factories producing pretfitriciatet houses can
vary from several hunidred nouses to several thousands | te o ouglteren us
perating on 2 reasnacly profitacie tasis, a fac* ry ghouot pr oo oe at leasgt
FO0 dwelllngs per year, or two unlts ln 4 W PEITY tiaye A P ot coayout o
tactory producing “0G to L0009 pretfatricate: w o den hougses pel Soil 1y priven
in figure 7. Tne pers.nnel reqguired to perte gsuch a fact ry 1g listed i

table 4.

Figure 7.  Layout of a factory producing 500— 1,000 prefabricated wooden houses annually

! (\ A\ “\ \
i MO \ N T
e Qﬁmm mr f S o

N . [
mmmf:: ;. { r f

| I oottt a N - 8 - e
TS ‘*‘”‘"‘f‘h memr 4 , |

(1) ][I;{"IL

i __I._.I.__] : - j 1

va - e #* : - —
4 & 9 @

[ —
i )
b
t
i
L

i
[

o e e e

- ey
f :
S S S
el anar’

———

No. Department Area (m?} No. Machinery
1. Storage for sawn goods 2,000 16  Cutoff saw
2, Machine {cutting, moulding, planing etc.) 900 17 Moulder
3. Panel assembiy 1,900 18 Double end tenoner
4. Surtace tirushing 1,900 19 Moulder
5, Storage tor components 2,400 20 Rip saw
6. Volume element assembly (also 5) 2,000
7. Oftice 600
8. Production otfices 140
9. Machinery repairs 140

10, Ctorage tor secondary raw materials 200

11, Sharpen:ng 50

12. Electric nstaltations 50

13. Pipe instaiiations 150

14. Roof truss arid beam production 400

15, Storage for building boards and joinery 500

Tota! floor area’ 13 330

*Plus: relaxation area, toilets, washing and dressing rooms, and cafeteria required by law
according to number of employees.
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Table 4

Pergonnel required fcr factory producing 500 to 1,000 prefabricated
wooden houses annually

Workers on monthly salary

Pogition Number Qualification Years of experience
Chief foreman 1 Technician 5-10
Production planner 3 Technician

Foreman 5 Technician

Warehouse clerk 1 several years
Time clerk 2

Office clerk 1

Hourlz wage earners

Machining
Wood-working machinist 3 Professional school 3-4
Wood-working machinist 3 Professional school 1-2
Assistant wood-working

machinist 3
Assembly
Assembly worker 20 Professional school or 1-2

3-4 years experience only

Materials handler 8
Overhead crane operator 2 Experienced
Painter 5 Professiunal school 1-2
Electrician 4 Professional school 1-3
Plumber 4 Professional school 1-3
Inspector 2 Professional school -4
Repair shop
Fitter (plant maintenance) 2 Professional school 2-4
Welder 1 Welding course plus experience
Sharpening
Saw-doctor 2 Sharpening course 1-2
Fitter 1 Professional school 4
Raw materials storage
Foreman 1 Knowledge of timber
Truck driver 1 Experienced
Assistant truck driver 1 Fxperienced
Truck loader 4
Product sturage
Foreman 1
Storage worker 8
Crane operator 1
Dispatching
Digpatcher 1 Experienced
Bookkzeper 1
Assistant bookkeeper 4
Secondary raw material
storage
Foreman 1 Experienced

Assistant foreman 2
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The amount of floor space devoted to offices in a factory depends on
whether dwellings individually ordered are to be produced, or dwellings are to
be produced 1n quantity from a few designs. More office space 1s needed for
designing and producing plans tor dwellings when 1ndividual orders are belng
produced than when the same type of house 1s being produced 1n quantity. To
produce 500 dwellings per year, a factory of 500 square metres 1s required

employing from 30 to 50 workers.

The amount of floor space needed by a factory depends on how the row
materials, building components and accessories that arrive at the tactory are
handled, the method of prefabrication used, the degree of mechunivation employed
to make the panels, and the amount of space required to stock the work produced.
In principle, the factory should be a p ace for assembling only, but 1f certain
tuirlding components cannot be obtained elsewhere, a special department must be

established to produce them.

The following primary raw materials are needed: sawn wood, thermal insu-
lation materials, building papers and plastics, doors and windows, and weather-
beardings. Secondary materials required are: cupboards and wardrobes, plumbing

fixtures and lLousehold gadgets, paints, hardware and nails.

Since the tactory should concentrate on planning and production ot houses
only, primary raw materials should be obtained us far as possible 1n the form
in which they will be used, that 1s, pre-cut, dried, treated with wood preser-
vatives and surface-finished. The most advanced supply of this kind has been
developed 1n the United States by the manufacturers of mobile homes. For these
volume elements very little machining or surface finishing ot the primary raw

materials 1s needed at the factory either before or after the assembly.,

In Europe, many factories producing prefabricated houses nre actually
departments of wood-working companles whose primary raw materials are supplied
by other departments of the parent compuany. ‘The manufacturing processes i1nvolved
for tre production of various primary raw materials are well known and conge-
quently will not be dealt with in this study. 1t must be pointed out, however,
that many factories are now finger-joining all frame timber and cutting 1t 1nto

lengths to avold waste 1n off-cuts.

Suppliers of building boards produce standard sizes to facilitate surfie
finishing and even pre-cut them according to customers' wishes. As such material
must be stored under cover, the area of sheds needed for storage depends upon

the quantity contracted for from the suppliers and the frequency of delivery.
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For a factory producing 500 dwellings per year, the annual consumption of
sawn woud can be estimated at 2,500 standards (11,680 m?). For storage of com-
ponents, between two ani five thousand square metres of floor area are needed,
with 4 clear height <t trom six to elght metres. In tropical countries sawn
wood and burlding Loards must be careful ly protected from insect attack not
nly 1n ostorage areas tut also in the mills that produce them., Meuasures for

brotecting & woden house against termites are glven 1n annex ¢,

MACHINING

Machinlng, in accordance with the requirements indicated by the technical
drawlngs, 1s the first process applied to primary raw materials ufter they have
been measured, dried und treated with wood preservatives, 1t ireatment 1s neceg-
sary. Machining of sawn wood involves cutting, notehing and tenoning.  This
process 1s done with radial saws or double-end saws or tenoners. Because bui ld-
Ing boards vary 1n length and door and window openlngs vary ih siue, standard
slze bullding boards cannot always be used without sawlng and notching them

before assembly.

As the machines used for this brocess, with their dust sbsorbers, are rather
nolsy and requlre approximiately 400 square metres of floor area, 4 department
sepirate from the assembly hall should be established for this tunction. Alter-
natively, machines cun te sound-insulated in individual compartments 1t 11 1s
technieally possible, After ruw materiils have been machined, they are trang-
ported to agsembly tables on pushecarts, Other primary raw malerials should

also be stocked 1s near as possitle to the assembly tuble,

As pre-cut deliveries are packed only after machining, the consideration
below concerns the assembily methods of modular punels, large-sive panels, and

volume elementy,.

