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In comparison with conventional (wood) materials, several particular rules 

have to be followed in processing agricultural wastes into building materials 

for interior and exterior use, First of all, the sizes of the available particles 

èpe important. Particles must be sorted and'or shredded to produce uniform 

particle material in order to manufacture products of larger dimensions economi- 

cally.  In surveying the not very ample literature in the field of annual plant», 

one notes the extraordinarily high harvest yields of these raw materials. Solely 

regarding 'he most important species of annual plants, this yitld is calculated 

at 2.5 times as high as the harvest of wood fibres in the entire world. One also 

notes some particular properties of the annual çlants which represent the main 

reasons why they ire not yet much utilized. Besides the difficulties of trans- 

port and storage, it must be mentioned first of all that each kind of raw material 

\f  The views and opinions expressed in this paper are those of the author and 
~* do not necessarily reflect the views of the secretariat of UNIDO. 
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and final product needB a specific processing method in order to attain the 

usual property limits. Based on the publications available, there is considerable 

evidence that this scope may bo achieved. In each case it has to be determined 

whether the necessary investments and production costs may be kept to a level 

which enable agricultural wastes to compete with raw materials already used m 

the past. 

It must not be overlooked that the available machinery and equipment has 

been developed especially for the conventional (wood) raw materials and that the 

products manufactured up till now have their own special market.  \ny new pro- 

ducts must either put up with the situation or pioneer new markets. Technicians 

.and managers must investigate the marketing conditions and produce the appropriate 

products according to a constant quality. From this point of view limit values 

cannot bo rigidly adhered to* 

The standards used in industrial countries should serve as a starting point. 

In order to make up for possible higher costs of processing raw materials which 

have not been utilized up till now, the limits of one property, which is of minor 

importance, may bo lowered by about 30 /*, leaving the limits of the other proper- 

ties constant, or all property limits may be lowered by 10 ¿. To risk more than 

this appears to be too dangerous. Undoubtedly, the higher any commercial risk 

is, the more stress must be put on controls of the raw material, of the produc- 

tion process and of the final product. 

In order not to make this article too long, and because of the great variety 

of bollicai, climatieal and technological conditions, tho points to which atten- 

tion has to be paid can be mentioned only briefly. First of all, the properties 

of the raw material during saorage and during the production stage have to be 

take» into account, as well as the properties of the final product. Furthermore, 

the energy input, the amount of wages, and respectively of working hours, the 

servios life of the tools and the yield all have to be controlled. Produotion 

control is expensive, but if it is done properly and if it is understood well, it 

at least pays back its costs or increases the profitability of the factories. 

It is essential for production oontrol to have the necessary equipment for 

testing and a well educated personnel, to use suitable testing methods and 

«juality limits, which are reasonable from the eoonomioal point of view*. 

If hitherto unutilised rmV materials is to be prooessed, it must be considered 

that results obtained by laboratory soale tests might not be direotly applicable 
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on a ooraraercial scalo, due to the different dimensions of the products.    Before 

large investments are nade, test results have to bo checked by plant tests on a 

commercial production scale.    This is necessary oven if for this purpose great 

volumes of raw mater   Is must be transported long distances. 

Research on products obtained by these tests nevertheless exceeds the field 
of usual production control or of standardization. 

J 
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In the building industry and in interior designing, architects tend to use 

elemente whioh have large surface areas. fcnong other materials, boards from 

wood are used to a considerable extent. However, wood is not available every- 

where in the desired quantity or quality. For this reason the use of agri- 

cultural wastes as raw materials began to be of Interest a considerable tios ago. 

In the meantime, a large number of suitable basic materials for the manufacture 

of boards became known, for instance» bagasse, cotton stems, hemp, flax shives, 

jute «tens, kenaf, straw, reeds, bamboo, date palm wastes, coconut husks, maise 

oobs, ooffee husk, groundnut shells, cashew nut shells, esparto grass, rioe 

husks, rubber tree fibres, etc. There are several requirements for the use of 

such raw materials: 

(i) they must be available in the immediate vicinity of the board 

plant, since thev are bulky and otherwise high transportation 

costs would result; ° 

(ii) ta«y must be storable throughout the year without requiring too 

expensive preventive measures against rot; 

(lit) the costs for storage and preparation should not be too high} 

(iv) it must be possible to manufacture boards having the neceesary 

properties for use in construction and interior decoration in 

building«, for vehicle finishing«, for packaging, etc The 

distribution system must be well organised, inoluding a euffioient 

storage of stock» 

(v) the material involved must not oause any danger to human life, 

animals or plants in the proximity of the factory. 

Agricultural wastes are usually available in the font of irregular 

pieoeet usually small branches, stem«, «to. Thus til« only way to utili«« thorn 

1« to break then dot» and to shred them to a suitable particle «Is« from whioh 

to foni products of largar dimensions. Consequently, only som« specialised pro- 

duote may be manufactured. These an listed in the following table aocording to 

the «is«« of their contributing partiel«« 

trm stalkst braided, glued or bonded mat« or boardsj 

tfm chip«!  particleboards with synthetic reala bead, either 

flat-pr««««dt extruded or formed, board« ana brioks 

bonded with oonorete, shaken or pressed; 

fibreboards flat-pressed or formed in the dry-prooees, 

bonded with eynthetic resin, in the wet process, manu- 

factured with er without synthetic resin bona. 

from fibras t 
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In order to produce economically, the manufacture of such products re- 

tiree more or lees Urge equipment, which makes high investments necessary. 

"to principle task of quality control is to ensure a minimum of delays or 

stoppage, in prpduction - since every wasted minute costs money - and to maxn- 

tain a reasonable quality in order to keep customers satisfied. To achieve 

these ends, knowledge of the properties of the raw material, familiarity with 

the energy input, with the rate of wa«es per hour of production, with the 

service life of the tools, with the yield, etc. is imperative, and this 

information must be applied in relation to the quality of the final product. 

