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section, the minimum loss will be is 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 paper are based on this value.    In Annex 2 and 

3 the corresponding figures are listed which indicate the increase of 

waste when converting1 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 decrease the share of wastef but bolt sections are hard to sell because 

of limited use. 

Por a rational production of Ion« log sections 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 

Motions is by finger jointing. 

Pig. 3 - finger joint 

Pinger jointed profiled log components are manufactured with a 

oertain 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. 
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Finger jointed stock can be remaronactured for log components and can 

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

log components).    Por the manufacture of prefab log houses components 

corner joints have to be moulded and drilled for assembly on the steel 

rods in about 1 ram distance (See Annex 4).    Special is neces- 

sary for accurate machining of holes and corner joints to facilitate 

assembly work of the. profiled log components for on the site erection 

of prefab buildings.    (Annex 6 - H). 

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

inooBdn* low grade lumber into stock of equal length.    When considering 

fing« jointing of stock production costs of component manufacture without 

finger jointing and the production oosts 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 

rang« 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 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. 

2.2    The component system 
The component  system is based on rounded timber.    Raw rasteri al is 

low grade lumber and secondary species.   Finger jointing renders possible 

to produce any desirable length of stock.    Out of practical reasons it 

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

30 mm 
50 mm 
60 mai 
80 mm 

100 mm 
120 mm 
I40 mm 
I60 mm 
180 mm 
200 mm 
220 mm 
24O mm 
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Stock should be rounded before profiled.    Machining 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 necessary to use pre-seasoned timber.    Even 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 nuts is recommended after a period 

of final climat i sed 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 sfiape  and 

dimensioning of a building is fixed,  it is just necessary 

to list the shape and size of the profiled log components 

prior to manufacture.    For reasons 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 a 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. 
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2.3.T     Traditional construction» 

The wooden profiled log component system can be combined 

with other building systems,   for example cellar ¡»rea 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 appropriate technology 

The system of wooden profiled log components is based on 

a teohnology 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 recuire skilled labourers and 

no special qualification for supervision    staff.    This kind 

of production and the range of products can be adjusted 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 direc- 

tions: 

- the appropriate production process; 

- the appropriate quality building material, viz: the pro- 

filed log component; 

- flexibility in application. 

It 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 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 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 diameter 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 • 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. 

Production 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   Production of profiled log components a» 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 equip- 

ment is included so that profiled log components of any length can be 

machined. 

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

than compared to example 3.1. 

Production steps and machinery requirement! 

1. Cross-cutting of logs into sections of standardizad length 

or according to natural growth; 

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

Ï 
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3.    Squaring logs on a double  circular saw or slab saw; 

d.    Open air drying; 

5. Finger jointing equipment   for milling,  glue  spreading 

and pressing; 

6. Rounding and profiling of the  log sections on a combined 

rounding and profiling machine; 

7. Cross-cutting, trenching and drilling line. 

Rough    estimation of the investment cost for machinery, equipment 

and tools,  approximately ÜS$ 3OO.OOO. 

3.3    Production of profiled log components using logs of 30 to 240 mm diameter 

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

Raw material requirement s t    87 cubic meter. 

Compared to the project under item 3*2,  further two rounding machines 

and one double spindle adjustable circular saw as well as a finger jointing 

plant  and drilling unit hss 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 usable for the finished product. 

Rough estimate of the investment  cost for machinery,  equipment  and 

tolls are approximately US$ 55O.OOO.    The various plants under 3.1. 

3.2 and 3.3 are linked with gravity conveying units for easy manually 

handling of stock. 

3.4 Additional equipment  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$ I5O.OOO 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 warte which can be «moved in one pass. 

The chipped material can be  sold either to particle board mills or 
to the  pulp and paper industry. 

3,6    Recommended additional equipment 

Por the protection of profiled log components against 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 reouires an investment 
of approximately USS 60.000. 

To improve the quality of profiled log components,  it is recommended 

to install kiln drying equipment to shorten seasoning time of the finished 

product especially for beams,  girders and floor material.    The capacity 

of kiln drying equipment has to be calculated individually. 

I 3*?    co^enTs C08t3 f0r the Pr0duCt1• °f "»Pi»"•» ""*"-' i-T 

j 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* I5.OOO to 
USI 50.000. 