MODULAR PANEL ASSEMBLY

The use of modnlar panels is the oldest method of prefabricated house pro-
duction, « system still widely employed in Scancinavia., The panels are constructed
by placing the timber for the frame on a horizontal jig table where 1t is securely
tightened by cams or hydraulic devices. Hurlding board 1s nailed to one face of
the trame by hand, or with nalling guns that use ordinary or hooked nails., The
panel 1s then turned over on the worktable or moved to trestles where thermal
tnsulation and vapour barriers are installed and bullding board i1s nailed onto

the other face. The panel 1s murked with an ldentification number and 1f need




be, it is packed pbefore being transported to a storage area. 1t required,

vertical weather—boarding, except near the joint areas, can be nalled 1o the

panel at ‘he fuctorye.

The surtfaces of fiulshing toari to be usedl on the inlerinr b binnes,
and weather—b mrding, 1L e prantedt T tpeatod with wooedl preserviatives qt the
factory tn i opecial fepurtment wtacent Lo the assembly pluant. rerupe s
lar panels oun be moved with aominimuam of mechinination thelr masadeeture 1
well suited to plecemenl pr duction. At least one factery Cwe ten employs
thig production method uslng also hilgh frequency gl Uor Limhtenies the

joints of panels and in the production of rloors, wiellg and pliarn vt praele

The tenoned timber frame uged in thig method 1e assembiod Wit b i les

The frame passes through gluing rollers onto 2 buil ding bt where fhermod

'

insulation 1s i1nstalled by fand, and o second bt lding bt e brtean it e
place by a pneum:itlce suction appiaratus.  The pranel  thoen paeses thr st hoyth
frequency pressiing machine for curing the glues ol iowinge thie cperit ot
circular saws cut the paniel to exuct measurements ant the gointopr drlee of
the sides are tenocned; finilly the corners of the prmels are chperrthone t by
adding nails. An qssumed production of several thovsmi unils uer o denirt
for high wages tor nalling the puels are prereqiisttes tor the inse o duetion

of the mechanlzed assembly process degeribed aboves

The trames of doors and windows can be installed in the panel an the
assembly stage when the manuil method of production ment toned bove 1ooemployets
In the mechuanied method both Lnternal and externnl surtaces o e prane s e
finished before they are prepainted; glaved windows are then titoed an! Pl
surface finishing ls easily accompl 1shed when punels hive beon ohaed toprether
rather than nniled because the resuliing surthice hag not bteen moarret by vl

heads or nail holes.

Roof trusses fabricated for sloped root’ houses require netrealon enre i
installation, especially in regions such as northern Ccandinayin where cnow
londs of up to 00 kilvgrams per square metre remain for Lo perioode o the
roofs. In general, roof irusses are installed eilther at (O-centimetr: priter=
vals or 1720-centimetre intervals according to the siue Of the pod st the totald
floor area of the bullding.

If labour is cheap and &4 building operatilon requires ¢ mparpatively tew
trusses, they can be made by hand 1n a J1g. 1f many trusses - LO,060 e more =

are needed annually, mechanized production using nail plates ant presges shoald
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be considered. As in the case of panel elements, roof trusses can be trans-

po-ted on pushcarts. Figure 8 1llustrates the use of nail plates.

Figure 8.  Nail plates and their use

Buitt joint of beam using nail plates

Header

Nai) plates joining roof truss corners

Bottom chord

b

An air-conditioned painting unit for painting panels should be located
ad jacent to the assembtly room. Panels with painted or otherwise finished sur-
faces should te packaged with protecting lath and 1f necessary wrapped in
plastic. For a small-sicze panel factory, the ounly crane that may be needed 1s

one 1n the panel storage area tu facilitate loading.

Approximately tw: ‘o thur thousand square metres of “loor area each are
required for the assembiy room and for the storage area in a plant assembling

00 dwellings annually. For this number of houses, 40 to 50 workers using

manual nai.ing are neetel, whereas only 20 employees can produce 1,000 dwellings

when the mechanized gluing system 1s employed.

Layout, equipment, materials handling and other information pertinent to

establishing a wel! planned shop for producing prefabricated wood-frame houses
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under Canadian condiltions has been set turth 1n annex 3 - a reprint of an

article pubtlishea 1n the Canadian puiluaer.

LARGE-SIZE PANEL ASSEMBLY

Ir, *re _aree—u:oe panel system, wall paneis are made the complete length

ciectrlc condults 1nstalled ant surfaces thinished g »om-

pietely #as pogsieoe, Pane.s are acsembled moa j1g tiable L " game Wil 18
small-s1ze panelz, t.° s the length { the paness vars, ‘he Sanoe et e
large enough t . uco mmotate the longest panel miie, L 1o Lote W Ieed
on 1n a horizontal pogitlon, T 1t 2an Le Ialsel - ot Umost et et
where workmer, stanting orn 4 platt.orm, nall tuilding U oaris @ e ramee o

both positions workmen c4r ase elther marual o pneumt o Lammer,
For autumateq productiun f lapge—sioe punels, worr “alies un i1 te

+ v

equipped with hytraulic frame-h.lders an: roilers * pugn “he phane. I'romone

phase to another. l..r ana winiow frames are fi*ted int  plaoces Do toe

1

!
|

phase of assemtly, an automatlc nalling machine fastens, f'rom "oe rlie, toe
lower and upper wall plates to the poste 0 tne puanels  The enire Ipamew rr
of the wall passes *hrough thls muchlne. D the sec iy ploage, Laooiang b s

are attachel . the verticual posts

If the pare. ig ‘' ve equlppe

wiring, thermal insulatyion ang int

1" the

1 with

ernal 8

trame Uy pne.mitio

pinstic

pipes t.r

arface o

be turned un the assemtiy taubtle .r [iltedl from .ne i ' an ore 1 TR
turned either by hyiraulicaily operated tevices fr m venenthy, r oty 0 tair.y

light (1 ton) electric crune fitte
nuts can be fastene:t to the upp.or,

hooks can be screwe:d, Witn these

4 tL o th
inner

hoors t

aggsembled on the btuiliing site; *the huoks

In the mechanized »nrodust: n of large—-cile Wil panels Will, wWinl Wiy,
frames can ve compietely o overed Wwith tneXxpenuv.ive sharnaurt 7psam Taptonen °
the frames; winiow .penlngs Ccan thern te out wlerWwarig ugily o elée i rie v
suspended from the -elling. Weather-toariing of vari oo finds L Lo Tapterned
to the large-sice paneis 1t *thre ftact . ry.

In Sweder, nailalle trirks, rne irch thick ant weiphing at WL 4 rliloerr.
per square metre, have teen s.ccesstully tastene! L. japge-si/e pars.o oL anne
tables befure the panels are transported to the bLuliting site, Lts lr eLer-

e cepligre For turrnine

cite oY e noned

he will panel 1g engil]

qre then rem veid,

i

'

i

tric wiring and outlet boxes are installed i1n the paneis tef .re roou

Yoanr b g,




boards are attached either at the factory or on site. Flat or sloping roof

constructions, as well as floor panels 1n some cases, 1n the large-size panel

system are, in principle, similar to those in the modular panel system.

Panels .f ~ r.e.ierat.e slce are teasictie * construct where cranes are
4va) latle on site - nanile thems Protlems »f transp riatlon can arlise however,
1f panels are mate Croaier “han the maxlmum wii'h permittel or roals and high-
ways. antry orares are tne Lype tegt suitet for haniling large-size panels
at the o o, Tre umount of floor space needea for a mercharnl ced production

line 18 larser c:oar ‘n: needed tor producing modular panels.