Often, senior personnel of a factor, object to this extra work because they 

only consider the additional costs. In fact production control pays baok and 

provide, advantages, provided control is carried out properly and the advantage 

rectpi.ed a»d utilised. Last Hit not least, quality control should result in 

* „.all range of tolerance for the quality of the final product. » —• of 

this, it becomes possible for instance to export the product or substitute 

i«port.. I« ca.- where it seems advantageous for example for usage, of minor 

sortance, quality and price »ay be lowered to suit the intended purpose of 

the material. Ul these considerations are necessary, in every country and with 

•very degree of industrialization. Production may be governed by either one of 

the following principles i 

(i) either you produce without any proper production control, 

you select a quality high enough not to drop under the necessary 

quality standards, even if the quality decreases considerably. 

This method is expensive, because most of the time you produce 

a quality higher than that asked for. Further, this method doe. 

not keep customer's complaints at bay, because the customer. W- 

«,ed to the unnecessarily high quality and object to any decrease 

in quality, even if the agreed quality limits are not violatedj 

(li) or on the other hand you produce goods subjected to .ufficiently 

accurate quality control and classify the final product into various 

categories which correspond to the principal usage requirement, of 

the product, but which need not nece.sarily be of very high quality. 

U.0 in this case the customer gets used to the average properties 

of the material, and doe. not complain if .mall variations of 

quality occur, even if they are near the lower limit of the quality 

range. The mo.t di.advantageous oa.e for the producer is that «uoh 

M r •     *ni Birnlf •Hi 
«•«••Ei maÊÈÊm m 
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a product might eventually be unsuitable for some partioular purpose 

because of too low a quality. 

The importance of wood based panel products, to which in this regard the 

boards from agricultural wastes may be added, has increased extraordinarily 

during the list few decades. Thus in many countries national standards have 

existed for a considerable time. Within the International Organisation for 

Standardisation, the Technical Committee (ISO/TC 89) was formed, whose tenis 

of *eferenoe are as follows: 

Derived Timber Products 

(Boards made from wood or other ligno-cellulose fibrous materials) 

Standardisation of fibre building boards, particle boards, plywood 

and block boards and other similar board products, either flat or 

moulded made from wood of UgÄO-oellulose fibrous materials including 

nomenclature specifications and test methods. 

at this time the committee was subdivided into three subcommittees, that« 

war« SC 1 Fibreboards, SC 2 Partioleboards and SO 3 Plywood. With regard to 

thia paper, the work of SO 1 and SC 2 is interesting. It seems that mineral 

bondad boards made of ligneous fibres, chips or other particles are not yet 

claasifiad by ISO. Presumambly ISO/TC 59 (Building construction) should deal 

with the same. The necessity to find internationally acceptable agreements is 

the reason why ISO-recommendations can be published only after discussing them 

ovar long periods of time. Thus it is neoessary to use the national standards, 

which do not yet correspond to international requirements. Where no national 

standards exist, each factory has to make its own standards. The latter ara 

neoessary even in addition to any official standards that might e*ist, because 

tua properties of the produots still vmry with the manufacturing proeeas, for 

instanoe with regard to moisture oontant, moisture diatfiaiitiom, strength, 

behaviour whan wetted, etc., facts whioh are true also in oaae of the ag*i- 

oultural wastes. 

Sinoe large quantities and hence high values are leaving the production 

lina every hour, any drop in quality muet therefore be daterained i»»e4ia*ely 

ana oowactad instantly. This is possible only iff 

(i) simple and effective oontrol methods are ueadf 

(ii) the relation between the properties inaadiately aftar 
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leiving the production lino and if ter storage are known, 

Mid if all data obtained may currently be used in a oontrol 

•chene which enable« the senior personnel to make the neoessary 

checks at  any time. 

The oontrol of the raw materiil, of the production and of the final pro- 

duct for« one unit.    The development of nav products and the after-sales 

service for the products havo to be done separately.    Such problems may not 

be within the scope of this paper, as it is not our intention to answer the 

question of how far a factory should enter into basic or technical research, 

both using the ease methods of examination as for production control.    The 

ohoioe of the acceptable limits is discussed on page 26 of this paper. 

The agricultural raw materials known now or that could eve« u&lly be 

introduoed into board production in the future are available only during 

limited periods of the y<*ar, but in great bulk only at their harvesting timee. 

Supplies must be stored all the year round and must be used up gradually.   The 

problems involved herewith con only be referred to briefly in relation to the 

different botanical, climatioal and technological condition«. 

1.     ffTrft!l..Er.T.^T. Ti... .TìWT. .*^rn •y.«-*'*»* ttUrtM .UffilB 

Technical properties! Particle eise (ooarse and fine, separating effect)| 
bulk weight (looet or in bales)| 

moisture oontent (undried or tee«*, under 

ooveringe or spread in the open)} 
•inorai pollutions (content of tana or «ell, 

especially in the lower lying »re*« of *»• «*orage 
epoo«)» 
botanical oontaminition (leave«, weeds). 
Increased aswunt of parenchy« tissue, fiere«« 

admixtures to ohipe (for example flax fibre« to 
flax chips), difference between the densititee of 

individual particles, ««tlllgfcsteeede (oorn, «ais«), 
blende of related raw materials (rye, wheat, et raw 

fro« barley and oste). 
\sh oontent (silica in particular), retto and/or fat 
oontent, amount of starch and/or sugar, a«ount of 

aletees«, of tannic acid, «to. 

«BPepi «/««•«:«• av -^pe> 

preeertiest 

ktfmot ives i 
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Resistance against attack by verain and fire:    Preserving measures and their 
efficiency. 

2. Tasting the raw material during the production stage 

Control of production data; 

Control of service life of tools; 

Control of energy input; 

Control of the percentage breakdown of particle sizes (coarse and finas); 

Control of the blend ratio of raw materials and additives; 

Control of the air exhaust containing fines and poisonous substances; 

Control of the waste water (solubles may cause rot, chemical reagents nay 

pollute the water supply). 

