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section, the minimum loss will be as already mentioned 100 = 63,7 =
36.3 %, Tapered and unstraight growth will result more waste on long
log sections than on shorter log section considering always the maxi-
mum top diameter. The taper differs on the various species and growth
to regions. As a thumb rule, the taper is 10 mm at a length of 1 m.
All calculations in this peper are based on this value. In Annex 2 and
31 the corresponding figures are listed which indicate the increase of
waste when converting a tapered log into cylindrical one in relation to
the log diameter, respectively increase of length.

It is advisable to produce sections as short as possible in order
to deorease the share of waste, but “olt sections are hard to sell because
of limited use.

For a rational production of long log settions it is, therefore,
advisable first to cross-cut the log into short stock, classifying them
according to the diameter and rejoin them. The list in Annex 3 indicates
the raw material requirements when long sections are rejoined from stock
of 2 m length in comparison to raw material requirements in case they are
manufactured out of one piece. The only possibility to rejoin such stock
sections is by finger jointing.
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Finger jointed profiled log components are manufactured with a
certain amount of waste but yield of strength quality. The tendency of
wood intwisting and cracking is thus reduced. The manufacture of finger

Jointed profiled log components of any desirable length, is very simple.



Pinger jointed stock can be remam.iactured for log components and can

then be assembled. (See Annex 4 - Assembly of tongued and grooved

log oomponcntu). For the manufacture of prefab log houses components
corner joints have to be moulded and drilled for assembly on the steel
rods in about 1 mm distance (See Annmex 4). Special is neces—
sary for accurate maohining of holes and corner joimts to facilitate
assembly work of the profiled log components for on the site erection
of prefab buildings. (Ammex 6 - 14).

In view of an economio production it is advisable to cross—cut
inooming low grade lumber into stook of equal length. When considering
finger jointing of stook production costs of component mamufacture without
finger jointing and the production costs of finger jointing stock have
to be compared. Most calculations considered, have shown that the most
economic length of log components to be finger jointed is within the
range of 1.5 = 2.5 m. It is not easy to calculate the quality increase
of finger jointed stock moneywise and is, therefore, omitted.

The techno-economical conception of a plant mamufacturing profiled
log components needs to be analysed. The investigations have to include
availability of raw material, the raw material costs and the market

gituation analysing the most economic solution.

2,2 The component system

The componenmt system is based on rounded timber. Raw meterial is
low grade lumber and secondary species. PMinger jointing renders possihle
to produce any desirable length of stock. Out of practical reasons it
is advisable to reduce the mumber of diameters to be utilized vize
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Stock should be rounded before profiled. Mechining of corner

joints and drilling of holes for steel rods can be done at any point

of the profiled log. It is even possible that these operations can

be performed at any desirable angle instead of being in rectangular
positions. Thus the combination of profiled logs will lead to un~-
limited variations which opens new viewsin design construction of pre-—
fab log houses. (Annex 6 - 14). This technology is of great flexi~
bility which renders possible batch production not excluding individual
design features. The building components are of accurate dimension

to facilitate assembly and exchange of components. The assembled
building components can also be bolted at their ends. In case all
profiled log components are assembled in the same direction, it is not
absolutely necesasary to use pre-seasoned timber. FEven green timber with
high moisture content can be used. When a log house is erected by com-
ponents with high moisture content, the timber will climatise without
any risk of damages of the construction. The shrinkage can be pre-
calculated and will be considered in construction and built in of wall
units. Retightening of steel rod muts is recommended after a period

of final climatised adjustment.

2.3 The scope of the system for

2.3.1 Standardized houses

Designing of standardized houses is very easy and does not
create any problem to the proposed system. If stape and
dimensioning of a building is fixed, it is just necessary
to list the shape and size of the profiled log components
prior to mamufacture. Por reasone of easy assembling and
minimum storage, it is advisable to use as many components
of the same shape and dimension as possible. The profiled
log components are factory sets for easy erection at the
site. The assembling of 2 log house at 100 square meters
will be done by four unskilled labourers within one to two
days. Buildings based on other standardised materials offer
a limited line of variations at its erection depending on the
process applied, need weeks. They can be changed under con-
siderable additional costs. Within the system of wooden
profiled log components it renders possible to combine the
advantages of standardized and individual building methods.



2.3, Traditional constructions

The wooden profiled log component system can be combined

with other building systems, for example cellar area in

concrete or blocks and log system on top. In other cases

the roof storey might be built on the base of profiled log
components.

2.3.3 The approoriate technology

The system of wooden profiled log components is based on

a technology which meets the conditions in developing

countries. The know=how of this technology can easily

be

transfered. It is a labour intensive system. The

machining operation do not require skilled labourers and

no

special qualification for supervision staff. This kind

of production and the range of products can be ad justed to

the needs of various developing countries, and can be tailored

to

any specific requirements in these countries. The system

therefore, offers the appropriate technology in three direce

tions:

It

the appropriate production process:

the appropriate quality building material, viz: the pro=
filed log component;

flexibility in application.

can also be expected that the production and the sales of

building components will generate new markets.

3. Production machinery and equipment

Local conditions for the ersction of a production plant have to be

evaluated carefully to manufacture wocden profiled components from low

grade lumber and sacondary species., To avoid wrong investment a feasibility
study has to be prepared covering the following investigations:

quality and quantity of raw material available:
dimensions of low grade lumber;

testing the suitability as building component ;

fixing sequence of machining operations;

possibility for preservation of profiled log components;
skill of labour force and basic wages;

market conditions;
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- size of production plant:

- evaluation of mechanised and automated equipment.

Planning of projects have to be considered individually, thus the
selection of machinery and equipment can only be proposed in general.
Three plant sizes are here described.

3.1, Production of profiled log components based on log dimmeter from
100 - 140 mm

Capacity: 20 cubic meters of finished stock, 8 hours shift.

Raw material requirements: approximately 40 cubic meter, finger
Jointing is not included, it is therefore

necessary to use logs of 5 m in length, but

adding a certain amount due to unstraight growth

of the lumber. The project is based on long timber
of straight growth. In general projects without
finger jointing operations can only be economic
under special conditions.

Produotion steps and requirement of machinery:

1. Classification of logs;

2. Squaring of logs on a double circular saw or slab:

3. Rounding and profiling of the log component a combined round
and profiling machine;

4. Cross-cutting, trenching and drilling line.

Rough estimation of investment cost for machinery, equipment and
tools approximately US$ 200.000. The equipment as described is only
of limited economy. The consumption of raw material and machining costs
are relatively high.

3.2 luction of profiled log components as in 3.1, however, with a tapacit
of cubic meters of finished product in hours shift

In addition to the machinery described under 3.1, finger jointing equip-
ment is included so that profiled log components of any length can be

machined.

Rav material requirements: approximately 45 cubic meters, about 1/ 3 less

than compared to example 3.l.

Production steps and machinery recuirementt

1. Cross—cutting of logs into sections of standardized length
or according to natural growth;
2. Classification of the oross—cut stock on diameter range;
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3. Squaring logs on a double circular saw or slab saw;

4. Open air drying;

5. Pinger jointing equipment for milling, glue spreading
and pressing;

6. Rounding and profiling of the log sections on 2 combined
rounding and profiling machine;

7. Cross-cutting, trenching and drilling line.

Rough estimation of the investment cost for machinery, ecuipment
and tools, approximately US§ 300.00C.

1,3 Production of profiled logz comvonents using logs of 30 to 240 mm diameter

Capacity: 60 cubic meter of finished products, in 8 hours shift.

Raw meterial requirements: 87 cubic meter.

Compared to the project under item 3.2, further two rounding machines
and one double spindle ad justable circular saw as well as 2 finger jointing
plant and drilling unit has to be installed. The double spindle circular
saw should be combined with a profile chipping machine which is uncompli-
cated but works with high speed and is chipping all slab material which
are not usahle for the finished product.

