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ELTEN PLANTS
FOR MINERAL BONDED
BUILDING BOARDS

ELTEN ANLAGEN
FUR MINERAL GEBUNDENE
BAUPLATTEN

Automatic ELTEN production line
for wood wcool cement boards.

‘hﬁﬁgﬁ' ,
Automati e ELTEN-Produktions-
linie fir Leichtbauplatten.
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Complete plants available from manually
operated till fully automatic, deliverable
in capacities of 35 to. 150 m> per shift.

Komplette Anlagen in Ausfilhrungen von
handbedient bis vollautomatisch, lieferbar
in Leistungen von 35 bis‘150 m3 pro Schicht.

FURTHER PROGRAM

Apart from the plants for
the production of wood wool
building boards we can also

supply:

PILANTS FOR THE PRODUCTION OF:

* cement bonded low
density chip boards

* cement bonded high
density particle boards

* cement/wcod building
elements including
flooring, recofing and
walling

* gypsum bonded particle
boards

For further information on
these special plants, please
contact us.

WEITERES PROGRAMM

Neben Anlagen zur
Herstellung wvon cement
zementgebundenen Holzwolle-
Leichtbauplatten kénnen
wir auch liefern:

ANIAGEN ZUR_HERSTELILUNG VON:

* zementgebundenen Holzspan-
platten in Volumengewichte
von 500 bis 1250 kg/m3

* Bauplatten aus Holz und
Zement fur Boden-, Dach-
oder Wandkonstruktionen

* gipsgebundenen
Holzspanplatten

Far weitere Informationen
itber diese Spezial-Anlagen,
hitte Schreiben Sie uns.
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In background wood wool conveyor with wood wool
batch weigher and chemical solution preparation

unit; in front mould cleaning equipment.
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Im Hintergrund Holzwolleférderband mit Holz-
wollewaage und Salzaufbereitungsanlage; im
Vordergrund Formenreinigungssystem mit Einolung.

e

\x-,l
st

/4



a
A
IR

8 a5

) A
Sy
o

- ¥
3

View of the distribution machine
with two spreading units for
the manufacture of multi-layer
sandwich boards.

Blick auf die Einlegemaschine
mit zwei Einstreustationen far
die Herstellung von Mehrschicht-
Sandwichplatten.
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Cross-cutting
separating saw
with centering
arms in the
recesses of
the moulds.

Mitlaufende
Trennsage mit
Einrastarmen
in den
Aussparungen
der Formen.

/6




Automatic piling press;

on the left, first setting
area with concrete weights
on top of the piles.

Automatische Stapelpresse;
links, erste Abbindungs-
platz mit Betongewichten
auf den Stapeln.




Automatic mould stripping machine with
in front the mould supplier.

Automatische Formenausschalmaschine mit
im Vordergrund die Formenabgabemaschine.

A
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Edge dressing machine

Besaumsdge mit
with exhausting unit.

Absaugungsanlage.
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Board piling machine with piles of ready boards on
pallets;
top right, automatic pallet feeder.

Plattenstapelautomat mit Stapeln fertigen Platten
auf Paletten;
oben rechts, automatische Palettenabgabemaschine.




Control
desk.

Schalt-
pult.

Main switch
box.

Hauptschalt-
schrank.

- elten

systems
TSI barneveld — holland

- engineering & manufacturing Posthax 15 - 3770 AA Barneveld / Holland
Tel. (0)3420-12944 Fax {0)3420-14182 Tlx 47408
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Automatic ELTEN production line far wood wool cement beards
FULLY AUTOMATIC ELTEN-PLANT Type 18 M

Width : 50 cm dimensions please ask fer addi-

Board dimensions: Length : 200 cm For other shapes and/or board
Thickness : 1-10 cm tional information.

Mould speed :  Variable up to 18 m/min,

Average capacity : 7 boards per minute.

Note: for board thicknesses from 5 to 10 ¢m the number of boards produced will be less, however the volume of
material remains constant.

Moulds :  Plywood bottoms with only 2 fixed longitudinal rims.

Labourers In addition to labour for cutting timber and operation of the wood woal planing machines, the

following labourers in the production hail are required:
1 plant operator for control and general supervision
1 fork lift truck driver

1 handy-man for supervision of mouldstripping machine and boardpiling machine as well as
supply of pallets

Number of wood wool

planing machines : Depending on timber diameter and quality as well as set board weight: the number of wood
wool planing machines varies from 4 - 6,

The ELTEN plant is a carefully devised System, not merely a number of separate machines.

From the supply of raw materials up to and including the completed boards the production and quality as well as
the weight of the boards is automatically controlled.

This ELTEN-SYSTEM is protected by patents in 29 countries throughout the world.



Description of the ELTEN-SYSTEM

Continuous fully automatic production.

Neither the raw materials wood wool (excelsior) and cement, nor the mixture or the manufactured fresh
boards are touched by hand, whilst the quality of the boards Is automatically controiled.

Production of wood wool
and mixture

By means of conveyor belts or tubes the wood
wool produced by the planing machines is supp-
lied to the wood wool weighing machine without
any intermediate storage (this eliminates fire
danger entirely). In the weighing machine the
wood wool is weighed to attain accurate cement
dosing. If more wood wool comes from the
planing machines, for instance caused by thicker
wood logs, automatically more cement will be
dosed. From the wood wool weigher, the wood
wool is maistened in the submersion unit and
after adjustable demoistening passed to a con-
tinuous mixer. At the same time an accurately
measured quantity of cement is automatically
added to the mixer from the cement dosing silo,
by a dosing screw.

The cement dosing silo is automatically filled
from the main silo. The quantities of wood wool
and cement supplied to the mixer are thoroughly
mixed there and continuvally supplied to the
filling machine.

At the same time empty moulds are supplied by
the automatic stripping machine via the mould-
supplier and the mouldcleaning and oiling ma-
chine to the filling machine.

Distributing machine

In the filling machine the mixture is further
stirred up and distributed into the continuously
moving moulds, after being dosed the required
weight by means of a dosing belt weigher. This
dosing belt weigher is equiped with an electronic
equipment for the automatic control of the
mouldspeed.