3. fasting the additives 

Control of the glues (solids content, viscosity, gelation tin«, respectively 

curing tine of resins for partioleboards, etc., precipitasility of resins 

for fibreboards); 

Control of the hardener with respect to its concentration and reactivity in 

the production of particleboard; 

Control of the précipitants in the manufacture of fibreboard; 

Control of the hydrophobic agents; 

Control of the fresh water with respect to purity and hardening agents; 

Control of added preservatives (if any) against vermin attaakf 

Control of other additives. 

4. TUflftf the final products 

In industry, executives ought to know that control of production and con- 

trol of the quality of the final product are valuable auxiliary means of 

aamafsawjnt.    Furthermore it is imperative that these controls be carried out 

aooording to the laws of statistios and that an unacceptable low quality 

should not be hidden in a product by modifying testing procedures without 

justification.   The methods of production control - in whioh the producer la 

interested - depend on the product.    The producer as well as the oustomer 

should be interested likewise in the control of the final product.   The methods 

of control of the final product do not only depend on the product, but also on 

the usual conventions of the individual countriOB.    Depending on the property 

to be tasted and on the taster, the following kinds of o ont rol ara employed: 
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(a) Thé 100 i control.   -This is only applicable  "or non-destructive 

teste.    There %re for instance:    the sorting of boards into 

quality classes* the stress-grading of lumber; the test for modulus 

of elasticity of the variations of thickness of ontire boards, 

tested in serios, etc.; 

(b) Control by means of samples taken at rondo«.    This method is used 

for destructive tests, where usually test specimens are needed, for 

example for determining the moisture content, the bending strenth, 

the internal bond, the thickness swelling,  3tc.    In order to keep 

the risk of a complaint to a minimum for the produoer and the risk 

of a disadvantageous purchase to a minimum for the customer,  the 

number of samples necessary depends on the amount delivered.    There 

are different schemes for selecting samples at random, but here only 

one shall bo mentioned, which has been worked out by the University 

of Columbia a considerable time ago for testing military equipment. 

Based on this scheme, another one is at present being developed by 

ISO/TO 89, especially for wood-based panel products.    If it must be 

assumed that the produoer does not use vigorous production control 

methods, representative sampling considerably wastes material and 

time j 
(o)   The quality seal.    In this caso it is assumed, that production oon- 

troî, including data evaluation, is carried out in the plant and that 

a specific offioial association, which controls quality in order to 

seal the products, only acts as an official checking agent.    Por 

example, in the Federal Kepublio of Germany an association esisti 

for the control of the quality seal.    It is agreed that in order to 

obtain and to keep the quality seal, the produoer ha» to take, eaoh 

dmv and from eaoh type of board one board motte* properties are tested 

aooording to WW 60 761 (HOIM*anblatten) and the remits are 

evaluated from time to time, the evaluation being repeated for the 

different thiekness of boards.   Every six months a control officer 

takes at random three boards of the same thiokness for oheoking and 

has them tested in an authorised institute.   The regulations for 

introducing or deleting a quality seal are agreed on separately.    If 

a product shows the quality seal, each board must be marked with 

the same, and sampling *»* testing by the customer is unneoeeeary. 

'•' *=-*- ^ • 
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Por producta which ire composed of a number of wood-based panel 

products, for ex-ample furniture or prefabricated houses, it is 

required, thnt each product used is marked with the quality seal. 

Thus only the quality of the design and of the workmanship remains 

to be examined. 

Since every form of control is expensive, controls must be kept to a 

minimum.    Only those properties should be tes tod, which are a food measure of 

quality and which may be tested by simple, accurate and reliable methods.    For 

this purpose use has to be made of recommendations of international standards, 

suoh as ISO, CWr* , COPWT-/, etc. or of existing national standards, la the 

oase of exports, of the standards of the receiving country. Basically with 

regard to wood-based panel products one has to distinguish between quality 

standards, testing standards and dimension stand rds.    fne first two indicate 

the liait values which a produot has to show, the third one indicates Is/ «Bien 

testing methods the properties of a product muet be determined. 

k% the present time, we at the Austrian Wood Research Institute are 

attempting to collect a list of standards which is to be as complete as 

possible, dealing with both wood and wood-based panel produots, including 

those made from annual plant wastes.    In this study related fields are inclu- 

ded,    at the present stage of this work - the standards of several important 

countries are still being investigated - the following report say be given. 

Until now we have foumd approximately! 

IK) standards for fibreboardm in 24 countries! 

,, 60 standards for partieleboards in 18 count ri est 

15 standards for mineral bonded products in 6 countries» 

5 standards for mats and boards made from roeds, straw, sto* im 

4 ocrant ries. 

1% im very difficult to sake a complete Uot of standards because of the 

current new publications of standards tad new s^smmmmtm.      »specially fer   , 

mineral    bonded boards and blocks, and for mats and boards from reeds, straw, 

•to. difficulties arise because these products are usually not covered by 

separate standards, >ut are included in bulky standards dealing with building 

V Cm» (Omnia« européen te nonmUismrtiem) 

y OOPUTT («mm Aserioan Standards Comissisn) 
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materials in gen«ral.    On« oan determine in which countries standards exist for 

testing special properties as for example resistance to nail and screw with- 

drawal, surface quality, dimensional stability,  etc. exist in order to use them 

for production control or as a basis ftr further work in the field of standardi- 

zation.    Studying the list of standards one notices that in general the te«ting 

standards of irioert of the countries are confined to th« determination of the ease 

properties.    But the limiting values for the quality standard« show noticeabl« 

differences.    The working groups of ISO/TC 89 are trying to eliminate th««e dif- 

ferences.    This work has already proceeded well,  ao that within the next year n«w 

recommendations nay be issued.    However, these recommendation« have to be incor- 

porated into the national standards in order to put them into practice.    In this 

regard it ha« to be mentioned that in different countries the law deals different- 

ly with standards.    It is always advantageous to cite the standards in a commer- 

cial contract and to point out any special ssjr«—iiits devinting from th«m. 