Rough estimate of the investment cost for machinery, ecuiovment and
tolls are approximately US$ 550.000. The various plants under 3.1,
3.2 and 3.} are linked with gravity conveying units for easy manually
handling of stock.

1.4 Additional ecquipment for plant mechanization

The mechanization and automation of a plant up to the automation
step can be performed which is in certain relation to the level of in-
vestment and is not appropriate to operations in developing countries.
In any case detailed investigations should be considered.

3.5 Selection of alternative equipment investment

Instead of slabbing along on the double circular saw, a profile
chipper can be installed for slabbing (profiling). The investment costs
for this machine are in the range of US$ 150.000 which is double compared to
circular saw slabber. Comparing circular saw slabbing and profile chipping,
the latter works on higher speed, is simple in operation and more economical
provided the high capacity can be utilized. Another advantage is that the

tools can easily be re-sharpened. The profile chipping machine converts
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all slab materials into waste which can be removed in one pass,
The chipped material can be sold either to particle hoard mills or
to the pulp and paper industry.

3.6 Recommended additional emuipment

Por the protection of profiled log components 2gainst fungicides,
decay and insects, it is recommended that preservation on the base of
unpoisonous cromium salts, copper and boron in under vacuum and high
Pressure is performed for long lasting protection. A preservation
plant for profiled log components up to about 12 m requires an investment
of approximately US$ 60.000.

To improve the quality of profiled log components, it is recomme nded
to install kiln drying equipment to shorten seasoning time of the finished
product especially for beams, girders and floor material. The capacity
of lkiln drying equipment has to be calculsted individually,

3.7 Investment costs for the production of specialized profiled log

component s

If the production includes furniture, furniture components, commodity
articles or prefabricated beams and girders, standard equipment has to
be added to run the production efficiently.

3.8 Standard production facilities
All plants should include a range of production facilities for wood

processing and workshop equipment for metal working for jig production
and maintenance. The necessary investment varies from US$ 15.000 to
Uss$ 50.000.

4. Cost calculation
4.1 Prerequisites

Cost ocalculation have to be Prepared for each individual case.
Planning values should be based on corresponding and qualified esti-
mations to justify a certain project. Step by step estimation data should
be improved by recalculations because conditions may change considerably
within the different developing countries.

The additional implementation of finger jointing lines within a
plant for the manufacture of wood profiled log componpents depends on the

material available especially when standardized components are stored.
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A oomparison of mamufacturing costs for profiled finger jointed log
components will not indicate all cost advantages or disadvantages.

Finger joints improve quality of the profiled log oomponents and will

yield capacity.

Machines and equipment desoribed under item 3} can be estimated

as follows.
For 5.1 - Land: 5.000 square meters US$ 5/sq. m = USE
Buildings Uuss

For 3.2 = Land: 7.000 square meters US$ 5/sq. m = US$
Buildings Uss

For 3.3 - Land: 15.000 square meters US$ 5/sq. m = US$
Puildings Uss

25.000
50 .000

35.000
60.000

75.000
120.000

As very often the machining area is roofed,only costs for

are less than indicated here.

4.2 Investment costs for project 3.2 (page 11)
Capacity: 30 oubic meter in 8 hours shift.

Machinery and squipment Us$ 300.000
Preservation plant Us$ 60.000
Production, machines, equipment and tools Us§ 50.000
Office equipment Us$ 10.000
Vehicles Us§ 30.000
Land and buildings ' Us§ 95.000
Power line costs Us$ 10.000
Minanoing, engineering US$ 40.000
Cost for establishment and consulting Uss 20.000
Cost for assembling and building up of the plamt US$ 20.000
Start up losses Uss 30.000
Safety equipment, etc. Usg 50,000

uss ‘_(12.009

4.3 Raw material cost

buildings

The ocost for the procurement of raw materials can differ con-

siderably. The price of rsw wood is of‘t.en calculated on the value of
fuel wood.
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Higher prioces have to be oalculated in case of competitive demand,
for example the manufacture of chipboard or pulp and paper. In all
forest areas, the raw material demand of low grade lumber which is
regularly cut under supervision of the forestry department is more or
less a by-product ‘of commercial timber. This raw material is average
priced at US$ 15 per cubic meter. The quantity of chemicals for pre-
servation of the wood is tuned to local conditions and the wood specie.
Some of the tropical woods need not to be preserved but others low or
higher rated preservation. The average preservative costs are US$ 10
per cubic meter.

Annmual costs of raw material for the pro iect
Production of 6.000 cubic meters building components made out of low
grade lumber and secondary species.

Logs, 9.000 cubic meter (US$ 15/cubic meter) US$ 135.000
Preservatives US$ 460.000
Adhesives, approx. 7.500 kg (US$ 2.50/kg) Uss 18.750
Miscellaneous material Uss 20.000

Uss$ 233.‘.7_2'9

4.4 Wages and salaries

Production Annmual costs
Labourers
Unskilled 22 (US$ 100 per man/month) US$ 26.400
Skilled 3 (US$ 200 per man/monmth) Us$ 7.200
Pore-men 2 (US$ 250 man/month) Us$ 6.000
Technician 1 (US$ 500 man/month) Us$ £.000
Engineer 1 (US$ 1000 man/month) Us$ 12.000
Management and administration
General Manager 1 (US$ 1,200 man/month) ' UsS$ 14.400
Sales Managers 2 (US$ 500 man/momth) Us$ 12.000
Office employees 3 (US$ 200 man/month) US$ 7.200
U338, 91200

Social benefits and costs for gensral administration (estimated) US$30.000,-




4.5 Mannfacturig
Estimated annual manufacturing costs including depreication and

calculated interest

Log input US$ 234.000

Power supply Uss 20,000

Salaries and wages US$ 90.000

Social costs Us$ 30.000
Depreciations US$ 100.000

Tools, maintenance US§ 20.000

‘ Administration costs US$ 30.000
4. Advertising and marketing US$ 90.000
? Interests US$ 70.000
Expenses, fees, taxss Us$ 20.000

' Miscellaneous costs US$ 30,000
Uss 724.00.9

. 4.6 Turmover, profit, pay-back calculation

The anmual turnover of this is calculated on an estimated sales
rate of US$ 150 per cubic meter of finished products. This amount in-
cludes preservation of the profiled log components. A log house of

50 sq. meter living area will cost US$ 1.8C0 which is a competitive price
compared to other building material of the same quality.

Anmial turnover
6.000 cubic meters of building components US$ 150/cubic meter  US$ 900.000

Profit for the project example

Anmual turnover Us$ 900.000

minus anmual sum of total cost uss .000

[ Profit before tarss Us$ 166.000
L T

It oan be expeoted thet the initial phase for the project example
takes about 1.5 years. Production start up after ten months. This re-
quires s total oapital within Peak of abewt US$ 965.000., The peak re~
quirement of capital will be 1.5 years after establishment of the emter-
prise. (Details see cash flow).
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4.8 Cost summary

For the project example it can be expected that the capital return flow
starts at the . 6th quarter to after 4 years and § months (19 quarters)
of establishing the plant »nd about 3 yeers after normal oroduction, the
capital requirements will be covered by capita return flow. (Interest
snd depreciation not included). All costs are calculated with a margin
of safety, the results of a realised project will come out at a better

rate,

5. Possibilities for applying wooden profiled log components

Profiled log components can be utilized in 211 branches of the
building industry with unlimited possibilities (Annex 6 - 14).
Annexes 6 to 10 show variations of log houses and log huts, Annex 11
shows the application of a double bunk bed with partition walls which
fits into the huilding using the same profiled log components.