4.    Coat calculation 

4*1    Pre requisite s 

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 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 components depends on the 

material available especially when standardised components are stored. 
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A comparison of manufacturing costs for profiled finger jointed log 

components will not indicate all cost advantages or disadvantages. 

Finger joints improve quality of the profiled log component a and will 

yield capacity. 

Machines and equipment described under item 3 can be estimated 

aa follows. 

For j.l - Land:    5.000 square meters USI 5/sq. m « USI   25.000 
Buildings USI    50.000 

For 3*2 - Land:    7.000 square meters USI 5/sq. m « USI   35.000 
Buildings USI    60.000 

For 3.3 - Land: 15.000 square meters USI 5/sq. m - USI   75.000 
Buildings USI 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 

Preservation plant 

Production, machines, equipment and tools 

Office equipment 

Vehicles 

Land and buildings 

Power line costs 

Financing, engineering 

Cost for establishment and consulting 

Cost for assembling and building up of the plant 

Start up losses 

Safety equipment, etc. 

4«3   Raw material cost 

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

siderably.   The price of rsw wood is often calculated on the value of 

fuel wood. 

USI 300.000 

USI 60.000 

USI 50.000 

USI 10.000 

USI 30.000 

USI 95.000 

USI 10.000 

USI 40.000 

USI 20.000 

USI 20.000 

USI 30.000 

usi 50.000 

usi 715.000 
•tnWBtMBsBWsVsBtB) 
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Higher prices have to be calculated 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 USS I5 per cubic meter.    The cpiantity 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 =tre US$ 10 
per cubic meter. 

Annual costs of raw material for the project 

Production of 6.000 cubic meters building components made out of low 

grade lumber and secondary species. 

Logs, 9.OOO cubic meter (USS 15/cubic meter) USS I35.OOO 

Preservatives USS    60.000 

Adhesivas, approx. 7.500 kg (USS 2.50/kg) USS   18.750 

J Miscellaneous material OSj   20.000 
1 

U3tM233.7gQ 

4.4   Wages and salaries 

Production Annual costs 
Labourers 

Unskilled 22 (USS 100 per man/month) US* 26.400 

Skilled       3 (USS 200 per man/month) US$ 7.200 

Pore-men     2 (US$ 25O man/month) us$ 6.000 

Technician 1 (USS 50O man/month) us$ 6.000 

Engineer     1 (US$ 1000 man/month) us$ 12.000 

Management and administration 

General Manager    1 (US$ 1.200 man/month) USI I4.4OO 

Sales Managers      2 (USt      5OO man/month) USt 12.000 

Office employees 3 (USt      200 man/month) USt 7.200 

ustM_2iI2oo 

Social benefits and costs for general administration (estimated) USt30.000,- 
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4-5   Manufacturing 

Estimated annual manufacturing corta including depreioation and 
calculated interest 

Log input m 234â000 

Power supply JJS$ 2QtQQQ 

Salaries and wages m 9Q%QQQ 

Social costs m 30#000 

Depreciations m 100t000 

Tools, maintenance US* 20.000 

Administration costs USI 30.000 

Advertising and marketing USI 90.0OO 

Interests US, 1Q%000 

Expenses,  fees, taxes USI 20.OOO 

Miscellaneous costs 03t 30.000 

USt 734*000 
••«•••»•••• 

4*°*   Turnover, profit. p«M>aok calculation 

The annual turnover of this is calculated on an estimated sales 

rate of ÜSt 150 per cubic meter of finished products.    This amount in- 

cludes preservation of the profiled log components.    A log house of 

50 aq. meter living area will cost USt I.8OO which is a competitive price 

compared to other building material of the same quality. 

Annual turnover 

6.000 cubic meters of building components OSS 150/cubic meter       USI 90O.OOO 

Profit for the pro .jet example 

Annual turnover 

minus annual sum of total coat 

Profit before taxes 

ÜSt 900.000 

«St 734.000 

USt 166.000 

It can be expected that the initial phase for the project example 

takes about I.5 years.    Production start up after ten months.   This re- 

faire» a total capital within peak of abra« USt 965-000.    The peak re- 

quirement of capital will be I.5 years after establishment of the enter- 
prise.    (Details see cash flow). 
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4*8    Cost summary 

Por the project example it  can be expected that  the capital return flow 

starts at the . 6th quarter to after 4 years and 9 months (19 quarters) 

of establishing the plant  3nd about   3 years after normal production,  the 

capital requirements will be covered by capita return flow,     (interest 

and 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 all 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 building using the  same profiled log components. 

