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PREFACE 

The United Nations Industrial Development Organization (UNIDO) 

was established in 1967 to assist developing countries in thei1 

efforts towards industrializatioh. Wood is a virtually universal 

material which is familiar to people world--wide, wht>ther grown in 

their country or not. Wood is used for a great variety of purposes 

but principally for construction, furniture, packaging and other 

specialized uses such as transmission poles, railway sleepers, matches 

and household woodenware. UNIDO has the responsibility within the 

United Nations· system for assisting in the development of secondary 

woodworking industries, and has done so since its inception, at 

national, regional and interregional levels through projects both 

large and small. UNIDO also assists through the preparation of a 

range of manuals dealing with specific topics of widespread interest 

h . h . ' d k" l/ w ic are com.11on to most count r1es woo wor ing sectors.-

The lectures co:nprising this set of documents are part of 'JNIOO's 

continuing efforts to help engineers and specifit>rs appreciate the 

rol~ that wood can play as a structural material. Part 1 consists 

of 6 out of the 36 lectures prepared for the Timber Engineering 

Workshop (TEW) held 2 - 20 May 1983 in Melbourne, Austrdlia. The TEW 

wa~ organized by tNIDO with the co-operation of the Co:r.mon~ealth 

Scientific and Industrial Research Organizaticn (CSIRO) and funded by 

a contribution made under the Australian Government's aid vote to the 

~nited Nation~ Industrial Development Fund. Administrative support 

was provided by the Australian Government's Department of Industry and 

Corr.merct-. The rt>maining lc:c.tures are r~produced as Parts 2 to 5 

c.ov~ring a wide range of subjects, including case studies, as shown in 

the l;~t of contents. 

!'A fuller summary of these activitiu is availablf in a broc.hure 
entitled "l~~IOO for lndunrializacic,n, Wood Prcicessing and Wood 
Products", Pl/78. 
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These lectures were complemented by site and factory visits, 

discussion sessions and assignment work done in small groups by the 

participants iwllowir.6 the pattern us~d in other specialized technical 

training courses in this sector - notably in furniture and joinery 

production!/ and on criteria for the selection of woodworking machinery!/. 

It is hoped that publication of these lectures will contribute to 

greater use of timber as a structural material to help satLfy the tre

mendous need for buildings: domestic, agricultural, industrial and 

conmercial as ~ell as for particular structures, such as bridges, in 

the developing countries. lt is also hoped that this maLerial will be 

of use to teachers in training institutes as well as to engineers and 

architects in both public and private practi ~-

Readers should note that exaffiples cited are often of Australian 

ccnditions and may not be wholly applicable to developing countries 

despite the widespread use ~f th~ Australian timber ~tr~ss grading and 

strength grouping systems and the range of conditions encountered in the 

Australian subc~ntinent. Readers should also note that the lectures 

were usua1ly accompanied by slides and other visual aids, together with 

informal comments by the lecturer, for addtd d~pth of coverage. 

The views expressed are those of the i~divid~a! ~uthors and do not 

nece~sarily reflect the views oi UNIDC. 

!/Lectures reproduced as 10/108/Rev.1. 

!1Lectures reproduced as 10/247/Rev.1. 

,,. 
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INTRODUCTION 

Many developing countries are fortunate in having good 

resources c-f timber but virtually all countries make considerable 

use of vood and vood products, vhether home-grovn or imported, f'or 

housing and other buildings in both structural and non-structural 

applications, as vell as for furniture and cabinet vork and 

specialized uses. It is a familiar material, but one that is 

all too often misunderstood or not fully appreciated since wood 

exists in a great variety of types and qualities. 

There are certain vell-knovn species that almost everyone 

knovs of, such as teak, oak and pine, vhile some such as beech, 

eucalyptus, acacia, mahogany and rosevood are lmovn primarily in 

certaitl regions. Others have been introduced to videspread us~ 

more recently, notably the merantis, lauans ant! keruing from 

Southeast Asia. Plantations also provide an incressing volume 

of wood. Very many more species exist and are knovn locally and 

usually used to good purpose by those in the business. 

The use of timber for construction is not nev and, in fact, has 

a very long tradition. This tradition has unfortunately given vay 

in many countries to the use of other materialE vhose large ind~tries 

have successfully supported the development of design information and 

teaching of engineering design methods for their materials - notably 

concrete, steel and brick. This has not been so much the case for 

timber despite considerable efforts by certain research and develop-

ment institutions in countries vhere tk'.:•er and timber-trmed constructfon 

has maintained a stron~ position. Usually their building methods are 

based on the use of onlv a fev vell-knovn coniferous (softwood) species 

and a limitP.d nunioer or standl\rd sizes and $0"ades. Ample design aids 

exist and relatively fev problems are encountered by the very many 

builders involved. 
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~ecently, com~uter-aided design has been develoned alon~ vith 

ractory-made comPonents and fully nrefabricated houses vith the 

accomnanyinp; imnrovement in a_uality control and decreased risk of 

site probleos. Other modern timber engineerin~ develooments have 

enabled timber to b~ used vith increasin~ confidence for an ever 

vider range of structures. This has been esneciall:V so in !forth 

America, West em Eurone, Australia and !lev Zealand. 

UNIDO feels that an ir.tportant means of transferrina:r this 

technology is through the organization or specialized training 

courses aimed at introducin~ engineers, architects and snecifiers 

to the subject aud esoecially draving to their attention the 

advantap;es of vood (as vell as disadvanta~es and notential problem 

areas) and reference sources so that for Particular Projects or 

st~ucturP.s, vood may be fairly considered in comnetition vith other 

materials and used vhen an~rooriate. Cost comparisons, aesthetic 

and traditional considerations ~ust naturally be made in the context 

of each country and nroject but it is honed that the publication of 

these lectures vill lead those involved to a rational aporoach to 

the use of vood in construction and re!!love some of the misunder

standings and misapprehensions all too o~en associated vi.th this 

e..ncient yet modern material. 

Material in this publicatio~ may be freely quoted or reprinted, 

but acknowledgement is requested together with two copies of the 

publication containing th~ quotation or reprint. 
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FOREST PRODUCTS RESOURCFS 

W. E. Hi 1 1 i s!f 

TEW/lA 

Abo1Jt one-third of the earth's land surface has conditions ~htch are 

~uitable for the growth of forests and these conditions are usually .:\lso 

the most suitable for habitation. Consequently from the beginning, there 

has been continual conversion of forests by hu~an.3 to other uses but 

only recently has this conversion rate become significant. Large areas 

of forests have been removed in the temperate regions but that situation 

has stabilised ar.d the forests continue to produce a significant portion 

of local needs. Now th~ removal of forests is accelerating in the trop

ical and sub-tropical regions where the population increase is rising 

rapidly. These latter regions have provided and can continue to provide 

timber f~r local use and for export but from many species having proper

lies d!f ferent from those of timbers of temperate regions. 

Fot"ests prnvide both materials ... ~ -1. energy. Over one-half the wood felled 
globally is used for fuel. In S(,.. countdes the propot"t ion is over qQ% 

and the high c~nsumption of trees is leading to the denudation of the 

soil anrl other changes. Over 1.3 billion people are reportedly suffering 

from an acute scarcity or deficit of fuelwood and will, by the year 200~ 

increase to 3 billion people. There is an estimated minimum need of up 

to 3 billion ml of f~~lwood and an estimated shortfall of nearly 1 

billion rn 3 annually. 

Fot"est products are the third most important commodity by weight in the 
USA and a ~jor one in all countries. Furthermore, they consume less 

energy in processing than other materials, they are less i:-olluting, 
renewable and so on. The demand for forest products is likel~ to 

inct"ease with attempts to replace materials that require high amounts of 

enet"gy, are non-renewable, and cause pollution. 

The world production of ~cod per capita peaked in 1976 <at 0.67 mJ) and 
has steadily declined <to less than 0.60 ml> so that attention to the 

. . 

amount of resources available is nece.BSllry. 

1.'An officrr of CSIRO, Division nf Chrmical and Wood Technology, 
Melhournr, Australia. 



- 4 - TEW/lA 

Considerahle advances in the avaiiubility of comprehensi'le information 
rerently became available with FAQ Forestry Papers Nos 29 and 30. These 
paper·s prJint to the difficulties in gaining accurate comparable data 

from romplP.x situat:ons and advise caution in dealing with their 

dPlai I~ figurns. Huch of the data given in this rres<:?nt pap~r dre lak.:·n 

lrom FAO No. 29 and 30 ~nd eimilarly cautior. in the use of the data of 

some countries is necessary. Some of the discrepancies between figures 

could be riue to th~ policy of the FAO team <Paper No. 29> to force a 

balance between consumption and supply in global terms on the uasis that 

a shortage of forest products will raise the ~rice uhich will reduce 

demand. 

Ti1e recent and pro]e.:ted future ::on=umpt:on of industrial wood products 

for the major regions is gi.ven in Table 1 and the estimated demand for 

wood to :Jupply those produc: ... s is given in Table 2. The total demard 

CTable 2) may be excessive as residuals from the sawlog estimates are 

used in v.:iri.=ible amounts to provide some of the needs for fibre. ~ever

theless. t.igher demands for the y~ar 2000 have been estimated by ~ome 

nbserver~. It is unlikely that current £~rest resources can prcvire, un 

•1 sustained basis, the higher estimates of global needs of forest pro

ducts for the year 2000, 

ihe availability of fared products differs from region to region (Table 

)l and interr~+ional trade has been able, in tne past, to meet demands. 

The needs will be hi1her in the year 2000 CTable 4>. The proporticn of 

the supplies of industrial softwood and hardwood from different regions 

is given in Tbble 5. 

A number nf claims have been made of the potentially large 'wood 

baskets' i" tropical countries. Many of the so Us of these forests are 

t·.hin and of low fertility so that &.·egeneration of the forests after 

harvestiny from these forests will ba slow and they are in a sense non
ranewabl~. Decisions to remove trees will need to be carefully made. 

A 1 so, the areas of productive forests are much less than expected. In 
1980 there were in the tropical regions about 1.2 billion hectares of 

closed forest C97% hardwoods) but only 670 million hectares of prod1Jct

ive closed forests over 60 years of age <considered to be the minimum 

harv~stinq oge), untouched and accessible for use. Few of the forests 

have reliable inventories Clet alone management plans) so that the 



- 5 - TEw/lA 

availability of forest products is uncertain. Less than 15 thm:sar.d 

billion m3 total growing stock exist in the productive closed forests 
and their growth rates are mainly below 2 m3 /hal:tr <Table 6). The 

productivity of these forests is very low <Table 7l. 

Few trees of thP secondary tropical species yield logs of suitabl~ shape 
or size for economic conversion to solid wood products even wh~n they 

are accessible f~r harvesting. Furthermore big losses in re~uvery can 

result from low wood quality such as the presence of decay, discolorat

ion, reaction wood, brittle h~art, very high and very low density woods, 

rapid deterioration of fallen logs in tropical climates, abrasive woods 

and gen~ral variability within and between logs. uuality is iower in 

partly utilised foresta. Lumber from secoooary species faces the prob

lems with marketing material of unfamiliar and variable properties and 

ir.ternational standards that are framed for the use of familiar species 

from temperate climates. All these obstacl~a r~sult in the current 

wastages. 

Tropical America has 68% of undiaturbed productive closed broadleaved 

forests 1trop1cal South America C.5% and mainly in the Amazon Basin>. 

t.ropical llfrica 1R%, whereas tropical Asia >1itn its huge populatic·n only 

14~~. It has been estimated the aver-age a!lnwl production of indu~tnal 

wood from t.ropical countI-ies i11 the 1983 i:.c 1987 period will be 215 

million m3 1.1ith 37.5% coming from Amecican countries, 24.1~. frnm Africa 

and 51.2% from Asia. 

RC'newal or these forests is rapidly falling behind deforestation <Table 
/3), However, high growth rates exceeding JS m3 /ha/yr have been achieved 

in some of the ~lantatione that have re~ently be~n established, but ':he 

quality nf tM wood from these sources will differ frn:n that obtained 

from slow-grown treP.s of ihe .:;ame species. In time, wood of ~uperio~ 

quality nh•J1Jld be obtained. 

The need for fore~ts and their products depends on population. The world 
population of ,1bout 4 bi 11 ion in 1 ~75 was mainly in the A.Pia-Oceania 

region C.::ibout. S6%) following by Europe (14~.). Africa ClC'.5~•>. South 

A111er ic<s c 7% >. USSR C ~. 7%) and North America < 6 . .)% 1. It has beE:!n estim

~ted the populetion will grow to more than 6 billion by the yeac 2000 

and ~.o 10 bi 1 lion by 2030. ,,bout 90% of th~ population increl'lse will 
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tah' pl,1•:-o> tn the pom-~sl tropical regions. uhern half the 9lc:b..1l 

irin~sts ext~+: and mainly rn 'frica. folloued by ~.outh Ame1·icd and then 

A.:>i'1 <Table 9>. 

The other m.1JtW reserve of forest prrxlucts is in the USSR \.lh1r:-h i~ the 

major producer and consumer of softwood lumber ard has tim~r reserv~s 

exceeding 75 billion m3 uith an annual increment of 575 million m1 , 

most of uhich is in the taiga regions of the Siberian ard Soviet far

enst forest~ containing an estimated 70% of the world's conifers. These 

vast resources uhi'.:h are being harvested at well over 1 mil lion ha/yr 

suffer frnm very slou grouth rates, difficulties in regeneration. poor 

.1r.:u~ssihi lity Cfor about 36% of the area> and remoteness. CurL·ently mar€: 

th.in JOO mill 10n m1 of ioeustrial "mod are cut annually ad mainly in 

lhe Ural region. The established plantation~ cover an area of 5.2 mill

ion ha and lire being incre.~sed at a rate of 800, 000 to 900,000 ha/yr and 

t_hl?y .<ire be1 r.g managed on 80 to 100 year rotations. The USSR pkns to 

~a1pply 447 million m1 of induEtrial wood from all its resources ir. the 

year 2000. 

Somt! tentat_ ive estimates of supplies available in other regions are 

given ir. Table 10. 

It. is r!xpect.er.i the incren3e in demand for softwood sawlogs uill he at a 

1.2~ level ~nnually betueen 1980 to 2000. Supplies to meet the projected 

•1rowth frnm 676 to 862 million m3 in 2000 2hould be adequate but they 

·lP.! t-!Xpectel'.l to be tight in the developed economies. Houever. the demand 

for softwood f ibrelogs is projected to increasP. 2.3% annually. Consequ

tor1t 1y th-=- riutput of both softuood sawlogs arrl fib>:elogs is expected to 

be .~tre':.c:hr·r:l r-losP. to their physical supply limits ty 2000. 

ThP. world r.Ctn3umption of industrial wood from hardwoods is expect:e-d to 

rise from 443 million ml to 673 1;iillion m1 in 2000 or at a rate of 2.1~~: 

morE' than half of this uill ro for pulp pr£:oparation. It is expected 

th'::i-e will be insufficier.t residuals to r .. eet the demands for 

recrmst i tuU!d boards. 

Ir• the ahs~'l::"E' of \.lidespr~ad disasters such as disP.ase, insect attack 

and fir .... t.here ~ppear to be sufficient supplies to meet glol:nl needs h 

t ti ... yMr VOO although soMe regic,nal supplies 1.<ill be iMdequllte. Beyond 
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thal t.im~ the supp~ies of for-est products f.Jr materials and fu~i for

rhfft?rent 1·egions will become increasingly imdequatP. Altenwtt.1vt:> 

materials ;:\re lik~ly to be more costly. Accordingly, in v1e1.: .:if U.e long 

qrouth period required for trees. greater- efforts to inc-re3s.:- the .~u-ea 

~nd yii!ld of forests and plantations for the sustained supply .:if ~ood 

ilre nou needed. Furthermor-e. incr-~ased attention must be given ~o the 

impr-ovement cf the convecsion yields of wood from trees and to the 

ef f icien~y of the use of wood in various applications. 

REFERENCES 

FAO Forestry Paper No. 29 <1982). world forest pr-oducts: demand and 

supply 1990 and 2000. 