Also luxury andmulti-storey houses could be established according
to the same system. Houses based on profiled log components are suitable
where high stability is required. Log houses are earthquake proned.
However, another example where the profiled log components are used, is
the hexagonal shaped silo shown in Annex 14. The silo is built up a
standardi sed prciiled log component having two cross trenches under
60° respectively 120° degrees. Assembling is a foolproof oper=tion,
just setting up component by component comnected with steel rods. Such
silos have a net volume of more than 1000 cubic meters, they are very
rigid and solid, they are available as single construction or connected

as double or multi-construction.

As the rough log input due to natural growth has different diameters,
the finished profiled component has also different diameters. This
broadens the field of application.

The following outline is not a complets list but gives a lot of
ideas for use of the profiled 1oz component.

- Log houses also with covered walls for dwelling and for commerical
purposes;

- Units, such as floors also uncovered, walls and roofs within conven-
tionally built houses;

« Parts for prefabricated houses;
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- Beams and girders for a free span up to 15 m.;
- Silos; .

- Swimming-vools;

~ Shelves for storage of goods being portable or built on to walls
- Playground equipment;

- High quality fences;:

- Noise pollution wallsy

- Furniture and furniture parts;

- Indoor and outdoor plant iroughs;

-~ Deoorative implementation;

- Floors;

- Commodity articles.

Planning and projecting of plants for the manufacture of building com=—
ponents in developing coutries where sufficient wooden raw material is
available are by no means limited to the domestic markets. To a certain
extent profiled log components can be exported to neighbouring countries.
The processing of low grade log dimensions having a high commercial value
are of interest for production facilities aprpropriate for developing coun--
tries. It enables to produce a technically valuable product by low cost
material. There are chances for medium-sized factories to nake reasonable
profits, creating labtour intensive manufacturing plants and avoid ex-

change for their countries.

6. ™inal notes

Low grade lumber and secondary species being usually of a very low
market value, can be converted into high grade products for the building
trade. The system enables to process profiled log components with less
waste at low costs in mamfacturing.

The building components are of accurate dimension. Their applica-
tion is universal and almost unlimited. The joining and assembly of
profiled log components to erect buildings, or parts of buildings and
to specialize producing, is very simp ' and does not need much skill and
know=how. This- system proposad is labour intensive, highly economic, pro-
jects oan be realized at medium—sized or even small scale basis. The indi-
vidual production machinery and the total concept of a project needs de-
tailed investigation and can then be adapted to various conditions. The pro-
duction of wooden components for buildings made of low grade lumber and

secondary species is recommended for faB;eoriés'in developing countries appro-
priate to looal oonditions.
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ASSEMBLY OF PROFILED LOG COMPONENTS
WITHOUT TONGUE AND GROOVE

ASSEMBLY OF TONGUED AND GROOVED
LOG COMPONENTS




Volume of round 10-5 sections

‘_QECI i

vol.in m? round round loghouse
per running|timber timber ‘profiled component
§inam |m round running m |running m jrunning m
timber necessary |necessary necessary
for 1 m? for T m° [for 1 m‘
3 |o,000707 33,00 1414 38,49
4 |o0,001257 25,00 796 28,86
5 | 0,001963 20,00 509 23,1
6 | 0,002827 16,67 354 19,25
8 | 0,005027 12,5 199 14,43
1o | 0,007854 10,00 127 11,55
12 .| 0,011310 8,33 88 9,62
14 | 0,0153%4 7,14 65 8,25
16 | 0,020106 6,25 So 7,22
18 | 0,025447 5,56 39 6,42
20 |0,031416 5,00 32 5,77
22 | 0,038013 4,55 26 5,25
24 | 0,045239 4,17 22 4,81
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DOUBLE BUNK BED

ASSEMBLED BY PROFILED LOG COMPONENTS

AS PARTITION UNIT
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ASSEMBLY [INSTRUCTION FOR A
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Introduction
Wood is one of the most important raw material existing im our

world. There is hardly any oither material which has been of comparable
importance in the history of human life.

Wood has always been of importance within the erection et hts
buildings, and similar purposes. The favourable characteristics of
wood in conhection with a high standard of technical development are
reasons why the utilization of wood in the building trade will inorease
in the future. It can also be expected that according to modern building
standards new applications will be developed.

There are wooden houses erected hundred years ago which are still
in good condition.

There are glued structures with a span more than hundred meters
available. The reason for this great importance of wood as a raw ma—

terial is due to its availability and its favourable characteristics.

The main characteristics of wood suitable for building material

ars:

= Darability

- Stability

- Load bearing

- Elasticity

- Safety

- Easy to machine

- Resistance against chemicals

= Thermal insulation

Wooden building oomponents are materials for the eoonomic erection
of houses, huts and similar construoctions safely is of main importance
within buildings for human life, but dwellings made of wood comtribute
to good environmental living conditions. Log cabins and log huts are
some of the oldest building types known. Especially in Russia and
Scandinavia are examples of log houses well manufactured which are more
than hundred years old. A detailed view on log houses, gives ideas of
the highly skilled craft in carpentry to erect a log house made of logs.
Reasons for not having developed log house production earlier are the

difficulty and up to date know-how for machining logs into profiled

log house components.




Log house components require selected, straight grown long
trunks. Therefore, it is difficult to built up house walls of
long length or it renders necessary to make lengthening joints on
the profiled components for longer units.

There is a world wide demand of suitable building material which
can be mamufactured economically. This is especially the case in de-
veloping countries with their increased population growth rate. 1In
these countries it is a2 must to produce low cost housings of technical
suitability, easy to handle, to transport and to utilize.

In many countries low grade lumber and secondary species are in
great quantities available and can hardly be utilized economically.
Traditional saw-mills are in most cases not equipped to break-down small
diameter logs. The conversion of low grade lumber for the production of
building panels requires considerable investment and is only economically
operating large production plants. Therefore, low grade lumher and
secondary species are frequently umutilized, used as fue’ wood or even
burned as undesirable waste. In this connexion it has to be mentioned
that the high amount of burmed wood in clear felling areas for cultiva-
tion, is a most undesirable contribution to pollution and is also distur—

bing natural biology.

With the adapatation modern technologies it becomes vossible to
convert low grade lumber and secondary species into high quality building
components. The investments necessary is relatively small, »nd easy to
establish manmufacturing facilities in the vicinity of the market to

decrease transport problems.

l. The importance in utilizing low grade lumber and secondary species
l.l Present utilization of low grade lumber
It is very difficult to estimate the yearly production of low grade

lumber, because of no market research results are available. Low grade
lumber is in most oountries available even in countries with small

forest regions, The largest amount of low grade lumber is harvested in
virgin forests and reafforested areas where trees are felled for clearing
purposes.,



Considerable amounts of low grade lumber are also produced as
a by~-product while felling trees for saw logs and clearing forests
to gain agricultural land. In addition to these considerable quanti-
ties of low grade timber trees from clearing sites can be utilized.
A further source is the afforestation of fast growing species viz.:
Eucalyptus or Kiri. A rough idea on the yearly amount of low grade
lumber available is compared with the anmual quantity of commercial
timber produced world wide which was 1.277.000.000 cubic meter in 1976.
235.000.000 cubic meter have been produced in developing countries.
It can be assumed thav the annual quantity of low grade lumber is con-
siderably higher as compared to the world production of commercial
timher. Beforestration of fast growing species would further increase
the quantities of low grade lumber which can be harvested at a suitable

size within 3 to 4 years.

l
So far low grade lumber is hardly utilized. This is most obvious ’
as PAO investigations consider about half of all timber felled in the

world as fuel wood. According to FAO this percentage is even in-
creasing to 85 per cent within developing countries. This means that l
a valuable raw material is mainly umutilized. The utilization of wnod 1
as fuel material is of low economic velue, if it is just burned as

undesirable waste, this means spoiling of raw material in combination

with pollution.