As the speed of the moulds is always in direct
relation to the varying gquantity of wood wool
produced by the planing machines, the wood
wool can continvously and immediately be
worked up without any intermediate storage,
whereas the weight of the boards produced
remains constant.

The moulds containing the mixture pass through
the following operations:

First the side pressing equipment, second the
rollpress with electronically controlled maindrive

for the mould transport and finally, before piling
and pressing, the separating saw which runs
along with the moulds and cuts accurately
between mould ends.

Piling and Pressing

The individual moulds with material are supplied
to the piling press, where they are automaticalty
piled up uAder pressure to piles of e.g. 25, whilst
at the same time by means of hydraulicaily
operated steel plates, the usual forming of
whiskers is pravented.

Without any interruption of the production
rhythm the piling press automatically pushes the
pHe of boards on the roller conveyor behind the
piling press. whence the pile is taken away by
the fork lift truck.

Fork lift truck route

By means of the fork lift truck the pile of moulds
with boards is taken away and moved along the
way indicated by the red-arrowed line nr 1 (see
drawing) and then put on the fioor. In the floor
recesses have been provided to accommodate
the forks,

A special pallet having recesses at the top has
been put on this pile beforehand by the fork lift
truck operator, enabling him to put a second
pile on the first one. Next he moves on (red
arrow nr 2Z) taking off the concrete weight from
a double pile of boards already hardened and
by means of the truck putting this weight of
concrete on the double pile of unhardened
boards (see green arrowed line nr 3). This double
pile of new boards remains under pressure for
24 hours, Next he moves again to the piles of
hardened boards (green arrow nr 4) and takes
away the top pile, taking it (red arrow nr 5) to
the conveyor § near the automatic stripping
machine and putting the pile down there,

He may drive on to the roller conveyor Z (red
arrow nr 6), there taking up a pallet bearing a
pile of finished boards and moving it {red arrow
nr 7) to the second hardening place, where he
puts it on the floor. Then the operator returns
(red arrow nr B) to the piling press for the next
pile, etc.
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Tap view on the production hall of a board factory with an ELTEN plant type 18 M.

Explanation

truck with wood logs

automatic 5-blade ELTEN woodlogging saw
conveyor for 80 em wood pieces

2-3 wood leg bunkers

4-8 wood wocl planing machines

3 wood wool conveyors

wood wool weigher for control of wood wool cement proportion
container for chemical solution

submersion unit with rubber squeeze rolls
continuous mixer

cement silo

cement screw with dosing equipment L’
dosing and distributing machine with dosing belt weigher
continuous rollpress

side pressing device

separating saw

piling press

taking-off roller table for mould piles

driven supplier roller table

mouldstripping machine

first turning table

second turning table with chain conveyor
mouldsupplier with mouldcieaning equipment
four-side trimming machine

board piling machine

taking-off roller table for board piles on pallets
main switch box

fork lift truck
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For the route of the fork lift truck (red and green arrows) please see description of system.




Automatic stripping
of the moulds

The pite of moulds with boards put down by
the fork lift truck on conveyor Z is at the right
moment automatically transponted inta the auto-
matic stripping machine T where the pile is
hydraulically lifted onto a stop. The topside
mould is pushed sideways on table U and, by
means of a hydraulically operated shaft with
arms, turned 180° onto table V. Due to the im-
pact, the wood wool cement board falls out of
the mould onto the built-in chain conveyor and is
moved in the direction of the edge dressing saw
by means of this chain conveyor.

As soon as the board has been moved away the
empty mould is taken by a second shaft with
supporting arms and again turned 180° and laid
down on the mouldsupplier W where the empty
moulds are piled up for a small mould stock. The
bottom mouid of the mould pile is pushed auto-
matically into the filling machine,

Trimming, printing
and piling of the
ready boards

The wood wool cement board, coming from table
V is passed underneath a printing roll where the
trademark is printed and then transported into
the trimming machine X, where the longitudinal
sides of the board are cleared of any projecting
fibre.

Next the board automatically moves away in a
transverse direction and is accurately trimmed
to the required length up to & maximum of
600 cm. The finished boards are piled automatic-
ally in piles of e.g. 170 cm high by means of the
autornatic piling machine Y.

Production capacity

The speed of the moulds is electronically con-
trolled by a dosing belt weigher, depending on
the quantity of the mixture.

The main drive for the mould transport is auto-
matically and infinitely variable from zero to
maximum,

By this plant an average of 7 boards is pro-
duced per minute. The maximum rate is 9 boards
a minute (= 18 m/min).

Quality of boards

The fibres of the board mixture ere thoroughly
twisted together during distribution by means

of the sutomatic filling machine; a considerable
part of the fibres are directed longitudinally.
During the after-distribution the last thin layer
of fibres, which only consists of selected long
fibres, is put onto the mixture, giving the surface
a very fine appearance.

The weight desired for the boards to be pro-
duced can be adjusted to any figure by means of
the dosing belt weigher. In this way a very con-
sistent quality board is obtained together with
high structural strength.

During tests in Belgium to determine the heat
conducting capacity it has been shown that the
insulation value has increased by 309 as
compared with the earlier manually moulded
boards (owing to the regular distribution). Also
the compression strength has increased due to
the very regular distribution, e.g. at a factory in
Western Germany by 4179, of the DIN 1101
requirements. During official tests for the DIN-
Test-Certificate, e.q. at another factory in
Western Germany, it has been shown that the
bending strength in average was 3109, of the
DIN 1101 requirements,

A board of 2,5 em thickness has a thermal con-
ductivity in 10°C average temperature of 0,0585
Keal/mh®C. The bending strength of this board
is 31 kgfem? according to the tests made by a
technical highschool,

Because of our special edge filling equipment
and piling press it is possible in the simplest
moulds with two fixed tongitudinal ridges to pro-
duce boards of the highest quality and accurate
size. The boards are of homogeneous structure
throughout, including edges.

The wood wool weigher with the dosing belt
weigher and the very homogeneous distribution
of the fibres have together made possible a
maximum saving in material. This alone is suff-
icient to make a substantial contribution towards
the cost of the plant within a short time!