Also luxury and multi-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 

standardised prcliled log component  having two cross trenches under 

60    respectively 120    degrees.    Assembling is a foolproof operation, 

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, 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 complet? list but 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 girders for a free  span up to 15 m.; 

- Silos; 

- Swimming-pool3; 

- Shelves for storage of goods being portable or built  on to walls 

- Playground equipment; 

- High quality fences; 

- Noise pollution walls;* 

- Furniture and furniture parts; 

- Indoor and outdoor plant troughs; 

- Decorative implementation; 

- Floors; 

- Commodity articles. 

Planning and projecting of plant a 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 appropriate for developing coun- 

tries.    It enables to produce a technically valuable product by low cost 

material.    There are chances for medium—sized factories to make reasonable 

profits, creating labour intensive manufacturing plants and »void ex- 

change for their countries. 

6.   Final 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 manufacturing. 

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 proposed is labour intensive, highly economic, pro- 

jects can 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 fact eri e s in developing countries appro- 

priate to looal conditions. 
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Introduction 
Wood is one of the most important  raw material existing in our 

world.    There is hardly any o^he^ material which has "been of comparable 

importance in the history of human life. 

Wood has always been of importance within the erection ef 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 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 characteristic» of wood suitable for building material 

are: 

- Durability 

- Stability 

- Load bearing 

- Elasticity 

- Safety 

- Easy to machine 

- Resistance against chemicals 

- Thermal insulation 

Wooden building components are materials for the economic erection 

of houses, huts and similar constructions safely is of main importance 

within buildings for human life, but dwelling« 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 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. 
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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 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 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 lumber and 

secondary species are frequently unutilized, used as fue', wood or even 

burned as undesirable waste.    In 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    Resent 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 countries 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. 
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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 annual 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 that the annual quantity of low grade lumber is con- 

siderably higher as compared to the world production of commercial 

timber.   Before strati on 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. 

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 PAO this percentage is even in- 

creasing to 85 per cent within developing countries.    This means that 

a valuable raw material is mainly unutilized.    The utilization of wood 

as fuel material is of low economic vslue,  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 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 induct ri al 

rianta but cement must be available. The production of chip-boards, based 

on resin binders require adhesive s which are relatively high and have 
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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 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 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 srapll scale on the site produc- 

tion.    The plant location has to be based on evaluation of a cost 
analysis and marketing; 

- The technology must b« easy to apply and has to assure a reduced 
waste rate; 

- It oust 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. 
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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 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 planning 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 know-how is sometimes 

the reason for over-dimensioning 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 conditions of developing countries a system is 

desirable which enables to erect high quality buildings of different 

sizes and for different  purposes based on raw materials available 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 trtatics should be simple and 

without any risk.    It is also of great  importance that the building 

componsnts can be combined with other materials than wood, under these 

conditions one can optimise the building efficiency. 

A new system is utilizing low gr»de 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 r«w material input. 
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The main 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 l).    Apart from unregtxlar growth 

of a tree, the cross-section can be considered round but  tapered in 

length.    Profiles have to be machined on a cylindrical log only.    The 

traditional log break down is to saw souared flitches,  or boards with 

approximately the same rectangular cross-section *11 over the length. 

When sawing flitches losses are of a maximum when the cross-section 

equals a square.    The volume difference of the cross-sections of a 

circle and a square where the diagonal equals the circle diameter the 

volumes are 100 : 637 (See fig. l). 

Pig« 1 - Volume comparison of circle arid square 

7 circle * r     - 100 % 
2        2 

V square « S a 2r • 63,7 $ 

The losses can be reduced when making parallel cuts (see Fig. 2). 

Wf • 2 

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- 
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The rmin possici liti e s 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 l).    Apart  from unregular growth 

of a tree, the cross-section can be considered round but. taoered  in 

len/rth.     Profiles have to be machined  on a  cylindrical  log only.     The 

traditional  log break down is to  saw srruared  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-sections of a 

circle »nd a square where the diagonal eouals the circle diameter the 

volumes are 100 :  637  (See  fig.  l). 