In developing countries valuable raw meterial is just spoiled, but
an enormous demand of building material is required. Very often the
production of these materials is possible only under consumption of
energy being of high cost and are often related to oil imports burdening
the foreign exchange of these countries,

Low grade timber is very often converted into pulp and paper. This
is, however, economical only when transport distances of the raw material
are reasonable.

Low grade wood is also used for the manufacture of building panels

on the base of resin or cement binders.

The cement based particle panels can be produced in small inductrial
rlants but cement must be available. The production of chip=boards, based
on resin binders require adhesives which are relatively high and have




usually to be imported from industrialized countries, consuming
foreign exchange.

The utilization of chip-board is limited in numerous developing
countries. One of the reasons is the lack of the ma.rket for a re-
latively expensive product and the limitation of application. Without
speocialized hardwares and hinges it is for example almost impossible
to use chip-hoards for the production of furniture.

The traditional saw-mills are to a certain extent only able to
breakdown low grade lumber. Due to the small log diameter the break-
down capacity is uneconomic. The tapered and unstraight growth of
trees and the waste arising while processing is relatively high. The
possible length of profiled log components is also limited. As the
demand of long profiled logs is very high, short stock is of low value,

Although low grade lumber is a raw material so far hardly utilized,
it is anyhow a valuable raw material, when comparing the properties of
small diameter logs and the quality of commercial timber. The only
reason why low grade lumber is umutilized is the lack of economic ma=~
chining facilities.

To process low grade lumber into building components, the following
conditions have to be fulfilled which are especially of importance for
developing countries:
= It is necessary to adapt a simple technology with relatively low
investment and the possibility of smell scale on the site produc-
tion. The plant location has to be based on evaluation of a cost
analysis and marketing;

= The teohnology must be easy to apply and has to assure a reduced
waste rate;

=~ It mst be possible to produoce profiled components of sufficient
length, accurate dimensions and good quality surface;

= The handling, assembling and further processing of building com=-

ponents must be simple and should not require highly skilled labourers;

= Whenever necessary, the building components have to be preserved
against decay, fungicides and insects.




l.2 Building situation in developing countries

Developing countries have an extremely high demand for low
cost housing which can often not be realized because of a low pur-
chasing power. The demand is concentrated, mainly on low-cost-housing,
but also for public buildings, farm buildings and similar constructions.
The existing buildings and the usual building methodology is not up to
date. Even relatively modern buildings often have defects or are of
low quality. The reason for these conditions is the lack of suitable
building materials as well as lack of know=how for rlanning and
setting up buildings.

Thermo insulations are often poor. Insufficient insulation of building
components against humidity are frequently the reason for unhealthy living
conditions and poor building quality. The production are relatively
expensive in developing countries. The lack of knovi-how is sometimes
the reason for over-dime..sioning or the contrary is the case which
means danger. The poor infra-structure is often influencing transport
costs resulting in increase of building costs, especially rural areas

of developing countries.

Under prevailing cenditions of developing countries a system is
desirable which enables to erect high quality buildings of different
sizes and for different purposes bhased on raw materials ~vajilable in
the country which can be processed at low cost. The adaptation of the
building materials must be simple. Buildings should be erected by un-
skilled labourers within a very short time. Planning and engineering
of buildings especially calculation of statics should be simple and
without any risk. It is also of great importance that the building
components can be combined with other materials than wood, under these

conditions one can cptimise the building efficiency.

A new system is utilizing low grade lumber for building components
specifically for developing countries is the log profile construction.

2. The universal component system

2.1 Methodology of economic production

To achieve economic processing of low grade lumber production costs
have to be decreased by a maximum yield of raw material input,




operations and waste.

mately round, but tapered (Annex 1).

The main possibilities to achieve this target, are to reduce machining

The cross-section of a grown tres is approxi-
Apart from unregular growth

of a tree, the cross-eection can be considered round but tavered in
Profiles have to be machined on a cylindrical log only. The
traditional log break down is to saw scuared flitches, or boards with

approximately the same rectangular cross—section all over the length.

When sawing flitches losses are of a maximum when the cross-—section
equals a square. The volume difference of the cross-ssctions of a
circle and a square where the diagonal ecquals the circle diasmeter the
volumes are 100 : 637 (See fig. 1).

Fig. 1 = Volume comparison of circle »nd square
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The losses can be reduced when making parallel cuts (see Pig. 2).
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This method is, however, hardly adaptable for low grade lumber and mostly
uneconomical. In case a round piece of lumber has to be transferred

alternatively into a profile of square shaped or circular shape cross-

V circle = r2
V square = 5% 2rl. 63,7 %
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The m=in possibilities to achieve this target, are to reduce machining
operations and waste. The cross-section of a grown tree is approxi-
mately round, but tapered (Annex 1). Apart from unregular growth

of a tree, the cross-section can be considered round but tavered in
lensth., Profiles have to be machined on a cylindricel log only. The
traditional log break down is to saw smuared flitches, or boards with

approximately the same rectansular cross-section 211 over the length.

When sawing flitches losses are of a maximum when the cross—section
emuals a smuare. The volume difference of the cross-sections of a
circle »nd » square where the di~gonal ecuals the circle diameter the

volumes are 100 : 637 (See fig. 1).
Fig, 1 = Volume comparison of circle »nd square

V circle = r° = 100 %
V square = 5% 2rl. 63,7 %
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The l1osses can be reduced when making parallel cuts (see Pig. 2).

Pig. 2
d N
N )
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This method is, however, hardly adaptable for low grade lumber and mostly L

uneconomical. In case a round piece of lumber has to be transferred

aiternatively into a profile of square shaped or circular shape cross—




section, the minimum loss will be as already mentioned 100 - 63,7 -

36s3 %s Tavered and unstraight growth will create more waste on long

log sections than on shorter logz section considering always the maxi-

mum tov diameter. The taper differs on the varions srecies and growth to
regions. As a rule of thumb, the taper is 10 mm at a length of 1 m.

A1)l calculations in this paper are hased on this value. Tn Annex 2 =nd

} the corresponding figures are listed which indicate the increase of
waste when converting a tapered log into a cylindrical one in relation to

the log diameter, irrespective of the increase of length.

It is advisable to produce sections as short as possible in order
to decrease the share of waste, but bolt sections are hard to sell because

of limited use.

For a rational production of long log settions it is, therefore,
advisable first to cross-cut the logs into short stock, clasusifying them
according to the diameter and rejoin them. The list in Annex 3 indicates
the raw material requirements when long sections 2re rejoined from stock
of 2 m length in comparison to raw material requirements where they are
manufactured out of ome piece. The only possibility to rejoin such stock

sections is by finger jointing.

Fig. 3 - finger joint

Finger jointed profiled log components are manufactured with a
certain amount of waste but yield of strength quality. The tendency of
wood intwisting and cracking is thus reduced. The manufacture of finger
jointed profiled log components of any desirable length, is very simple.




Pinger jointed stock can be remanufactured for log components and can
then be assembled. (See Annex 4 - Assembly of tongued and grooved

log components). For the manufacture of prefabd log houses components
corner joints have to be moulded and drilled for assembly on the steel
rods in about 1 mm distance (See Annex 4). Special care 1S neces-
sary for accurate machining of holes and corner ijoints to facilitate
assembly work of the profiled log components for on the site erection

of prefab buildings. (Annex 6 - 14).

In view of an economic production it is advisable to cross-—cut

incoming low grade lumber into stock of equal length. When considering

finger jointing of stock production costs of component manufacture without

finger jointing and the production costs of finger jointing stock have

to be compared. Most calculations considered, have shown that the most

economic length of log components to be finger jointed is within the

range of 1.5 - 2.5 m. It is not easy to calculate the quality increase

of finger jointed stock moneywise and it is, therefore, being omitted.