FllO ForP.;3try Paper No. 30 (1982). Tropical forest resour-ce"J Chy .J-P 

Lenly). 
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TABLE 1 
CONSUMPTION FOR THE YEARS 1980, 1990, 2000 

INDUSTRIAL WOOD PRODUCTS''' 

TEW/lA 

--· --------- . ------ -----------------------------------------
1 
I Pr:oduct I _____ _ 

I I I 
I Sawnwood IWood-based panelsf Paper: 

RE-gion I <million m3 ) I (million rr,l) I <million m') 
I I I _________ _ 
I I I I I · 

I I 1980 I 1 990 I 2000 I 1980 I 1990 I 2000 I 1980 I 1990 I 2000 

'-------------------'---'---'--'---'---'--'---'----'---1 I I I I I 
I WORLD 455 520 I 570 109 I 141 169 180 I 256 I 357 
I Develop~d H,,u·ket 246 271 I 284 I I I 
I Economies 2 2 2 84 I 106 122 139 I 189 I 253 
I I I I 
I North America 118 129 133 41 50 55 70 I 92 I 120 
I Western Eurr1pe 74 81 86 30 40 49 46 61 I 79 
I Oceania 7 7 8 1 2 2 3 4 I 6 
I Other 47 54 57 11 14 16 20 32 I 48 
I I 
I Developing Har:ket I 
I Er:.Jnomies 46 69 90 6 11 18 17 29 I 53 
I I 
I L5tin Amer-ica 17 22 27 3 5 8 9 15 I 26 
I ~trica 5 6 10 1 2 3 2 3 I 4 
I Near- East 6 8 9 1 2 3 2 5 I 11 
I Far East 18 33 45 1 2 4 5 8 I 13 
I I 
I Centrally Planned I 
I Economies 163 181 199 19 24 30 24 37 I 56 
I I 
I USSR, E.Europe 141 154 167 17 21 2f, 17 25 I 39 
I Asia 22 28 32 2 3 -~ 7 I 12 I 17 I 

'--·------------------ ----- ---- ----- ---- ---- -- ----- '----- '----' 
Cl> Taken from FAO Forestry Peper No. 29 C1982> 
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TABLE 2 
ESTIMATED DEHAtJD FOR woon C1n million m3 > 

TO SUPPLY INDUSTRIAL WOOD PttODUCTS''' 
------- -------,-------------, 

Product I I 
-----------------------------------------' Total I 

I I I 
Region I Sawnwood I Wood-based panels I Paper:" I I ____ , ________ I ________________ I 

I I I I I I I 
1980 I 1990 I 2000 I 1980 I 1990 2000 I 1980 I 1990 I 2000 I 1980 I 1990 I 2000 I 

'--- ---'---'------'---'---'----'-----' I I I I I I 
WORLD I 864 I 988 I 1083 I 174 I 226 270 ! 504 I 717 I 1000 1542 I 1931 I 2353 
Developed Market I I I I I I I I I I I .0 
Econaaies I 467 I 515 I 540 I 134 I 170 195 I 389 I 529 I 708 990 I 1214 I 1443 
North America I 224 I 245 I 253 I 66 I 80 88 I 196 I 258 I 336 486 I 583 I 677 
Western Europe I 141 I 154 I 163 I 48 I 64 78 I 120 I 171 I 221 309 I 389 I 462 
Oce6nia I 13 I 13 I 15 I 2 I 3 j I 8 I 11 I 11 23 I i.7 I 35 
Other I 89 I 103 I 108 I 18 I 22 2!> I so I 90 I 134 163 I 215 I 268 

I I I I I I 
Developing Market I I I I I I I I I I 
Economies I 87 I 131 I 171 I 10 I 18 I 29 I 48 I 81 I 148 145 I 230 I 348 
Latin Allerica I 32 I 42 I 51 I 5 I 8 I 13 I 25 I 42 I 73 62 I 92 I 137 
Africa I 9 I 11 I 19 I 2 I 3 I 5 I 6 I 8 I 11 17 I 22 I 35 
Near Ea.st I 11 I 15 I 17 I 2 I 3 I 5 I 6 I 14 I 31 19 I 32 I 53 
Far Ea.st I 34 I 63 I 85 I 2 I 3 I 6 I 14 I 22 I j6 50 I 88 I 127 

I I I I I I I 
Centrally Planned I I I I I I I I I I I 
Economies I 310 I 344 I 378 I 30 I 38 I 48 I 67 I 104 I 157 407 I 486 I 583 I .-J 

USSR, £.Europe I 268 I 292 I 317 I 27 I 34 I 42 I 48 I 70 I 109 343 I 396 I 468 I f"l'I 
i: 

Asia I 42 I 53 I 61 I 3 I 5 I 6 I 20 I 34 I 48 51 i 92 I 115 I ...... --'-·----'-------'------'---'------ -----'-----'-----' > 

<11 Calcul~ted from data in FAO forestry Paper No. 2q <1982> 



T~BLE 3 
FOREST RESOURCES AND UTILIZATION IN lq74 tc 1976 111 

- ·-----------------------------------------------------------------------------------------------------1 I I I I 
I I Forest area 1975 !Apparent annual consumption! Net trade I 

------ _____ I_______ _ __ I ___ I I 
I 

I 
I 
I 
I 
I 

Region 
Closed 
forest 

I I I I I I 
I Irrlustrial I Forest I I Processed I I 

Other I rourrlwood l products in I Industrial! wood <in I Total Cin I 

woodlarrl I for I I"oundwood I rourrlwood I rourdwood I roundwood I 

I I processing I equivalent I leqiJivalent)le'}Uivalent>I 
1 _____ _ ____ ,_. ______ 1 ______ 1 ________ ; ______ I I I _I 

I I 
Million hectares t . . . . • . . mi 11 ion mi . . . . . • . . • • . . • . . . . . I 

I Imports- Exports+ I 
---------------------------1---------------------------------------------------------------

1 2 860 I 1 070 I 1 185 I 1 185 I I I WORLD 
Developed Market 
Economies 
North JJnerica 
Western Europe 
Oceania 
Japan 
other 

Developed Market 
Economi"es 
Africa 
Latin Anierica 
F!r East 
Near East 

693 
510 
108 
so 
25 

1 222 
203 
695 
310 

14 

I 
I 
I 
I 
I 

243 
120 

18 
100 

5 

642 
360 
180 

35 
67 

c~ntrally Planned I I 
Economies I 9-!S I 185 
~•SSR. E. Europe I 815 I 1.35 
As!~ I 130 I 50 

~----~---~------'-~~----~-! _________ _ 

I I I I I 
I 732 I 763 I -44 I -31 I 
I 412 I 390 I +22 I +22 I 

208 I 250 I -18 I -42 I 
17 I 18 I + 3 I - 1 I 
86 I 95 I -so I - 9 I 
9 I 10 I - 1 I - 1 I 

109 
10 
47 
4b 

6 

344 
287 
57 

100 
12 
47 
32 
12 

322 
~65 
57 

+32 
+ 5 

+27 

+12 
+12 

+ 9 

+14 
- 6 

I 
I 
I 
I 
I 
I 
I 
I 
I 

... 22 I 
+22 I 

I - I 

-75 
+44 
-60 
+ 2 
-59 
- 2 

+41 
+ 5 

+41 
- 6 

+34 
+34 

---------. ----------. -------' ------'----
C1l ~dapted from fAO (ore~try Paper No. 29 <19A2 1 

C2l Ir.eludes, in additior to ~ood for proce~ing, roughly 10 per cent of miscellaneous ir1dU$tri~l wood, e.g. pitpI"ope., 
pol~s. pilings norm.!lly ;JSt>'i in I.he I"ound; more than half is c~nsumed in centr-ally planned economies 

.. 

-0 

""' l"l :c --> 



TABLE 4 
EST I HATES OF WOOD REMOVALS .\ND UTI LIZ.\ T ION i N THE YE.~R 2000' 1 

' 

--------------,----------i----------------- - ---,----·----·---------------------------, 
I I Apparent consurnpt i •Jn I Net t:-ade I 
I '--------·-----------------'-------------~-- _____ I I Remova 1 of I I I I I I 

Reqion I industrial I Industl"ial I Forest i I Proces3ed I j 
I wood I roundwood I products in I Industrial I wood C in I Total (in I 
I I for I roundwood I roundwc::xl I c-oundwood I roundwood I 
I I processing I equivalent I I equivalent> I equivalent) I 

---------'- I__ '-----'-- I --'------' I I 
I . . . . . . . . . . . . . , . . . mi 11 ion mJ . . . . . , . . . . . . . . . . . . • . . I 

WORLD 
Developed Harked 
Economies 
North America 
Western Europe 
Oceania 
Japan 
Other 

Developed Market 
Economies 
Africa 
Latin America 
Far East· 
Near East 

I 
I 
I 
I 
I 
I 
I 
I 

Centrally Planned I 

2 085 

1 093 
642 
320 

58 
58 
15 

365 
60 

124 
161 

20 

1 930 

1 138 
617 
325 

41 
143 

12 

274 
28 

108 
128 

10 

I 

I 
I 
I 
I 
I 
I 

1 930 

1 190 
581 
384 
30 

175 
20 

238 
21 
98 
96 
23 

· Imports- Exports+ 

I 
I 
I 
I 
I 
I 
I 
I 

-78 
+10 
-16 
+16 
-86 
- 2 

+44 
+10 
+ 5 
+29 

I 
I 
I 
I 
I 
I 

-52 
+36 
-59 
+11 
-32 
- 8 

+36 
+ 7 
+10 
+32 
-13 

I 
I 
I 
I 
I 
I 

-130 
+48 
-75 
+27 

-118 
-10 

+130 
+17 
+15 
+61 
-13 

Economies I 627 I 518 : 502 I +34 I +16 I +SO 
USSR. £.Europe I 531 I 444 I 428 I +34 I +16 I +50 

I 

I Asia I 96 I 74 I 74 I - I - I - I 
'-------------- '------------- '-------------- '---------------- '------------ '------------ '------' 

< 1 > Ta.ken from FAO Forestry Papet· No. 29 c 1982 > 

--

o-l 
l"1 a: ........ -> 
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TABLE S 
SUPPLY OUTLOOK FOR INDUSTRIAL ROUNDWOOD IN THE 
YEARS 1980 AND 2000 FROH DIFFERENT RECIONS'' 1 

TEW/lA 

I 
I 
I Amount 

Softi.1ood Harduood 

I supplied by 
I 
I 

'------
North America 
Western Europe 
Japan 
Latin America 
Asia, Africa, Oceania 
Centrally planned 
economies 

IntP.tTegionol 
shi[!!!ents Cin million m3 ) 

Saw logs 
Pulpwood 

1980 
% 

38.8 
17.7 
2.5 
2.2 
2.5 

36.3 

22.7 
18.6 

2000 
\ 

34.2 
16.4 
3.5 
4.4 
5.0 

36.3 

32.3 
28.0 

1980 
% 

23.0 
16.0 
3.0 
7.0 

30.0 

21.0 

24.8 
6.7 

2000 
% 

24.0 
14.0 
1.0 
9,0 

35.0 

17.0 

18.8 
24.4 

------------ -------- --- ----- ---- ----
Cl> Taken from FAO Forestry Paper No. 29. 

TABLE 6 
TOTAL GROWING STOCK ESTIMATED AT END 1980 

CLOSED FORESTS CBROADLEAVED AND CONIFEROUS> 
<in billion ml) 

I I 
I Productive I 

Tropical 
Region 

'--- --~-~ ~-------------' I I I 
I Unmanaged I I 
I Kanaqed I Total I 
I I I 

I I Undisturbed I Logged I I I 
'--------·------------' ---'------'---'-------' I I I 
I America I I 

1n 

I < 23 countries> I 71. 3 7. 2 I 
I I I 
I Africa I I 
I <37 countries> I 30.3 8.2 I 
I I I 

0.02 78.6 

0.2 38.8 

I Asia I I 
I C 16 countries) I 21 . 2 6 . 6 I 3 • 6 
I __________ . __________ ,________ ---- '----- -----
1 I I 
I Total I I 
I <76 countries> I 123.0 22.0 I J.8 I 149.0 

'- --·----------------'------ -'-------' ---------

31.4 

C 1 > Adapted from FAO Forestry Paper No. JO. 
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TABLE 7 
~VERAGE ANNUAL PRODUCTION OF SAWLOGS AND VENEF.R LOGS PER 

HECTARE OF PRODUCTIVE CLOSED FOREST (1976-1979> 
<in m~/ha/yearl••> 

I I 
I Closed I I Closed brOdd-

I Tropical 1 broadleaved I Productive I l~v~ and 
I productive I coniferous I coniferous I region 

I in I forest I forests I f or.ests 
I ______________ _ 

Tropical Americc 
<23 countries> 

Tropical Africa 
C.37 countries> 

Tropical Asia 
C 1 S countries> 

, ______ , ________ I 

I I I 
I I I 
I o.04 I 0.62 I 
I I I 
I I I 
I 0.09 I 0.26 I 
I I I 
I I I 
I 0.38 I 0.49 I 

·----' I I I I I 

0.06 

0.10 

0.39 

All the 75 countries I 0.18 I 0.58 I 0.14 I 
-·------------·----------' __ I ____ I ____________ I 

I I I I I 
I Europe without the I I I I 
I USSR (25 countries> I 0.62 I 1.40 I 1.08 I 
1.-------------------______ I_ I___ I _________ I 

Ct> FAO Paper No. JO 

TABLE 8 
ANNUAL RATES OF DEFORESTATION AND PLANTATION DURING 1981-1985 

Cin million hectares''' 

I I I 
I I Annual rates of deforestation I 
I I_ -------------' I I Tropical I I Plant~_tion: I 
I region I Tree formations I Plantation! deforestation! 
I in '-------- I I ratio I 
I I I I I I 
I I Closed I Open I All I I I 1 ______________ .1 _______ 1 ___________ 1 ___________ 1 ___________ 1 ___ . __________ 1 

I I I I I I I 
I America I 4.3 I 1.2 I 5.6 I 0.5 I t:tO.S I 
I I I I I I I 
I Africa I 1.3 I 2.3 I J.7 I 0.1 I 1:29 I 
I I I I I I I 
I Asia I 1.8 I 0.2 I 2.0 I 0.4 I 1:4.S I l _____________ I_ I 1 __________ 1 ________ 1 ___ .:_ _________ I 

I I I I I I I 
I Total I 7. 5 I · 3 • 8 I lt. J I 1. 1 I t : 1 O I 1 _______________ , _________ , ___________ , ____________ 1 ___________ 1 ______________ 1 

Cl> Adapted from FAO Paper No. 30 



TABLE 9 
FORE3T A1:EA ANf1 POPULATION IN THE TROPICAL REGIONS AND SUB-REGJfl~JS IN 19i30' 1

' 

·----------------- --- --·-----···· .... -- ---------------------------------··--------- ·----- -------·-- ---------------------
I I 

S;Jb-region/region 

I 
I 

I I 
Total at'ea 

Cin 
million 

ha> 

I Total population ~gricultural population: 
1----------------------------------- ------------------------1 

Tree I I I Rate of I Rate of I 
cover I Total !Density/ha I annual Total I annual I 
\ I Cin I of tree I growth Cin I qrowth I 

I million ha>I area I 1975-1980 million ha>I 1975-1980 I 
I I I % I " I 

-----------------------------1----------1-------- ------------1-----------1---------- ------------1-----------1 
Centr-al America I I I I I I 
ard Hexico I 247 I 27 92.6 I 1.38 I 3.31 36.6 I 1.31 I 

CARICOK I 25 I 79 4.4 I D.22 I 1.54 0,9 I -1.26 I 
oth'r Caribbean I 45 I 59 22.2 I 0.84 I 1.95 9,6 I 0.69 I 
Tropical South I I I I I I 

Latin America I 1362 I 57 202.6 I 0,26 I 2.84 73.2 I 0,81 I 
-----------------------------1----------1-------- ------------1-----------1----------1------------1-----------1 

TROPICAL. AMEPICA I 1680 I SJ 321.8 l 0,36 I 2.89 I 120,3 I 0,93 I 
-----------------------------1----------1-------- ------------1----·-------1----------1------------1-----------

Northern savanna region I 424 I 10 29.6 I 0.68 I 2,bS I 24,S I 1.99 
West Africa I 212 I 26 113.8 I 2.04 I 3.19 I 64.9 I 1,81 
l:entral Africa I 533 I 63 48. 0 I 0. 14 I 2. 60 I 35 .1 I 1. 88 
E Africa & Madagascar I 881 I 25 149.7 I 0,69 I 2.95 I 116.1 I 2.23 
Tropical S Africa I 140 I 36 1.8 I 0,04 I 2.e1 I 1.2 I 1.68 

----------~-----------------1----------1-------- ------------1-----------1----------1------------1-----------
TROPICAL AFRICA I 2189 I 32 343.5 I 0,49 I 2,95 I 241.7 I 2,09 

-----------------------------·----------·--------1------------·-----------·----------·------------·-----------
South Asia 
Continental S-E Asia 
Insular S-E Asia 

449 
119 
255 

15 
40 
58 

895,4 
83.0 

216.8 

13.45 
1. 74 
1. 47 

2.46 
2.71 
2.55 

580,4 
54.2 

119,4 

1.57 
1.84 
1. 22 

Centrally pl~nned , , . . 
tropical Asia I 75 I 48 I 64,9 I 1. 78 I 2.28 I 46.2 I 1.49 

Papua New Guinea I 46 I 83 I 3.0 I D.08 I 2.54 I 2.5 I 2,(18 
--·---------------------------1----------1--------1------------1-----------1----------1------------1-----------

TROPICAL ASIA I 945 I 36 l 1263.2 I 3.75 I 2.43 I 802.8 I 1.53 
i-----------------------------1----------1--------1------------1-----------1----------1------------1-----------

-:';;..tal 76 countries I 4814 I 40 I 1928.5 I 1.00 I 2.63 I 1164,9 I 1.58 
----------' - --------- '-----·---' ------------ '--------- '---- '---------1---

!ll Froill FAO Forestry Paper' No. 30. 

' 

.... 
~· 
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TABLE 10 
ESTIMATES OF ANNUAL SUPPLY AND GROWING STOCI\ 

-------- . - ---,----------------- -----------------------------------------
! Supply I I ________________________ I 
I I I I 
I Softwood/ I 1980 I 2000 I 

Region/Country Comments 

I hardwood I <million mJ> I <million mJ) I 
________ 1 _____ 1 _. ---'------------ '-----------------------------

North Allerica 
..:anada 

USA 

Western Europe 

Japa'n 
Latin America 

Brazil 

Chile 
Mexico 
Far East 

South ;,f Sahara 

North Africa -
Hid-East 
Oceania 

I Eastern Europe 

' I I USSA 
I 
I China 

'---------------------
• Including residuals 

s 
H 
5 
H 

s 
H 
s 
H 
s 
s 
s 
H 
s 
H 

168• 
21• 

267• 
88 

300• 

SS* 
27.4 
32 
5.7 

24 
4.1 

5 
102 

6.3 
34 

217• 
21• 

317• 
142• 
387* 

58* 
71.3 
62 
32 

25 
4.0 

23 
169 

13 
57 

Growing stock 38 billion m3 .. .. 18 

20 

.. .. 11.6 " " C in 2000 > 
Increment 361 million m3 /yr 

Gc·owing stock 100 billion mJ 
3.5 million m3 plantations (in 1980> 

Large resources 

Large resources 

9 I 17 . 
s I 14* I 38• I Exports 6,6 million m3 in 2000 
H I 12 I 20 
s I - I 55 . 
H I - I 36 I Growing stock 3,9 billion m3 

Increment 120 million m3 /yr Cin 2000> 
447 I Growing stock 75 billion ml 

Increment 575 million ml/yr 
I - I - I Growing stock 4,6 to 7 billion m3 

-----------'-------------'--------·------'--------------------------------------

I 
I 

I 

.... 
U> 

..... 
rrl a: ........ .... 
> 
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TIMBER ENGINEERING AND ITS APPLICATIONS 

IN DEVELOPING COUNTRIES 

John G. Stokes!/ 

TEW/lB 

For many centuries wood was the stnrtural material most widely 1_·!1ed 

throughout the world, ard it ws used bP.cause it was available, was 

understood and it could be easily 'lolOrked. Additionally, there were no 

options in many applications. 

The onset of the Irdustrial Revolution in the developed world brought: 
with it an increasing availability of wrought iron ard later st.eel sect

ions, and engineers were quick to devise eff Pctive w~ys of fastening 

these sections toqether. 

Firstly bolts ~nd then rivets enabled iron bridqes and tall steel build
ir~s to be safely built. The evolution of welding brought an even more 

effective and predictable fastening system which appealed to engineers 

and enabled the desiqn process to move from empirical data to a precise 

and predictable engineering basis. 

Likewise, reinforced concrete develof.e(i rapidly as a predictable mater
ial of construction to which similar methods of engineering design could 

be applied. 

Not so for wood, hovever, and, whilst thousands of wooden bridges and 
buildings were erected, engineers tended to move away from wood as a 

~tructural material. using it in the main for ter.;p0rary structures, 

fonnwork and in daneatic houses of a permanent nature. 

Why did this happen? 

Firstly, wood behaviour is only predictable to a deqree which will 
satisfy knowledqeable engineers when it is well sawn to a standard eize, 

is free of such faults as would cause its strength to foll below agreed 

! 1vice-President, Interna~ional Gang-Nail Systems Limited, Perth, 
Western Australia. 
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liinits. is at or below a predeter111ined ard aqreed 1nOiature content. is 
of a knmm species or rm agreed group of species whose characteristics 

are known •. )rd 1 £ not resistant to insect and fungal attack. has been 

t.reatad to ensure an adequate structural life. 