In most of the cases quality standards are formulated in such a way that 

they are either valid for general purposes and/or for building purposes.    In this 

way a wide range of applications of the standard is possible on the on« hand, on 

the other hand the quality limits must be set high enough to avoid severs mis- 

haps in use«    Thus it may happen that in some fields of application som« pro- 

perties of the boards are of a considerable and unnecessarily high quality, 

which increases costs.    If within such fields of application large quantities 

of % product are used,  it appears to be advantageous to establish special limiting 

values for this purpose, which would facilitate the utilisation of new raw 

material«, for example of agricultural wastes.    Basically such considerations 

should be related to those quality limits which have been successful in indus- 

trial countries for decade« and they should not be lowered more than 30 %.    In s 

general standard or a standard for the building industry, only typical products 

say be included, for clearness.    Special product« should be excluded or dealt 

with only la special standards.    Special products aret 

(a)   Products for unusual applications, with intentionally selected quali tie« «ad 

quality limit« other than the usual standard«.    \ typical example osa be 

found in the different grade« of plywood 1 for example plywood for furni- 

ture, for boats, for aircraft, sto.    In order to mention further example«, 

boards for undorflooring «voy have a lower bendimg strength while   boards 

wfclofe wp« net   intended to «•   weti*d «my aav«   a higher thiokneas «welling, 

•to. 
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(b)    Products containing additives which cause a considerable variation 

of one or more of the standardized properties.    \ flame-resistant 

treated board,  the strength of which is reduced by the preservativo 

cannot be compared with the requirements pointed out by % general 

standard.    If it  is possible by me\ns of special processing to mis« 

the bending strength again to the usual value,  the board may corres- 

pond to the standard, but shows additionally the favourable property 

of being flame-rosistant. 

(o)    Products with exceptional structure, moulded or profiled, machined, 

or treated in any way subsoquent to production, etc.    Examples of 

this are sandwich boards, moulded parts made of fibres or particles, 

prime coated,  lacquered or overlaid boards, trimmed boards with 

commercially unusu.l dimensions,  boards with profiled edges.    If 

such products are manufactured in large quantities,  as for example 

partióle boards and fibreboards overlaid *ith synthetic resin im- 

pregnated paper,  it  is advantageous to agree to a special standard 

for these products.    Such a standard should deal with the properties 

of the board as well as with the properties of the overlay. 

A control scheme or a standard should cover all important properties of a 

material,    unfortunately this is not possible in every case, beo ause the above- 

mentioned simple and reliable test methods are not available in all cases. 

Farther, there are properties which may be described easily in words, but which 

cannot be characterised easily by figures,    An example for this is the surface 

quality, which is a complicated technological problem,    respite these difficul- 

ties, an attempt has been made to list groups of properties.    All data obtained 

during control testing must be evaluated, resulting in an average figure and in 

an analysis of variance.    This data must be compared with the theoretioal 

optimum values. 

Dimensionst Length, width, thickness, if products have cavities, 

the dimensions of the same, if products have 

l*minated structure, the individual thiokness of 

the layers) 

******* Total weight, weight per unit of surface area, 

density with or without eventual oavitissj 

HMMMIIH 
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Shape i 

Woisturet 

Strengtni 

Behaviour when wettedt 

Surfte« quality* 

workability» 

Pur*bility: 

Ship« of th« surface,  deviations fron th« shape, 

stability of the shape under different conditions} 

Moisture oontent on delivery, when being tested, 

and in service} 

Bending strength, modulus of elasticity,  tensile 

strength, internal bond, compression strength 

(parallel and perpendicular to the surface of the 

boards),  impression strength (foroe applied point- 

wise or ov«r given surf\ce), hardness, impact 

strength, penetration strength, resistano« to nail 

and screw withdrawal,  etc. 
mhiokness swelling,   longitud:nal swelling, swelling 

in boiling water, water retention, eto.f 

density of the surface, strength of the surface, 

oorrugations, etc.f 

ü*ehinebility, paintability, tool wear, etc.| 

Creep of building parts under load, wheathering 

behaviour, resistano« against fungal attack, bacteria, 

inseots, and rodents, fire resístanos. 

Subsequently an atte»pt has been «ad« to define quality requirsnsnt« for 

so»« important products for which alternatively also annual plant« Bight be 

us«d as raw »atari-».Is. 

4.1   y|jt* »ft« W* beards «ade fro» .tables 

Besides re«ds, baahoo, papyrus, straw and siailar plants nay also b« u««dv 

provided the stall» have th« n«c«ssary l«ngth.    KX this tiae in Austria only 

the use of reeds (Pfcragaitee cosnunis) is peraiitted by the relevant standares. 

Reeds are harv««t«d in winter, aft«r having dried out entirely.   Th« «taltal 

•ttst be healthy, rip«, straight and free fro» roots and lea««««   If equeesed, 

th« stala« must giv« a clear sound, cracks nu«t be situated lsngtbwi«« only» 

Ktsdi which oraok across th« longitudinal axis, and whioh as« dartc-colourad on 

the cross-section are rotten and useless.    The diaaeter of the «taltal i« as 

nuob as 5 - 12 »••    The reeds are sorted and delivered in bundles of I - 2.5 

aetiei in length (th« oirounferenoe of the bundle is a« suoh a« JO oen tiae tree 

at the lower end).    If the reeds are d«liv«red unsorted, they are u«ually not 

free fron ltavee, but aoet curved and broken «talk« have been restored,   for 

•aking mat« or board«, the reeds «ust be a little longer than the width of the 
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product, because of trimming waste,   Gluing depends on the final utilisation 
of the Matt or boards.   Three products are made from reedst 

Thin reed «atei 

Thiok 

bmidllag 

These are mad« from one layer of 50 to 100 stalks 

per meter, depending on the desired spaces between 

the individual stalks.    They are usually bound with 
galvanised iron wire,  but other bonds may also be 
advantageous.   The master wire has a diameter of 

Omè ni,  the binding wire 0.4 mm.    The weight per unit 
of eurfaoe of the mats is as much as 0,5 - 1,0 kg/a? 