Pig.  1   - Volume comparison of circle  »nd square 

V circle  = r      « 100 $ 
2 2 

V sonare = S = 2r = 63»7 

The losses can be reduced when making oarallel cuts (see Fig. 2). 

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

36.3 io.    Taoered and unstraight growth will   create more waste on long 

lop sections than on  shorter Ina: section considering always the  maxi- 

mum ton diameter.    The taper differs on the  varióos  snpcies and  growth  to 

regions. As a  rule of thumb,  the taper is  10 mm at a length of 1  m. 

All   calculations in this paper are based on this value.    Tn Annex 2 and 

3 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 ire hard to sell  because 

of limited use. 

Por a rational production of long log sections it  is,   therefore, 

advisable first to cross-cut the logs 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 re.ioined from stock 

of 2 m length in comparison to raw material  requirements where they are 

manufactured out of one 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 in twisting and cracking is thus reduced.    The manufacture of finger 

jointed profiled log components of any desirable length,  is very simple. 
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Pinger jointed stock can be  remanufactured for log components and can 

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

log components).    Por the manufacture  of prefab log houses components 

comer joints have to be moulded and drilled for assembly on the  steel 

rods in about 1 mm distance  (See  Annex 4).    Special    care        is neces- 

sary    for accurate machining of holes and corner  ioints 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. 

2.2    The component  system 
The  component   system is b*sed on rounded timber.    Raw material is 

low grade lumber and secondary species.    Finger jointing renders possible 

to produce any desirable  length of stock.   Por practical reasons it 

is Advisable 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 
I80 mm 
200 mm 
220 mm 
24O mm 

^ 
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Stock should "be rounded before profiled.    Machining of comer 

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  nt   any desirable angle instead of being in rectangular 

positions.    Thus the combination of profiled  logs vr 11   lead to un- 

limited variations which opens new views in design construction of ore- 

fab log houses.     (Annex 6 - l/l).     This technology is of  -reat   flerl- 

bility which renders possible batch production not  *xrludin~ individu-1 

design features.    The building components ire  of accurate  dimension 

to  facilitate  assembly and  exch^n^e  of oomponenls.    The   assembled 

building components can  also be bolted   at their onds.     In case   all 

profiled  \op, comoonentp  P>rfí  assembled  in the  same  direction,   it  is not 

absolutely necessary to use  pre-seasoned  timber.    Even green timber with 

high moisture  content  can be used.    When a  log house  is  e-ected by com- 

ponents with high monture  content,  th* t^Vr v" 11   climate without 

any risk of damage    of the  construction,    ^be  shrinkage  car be  nre- 

oaloulated  and will  be  con^deiod  in construction *nd when installing wall 

units.     Retightening of steel  rod  nuts  is recommended  -fter a  nPriod 

of final   climatised  adjustment. 

?.1    The  scope  of the  system for 

2.^.1     Standardized  houses 

Designine of  standardized  houses  is very easy and  does not 

create  any problem to the  proposed  system.     Jf shape   and 

dimensioning of a building in fixed,   it  is   just  nec*ss*ry 

to list the  shape  and  sizc  of the  orofiled  log components 

prior to manufacture.    For  reasons 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 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 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   makes it  possible to combine the 

advantages of standardized  and individual building methods. 
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2.3.2       Traditional   constructions 

The wooden orofiled  log component  system can be combined 

with other bui 1 diner systems,   for °yampl<=> cellar are*  in 

concrete or blocks and log system on top.    In other CUSP- 

the roof storey might he built  on the bas<*  of profiled  log 

components. 

?. *.3       The appropriate technology 

The svstem 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 i  labour intensive  system.     The 

machining operation does   not  require skilled  labourers and 

no special  oua.lification for suoervision    stnff.    This kind 

of production and the range of Droducts can be adjusted to 

the needs of various developing countries,  and can be tailored 

to any specific      needs    in these countries.    The  system 

therefore,  offers an    snproDriate technology in three direc- 
tions: 

- the impropriate production process; 

- the appropriate quality building material,  viz: the pro- 

filed log component; 

- flexibility in application. 

It can also be expected that the production and sales of 

bnilding components will generate new markets. 