Wood has m.111erous virtues, many of which were well knowr. to mediaeval 
tiinber engineers and their successors in the western world and to 

ancient craftsmen of Asia and the Americas. 

Hence we have seen wood used as a structural material 'in the round', as 
poles. piles and beatns. and even today excellent traditional house'J can 

be seen in Borneo. Thailand, Laos, Cambodia, Polynesia and Micronesia, 

of which the main frame is based on poJ -~ or balftboos used in a most 

effective fashion. Likewise, some innovative architects in Australia, 

Ne\.I Zealand .1nd North Amari.:; .. have produced and built houses based on 

treated softwood poles which are most ele(Jant and attractive striictures. 

Pole barns are widely and effe tively built ard used on farms in North 
America and, to a lesser extent, elsewhere. 

Wood can be readily worked. It can be sawn, split, hewn, adzed, nailed, 

dowelled, screwed, carved, drilled.· routed, planed, shaped. sanded. 

bent, finger jointed, laminated, spliced and peeled. 

It can be changed and reconstituted through chemical preSP.rvation or 

fire retarding, densified and resin impreqnated. 

LikeYise, it can Le e~~loded or abraded into its constituent fibres and 
then reconstituted a~ hardboard or chip lxlard or paper. 

Tt can be ground into explosive wood flour or mechanically converted 
into \IOod wool or chips or flakes which, in turn, can be rebuilt into 

panel products uainq glues or cement as a barding agent. 

FrOlll all of these elements a vast family of building materials, papers 

and cardboards are reconstituted.-

Despite all of these virtues wood lr..st qround as a structural material, 
and a nllllber of factors were involved, 
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Hany ambitious wooden bdJqe structui-es failed during the 19th Century 
bec~use of the lack of adequate f~stening devices: the lack of clear 

understanciing of certain engineenTll.J fundamPntala particularly important 

in tunber engin~ering and the lack of stress grading facilities. 

These com~licating factors were quickly taker. care of in iron and steel 
sections which, within certain limits, did what they purported to do and 

hence were attractive to the engineering profession. 

Likewise, r-einforced concrete quickly showed itself to be reasonably 
predictable pr-oviding many criteria; some of them hard to achieve, were 

met. 

With wl)()ci, the criteria outlined above have been met only in the last 
two decades and reliable, structurally stress graded predictable wood 

sections are now available today throughout the developed world. 

3econdly, and regrettably, fastening systems for wood did not keep pace 
with those available for steel. No process developed for the welding of 

wood until something akin to this wa~ invented in the late 1950s. 

The first improved joint for wood was the TECO Split Ring Connector 
which was dP.veloped in the early part of the 20th Century and this was 

followed by the development of finger joints in the United States and 

Germany in the 1950s whic~ revolutionised firstly the Glulam Industry 

and has now been used in the manufacturinq of trusses both os members 

and as a means of jointing trusses. 

Improved glues e111er-qed in World War II to the extent that the succeaaful 
Mosquito Fighter Bomber was desiqned as a glued wood structure and reli
ably achieved design strength and life. Whilst pr-operly glued joints 

equate to welded joints, the technical problems of maaa producing glued 

stn.r.tural joints have not yet been conquered. 

I refer to the concept of producing a custom truss uainq finger joints 
at the panel points. which ia being done in parallel chord truaaes for 
concrate formwork but hu not bean maat.tred for cuatom built house 
truuea of varying pitch and pr-of ile. 
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Glue laminated !'tructurea in wod became increasingly evident ard 
aLcPpted after World War II. made possible by the rapid improvement tn 

glues ard gluing techniques and improved techniques for drying wood to 

allowable mQistu=e c~ntents without. significant distortion. 

The not so favourable economies of 'Glu Lam' construction, however, in 
most co•mtries outside the 'Jnited States, has slowed the widespread use 

of g lulam despite its prP.dictabil i ty and aesthetic attractio:us. 

In other words, Glular in most other developed countries does not rival 
the widespread usage of Glulam beams in North America. Neve~heless. 

theC"e has been an impressi•·e expansion in the use of stock Glulam beams 

in Australia and New Zealand ~nd in Europe where its high strength, 

predictability and aesthetic appeal are winni'lg fav~ur. 

The CSIRO here in Australia has been a most significant contribut~r to 
the successful growth of the market for engineered timber prc-Ju:ts as 

has been the New South Wales Forestry Dep..~rtment's Division of Wood 

Technol_oqy in Sydney, l}nd their work in this field is world renowned. 

Just wnat is timber engineering? 

Broadly speaking, I believe that most of us would be in agreement that 
timber engineering is that section of the field of wood technology 

c; 'llprising toe researc:-,, design, fabrication and erection of wocxl 

structures whether the end use be a chair, a beam, a bridqe or a roof 

structure. 

It is becoming increasingly evident that today's ti;nber enginP.er can no 
longer be solely a researcher or a designer or a production man in 

isolation because he lives ond works in an environment where cost is a 

vital factor and alternative mate1·iala are constantly being developed. 

Hence he must have technical knowledge and e">ilities plus a strong comm
ercial outlook embracing the many col'l8traints of the real world, which 

range from an in-depth ':."'.deratandinq of his materials, to posaes~ing a 
keen sense of qualjty consciousness consistent with the clear kncn;ledge 

that his end product, be it a table or a wooden bridge or wall frame, 

must be slender, strong and economically affordable. 
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The latter point is of particular siqnif icance in the developing YOrld. 

B~fore moving into detailed aspects of ~Y topic. I believe we should 
firstly loc.k at the material itself and h~ it is produced. 

In the presence of so many wood scientists and experts it would be ire
s~tuous of me to more than refer to the area of forest technology, 

which has made enormous gains, nor will ! touct. on such subjects as to 

how genetically superior trees are now produced ard harve3ted to produce 

more and better wood. 

Suffice it to say that trees are qrown either in plantations or through 
progra1M1es of regeneration '."If natural forests and that today bigger and 

better yields of wood dre achievable. 

Virgin forests are r,.,_re ard are rRlW largely preserved as national parks 
whereas operatiQnal forests are largely planted or regenerated. 

It is of interP.st to note that the tree itself is a structure in wood 
and h~.1Ce a fine example of timber engineering! 

Resilient and capabla of r~sisting most storms and earthquakes, trees 
are the great survivors of this world, with living examples dating back 

before the times of most of our prophets, Christ, Buddha and Hahl.llllMMi. 

Within a species, trees vary depending upon genetic background, soil 

ty~s, rainfall ard location in which they are grown, and I well 
remember as a young man in the West Australian timber industry, how we 

used, from time to time, to receive orders for 60' or 19.7 metre lorig 

keels for pearling lugqers. 

The apecif icatior would reed: - '12" x 8" x ~o· ridge grown quarter sawn 
Jarrah, free of heart, bark and wene, the piece to be free of spring and 

bow.' 

t ha.ten to add that this is a specification ~hich could not be achieved 
today ~nd which was difficult to achieve JS years aqo. 
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I iaention this apocification out of interest and becauae of my earlier 
reference to variation between trees of the one species and this speci

fication, based on experience rather than upon research, showed that 

builders of wooden boats had observed that trees qrovn on exposed hills 

~nd ridges were mora deMe and hence stronger. 

Tn ti111.ber enqineering, w are not dealing with a homoqenous material as 
steel appears to be, and as Cl ~rate is often thought to be, and herein 

lies ona great and recent advance in til\ber engineering, namely succeas

ful development of mechanical ~treas grading of wood. 

Lat~r speakers will elaborate on wl1at timber engineers h:iVe done to 
develop equipment to accurately ~hanically grade wood on a atrengt.h/ 

atiffMas basis. 

What I would like to 811.,i.lhasize is that timber engineering became a reli
able science when ways and means of coi'\sistently drying and then stress 

gradinq of wood were developed. These innovations, coupled with methods 

of achieving improved durability, all paved the way for the introduction 

of improved gluing and fasteninq techniques and hence a rebirth ~f 

limber enqinedrinq. 

Let ua now turTI to your special area of interest - the developing 
countries. 

I am not of the opinion that glued structural joints will be of signifi
cance in the developing countries in the next decade. I say this because 

my fr1a1.1ent visits to many of your countries indicate that, whereas 
certain advanced Companies and Government Organisations are sawinq and 

drying large quantities of ~ood with consistent precision for export 

mar-kets irl particular, a l'lajority are not, and until there is major 

investment in kiln capar.ity ard the local manufacture of glues, the use 

of glues for- structural purpoaes outside of the p!f\lood and particle 

board irdustry will not be significant. 

We have many other Timber- Engineering developments in the developed 
wor-ld, few of which, in my viev, have immediate appiication possibili

tiea in the dDvelopinq countries. 
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' I I refer to factory mass-produced plyvood ard Hicrolam I beains which are 
an excellent product but are vol1.ne deperdent ard have not as yet been 

developed using tropical haidwoods as the base 111aterial. 

Similar excellent't'beaals are mass produced in Sweden using long fibred 
moaonite as a web in conjunction with kiln dried softwood flanges. 

Equipment has been developed in the United States and S'1eden for contin
uous assembly and gluing of Truss Joists of this type. but I do not see 

this capital intensive volume-deperdent engineered timber beam as having 

a potential outside of Europe and North America for more than a decade. 

I see some possibilities in the truss field for perforated structural 
nail-on plates with hand applied nails hammered through the pre-punched 

holes in the plates. and I believe Hessrs Tadich and Francis will efer 

to this method of structural jointing in later papers. These are gener

ally referred to as 'Nail-on Plates·. 

This is appropriate technology and is particularly applicable in remote 
areas where in the villages, Kempongs or Barrios, a limited nl.lllber of 
trusses is needed and transport is difficult or out of the question. 

The disadvantages of 'Nail-on Plates' are associated with an excessive 
area of steel being necessary, which is due to limitations on nail 

centres, increased slip also occurs due to the lack of fixity between 

the nail and the parent plate, and the frequent omission af nails by 

tired or careless workers, particularly towards the end of a gruelling 

day on the end of a hanlner when concentration wavers and that elusive 

nail flies off into oblivion. 

However. such connectors, iroperly used, are adequate for the provision 
of shelter, particularl1 ··"'-tre 811\311 spans are involved. 

Better than the nail-on plate <becauae it is more difficult to err> is 
the Grasshopper Plate in which the teeth are hinged from the parent 

plate and struck home by hammer. 
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Developed oriqinally in the United States. these have been i~ for 
use in New Zealand ard Australian softwoods ard 111Dre recently vastly 

improved for use in tropical hardwoods. 

The onlv disadvantage of these connectors is that they are factory pn>

duced and hence .have to be trar.sported from a producing centre to the 

point of usage. 

This. however. lllU8t also be done with the steel for local production of 
perforated nail-on plates. and. additionally. because of the reduced 

centre distance between nails, less steel is used to 111ake a grasshopper 

plate than to make a nail-on plate. 

Thia i& ~ critical issue because appropriate heavily galvanized struct
ural steel is expemive and is qenerally imported in moat developing 

nations. 

Hore efficient again, the multi-nail spiked connector plate has achieved 
by far the greatest successes ard has, in my view, the bigqest potential 

for the structural jointing of wood in the developinq nations. 

Truss plants have been developed ranging from the labour intensive, 
cheap and most si11ple jiq using a 'hand-rammer' for the application of 

the connectors throuqh to mass production plants using a minimun of 

labour, 

Truuea so made have nU11erous advantages over hand-llade nailed, bolted 

or 'nail-on' type of trusses! 

Slip is minimal when the load is applied, trusses are identical because 
of the production jig• utilized and performance can be guaranteed, ard 

even where labour i• in surplus and inexpensive, auch trusses have a 

relative cost advantage because of joint efficiency and speed of produc

tion which cannot be ignored. 

Jn addition, spiked 11etal connect~rs are very efficient with nails rig
idly connected to the parent plate giving 11UCh less area of steel for 

the ume loading. 
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Hence importation ia aini11ized and where desirable and the volu.e 
warrants, a joint cOlllpany within the developing Nations to pr-oduce the 

connectiJrs is generally the correct solution. 

Structures 11ade f rOll these c-onnectors range from faI11 qates to heovy 
duty racks for storage of steel, timber. pipes and so on. through to 
roof trusses for agricultural. <;Cllllllercial and industrial buildings, and 

the latter is by far the biqqsst usage. 

Stainless steel connectors are llade for use in aggressive and in marine 
envirornents such as are encountered in plating works. fish cooperat

ives, acid plants. superphosphate and other fertilizer works. steani 

laundries and che11ical plants. 

Here the unbeatable combination of rust-free stainless steel. plus 
corrosion proof wood gives r.'laintenance-free trusses of predictably high 

strength Bnd long life. 

Costs are all important in today's competitive world and recent studies 

in Halaysia have consistently shown that spiked metal connector plated 

trusses are 15% to 30% cheaper than similar bolted or hand-nailed 

trusses and it is for this reason that Halaysia·s mass housing prog

rammes utilize Gang-Nail trusses on a virtually exclusive basis. 

Elsewhere similar mass usage ·.is emerqing in Eastern Bloc countries 
for agricultural buildings and, similarly in Mexico and South America,vhere 

we are experiencing iricreased usage in mass housing progranvnes. f requ

ently using green or air dried wood, pressure treated if nece.98ary. 

In addition to .the above. the splicing of long length tile battens, pur
lins, girts and rafters from short lengths is finding rapid acceptance 

as a means of rerlucing waste and incr848ing recovery. and, again this is 

done with the same spiked connectors. appropriately sized. 

Another important U88CJ8 of spiked connectors is in the prevention of 
splitting of heavy wood sections such as logs, piles, poles, bcidqe and 

veneer flitches, wharf timbers and railway sleepers. 
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Applied to the end grain, for instance, a spiked anti-splitting conn

ector- on each erd of a sleeper- has been shown to be the most effective 

and economic way of preventing splitting or- r-epairing an alr-eady split 

sleeper after first closing up the crack with a portable press. 

In conclusion, I would like to touch on the economics of the lll08t 
commonly engineered timber- structures in the developing world - namely 

the domestic roof. 

If we use the situation in Mal&y"sia as a case study and compare 
bolted timber trusses with Gang-Nail trusses of identical span and pitch 

using timber prices applicable in January 1983, we will see in Malaysia 

the follO\ling price comparison: 
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<1> Gang-Nail Trusses 

Timber quantity= 47.09 ft_l 

Assune 8\ wastage 

Tt1en•fore timber quantity including wastage = 50.86 ft 3 

= 1.017 tonne 

Treated timber at H$410/tonne 

Timber cost = H$417.00 

Gang-Nail plates cost = 187.00 

Fabrication = 79.00 
Cartage = 46.00 

Crane = 35.00 

Total cost of GN truss delivered to site and crane onto roof = $ 764.00 

Labour to erect trusses + installation of ancillary timber 
11.0 squares at 24.0/square 

Ancillary timber Cassune wastage 15\ on battens, 10\ others) 
Battens: 

2'" x 2"" x 1100FR x 1.15 = 35CF = 0.70 ton at $380 = 267.00 

Wall plates: 

4" x 4" lC 120FR x 1.10 = 7.5CF = 0.15 ton at $410 = 62.00 

Fascia board: 

10" x 1" x 102FR x 1.10 = 7.8CF • 0.16 ton at $540 = 85.00 

Hid-web tie: 

3" x 2" x 20FR x 1.10 = 1.0CF = 0.02 ton at $410 = 9.00 

Total cost of Gang-Nail truss roof: 

= 264.00 

423.00 

H$1451.00 
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<2> Bolted Trvsses 

Timber quantity = 95.82 ftl 

Ass...ne 15% 1.1astage 
Therefore timber quantity including wastage= 110.19 ftl 

= 2.20 tonne 

TEW/18 

Treated timber at H$410/tonne 
Timber cost = $ 904.00 

Bolts and nuts. minimllll 211 sets. allowing for 1.1astage 
Nllllber of sets required= 250, cost at $0.70/set 

Bolt and nut sets = 175.00 

l.lll:x>Ur to fabricate and erect trusses and installation of 
ancillary timber 

11.00 squares at 35,0/square = 385.00 

Ancillary timber Cassune waatage 15% on battens, 10% others> 
Battens: 

2" x 1" x 1100FR x 1.15 = 17.6CF = 0.35 ton at $350 = 123.00 

Wall plates: 

4" x 2" x 120FR x 1.10 = 7,5CF = 0.15 ton at $410 = 62.00 

Fascia board: 

10" x 1" x 102FR x 1.10 = 7.8CP = 0.16 ton at $540 = 85.00 

Ridge board: 

6" x 2" x 10FR x 1.10 = 1.0CF = 0.02 ton at $470 = 10.00 

Total cost of conventional roof 

280.00 

H$1744.00 
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SUHHARY 

1. 
., ... 

Total cost of conventional roof per unit = $1744 
Total cost of Gang-Nail truss roof per unit = $1451 

Difference = $ 293 

Saving achieved in using Gang-Nail system = 17' 

Note A: For purposes of comparison, profit has been exclu:led 
from both alternatives, i.e. totals are cost values. 

TEW/lB 

In closing, I have qreat pleasure in being your Keynote Speaker and I 
Yould be most happy to discuss any aspect of matters touched upon Yithin 

my paper during the course of this Workshop. 
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WOOD, THE MATERIAL 

W. E. Hi 11 i s!f 

TEW/2 

Wood unlike most other building materials is a rene\Ulble material qrown 
urder a variety of conditions and obtained from a large nunber of 

species. As will be explained wood is both chemically and physically 
heteraqeneous but with understanding it can be used at least equally as 

successfully as other •terials in engineering structures. 

In a broad description, woods are from two types of trees: the trees 
carrying needle-shaped leaves such as the conifers which yield the .ao

cal led softwoods. Their wood structure is simple and containing about 

90% or more fibres with the remainder being the rays and a few other 

cell types. There are very large nunbers of broad-leaved trees which 

yield the so-called hardwoods. They are not always harder than the 

softwoods but hardwoods always contain a nunber of cell types notably 

the vessels or pores which have diameters larger than those of the 

fibres. 

2. THE TREE 

The tree consists of three main parts: roots, stem or trunk and leaves. 
The roots anchor the tree in the ground ard take in water ard mineral 

salts from the soil. The trunk corducts these solutions from tha roots 
to the leaves: it stores food materials and provides mechanical support 

to the branches and leaves. The leaves absorb carbon dioxide and '1ith 
the enerqy obtained from sunliqht synthesize the substances required for 

niaintenance of growth. 

The trunk is the important part of the tree as far as the \IOOCl-user is 
concerned. The outer covering of the trunk, the bark, protects the wood 

frOlll extremes of tealperature, fire and MChanical injury ard the inner 

layers of the bark tranalocate the food synthesized in the leaves to the 

regions of qrowth ard of atoraqe. 