These «ats are used in the building industry to hold 

mortar to walls, as curtains on building eoaffolding«, 
for concealing interspace elements on fences, as 

shadow roofs for li ve e took, for inoreaeing the strength 
of dikes, sto.   The neoeseary propertiee am    light 

oolour,  easy handling,  high Compression strength 

perpendicular to the mat, stiffness across the mat 

(parallel to the stalks), flexibility along the mat 

frorponcUoular to the stalks), resístanos against rot. 

(Per exaapi« for horticultural usee).    Mads from 

bundles of it ilk« md bonded with steal or plastic 

rope.    The sate  are  10 - 12 m long, about 15 mm thick, 
rigid against vertical pressure on the mat, stiff 

aerose the sat, and flexible aerose the length of the 

mat.    411 requirements are as for the above aentioned 

one-layer reed mats.    Weight per unit 2 - 3 kg/m2, 

Thsse sate are ussd as covers over gardeá-btds for 

protection tgainst low temperature«, as anti-noise 

covsrs for fleer«, etc.    The thinner the stalks, the 
higher the protective effect of the mats. 

Wade frost toadies of stalks, bonded with galvanise« 

iron wire, the diameter of the sastsr wires being 

1.8 ma, ef the bonding wires 1,4 ma.     The hoards 
must Is stiff enough to remain even, in spite of 
handling.   Density about 200 kg/sA    Other require- 

ments m for the stts aentioned above. 

UaaMU4WHHua¿ULaaÉ, 
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Standard measurements Panel thiokness (from wire to wire along edge») 20, 
in \ustrlat 

30, or 30 im, tolerance minus 1 rara, plue without 

limits. 

TheJ.ength of the boards (in the direction or pro- 
duction,  across the stalks) 2,000 mm • 2 %, 

The width of the boards (against the direction of 

production, parallel to the stalks) 1,000 mm + 2 f* 
îynamic stiffnes 2.3 kg/om . 

4.2 Olusd boards fro« stalks 

Healthy stalk» are oeaented to fora blocks.    The blocks are out into slabs 

aerose the stalks.    The slabs ars used as the central layer for sandwich boards, 

The type of glue to be used depends on the intended end-use.   The glus bond 

between the oentral layer and ths carter sheets muet be sufficiently strong.% 

4.3 Urbal insulating materials for building 

Coconut fibres, seaweed (sestero marina), wood fibres, peat fibres, sto. 
are used fori 

mats with unbonded   fibres, glued or sewn together and fared either 
on one or on both sides with paperi 

felts with bonded fibres without paper faces | 

boarde with bonded fibres without paper faces. 

The requirements mentioned below cust be fulfilled both by mats and boards 

from stalks, by insulation boards, by partióle boarde of lev density, etc. im 
the oas© of the same end-uses. 

Insulating fibrous material must be free from ooaree partióles, et equal 
thiokness emddeneity, and show straight and parallel edges, 

Mmensionst rolls     -     width 

boards   —     length 

boards   -     width 

nominal thiokness^ 5 - 20 mm 

2 5 - 50 mm 
. ,<     allowanoe -1 ma, above without limits 

-5 *f above without Halte 

1,000 mm jj 9$ 

if00© mm. jj H 

50© m± «H 

7 «der a load of 0*001 kp/om1 

MailMilllrilÉIIHÉIÉW 
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ThioknesB under the floating-' 
deviations from the guaranteed thickness 

8 mm allowance -1 ran, + 2 mm 

6 mm -1 œn», • 3 mm 

Deneityt at a load of 0.001 kp/cm resp. 0.02 kp/om 
30 kp/om3 200 kp/om3 

Strength! tensile strength 0.1 kp/n 
elongation in tension*^ 100 mm 

Dynamic stiffness of pulp group I 3 kp/om 
II 12 kg/o«3 

4.4   LlAt building boards made from wood wool and similar raw mat«riftls 

The wood wool must be sound, long-fibred and shaved longitudinally.    In 

Europe mainly spruce (Picea excelsa) is usedf  it has given good results.    Other 
species may be used as well, but their suitability must be investigated prior to 

us«.    They should show a great capillary activity and should have a low extractive 

content, in order to have good reception properties if it is to be "mineralised". 

For bonding, oaustio burnt —pillii  or a suitable portland oeaent is used.   Some 

extractives, such as sugar«, tannic acids, «to. seriously retard the setting of 

the concrete.   Th«r«for« th« content of the«« «ubstanoes i« very important.    It 

may vary wid«ly with wood species and falling tin«.    W. Sandarmsnn ha« found that 

s sugar oont«nt of up to 0.125 % improves setting Um«, but that it increasingly 

retards it above this level.    In the literature several method« for examining the 

wood ar« d««orib«d.   Th«y may b« applied by analogy to oth«r raw materials from 

union long, slend«r partióle elements may b« obtained.   In Europe at th« pr«««nt 

time the following standard board« ar« produced. 

it 

thiokneos (mm) 15      25      35          50     T5    100      tolowe»« ^» • 3 « 

width 500                                         -5t • 5 m 

longth 200©                                       -Wf • 5 •» 

Densityi 

tnictaeee!0* 5f0     4i0     415        3*»   315     3«0 H«A3            -Q# • 20 * 

bonding strength 1?       10        Î            5      4        4 **/©» 

fcbillty *.)10       15      18 20     20      20 £ 

2/und«r a load of 0.02 kp/om 
^«itn 750 mm fro« length under a load of 0.1 ko/om 
•) epeoimont sis« 200 x 200 «m, me««ur«d 1 minute »ft«r application of load 

of 3 kp/«r 

*~"A,'B   M •*—•- "rì" "*^-    — - 
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The test muet not be made earlier than after two weeks of storage at 20 C 

with a relative humidity of 60 to 75 ,•£.    Each specimer   must not deviate from 

the rectangular shape by more than 3 mm per 500 mm of length.    The edges of the 

boards must be as sharp as possible as far as the board's structure allows. 