VOLUME ELEMENT ASSEMBLY

“ee i ...+ ierree f mechanization in prefatricated housing is found in
wilame e emert tr o t.iot1 n., Factories in the United States making mobile homes
are spera‘ei 'n a principle that greatly resembles +hat of an automobile fac-
tory. Motile nomes, which are seldom moved from their permanent location, have
teer, 1evel ped from large trailers which, by definition, have a maximum length

of 2 feet.

In volume element production transportation is a protvlem of great impor-
tance that must be scivei tefore a factory can start proauctlon on a profitable
basis. Wooden volume elements are comparatively light. The largest "boxes"
produced - up ¢ <0 .r 70 square metres f flour area - welgh some six to eight
tons deperiling 'rn their heavtlng anl piumtling insta.iations. For a volume ele-
ment of this welsgh', s*aniari ‘rucks are t.. reavy ani *.0 expensive 19 be used
for *ranspor*. Fa ' ries engaget! 1r. v.lume elemen’ proitucticn shoula employ
their ~wn ‘ransp.r® ‘railers. Juch trailers can easily function as bages f.r
internal transport iuring assemtly of the elements, thus eliminating the need
for expensive ~ranes and the danger f treakage through frequent liftings. A
low-wheelel car moving only 1nside the factory can be used 1n assembly-line
fashion and from 1t *he finished elements can be l1ftet onto the transportation

vehicie,.

Ir. the manufacture of volume elements, the first phase of production at
the fac* ry 1s very similar to that of large-size pane!l production, but in order
to make ‘rames rigid, bullding boards are glued 1in place as well as nailed. In
principle, the same fact.ry can make and de.iver large-size panels, or 1t can
aggsemtle panels in', volume elements at the factory. As each system involves
1ts own methods of joining, surface finishing, ana utilities installation, 1t

woul i prove 1mpractical to try to operate the twc systems at the same time.
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Floors, walls, ceilings and rcofs of volume elements are assemtle:r on
horizontal or vertical jig tatles and equippel with electric wiring, heating

and plumting 1installatiuvns. When all surfaces .U the elemerncs are ltinishei,

walls and roof are lifted on*to the Pluor where the rot i1s wuaterpr..fei; the

g

volume element 1s then moved vut-nf-doors for finils

In order +o ensure satisfacto ry irying luring ¢ ' { r tamp weuther, paint-
ing must be done in a heated tuilding. A twellilng o ngizting »f several volume
elements can te put together on *rial it the {actory *° ens.re eus, assemilye
on site. If the dwelling 1s equippel wi'th 1ts own heat.imn s/78°=7, 18 heatel

by electric units, these can te used on a *rial tasig {.r temy rary bBeatlng,

In the production of a more complex v lume elemen®, s.rtace-riricshe:
buirlding boards are fastened bt the frame oy nalls with rests o . urei t  uviend
with the finish .f the surface. In . rder t save f. r space 1. tLe area used
for assemtly, frames »f long external panels can te assemtliet 6 1im:s' vertical
jig tables and equipped with surface-finished interior paneis. The will panels
are then liftei onto the finishei floor arna fastened trom the external side which

has no thermal insulation or claddiing.

Partition walls iani roof are installed next. Electric wiring tollowed by
thermal insulatior are then installedt frum the cutside and weatner-toardings
and roofings are attached., The cupboaris, wardrobes ani sanltary equipment are
placed i1nside prior to assembling the walls; when they aire securei in place,

the volume element 1s consldered completed ani ready % te fturnistet,

An effective means of speeiing up protucti.n n the assembly line ot a
large-volume element factory 1s through the use of elec ric cranes pusltioned
on carefully planned steering rails above the heads »f *‘he w.rrers. The i1abour
time needed for assembly can be greatly reduced ani w rk well synchronized when
floor, wall and roof elements are movet aviut on these ~rarec, [he agsembly
line 1n a large-volume element factury 1is often U-shapet wilth vupervigory and
other non-work areas in the centre of the U, Approximately six to eight thousand

square metres of floor space are needed fur the layout of such an assembly line.

SURFACE FINISHING
Pre-finisrei tuilding boards can be used to advantage 1f the delivery ca'ls
for paintel ,r decorated surfaces, but as yet no satisfactory way has been devel-

oped to fasten them to frames nor are pre-finished boards availatle 1n great

quantities. A special department to paint and finish the surfaces of the panels




must be set up 1n connexion with the assembly area, or as a separate department.
Surface finishing of volw'e elements can be done 1n the open 1if the weather

permiis.

PACKING

lepenting n the {istance panels are to be transported and the kind of
surface finisr, protective pacxing of some kKind, such as crating, tundling, or
paper r .ath pr *ection, 1§ necessary tor ©.th pre-cut and moiular panels.
Large-ci:e pane.s an te sransp rtei vertically or h ricontally 1f they are
coveret Wil 1 tarpai.in ant secured *ooeach sther to o av il damage from chafing.
The ::in* site 0 v .ume e.ements shoulil te especially well prutected by plastic,

ANt Lr we' we ot cer ween roais are mwidy the whole element should be covered.

STOCKING AND DISPATCH

A rev 5.+ panels are usually made only on order, and volume elements
are et rei .r che pen alr, only pre-cut and modular parels need tu be stocked
Ir. a speclal way. tork snould te plled according * 1dientificatilon number so
that =~ i.ec*ti rn tr tispatch of the panels can be acc.omplished as quickly as

PUSS1t.ife AN ry Cranes are used for stock handling.

PLANNING OF WORK

Ce. .+ ¢ atequiate time or attention given to the detalls of planning the
machitire 4t iwssemtiy phases of the priduction operation. After detailed draw-
Ings art o omponent lists are recelved from the design department, purchase orders
with reques‘ed tellvery lates are given to the purchasing department bty the

department responsitle for scheduling WK .

Whern delivery dates of all materials ure known, a time schedule can be
drawn up 1nilcating anticlpated production. It 1s possible tu predict produc=—
tion accurately tecause of the information galned from work and time studies

conducted unier a precise schedule of materials arrival.

A tvpi-al sequence «f events in product planning and four different kinds

of work —orders are listed btelow:

Product planning. Atter the ftactiry receives an order from the sales

department ani the irawings and specifications from the designers, the following
action takes plae tefure ant during productions
1. A fe-is:.n 1s maie un the quantity of units to be produced;

.+ A work order 1s drawn up;
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3. Materials are ordered (based on competitive tenders);
4. Production is programmed and scheduled;
5. Work order 1s circulated;

6. Material arrivals are timed according t o production needs and
storage capacity,

7. Production 1s 1nspected at various stages;

8. Proiduction is inspected with specific reference to scheduled
deli1very dates.

WORK ORDERS

Haw materials work order: This order 1indicates when and how much of a

specific material 1s needed at the factory. A foreman delivers the materials
to the indicated production operation in the factory according t. the time
schedule of this order. After delivery, the order goes back t. the production

rianning department,

Machining work order: This order initicates material according to slie,

amount ar * delivery date for assembly. The machining foreman 1s responsible
for the various stages of material delivery; after they are completed the work

order is returned to the production planning department.

Assembly work order: Information concerning the assembi:ly -t the various

components 1s glven 1n this order. After complete assembly of the serles of

components, the order is returned to the production planning depurtment.