}•    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 component«; 

- skill of labour force and basic wages; 

- market conditions; 

1 
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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 ecruipment  can only be Droposed  in general. 

Three plant   sizes are described as  follows. 

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

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

Raw material  requirements;    approximately 40 cubic meter,   finder 

jointing is not included,   it  is therefore 

necessary to use logs of ^ • 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 sDecial  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 componenti 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 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 equip- 

ment is included so that profiled los components of any length can be 

machined. 

Raw material requirements;    approximately 4"> cubic meters,   about l/3 leBS 

than compared to example  3.1• 

Production steps and machinery requirement 1 

1. Cross-cutting of logs into sections of standardised length 

or according to natural growth; 

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

1 
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1.     Squaring V-cn on a  douvle  cir^ii^r  saw or slab  saw; 

/I.    nP"n  'ir drying; 

5. Finder   iointin?» eouipmpnt   for ni 11 in,"!   elup  snre^din? 

and press-* nr; 

6. Roundin"- and  nrofilin<r of tb.p  los sections nn  ->  combined 

rounding and profiling mach^n"; 

7. Cro^-s-cutti ti",  trpnching »nd  dr-Mlins line. 

Ro"°;h     estimation of the investment   cost   f°r machinery,  orruinnent 

^nd  fools,   STroYirrptHy US4}   300.000. 

;.'     Production of r>rrfil°d  lor com-nnpnt" usin? 1 ogs  of  ^0 i-n  240 mm djar.pter 

Cao^oity:     ^o  ^iyp c  motor of f^nish"d  products,   in ft hours  shift. 

i'.^v material   re oui rcm<->nts:     ft7 cubic m^tor. 

Corm^r^d  to the  ->ro,ipot under item  "*.?,   further two  ^on^ing machines 

and  one  double  snindle  adjustable  circular saw  *'• well   *"•  n  finper  jointing 

i]"nt   -nd  driHins unit h"s to h«  installed.     The  doublp   swindle circular 

saw  should bp  combined with a nrofil^  chirping machi ne which  ir- uncompli- 

cated but  works with  hi,«Hi snppd  and  is cbinp-inpr si1   si ab material  which 

is   not  usable   for the  ^inishH  nroduct. 

Rough  estimate  of the investment  cost   for machinery,  p'mirment  and 

tools is   approximately US$ "jSO.OOO.    The  various plants unde~  3.1, 

3.2 and   3.3  are  linked with /ravity conveying units for posy manual 

hand! ing of  stock. 

ì./l     Additional  equipment for plant mochanization 

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   apnropriate to operations  in developing countries. 

Tn any case  detailed  investigations should be considered. 

^•*>    Selection of alternative equipment  investment 

Instead  of slabbing along on the double  circular saw,   a profile 

chipper can be  installed for siabbing (profiling).    The investment costs 

for this machine  arc in the range of US$ I50.OOO 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 pasily be re-Bharpened. The profile chipping machine converts 

1 
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all   si Qh materials into waste which e.an be removed  in one  pass. 

• The  chipped  material  can he  sold  filter to narticl"  bo*rd mills or 

t" the  pulp  and  paper industry. I 

Ì. 4    Re commended   additional   equipment 

For the  protection of profiled  \nrf components  -»painst   fiiirn ni des, 

4ecay and  insects,   it  is recommended  that   nr» se r>v»t i on on the ^SP  of 

unnoisonous cromi urn  salts,   copper and  boron        under vacuum ->nd hi ch 

pressure  is  performed  for Ion*,  las+in* protection.     A preservation 

plant   for profiled   lo* components UP te  =hout  1? m remjirps  »n investment 

of approximately US$ 60.000. 

To improve the  quality of profiled  lop components,   it  is recommende-1 

to install  kiln drying eouipment  to  shorten seasoning time  of the  finished 

product  especially for beams,   erirders  and  floor material.     The ennaoit" 

of kiln drviw erruipment har to he  calculated  individually. 

},7     Investment  costs for the production of specialized  profiled  log 
components 

If the production includes furniture,   furniture components, commodi tv 

articles or prefabricated beams and  ffirders,   standard eouipment has to 

be added to run the production efficiently. 

}.8    Standard production facilities 

All plants nhould 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$ I5.OOO to 

usi 50.000. 