!/An offi~er of CSIRO, Division of Chemical and Wood Technology, 
Melbourne, ~1stralia. 
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A thin layer of tissue, the cmnbitm, is situated between the bark ard 

the wood of the tree and forms a sheath covering the trunk and the 

branches. When the cambiun is qrowing during the spring ard s1..11111er or 

during the wet months, wood is produced on the inside of the layer and 

bark towards the outside. The wood of trees groun under seasonal 

conditions consists of a series of concentric layers of tissue referred 

to as gro"1th rings and each layer comprises the wood produced by the 

cambiun in a season of growth. A new ring of \lOod is added each full 

seuson causing an increase in girth. In temperate regions. and some 

tropical countries, the alternation in each year of a growth season, and 

a resting period. results in the growth rings being annual rings 

although sometimes interruptions to growth causes two or more false 

rings to be produced within one growth season. 

The outer qrovth layers of the stem, known as saJ:M>Qd. store food ard 

conduct sap to the leaves. The sapwood is from half a centimetre to 

several centimetres wide, depending on species, age of tree ard forestry 

practices. Freshly cut sapwood is ligher in colour then the wood towards 

the pith or centre of the tree. it is less durable and usually contains 

more water than the heartwood. It has similar strength properties to the 

remaining wood. 

3 • GROWTH OF THE TREE 

3.1 Growth in Height 

The increase in the height of a tree or in the length of a branch is due 

to the division ard growth of special cells at the tip. Elongation of 

the tip is the only lengthwise growth that occurs in the tree. In the 

young tree, vertical growth is rapid but as the tree matures. the growth 

continues to slow down appreciably, 

A short way back from the qrowinq tip the cells on the outside form the 

cambillll layer whereas the inner cells form the pith which extends 

throuqh the centre of the stem and branches. The pith is of small 

diameter and when noticeable it usually consists of brown, spongy 

material. 
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3.2 Gr-ovth in Girth 

As the tree grows in height there is a corresponding growth in girth due 
to the division and qrowth of cells of the cambium layer. The soft thin
walled cells of this fine layer extero around the stem from the roots to 

within a ~~art distance of the growing tip. By division they give rise 

to cells which form the woody cyliroer of the tree. As time proceeds, 

the stem or trunk increases in girth by the addition of new cells on the 

outside of those already formed. 

The growth in height is a function of the special cells located at the 

tip whereas the growth in girth is a function of the cambiLUn layer and 

does not influence the growth in height. 

Cone-shaped sheaths are formed as the tree increases in height and 
girth. A board cut parallel to the bark along the length of the tree 

will contain wood of the same age throughout its length. 

4. THE CELL WALL OF WOOD FIBRES 

Tt,e cell wall is made up of a twisted skein of cellulose molecules 

bunched into elementary fibrils ~rd ordered into microfibrils which are 

embedded in a matrix of hemicelluloses and lignins. 

4 .1 Elementary Fibrils 

There is evidence that each elementary fibril consists of 40 cellulose 
molecules held in close association by hydrogen balding. The cross
.sectional dimensions are about 3.5 TV11 by a multiple of 3,5 or 4.0 nm 

CJ.5 or 4.0 x 10-• m>. In the elementary fibril, ordered crystalline 

regions of JOO nm lenqth are separated by "amorphous" regions where the 

molecules become less orderly. It is at these amorphous regions where 

water may move between the eldmentary fibrils of cellulose molecules aro 

where degradation by acids or lJy heat can occur. Processes such as 

shrinkaqe and awellinq occur preferentially at these places. 

I • 
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4.2 The Nature of Kicrofibrils 

The cellulose elmentary fibrils of about J.S rm width are elllbedded in a 

matrix of hemicelluloses and liqnins. Different theories exist 
concerning the arrangements of the components of the fibre cell vall and 

the situation can~ exemplified by the proposal of Fengel. In this 

model a celluloSt.· elementary fibril is surrounded by a few layers of 
hemicelluloses which have considerably less crystallinity, lower 

molecular sizes and degree of orientation than cellulose. The elementary 

fibrils are arranged in groups of 16, then into microfibrils containing 
a total of 64 elementary fibrils which are sUITounied by hemicelluloses 

ard liqnin. 

4.3 Arrangement of Hi~~ofibrils in the Cell Wall 

Wood cell walls are thus chemically heteroqenous, being composed of 
several different substances, and also physically heteroqenous as they 

are built up of layers. The wood cell wall consists of three 
morphologically distinct layers: the middle lamella, the primary wall 

and the SP'"-:.'dary wall. The thin middle lamella, which is an amorphous 

cellulose-free layer between the primary walls of adjacent cells, 

beC('lll88 heavily encrusted with liqnin. During the growth of the cell the 

thin primary wall is a flexible structure composed larqely of cellulose 

but towards the end of growth it becomes considerably liqnified. Towards 

the end of the growing phase the thick secondary we.11 begins to form in 

2 or 3 layers in a process which continues after cell growth has 

stopped. 

In the primary wall <a!Jout 0.06 x 10-• m thick> the microf ibrils are 
arranged in a multinec. structure, and towards the end of the growth 
phase they tend to te oriented increuingly in a longitudinal direction. 

The aecondary cell wall in wood fibres consists of microscopically 
distinct outer <St>, •1i!dl-. CS2> and inner (SJ> layers. The middle layer 
is by far the thickest being 1.5-8 x 10-• •with the other two about 0.1 

x 10-• m thick. The microfil::rils in all layers.are helically arranged 

but the pitch of the helices differs fre11 layer to layer. In the St 

iayer there are two or more helices of •icrof ibrils which make large 

anqles with the cell axia. The concentric lamellae of microf ibrils 
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1UTa1"11Jed in heli'=es in the 52 layer make a uall argle with the axis. 
The inner SJ layer, which i~ 80lneti11es absent. has a shallow pitched 
helical orqanisation with several lamella. 

Wood cellulose haa a density of about 1.55. the aniorphous hellicelluloaes 

1.50, and liqnin a density of only 1.33. 

4.4 Porosity of Cell Wall 

The framework of microfibrils in the cell vall in saJ:M>Od. encompasses 
"free" space containil'llJ water and other materials. The hydrated 52 layer 

of the trachaid cell walls in Pinus resinosa contains 25\ free space. 

The water in the capillaries of the vet walls of other woods has a 

volune of more than 40'> Con a dry wood basis> with about half the water 

being in the free state. The free space in wet cell walls is in 

capillaries having cross sections from 16-60 x 10- 10 m. Consequently, 
molecules of significant size can enter and act as fillers or modify to 

a considerable exte~•t some properties such as stability and durt.i..bil i ty. 

A dimensionally stable wood such as redwood Sequoia semoervirens 

contains up to three-quarters of its extractives in the cell wall. 

The Slllall voids in the dry cell wall affect its packinq density which is 
a more relevant indicator of the rate of penetration than is density. 

Packing density is higher in high density woods than in low density 
woods and higher in late aoo mature wood than in early &nd juvenile 

wood. 

4.5 Distribution of Con&tituents in the Cell Wall 

Although the coni:entration of lignin in the middle lamella and primary 
well can be over 50' by mass, only 20-30' of the total lignin is found 

there: the rellllirder is in thtt lllUCh thicker secondary wall3 where it is 

pce.-nt in m10unta of 20-25'. 

S. ~RINGS 

A new layer of vood i• fonied during each growing sealJOn between the 

tark and the &tea of tree• over the entire length of stem. The 
deMrCation of the• growth layers or growth rings results from 
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differences in te111perature. moisture availability, the growing ard non
qrowing seasons ard alao in tree species. In most cases grM.h rings ire 
fanned annually. In tropical ard sub-tropical regions. tha growth rings 

can be indistinct. In dry regions with relatively hiqh temperatures and 

intermittent rainfall several rings can be fanned annually. 

Gro!Jth rings are usually distinct due to differences in the wood 

produced ear 1 y in the qrow i ng season C i.e. ear 1 ywood or spr i ngvooci> as 

opposed to that formed late in the growing season Clatewood or 

SllmlerwocxD. Earlywood has t:1e thinnest cell walls ard large lLURens 

whereas ~atewood with its small lumens and thick walls may appear as & 

dark zone. There are variations in the contra~~ bet~een earlywood and 
latewood. the relative amounts of them ard t~1e abruptness in which 

earlywood stops forming. 

These ~ariationa depend on the species. the differences in thicyness of 
the cell wall, ard the age of the tree when the growth ring was formed. 

Dry latewood has a higher specific gravity than rlry uncollapsed 
earlywood. Howc·1er. in undried sapwood, the earlywood contains large 

volumes of water sometimes up to 4 or more times greater than that in 

the latewood d'.Je to the large lunens in the earlywood. 

Some fast-growing species. such as Anthoceotaalus sriP .• produce hiqh 
volumes of wood hut contain larqe proportions of ce!ls with thin walls 

and large lumens which, when occurring in sapwood. are filled witn 

water. 

6. SOFTWOODS AND HARDWOODS 

6.1 Description 

The two major groups of trees - softwoods (conifers. gymnosperms) a.rd 
hardwoods <angiosperm~> - are distir11JUished by the 91"esence or absence 

of a cover on the seed. Whereas there are only about 40 genera and 600 

species of softwoods there are thouaends of qenera of hardwoods with 

widely differing anatomical structurt~a. The average 'Jven-dry specific 

gravity of softW'X>da ia about 0,36 wi~h a ranqe of 0.25-0,60 compared 
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1.1ith 0.50 and a range of below 0.30 to above J.80 for hardt.IOOds. Huch of 
the vood available glo~lly is from hardt.IOOd species. 

6.2 Major Anatomical Differences between Softwoods and Hardt.IOOds 

The fibre is th6 major single structural element in 1.1ood. In softwoods. 
fibres serve also as the major translocation route for sap, and are 

inter-connected by openings known as bordered pits and are defined as 
tracheids. In hardt.IOOds the fibre elements are usually thick-walled 1.1ith 

simple and slit-like pits. The characteristics of these elements vary 

1.1ithin the tree, the species and between species. Tracheids and fibres 

are considerably longer than they are 1.1ide, 1.1ith ratios of sometimes 100 

to 1. The lenqth of tracheids range from about 3-4 mm and usually in 

commercial .ROftwoods. The diameters range from about 20 to 80 x 10-• m. 
The length of hardwood fibres ranges from a.bout 0.5 to 1.8 mm and the 

diameter from about 10-25 x 10-• m. 

The major anatomical difference between softwoods and hardwoods is the 
presence of vessels <or pores> in the latter. The vessele, through which 

the sap is conducted in the living tree, have a very wide range of size, 

shape and arrangement. In ring-porous hardwood~ the vessels in the 

earlywood portion of a growth ring have different sizes from those in 

the latewood, In diffuse-porous woods the vessels have the same size at 

all locations in the ring. The length of the vessel elements varies from 

0.18 to 1.3 nvn and the width from 20 to over 250 x 10-• m. For a nllnber 

of hardwoods the vessel diameter increases and vessel frequency 

decreases as the distance from the pith incradses. The frequency of 

vessels per mm 2 varies according to the species, the size of the 

vessels, the position in the growth ring, the distance from the pith and 

growth conditions. The wall~ of vessels Are thin Ca.bout 3-4 x 10-• ~>. 

6.3 Parenchyma 

On the cross-sections of woody stems, the ray parenchyma extend as lines 
from the pi th outwards to t.he cambil.:1111 and are seen as 1i nes between the 

fitres. In conifers and BOme hardwocds, the rayn are 1-2 cells wide and 

10-20 cells hiqh. In other hardwooch1 the rays can be up to about 30 

cells wide, sometimes hundreds of colls hiqh and are tapered on their 

upper and lower edqes. 

------- -----------------------'------------
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VBrtical parenchyma are alao thin-welled cella and are interaper..c:l 
between the Fibres and arranged diffuaely or surround the vesaels in 

varioua patterns. In contraat to the fibres, the ray and vertical 
parenchyma r-emain alive across the sapwood zone. In the sapwood they 

translocate or store primary metabolites such as starch or fats: in the 

heartwocxi they frequently contain larqe amounts of extractives. 

6.4 Resin Canals 

Coniferous wood contains resin canals about the same size as some 
vessels. They exist as anastomoaing networks surrounded by epithelial 
cells which fona and exude resin into the canal. Frequently, the resin 

is under pressure so that when the canal.i:1 are cut in the living tree the 

resin exuies. 

6.5 Pits and Tyloses 

When the pits, or openings in the cell well, between the ray parenchyma 
and vessels are more than 10 x 10-• 111 diameter, the parenchyma can form 
thin-walled, balloon-like extrusions - the tyloses - into the vessels. 

When the pit diameters are smaller the rays secrete extractives. These 
changes occur when heartwood is formed or when sapwood is injured. In 
conifers the bordered pits also aspirate or close durinq the transition 
of sapwood to heartwood. All these changes hinder the movement of fluids 

either into or out of the wood. 

6.6 Proport1~~ of Non-fibrous Elements 

Whereas the proportion by volune of tracheids in conifers is usually 
over 90%, the proportion of fibres to the thin-walled elements in 

hardwoods is much lower <Tablet>. Tha proportion of the latter affects 
the water content and the density of the material. 
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TABLE 1 

Proportion of tiasue ele11enta in various woods 

Percentaqe of total \-Ohme 

Species• lo;')Ji tudinal Parenchyaa Vessels 
f itx-ea/tracheids Ray Axial 

~tul1 mcvrifm 75.7 11.7 2.0 10.6 
Ervt.hriDI ~1oertUJ.g 16 80 4 

EucalyptYI ~wldYllDlil 58 25 17 

Jwlana niara 48.7 16.8 13.5 21.0 

Lim.liduber 1tn:Kif1YI 26.6 18.J 0.2 54.<; 

PicH obiH 94.t 5.9 
eioos atrohua 93.0 6.0 

Ouercua rutr1 41.3 15.9 23.4 19.5 
Salix niqro 54.4 6.1 2.2 38.t 
Ul!!!UI omericom 34.7 11.3 6.0 48.0 

*ColDon names vary between countries 

6.7 Cher.tiatry 

The c-ellulose content of both softwoods ond hardwoods is normally in the 

ronqe of 42 ± 2' Con extroctives-free basis>. The hAillicelluloses ond 
Jignin ore found in cat1pl8118ntary sroportions and the \IOCJCls with o high 

liC]!lin content have a low hetaicelluloses content. Ge~ro!ly, hardwocx:ls 
contajn less <16-24•> liqnin than softwoods <24-33%>. 

7. WOOD FORMED UNDER A8NORKAL CONDITIONS 

Reaponaea ta abnorlllll growinq conditions result in reaction wood with 
ultraatructurea inarkedly cliff&rent from those of norm41 wood. Reaction 

wood ia frequently fonNd in leaning trees ond bent stems. Because of 

the low density of ~uvenile wood in young trees and the flexible nature 

of fut-qrown treea under w!rdy corditions, tner-e is frequently o higher 

proportion of i.·eer.tion wood in the central portions of these stems when 
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compared with the outer layers of mature trees. In addition, stressed 

wood can be fonwed along the periJilery of trees. particularly hardwood 
trees. This results when the crown seeks the optinun opening in the 

forest canopy so that the tree leans in a certain direction. 

Leaning trees and branches that are transversely eccentric in outline 
of ten contain reaction wood in the regions of accelerated growth. In 

softwoods this is found in the uroerneath side of the trunk in the fonn 

of compression wocxi whereas in hardwoods it is in the upper side and is 

known as tension wood. 

Stressed wood, and particularly reaction wood, has inferior properties 
for conversion into. or for use as, solid wopd products. 

7.1 Descriptions of Reaction Wood 

7 1.1 Compression wood 
this wood is readily detected in freshly-cut log cross sections. Its 
color is generally much darker than the color of normal wocr of the 

same species. Pronounced compression wood can occur over large areas and 
contain a m..1mbe1:- of characteristic anatomical features. Compared with 

normal wood, compression wood contains shorter fibres with thicker 

walls, and a gree.ter proportion of latewood in growth rings; its 

microfibrillar angle is much larqer than in normal wood. 

Compression wood is harder, hee.vier and more brittle than normal wood. 
It has a lower impact strenqth than normal wood and should be exclooed 

from scaffolding and ladder material. It shrinks and swells much more 

than normal wood in the longitooinal dfrection and less in the 

transverse dit"ection. If there is more compression wood on one side than 
another warp will occur on drying. 

7.1.2 Tension wood 
Eccentricity of qrowth ard wider qrowth rings are often irdications of 

the presence of tension wood. It. is often found in bard• which, c0111pared 

with neighbouring nomal wood, are usually darker in color, harder ard 

denser. The main anat0111ical features are fibres with a light-refractory, 

inner layer often teITAed the gelatinous layer. There is also a marked 

red•·:tion in size ard nl.lftber of vessels, and a higher average wood density. 
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In most cases, the presence of tension uood is revealed by the extre11e 

woolliness of sawn longitudinal surfaces of qreen tillber. This feature 

can be extremely troublesome in sawing, because the fibrous mass may 

choke the sau cut and cause overheating of the saw. The wolliness of 
veneer surfaces is also indicative of its tendency to collapse on drying 

and the collapse is of the non-recoverable ty~. Shr-inkage in the 

longitudinal direction is high, radially it is normal, but tangentially 

the shrinkage may be qreater than normal. Its presence can L.:Ause 

twiatinq in boards on dryinq. 

7.1.J Wood formed under load stress 
PeriJileral growth stress can reach high levels in siqnif icant portions 

of the outer sapwood of hardwoods. The wood formed in those regions has 

an increased thickness of cell wall, a greater microfibrillar angle in 

the 52 layer and a hiqher int\~nsity of liqnification. The high 

periJiteral stress results in high comJressive stresses in the interior 

of the tree so that compression failures occur in the fibres t1nd the 

wood becomes brittle ("brash">. High growth stress cause loqs to split 

open when felled or sawn. 

7.1.4 Brittle heart 
This occurs in the central zone <not always synrnetrically placed> and is 
characterised by Yood of low strenqth ard a brash fracture due to minute 

"compression failures" in the walls of some fibres. Its presence is due 

to the high periJiteral growth stresses sometimes fourd in some 

hardwoods, or to forces such as severe winds, which are counterbalanced 

by a related compressive force in the interior of the tree. If these 

forces are sufficiently high ard imposed on wood of low density so that 

the croshinq strenqth is exceeded then COllJ>ression failures occur in the 

f itre walls. The wood has low i111pact strenqth and can be detected by its 

easier sawinq characteristics and broken or foggy fibres on the end

qrain, sawn surfaces. 

7.2 ctie.iatry 

There ia a general pattern for both hardwoods and softwoods in that the 
wood on the lower side of any cross- section of a leaning or sloping 



- 40 - TEW/2 

stem has a hiqher lignin content and a lover cellulose content. There 
are gradations in composition and properties betveen severe reaction 

wood and normal wood within the one tree. 