The techno-economical conception of a plant manufacturing profiled

log components needs to be analysed. The investigations have to include

availability of raw material, the raw material costs and the market

situation analysing the most economic solution.

2.? The component system

The component system is b~sed on rounded timber. Raw meterial is

low grade lumber and secondary species. Pinger jointing renders possible

to produce any desirsble length of stock. For practical reasons it

is sdvisable to reduce the number of diameters to be utilized viz:

30 mm
50 mm
60 mm
80 mm
100 mm
120 mm
140 mm
160 mm
180 mm
200 mm
220 mm
240 mm




Stock should be rounded hefore profiled. Machining of corner
joints and drilling of holes for ateel rods can be done at =nyv point
of the profiled log. It is even possible that these operations c=n
be performed ~t any desirable angle instead of being in rectansul ar
positions. Thus the comhinetion of profiled logs will lead to un-
limited variations which opens new viewsin desien construction of nre-
fah log houses. (Annex 6 - 11). This technology is of rreat flexi-
hilitv which renders possible hatch production nnt excludins indiviAna)
desien features. The building components are of accurate dimension
tn facilitate assembly and exch~nve of components. The acsemhled
huilding components can also he holted at their ends. In case all
profiled 'of comnonents are assembled in the same direction, it is nnt
ahaolutely necessary to use pre—srasoned timher. BEven green timber with
hish moisture content con he used. When a log house is evected by com-
ronents with bigh moisture content, the timber will climatise without
any risk of damage of the construction, The shrink=age can he dre-—
calculated and will be conciderrd in conctruction and when installing wall
units., Retizhtening of steel rnd muts is recommended ~fter = reriod

of final climatised =2djustment.

72,7 The scopre of the system for

2.3.1 St2ndardized houses

Desirming of standardized houses is very eAasy and dres not
create any prohlem to the prorosed system. Tf shape and
dimensioning of = tuilding in fixed, it is just necessary

to list the shape and size of the nrofiled log components
prior to manufacture. Por reasons of easyv assemhling and
minimum storase, it is advisable to use as many components

of the same shape and dimension as possible. The profiled log
components are produced in factory sets for easy erection at the
site. The assembling of a log house at 100 square meters

will be done by four unskilled lahourers within one to two
days. Buildings based on other standardised materials offer
a limited line of varintions at its erection depending on the
process applied, need weeks. They can be changed under con-
siderable additional costs. Within the svstem of wooden

profiled log components it makes it possible to combine the

adventages of stand-rdized =and individual buildine methods.
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2.3.2 Tradition21 constructions

The wooden profiled log component system can he comhined
with other building systems, for ~xample cellar 2rea in
concrete nr hlocks and log svstem on top. In other case-
the roof storey might be huilt on the hase of profiled log

comnonent s,

2.3.3 The appropriate technology

The system of wonden profiled log components is based on

a technolosy which meets the conditions in develoning

countries. The know=how of this technology can easily

be transfered. It is 2 lshour intensive system. The

machining operation does not require skilled labourers and

no special ocualification for sunervision staff. This kind

of production and the range of products can he adiusted to

the needs of various developing countries, and can he tailored

to any specific needs 1in these countries. The system

therefore, offers an anprooriate technology in three direc-

tions:

= the appropri~te production process;

= 1the appropriate quality building materi al, viz: the pro-
filed log component:

= flexibility in application,

It can also be exvected that the production and sales of

bnhilding components will renerate new markets.

3. Production machinery and equipment

Local conditions for the erection of a production plant have to be
evaluated carefully to manufacture wooden profiled components from low
grade lumber and secondary species. To avoid wrong investment a feasibility
study has to be prepared covering the following investigations:

- quality and quantity of raw material available;

dimensions of low grade lumber;

testing the suitability as building component;

fixing sequence of machining operations;

possibility for preservation of profiled log components;

skill of labour force and basic wages;

- market conditions;
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- size of production plant;

- evaluation of mechanised and automated equipment.

Planning of projects have to be considered individuallv, thus the
selection of machinery and equipment can only be proposed in general.

Three plant sizes are described as follows. !

3.1 Production of profiled log components b~sed on log diameter from
100 = 140 mm

Capacity: 20 cubic meters of finished stock, 8 hours shift.

Raw material requirements: approximately 40 cuhic meter, fincer

jointing is not included, it is therefore

necessary to use logs of 5 m in length, but

adding a certain amount due to unstraight growth

of the lumber. The project is based on long timber
of straight growth. In general projects without
finger jointing operations can only be economic

under spvecial conditions.

Production steps and requirement of machinery:

1., Classification of logs;

2. Squaring of logs on a double circular saw or slab saw;

3. Rounding and profiling of the log component, a combined round
and profiling machine;

4. Cross-cutting, trenching and drilling line.

Rough estimation of investment cost for machinery, equipment and
tools approximately US$ 200,000, The ecquipment as described is only
of limited economy. The consumption of raw material and machining costs
are relatively high.

3.2 Production of profiled log components as in 3.1, however, with a capacity
of 30 cubic meters of finished product in 8 hours shift

In addition to the machinery described under 3.1, finger jointing equipn-
ment is included so that profiled los components of any length can be

machined.

Raw material requirements: approximately 45 cubic meters, about 1/3 less

than compared to example 3.1l.

Production steps and machinery reauirementti

1. Cross=cutting of logs into sections of standardized length

or according to natural growth;

2. Classification of the cross-cut stock on diameter range;

o ——————— - -



Squarine 1ros on 2 doutle sirrnlar saw or slab saw;

Nprn 2ir drvine;

Pinmer ininting emipment f£nr milline, elue snrendina
and pressinsg

Roundine and nrofiline of the 1ne sections on -~ comhined
roundin= ard profiling machine:

7. Croce=cuttin~, trenching =nd driliine line,

Ronch estim~tion of the investment cost f~r mochinery, ermuinment

and tnols, arrrovimately US® 300,000,

.7 Production of nr-filed lor com~nnent~ usine loge of 0 tn 2/C mr diarcter

Capncityv: A0 cubic meter of finished nroducts, in R hours shift,

———

Jaw material remirvemeants: 87 cubic meter,

Corpnred to the roject under item 1,2, further two ronnding machines
and one dounle spindle adiustahle cirmilar gaw 2 well 2« » finger jointing
nlant -nd Arilline unit h~s to he installed, The donhle snindle cirsular
aaw 3hould he comhined with » nrofile chirping machine which i uncomnli-
c~ted but works with hich speed and is etrinping 21 slah material which

is not usa2hle for the finished nroduct,

Rough estimate of the investment cost for machinery, ecuirment and
tools is avproximately US$ 550.000. The verious plants under 3.1,
31,2 and 3.3 are linked with rravity corveying units for easy manual

handling of stock.

1.4 Addition2l emmipment for plant mechanization

The mechanization and automation of a plant up to the automation
step can be performed which is in cert=2in relation tn the level of in-
vestment and is not ~ppropriate to operations in developings countries.

Tn any case detailed investigetions should he considered.