Technical details

Human influence on the quality and capacity
has been completely eliminated. The production
flow rate is automatically adapted proportionately
to the amount of mixture being supplied, i.e. to
the output of the planing machines.

The ball bearings are filled with special grease
and where required provided with perfected
sealings, 80 that no dust and cement can pene-
trate into the bearings. The construction of the
machines is heavy and fully meets the severe
requirements for plants of this kind.

The ideal to produce high grade wood wool
cement boards with a minimum of labour and
material has been realized by this plant.




General information

Basic board properties

— insulating — nailable = resistant against woodfungi
— acoustical — plasterable — paintable

— fire-proof — sawable — nice uppearunce

— structural — termite-proof — chewap to munufacture

For insulating value and structural data of boards, manufactured on the ELTEN SYSTEM. we have available a
certificate of tests executed by the “Technische Hochschule Hannover”, Western Germany.

Application of the boards

Main applications are:

~— roofing (non-reinforced, wood-reinforced, concrete reinforced and steel-channel remnforced rocfpanets)
— insulation of constructions

— formboard for concrete walls (permanent shuttering as Thermoklith)

— formboard for concrete floors

— walls (in different ways) !

— exposed ceilings

— acoustical boards

g

cargo-building Amsterdam Airport with 10.000 m?
5 em wood wool boards in the roof.

L B
-
[ ]
L]
-
a
-
a

13-storey-appartment buiiding

under construction in lnnsbsuck (Austria).
Complete building with wood wool boarcs
according to the Thermokhth-system,

For further information please contact:
@  cten

systems
barneveld - holland

engineering & manufacturing Postbox 15 - 3770 AA Barneveid / Hollang
Tel. (0)3420-12944 Fax (0)3420-14182 TIx 47408




ELTEN SYSTEMS

Baron van Nagellstraat 174 Telephone : (03420) 12944
P.0. Box 18 Telex : 47408 elten nl
3770 AA BARNEVELD/HOLLAND Fax : (03420) 14182

WOOD WOOL CEMENT BOARDS AND PANELS

General information

I.

II.

Board properties

- insulating - nailable - fungi resistant
- acoustical - plasterable - paintable

- fire resistant ~ sawable - rot resistant

- structural ~ termite resistant - inexpensive

For insulating value and structural data of boards,
manufactured on the ELTEN SYSTEM, a certificate of
tests issued by the 'Technische Hochschule Hannover',
Western Germany, is available.

Beocard dimensions

. — . ————— ———— i " —

The standard size of a Wood Wool Cement Board is:

Length : 2000 mm
Width : 500 mm according to DIN 1101
Thickness : 15 - 100 mm

Many plants however are delivered for other board
dimensions in the following sizes:

Length : 2000 ~ 3000 mm (alsc up to 4000 mm)
Width : 500 and/or 600 mm (alsc up to 1000 mm)
Thickness : 15 - 100 mm (also up to 150 mm)

Subject to manufacturing limitations plants for different
board dimensions can be designed and supplied.

Using and Elten 'Double Layer' plant it is possible to

produce composite boards with Expanded Polystyrene or
other core materials.

./2



III.

Iv.

Plants operating in various countries

In Eurcpe the use of Wood Wool Cement Boards has assumed

enormous proportions because of their special qualities

and low prices in comparison with other building materials.
Since 1960 Elten plants have been installed throughout the

world and the total has now reached over 120 plants in
30 different countries including:

- Western Germany - Spain - USSR - Argentina
- Eastern Germany - England - Yugoslavia - Belgium

- Netherlands - Finland - Greece - Japan

- South Africa - Sweden - Usa - Indonesia
- France - Norway - Mexico - Australia
- Switzerland - Denmark: = Venezuela - Honduras
- Austria - Italy - Brazil - India

Raw materials

a. CEMENT

Normal Portland Cement No. 350 or No. 450
(BS 12/DIN 1164).

In cold conditions the use of high early
No. 550 may be necessary.

b. WOOD

To assist in the identification of suitable local
timbers a list of 100 different species is available
on application. These timbers have been tested by
Prof. W. Sandermann, director of the 'Institut fur
Holzchemische Technologie', Hamburg, West Germany.

c¢. CHEMICAL SOLUTION

1. Calcium Chloride (Cacl,) mostly used (2-3° Baumeé
solution)

2. Magnesium Chloride (MgCljp)

3. Cilicate of Soda (NaSiosy)

The choice of the chemical is subject to availability

in the respective country and Elten approval.



VI.

Raw material requirements

Based on the production of a standard density board
size 2000 x 500 x 25 mm the following quantity of raw
material is required.

Other sizes and thicknesses will require a quantity of
raw material pro rata to the undermentioned figures.

The raw material requirement will vary with the density
of the board.

Raw material

Woecd wool : 3,25 kg
Portland cement : 6,50 kg
Salt solution

(water + chemical) : 3,25 kg

The volume weight (kg/m3) of Wood Wool Cement Boards
is dependent upon the density of the bcards.
Assuming a standard density the figures are:-

Board Unit Unit Volume Kcal/
Thickness weight in weight welght mh°C
in mm kg wet in kg dry Kg/m3
15 8,5 - 10 8,5 570 00,0543
25 12,8 - 13,5 11,5 460 00,0596
35 16 - 17 14,5 415 0,0544
50 21,5 - 23 19,5 390 0,0638
75 31 - 33 28 375 0,0635
100 40 - 42 36 360 00,0636
Output

An Elten plant will produce 750.000 boards per year when
operated on a 1 shift per day of 8 hours for approximately
250 days per year.

This output is based on the manufacture of boards

2000 x 500 x 25 mm., The total volume of output may vary in
relation to thickness and density.

Plants may be operated on a 2 or 3 shift basis provided
adequate time is allowed for cleaning and maintenance.

./4



VIT.

Applications of the boards

Main applications are:

- roofing

- roof decks

- insulation (thermal)
- insulation (sound)

= formboard for concrete
- permanent shuttering
- celiling panels

- walling

- acoustical boards

- partitions

- system building

Elten Systems can provide information related to
low income group housing and the prefabrication of

construction elements.