7.2.1 c:anpr-ession wood 
This wood can have substantially higher liqnin and heniicellulose 

contents and lover cellulose contents than those in canparable non1al 

wood with. Because of the hiqher iroportion of liqnin, the cell Yall 
density of compression wood is less than that of normal wood. On the 

other hand, because of the small proportion of earlyvood and the thick 
tracheid Yalls, the qross density of compression wood is llUCh hiqher ard 

almost twice that of normal wood. 

7.2.2 Tension wood 
Tension wood contains hiqher percentaqes of cellulose and lower 

percentages of lignin and hemicellulose than normal wood. 

8. SAPWOOD AND HEARTWOOD 

8 .1 Volune of Sapwood 

Sapwood is the outer zone and the portion of the wood that, in the 
living tree, contains living cells and reserve material <e.q. starch>. 

Fibres and tracheids die as soon as the liqnification phase is 

completed. On the other hard, the parenchyma remain viable for many 

years or until heartwood is fanned or the wood is damaqed. 

The amount of sapwood in a mature tree can vary considerably, occupying 
the whole tree or only the outermost growth rings which surrounds an 

approximately conical shaped central core of dead heartwood cells. 

Sapwood fonns, in red oak COUercU§ rubro>, a band of constant width of 1 

cm or 5-6 growth rings around the heartwood, in pines 15-50 growth 

rings, and, of varying widths, in eucalypts about 5 growth rings, in 

maple Ck!J: spp.> over 100 growth rings. The width of 84pwood in a 
cross-section of a stem of a tree is not always uniform and the nlftber 

of sapwoa.. rings can be greftter at the stump than hiqher in the tree. 

Also with some trees of mature or over-mature aqe the width of the 
sapwood, and particularly the nunber of growth rings in it, is much 

greater than in young trees of the same species. 



- 41 - TEW/2 

The mechanical properties of sapwood and heert:YOOd of ai11ilar density 
and moisture content are iractically the same. 

8.2 The Contents of Sapwood 

Host sapwood tias.Jes in the livinq tree are involved in the 
translocation or storage of sap. The free water content of sapwood is 

determined by the lunen area of the elements after allowing for stored 

metabolites. The water content of sapwood can be high and over 200% <on 

dry weiqht basis> in some cases, for softwood sapwood it is usually 

between 110-170,, whereas for hardwocxl sapwood it is between 60-110%. 

Usually, the weter content is meintained across the sall'Jood but 

decreases abruptly at the heartwood periphery. 

Starch, fatty acids or esters of fatty acids are formed exclusively in 
the parenchyma, where they are stored as reserve material in the sapwood 

for qrowth or for extractives formation at the heartwood periphery. The 
atoraqe material in the sapwood makes it prone to funqal and insect 

attack. hence chemicial or preservation treatments are necessary to 
render sapwood durable. In general traated sapwood may be superior in 

durability to heartwood. 

8,J Heertwoocl 

In most qr0"1inq trees or shrubs the inner layers of the stem or branches 
cease to contain livinq cells and the reserve metabolic materials are no 

lonqer present. This heartwood zone contains higher. sometimes much 

higher, amounts of extractives than in the Ball'Jood and theit· composition 

is usually different. The zone is generally dark with a color range 
between lig'ht yellow and dark brown. Once the zone beqins to form it is 

spatially continuous. 

Leu 110isture is usually found in heartwood than in sapwood, and the 
decreaae at the transition zone can be abrupt and considerable, 

coinciding approxi11ately with the change in color. This decrease in 
moisture content is characteristic of softwood species and most 

hardwoods. However, the heartwood can contain more moisture than the 

aapwood in aane hardwoods species such as fQI;!Y!Y§ <pop 1 ar > , Y.l.!!!WI ( e 1 m > , 
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ard. Eucalyptus ard. in aa.e cases this may be due to the foI'lftation of 
wtwood. The moisture content in the heertwood of softwoods is usually 

between 33-95% whereas in hardwooda it is usually 60-100•. 

Together with loaa of water on heart.wood formation. a llllrked aspiration 

or cloaiRJ of the pita between tracheids restricts the transport of 

fluids. When heartwood is formed in many hardwoods. tyloses appear in 

the 1..-.en of vessels. Aspiration of pits and tyloses formation also 

takes place in sapwood in response to wouroinq. 

Extractive& are responsible for the distinctive colour of heartwood and 
ar-e present in the parenchyma. vessels ard. some other cells. but also in 

the cell wall of the tiasues. Extractives can hinder the move.ent of 

equeoua fluids. The amount of extractives increases froin the pith to 

heartwood periphery. and abruptly decredSes in the sapwood. Larqe 

amounts can be iresent in the outer heartwood, e.g. over 30% of 

polyphenolic extractivea in old eucalypts. Usually, fast-qrown trees of 

the sall8 species contain ~iqnif icantly lower amounts of extractives than 

do the slow-grown counterparts. The c011position of extractives in the 

heartwood varies considerably and depends on the genus to which the tree 

belonqa. Part of the inorqanic constituents o!: wood is located in the 

cell wall but larqer amounts are translocated frOll the heartwood during 

its formation. The total mineral r:ontent increases from unblemished to 

discolored wood and aqain to decayed wood. Potassiun concentrations can 
increase 400-4000%, calciun siqnif icantly and other el&111ents in a less 

pronounced manner. A m..-ber of orqanic extractives can. when preaent. 

convey durability to the heartwood. 

Aa the extractives or extraneous components are larqely foned in the 

l\Jlen of cells they have little effect on strength. 

The inajor classes of orqanic extractivea in heartwod are:-

<1> Polyphenola which are present in all wooda althouqh in SOM caaea 
the uount may be low. Sa.a claaeea of polyphenola can affect adhesion 

with glues, othera convey durability. aane cause corrosion duriRJ sawinq 
etc., 80ll8 discolour on exposure to aunliqht, or with iron, or they 

affect paint f ilu and other aur~ace coetiRJ•. 
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C2> Resins are present Minly in the softwoods and include terpenes, 
resin acids and sterols. They are water repellant and can affect 
appllcation where that property is involved. 

CJ> Fats exist as free fatty acids and their esters usually in softwooda 
but also in hardwcais such as poplars ab:l birch. 

C4> Tronolones. Ketlbers of the Cupressaceae such as western red cedar 
CThutul•cata> and other cedars Ce.g. Chamaecyparis spp.> are the only 

trPe species containing extractives based on this seven carbon rinq 
structure. ihey readily react with COPJ.'er and iron ald convey a high 

degree r i durability. 

9. JlNENILE WOOD 

Natural stands and plantations of both pines and hardwoods are being 
harvested at increasingly younger ages, arrl, as well, greater use is 

being made of the formerly non-merchantable tops ald branches. Also, 

there is the developwtnt and use of short-rotation, intensively grown 

crops of fast-qrowing species. Thea~ raw materials contain increasing 

amounts of reaction wood and jwenile wood. 

The age of the cambiua at the point of wood formation determines whether 

jwenile or 111ature wood is formed and the former extelds outwards from 
the pith about 6 to 15 rings where it has gradually taken on the 

properties of mature wood. It comprises the major portion of the wood 
formed in the first 20 years of growth at a particular level in the 

tree. Juvenile wood also contains a high proportion of earlywood and 
with increasing distance from the pith the fibre length, density and 

cell wall thickness incrHSe steeply in the first few years and 11t0re 
slowly in the 111ature wood, When pr-esent spiral grain shows its maxilll\.ll'I 

angle of inclination in the jwenile wood zone. 

The moisture content varies wide~y with tree age and with location of 
the sample in the tree. The considerable drop of moisture content with 

age is due to an increase in density and to the pr-esence of heartwood, 

The a.cunt of extractives is lower in juvenile wooci, 

There are different interpretations of the terms juvenile wood, core 
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wood, heart-in Mt.aria!. Juvenile wood ia an inner core of wood 

surrouming the pith in which the cells are arnaller and/or less 
structurally developed than thoae of the outer la~era. The 

characteristics mentioned a::.Ove are genetically inherited and perhaps 
modified by growth rate. In addition this clear vood 11ay contain varying 

amounts of knots and branch stubs as influenced by silvicultural 

practices. irreqular qrain around the knots, reaction wood and wandering 

pith. This central zone of core wood can be of larger diameter than 

juvenile wood and the material cut from it may not conuin the pith. 

Heart-in material is taken from the core wood and contains the pith and 

associated defective wood. The pith consists chiefly of parenchyma or 

soft tissue which reduces strenqth and wearing properties and appearance 

values. Usually its actual vo.Luae is insiqnificant but the pith can be 

particularly eccentric and affect the yield and quality of sawn wood. 

10. IRREGULAR PEA TURES 

10.1 Knots 

Various types of knots affect the quality of wood in different ways, and 
knots are often rejected. The knots of conifers become highly resinif ied 

whereas with hardwoods the branch stubs are not filled with extractives 

so that an entry point for insects ard fungi is provided, leading to 

widespread discoloration and decay. 

10.2 Watwood 

In freshly cut stems of some species, the small or large zones of 
wetwood <when present> are usually recoqnized by a darker or wetter 

appearance. They conuin more water than the sapwood zone, and sometimes 

a gas, can be present. The pH and density are higher than those of the 

surrounding tissues, and the occurence of mineral stains or deposits, 
often of calcillft carbonate, are frequently qreater. The presence of 

wetwood causes pt'Obl8118 during drying and penetration. 

10.J Diacolored and Decoyed Woods 

Some types of discolored woods can be confused with heartwood because of 
their location and color. They are, however, part of a .sequence of 
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da!Mqe to the living tree which proceeds eventually to decayed wood. The 
zones are irreqular in shape, color intensity and location within the 
stem: sametimes they occur a~ colored tubes within the stem. Often they 

occur longittxiinally for a short distance as zones on one side of the 

tree. 

10.4 Reainified Wood and Exudates 

ca.bial injury of many trees, particularly during the qrowing season, 
can result in the formation of orqanic materials which are confined tc 
cavities - the veins or pockets - in the wood or which e1~txie onto the 

bark of the tree. The size of the cavity and the amount and composition 
of the exulate depends on the nature of species and its corditions of 

qrovth. Conifers exude resins of the terpenoid type, eucalypts extxie 

kino composed of polyphenols, the Prunus, Acacia etc. genera yield 

carbohydrate guns. Pockets reduce strength but veins have much less 

effect. 

10.5 Spiral Grain and Interlocked Grain 

Spiral grain or inclined qrain is an arrangement in which fibres or 
other longittxiinal elements take a spiral course about the axis of the 
tree. Spiral qrain can be severe in the juvenile wood of softwoods. It 

is low at the pith but reaches a maximun usually around five qrowth 
rings from the pith and decreases usually to a straight-qrained 

corrlition in mature wood. A slope of grain of 6• can reduce her.ding 

strength by up to 25'. Spiral grain causes twist in boards on d~ying 

unless high temper~ture drying under restraint is used. 

Interlocked grain is found in hardwoods when the wood is difficult to 
split and when it does split a corrugated radial surface is left. It 

caU8ea distortion when veneer is dried. 

11. THE BEHAVIOUR OP WOOD UNDER LOAD 

Studies of the behaviour of isolated, single ·fibres of wood under load 
have been confined to tensile loading because of the experimental 

dif ficultiea involved in applying and measuring loads and deformations 
in specimens of very small din;ensions. The large amount of work done on 
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single fibres in tension and also en thin slivers of wood containing 
bands of fibres have established several interesting pattelTIS of 
behaviour. 

The tensile strength and modulus of elasticity of latevood fitrea 11ay t.! 

as much as three times the respective values for adjacent earlywood 

fibres and further, the strains at failure in both t}ies of fitre a~ 

to be similar in magnitude. The existence of co-:istant strain at failure 

in whole wood in tension has also been observed in tests on a large 

nun.bar of species and lends aupport to a liaiting strain concept. The 

tensile properties of single fibres are superior to those for whole wood 

and it is considered that the differences may be due to the presence of 
medullary rays, other cell types, imperfect aliqniient of fibres and 

local variations in density, in whole wood. further the transfer of 

stress from cell to cell in whole wood is through shear in the aiddle 

lamella. The J>roperties of the single fibre appear to be influenced by 

the angle of orientation of the microf il:rils in the thick 52 layer of 

the secondary wall of the fibre. The SMaller the angle with respect to 

the longitu:iinal axis the qreater the tensile strength of individual 

fibres. In tension parallel to the fibres in whole wood consisting only 

of latewood, bundles of f i.bres appear to pull out from among others 

which augqests that failure occur.a in the reqion of the middle lamellae 

or the primary walls of the cells. Jn earlywood, failure appears to 

occur across the cell walls. In tension perperdicular to the grain, 

failure occurs either by the f Hre breaking into two pieces along the 

length and expusing the lunen or by separation at the inside of the 

primary wall leaving the remainder of the fibre intact. 

In compression parallel to the fibres in whole wood, lines of buckling 
appear on the tangential face at an angle of about 60• to the 
longitudinal axis and on the redial face at about 90•, i.e. parallel to 

the inedullary rays. The departure of the buckling lines from an angle of 

45•, the angle of maxilll\D ahear, is due to the anisotropy of wood. Slip 

planes or c0111pression crinkles appear to develop within the cell well 
and buckling of cells, together with separation near lledullary rays, 

also occurs. In comireuion perpendicular to the fibres the cells 

distort aidewaya and aquaah inwards to..arda the llllen eventually 

separating at the outer boundary of the Sa layer. 
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Whole wood my be represented in a simple fonn by a Dadel consistirq of 
a series of long. parallel. hollow. thin-1o1alled tubes cemented together. 
SMll groups of thin-walled tubes my also he arranged horizontally 

<radially> to represent mtKiullary rays. Under thr: action of longitudinal 

tensile forces the systein would be relatively stron~. whe=eas in 

longitudinal comp;ession the system would be wF.:aker because of the 
tendency to buckling of the lorq col1.111ns. particularly with initial 

curvature in the vicinity of the rays. In lateral tension and 
COllpCession. the strerqth of the thin-walled tubes would be lower than 

coresponding values in the longitudinal dir~ction. Shear properties 

longitudinal to the fibres would also be low. 

'2. IHPORTANT PROPERTIES OTHER THAN STRENGTH 

12.1 Density 

Because of its link with practically all of the mechanical properties of 
wood, including those of structural importance, density must be rated as 
one of the raost important of the non-structural properties of wood. 

However, there are some tropically grm.rn ~;mbers which may have a 
satisfactory density but consist of ~ small proportion of thick-walled 

hiqh density fibres and a larci! AJ['oportion of thin-walled, larqe

dia11eter veaaels, parenchyma, etc. These woods would fail more rapidly 

under load than woods with the same density, but containing a large 

proportion of f itres with walls of mediun thickness. 

Except in special circuastances. the self-weight of a timber structure 
is seldom a serious desiqn consideration. In cases where self-weight is 

i11po1:·tant, it should be noted that, in general. timbers of low density 

are more efficient on a strength/weight basis than those of high 

density, particularly for beama and coh.111ns. The obviously much hiqher 

strenqth/weight ratio of dry timber, as compared to that for green 
ti.aber, should not be overlooked. 

The COillf'8titive use of timber as a niaterial of construction depends on 

the effective use of wood's outstandingly high flexural rigidity per 
unit maas. Thia pr-operty can be capitalized in the desiqn of relatively 

large yet COlllSI'atively li9htly loaded structures such as single storey 

~ildinga, all kind.a of roof syatema, towers, silos, bridges, and 
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curtain walls. 

12.2 Shrinkage 

From the time it is cut from the tree. ~ exposed to nonnal 

atmospheric coroitions dries and shrinks. The loss of dimension 
tangential to the growth ring is, particulary in tl~woods. usually 

quite significant and is about twice that in the radial direction. 

In the first staqes shrinkage alonq the qrain, except when abnormal won! 

such as compression wood is present. is usually small and of little ~r 

no practical significance. Generally, changes in dime'lSions of softwood 
timbers on dryirg are not as great as those of hardwoods although there 

are some of the.ea of high density, wandoo for example. which exhibit a 

comparatively small shrinkage, 

As the green timber dries below the ~-called fibre saturation point <at 
approximately 25% to 30% moisture ~ontent> the normal shrinkage is more 

or less linear with moisture content change. 

In a nunber of hardwoods, normal shrinkage can be enhanced by an 
abnormal change in dimensions called "collapse" whid· u...:·urs ..,hen the 

moisture content of the cimber is above the fibre saturation point. The 

phenomenon results from a collapse of the thinner walled fibres during 
the early staqe3 of drying. It manifests itself macroscopically as an 

excessive shrinkage of the cross-section with a corresponding increase 

in apparent density. The surfaces of the timber are rlighty to heavily 

corrugated depe~ing on the severity of the collapse and internal 

checking can occur, 

Hardwoods dried for joinery and similar uses are usually given a 

steaming or reconlitioning treatment after drying. This has the effect 

of rerio=>v1nq most of the collapse unless tension wood was present and 

r~qtoring the timber to the cross-section and density it would have had 

if only normal &hrinkage had occurred 

Because shrinkaqe ia a normal characteristic of wood, special 
consideration is required in the eolection and use of tillber in 

structures. Due to the qrosa anisotropy of. shrinkage, timber containing 
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severely distorted grain or sloping grain may warp badly on drying from 
the green to the air-dry condition. Green timber in a joint containing 
two or more fasteners secured in such a way as to of fer restraint to the 

normal shrinkage of the wood will probably split as it dries. Host of 

the technical aspects of the working of ~ood, i.e. its shrinkage and 

swelling with change of moisture content, are fairly well understood and 

suitable des!qn and construction procedures have been developed to 

obviate the problems that might otherwise arise if inadequate attention 

were to be paid to this particular wood characteristic. 

Investigntion has shown that for m0st structural grades of til'lber, the 

ultimate load-carrying capacity of individual members increases as the 

'1lelllbers dry from the green coroition in spite of the loss of cross

s.~ction due to the shrinkage. For large sizes and low grades of timber 

th~re riay be little or no significant increase in strength on drying due 

to the developnent of larqe splits and checks. The stiffness of hardwood 

~11embe-rs not subject to col lapse increases on average by about 5% on 

drying from the green to the air-dry state, a change which for 

structural pur.poses is not considered of practical significance. 

Aahough air-dry timber resporos to changes in relative humidity by 

3hrinkage and swelling, these small dimensional changes are seldom of 

structural importance; larqe sections are far less sensitive than small 

section~ to changes in ambient conditions. Nevertheless it is desirable 

and, in .:xtreme cases, essential, that timber in prefabricated 

qtructures, particularly if glued joints are involved, be conditioned 

before fabrication to the equilibrium moisture content for that timber 

in the area in which the structure is to be finally erected. 