4.    Cost calculation 

4.I    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 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 components depends on the 

material available especially when standardized components are stored. 



- 14 - 

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  i.l - Land:     5.000 square meters US$ 5/sq. m = USt    25.000 
Buildings us$    50.000 

For 3.2 - Land:    7.000 scruare meters US$ 5/sq. m = USt    35.000 
Buildings usj    60.000 

For 3.3 - Land:   I5.OOO square meters USt 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 ll) 

Capacity:    30 cubic meter in 8 hours shift. 

Machinery and equipment USt 300.000 

Preservation plant USt 60.000 

Production, machines,  equipment and tools USt 50.000 

Office equipment USt 10.000 

Vehicles us$ 30<000 

Land and buildings USf 95.000 

Power line costs USI 10.00O 

Financing, engineering USt 40.OOO 

Cost for establishment and consulting USt 20.000 

Cost for assembling and building up of the plant      USt 20.000 

Start up losses USt 30.000 

Safety equipment,  etc. USt 50.000 

ust 715.000 

4.3    Raw material coat 

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 he calculated in case  of competitive  demand, 

for example,     the manufacture of chinhoard or pulp  and paner.    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 

leas 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 bo preserved but others,  particular- 

ly softwoods require such treatment. The average preservation costs are 

USS 10 per cubic meter. 

Annual costs of raw material  for the project 

Production of 6.000 cubic meters building components made out of low 

grade lumber and  secondary species. 

Logs,  9.000 cubic meter  (USS  1^/cubic meter) IIS« H%000 

n_ + <,«. "S*    60.000 Preservatives 

Adhesives, appro*. 7-500 kg (US$  2.50/kg) USt    18.750 

Miscellaneous material USS    ft).000 

US* 233.750 

4.4    Waftes and salaries 

Production 

Labourers 

Unskilled 22 (US$ 100 oer nrn/month) 

Skilled        3 (USS 900 per man/month) 

Pore-men      2 (USt 250 man/montb) 

Technician 1 (USS 500 man/month) 

Tingineer     1 (USS 1000 man/month) 

Management and administration 

General Manager    1  (US* 1.2O0 man/month) 

Sales Managers      2 (USS      500 man/month) 

Office employees 3 (USS      200 man/month) 

Annual costs 

USS 26.100 

ITS S 7.200 

USS 6.000 

USS 6.000 

USS 12.000 

USS 14.400 

USS 12.000 

USS 7.200 

USS 91.200 
SS&S3S5SBS8 

Social benefits and costs for generi •1 administration (estimated) USS30.000,- 
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4»'5    M^nufactur* nv 

"Istirmted ariana1   manufacturi nf, costs including denrejoation  »nd 

oa1culat»d interest 

LOP; in^ut 

Power  fiinnly 

Salarier, arid w^°;es 

Social   costs 

Depreci étions 

Toolr,  maintenance 

Arimi ni «strafe on costs 

Advertising ""na maritim? 

Intérêts 

Expenses, fee0,, tires 

Miscellaneous costs 

ust 234.000 

us« 20.000 

ust QO.Ono 

us$ 30.000 

ust 100.ono 

'ISt 20.00^ 

USS ">0cO()0 

ust ^0.000 

'ISt ^0.000 

IlSt 20.000 

ust   30.000 

USI 734.000 

4.6    Turnover,  profit,  pay-back calculation 

The annual turnover  it this is calculated on an estimated s'les 

rate of USt 1^0 per cubic meter of finished products.    This  amount  in- 

cludes preservation of the profiled lorç components.    A lop; house of 

50 sq.  meter living area will  cost USt 1.800 which ìF a competitive price 

compared to other building materia.l  of the  pame rruality. 