Boards with a density lower than 480 kg/m    should have a temperature conductivity 

of not more than 0.08 kcal/mh°C.    For beards of higher density it is of no use to 

establish a limit value, because of the low thickness and of the infiltration of 

mortar. 

4.5   Light building boards and light building bricks made from particles 

In general shredded chips made from wood are used.    In Europe, spruce (Picea 

excelsa) has given good results.    Por bonding, portiand cement is used.    Regarding 

other wood species and their extractives what has been sxid above with respect to 

wood wool cement boards applies.    Utilization of wood waste may be considered. 

Until now they could only be used where wood species and time of felling were 

reliable factors.    Similar considerations have to be made with respect to agri- 

cultural wastes.    The sizes of the particles should be between 3 and 30 mm. 

The dimensions of the boards should be the same as those of the light build- 

ing boards from wood wool,    additionally they are alio manufactured in bigger 

dimensions, thus having thickness of 10 on,  lengths of up to 9 m and surfaces of 

up to 8x2 su    Densities are somewhat higher than those of the wood wool boards, 

attaining about 600 kg/m .   Bending strength is as much as 9 - 12 kp/om , tempera- 

ture conductivity is as much as 0.1 kcal/mh°C.    apparently there are not yet any 

related standards, neither are there any related to solid and hollow bricks.    In 

the first instance these boards are used for industrial buildings.    Only buildings 

with one storey may be made from solid bricks, because their supporting strength 

is limited.    Hollow bricks are filled with concrete, thus providing a supporting 

oore, and therefore the number of storeys built up with these can be unlimited« 

The Austrian Wood Research Institute has selected the following limit values fer 

its own use: 

dimensions»    (exterior)     nominal measure + 2 ma in each direotion 

densityt (solid) * 630 kf/m3 

strength»        compression strength*/ >10 kp/co 

oomprMmability2/ *TlO - 20 $ 

*/In toe direction of normally ooouring load 

2/with solid bricks in the direction of the practical load, with hollow bricks   . 
onto the wall elements of the bri ok, perpendicular to the usual direction of 
load, related to a wall sise of 100 x 100 an. 

mml 
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4.6 Floor overlay from wood pieces, sawdust and similar raw materials 

Caustic burnt magnesite is used na adhesivo.    Besides inorganic fillers 

and colours, also organic fillers are usod.    Chips from hardwood rare un- 

suitable.    Besides chips from softwoods,  additives in the form of by-produots 
from the paper, oork and leather processing industries, from shrsdsd 

flax or hemp may be used.    The moisture content of these materials must be 

lower than 20 #.    \n advantageous composition of particle sizes is essential. 

The overlays are made with one or two layers.    Pour weeks after laying«the 
floor overlay must have the following properties. 

2 
bending strength >• 60 kp/om 

compression strength J> 150 kp/cra 

impression strength (Brinali) ¿M kp/sjT 

variation of dimensions K +Pi25 % 
(over 4 weeks of curing) 

4.7 ftrttolt boardi for generi purposes and for the building industry 
\ooording to ISO-Rec. 820 these are board-like products wie« fro» 

partiólos of wood or other lignocelluloaic material and bonded with adhesivos. 
Based on their density, one has to distinguishi 

light-weight particle boards with a density below 450 kg/«3| 

medium-weight particle boards with a density of 450-750 kg/s^i ana 

heavy partióle boards with a density higher than 750 kg/«3. 

Light-weight particle boards are used as filling material or for 

aooustioal purposes.    In some oases heavy particleboards are manufactured for 

specialised uses.    In general, bot'  theso kinds of boards are dealt with by 

agreements between supplier and customer.    The above-sentioned ranges of 

density only serve to define the types of boards.   Usually the ooansroial 
densities vary within narrower limits, and may be selected by the produoer. 

The board's density is determined without making up for eventual cavities or 

overlay, using the exterior measurements of the boards. 

Boards nay be unsanded, sanded or planed, veneered or overlaid. 

Aooording to the servios conditions the boards will be «spesse to, at tese* 

two kinds of glus bonds have to be distinguished! 

(i)   flu« net resistant to weather, in general nassa on ui 

(ii)   weatherproof   flus, in    general han«« em phenol-fomaldesyAs rssin. 

y^fipgfl^ffp,^^!^^^^ 
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Por use« where the moisture content of the board is permanently higher 

than 18 % and where conditions ire favourable for fungal  ittaek, or where the 

board might be subject to insect  itttck, the boirds must contain i ree ogni«ed 

preservative, md the treated boird muet be tested.    The BUBO condition« apply 

wi^h flane-retard\nts.    Prueervod    oard« must be specially marked,    \ccording 

to the method of production one has to distinguish between flat-pressed and 
extruded boards. 

Flat pressed boards ire composed of one or «ore layers.    In genomi, a struc- 

ture is obtained showing high quality fine particles in the outer layer«,  and 

©earner particle« of inferior quality in the core.    The particles are »ainly 

situated with their longitudinal wis parallel to the level surface of the 

hoard,    fae ha« to distinguish boards with outer ljyers 

(i)   «ode fro« decorative particle«, surface unsanded, for 

decorative application«! 

(ii)   Bid« fro« ordinary particle«, «urfaee« without partioulnr 
requironentsj 

(iii)   «ode fr* fines, «urfaocs for high requirenents with respeot 
to structurel 

(iv)   «ad« fro« fines pirtieles, the surfaces corresponding to the 

highest reaaiirenents with respect to structure. 