12.J Thermal Properties 

The thermal expansion of timber along the grain is only about one-tenth 
to one-third that of other structural mat.erials, including glass, and so 

need be considered only in relation to differential effects when used 
with them. Thermal expansion across the qrain is, in gen~ral. larger 

than along the grain. In most cases in practice, the shrinkage a11d 

swelling with moisture change which often accompany temperature changes 

overshadow thennal expansion. 
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12.4 Corrosion Resistance 

Wood offers considerable resistance to attack by a wide variety of 

chemicals, including organic materials, hot or cold solutions of acid or 

neutral salts, and dilute acids. Direct contact with caustic ma, 
however, should be avoided. Strong acids and alkalis will destroy wood 
in time bit the action is not rapid. Attack by chemicals on wood rarely 

releases products harmful to an industrial process. Consequently wood is 
superior to many other construction materials for certain industrial 

buildings. 

Wood resists exposure to atmospheric pollution and to sea air, so is 
often better suited for many constructional uses near the coast. Timber~ 

in roof trusses, beams ard other structural members may be attacked by 

corrosive vapour, but the hazard is qenerally much less than with 

metals. Chemical attack in timber te1.ds to be limited in depth and 

conservative desiqn practice when hazardous coroitions exist will 

normally ensure an economic life for the structure. 

12.S Electrical Resistance 

Because its electrical resistance is high, wood is particularly suitable 
for such uses as poles and cross-arms for high voltage power lines. Its 

electrical resistance also varies with 110isture content providinq the 
timber is at leest partly dry, and consequently it has been possible to 

develop electrical meters by which the moisture content of the timber 

may be readily determined by measuring the electrical resistance. The 

effect varies with species, so that special calibration factors are 

needed for each species. 

12.6 Vibration Characteristics 

Wood has excellent dampinq characteristics, its specific damping 
capacity being 0.06 compared to a value of 0.003 for steel. Timber 

floors exhibit inuch less vibration than floors with metal joists, ard 

consequently qive a feeling of greater comfort during movement across 

the floor for a given daf lection under load. Tht. comparative "softnesa" 

of wooden f loora haa been demonstrated to cause leas muscle strain in 

walking than does a concrete floor. 
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12.7 Flre Resistance 

Timber is a very poor coro'JCtor of heet. and although th~ outside 
surface of a timber 11181ftber may be burninq in a fire, the temperature 

only a small fraction of an inch below the depth of the charcoal being 
produced is at a relatively low temperature and the strenqth of the 

residual part of the member is rf'tained. In genera!, the dense!' the 

timber, the longer it takes to iqnite and the slo-•er it !:AA-ns. 
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Figure 1. Generalized structure of a tree showing orientation of 
major tissues including outer bark, inner bark, cambium, sapwood 
and heartwood (courtesy of St. Regis Paper Co.). 
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Figure 2. Model of the ultrastructural organization of a microfibril 
in wood; cross section on the left, longitudinal section on the right 

(after Fengel). 
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Figure 3. The ultrastructure of the wood cell wall (ML = middle lamel la; 
P =primary wall; Sl, S2 and SJ= lay~rs of secondary wall; after Cote) 
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Figure 4. Distribution of the principal chemical constituents within the 
various layers of the cell wall in conifers (from Panshin, A. J. and de 
Zeeuw, C. 1980. "Textbook of Wood Technology". McGraw-Hill Book Co.). 
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Figure 5. Variations in transition from earlywood to latewood in Pinus 
spp. White pine (P. strobus, left) and Loblolly pine (P. taeda, ri~ 
(about x 30). Note large diameter, vertical resin canal. 

Figure 6. A softwood Douglas-fir (Pscudotsuga Menziesii) as viewed with 
the scanning electron microscope (about x 80), showing earlywood and 
latewood trachcids and rays (courte5y of W. A. Cot~). 
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Fig. 7. Scanning electron micrograph of a small cube of the hardwood 
Eucolmua citriodora Ctop) ard E. reqnans <bottom> showing rays Cr>, 
fibre tracheids Cf), vessels Cv>, tyloses Ct>, axial parenchyma Cap> 

(unit distance 300 x 10-• •>. 
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Pig. 8. Cross-sectiOT' of a log of Pinus radiata taken from a tree that 
had been blown ove~ after approximately 10 years of normal growth - note 

the excessive developnent of compression wood on the lower side (scale 

in cm>. 
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MECHANICAL PROPERTIES OF WOOD 

1 I Leslie D. Armstrong-

TEW/3 

The engineer requires an accurate knowledge of the mechanical properties 

of the large variety of species of wood before he can utilize timber for 

engineering purposes. He also needs to know the mode of resistance of 

wood to various types of loading. The wood may be used in the green or 

air-dry cordition, it my be subjected to ve.rious types of exposure a.rd 

it 11ay contain defects such as knots, gun veins, sloping grain, checks, 

etc., all of which affect the mechanical properties. 

An accurate determination of the strength properties of each species of 

wood can only be lllede unc!er standard conditions of laboratory testing. 

The wood must be free of defects, i.e. it must be clear wood, the 

temperature a.rd moisture content of the wood 1nust be controlled to a 

selected value ard specimens of standard size must be subjected to 

accepted modes of testing under the various types of loading. The nunber 

ard type of stardard tests carried out differ with various authorities 

but in Australia it is normal practice to corduct strength tests in 

static herding, impact, compression parallel and perpendicular to the 

grain, hardness, shear parallel to the grain, both radial a.rd tangential 

to the growth rings, cleavage a.rd torsion. The test in torsion is not 

ref erred to in any standard. The influence on the elastic properties of 

wood of such factors as temperature, moisture content, duration of load

ing, defects, etc. need to be determined separately ard allowed for in 

deriving design stresses based on the mechanical properties of clear 

wood for each species. 

The methods used in Australia for the testing of small clear specimens 

of timber to determine their strength properties are described in detail 
by Hack <1979>. Methods of sampling a.rd the procedureas for the correct

ion of strength properties for 1110isture content and temperature are also 

deac. ·bed. 

In this paper, the standard tests carried out on clear wood and the 

typical behaviour occurring in each case will be described. The teats 

are made at 20°c on green wood cut from the tree and on wood dried to a 

moisture content of 12 per cent, based on the oven-dry weight, according 

Yuntil mid-1982 an officcrof CSIRO, Division of lluilding R1·sParch, 
Melbnurne, Australia. 
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to the standard testing procedures of British Standard No. 373-1957. 

Methods of Testing Slnall Clear Specimens of Timber. aoo the ASTH Stani

ard 0143-52, 1972. Stardard Methods for Testing Small Clear Specimens of 

Timber. Nominal specific gravity and moisture deter11inations are made on 

each specimen. The method used in sampling timber for the evaluation of 

strength properties is described in Forest Products Technical Note No. 

s. 1969. 

1. THE STRENGTH PROPERTIES OF WOOD 

1.1 Tension 

Tensile tests on wood are not included ~.n standard 111eehanical testing 

procedures because of the difficulties in Jbtaining straight-grained. 

defect-free material aoo further. becallBf' of the difficulties of elimin

ating the effects on the test results of the eni loeding attachments. 

There is a teniency for the wood to crush or shear at the attacl'uents. 

In practical applications, the full ten.~ile strength of a member is 

rarely attained because of the lower mechanical properties of the joints 

or attactunents used to rn~nect members. 

Straight-grained, defect-free wood has a very high strength in tension 
parallel to the grain. For example. the average ultimate tensile 

strength parallel to the grain for dry hoop pine is about 130 HPa ard 

that for dry mountain ash is about 185 HPa. In caapariaon, the yield 

stress for mild steel is about 250 HPa. 

The tensile strength of wood is very deperdent on the angle between the 

direction of the applied loed and the direction of the orientation of 

the wood fibres, i.e. the direction of the grain of the wood. The tens

ile strength perpendicular to the grain is about 1125 of that parallel 

to the grain for green wood ard about 1/45 for seuoned wood. Larqe 

reductions in tensile atrangth occur even with Sllall grain slopes. When 

knots are present in the wood, the qrain slope in the innediate vicinity 

of a knot is usually steep with respect to the general grain direction 

and the tensile strength of the material is considerabiy reduced. The 
effects of grain angle and knots are taken into account when timber is 

sorted for structural purpoaes by the application of grading rules. 
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The stress-strain curve for wood in tension parallel to the grain is 

linear almost to the ultimate stress value C90% leval> with little 

plastic deformation. 

en 
"' w 
CIC 
11-
en 

I.LI _, -"' z 
I.LI 
II-

STRAIN 

FAILURE 

* LP. : ""· <•r lftd green> 
Ult. stress 
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As the wood does not deform rapidly at hiqh tensile stresses. stress 

concentrations are not relieved to any nppreciabl~. extent: hence. stress 

concentrations should be avoided. Failure may ha splintery in nature in 

thP. case of thick-walled fibres failing near the middle la111ella or of 

Lrittle appearance where thin-walled fibres break across the cells. 

l.l Compression 

Ca> Parallel to the grain. 

The sterdard specimen is 200 11111 long by 50 11111 square in cross-section. 

Rate of deformation during test is 0.6 11111/min. Longitudinal deformation 

is measured by means of a Linear Variable Differential transducer ard 

the load-deformation curve is plotted automatically on a chart recorder. 

Specimens in the qreen cordition and et 12\ moisture content are tested 

at 20°c. Density and moisture content determinations are made on eech 

2pecimen. 

An alternative specimen sometimes used in compression testing is 60 nm 

long by 20 mm squar~ tested at a rate of deformation of 0,18 nvn/minute. 

The maximum crushing strength of wood parallel to the qrain is about 

one-quarter of the ultimate tensile stress, The maximum crushing stress 

for green Douglas fir Coreqon> is about 27 HPa ard for seasonedoreqon 

is 51 HPa. The values for mountain ash and grey ironbark, hardwoods, at 

12\ moisture content are about 63 HPa and 96 HPa respectively. 

The moduli of elasticity for wooa in compression and tension parallel to 

the qrain are approximately equal in value. 

The stress-strain curve for wood ir. compression is different from that 

for tension. The curve is linear to a stress level of 65 to 80% of the 

maximun value in compression in dry and qreen wood respectively. Follow

ing th~ Limit of Proportionality, the strain increases at an increasing 

rate with stress, the curve reaches a peak and finally falls as con

siderable deformation occurs due to the slender wood fibres buckling 

laterally. The buckling of individual fibres is accompanied by separat

ion in the vicinity of the medullary ray cells which are disposed in a 

radial direction with respect to the growth rings of the wood. Whereas 

the longitl.dinal fibres lend lateral support to each other between 
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medullary rays, the lack of such support in the vicinity of the radial 

rays permits buckling to occur. The line of £aiJ.1re on the face 

tangential to the growth rinqs is along the plane of maximum shear 

streS3 which is about 60° to the direction of loading, compared with 45° 
for isotropic materials. The line of failure on the radial face is at 

about 90° to the direction of loading and is porallel to tha medullary 

ray cells. A further mode of failure is that of the wedge and split in 

which two inclu:ied shear planes form a wedge towards the c2ntre of the 

width of the specimen. 

DRY WOOD 

GREEN 
•LP : 10\ U•.t. 

STRAIN 

Types 
of 

failure 
in 

compression 

Piqure J. Stress-strain curves for wood in compression 

parallel to the grain 

Quantities measured - maximum crushing stress. stress at limit of pro
portionality, lllOdulus of elasticity. 

(b) Compression nernendiculor to the groin 

Specimens of two sizes are used in determining the proporties of wood in 

compression perpendicular to the grain. One specimen is 150 nun long and 

50 ""'square in croaa-section <American standard>. The specimen is supp
orted on one of the long flat ·faces and a loading block, 50 nun square. 
is applied to the opposite face and over the middle third of the length 

of the specimen. The load is applied to the radial or the tangential 

face with respect to the growth rings and the specimens are ir.itially 
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machined so that perfect radial or tangential faces exist. The seco!i<! 

type of specimen is a cube of 50 mm per side <British starxlard> tested 

in e similar manner to the long specimen with the exception that the 

loading block of 50 nun x 50 mm covers the entire face of the specimen 

urder test. The specimens are deformed at the rate of 0.3 m111/min: 

correspording with the Alr~rican specification. to a total deformation of 

2.5 11111. The load required to cause this deformation is accepted as the 

compressive strength perpendicular to the grain. 

LOADING BLOCK 

50mm 

15C mm 

Ca> LONG SPECIMEN LO.OED OVER 
THE MIDDLE THtRO 

50 mm cube 

(b) SliOllT SPECIMEN LOADED 
OVER ONE ENTIRE FACE 

Figure 4. Compression test perperdir.ular to th1:: grain 

The load-deformation curve for wood in compression perperdicular to the 

grain is initially linear. 9eyord the limit of proportionality, the 

deformation continuea to increase for little change in load. The hollow 

fibres squash flat and the wood densifies until the thickness of the 

wood is reducP.d to about one th.ird of the original value. Following this 

st~te, the load inc~eaaes sharply with further compressionn of the 

densif ied materiul. 
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elastic 

I 
defonNtion 

squashed fibres 
-. ~· fibres squashing -->l densifying 

DEFORMATION 

Fil]\Xe 5. Load-deformation curve for wood in compression 

perpendicular to the grain 

With the specimen loaded over only a portion of its drea, the resistance 

to the load is proportional to the loaded area ard the loaded perimeter. 

The material on each side of the leaded area lerds support in opposing 

expansion of the loaded area in the direction at right angles to the 

direction of loading and, in addition, support is provided to the loaded 

fibres in the direction of leading. Experiments have shown that where 
the loaded edges Eire s1Jff iciently remote from the edges of the piece of 
timber, such as the case of loading a specimen over the middle third of 

the length, the bearing stress, determined from a 50 nun cube loaded over 

one face, could be increased by a factor£, where 

f = 1 + PIA (in. units> 

where p is the loaded perimeter and A is the loaded area. 

In the specimen loaded over the total bearing area, no perimeter effects 

exist. 

For ~illber loaded in cQllP['eaaion at an angle between o0 and 90° to the 

grain, the compr-euive strength may be estimated from Hankinson'.e. 

formula which ia given in the SAA Timber Engineering Code. 
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1. 3 Bending 

Because of the disparity in the compressive and tensile strengths 

parallel tv the grair., neither provides a suitable basis for the design 

at beams. It is more convenient to determine the bending strength by 

lest and to derive design stresses fcom the test results. An approximate 

value of the extreme fibre stress at failure, the modulus of rupture, is 

calculated as 

Specimens of two sizes may be used in standard testing in centre-point 

bending. The dimensions are 750 mm in length x 50 mm square in cross

section tested over a span of 700 mm and JOO mm x 20 mm square, span 

280 mm. The beams are freely supported and loaded in bending in the rad

ial direction at the centre of the span. The rate of deformation is 2.5 

nun/min for the larger specimen and 1 mm/min for the smaller specimen. 

Load-deflection curves are recorded on charts using L.V.D.T;/devices to 

measure deflection. Modulus of rupture, stress at limit of proportional

ity and modulus of elasticity are determined. The modulus of elasticity 

calculated from the data in this test may be up to 16% lower than the 

true modulus because of the inclusion of deflection due to shear. 

The load-deflection curve is linear in the early stage and following the 

limit of proportionality, the deflection increases appreciably with a 

relatively small increase in load. After a maximum load value is reached 

the load values decrease with increasing deflection until failure 

results. 

The mode of failure and stress distribution in a beam are largely deter

mined by stress-strain relations for compression and tension parallel to 

the qrain. As the load on a beam inc~eases, the stresses increase 

linearly until the limit of proportionality in compression is exceeded 

at the extreme fibre on the compression side of the beam. The extreme 

fibres begin to buckle, but initially the deformation is small and their 

load-carrying capacity probably remains fairly constant. Fibres below 

the extreme fibre buckle in turn to produce a macroscopic wrinkle at one 

~ Linear VBriable Differential Transducer 
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or mor-e sections in the compression zone of the bealn. As this load shar

ing pr-ocess continues acr-oss the depth of the comi:ression zone. the 
compression wrinkle progresses towards mid-height of the bedm and the 

str-ess over much of the compr-ession zone is appr-oximately constant aoo 

equal to the maximun crushing stress. The extreme fibre stress in tens

ion steadily increases until the maximum tensile stress is reached at 

the extreme fibres and failure results. Just prior to failure. the 

stress distribution on the compr-ession side of the beam is approximately 

rectangular over most of the section and equal to the maximum crushing 

stress, decr~asing rapidly to zero value at the neutral plane. whereas 

on the tension side of the beam the stress distribution is approximately 

linear, varying from zero at the neutral plane to the value of the 

maximum tensile stress at the extreme tensile fibres. The neutral plane 

moves from the initial position at mid-height of the beam towards the 

tension face. The stress distribution ass1..111ed for calculating the modu

lus of rupture varies linearly from equal maxima values ~t Uae extreme 

fibres in compression aoo tension to zero at the neutral plane which is 

assumed to be at mid-height of the beam. The calculated value of the 

modulus of rupture in compression is about twice the actual maximum 

compressive stress and in tension, the value is about half the actual 

maximun tensile stress. 

c 
~ 
...J 

ORV CLP. : 70\ Ult.> 

DEFLECTION 

Fiqure 6. Load-deflection curves for wood in bending 

parallel to the grain 
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The nature of the failure on the tension side of the beam varies with 

species and may be splintery or brittle in appearance. If loading is 

stopped just prior to failure on the tension side of the beam. even 

though compression winkles are present. and the beam is turned upside 

down and reloaded. the maximun load required to break the beam is flearly 

as high as that "1hich would have been needed to break the beam in the 

first case. The buckled fibres in the previous compression zone are 

pulled straight in their new role in the tension zone. "1hile compression 

"1rinkles 00"1 occur in the ne"1 compression zone. The resultant fracture 

on the tension side of the beam is bri~tle in nature. 

Modulus of rupture is dependent on the type of loading on the beam. It 

is lo"1er for a beam subjected to loading at the quarter points C'four

point' leading) than for a beam loaded at mid-span ('centre-point' 

loading>. The difference varies with specie~ but is about 10% on the 

average. In four-point bending, the maxim1..111 load depends on the weakest 

section between the load points where all sections are subjected to the 

maximun bending moment. whereas in centre-point bending the maximum load 

depends on the strength of the material at se=tions close to the centre 

of the span where the bending moment is at a maximun value. The chance 

of the weakest section of the beam being at midspan is relatively small 

so the modulus of rupture of a beam in centre-point herding tends to be 

higher than that in four-point bending. 

The centre-point values are taken as the basis for design stresses. 

appropriate considerati~n being given to other t~s of loading. 