Annual turnover 

6.000 cubic meters of building comoonents USt 150/cubic meter        US$ Q00.OO0 

Profit  for the projet example 

Annual turnover 

minus annual  sum of total cost 

Profit before taxes 

USI 900.000 

USt 734.000 

USI 166.000 

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

take    about I.5 ye»rs. with production start-up after ten months.    This re- 

quires a total maximum capital outlay of about USt 965.000.    The peak 

recfuirement of capital will be I.5 years after establishment of the enter- 

prise.    (Details see cash flow). 
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4.8    Co3t  summary 

Por the project example  it   can he expected  that the capital   return flow 

starts at the     6th rru rter to  after 4 years and  9 months (1Q miarters) 

of establishing the  pl^nt   nnd  about   } years aftpr normal   rrniunfìiti,   the 

capi+al  rerfii r-ments will  he  covered hy capita   return flow,     (interest 

and  depreciation n^t  included).     All  cost55 »re   calculated with  *» margin 

of  safety,  the  results of a realised project  will   come out  at   a better 

rate. 

5o     Possihilities for applying wooden profiled   log components 

Profiled  loe: components can he utili7ed  in   all branches of the 

building industry with unlimited  nossibilities   ( Anner 6 - Id). 

Annexes 6 to 10 show variations   of lop houses  and lop; huts,   Annex 11 

shows the  application of a  double bunk bed with   partition walls which 

fits into the building using the   same orofiled   log components. 

Also luxury and multi-storey houses could  he  established according 

to the  same  system.    Houses based on orofiled   log components PVP.  suitable 

where high  stability is remiired.    Log houses  are earthnuake  proned. 

However,   another example where the profiled log components are used,   is 

the hexagonal  shaped silo shown in Annex I4.    The  silo is built up a 

standardised profiled log component having two  cross trenches under 

60    respectively 120    degrees.     Assembling is  a   foolproof operation, 

just  setting up component by component connected with steel rods.    Such 

silos have a net volume of more  than 1000 cubic meters, they ai-e very 

rigid and  solid,  and    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 complete  list but gives a  lot  of 

ideas for use of the profiled log component. 

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

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

*    Parts for prefabricated houses; 

1 
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- Be^ms  and  "-irders for  a  free  r.pan up to IS m.; 

- Silos; 

- Swimming-pools; 

- Shelves  for storage  of p-oods being nortable  or built   on to walls; 

- PI ayground emuipment; 

- High quality fences; 

- Noise noli ut i on walls; 

- Furniture  and  furniture  narts; 

- Indoor  and  outdoor niant  trouffhn; 

- decorative  imolement-'t i on; 

- Floors; 

- Commodity ^rticl^s. 

Plannirr "rid  projecting of niants   for the manu-P-c+.ure  of building com- 

ponents in deve 1 opinar contnes where  sufficient wooden  mw motoria!   is 

üv^il^bl^   »re by no me^ns  limited to the  domestic mark^t^.     To » oprt->in 

extent  nro^il^d  log components can be  exported to neighbouring countries. 

The nrooessing of low grade  log dimensions having a high commercial  value 

are of interest  for production  facilities appropriate   for developing coun- 

tries.  It   allows for the  production of  a technically valuable product  v.'ith 

low cost  ni=t(rnl,  1'here   are  opportunities  for medium-sized  factories to 

make reasonable profits,   creating labour intensive manufacturing plants ?nd 

conserving nard currency  exchange  for their co.,ntri.cn. 

6.    Fin^l  notes 

Low  "rade  lumber and   secondary snpeies being u^u=lly of -•> verv low 

market  value,  can be converted into high grade products  for the building 

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

loss  j" .-to   at   lo-.: err-i   m 'r:^m.f0cturin-7. 

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  nroducing,   is very simple   and does not   need  much skill  and 

know-how. This  system proposed is labour intensive,   highly economic,   pro- 

jects can be realized at  medium-sized  or even small  scale basis.    The  indi- 

vidual  production machinery and the total   concept of  a nro.iect 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 

secondarv speciesíP recommended for factories in developing countries appro- 

priate to  local conditions» 

1 
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Annex   A 

ASSEMBLY    OF   PROFILED    LOG    COMPONENTS 
WITHOUT     TONGUE    AND     GROOVE 

T\nul 

ASSEMBLY    OF    TONGUED    AND    GROOVED 
LOG     COMPONENTS 
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Volum* of round log aoptions 

0 in cm 

vol.in m3 

per   runnina 
m round 
timber 

round 
timber 
running m 
necessary 

round 
timber 
running m 
necessary 

loghouse 
profiled component 
running m 
necessary 

for   1   m2 for   1   m3 for  1   m' 