Brochure/Inf-wwcb.en/evd
15.11.1989

ELTEN SYSTEMS
BARNEVELD/HOLLAND
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‘Prefab Elements from Wood Wool Cement for Economic and
Low Cost Housing in Argentine, Brasil, Honduras, Malaysia,

Mexico, Panama, Spain, Yugoslavia’

Prefab elements from wood wool cement are increasingly used
for economic and low cost house building.

The main reasons for this increase are: the good properties
{see Exhibit A), combined with relative low price, the simple
technology to produce the product and the fact that in the
majority of the countries the basic raw materials, wood and
cemnent, are readily available.

Moreover, wood wool cement panels can be produced easily in
the dimensions of the desired panels, so the architect can
choose the dimensions of the panels.

The relative low price is possible due to the fact that wood wool
is produced from second class wood, unsuitable for sawmills.
In some cases even residues or rejects from sawmills are used
tor the wood wool board production.

In Europe several larger wood wool cementboard plants are (or
were) combined with sawmills, however most factories now
use the so-called paper wood, which is still considerably
cheaper than straight full size trunks.

Raw Materials

Simplified, expanding one cubic meter of soft wood to three
cubic meter wood wool cement board, can be illustrated as
follows:

1 cu. m-wood (solid, air dry) + 720 kg cement +

3560 | water -+ 3 cu. m.wood wool board

(= 360 kg wood wool + 720 kg cement +

360 kg water = 1440 kg (wet) )

After drying the boards weigh approximately: 420 kg per cu. m.

Principally soft woods such as pine, poplar and eucalyptus are
used, these can be easily cut to long strands and bind usually
well with the cement.

Properties of Wood Wool Cement

For low cost housing the important properties are: the high
isulation value, low weight, easy handling and workability, as
well as the resistance against fire, water, fungi and termites.

The low specific weight allows handling large panels without
the use of cranes.

The high insulating value makes it specially valuable in
countries with high and/or low temperatures.

A 5 em thick wood wool cement board has an insulating value
equal to 35 cm solid brick.

With respect to the workability, it is clear that it is a great
advantage that no complicated tools or machines are needed
to cut or to fix the boards and further for cheap finishing of low
cost houses it is important that the boards have a surface which
can easily be stuccoed with a cement screed.




Frames and Finish

If classified according to the type of frame to support the roof
and to connect the panels, the houses could be divided into the
following groups:

I. Houses with wooden frames

Il. Houses with steel frames

. Houses with concrete frames

Of course several variations and combinations do exist, e.g.
panels with wooden frames are used in buildings with steel
columns to support the roof. Also variations occur where and
when the frames are installed.

Which combination is chosen depends partly on local prices for
wood, steel or cement.

Sometimes the frame is incorporated in the panels, in other
cases the frame is installed before the panels are attached o it,
or is only formed after the panels are put together (see lll-c, d,
e).

Most manufacturers use vertical panels of 240 to 260 cm
height, but sometimes the boards are nailed horizontally on
weoden frames and then plastered or stuccoed (see Ili-a), or
just put together and reinforced horizontally afterwards with
mesh wire netting in the plaster (see |-d).

The width of the panels varies from 50 to 120 cm.

The thickness of the panels varies from 3,5 (low cost) to 14 cm
(economy).

As will be shown in the following disclosures, also the degree of
prefabrication varies considerably,

Some manufacturers supply only unfinished wood wool
cement boards, but others have the wood wool cement incor-

porated in complete large panels, which are completed with
internal tubing for electric wires and incorporating frames for
windows, doors, etc.

Which type of joint or finishing is chosen, depends on prices,
availability of materials and on the acceptance of visible joints
in the walls, as well as costs for labour.

The cheapest finish as far as material is concerned. will be a
screed of stucco directly on the wood wool cement,
Sometimes on the inside of the house a gypsum plaster instead
of stucco is put on.

The stuccoing can be done after the erection of the house on
site, or on the panels in the factory by hand or mechanically.
The advantage of stuccoing after the erection, is that no joints
will be visible and any damage of panels will disappear under
the stucco.

The disadvantage however will be that more work has to be
done on site.

If asbestos sheets or a combination of asbestos (outside) and
particle board or gypsum board (inside) are used, more rigid
panels are obtained, the erection will go quicker, but some
damage to the panels may occur during transport and handling
or by rain {gypsum or particle board).

After these explanations, it will be clear that several different
systemns were developed, which will be described hereafter.
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Erection started: December 10, 1976
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l. Houses with Wooden Frames

The wood industry Krivaja, Zavidoviéi, Yugoslavia, delivers
thousands of houses in the economic class.

For Yugoslavia itself and surrounding countries, the prefabri-
cated panels have a wooden frame, which is covered with
asbestos sheets on the outside and chip board or gypsum
board on the inside.

A typical Krivaja economic house is one story high and has a
saddle-type roof of corrugated asbestos.
50% of all wood framed houses in Yugoslavia are built
according to the Krivaja system, using wood wool cement
boards in wall panels and ceiling panels.

A standard Krivaja panel shows the following dimensions:
height : 250 cm

width : 120 cm

thickness : 13,8 cm (outside wall panel)

The composition of a panel is: (from outside to inside)

8 mm asbestos sheet (weather protection)
120 mm wooden frame with in between a 120 mm wood wool
board or a sandwich board of wood wool cement with a core of
styrofoam

10 mm chip board or gypsum board

138 mm

For use in climates with low temperatures, a vapour barrier is
instafled between the inner board and the wood framing and
wood wool cement board, and in certain occasions on special
request, after the erection of the house an extra gypsum board
is attached to the chip board to cover all joints and obtain a
smooth surface, e.g. ta be painted or finished with wall paper.

Tests executed on Krivaja panels

According to a published certificate re tests on these building
elements, such elements allow a vertical load of 6200 kg each.
The panels were tested also at temperatures of 650°C, 800°C
and 1000° C for the duration of 100 minutes with positive
results.

Tested on wind load and accidental impact, it was proven that
with a safety coéfficient of 3.6, the panels resist an accidental
impact with a kinetic energy of 35 resp. 52 kgm; against wind
load the panels did resist without any damage a wind load of 90
kgm of kinetic energy.

The tested panels further showed an insulating value of K =
0,48 Keal/m2heC, which equals a 130 cm solid wall of masonry
brick.