Uispatching work order: The dispatcher is i1nformed U this crier when and
¥

where various kinds of house packages are to be dispatched. The louding speci-
fication accompanies the delivery to the customer. After delivery, the order

is returned to the produ~tion planning department.

SUPERVISION OF PRODUCTION

As 1n . tner torms of mass production, a factory producing prefabricuted
houses must Le clusely supervised as to quality of 1ts product, quantity pro=
duced and cos*ts involved. The supervision of quality by foremen involves
inspection for apparent or latent uefects of products caused by workmanship or
by faulty materials. The management of a factory can estimale the protitabilaty
of 1ts product by @ continual control of custs. The quantity of stock on hand

ig controlled by careful supervision of production and dispatches.




TRANSPORTATION

Deliveries of pre-cut and modular panel "house packages" can be made by
normal means of transportation, but modular panel houses of approximately 120
square metres of floor area normally require two long trucks for transport.
As these elements are very seldom surface-finished, they can be packed and
transported horizontally., When unfinished, they can be transported stacked
one on top of the other because of the durabllity of the building board used
to make large-size panels. If gypsum board 1s used 1in the panels or 1f the
surfaces are prefinished at the factory, 1t is safer to transport them i1n a
vertical position securely bundled as a unit. Panels thus packaged can be
easily unloaded by a crane and directly posltioned 1n place at the building
site. Transportation problems connected with volume-element production should

be solved during the planning stage before production begins. The most satis-

factory solution for transportation i1s factory ownership of a fleet of tralilers

which may also function as bases for internal transport during the period of

assembly.

BEach country has specific regulations concerning protfiles allowed in rail
or road transport. For road transport, the width 1s limited by law while the
height is governed by the limitations posed by bridges, viaducts, ferries and
the like.




ERECTION

A foundation exactly measurei! ! precisely made according to specifica-
tions is necessary for the successful erectinn of a prefabricated house. 1t
ig most important that measures intliiencing the erection f the pretabricated
components be given in the erention instructions.  The foandation mast be abso-
lutely level in order for the punels o te joined correctise Ag thig comdition
ig difficult 't achieve using o rdinary methotls ot laying comrele, pressure
impregnated difterential teams (usunlly © 1n by 4 inj are anchored ot the
foundation wialls. The varivus methods of erection ot the {1iterent prefabrica-

tion systems have Leen iescribed earlier 1n thls paper.

In principle, anyone able to read plans and skllled in the ugse oU o haamer
should be able to erect a house using modular panels. However, in orider to et
a house under 1ts roof as qulckly as possible, 4 team of workers tfamiliar with
the system should coniuct the erection. o lay the toundation and erect the
components of a4 dwelling ot approximately 100 square metres % SN IVRRENY SRR ST
requires 3} to 4 men workinyg about 100 days when the tuliding 1s congtruceted
individually. The erection time per dwelling 1s greatly reduced tor the uame

house construcied 1n area bulliinge

A building company can pur hase large-sive panels ex woreks nd arriuge
for its own transportation and erection. A house factory may als. trangport
and erect a dwelling but not contract for its tinishing 1t such an wyrreenent

is made with the entrepreneur.

All responsibllities must be carefully specified 1n 1 contract when the
dwelling 1s purchased. The responsibllities of volume element deliveries may
be specified in precise detail when the factory manufactures, transporto aned
erects houses on anceptable foundations nonnecting all plumbing, heating and
electric installations and the like. OJuch houses are delivered on n turn-key

principle.
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PRICE STUDIES

In Secandinavia the price 't newly built, single-family dwellings and row
houses, excluding ground, averares between 500 and 800 Finnish markka per square
metre (US$l = 4.70 Finnish markka, January 1271). In Finland the current top
price for ;overnment financed, singsle-family dwellirs and row houses is approx-—
imately 630 new markka per square metre. 'The difterence in price, which ig con-
siderable, if compared with prices in warmer climates, depands mainly on the

amount of accegssories furnished with the houge.

The price comparison based on usable f1) o1 area may be misleading as cepr—
tain parts of heated areas or non-heated service areas can be included in the
comparison. In Scandinavia the kitchen is equipped with cupboards whereas in

Central Murope the pirchaser of the house mus supply his own.
The breakdown of costs for a single~family house in Finland, exclusive of
land, is asg tollows:

Per cent

Foundation 9.0
Exterior walls 11.7
Partitions 5.2
Floors 10.0
Ceilings and roof 13.6
Windows 3.9
Doors 4.0
Kitchen cabinets and cupboards 4.6
Plumbins installations 8.2
Electric installations including range 5.8
Heatins (boiler, hot water heater, oil

burner) 12.0
Paintinr 5.5
Miscellaneous (sauna, ironwork, sheet metal

‘work, supervision, plans, insurance) 6.5

Total 100.,0
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The percentage of the elements in a cost breakdown varies according to

e AR WA o

factors such as dwelling habits and construction regulations in different coun-
tries. In warmer climates ceilings and roofs are not as costly Lo construct

as they are in climates where snow loads must be taken into consideration;

a smaller percentage ot cost is also allotted to founditions nnd heatinge systems.

Where electricity can be used economically for hentirgr, percentages aloo vary.

In preparing an estimate of costs for the customer, the tollowing break-
down can be made to identify the cost of each ittem: description ot miterial and
quality; quantity; cost ot material; cost of labonur mvolved; total coct.
Details should be given tor items for which the labour cost is proporlionately

high.

PRICE COMPARISON

vor the construction of small houses, one of two systems of responsibilily
ig nsually followed: the system of building individual houses for which the
entrepreneur acts as the main contractor; or the turn-key principle in which
everything 1s supplied by the contractor. With the rising stardard ot Living,
the percentage of turn-key honses produced is expected 1o inereace sinee entre-
preneurs who lack the craftmanship of the building industiry no longer want to

take the responsibility for the purchase of raw material or the supervision of

the work.

[f an owner-tmilder does not include the cost of his work, materials and
supervision in the price of the house, the rcost of the came house purchased on
a turn-key principle would be 50 per cent higher, especially when only one house
is involved. 1! an owner-=builder erects his house of timber in talling fengths,
it will be cheaper than if he uses prefabricated panels, ao o in bhis cose he wio |
compromise on the quality of the building materials cr he will pnrchase certa b

materials at a reduced cost.

With rising stundards of living in Gcandinavia, area building, favoured

by contractors, has become increasingly important and prefabricated wooden con=

struction also continues Lo grow. As a contractor faces the problem of getbing
his house roofed as quickly as possible and getting rid of material on the b bd-
ing site in order to avold waste, prefabricated house conntraction o the easiest

solution to hig protlem. Furthermore, factory wages are conciderably bect Lhan
those paid to ronstrict ion carpenters on i bt lding site. A competibive noase
industiry presupposes productlon runs 1n a large quantity and preferat iy based

on only a few models.




MARKETING

The construction of prefabricated wooden houses becomes more profitable
and competitive than building with timber in alling lengths only when 500 to
1,:00 dwellings - depending on the constructicn method - are produced by a fac-

tory unit per year.

Through research on growth and movement of population and market research
the number of new houses needed annually is revealed. 1In developed countries
1t has been estimated that the number of houses need.. annually is approximately
equal to one per cent of the population, but with the development of industry
1t is expected thal this figure will soon increase to more than one per cent in
certain areas. When specific data are revealed, they can be used as a factor
influencing the choice of site for the establishment of prefabricated house fac-

tories and in sales predictions.