3 o,ooo7o7 33,oo 1414 38,49 

4 o,oo1257 25,co 796 28,86 

5 o,co1963 2o,oo 5o9 23,1o 

6 o,oo2827 16,67 354 19,25 

8 o,oo5o27 12,5o 199 14,43 

1o o,oo7854 1o,co 127 11,55 

12 o,o1131o 8,33 88 9,62 

14 o,o15394 7,14 65 8,25 

16 O,o2o1o6 6,25 5o 7,22 

18 o,o25447 5,56 39 6,42 

2o o,o31416 5,00 32 
rj,77 

22 O,o38o13 4,55 26 5,25 

24 o,o45239 4,17 22 4,31 
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DOUBLE    BUNK    BED 
ASSEMBLED   BY   PROFILED   LOG    COMPONENTS 
AS   PARTITION    UNIT    INTEGRATED    TO   THE 

OUTSIDE    WALL 
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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 hutr, 

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 one 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 machine 

- 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 WPS the 

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

log house components. 
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Log house components require selected,  straight grown long 

logs. 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  i s a 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  irvestment  and is only economically 

operating large production plants.    Therefore,  low grade  lumher and 

secondary species are fremiently unutilized, used as  fuel wood or even 

burned as undesirable waste.    In 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 

lumber is in most countries 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. 

1 
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Considérable  amounts of low grade  lumbar are  also Droduced  as 

a by-product  while  felling trees for saw  logs and  fleering 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  "rowing species viz.: 

Eucalyptus or Kiri.     A rough idea on the yearly amount  of low grade 

lumber available is compared  with the  annual   ouantity of commercial 

timber produced world wide which was 1.°17.000.000 cubic meter in  1976. 

2^.000.000 cubic meter have been proiured  in developing countries. 

It can be assumed that the  annual   miantity of low grade lumber is con- 

siderably higher as  compared to the world  production of commercial 

timber.   Reforestration of fast growing species would  further increase 

the quantities of low grade  lumber which can be harvested  at  a  suitable 

size within  3 to A years. 

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 FA0 this percentage is even in- 

creasing to 85 per cent within developing countries.    Trii s means th»t 

a valuable  raw material in mainly unutilized.    The utilization of wood 

as fuel material  is  of low economic value,  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 reouired.    Very often the 

production of these materials is possible only under consumption of 

energy being of high coBt  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 nanels 

on the base of resin or cement binders. 

The cement based particle panels can be produced in small industrial 

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

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

1 
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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 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,  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 small 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  ¡a  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. 
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1.2    Building situation in developing countries 

Developing countries have  an extremely hiirh demand for low 

cost  housing which can often not  be  realized because of a low  pur- 

chasing power.    Thp 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 cruality.    The  reason   for these  conditions  is the  lack cf  suitable 

building materials as well  as  lack of know-how  for planning and 

setting un buildings. 

Thermo insulations  are often noor.     Insufficient   insulation of building 

components  against  humidity are   frerruentlv the  reason  for unhealthy  living 

conditions  and n^or building rniality.     The production  is    relatively 

expensive  in developing countries.    Thp  lank ~f know-bow is  snmatiTPs 

the   reason  for over-dimensioning or the contrary ìR the  case  which 

means danger.    Thp  poor  infra-structure  is often influencing transport 

costs resulting in increase of building costs,   esppcinlly rural   areas 

of develoning countries. 

Under prevailing conditions of davi ^inr countrips a  system is 

desirable  which enables to preot   high   tuauty buildings of d^ffprent 

sizes  and   for different   purposes hapod   on raw materials »vail«bla  in 

the  country which  can *>e  procpsspd  at   1 ov; cost.    The  adontati on of the 

building material;? must  be  simóle.    Buildings  should be erected by un- 

skilled   labourers within a very  short  time.     Planning and engineering 

of buildings especially calculation of  statistica should be   simple  and 

without  any risk.    It is  also of grpat  importance that the building 

components can be  combined with other materials than wood, under- these 

conditions one can optimise the buildinf efficiency. 

A new system is utilising low gr°de  lumber for building comoonents 

specifically for developing countries is thp log profile construct ion. 

2.    The universal  component  syster 

2.1    Methodology of economic production 

To achieve economic processing of low grane lumber production costs 

have to be decreased by a maximum yield of rnw material  input. 

1 