Remark: the tested panels had sandwich boards inside. If filled
with wood wool cement only, the K-value will be somewhat
higher.

After erection the panels are coated with a white-greyish plastic
coating of the make Chromacril, which is elastic and resistant to
all common influence and climatic conditions.

As all parts of the wood frame are treated with a chemical,
protecting it against fungi and insects, Krivaja guarantees du-
rability of the prefabricated building system for 50 years with a
minimum upkeep of single parts.

I-b.

Companhia Industrial Madeireira, Caxias do Sul, Brasil,
delivers 5 types of low cost houses: small, medium and large
up to 4 bedrooms.

The walls consist of 3,5 cm thick wood wool cement boards,
tightly fitted in between vertical wooden studs of H-shape.
The wooden studs support the roof and ceiling.
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. Houses with wooden frames
(continued)

The insulation value of 3,5 cm wood wool cement board equals
24,5 cm brick. The-boards are covered in the factory on the
outside with a firiish based on acryi and on the inside with
plaster.

The finish on the outside has a rough structure, however as far
as they fit in the wooden studs, the surface is smooth.
These houses are erected in southern Brasil for a price equal to
US dollar 105/sq.m., complete with toilet, shower connection,
basin, valves in kitchen and all electric switches and lamp
connections.

Even the foundation (up to 70 cm max.) is included.

The ceiling consists of wood wool cement boards layed down
on T-steel bars and the rain protection is obtained by
corrugated asbestos sheets.

I-c.

The company Uniseco, Madrid, Spain, which belongs to
Agroman, one of Europe's biggest construction companies,
delivers and erects complete houses, schools, offices, hos-
pitals, laboratories, efc., according to a detachable
construction system.

The elements consist of two 6 mm asbestos sheets with a 3,5
cm x 3,5 cm wooden framing and are filed with wood wool
cement,

The wooden frame has a groove all around, so that with a small
wooden lath a solid connection from panel to panet is obtained.
Sometimes an extra strip is nailed over the joints.

After erection the wall is painted on the outside with a suitable
paint. The inside is also painted or is covered with wall paper.

Due to its light weight and solid construction, these panels are
shipped all over Spain and are exported to African and Middle
East countries. Itis a very fast system to build with, but an extra
advantage of this system is that buildings are completely remo-

vable and all components can be re-used.

In 1964 e.g. an accomodation was built for 2000 pilgrims in
Santiago de Compostela in 130 days. The panels were produ-
ced locally in a removabte plant rented from Elten Engineering
in the Netherlands.

When the buildings were ready, the factory was removed.
The weight of the panel is 36 kg/sq.m.

The thermal insulation of the panels is 1.47 Kcal/m2hoC, which
equals 26 cm solid brick.

The compressive strength is 3 tons per linear meter, so for
many constructions the roof canrest on the panels and no extra
structure is required.

Usually the roof consists of corrugated asbestos sheets with a
suspended ceiling of wood wool cement board underneath.
These wood wool cement boards preferably are not plastered,
but keep its aopen structure for acoustic reasons and can be
painted in any desired colour by spray-painting.

I-d.

In several countries in Western Europe, houses are built witha
construction of wooden studs with wood wool cement boards
nailed to it on both sides and then plastered.

Insome cases at the outside a wood wool cement board and on
the inside a gypsum board is nailed to the vertical wocden
studs,
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. Houses with Steel Frame

i-a.

Grupo Intra in Mexico City, produces 60 cm wide Pamacon
wood wool cement elements, reinforced on their longitudinal
sides with male and female galvanized steel profiles.

The wall boards are 5 cm thick with a length of 250 cm and
vertically installed.

For the saddly type roof of the houses the same type of element
is used, however 65 mm thick, which is covered with normal or
shingle like roofing paper.

A horizontal suspended ceiling of 2,5 cm wood wool cement
boards is installed by placing the boards on the flanges of
T-bars and spray pairit them.

The windows are made out of aluminum profiles and the door
frames of steel. The steel construction and prefabricated clips,
windows, etc., allow the use of practically unskilled labourers to
screw and clip the house together, which is stuccoed and
plastered.

Il-b.

For export to the Middle East and Africa, Krivaja, Yugoslavia,
developed a flat roofed prefabricated house, for which steel
framed panels are used. These steel profiles support the roof
and no other studs are necessary. The dimensions, properties
and compositions of the panels are, apart from the steel frame,
about identical to the system described in [-a.

Il-c.

International Construction Systems (1.C.S.) in Panama
City, erects low cost houses in Panama and abroad.

Soon a similar production line will be started in Honduras on a
so-called Elten manual plant.

The wall elements are 100 ¢m wide, 250 cm high and

have a thickness of 65 mm.

Each element is framed with a galvanized U-type steel channel
all arcund and where needed incorporates door frame or win-
dow.

At the building site frames are welded together and to anchor
plates embedded in the prepared concrete floor.

After erection 10 cm mesh wire strips are attached aver all
joints, then the walls are finished with a 1 cm elastic cement
screed, and spray painted after being dry

The roof usually is a saddle type, however with a very slight
slope and consists of 65 mm wood wool cement boards placed
on the flanges of T-bulb bars.

The joints are filled with grout, so they cannot be lifted off by
wind, finished with clay filled asphalt and painted with a heat
and light reflecting acryl coat.

Houses according to this system are erected in Panama for a
price of approximately $ 85/sq.m floor space and for conside-
rably less in Honduras, due to lower wages.

li-d.

Anglo American Timber Company built houses in Kenya
according to a different system.

First vertical steel profiles were put together to complete house
frames. Then herizontally wood wool cement boards were pla-
ced in between and connected together and into the steel
profiles with mortar, after this the houses were stuccoed.
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lil. Houses with Concrete
Frames

M-a.

The company Insulations Malaya Ltd., in Jahore, Malaysia,
developed a low cost house system according to which plain 5
cm thick wood wool cement boards are placed horizontally on
each other.

All joints of the boards are filled with cement and lime mottar,
well slushed in and covered with mesh wire on corners, above
doors, etc.

These walls get stabilized by stuccoing and plastering.

The plastering is done in two operations and gets a total thick-
ness of at least 13 mm.