Boards should «how * mainly uni for» surface structure, noetly fro« fro« 

pores.   ?h# colour of the surface« depone* on the raw naterial« used.   Unsanded 

beard« with decorative partióle« must not show any irregularitiee.    If boards 

%f« delivered unsanded, the partie 3 sm*t be well bonded on the outer layer. 

Sanded board« nay «how «nail single irregularitiee on the surfaoe.    Further- 

•©*•, por 3 •   of boird «urfwe area, 2 pitches of dust with a dianeter ©f 

«0% »ore than 10 on, 2 patohe« of flu« with % nixinun diane ter of 2 on, and 

unsanded or sanded-through patches up to 2 on awny fron the ed*o or« pernitted. 

The«« fault« aro all allowed on one «ido only.    With respeot to other proper- 

ties, the following requirements have to be fulfill««, 

I.    Ulowano«« of the ÉÉMssvê«ssiv includine deviation« fron tho reotwfular 
shapet 

lonfah + e. ••» 

width • â «m f 

for fonerai une   g 0,j m, 
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2. 

thioknaaa, unaindad for daoorctiva 

thickneaa, unaindad for building 

•oUtur« content of boird \t tima of dahvary 

• 0,75 M 

-0,   4-2 M 

9 $ x li 

8 i muri ht 
Thioknaaa 

(m) 
banding íntamaU 
atrangjh bond (kp/ca ) 
(kp/on ) ««%aonad •oakad-i/ 

aurfaca 11ftInf 
at rangth 
(ko/on ) 

fro« 6 to 13 

fit» 1) to 30 

fro» 20 to 25 

fron 25 to 40 

fres 40 to 70 

» 200 

180 

160 

120 

80 

•4.0 

3.5 

3.0 

2,0 

1.5 

1.5 

1.5 

1.5 

1.0 

0.Î 

LT.0«/ 

«fior 0,5 hour« 
aft«r 2 hour« 

»ftar 24   hour« 

»I 20* 3?c 
m i* 

^15 Hit) H 

Bora« wd nail holding la dtUminod «If infro«u—tlj, *i% 

tlam « this proparty it uauilljr roq»««t«d by tho «ad uaar, hmai «I tat 

tm atandarda «ria ting in thia fi«u.    ffci« it «aa to ti» tacaaiool 

d*rdi«ation «meniti«« (miai vlthdrwl ptr«andtmil*r «4 p*r*U«l to taa 

F Additional t«at for ««»tharoroof bondad partici« boarda baa id«« ta« time 
«aaa aa«aon«4 («ftor 2 houra of laao raion m «tar »t 100^ «i --- — 
 >liag). 

Int«re«l bond ©f tba avrftoa l^ar ©f partici« «•*•*• far „—-.,*    Ä 

Î*"ÍÍÍÍÍ!íAüí,*****A**   Por WirlVi»«T » nrfioi li ft in« itranffth of   10 fea/aff 

••¡ÜÜ** ytafj»«*«*«» of a siM of 25 i 25 ».   Ha •. Vhour« ft*»« la 
•»•»•»•J* aurf%o« <ra*lity,   TS« 2-hour« figuro la indicativo of »tort 
Z!Lîî^i^LiÎJl•t*,,, *!• *+*"***• K*• *** *•** ttw baamviour in «mtor. 
According to luatriw «tandarda tho 2 houra ftpu» to ha dataraiaod for hoara« 
fjfmmtml purpo.«..   for building boaria, tao 24-hour tMt ah<mld M Min. 
Thiolm««« «trailing ahould not axo««d 15 $ fer ««torior grada» board« mê Ü % 
fjf interior erne« board*.   If taoro ia no oonéaaaatloa in üM board, tko in- 
K"!!* mi* •ir emm9% *• ••**••*•* * •#*•• of thai« figuro«.   It aar 
Jtlj for purooaaa of ««tattica, tant « variati«» of 10 i in tha a»iatur7T>oa- 
TÜ** î"î ^L*^ ow^ * variation of tba board «a «oiitur« oontaat of 
S*îli:î % JK! ^ •"•"^ • ********* *» «*«•**•• of 0.« % and « rarlatlaa ia I«*«*« or width of m auoh «a 0,03 ft» 

AMé 
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plan« of the board, pull-through resistance of screw and nail heads, sheer 

strength of eide of hole, (ridici withdrawal p rallei to the plane of the 

boards), the influence of the distances between the screws and nails, the in* 

fluence of the distances of the o ere we and nails fron the edge of the wood, 

etc.) and to the different B hap OH of the screws and nails.    Experience shows 

that boards with % food bending strength and i good internal bond ileo have 

food screw and nail withdrawal properties. 

Based on conditions of manufacture particle boards are always curved to 

eosjs decree,    according to the opinion of the Austrian Wood Research Institute 

hewing | 1 sa per 1000 na of length may be tolerated.    Boards bowing 1 - 2 MI 

out of the true may be regarded as slightly ourved, boards bowing «ore than 

2 mm are regarded as pronouncedly curved. 

6.    Suffice «malitari 

One «ethod of examination is defined in BS l8ll.    (Methods of test for 

Wood Chipboards and other Particle Boards),    at present the international 

sooeptanc« of this method is being discussed by ISO/TC 89.    The following table 

liait velues which are being used at the lustrina Hood Research Institute 

applying the above-mentioned British Standard. 