The modulus of elasticity in centre-point bending is calculated from the 

load-deflection curve for- th.a full span am is up to 16% lower than that 

calculated from the deflection in four-point bending, which is measured 

between ti'le load points. This is because in centre-point bending the 

deflection over the full span is due to the effects of bending moment 

and shearing force, whereas the deflection between the load points in 

four-point beooing is due f:.o bending mo11ent only, as the shearing force 

is zero in this reqion. The modulus of elasticity of wood parallel to 

the grain has the same value whether determined by tension, compression 

or pure beooing. 
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Because beams in practice are generally subject to shearing force, the 

modulus of elasticity quoted for design purposes is that obtained from 

tests in centre-point herding, ard thus no extra allowance for shear 

deflection need be made for solid beams. When shear deflection needs to 

be considered as, for example, in the design of I-bemns. an appropriate 
increase in modulus of elasticity is made to bring it close to the value 

for pure bending. 

1.4 Shear 

A block shear test is IMde on cubic sp!ciniens of 50 11111 or 20 • diaiens

ion in accordance with the British standard. The specimen is attached 

fir111ly in a steel loading block and tested in single shear in the direc

tion of the fibres ard over sections radial ard tangential to the qro\lth 

rings. The distance betveen the sheared edges is 3.2 11111 in the 50 nn 

specimen and 1.6 mm in the 20 mm specimen. The specimen is deformed at 

the rate of 0.6 11111/min. for both sizes. A torsion test is also llllide at 

CSIRO on a cylindrical section of solid wood of 38 mm diameter. 

The shear strengths from block shear and torsion tests are closely corr

elated but the value from the torsion test is somewhat higher probably 

because the torsion test is freer from stress concentrations and tensile 

stresses perperdicular to the grain i"levitably induced in the block 

shear test. 

Wood is much weaker in shear parallel to the fibres than perpendicular 

to the fibres. Hence, in beams subject to excessive shearing force, 

failure is by longitudinal shear ard not by transverBf' fracture. 

1.5 Impact 

The impact tests for wood tested in Australia are not included in the 

British or American standards. A toughness impact test, described in 

Technical Bulletin 479, US Department of Agriculture, is made on a spec

imen 250 11111 long and 16 nn square in croas-section. The specimen with 
the fibres parallel to the length is freely supported at each end and 

loaded at the centre in the radial or tangential direction by ineans of a 

hiqh speed penduh.111, The work done in breaking the specimen is Masured. 
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A further type of impact test. the Izod test. specified in British 

standards such as DTD-368. 1939. is performed on a cantilever specimen 

of 22 nn square cross-section. notched as in the Charpy impact test for 

metals. Load is applied to the end of the cantilever by means of a hiqh 

speed penduhn. The fibres are parallel to the length of the specimen 

and the load is applied in t~e radial or tangential direction with 

respect to the qrowth rings. 

Impact testing is useful as a means of ~stimating the ability of woad to 

absorb shock loads and further as a means of detecting the presence of 

certain defects in wood r.ot obvious to visual inspection but which 

should be eliminated in certain uses of wood. The impact strenqth of 

\IOOd is sensitive. for Hample, to the presence of brittle heart and 

incipient decay. 

1.6 Cleavage 

The cleavage 3pecimen is 45 nun long and 20 mm square in cross-section or 

95 x 50 x SO nn with the fibres parallel to the lenqth. A deep groove of 

special shape is machined across one end face of the specimen to permit 

loadi~ perpendicular to the grain and in the radial or tangential 

directions. The remaining area, subjected to cleavage, is approximately 

20 nn square in the small specimen and 76.2 x 50 mm in the larger speci

me~. The cleavage test is a combination of tension perpendicular to the 

grain and splitting. The rate of lateral deformation is 2.5 mm/min. The 

load necessary to split the spe.cimen per unit width is referred to as 

the cleavage strength and is ir.dicative of the splitting tendency of 

wocxi. The result is of value, for example, in assessing nail and screw 

holding properties. Such factors as orientation of growth rings, 

irregularities of grain, dimensions of medullary rays, presence of resin 

canals and arrangements of the different tissues, affect the resistance 

to splitting. 

1.7 Hardness (Janka> 

The force required to indent in a-piece of wood a ball of 11.28 nn 

diameter to a depth of 5.64 11111 at a rate of 6.5 n111/min. is known as the 

Janka hardness value. Hardness is determined for the radial, tangential 

and end surfacefl. The specimen size is 150 x 50 x 50 nn. 
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The hardness value correlates closely with the density of the wood. 

2. FACTORS AFFECTING THE MECHANICAL PROPERTIES OF CLEAR WOOD 

2.1 Species 

The mechanical properties of different species of wood vary consider

ably. some species being many times stronger than others. 

Within any one species there is a wide variation in the properties of 

wood. In species of low strength some pieces of wood may be three or 
four times as strong as other pieces of the same species. In eucalypts. 
however. the ratio between the strongest and weakest pieces is about 

two. The variation in strength within a species is such that great 

importar.ce should not be attached to small differences, say less than 

about 10%. in the average properties of different species. 

The variation in strength properties within a sp~ies is due to such 

factors as density, rate of growth, percentage la:e wood and the condit

ions of tree growth. Enviror111ental factors affecting tree growth. such 

as height above sea-level. geographical locatior. climate, soil condit

ions, aspect and spacing between trees. all ~.dve an effect on density. 

Because of the great nunber of factors involved and their interactions, 

little clear evidence is available on their separate influences. 

2.2 Age 

The age of the tree. at least in the early years of its life, has an 

effect on the strength of the wood. Strength increases fairly rapidly 

with age and after about 30 years full strength is achieved. although it 

will vary from year to year with seasonal conditions. 

The rate of growth, that is the number of rings per inch, has been taken 

as an irdicator of strength. S;>ecificati.ons often impose limits for rate 

of growth because very fast-grmm and very slowly-grown wood is often 

weaker than that of more moderate r.-+e of grwoth. During the early years 

of the life of the tree, growth is rapid and the ~ood is of low strength 

compared with that laid down during mature years. In the years following 
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maturity. the rate of growth is very slO\l ard the wood is of low 

strength. It has been shown that the apparent high correlation between 

rate of growth ard strength does not exigt but age rather than rate of 

growth appears to bP. the factor controlling the strength of the wood. 

2.J Position in Tree 

I 

The way in which the strength pt"operties vary with height of the tree 

depends on the species. In softwoods. the wood from near the butt of the 

tree is usually denser, stronger and harder than that from r.ear the top, 

but in some of the eucalypts the reverse holds true. The effect of 

height in tree, however, is usually variable and only rarely of 

practical significance. 

The variation in strength of wood in the radial direction with distance 

from the pith is of importance, material from near the pith tending to 

be webker in some species. Away from the vicinity of the pith, strength 

properties tend to vary erratically, presumably with seasonal growing 

conditions. In plantation-grown species, the vari~tion of strength 

properties with distance £ran pith can be very large. As an example, in 

40 year old trees of radiata pine, a twofold increase in density and a 

fourfold increase in bending strength have been observed in samples 

taken from pith to bark. A rise of 50% in dansity and 100% in bending 

strength is not unusual in JO to 40 year old trees of this species. 

The zone of wocxi called 'brittle heart' which surrounds the pith in many 

hardwoods contains wo00 fibres having canpression failures in the walls. 

Such failure are believed to occur from excessive compressive stresses 

arising at the centre of the tree during growth. The extent of this zone 

varies with species and with the diameter of the tree, but in general, 

it represents only a a.aall proportion of the volune of the tree. The 

static strength properties of brittle heart are similar to those of 

normal wood provided no decay is present but the impact strength is very 

low: hence it is usually not used for structural purposes. 

2.4 Percentaqe Late Wood 

Percentage late wood is the proportion of dense wood laid down towards 

the close of each growing season to the total wood laid down for the 
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year. It is closely correlated with density so a high percentage of late 

wood is generally a good imication of high strength. This fact can be 

used to advantage in the selection of wood with prOlllinent. bards of late 

wood. In the USA, higher wrking stresses are permitted for Douglas fir 

in which the late wood exceeds 35% of the total wood. 

2.5 Density 

Density is highly correlated with strength. The specific gravity of wood 
substance is 1.5 regardless of species, rut the arrangement of the 

substa"lCe in the cells am in the tota~ structure reduces the density t~ 
a ax:h lower value. Strength deperds very much on the relation between 

the cell wall thickness am the width of the cell lunen. This relation 

varies with the growth comitions am the age of the tree. The following 

approximate relationships between strength and density of both green and 

air-dry material have been foURi for variability within a species: 

Strength = K.densityn 

where n = 1.25 for modulus of rupture and maximun compression strength 

parallel to grain 

= 2 to 2.25 for impact strength 

= 2.5 for compression perpendicular to the grain and hardness 

K varies with the property and the moisture content of the wood 

Density is calculated on the weight of oven-dry wood and the 

vol1..111e at the particular moisture content. 

The relations indicate that the major strength properties <modulus of 
rupture, compressive strength parallel to grain> increase approximately 

in proportion to density. Compression perpendicular to grain, hardness 

and impact., increase at a much more rapid rate. 

Despite the hiqh co1Telation, only about 80% of the variation in 

strength is due to variation in density. Part of the discrepancy is due 

to extractivea and deposits which add to density rut not to strength. 

Consequently even density is unable to predict the strength of a piece 

of wood with high precision. Nevertheless, density can be useful in 

reducing the chances of obtaining pieces of timber with strengths lower 

than particular values. Certain specifications, particularly for timber 
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for aircraft use, set minilllllll densities for each piece in an endeavat.'l" 
to ensure that the required minimlll stren;rth is attained. 

2.6 Reaction W~ 

Compression uood, formed in bent or leaning trees of soft\IOOd species, 

has abnormally high shrinkage, is denser am somewhat stronger than 

normal wood but is very brittle. In a severe form it is noticeable as 

dark-coloured hams but in a mild form it is not readily detected by 

visual examination. 

Tension wood, formed in bent or leaning trees of hardwood species, has a 
high shrinkage but has little effect on stren;Jth properties. It is 

detectable in sawn wood by the stringy appearance of the surface. 

2.7 Variability of Clear Timber Within a Species 

The variability in the mechanical properties of wood within a species 

makes it a time-consuning task to determine those properties. A suff i

cient number of specimens per tree ard a sufficient number of trees must 

be tested to determine the species mean with adequate precision. To 

estimate the species me~n to within t5%, at least S to 20 trees are 

sampled. 

The results of such tests show that, in each case, a larqe number of 

values for each property are distributed close to the mean value with a 

small nunber distributed well above and below the mean value. The amount 

of the variability is defined from the mean value <x> am the standard 

deviation <a>. The qreater the value of a, the qreater t~e dispersion of 

the individual values of a property about the mean value and the greater 

the probability of obtaining material exhibiting very high or, more 

importantly, ~ery low properties. Approximately 95\ of the material has 

stren;rth values lying within the range of t2a, so that the value x - 2a 

will be exceeded by all but·2.5\ of the material of the species. An 

estimate of the variability from the mean is essential for deriving 

design stresses. 

The value al~ expressed as a percentaqe is called the coefficient of 

varifttion and is often used as a measure of veriability. Its 
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disadvantage is that it is dependent upon the mean, so for two species 
with the same standard deviation, the weaker will have the larger 
coefficient of variation. 

Coefficient of variation values for the strength properties of green 
wood of 50 species tested in the USA are as follows: 

Property 

Static bending 
Modulus of rupture 

Mcdulus of elasticity 

Compression parallel to grain 
Haximun crushing stress 

Modulus of elasticity 

Shear parallel to grain 

Haximl.111 shear stress 

Compression perpendicular to grain 

Stress at L.P. 

Tension perpendicular to grain 

Haximun tensile stress 

Hardness 

End 

Side 

Toughness 

cov (%) 

16 

22 

18 

29 

14 

28 

25 

17 

20 

34 

(Values for ah'-dry wood may be assuned to be similar to above> 

Si•ilar values to those qiv.m in the table have been determined in tests 

on Australian hardwood.a. 
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2.8 Moisture Content 

Water is contained in the wood cell as free water in the lumen and as 

combined water in the wood tissue. The total weight of water in wood may 

exceed the weight of dry wood tissue. Removal of the free water durirY:J 

seasoning of wood does not affect the strength properties of the 

material. The moisture content of the wood, expressed as a percentage of 

the oven-dry weight of the wood substance, is approximately 30% after 

the free water is evaporated but while the cell wall is still saturated. 

This level is referred to as the fibre saturation point. As drying 

continues below fibre saturation with removal of the combined water, the 

strength properties increase by between 1.5 and 5% for each 1% reduction 

in moisture content <Wilson 1932>. With uptake of water in dry wood 

similar reductions in strength occur. 

The average percentage changes in various properties per 1% change in 

moisture content are as follows: 

Prooerty 

Modulus of rupture 

Modulus of elasticity 

Haxi~um crushing strength 

Maximum shearing strength 

Compression perpendicular to grain 

Tension perpendicular to qrain 

Hardness 

End 

Side 

Torsion 

Haximun shear stress 

Modulus of rigidity 

% change per % 
change in m.c. 

4 

1.5 

5 

3 

5 

2 

4 

3 

3 

2 

In the case of impact strength, some species show an increase in this 

property with drying, some a reduction at first followed by an increase 

as the moisture content is reduced below 12% and other species showing a 

continuing reduction. 
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The following diagram represents the change in some properties with 

chanqe in moisture content. 

0 10 

Compressive Strength 

~--Bendi,ng 

Young's Modulus 

20 30 
MOISTURE CONTENT 0/o 

40 

Figure 7. Variation of mechanical properties of wood with 

moisture content 

The following approximate relationships have been taken from the 

previous diagram: 

= 1.9 

= 1.6 

= 1.2 

When comparinq the properties of different species, or of individual 

pieces of wood, the values should be those appropri~te to the ~ 

inoiature content. 
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Drying is a slO\l process for hardwoods ard for larger sizes of softwoods 

ard hence. in some cases. 3tructural timber may be green or only partly 

dried, when used. This arpliea also foi- impod@l1 tilllbers s'1C'h as Douglas 

fir Coregon> becnuse it is imported in large flitches. which do not dry 

appreciably in tran.s!t or storage. and which are resawn to smaller sizes 
on order. Urder the unrestricted drying uhich usually occurs instruct

ures. checks and other defects may develop in timber members which can 
offset the increase in ~trength due to drying. Consequently, wrking 

stresses are based on the strength of qreen timber. 

2.9 Temperature and Strength 

Ca> Immediate effect of temoeroture 

Generally. uith other conditions remaining the same. when the temperat

ure of wood is raised above normal. it tends to become weaker in most 

strength properties, and when the temperaturP. is lowred, it becomes 

stronger. 

Temperature may also affect strength by altering the relative hllllidity 

of the atmosphere ard hence the moist1Jre content of the tini.ber. Often·an 

increase in temperature is accompanied by a reduction in moisture con

tent and so the weakening due to tem~rature alone may be off set by the 

increase in strength which ac:ompanies drying. On the oth~r hand, high 

h1.J11idity may accompany high temperatures and the wet.lkening effects of 

higher moisture content 6nd temperature will be additive. The followiB;J 

discussion will be limited to ti~.ber at constant moisture content. 

The effect of temperature alone on strength is i1111119diate, and its 
magnitude depends upon the moisture content of the wood ard, when the 

temperature is elevated, upon the time of exposure. For moat structural 

uses under ordinary attnospheric corditions, wood eJCpOIMKi to tamperaturP.s 

above normal, if the expoa•.ire ia fer a limited period and the temperat

ure is not exceasivB, can be expected to recover essentially all its 

oriqinel atrength when th.- temperature is reduced to nol'llal. Experiments 

indicate that air dry wood can iroi;sbly be exposed to temperatures up to 
about 65°c for a year or more without an important permanent loss in 
110st strength properties, but its strength while heated will be tempor

arily reduced aa cOlllJ)Sred to the at1·er¢h at normal temperature. 

J 



- 77 - TEW/) 

The approximate inaediate effect of temperature on most static strength 

properties of dry wood <12% moisture content> within the range of -15° 

to 65°c can be estimated as a~ increase or a decrease in the strength at 

20°c of 1\ per degree Celsius decrease or increase in temperature 
CSL'izberger 1943>. The change in properties will be greater if the 

moistvre content is high and lea= if the moisture content is low. In 

some geographical locations fairly high temperatures are commonly 

experienced, but the accompanying relative hLDnidjty is ordinarily quite 

low. Wood exposed to such conditions will generally have a low moisture 

content. and the inanediate effect of the high temperature is not so 

pronounced as in locations where wood has a higher moisture content. 

Figure Sa shows the approximate temperature and moisture content 

relati'Jns that apply i:"or modulus of rupture in bend.inc;. 

,,0 

~ 20•1, m.c. ~- 120 
zU 
w•o 
~N 
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c L&.I 80 :::> . ~ 
Q: 41( 
_> 
0 60 • LL. so 

oL.. . 
-1! o. 20 40 10 

TEMP •c. 

Fiqur-e Sa, Relationahip between modulus of rupture ard temperaturt' 

for wood at vari~us moisture contents 

Teats conducted on wood at about -100°C show that the important strength 

properties of dry wood in berding and in compression, including stiff

ness and shock ~esistance, are muct higher at that extremely low temper

~ture than at normal te111perature. 
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The compressibility of wood greatly increases when heated providing the 

moisture content is not too low. The strain in partly seasoned wood 

subjected to steaming and loaded parallel to the grain is increased 

greatly at maximum load compared 1.1ith strain under normal conditions. 

Steaming has much less effect upon the tensile properties and the stre.,in 

~t max~mum stress is not greatly increased. 

As shown in Figure 8b, toughness sho1.1s a general trend from a decrease 

in toughness 1.1ith rising temperature at low moisture contents to an 

increase in toughness 1.1ith temperature at high moisture content. This is 

possibly because toughness is a function of strength and deflection. 

Belo1.1 12% moisture content, the deflection of a beam does not increase 

much with rise in temperature so there is littl~ or no increase in its 

ability to absorb impact loads. Above about 12% moisture content, the 

deflection of a beam increases with rise in temperature and so toughness 

tends to increase too. 

14 
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:I: 11 <.!) 
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MOISTURE CONTENT •/, 

F\gure Sb. Variation of toughness of wood Cimpact I:"esistance> 

with moisture content at Vdr"ious temperatur-es 
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Cb> Permanent effect of exoosure to high temoer-atures 
When dry wood is exposed to temperatures above 65°c for extended periods 

of time, it will be permanently weakened. even though the temperature is 

subsequently reduced and the wood is used at normal temperatures. The 

permanent or- non-recoverable strength loss will depend upon a number of 

factor-s. including the moisture content and temperature of the wood. the 

heating medium and time of exposure. and to some extent upon the species 

and the size of the piece. In the following discussion it sho•.!ld be 

understood that losses in strength are permanent losses, measured at 

normal temperature, after exposure to high-temperature conditions for 

various periods. Reductions in strength would be substantially higher if 

measured at the elevated temperature. 