For large and long walls extra studs of reinforced concrete are

used to give the wall the necessary rigidity and to support the
roof.

i-b.

The company Komgrap in Kijevo, Yugoslavia, developed a
low cost house system made from wood chips cement boards,
called Durisol or Eltosol. After erection, the house is finished
with mortar with grave! at the surface, which gives the house a
very nice and expensive looking appearance and minimizes
upkeep.

To support the roof reinforced precasted concrete beams are
used.

M-c.

One of the first manufacturers of wood wool cement products in
the world, the late Mr. B. Davidovi¢ in Yugoslavia, developed
the so-called ,,Davidovié-System™, in which two large plain
boards by means of two wood wool cement strips near the long
sides are glued together with a cement mitk.

Placing these paneis vertically side by side, at each junction of
panels hollow encasements are formed, which are filled with
concrete from the top. Also at the top a horizontal concrete
beam is formed in the panels, which completes the very rigid

frame of reinforced concrete embedded in the panels. A com-
plex built in Belgrade around 1950 at the border of the Danube,
was stuccoed in different colours, which created a pleasant
atmosphere. The occupants are very pleased with their hornes.

i-d.

The Eltenit company in Santa Rosa, Argentine, is installing
an Elten plant with a capacity for 4000 low cost houses per
year.

The 60 cm wide boards receive already a screed of cement
when produced in the moulds.

By glueing two boards together as in the Davidovi¢-System,
complete prefabicated panels with a smooth surface are obtai-
ned, and can be finished by painting.

The concrete framing is suitable to support a second

floor without extra studs.

ll-e,

The consulting company L. C. Housing Corporation in
Zug, Switzerland, designed low cost houses for an African
company according to their system with detachable inside
walls.

The panels are of the Eltenit/Davidovi¢ type, 120 cm wide and
the 3,5 cm boards at the inside (of the outside wall) have 45°
tapered sides which adapt at any junction, if wanted, partition
panels,

The partition panels are tapered under 90°, so that they fitin the
grooves of the cutside walls.

The 5 cm thick partition panels are obtained by glueing two
prefinished 2,5 cm boards together and are, after that, timmed
to get exact dimensions. By using triangle wooden faths, the
partition panels can be screwed together to detachable walls.




Exhibit A

Specification of properties of mechanically manufactured wood wool cement boards.

Specific gravity:
light boards for insulation only:
denser boards for roofs and permanent shuttering:

Insulation value:
light boards for insulation only;
denser boards for roofs and permanent shuttering:

Bending strength:

Sound absorption:
for a suspended ceiling of 2,5 ecm boards

frequency: 250 500 1000
absorption coefficient: 0,67 0,48 0,44

Sound transmission: .
Resistance of a plastered wall of 5 cm w.w.c. boards:
Resistance of a plastered double wall with air space in between:

Resistance of a wall of permanent shuttering with a core of 12 cm concrete:

Fire Resistance: (tests according to BS 476)
5 c¢m boards - 1 hour resistance
10 em boards - 2 hours resistance

Walter resistance:
emersed in water for 10 years : no deterioration
being in the ground for 30 years: no deterioration

Fungi resistance:
resistance against dry rot and fungal growth
and also impervious to all forms of vermin

Termite proof:
termites do not attack the product

Workability:
wood wool cement products may be sawn, nailed or
painted and can easily be plastered with mortar or gypsum

360 kg/m?
450 kg/m?

/ = 0,06 kcal/mhe
0,07 kecal/mho

20-30 kg/cm?

2000 4000 c/s
0,72 0,73

36-40 dB
53-57 dB
54-56 dB

Copyright:

ELTEN SYSTEMS
Barneveld/Holland
September 1989 \_

ELTEN SYSTEMS
BARNEVELD/HOLLAND

Postbox 15 - 3770 AA Barneveld / Holland
Telephone (0)3420-12944

Telefax (0)3420-14182

Telex 47408
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wood wool cement boards used for low cost housing

and other applications

Raw materials:

Wood wool cement boards are made from long
woodfibres and Portand cement. The fibres are
1-5 mm wide and from €,2-0,5 mm thick, depen-
ding on the application of the boards.

For acoustical and decorative purposes, the fibres
ar¢ comparatively narrow but thick in section.

For insulation purposes the fibres are wider and
thinner in section.

From one cubic meter of second class wood, three
cubic meters of wood wool cement boards can be
produced with a density of about 400 kg per cubic
meter, however for certain purposes the boards are
made denser and somewhat heavier.

Untii recently 1t was believed that only a few kinds
of wood, such as pine, poplar and eucalyptus, could
be used, but now there is a development rowards
using also mostly all other kinds of soft wood, ma-
king use of a special treatment of the wood.

For a board of 2,5 cm thickness the following raw
materials (per square meter) arc used;

about 3 kg wood wool
about 6 kg Portland cement
about 3 kg water (salt solution)

total: 12 kg (wet)

After drying, this board will weigh about 10-11 kg.

Apart from cement, in some countries i.e. US.A.,
Fed. Rep. Germany, Austria and Italy, magnesite is
also used as a binding agent.

Origin:
The material orniginates from Austria and before

the last World War the product was already used
on a large scale in Austria and Germany.

Expansion:

After the war, the use of the material spread over
the whole world.

As an example I may mention that my company
since 1960 delivered more than 80 plants to 28 coun-
tries all over the world,

With reference to the production increase I refer to
the F.A.O.-paper No. 5.18, in which Professor
Kollmann mentions the increase of the preduction
in Fed. Rep. Germany from 1947-1961 from 11
million sq. metres to 39 million sq. metres.

I estimate the world production in 1974 at approxi-
mately 6 million cubic meter.

New applications:

With a few exceptions, until 1960 the product was
guite poor in quality, due to its manual distribution
in the moulds and lack of controlled means for
dosing, etc.

After mechanical production became accepted, the
nuinber of different methods of applicanons 1n-
creased, due to superior quality, simpler moulds and
mass production allowing lower prices.