In order to produce readily salable houses, market research produces infor-
mation concerning the living habits of people, the general price level they can
afford, their standards of living, and the most popular size and types of

dwellings.,

SALES

Prefabricated wooden houses are sold by agents working on a commission
basis, or by salesmen working for fixed salaries employed by the manufacturer.

The fixed salary basis is more generally employed when competition is keen.

In order to plan production, a prediction of sales for the region covered
by the manufacturer is estimated annually by the salesmen. Salesmen should be
familiar with the principles of small-house construction from the foundation up,
and should also te well versed in what it takes to bring customers to a buying

decision,

Prefubricated wooden house delivery may be: house package, volume element,
or turn-key delivery. A house package composed of wocden components may also

contain hardware and accessories, roofing materials, insulating materials, paints
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and sanitary installations. In most instances the customer is respousible tor
supplying the foundation of the honse and in volume element delivery the toun-
dation is the customer's only responsibility.

Regardless of the construction method used, an entrepreneur prefers to sell

Lty enpertal ly whern

houses on a turn-key basis if marketling and financing permit ,

houses are sold after they are completed. It is preferabile

4

to sell completely
finished houses in order to avoid the annoyance of havinge to mike chargres tn
order to satisfy customers. Alterations of the original design can make 2 house
less habitable for future occupants and the disruption caused by makinge chanres
affects the progress of the routine of construction. When sales competition g

keen, in order !o increase sales, producers may offer to arrange for the r'inanc-

ing procedures for their customers.

PUBLICITY ANL PROMOTION

Saleg of prefabricated wooden houses may be boosted through advertigcimr or
other forms of publicity. After the design department has completed its plang,
an experimental house ig built to see if the design is completely functional and

(sets

salable. FExperts then offer their opiniong concerning changres and lhe necessary
alterations are made.

Before the house is actually offered for sale, a trial houses is built nnd
igs often completely furnished. Photographs are taken of the interior and used
in brochures or other forms of publicity. Frequently aeale models of the house
are constructed in "natural surroundings" and are photographed for use on belo-
vision, in newspaper advertising, siles brochures and the like. Such forms of
publicity have pr.ved to be very effective aids to selling housen. In the
United States, sample volume element houses are open for inspection on miin
roads and may be examined as automobiles are examined in i showroom. To be

effective, an advertising campaign to sell houses must be planned well in

advance of the normal buying season.
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TRAINING OF LABOUR

Few if any public instituti sns offer courses Specializing in Planning, pro-
duction, erection and sale of prefabricated wroden houses. Consideration should
be given, therefore, t- training wirkers when a factory is being established as
the efficient execution of al] phases f this form of home-building requires

special skills,

Professicnal architects, corstriction ensineers and specialists in heating,
plumbing and electricity should be able to combine theip knowledse with that of
well traineq draushtsmen t» produce sultavle plang for prefabricated wooden
houses. The chief of such a team should be familiar with the possibilities and
restrictions of the varioug prefavrication systems and be able to explain them

to his team.

The production department should have members skilled in purchasing, plan-
ning, stocking materials, dispatching and all other phases nf the work as the

conscientinus efforts of workeprs and management sreatly influence the quality

of the houses produced,

In volume element production specially trained workers and management are
essential to the finishing phase of the product. The buildins cintractor can
overcome many ditficulties if he hag a trained group familiar with the system
to undertake the erectionp work of wooden elements and deliver 3 completely fin-

ished dwelling to the buyer.

A pood salesman can sell almost anything for awhile. Fop extensive,
successful marketing of prefabricated wooden houses, however, highly trained
salesmen who are experienced in all phases of house production techniques are
essential. Balesmen should also be well informed of the repulations controlling
production, and for ultimate sales success, they should be able to assist cus-

tomers in makiry- arrangements for the financing of their houses,




Annex 1

TECHNICAL DESCRIPTION; ERECTION INSTRUCTIONS AND ARCHITECT'S DRAWINGS; AND
LOADING SPECIFICATION FOR A MODULAR PANEL HOUSE*
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Technical description

The basic delivery includes all wooden parts above the foundation, thermal

insulation for walls, caulking material, building paper (except roofing felt),

hardware for deors and windows andi nails, as mentioned 1n this i2scription:

Floor The house 1s designed for contrete slab toundation,
The basement root 1s »f reinforced ~oncrete,
- Cleepers, 2 1in x 3 i, 1 ft = 7 11/1% in o.c.
= Subfloor of §/8 in thiek blockboard, as base for
linoleum or PVC floor covering
Sleepers are delivered in falling lengths, vundled
blockboards cut to gigze.

External walls Construction from outsiie:
-~ Horizontal weather-boarding 1 in x 5 1in
- Impregnated building paper
- Vertical Ti-voarding, 5/8 in
= Frame 2 in x 4 irn
- Glass wool or rock wool insulation, 4 in
= Vapour tarrier, aluminium or PVC-coated paper
= Chipboard or blockboard, 1/2 in
The walls are delivered in prefabricated panels, width
1 ft - 11 5/% in to 7 ft - 10 1/2 in.

The weather-boarding and bullding paper are supplied
loose te be fixed on site; weather-boarding in falling
lengths, bundled, building paper in rolls.

Note: In certain types of houses the weather-boarding
may be vertical instead of horizontal. The weather—
boarding is then ready-nailed to panels at factory,

Gables The frame is delivered in ready-assembled halves.
Horizontal weather-boarding as in external walls

Partitions Posts 1 1/2 in x 3 in, 1 ft - 11 5/8 in o.c.
S11lls and top plates 1 1/2 in x 3 in
All frame components are delivered cut to length, bundled.
1/2 in chipboard or blezhboard delivered cut to size on
both sides of the frame.

Party walls or Internal chipboard or blockboard lining on
brick walls 7/8 in x 2 in nailing strips
Roof Roof trusses, 3 ft - 11 1/4 in 0.c., delivered in

ready-assembled halves
- 7/8 in raw TG-boarding, delivered in ready panels,
width 1 ft - 11 5/8 in, length 5 ft - 10 7/8 in,




Ceiling

Doors

Windows

Cugboards

Mouldings

Kitchen cabinets

Bathroom

Basement stairs

Porch

Garage

- 7 ft -101/2 inand 4 ft =10 1/8 1n
- TG-boarding for the soffit, delivered c~ut to length
Fascia boaris delivered cut to lengsth

- Acoustic tiles 1+ 1n x 17 1 of porouas wood fibre

board, in carton packing
- 5/3 in raw TG=boariings 1n reviy vanels
- Impregnated builiding paper, in rolls

Exterior nak dours are 1nsulated and taced on the
outside with profiled toards, trass hardware fittinegs,
mortire lock with & keys, letter-drop plate. Interior
doors flush type, praint—grade, thicwness | /1 1n,
thresholds »f oHak

A1l doors are ready-fitted into trames, provided with
hardware and nrimed. Protruding hardware packed separintely,

Double windows, provide} with hardware tittings, ready-
fitted into frames, pr ~ct. Protradire hapdwire packed
separately.

- Wardrobes with a clothes rail and  shelves
- Other cupboards with % shelves
All parts ready-painted, delivered knocked down.