7.   alam^imsbllltjr^ 

It is a basic requirement that smooth, sharp sdges efcould be obtainable 

if using high quality tools.    Tool wear is also of great importance.   At 

present a test method is being discueeed by ISO/TC 89 (see ISO/re 89, SC 1, 

MO 8, Draft Proposal 179, Pibro building boards, determination of sané 

quantity).   Tais draft deals with the determination of sand content.   Purtaar- 

•ere, the paintability is of interest, and a suitable method ie also aste« die- 

cussed (see ISO/PC 89, SC 1, WO 8, T>raft Proposal 178, Flora building boards 1 

Determination of faint absorption). 

consist of one layer only with or without oylindrical o&vitiee 

parallel to the direction of production.   Tas partióles ara aituated ohiefly 

with their longitudinal axis perpendicular to the plane of the board.   Extruded 

board aay be uneanded, or covered on both aides with vaneara, plywood, hardboard 

or ether overlays.   They are glued with urea-fomeldehyde ree in.   Vaneara may 

be glued to the board either with urea-formaldehyde reein or with phenolio- 

formaidshyde resin. 
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1.    Di—IllOBlI 
l«nfth and width, tol««ne« u for flat pr««««d board« 

thiokn««« without ovorlay ¿ 0,3 MI 

thiokn««« with ovorlay • 0,5 am 

••   StMMftht . 
^n«B«n«««nwn««n^^B^^^ m 4\   M ^k  M 

Thickn««« indiné*'    Tonai I« -*  Surfac« liftinf* 
(MI)                                         «tronjth     «trangih     atraiifth of tho ovor- 
 (My/??     (kp/o?)     lay (hy/M?) 

boards without oaviti«« 
up to 16 ^ 50      > 4,0 

board« without oavitit» 
16, to 25 40 3,5 

board« with caviti«« up to    30 40 4,0     )      "3«>   1© 

board« with civiti«« exc««dinf 
JO, to 45 25 iiO 

with oaviti«« iwMdlm 45 K> 2,0 

coord in* to T90-R«c 816 tho«« aro board-lik« product« fro« llt»ooolíalo*** 

fibra« bondad primarily by foltiaf of tho partiel«« and by natural bondia* 

forco«.   Tho board« »ay contain %onooivo« and/or »dditivoo.    Aooofiiaf to 

th«ir doBOlty on« ha« to di«tinfui«ht 
(i)   porou« wood fibr«board« with a d«Mity bolo« 350 k«/«3 

(with bituo«n addition« bolow 400 Kf/«3)| 

(il)   •••i-hardboard« with a donsity fro« 350 to It» h*y%*| 

(ili)   hrrdboard« with a donaity «bovo 800 kt/«3. 

fi« ahoy —ntlon«d ra&f«« of d«n«ity «hould only «how th« typo« of mM. 

It* ©OBnoroial MMìUH vary wit hi« narrower liait« and ony M MUotod by *** 

«j«*ufaotur«r.   Boaria nay M «nooth on both «id««, onooth OB OB« «id« «M OB 

too oth«r «howiac th« vufciaf ©f tho «iovo, er «andad, or thoy «y *• MMMÉ OB 

both «id««.    Board« nay hav« on« or nor« layon,   hoar* %ho oo*«to*t noi«t«fO 
ooBtOBt of tho board i« nor« than 18 i and thorofof« fun*ml attaok io poooibl«, 

^raioondieuUr to th« direction of production. 
*/p«rall«l to «ho diraotion of production (idontioal with tho into»*l bond 

of flat praoaod board«). 
^Hrpondioular *%$* pUtm of tho board. 

•k^Uii. 
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and where attack by  insects may occur, boards must contain a preservative 

Mid muet be tested sepintely.    If the boards contain fire retardante the 

samo necessity arises.    Protected boards must bo specially marked.    The boards 

•hould be free from faulte, and should have a regular appearances except for 

•aar   dark spots and slight irregularities from the sieve «writings, which are 

caused by occasional  repairs to the sieve.    The colour of the boards depends 

on the  raw material utilized.    Colour additives which are not affected by 

sunlight »re permitted  if they do not hide the fibrous structure of the board. 

The following requirements must De fulfilled (see table). 

%    Tb* quality obtainable by products made froa annual plants 

In the foregoing chapters, considerations were »ade regarding production 

control and testing of the final products,    we have attempted to giv» an idea 

of the desirable limit values.    Concerning the latter,  it oust be stressed that 

ta» list of data given has been simplified and is therefore incomplete, and in 

som« points data deviate from the existing standards.    The limit values «ere 

selected in order to correspond to the requirements of general and building 

uses a« required in the industrial countries.    They were originally »elected 

to be easily o ley ed if using suitable wood species.    Por judging the products 

- empecí ally particle boards - in addition some properties were considered, 

which are not dealt with by most of the testing standards, but which appear 

to be essential. 

Surveying the not very ample literature available in the field of annual 

plants, one notes the extraordinarily high harvest yields of these re» •*- 

terials.    R. He seh calculates this    ield at 2.5 tian» as high as the harvest 

of wood for fibr»boar4» in the entire world.   There art some particular proper- 

tie» of the «anual plants which provide the reason» way tèay hav» net yet been 

utilised.   Beside» the difficulties of transport and storage, each raw an- 

tarlai requires a specific method of conversion into basic product» ia orear 

to attain the above-mentioned liait values.   Basing on opinion» on tarn publica- 

tions available, taats i» no doubt that the necessary qualitiee may be achieved. 

Ravertheless in each oaee the necessary investment ha» to be coneidered ia 

order to oompete with the raw materials already ia us«.    It must be mentioned 

that equipment is availabls which ha» been developed for each partieular raw 

material.   Furthermore the consumer» prefer the well-aaowa product»,    say new 

proafect» aast either put up with the situation or pioneer man market»¿   Proa 

tata antat of via« no liait valu«« oan be 

am 
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Both teehnioians and manager», nut investigate the marketing condition», and 
mitt product the appropriate product in a constant tjuality.   As mentioned ahwe, 

on« »ay lower one property of a product by about 30 % leaving the other pro- 

pertiee constant, in order to make up for any higher production oost». 

Alternately, all propertiee together may be lowered hy 10 %   To ri»k «or« 
would be too dangerous.   In genomi, the higher any contrôlai ri«k ii, the 

•ore etreee met be put on the control of hoth production and of the final 

product* 
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Saleotcd Biblioffrapiy 
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