The increase in quality is proven by official tests
certificates, indicating that for instance the bending
strength of mechanically fabricated board reaches up
to 3x the minimum requirements of DIN 1101.
Compression strength can reach up to 10x the min-
mum requirements of DIN 1101,

Because of the even distribution and constant quali-
ty, the boards are now increasingly used for deco-
rative purposes and for acoustic absorption.

1n this case the boards are not plastered, but spray-
painted in many colours and have beveled edges.

Low cost housing:

In developing countries the material proves to be
attractive for the production of pre-fabricated pa-
nels for low cost housing.

The reason seems o be that apart from the relative
low price and its excellent properties, such as high
insulation value, fire resistance, termite- and fungi-
proof, it can be produced from locally available
wood and cement, but also because it can easily be
finished with mortar, or plastered or covered with
other materials, such as asbestos-, aluminium-, or




plastic-sheets and roofing paper.

It can, due to its light weighe, easily be man-hand-
led, so no cranes are necessary.

Also it can be nailed or screwed onto frames of dif-
ferent macerials, sawn and painted.

For low cost housing three principal construction
methods are used:

1. The boards are nailed or screwed on beth
sides onto a timber or steel frame and after
that finished with one of the materials
mentioned before.

2. The boards are furnished wich steel chan-
nels (see Exh. A-12). This steel also gives
structural strength to the house.

3. Sometimes sandwich-panels are used, having
a pre-screeded mortar finish on its surface
and longitudinal channel-shaped openings
on its sides to enable concrete-pouring for
framing. This concrete can be reinforced
with steel bars (see Exh. A-20-21-22).

The system to be chosen is dependent on the pre-
sence of termites and the availability and price of
timber and steel, erc., bur also on the climatic con-
ditions.

The same applies for the choice of system for cove-
ring the walls.

Usually the walls are plastered with mortar on the
outside and mortar or gypsum on the inside.

The roof can be constructed from steel channel rein-
forced wood wool cement boards, covered with
roofing paper or shingles.

Another type of roof consists of a wood or steel
construction covered with different materials, such
as corrugated asbestos, corrugated steel-sheets, cor-
rugated aluminium-sheerts or tiles.

In this case the roof should be insulated for instance
with wood wool cement boards, connected to the
roof construction on the inside, or a suspended cei-
ling should be installed, especially if the roof is of
a saddle-type.

Spcciul applications:

In several countries special applications have been
developed which differ very much from country to
country.

It is very interesting to notice that products being
very succesfully used in one country, will not be
sold at all in another country, in which another spe-
cial application is popular.

Flowever, in many countries onc observes a parallel
development from plastered to unplastered ceilings
for increased acoustic value, whereas in most coun-
tries roofing 1s very popular with all kinds of shapes,
compositions and dimensions of boards.

Further, because of its insulation value in certain
countries exists an increased interest to use it as
permanent shuttering of concrete walls, mainly for
high rise apartmenc buildings and cooled or heated
factories, warchouses, etc,

For instance a 12 ¢m concrete wall poured in be-
tween two wood wool cement boards of 5 cm thick-
ness cach, after plastering or covering with sheet
material, will have an insulation value equal to a
102 cm brick wall (see a.0. F.A.O.-paper No. 5.18)

Several systems for permanent shuttering have been
developed.,

Most of them make use of plain boards being assem-
bled on site to form the shuttering using spacers of
steel wire.

During assembling and concrete pouring the shutte-
ring boards are supported by a provisional timber
construction,

Other systems make use of a wood wool cement
board on the outside and a gypsum board or a sand-
wich board from gypsum and wood wool cement on
the inside for easier plastering.

According to the Thermoklith-system, elements of
25 c¢m high and 1 meter long, are pre-fabricated
into rigid light-weight elements which can be pla-
ced upon each other without any support and then
filled with concrete.

For finishing these walls, several systems exist, such
as plastering with gypsum on the inside and mortar




on the outside, or covering the walls on the inside
with gypsum boards and on the outside with Eter-
nit boards (Glasal), aluminium-sheets, plastic-sheets,
tiles, etc.

In some countries so called sandwich boards, consis-
ting of a styrofoam core and two layers of wood
wool cement, are increasingly popular, especially
where high insulation values are necessary.
Also this type of board is used to give styrofoam
boards a fire protection and more rigidity.

In some countries wood wool cement boards are re-
inforced on their longitudinal sides with male and-
female U-type steel channels to give them structural
strength for a free span up to 6 meter or even more,

In other countries, because of their low price, low
weight and acoustic property, wood reinforced
roof boards are very popular.

In exhibit A, you can see several types and shapes
of elements incorporating wood wool cement mate-
rial for different applications.

On hand are several slides, made in different coun-
tries.

I will show buildings and cxplain construction de-
tails of low cost housing and other applications.
The slides will show in particular:

low cost houses
roofing

permanent shuttering
ceilings

decoration

acoustic purposes

. fire protection

N OB N

Often the purpose of application is a combination
of requirements.

For instance a roof of wood wool cement boards is
light in weight, economic in price, insulates against
heat and cold and absorps noise.

Durabi]ity:

Because the wood wool is petrified by the cement,
it has a very long life.

Boards produced 50 years ago are still in good con-
dition.

A test house, built in the Netherlands in 1945, has
been used as a house for a long time and is now
being used as an office.

In exhibit B, the main properties of the material
are listed.

Furure prospect:

In view of increased demand for comfort and the
existing and expected governmental instructions to
reduce noise in schools, offices, etc., more and more
wood wool cement boards will be used as suspended
ceilings and as roofs on warehouses and factories.
Further it is expected that permanent shuttering
will obtain a larger share of the market, because of
its energy saving and added comfort and moreover
because certain countries have already prescribed
larger insulation values for buildings.

Finally, in view of the tremendous demand for low
cost houses and the possibilities of producing durable
panels at low cost from locally available raw mate-
rials, an increased application of wood wool cement
products can be expected.

Ing. G. J. van Elten
Barneveld - Holland




spccial products of wood wool cement

Exhibit A

i SANDWICH BOARDS o

> . . o I w.w.c. (wood wool-cement)
'llght weight with f 4 styrofoam
increased insulation value k T = = . W.W.C.
2 TRIPLO BOARDS -~ wowe
with a core of wood chips- Fr?-_.\_:_,:\:_;_\"‘\, ;.f,")',‘;":z‘,’:;"',"'-,ﬁ— wood chips-cement
cement ey R T W.W.C.