All interior mouldings ready for fixing. Okirtings and
cornices are delivered in falling lengths, bundled.
Exterior arcnitraves for doors and windows are supplied
ready for assembly, bundled.

Painted ani provided with hardware fittings. Uink top
of stainless steel, with two bowls. Plastic laminated
surface on the working table.

Enamelled hardboard {1 ft - 95 }/4 i1 higsh) i delivered
for the walls above the working levels,

Range and refrigerator are not included in the delivery.

Fnamelled hLardboard i1s delivered for the walls and ceiling.
Delivered ready for assembly.
All joists, beams and posts delivered ready for assembly.

- External wall panels as elsewhere 1n the house but
without insulation and 1/2 in vertical boarding

- Garage door side hinged, provided with hardware
fittings




- Roof as elsewhere in the house
- Windows with single casement
= Without ceiling

Miscellaneous The delivery incluies also:
- Copper ‘drip caps for the horizontal external
architraves of the wintows and doors where needed
= All nails anl screws, galvanized, required for
erertion
- Preces of steel tube for porch posts

Impregnation Sleepers, bottom plates, frames of the external wall
panels and roof trusses are impregnated against rot and
insects,

Weather-boarding and roof boarding are dipped into or
sprayed with preservative solution.

Extras The following items are obtainable at extrn ~ost:
TR
- Oak parquet flooring, "RI-LA" brand instead ot sub-
floor

= Interior doors with gaboon mahagony surfacing

- For lhe ceirling, painted TG-acoustic tiles ("PTHLA"
brand instead of tiles with shined edges only)

= Tile battens on the roof boarding for roofs with
30° slope

The following alterations reduce the price:
- Weather—boarding is omitted (lining with local
material )
= Lining for brick wills is omitted; the wills can be
plastered instead (see p.46, "Party walls or brick walls")

Erection Erection instructions and drawings ns well us structucal
——10 , _ .

instructions calculations are delivered with the house,

Time of erection The house is to be erected by the buyer.

The time reqiired for the erection of the conponent

delivered by Puutalo is about ¢ hours per 10 square
feet,

List of the most important materiuls to be obtained locally by the buyer

All materials ror the foundation

Basemert windows and doory

Thermal inculation for the floor and celling

Roofin, over, e.y. corrugated asbestos cement sheets
Flooring

Paints and wallpapers

Window and door panes

Kitchen range and refrigerator




Electrical fittings

Sanitary fixtures

Plumbing and drainage

Gutters and downpipes

Heating fixtures

Anchor irons for the brick walls, if required.

All timber measurements are nominal, i.e. rough dimensions before planing,

The module of the construction is 1.20m = 3 ft - 11 1/4 in and a half
module 0.60 m = L ft - 11 5/8 in.
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Erection instructions and architect’s drawings

These instructions desaribe in rrief the erection and assembly of wooden
parts and other builiing material delivered by Puutalo. Related operations,
such as plumbing, clectrie wiring, concrete and masonry work are to be done

aceording to loral building regulations and methods of work.
Frundation
———elon

The foundation 15 to be made of' concrete, in accordance with the measure-
ments given on the foundation drawing. In order to secure the rectangularity
of the building, the diagonal measurements are to be checked carefully., The
top surface of the foundation must be absolutely level. Any irrepularity in
the foundation will regult in 4 irregular and unsightly ridee line at the
peak of the building. The top surface of the foundation is to be coated with
a hot mopping of coal-tar pitch, particularly ot the points where timber parts

are to be placed.

External walls

1. Place weather strips of 10 om width on the border of the concrete slab,

See page (4, "General sections", section K4a.

2o Position wall sills 1-10, 1-13 and 1-15 (see page 58, "Wall sills and
floor sleepers') on the weather strips. Check the measurencuts and level the
top accurately all around the house. Use plywood strips for levelling. Fix
the joints with five 60 x 25 (2 l/? in) nails and to the foundation with steel

nails,

3. Place weather strips of 10 cm width on the wall sills and fix with tacks.

See again "(General sections", section Kja.

4. Erezt corner posts 2-01 (see page 62, "Walls and partitions") on the

house corners and tix with 75 x 28 (3 in) nails.

5 Erect the wiull parels near the corners (one of each side) strictly accord-
ing to the positioning scheme, (see again '"Walls and partitions".) Fix from
the outside to the sill with three to four 60 x 25 (2 1/2 in) nails and toe-
nail from the inside with three 75 x 28 (3 in) nails. Strut the corners rigid-
ly with temporary traces, Atfter the corner posts and panels are secured in
place, erect the remaining wall panels. Note the +y ++ and letter marks behind
the window st ioop ttems, Make sure that the Joints between panels are equal
by using un internal Joint strip 20-90 as pattern. Fix as instructed before,

and strut the wall construction with temporary braces.



6. Place guiding strips 2-81 from top end of the wall panels into the joint

grooves by forcing with a hammer or mallet, See page /5, "Horizontal details™.

7. Place weather strips (8 x 100 mm) 1in the groove on top of the wills nand

fasten with tacks. Oee page 4, "leneral sections", Klui.

8. Place wall top plates 1-10, 1-13 and 1-1% (see pare ¥, "Wall silla antd
floor sleepers") around the top ot the wall construction to ke all the wall
panels in alignment and bind them together around the top. Fix securely to
each wall panel and corner post below, the lapped joints with four 0 x 5

(2 1/2 in) nails and between them with one to tour 100 x 34 (4 1n) nails,

9. Put caulking ribbons (PV x 25 mm) 1nto the internial joint ysrooves of the
wall panels and fix the internal joint strips 20-10 ant 0=11 to cover the
joints. (See page 75, "Horizontal details".) Use S0 x 21 (. in) timishing

nails for fixing.

10. Cover the exterior wall panel -‘oints with insulating board strips

(1/2 in x 46 x 2,568 mm). See again "Horizontal details'.

11. Cover the walls from outside with impregnated building paper as soon as
possible after the walls are erected. Use tacks or staples for fixing. The

paper joints should overlap at least 10 cm.

Roof construction

1. Assemble the ready-made roof truss halves (40-54) to each other by fasten-
ing the connecting pieces (plywood gussets 4-64 and A-65). (See page 67,
"Assembly of roof trusses".) The nailing must be done precisely on both sides
of each truss and must accord with the nailing points marked on the ridgs part
and at the middle of the ceiling joist. Provide the middle of assembled truss
with ledger strip S-329. Use 60 x 25 (e 1/? in) nails, spaced at 70 cm for

fixing. See section B,

2. Slip the trusses over the side walls one by one and position (120 cm on
centre) just above th2 wall panel joints. (See page 64, "Roof construction'.)
Secure by toe nailing from each side to the top plate with 100 x 34 (4 in)
nails and further from one side with fastening irons No.?. Make sure that the
trusses are plumb and properly placed and that the eave and ridge lines are

straight.

3. Lift up gable triangle panels 40-541E and 40-542E (see again "Roof

construction") and fasten securely to the top plate with 125 x 42 (5 in) nails.




Make sure that the panels are plumb. Provide the lower end with ledger strips

5-329 (see page 74, "General sections", section K?a) and fix with 60 x 25
(o 1/? in} nails, spaced at 20 sm. Cover the panel joint with Joint strip

M-304/1 and fix with 60 x 5 (o 1/2 in) nails.