1,5 Selection of 2alternstive ecuipment investment

Instend of slabhing along on the double circular saw, » profile

chipper can he installed for sl2bbing profiling). The investment costs

for this machine are in the range of US$ 150.000 which is double compared to
circular saw slahber. Comparing cireml~r saw slabbing and profile chipping,
the latter works on higher speed, is simple in operation and more economical
provided the high capacity can be utilized. Another =2dvantage is that the

tools can eagily be re-sharpened. The profile chipping machine converts
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211 sl=2h materi=ls into wsaste which a2n he removed in one n=ass,
The chipped meterial can he sold eitter to narticle hoard mills or

te the pulr and parer industryv,

3.4 Recommended ~dditional emuinment

For the protection of profiled 1~~ components ~sainst funmicides,
Aecav and insects, it is recommended that nreservestion on the hase of
unnoi sonous cromium s21ts, cooper and bhoron under v2cuum =nd hish
pressure is performed for long lastineg oprotection. A preservation
plant for nrofiled los components nn t~ =ahout 12 m recuires an investment

of approxim=telv US$ 60,000,

To improve the cualitv of profiled log components, it is recommended
to install kiln drying ecuipment to shorten seasoning time of the finished
product especi~lly for be=ms, girders and floor material. The capreit
of kiln drvinr equipment has to be calculated individuailv,

3,7 TInvestment costs for the production of specizlized profiled log
comoonent s

If the production includes furniture, furniture components, commodity
articles or prefabricated heams and girders, stand~rd ecuipment has to

be added to run the production efficientlyv,

3,8 Standard production facilities

A1l plants should include a range of production facilitie~ for wood
processing and workshop equipment for metal working for jig production
and maintenance. The necessary investment varies from US$ 15.000 to
US$ 50.000.

4. Cost calculation

4.1 Prerequisites

Cost calculation have to be prepared for each individual case.
Planning values should be based on corresponding and qualified esti=-
mations to justify a certain project. Step by step estimation data should
be improved by recalculatvions because conditions may change considerably

within the different developing countries.

The additional implementation of finger jointing lines within a
plant for the manufacture of wood profiled log components depends on the

materisl available especially when standardized components are stored.
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A comparison cf manufacturing costs for profiled finger jointed log
components will not indicate all cost advantages or disadvantages.,
Finger joints improve quality of the profiled log components and will

yield capacity.

Machines and equipment described under item 3 can be estimated
as follows.

For 5.1 - Land: 5.000 square meters US$ S/Sq. m = US$ 25.000
Buildings US$ 50.000
For 3.2 - Land: 7.000 square meters US$ 5/sq. m = US$ 35.000
Buildings Us$ 60.000
For 3.3 - Land: 15.000 square meters US$ 5/sq. m = US$ 75.000
Buildings US$ 120,000

As very often the machining area is roofed,only costs for buildings

are less than indicated here.

4.2 Investment costs for project 3.2 (page 11)

Capacity: 30 cubic meter in 8 hours shift.

Machinery and equipment US$ 300.000
Preservation plant Us$ 60.000
Production, machines, equipment and tools Us$ 50,000
Office equipment Us$ 10,000
Vehicles US$ 30.000
Land and buildings Us$ 95.000
Power line costs Us$ 10.000
Financing, engineering US$ 40.000
Cost for establishment and consulting Usg$ 20,000
Cost for assembling and building up of the plant US$ 20,000
Start up losses Us$ 30.000
Safety equipment, etc. Us$ 50,000

US3 15,000

4.3 Raw material cost

The cost for the procurement of raw materials can differ con-

siderably. The price of raw wood is often calculated on the value of
fuel wood.
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Higher prices have to be calculated in case of competitive demand,
for example, the manufacture of chiphoard or pulp and paver. In »11
forest areas, the raw material demand of low grade lumber which is
regularly cut under gupervision of the forestry department is more or
less a hy-product of commercial timber. This raw materinl is average
priced at US$ 15 per cubic meter. The quantity of chemicals for pre-
servation of the wood is tuned to local conditions and the wood specie.
Some of the tropical woods need not to b~ preserved but others, perriicular-
ly softwoods require such treatment. ''he average preservation costs are

US$ 10 per cubic meter.

Annual costs of raw materi=al for the project

Production of 6.000 cubic meters tuilding components made out of low

grade lumber and secondary species.

Logs, 9.000 cubic meter (US$ 15/cubic meter) US$ 135.000
Preservotives yse 60,000
Adhesives, approx. 7.500 kg (US$ 2.50/kg) Ust 18,750
Miscellaneous material Uss 20,000

Uss 233,730

4.4 Wazes and snlaries

Production Annual costs
Labourers

Unskilled 22 (US$ 100 per m~n/month) US$  26.100
Skilled 3 (US$ 200 per man/month) us$  7.200
Fore-men 2 (US$ 250 man/month) us$  6.000
Technician 1 (US$ 500 man/month) Usg$ 6.000
Fngineer 1 (US$ 1000 man/month) Us$ 12.000
M=nagement and ~dministration

General Manager 1 (US$ 1.200 man/month) UsS$ 14.400
Snles Managers 2 (US$ 500 man/month) Uss 12,000
Office employees 3 (US$ 200 man/month) Us$  7.200

uS$, 91:200 |

Social benefits and costs for generrl administration (estimated) US$30,000,-

b . romtir—+ A ———— -
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4.5 M-nufanturine

Fistimated anr»nal manufacturing eosts ineIndine denrejcation =nd

c2lcul=2ted intrerest

Loe innut 115% 231,000
Power =unnly Us¢ 20,000
Salaries and waces 11S¢  90.0N0
Social costs s$  30.000
Depreci~tions st 100,000
Tcols, maintensnce 7s$ 20,000
Administration costs S8 0,000
Advertisine ~nd marketine 1s§ 20,000
Tntern=ts nsg 70,000
Fxpenses, fees, taxes US% 20,000
Miscellaneous costs US$ 30,000

Us$ 114 +000

4.6 Turnover, profit, pay-back calculation

The anmual turnover .f this is caleul~sted on an estimated s~les
rate of US$ 150 per cubic meter of finished products. This amount in-
clndes preservation of the profiled 1ng components. A log house of
50 sq. meter living area will cost US$ 1,800 which ir » comretitive price

compared to other building material of the came cuality.

Annual turnover

6.000 cubic meters of building components US$ 150/cubic meter Us$ 900,000

Profit for the projet example

Arnual turnover 1Us$ 900,000
minus annual sum of total cost Usg 734.000
Profit before taxes USsS$ 166.000

224+ 4 1+ 3 £ 1 2

It can be expected that the initial phase for the project examnle will

take about 1.5 ye~rs. with production start-up after ten months. This re~
quires a total maximum capital outlay of about US$ 965.000. The peak

requirement of capital will be 1.5 years after establishment of the enter-

prise. (Details see cash flow).
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4.8 Cost summa ry

For the project example it c=n he expected that the cepit=1 return flow
starts at the  6th au rter to after 4 yesrs and 9 months (19 quarters)
of &stahlishine the plant ~nd ~hout 3 vears ~fter normal rroduntion, the
capi*al remir mrnts will he covered hy capita return flow. (Interesnt
and denreciation not included). All costs are calcvulated with » maresin
of safety, the results of » realised project will come out at a hetter

rate.

5. Possibilities for applving wooden profiled l1og comnonents

Profiled log comnonents can be utilized in 211 hranches of the
huilding industrv with unlimited nossihilities (Annex € - ]A).
Annexes 6 to 10 show variations »f log houses and log huts, Annex 11
shows the applic2tion of » double bunk bed with nartition walls which

fits 1nto the huilding using the same orofiled log components.

Also luxury andmulti-storey houses could be established according
to the same system. Houses based on orofiled los components 2re suitahle
where high st=bility is remuired. Log houses are earthcusake nroned.
However, another example where the profiled log components »re used, is
the hexagonal shaped silo shown in Annex 14. The silo is built up a
standardised profiled log component having two cross trenches under
60° resnectively 120° degrees, Assembling is 2 foolproof oneration,
just setting up component by component connected with steel rods. Such
silos have a net volume of more than 1000 cubic meters, they are very
rigid and solid, and are available as single construction or connected

as double or multi-construntion.

As the rough log input due to natursl growth has different diameters,
the finished profiled component has also different diameters. This

broadens the field of application.