3 WOOD WOOL CEMENT - GYPSUM BOARDS S
T L ) with gypsum

w.w.c. saturated

L — o surface ground to show

the texture of the fibre.
4 FACET BOARDS

facers dividing the boards _ 4

in 1, 2 or 4 faces o na o nli ‘ﬁ.‘_“'ﬁ;‘" e
L o facet
e« ao - —— painted surface
5 TONGUED AND GROOVED BOARDS ~— with or without
used as roof boards, , 1 roofing paper
: A iV I
tr1n§vcrsalon the T T T W
purlms R e Cp b LS s s,
VAN AR AR S A AV B A A .

painted surface

6 BULB T SYSTEM
roef boards

on bulb T profile "?J///E:f/,/f/’/’//;///:jl,/’; /////’;’//’:Z{a_ — W.W.C.
| / -
steel :}:_,; 2l e S
———— . —— painted surface
7 WOOD REINFORCED ROOF BOARDS wow.e,
{1 m span) -

A e G L
f,// LA ,’,@"7:’{_ wooden lath (e.g. Azobé)

sometimes painted

8 WOOD REINFORCED ROOF BOARDS

c B

«————— overiap

% WOOD REINFORCED ROOF BOARDS

2 m span o WLWLC,
( p} ///”/i’ 1/,/.,///."__/

Sy skt prd
Vv
e ‘s - f’ 3 wooden pol
£s
A I s wesdens
LL LTSS




10

11

12

13

14

16

17

18

WOOD REINFORCED ROOF BOARDS
with tongue and groove _ e WWC
//'/,’ ,,,///’C//;///I -
, ; ,
P < /’, s Y00 tongue
/’l”; /’ ///7"-/
P4 A s
. 3 wooden poles
CONCRETE REINFORCED ROOF BOARDS .
with mortar finish ) reinforced concrete
g ".'_,}// ", . -
. M w.W.C
NS O s
plain, or with pre-screeded
STEEL CHANNEL ROOF BOARDS finish and/or roofing paper
(2—4 m span) steel channel
w.W.C.
sometimes painted
. _—
iﬁhrtb(a:f:;:\c‘ibilffliﬂlloop BOARDS _ w.aw.c.or polyurerhane foam
(for humid conditicns) . AN =T h
s s e S e steel channel
- . . sl s -
L wwe
LONG SPAN STEEL CHANNEL BOARDS lai
{4—6 m span) piain w.w.C
or
with styrofeam core
+ and/or pre-feleed
FLOOR UNITS nailed or glued with
{assembled) — cement slurry
- E Ve .
,/////////-—w_ W, W.C.
L ey ‘ ,
P I PR 2 or more vertical
B L e ) stiffening serips of w.w.c.
FLOOR UNITS
(assembled) T ., T
. VA RaVa // ,’/ ‘]
s .
s // / A w.W.C.
,’/,// /// A
——— L ——— loose strip of w.w.c,
FLOCR UNITS — reinforced concrete
T - floor
w.W.C.
lath for fixing
suspended ceiling
FLOOR UNITS
.




19 WALL PANELS
—f - l wood
N2 B 7 A
M/'-‘/' Lo ?4/////’ g /:gggi
_ wW.w.C.
20 LOW COST HOUSE ELEMENTS DAVIDOVIC SYSTEM
(assembled) with pre-screeded & ——— —~ — .
finish of morcar o - i piy s o A rcmft')rcccl concrete
L ]: o L framing, poured on site
w.w.C.
pre-screeded mortar
finish
21 LOW COST HOUSE WALL ELEMENTS ELTENIT SYSTEM
vu‘ru.:h pre-screeded reinforced concrete
finish of mortar frami .
raming, poured on site
W.Ww.C
pre-screeded mortar
finish
22 LOW COST HOUSE ROOF ELEMENTS
— ventilation channel
23 INSULATING FRONT ELEMENT washed concrete face
{ventilated) {
24 WALL ELEMENTS (3-M SYSTEM)
to be fitted against steel styrofoam
construction wood framing inside
i . s e TN A P 2 )
’%/’z - s = P P f/(j‘_'_,
‘., }/'r J;I &l_ —}S’\,ZI— W.W,L,
LT - - ’f’u;""x'_—}”,’ /, P “. e
25 THERMOKLITH ELEMENTS
for permanent shurtering |_ spot welded steel wire
T A ] e I
| 3
top-view \ / / B S— >
I ]
1 5
[_;_ IR MY A Rt "\'r’,"-(i'.{”, 3 .l-,’ 0 P
plain, to be plasrered { wW.W.C.

after erecrion

pre-screeded finish of

martir, making plastering after erection
superfluous. (joints look like masonry work)
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Exhibit B
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Specification of properties of mechanically manufactured wood wool cement boards.

Specific graviry:
light boards for insulation only:

denser boards for roofs and permanent shuttering:

Insulaction value:
light boards for insulation only:
denser boards for roofs and permanent shuttering:

Bending strength:

Sound absorption:
for a suspended ceiling of 2,5 cm boards

250
0,67

500
0,48

frequency:
absorprion coefficient:

1000
0,44

Sound transmission:

Resistance of a plastered wall of 5 cm w.w.c. boards:

360 kg/m?®
450 kg/m?

Resistance of a plastered double wall with air space in berween:

Resistance of a wall of permanent shuttering with a core

Fire resistance: (tests according to BS 476)
5 cm boards — 1 hour resistance

10 cm boards — 2 hours resistance

Water resistance:

no deterioration
no deterioration

emersed in water for 10 years
being in the ground for 30 years:

Fungi resistance:

resistance against dry rot and fungal growth
and also impervious to all forms of vermin

Termite proof:

termites do not attack the product

Workablity:

wood wool cement products may be sawn, nailed or
painted and can easily be plastered with mortar or gypsum

2 = 0,06 kcal/mh®
/.= 0,07 kcal/mh®
20-30 kg/cm?
2000 4000 /s
0,72 0,73
3640 dB
53-57 dB
of 12 cm concrete: 54-56 dB
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