4. Place ceirling panels 5-11, 5-12, 50-11 and 50-12 as well as attic door
5=20 (see page b4, "Roof construction”) between the ceiling joists. Make sure
that the panels lie at the same level. Fix with 75 x 08 (3 in) and 100 «x 34

(4 in) nails.

5e Cover the ceiling panels with impregnated building paper and fasten with

tacks. OSee again "General sections", section Kla,

6. Heat-insulate the attic, Mineral wool covered with felt paper is used

for this purpose. Not irncluded 1in delivery.

Te Position duckwalk boards =640 (see page 64, "Roof construction") on the
ceiling joist and double nail to each nailing point with 75 x 28 (3 in) nails,

See also page (4, "General sections', section K1,

8., Erect terrace posts 10-22 on the 3 in-diameter iron pipes inserted in
the terrace foundation. Plumb and brace rigidly to the wall and to each other,

See again "Koof construction",

9. Lift terrace purlins 10-33 and 10-35 (see again "Roof congtruction") on

the posts und fix from the inside with angle irons.

10, Lift roof joists 10-81 on the purlins (see again "Roof construction") and
support to the wall with hanging irons No.21. Toe nail to the purlins with
100 x 34 (4 in) nails.

11.  Position roof panels V-4, V-5 and V-7 (see page 66, "Roof panels") and
fix with 60 x 25 (2 1/9 in) nails. Cut where necessary and remove one boar]

from each side at the ridge. See also page 74, "General sections'", section K1la,

12. Cover the eaves with boards (P—300) (see page 64, "Roof corstruction",

Trellis). Use 60 x 25 (2 1/2 in) nails for fixing. Secret nailing is to be

recommended,

13, PFix fascia and barge boards 4-820, 4-840 and 4-760. Double nail to earh
nailing point. See pages 64 ("Roof construction") and 74 ("General sections",

sections Kla, K2 and K6),

14. Cover the roof, Materials are not included in the delivery. When the

chimney is reached a sheetmetal cap and base flashing must first be fitted



around the brick to seal the opening. Enough roof cement should be used to
provide good flashing work and to prevent water from seeping behind the

flashing.

External architraves and siding

1. A1l external architraves should be positioned and fixed., Uee pages i3
("Architraves"), ‘4 ("General sections", sections Kla and K4a) and /5 ("Hori-

’
sontal details).

AN Fix window flashings (copper) with copper nails. (See agnin "teneral

sections', section K1a.) Note that the upper flashings should ve fixed 4t the

gable wall windows only.

3. Fix rover boards 6-882 between two living room windows with double nailing,

cee page 3, "Architraves".

4. fover the wall surface below living room windows (3 preces, side by side)

with weather boards P=04€ by using 60 x 'O (o 1/? in) natls for fixing, Jee

pages 56 ("Architect’'s drawing'") and [} ("Architraves'™).

5. Fix corner strips 2=80 on at the coruers of the buildin, vertically with

ten 100 x 34 (4 in) nails as shown on page (', "Horizontal detarls', detail Uin,

6. Begin fixing wood siding M-H14. Application of bevel siding chonld start
at the foundation, %/4 in below the bottom of wall sill. The conrses should be
laid out, or "storied”, so that the shadow lines coincide directly with the
upper and lower lines of the windows and doors. [t is beneficinl to work Lo o
chalk line and to see that eacn ~ourse is kept level. Nailing should alwiys be
directly over each wall-panel frame stud, approximately 60 em o.c.  Nails

75 x 28 (3 in).

Floors, partitic s and ceiling

1. Cut floor .eepers S-763 to suitable lengths and position on the concrete
slab. (See page 58, "Wall sills and floor sleepers".) Make sure that the
sleepers are level. Any irregularity must be corrected and the sleepers fastened

to the concrete slab with steel nails.

2e Insulation for the floor. 7?2 in-thick mineral wool 1is recommended, Not

included in delivery.

3. Lay floor panels KP-5 and K-9 (see page 60, "Floor panels") on the aleeper:s,
Cut where necessary and fasten with 60 x 25 (2 1/? in) finishing nails spaced

10 cm apart.




4. Partitions. See pages 62, ("Walls and partitions"), 68 ("Framing of

partitions") and 70 ("Partition details - floor panels"),

Note: Frection of the assembled partition frames should be in accordance
with the circled numbers on page 6. ("Walls and partitions") and the chip-

board lining fastened immediately,

Assemble the partition frames on the floor by cutting the sills, top plates
and headers from batten $S-678 to suitable lengths and thereafter spike
posts 3-4( between them with 100 x 3 (4 in) nails. Follow strictly the

measurements in the framing scheme, page R ("Framing of partitions").

Lift the frames into plice according to the measurements given on the drawing
on page 6. ("Walls and partitions"), Plumb and fasten to the floor and ceil-

ing as well as to the wiall and partition beneath with 100 x 34 (4 in) nails.

Set interior doopn (=BTK P, [=8TK D) (=8°K W] and /=01K+P in the openings and
fasten the frame member:s to the studs and henders with 75 x 28 (3 in) nails.

.

See puges 62 ("Walls and partitions™) and 68 ("Framing of partitiong"),

Cover the partition frames with chipboard lining 7-1 etc, strictly nccording
to the drawing on page 68 ("Framing of partitions") and fasten with 50 x 21
(” in) finishing nailg spaced 19 em apart. Note that the chipboard joints must

lie on the posts indicited by black dots.

e Fix the acoustic tile squares (410 x 40 cm) to the ceiling with 30 x 17
(1% in) finishing nails., The tiles should be neatly and carefully fixed, If the
ceiling is to be tinished with other material (profiled boards, chipboards etc.)

the placing and dixing should be done according to the local methods of work.,

Note: 'The bathroom and WC ceiling should be finished later with enamelled

hardboards,

6. Line the bathroom and WC celling with enamelled hardboard and fasten with

plastic strips and small nails,

Te Finish the bathroom tloor with cement mortar. Materials are not included

in the delivery., Cee page (1, "Bathroom wall finishing and flooring",

8. Fix plastic skirting (basestrjp) to cover the joint of bathroom wall
where it meets the floor. Use contact mastic for fixing. See again "Bathroom

wall finishing and flooring",



& . ¢




e

:(."2

it
i
Wz

il =

L2

Iz e e







B ghcarde ak.ovg A we v oa b povamd s oediag b

tasmms = o el 1 foas hae P B waog PN
- <4 e £ B & 5 % E o

Boay C A 3 3 & & w B &7
# i o TE

s R # Ty nouse wkd TR I R N T Y &t B

S e g - § s & - g “;Sfﬂ . i ¢ &

way ie,

. b4 = Y o Lk P

3 5 & ¥ B g i@ s " M " "

0, N A sy b . Eont o, e
“’” gﬁ ‘Eg;‘gi ot 3% 3 o LAY v B . R .

¥ . N 5 f R i

o H F f N . M

Wt el w TE, v P e e ! ‘ N
1 Famten ' wep porard B o I
NP . . N . . - “u .
SRR T BN RS B § tew o, s [ gt i 5
LT T S '"' st ey KR .