The following outline is not a complete list hut gives a lot of
ideas for use of the profiled log component.

-~ Log houses also with covered walls for dwelling and for commerical .
purposes;

- Units, such as floors also uncovered, walls and roofs within conven- ®
tionally built houses;

« Parts for prefabricated houses;
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- Beams and rirders for = free span up to 15 m.;
- Silos;

= Swimming=-pools;

- Shelves for storage of enods being portahle or built on to walls;
- Playeround ecuipment ;

- Hirh quality fences;

- Noise pnllution wells;

- Purni'ture and furniture narts;

= Tndnor and outdnor plant troushs;

= Decor=tive implement~tion;

= ®loors:

- Commoditv ~rticles,

Plannires and oro-ecting of nlents for the meamuf-cture of huildine com—
ponents in developing cout ries where sufficient wooden raw moterial is
aynil-hln are Hhv no means limited to the domestic market=, To 2 cert~in
extent nrofiled los components can he exvorted to neishhouring courtries,
The vrocessing of low grade log dimensions having 2 high commerci=l value
are of interest for production focilities aprropri=te for decveloring coun-—
tries., It »nllows for the production of a technically valusable product with
low cost m~terinl. llere are opportunities for medium—sized factories to
make rensonahle profits, creating labour intensive manufacturing nlants 2nd

conserving hard currency exchange for their countries,

6. Fin~1 notes
Low rrade lumher and secondary snecies being usu=2lly of 2 verv low
market value, can be converted into high grade products for the building

trade. The system enables the processing of orcfiled log components with

less un:tn 2t low econi 1n renufecturin-,.

The huildine components are of accurate dimension. Their anplica-
tion 1s universal and ~lmost unlimited. The joinine 2and assembly of
profiled log components to erect buildings, or narts of btuildings and
to specialize producing, is very simple and does not need much skill and
know=how. This system proposed is labour intensive, highly economic, pro-
jects can he realized at medium—-sized or even sm2ll scale bhasis, The indi-
vidual production machinery and the total concept of = vnroject needs de-
tailed investisation and can then be adapted to various conditions. The opro-
duction of wooden components for buildiness mede of low grade lumber and
secondarv species is recommended for facteries in developing countries appro-

priate to local conditions,



- -

oos. . Yop end diameter 4
T Nomingl diameter
; |

e Nominal diameter "
T T

Top_end diameter e

Waste losses
at a length of 2,00m.

~__ Guide surface )
when tfinger jointing

Annex 1

LV



[qV]
3
m L9l 9cL | 9¥L | 9¢tl Lzl LLl g60£G0‘0 6€£ZSko’o 1 £4
bLL 29l L6t (orL (62l |6LL 6£2Sho’‘0 glLoggo‘o e
[4:18 69L j9sL I[vbL |9ElL Lzt g£loggo’o 9gLyLEO‘O oz
€6l 8LL (€91 |6vL 9¢eL | ecL giyieo’o Lyyszo’o 8L
Loc 68l (ZLL |9SL bl | L2L LyvSzo’o gojogo‘o 9L
Y44 poz ¥8L [Go9l Lyt {otl 90L0z0‘0 vegsio’‘o 14"
1814 Y44 oz 8Ll 961t 9¢1L vegGgLo‘o oLglLLo‘o (4"
| 68¢ 96¢ {SZZ |96t 691 1¥¥L oLgLLo‘o yGgLO0’0 ol
by [4°13 90t | ¥9Z [GZZ |68L |9sl pcgLoO00 LZO500‘0 8
I oot SFC (V6T (LY | POT [ 991 Z9g900‘0 ghggoo’o L
OoLY oop |9k (LLT (SZC | LLL LZOG00‘0 LZ8T00‘0 9
9LS tgr [Oor IveE 19ST (96l gygeoo’o £€96100‘0 S
9GL GZ9 (905 |[OOp 90t vee LT8Z00‘0 LSZ100‘0 14
Litlb | ©06 |LLL |P¥PS |OOF |82 €96100> LoLooo’o | ¢
4" ol 8 9 1% Z yoea
g OOl = 3onpoad Ujpual w z 3Jo U
PaysTuli 9yl JO 2uUNTOA Oyl Ud pPaseq oaTd burssasoad jonp| wo ur @
2091d ©QUO JO 3INO W UT paanseauw afijoad 3o ICJ AITSS3D0U ~oaxd paysiurl
yzbusl uilejioo e 2onpoad 03 Aaessodau (W UT Jetaajeuw 3O w burtuuni
Jusaoaad ut [E1IIS3TW MBI JO DWNTOA MmeI JO*T0A /°10A° 32U
8907 Jo ymold pesede; ey3 O3 oUp [VIIeIBW ABd JO €80
- -

o e e a—



LLYSLO!O
Zg0o990‘0
95ZLS0’'0
L8060’ O
8ysLyO‘O
9€9+€0‘0
£5£8z0°0
ge9zzo’o
LLei1o’o
£LZELO O

$CgLO0’O

9890,00
GLSL90‘0
£60£G0‘0
6E£ZSHO’O
£108co‘0
91pLFO’O
Lbtsze’o
Q01 0zO‘0
FGESLOO
oigL10’o

Z3£9°o00

Z50990‘0
9GZLGO’O
LBOEFOO
8r5LyO’0
9g£9pgo’0
geegeu’o
866zZO’'0
LLgioe
gLzeLo’o
£05e00°0

LTOGo0‘0

GL5190‘0
€£60CGO‘0
6£Z5F0‘0
glLoggo‘o
9lLpLEQ’O
LbpSTO’0
wO—ONO~O
P6EGLO‘0
oLgLLo’o
tGBLOOO

grgLoo‘o

96zLS0‘0
L8O6YO‘0
8ySLpO’O
9£9p€£0‘0
£59€820°‘0
869zz0’0
LL9LLo’o
£LzZELO’0
€0560070
Z9£900‘0
LZ87OO'O

£60£G0°0
6€£ZSHO’‘0
g1L08¢0‘0
9LyLEQC O
LYySZo‘o
gojozo‘o
p6eSLo‘o
olgLLo’o
rS8L00“0
LTOG00’0
£96100°0

W

9

W

ut yzbuoy -

uoT399s JO Y3Fu[ Te30} Y3 O3 UOTJETAI ur
uoT309s o1 pepunod Jjam duo Jo uorjonpotd 8yl JoJ fw UT TeIJe3em meI peatnbey




Annex

ASSEMBLY OF PROFILED LOG COMPONENTS
WITHOUT TONGUE AND GROOVE

*\ steel rod

ASSEMBLY OF TONGUED AND GROOVED
LOG COMPONENTS

4

N
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Volume of round ~lcs_g'r_-os'.=1;'1ons

vol.in m’ round round loghouse
per runnino|timber timber profiled component
#inan |m round running m |running m [running m
timber necessary |necessary |necessary
for 1 m* for 1 m° [for 1 m?
3 | o,000707 33,00 1414 38,49
4 |o0,001257 25,00 796 28,86
5 | o0,001963 20,00 509 23,10
6 | 0,002827 16,67 354 19,25
8 | o0,005027 12,50 199 14,43
10 | 0,007854 10,00 127 1,55
12 .| 0,0113%0 8,33 88 9,62
14 | 0,0153% 7,14 65 8,25
16 | 0,020%106 6,25 50 7,22
18 | 0,025447 5,56 39 6,42
20 | 0,031416 5,00 32 5,77
22 | 0,038013 4,55 26 5,25
24 | 0,045239 4,17 22 4,31
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FLOOR PLAN OF A SILO
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Annex

LOG SILO
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Introduction
Wood is one of the most important raw material existing in our
world. There is hardly any other material which has been of comparable

importance in the history of human life,

Wood has always been of importance in the erection of huts
buildings, and similar purposes. The favourable characteristics of
wood in connection with a high standard of technical development are
reasons why the utilization of wood in the building trade will increase
in the future. It can also be expected that according to modern building

standards new applications will be developed.