. LESE LI S R R AT T Coh oty T (e
enamel 1ol arh a1 s catyooted, P vie oty
fggtenineg Yovet The Gase | rame tim * st e

M &
the witi he N N e b :

connectiny pipe,

f Fogi tion hardware

caAge.,

He cegsories,

gocordine 1o

5 3 T
&
E
P
*
3
¥
Y e it
0t N
L 3

the |1:

i TR
Y N B
¥ooawe T g il
LA W N
Tt e @ 3
o & @
oy E -
PR N
R s o
IS 3 B
¥ ] o "
(3] .
P 1
5 EY »
[P & R
N »
g 3t Pl
ISR AR ot e 2

%

H

the




[ S S
g o

ol T

LR P e RN T S B I -

BBNOM 1 INVe WY INOOM v WO4 DNMVYG $.1931 M8V




8% e Wi ST o vam w0

s I
L WP e iy
- .- o ®

S i Tws

woow e S “, e E G e

. ¥ LY A Y o a)




LA

s .

Lt S Y

oy & BN el Wil s W e
W S SN e TTew e

S . M it e

-
‘“Q

¢

il -
A

A

®

NN EEREE N -
'

!%‘

- L3 4 g‘.‘

| £

.Gpate
oot

F

b

13

SUB4BT S WOO Y4 OWY 578 Vvl




R Lo A
. B e L B

v ot AR Wy W W
i . ] St i i e
.% w— N [ e W
- o oo Wl
B Yy - I -
PR LRV X L T e d

L - & Towme My LR W

T—— et L VR S

,,,,,,,,,,,




F.Swe LN 28 QIMOmWS S IN inTEVe N Skidid

s

« . & SR 4 » »
204 s 73 - s _
= ] a, ) ~ ﬂ M 4
£
. | | |
. : % 4in §-a™
. ” ’ _ .
. ‘ v : . : NES
: "B e PO o» | o) ;-9 anlioon ¥ IO -ew .w ©
2 m w .
s : ,
# - *
» » —
» ] »
i r il ! *
..”ttu -I;h - b ow ~ & o 1.
- o MO > LA > M Wg “
e, 5. e .J:..i..* ~
wivParve TP oSy . i : :
>, |
-l N G -~
i A
L o ew O ww ;Y ] o a¥
- S 42 j 3
L A
of ;
u .o
¢ ; -
ﬁv & > T W — ;*;‘Eimw‘ ot i}.w -
e &ry >y ; o~ : o ; g
& i - A
p - el 4 i *
S




B inTmiIsyy

T 3. wew SRR M




L )
.- . ‘ e - Ra—
o ok B4 - - » - - L § -
[ = i rgs » & & o L 2 - « il
wlffp *s [ " 4 - # . # L [ -~ o ) wgy
i o §
- . -~

s
o

- : p
i . -
- @ -
y ’
L = £
-4 . : : 3 - N L
-~ L @ " » . > W; o
3 - . - . M . " w‘ % -
m_ * - na . & i _m & [-Y
: * " i " -
“ “ ’ ‘et‘ ‘ = | - ‘ . I
- 2, ol . e .
* ’.. ? 3 * o L nadiBl L TR L. Y 3 s il m




e W LA o T

i L3 -
sSCovo@ o 7D
S s b
P i i g WA gl ot Be e SR W e
g -
o g
¥
s v - s - a—
&Q v *
- - -
2 M e 4B e N P W
"o N .
g 2o o o
W e il 3
. L -
Fﬁﬂi‘;zzi g A o - [ : .Ré uf
N s -
- »
3
% & B o » LN o, - 4 - -
#
iﬁ -y o - w A $ YW, ¥ F . o FEE Fowy
* o N
a 3 P ?&S
. "
M o o . - R T oaw
. L s e . pee e
# b W OB s, e % w . ™ = ¥
) " - “ g
w BECET ¢ . m % ! L Lwe. NS T
B &t
L T ey . le » ‘ ¥ - v
‘ - "
- .y 6 - v % E } -
.
« * ¥
* g f%
P 4 # S o BB e . . .
» * pe - - ¥y S N . » Wy




P > & 4T 2 > O F LA 4

5L e ooF oz 39 OL Fuv SISTHANIUVE NI SWwILi Rmi
L -4 T/ .
B Fove SN 2TIS TexInio, A
r n n n n n n " ! NMONS Fuv¥Y ST/viFC OGNV SNCILDES
A il — . i mm*o
. al“u e | em—— | ~asu— o - e ﬂnﬂmﬂ
b I ﬂ o W-T - | len
- ® | ;
N 3 - _
N N © o .
L) , ;o ~ ~ !
- : - HooN ~ 0ze- ( -r)
Mv. PN ﬁgnvﬂ — A dd o i i N " - Qvin .‘
S ! ! m T T H I T T oog-a 1] = TTo0t -4 j
v . i i i . R H ! : .
w..u » Bau — — A W\ . | - » | Y o
““ &v ‘ A 7,/,0 i
/t, xn
L ) ! s AD.W
[T ! PR N o
Lo T H ° ﬂ IR m
3 I R * _ = P
suFizve I~ 4 < | A | il . ) .
s 1T swITNN Al R wf\\qxo ' M | ”m
i ~N@ QFTowmT — 4N - ) W
~ ! ™~ ( p ] i // :
79 0L Fuv o XA u I S |
s7ove@ aNim ° s> <=9 - - - — b 2 e I |
.\VX\ O R ' D F_ f
2 | : >y
- @ ! M
< q. | Q{ ¢
! : LA S~ i [ — w ~ w w
1 ' ~ ! -
B A 25
i ‘ i - \>
»l ! oNiICuwoR® OFdvus SV I\
(b« 5 (06"SE) 3595 TY97g 40 CmMoy §
» 3 SCwOND ¥WCT INL NC >Tur XINQ |
s MR | °z
8 b - -
~ o il . ,
o ‘ i | N i W M.
2] ! , | ‘o
> ﬂ % m w 1S
. N . h : o
i ) W w W ) ‘P ! W ~
N m w = ; N ~
s 2 IR
|- m /,
P Q : i |
S , C . i
| - N
{ T , T w”l N S— — ﬂ||! y
00t g i i i 00€ - o 00§ d
tP LO\ L.»\l e r P T® o F o et t
(oze-7) 0ze- 0ze-r . L (eve-)

ZeN NOM/! ODNINILSYA

NOILONYHLSNOD 4004




A

§ 594
o I
b= -
I y
© S Sm—
> o . R
e < WE S%Y
[T h. f WwoFEy 7 JES FOnL NONI : |
o NIWALIG LOH — ot :
! ; ol B K TN I‘I*‘
\»v (0942 =~ $6x56) T - ¥ is0d ‘ w

NON! JTONV T

L]
— r X P Nl 7ovdS wiv .

; ) .; Vg - Ob V
(A ~ON! L¥OIENS T .

SIMM3IAAL
S U —— -
%o hny*wlnw\ ) u\N.\
o0w e~ 0Zs "8/ cavog O~ LVINSN! . X ) \.1
e ?E
o
S " ,
P — s " L ST W—

F4!S NO 4AND




00%f ‘4 souvoy

FAVI FML 4v STINVE JCOY ONIDYId N/DIR

smoy ¢
IOQ ¥ INyg
3CIs Hua0® tOA

!
O
el

|

N
o

H

QN3 8L 4v¥ INd

FINNSVYIW DriviHdIA0 WIP

ST73NVd 4004
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>