There are wooden houses erected orie hundred years ago which are still

in good condition.

There are glued structures with a span more than a hundred meters
available. The reason for this great importance of wood as a raw ma-

terial is due to its availability and its favourable characteristics.

The main characteristics of wood suitable for building material
are:
~ Durability
Stability
Load bearing
Elasticity
Safety

Easy to maohine

Resistance against chemicals

Thermal insulation

Wooden building components are materials for the economic erection
of houses, huts and similar constructions safely which is of main importance
within buildings for human life, but dwellings made of wood contribute
to good environmental living conditions. Log cabins and log huts are
some of the oldest building types known. Especially in Russia and
Scandinavia are examples of log houses well manufactured which are more than
one hundred years old. A detailed view on log houses, gives ideas of
the highly skilled craft in carpentry to erect a log house made of logs,
Reasons for not having developed log house production earlier was the
difficulty and lack of up~to~date know-how for machining logs into rrofiled

log house components.




Log house components require selected, straight grown long
logse Therefore, it is difficult to built up house walls of
long length or it renders necessary to make lengthening joints on

the profiled components for longer units.

There is a world wide demand of suitable building material which
can be manufactured economically. This is especially the case in de-
veloping countries with their increased population growth rate. In
these countries it is a must to produce low cost housings of technical

suitability, easy to handle, to transport and to utilize.

In many countries low grade lumber »nd secondary species are in
great muantities available and can hardly be utilized economically.
Traditional saw-mills are in most cases not equipped to break-down small
diameter 1ogs. The conversion of low grade lumber for the production of
building panels requires considerable irvestment and is only economically
operating large production plants. Therefore, low grade lumber and
cecondary species are frecuently unutilized, used as fuel wood or even
burned as undesirable waste, TIn this connexion it has to be mentioned
that the high amount of burned wood in clear felling areas for cultiva-
tion, is a most undesirable contribution to pollution and is also distur-

bing natural biology.

With the adapatation modern technologies it becomes possible to
convert low grade lumber and secondary species into high quality building
components. The investments necessary is relatively small, »nd easy to
establish manufacturing facilities in the vicinity of the market to

decrease transport problems.

1., The importance in utilizing low grade lumber and secondary species

1.1 Present utilization of low grade lumber

It is very difficult to estimate the yearly production of low grade
lumber, because of no market research results are available. Low grade
Jumber is in most countries svailable even in countries with small
forest regions. The largest amount of low grade lumber is harvested in

virgin forests and reafforested areas where trees are felled for clearing

purposes.
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Considerahle amounts of low grade lumber are also produced as
a by-product while felling trees for saw logs and rle-ring forests
to gain agricultural land, In addition to these considersble ocuanti-
ties of low grade timher trees from clearing sites can be utilized.
A further source is the afforestaticn of fast srowing species viz.:
Fucalyptus or Kiri. A rough idea on the vearly =mount of low grade
lumber available is compared with the =nnual cuantity of commercial
timber produced world wide which was 1.277.,000,000 cuhic meter in 1976.
2315.000.000 cubic meter have heen produced in developing cnuntries.
It can he assumed that the annusl cuantitv of low grade lumber is con-
siderahly higher as compared to the world production of commercial
timher. Reforestrationof fast egrowins species would further incre=se
the quantities of low grade lumher which can be harvested at a cuiteble

size within 3} to 4 years.

So far low grade lumber is hardlyv utilized. This is most obvious
as FAO investigations considev about half of all timher felled in the
world as fuel wood. According to FAO this percentage is even in-
creasing to 85 per cent within developing countries. Tnis means that
a valuahle raw material is mainly umtilized. The utilization of wood
as fuel material is of low economic v2lue, if it is just burned as
undesirable waste, this means spoiling of raw material in combination

with pollution.

In developing countries valuable raw material is just spoiled, but
an enormous demand of building material is recuired. Verwv often the
production of these materinls is possible only under consumption of
energy being of high cost and are often related to 0il imports burdening

the foreign exchange of these countries.

Low grade timber is very often converted into pulp and paper. This
is, however, economical only when transport distances of the raw material

are reasonable.

Low grade wood is also used for the manufacture of building nanels

on the base of resin or cement binders.

The cement based particle panels can be produced in small industrial

plants buf cement must be available. The production of chip-boards, based

on resin binders require adhesives which are relatively high in cost and have




usually to be imported from industrialized countries, consuming

foreign exchange. .

The utilization of chip-board is limited in numerous developing
countries. One of the reasons is the lack of the market for a re-
latively expensive product and the limitation of application. Without
specialized hardwares and hinges it is for example almost impossible

to use chip=boards for the production of furniture.

The traditional saw-mills are to a certain extent only able to
breakdown low grade lumber. Due to the small log diameter the bresk-
down capacity is uneconomic. The tapered and unstraight growth of
trees and the waste arising while processing is relatively high. The
possible length of profiled log components is also limited. As the

demand of long profiled logs is very high, short stock is of low value.

Although low grade lumber is a raw material so far hardly utilized,it
is, however, a valuable raw material, when comparing the properties of
small diameter logs and the quality of commercial timber. The only
reason why low grade lumber is unutilized is the lack of economic ma-

chining facilities.

To process low grade lumber into building components, the following
conditions have to be fulfilled which are especially of importance for
developing countries:
= It is necessary to adapt a simple technology with relatively low
investment and the possibility of sm~ll scale on the site produc-
tion. The plant location has to be based on evaluation of a cost
analysis and marketing:

- The technology must be easy to apply and has to ensure = reduced
waste rate;

= It must be possible to produce profiled components of sufficient
length, accurate dimensions and good quality surface;

-~ The handling, assembling and further processing of building com-
ponents must be simple and should not require highly skilled labourers;

- Whenever necessary, the building components have to be preserved

against decay, fungicides and insects.




1,2 Building situation in developing countries

Developing countries have an extremely high demand for low
cost housing which can often not be realized because of A low vur-
chasing power. The demand is concentrated, mainly on low-cost-housing,
but also for public buildings, farm buildings and similar constructions. '
The existing huildings and the usual building methodology is not up to
date. Even relatively modern buildings often have defects or =are of
low cquality. The reason for these conditions is the lack cf suitable
building materinls as well as lack of know-how for planning and

setting un buildings.

Th-rmo insulations are often poor. Insufficient insulation of huilding
components against humidity are freouentlv the reason for unbhealthvy livins
conaitions and pror building cuality. The production is8 relatively
exrensive in develoning countries. The lack ~f know-how is sometimes
the reason for nver-dimensioning or the contrary is the case which
means danger. The poor infra-structire is often influencing transnort
costs resulting in incrense of building costs, especinlly rmiral are=as

of develoning countries.

Under prevailing conditions of develo~ins countries = system is
desirable which enahles to erect hich ~miality buildings of 4ifferent
sizes and for different purposes hnsed on raw materials avail=able in
the country which can e processed at 10w cost. The adant=tion of the
tuildine materials must bhe simple. Buildings should he erected by un-
skilled lahourers within a very short time. Planning and engineering
of buildings especially calculation of statistics should be simple and
without any risk. Tt is also of preat importance that the huilding
components can he combined with other materi~ls than woond,under these

conditions one can optimise the buildines efficiency.

A new system is utilizing low gr~de lumber for huilding comonnents

specifically for developing countries is the log rrofile construction.

?. The universal component syster

2.1 Methodology of economic production

To achieve economic processing of low grade lumber produ~ction costs

have tc he decreased by A maximum yield of r~w material input.