Broadly, the available data indicate that wet wood will suffer permanent 

loss in strength if heated '\hove a.bout 45°c. Exposura to higher temi>er

atures wi]l result in increasingly greater strength losses in shorter 

periods of time as the temperature is increased. Strength properties are 

affected differently by exposure to high tamperatures. The shcck resist

ance of wood as mee-.sured by the area under the load-deflection curve 

<work to maximum load> is the first bending strength property affec'. .. ed 

t0 a measurable degree regardless of the species, temperature, or heat

ing medium. Modulus of elasticity, a measure of stiffness, is least 

affected. The effects of heating on the bending properties of wood 

exposed to water at ss0c for various periods are shown in Figure 9. 

1he effect of high temperatures on various species is different but, in 

general, hardwoods are affected to a considerably greater extent than 

softwoods. 

The heating medi1..1n used has a considerable bearing on the amount of 

reduction of strength that results from exposure of wood at a particular 

temperature for various periods of time. At all temperatures, exposure 

to hot water causes somewhat less strength loss in a given period of 

time than steam; the e~fect of exposure to a hot press is con~iderably 

less than it is for hot water, and the least effect results from 

exposure to hot, dry ail". 
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f'iqure 9. Effect of heat i~ an ~:he bending properties ot ;,;nod 

eilposed to .. ater at 85°c for vario1Js pericxls then 

tested at 20JC and 12% moi.rJt.ure content 

The eff.ed. of ~'l<pos:x·e to high t<~mperab.;re~ on the strength of wood i 9 

rumulat;"JP.. Fi:T q:icc'il}Jl.e, if wooct at a particular moisture content is 

expr,:Jed 6 dHenmt ti"f!es t.o a tempe-rature of 11ay 65°c for 1 ronth eac1 • 

the overall •S:~!ect :;01,.ild be &pprox~mately the same as for a single 

exposL't"e of f, months. 

Tho shape and size of wocxl pie~es can be expected to i~f luence the over

all temperatuc~ effect in relation to the heating medillll, exposure time, 

rnoi&ture content, and the strength properties considered. If the expos
ure is for only e. :;ihort time, so that the inner parts of a large piece 

d'.'- nol reach the temperature of the surrounding medi1.111, the immediate 

effect on the strength propertie3 of the inner parts will be less than 
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for the outer parts. On the other hand. the outer fibres of a piece 
stressed in bending are subjected to the greatest load and will ordinar

ily govern the ultimate strength of the piece: hence. the fact that the 

inner part is at a lower temperature may be of little arlvantage. 

For lonq-extended t!Xposuces. it can be nssumed that the entire piece 

refiches the temperature of the heating medium and will. therefore. be 

subject to permanent. non-recoverable strength losses through the volune 

of the piece, regardless of size. It should be recognized. however. that 

in ordinary construction service. such as in buildings, the temperature 

of the air surrour,jing the ~ood varies considerably during the day and 

the seasons of the year and that the wood itself. or at least any subs

t~ntial part of a member. is not likely to reach the maximum temperature 

of the surrounding air. This is true particularly of the larger or 

structural members. 

In designing a timber structure for exposure in the tropics. the engin

ee~ must make allowance for the combined effect of high temperature and 

high moisture content and the SAA Timber Engineering Code provides for 

this. 

rndustrial buildings, in which normal operations lead to the generation 

of high temperatures and high humidities that may affect the structure. 

must be designed for the effects of these factors on the strength of 

wood. 

2.10 Duration of Loading 

The permissible stresses and moduli of elasticity for structural timbers 

are derived from the results of standard mechanical tests on the various 

species, appropriate allowance being made for factors such as material 

variability, defects, type of engineering structure, service conditions 

and a factor of safety. Included in the service conditions are the 

effects of duration of loading on the strength and stiffness of wood. 

Host materials exhibit •.ime-d~pendent behaviour when subjected to sus

tained loading, i.e. d~ad !oad, or continued restraint. Such rheological 

phenomena are important in the usage of the materials, particularly in 

engineering application. The rheological behaviour of a material is 
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influenced by its physical and chemical structure. previous history. 

type r.md rnnqnitude of landing ttnd the env:.ronment in ~,...iC'h it is con-

tu rned. Fn1· hyqrosr.opic rMtr~r·inl~ ~uch as wood. thP moi.stura cont&nt ard 

flut:tation~1 in moisture contPnt. rluo to the environment. may have a 

pronounced ~ff t•ct. on t heo l°'J ica l properties. 

Ca) Creep in 1.1ood and lolOOd products 

When a 1.1ooden member is subjected to any type of sustained load. it 

undergoes an immediate deformation which may consist of recoverable and 

irrecoverable components. dependent upon the magnitude of the stress arrl 

the time taken to apply the load. For lou stresses. i.e. stresses below 

about t1.10 to three times the permissible stresses used in engineering 

design. and very short times of loading, i.e. times similar to those 

nccupied in perfmming standard mechanical tests in a laboratory, the 

deformation resulting on application of the load may be considered ~o be 

elastic in nature. As the time under load is increased, the deformation 

continues to increase, but at a gradually diminishing rate and consists 

of a delayed elastic component, which is recoverable when the load is 

removed, and an irrecoverable component. This time-dependent behaviour 

is referred to as creep. At 10\I stresses, the creep rate may gradually 
approach zero. 

Factors such as temperature and moisture content affect the amount and 

the rate of creep, higher values of deformation arising 1.1ith increases 
i r1 these factors. 

After removal of the applied load, an immediate elastic recovery occurs 

and iL is similar in magnitude to the immediate deformation that occurs 

when the leads are applied, A further gradual reduction in deformation 

occurs with ti~e and continues for a considerable period, the rate of 

recovery gradually approaching zero, with an irrecoverable component, 

i.e. a flow component, remaining in the wooden member. 

Typical creep behaviour in wood is illustrated in Figures 10 and 11. 
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GREEN WOOD 

ORY WOOD 
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fiqurP ~1. Creep~ time curves for wood at const.4nt conditions 

of teir.perature anci me isture content 
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Figure 11. Components of creep 
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component 
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At high stress levels, i.e. at stresses above about 55% of the short

tenn ultimate stress, the initial pattern of behaviour is sim)lar to 

that already described but, after a period, U,e deformation increases 

again at an increasing rate until failure occurs. It is possible that 

for very low stresses, deformations may vary in this way if the duration 

of loading is very extensive, however, the periods involved would 

greatly exceed the economic life of wooaen structures. The influence of 

stress on creep in \ICOd is illustrated in Figures 12a ard 12b. 
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Figure 12a. Deformation-time curve for wood at various stress levels 
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Figure 12b. Effect of stress on relative creep 

Relative creep, i.e. total deformation expressed as a multiple of the 

initial elastic deformation ~rising on the application of load, is 

little affected by stress l~vel at stresses below about 55% of the 

short-term ultimate stress, but 1.J:Jove this value, the relative creep may 

be greatly affected. The creep rate of wood in bending increases ma~k

edly at a stress level near 60% of the short-term ultimate stress and in 

compression at about the 70% stress level. It is possihle that the 

transition stress level is higher for wood in tension. 

When wood is subjected to sustained loading parallel to the grain in 

bending, compression, shear or tension, at stresses of up to about half 

the short-term ultimate values, provided the moisture content is main

tained constant at any value and thu temperature is maintained constant 

at values of leaa than about so0c, th1 ) total creep deformations over 

several years allO\Jnt to between 50% and 100% of the initial elastic, 

deforll8tions. Hoat of the creep occurs within the first year and the 
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creep rate becomes very 101.1 after that time. In tests on five hardlJCX>Ci 

species and five soft1.1ood fpecies. no marked differences in creep 

behaviour 1.1ere evident. 

Relative creep incre~ses markedly 1.1ith increasing temperature. e.g. 

relative creep at 4~~C is about double that at 20°c. 

Relative creep is unaffected by the moisture content level of the IJOod. 

provided thd moisture content does not vary during the period that the 

IJOod ;J umer load. Relative creep in green or dry wood in a constant 

environment is illustrated in Figure lJ. 

2 

• 

o-----------------------------.-.------------...6...----~ 1 2 
TIME - YEARS 

Figt;ce 13, Relative creep in green or dry 1.1ood in a 

constant environment 

3 

Soma 1.1ork has been done on creep in 1.1ood in compression and tension 

perinndic•;lar to the grair of the wood. and the amount of creep appears 

:.r, be slightly greatec then lhat in 1.1ood stressed parallel to the grain. 

After the sustained loads are removed from a wooden member that has been 
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loaded for several years. up to half of the creep is recoverable. The 

irrecoverable component increases 1.1ith increasing duration of loading. 

Although creep in plywood. at least in bending. appears to be similar to 

that in solid wood. \IOOd products such as hardboard am particleboard 

exhibit very much qreater creep and in contrast to wood, relative creep 

in these latter sheet materials increases greatly at increased moisture 

content levels. The differences in behaviour are probably due to the 

differences in the nature am degree of bonding of the components of the 

natural and processed materials. Creep values of bet1.1een 4J% and SOC~ of 

the initial elastic deformations have been measured P.,,rer- one month rn 

hardbo6rd and particleboard at moisture content levels fcom 10% to 18%. 

Cr-eep behaviour of hardlx>ard, particlelx>ar-d and 1.1ood is compared in 

Figur-e 14. 
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Cb) Stress relaxation 

In wood held at constant restraint. the stress in the material dimin

ishes or relaxes at a decreasing rate to about 60% of its initial value, 

over a period of sever~l months. This phenomenon is illustrated in 

Fig-.Jr'e 15. The rate of relaxation rapidly approaches zero towards the 

end of that period. The stress relaxation-time curve is similar in shape 

to the creep-time curve. but its mirror image (see Figure 16>. 
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6 

The moisture content of wood does not affect the percentage of stress 

relaxation, provided the moisture content remains constant. Temperature 

has a marked effect on relaxation behaviour. No marked effect of stress 

is evident at stresses below half the short-term ultimate value. Relax
ing wooden members can fail if the initial strains exceed about 70~ of 

the average strain at failure in a short-term mechanical test. 

The rheological behaviour of wOod may be studied by creep or stress

relaxation methods and predictions of either behaviour made from 

knowledge of the other. 

7 
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<c> Hechano-sorptive deformation 

Although the absoh.'te values of creep deformations in wood are greater 

at high moistur·e content levels. the relative creep values. i.e. total 

rleforination at any time expressed as a multiple of the initial elastic 

deformation. ar·e ~imilar in magnibxfe in both green and dry wocxL An 

extremely important phenomenon occurring in wood and \load products is 

that of greatly enhanced deformation that arises during the simultar.eous 

action of applied load and moisture content change. Hechano-sorptive 

deformation due to the interaction of load and moisture change prooably 

arises in most hygroscopic materials. The behaviour of wood under pro

longed lee.ding in a constant and changing moisture environment is 

illustrated graphically in Figure 17. 
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Figure 17, Effect of moisture content change on the rel1ttive 

deformation of wood under sustained loading 
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When ~ under any type of loading is subjected to an initial process 

of absorption or desorption of watP.r. the deformation due to the applied 

load increases markedly dcring the: pericxi of moisture content change and 

the amount of the increase is dependent on the size of the moisture 

content step. Depending upon the type of loading and the size of the 

moistuce step, the hitial deformations may increase by as much as 600~ 

or 700~. In comparison, creep in wood in a constant envirorvnent may 

rear _ 100% of the initial elastic deformations after several years. The 

largest mechan0-sorptive deformations for a qiven moisture step arise in 

wood in compression; intermediate values arise in wood in bending and 

shef"r; and the smallest values arise in wood in tension. The behaviour 

of hardboard and particleboard is qualitatively similar to that of solid 

wood, but quantitatively the effects are very much qreater in the fonner 

materials. The quantitative effects in plywood appear to be in between 

those for solid wood and particleboard or hardboard. Stress relaxation 

in wood umer restraint is increased qreatly during moisture changes. 

When wood beams, initially at a hiqh moistu~e coPtent, are subjected to 

moisture :ycling, i.e. alternate processes of desorption and absorption. 

the deflections increase during all desorption processes, and show 

little change or small decreases during absorption processes. The resul

tant effect ia a continuing increase in total deflection, ~s increases 

in def lectiun during desorption of water predominate. failure of the 

wood can result if the moisture cycling is sufficiently extensive. The 

mechano-sorptive behaviour of initially qreen beams drying under load, 

followed by moistUI-e content f!uctuations with climatic changes ~or 

other environmental effectsl, is shown qraJilically in figure 18. 

Wood beems, initiaHy at a low moisture content, exhibit deflection 

~ncreases during the first absorption process and during all desorption 

processes and exh~bit no ct.anqe or small decreases in deflection during 

absorption processes subsequent to the first one. Hechano-sorptive 

behavi.our of dry wood during 110iature content fluctuations following 

environmental changes is illustrated in figure 19. 
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Figure 18. Hechano-sorptive deformation in (i;oOO beams drying 

from the green st8te, followed by small moisture conte~t 

fluctuations due to climatic or similar environmental changes 
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Figure 19, Mechano-aorptive deformation in beams of dry wood 
subjected to moisture content fluctuations with environmental changes 



- 93 - TEW/) 

The magnitude of the increase in deflection is proportional to the 

magnitude of the change in moisture content and although the rate of 

change in moisture content affects the rate of ct!nge in deflection, it 

does not affect the inaqnitude of the deflection. This behaviour is 

illustrated in Figure 20. The transient eft:ect.s on deflection are moist

ure dependen~ and are not time dependent. The beha·1iour described haa 

been produced. also in very small samples of l.100d in which cyclic chang's 

in moisture content were induced in a few minutes, and the magnitudes of 

the effects were similar to those in large samples in which the cyclic 

changes occurred. over periods of days or even months. 

z 
0 
~ 
<I( 
~ 

°' 0 
~ 
L&I 
c 
L&I 
> .... 
<I( _, 
L&I 
0:: 

... z 
L&I .... 
z 
0 
0 

L&I 

°' :l .... 
Cl) 

0 
1 

@ 

TIME 

Figure 20. Hechano-sorptive deformation in beams drying at 
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The phenomenon described cannot be explained simply in terms of s1.1elling 

deformations. s1.1elling stresses or changes in strength or in Young's 

Modulus. at different moisture content values: in fact. ccrrection for 

some of these factors enhances the quantitative behaviour. 

In wood species prone to collapse during drying. the mechano-sorptive 

deformations arise throughout drying from the green state. whereas in 

no11-collapsible species. the deformations occur only during drying belCN 

about fibre sa·.;.uration level. With collapsible hardwoods. mechano

sorptive deformations in structural timbers drying from the green state 

cftn reach 2 to ) times those which occur in nQn-collapsible hardwoods 

and softwoods. Considerable reduction of mechano-sorpti ve deformations L., 

collapsible species can be achieved if the timber is partially dried 

before installation in a structure. if all~wed to dry in the structural 

frame before service loads are applied, or if given temporary support to 

reduce the influence of service loads during drying. 

In a structure erected in green timber that dries under service loads. 

the mechano-sorptive deformation occurring during the large, initial 

moisture decrease may amount to several times tr- initial elastic 

deformation. In subsequent years. the structure will continue to deform 

in small increments due to a combination of creep and mechano-sorptive 

deformation that occurs annually with climatic changes. 

In a structure erected in ~ry timber, the total deformation is very ffiUCh 

smaller than that occurring in an initially green timber structure as 

there i9 no large initi~l change in moisture content with its corres

ponding large increase in deformation. although the increments in 

deformations due to time-dependent creep and mechano-sorptive phenomena 

will be of similar magnitude in subsequent years to those in green 

timber that has dried. The differences in behaviour of the!ie two types 

of structure were illustrated graphically in Figures 13 and 19. 

Under usual conditions met with in Australia. annual increases in defor

mations of structures amount to less than 5% of initial '!lastic defor

mations. but where abnormal moisture fluctuations arise under indoor or 

outdoor conditions of exposure, much larger increases in deformation can 

occur. Moisture fluctuations in timber can be reduced by applying sur

f6ce c06tings or impreqnating the wood with water-repellent ITl6terials. 
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In the SAA Timber Engineering Code and in the SAA Timber Framing Code. 

factors of 2 and 3 have been adopted in stiffness calculations for 

members in bending and compression to allow for the described effects of 

duration of loading in dry and initially green wood. respectively. In 

accepting the factor of 3 for initially qreen \IOOd, account was taken of 

the fact the~ a substantial a!llOunt of drying occurs in qreen timber 

between the _ime of processing a log and the time at which service loads 

are applied to the sawn timber in a structure. Where practical condit

ions differ from this. increased factors may need to be applied. 

The phenomenon of the interaction of load and moisture change in wood 

may be used to advantage in that moisture changes may be induced in 

restrained wood to assistincausingdesired deformations. e.g. removing 

distortions from buckled or twisted boards or panels. weighting of 

timber stacks during seasoning to reduce bow and twist in planks. 

Cd> Reduction in strength under sustained loading 

The strength of wood decreases markedly as the duration of loading 

increases. In bending, the long-term strength of wood for a duration of 

loading of about 50 years has been predicted to be approximately 56% of 

the short-term ultimate strength. The amount of the reduction in 

strength appears to be similar in both green and dry wood. 

In deriving permissible stresses for timber for design purposes, reduct

ion factors are applied to allow for the effects of sustained loading on 

strength. For example, a reduction factor of 9/16 is used for bending. 

Where loads will be applied for periods of Jess than 5 years, the per

missible stresses may be increased. The appropriate multiplying factors 

for various periods of loading are given in the SAA Timber Engineering 

Coda. 

The relationship between stress lHvel and time to failure in hending as 

determined by Wood (1951> is illus\rated in Figure 21. Unpublished work 

by Armstrong <CSIRO> on green, initi~lly green and air-dry wood loaded 

in bending, compression and shear, cnnfirm Wood's results for her.ding 

but indicate siqnif icant1:1 greater redl.ll:tions in stcc:lgth in compression 

and shear. 
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Fiqure 21, Effect of sustained loading on the strength of wood 

in bending 

The derivation of basic working stresses from the results of mechanical 

tests and their modification to provide permissible stresses for 

structural timber will be discussed in further papers. 
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CONVERSION OF TIMBER 

1/ Mervyn W. Page-

TEW/15 

To satisfy the world's current needs for forest products approximately 
three thousand million cubic metres of logs are extracted fr<Jlll forests 
annually. Host of this wood, in fact a little over half. is consuned as 
fuel <including charcoal> and most of the fuel is used in dOP.1estic 

situations. Of the remainder, approximately 30% of the total extracted 
log volt111e is converted into sa\11\ timber, rail sleepers and veneer, 
~hile approximately 18% is employed for such uses as poles, piles, pit 
props, pulp, particle and fibre board and for tannin and distillation 
products. 

The wcrl'l production of sawn timber, our particular connodity or interest 

in this session, is approxi~tely 440 million cubic metres. North an.:i 
Central America are by far the larqest projucers of sa\11\ wocd, bet~en 
them accounting for 38% of the total production. 

The followinq table shovs the comparative contributions to the total 
supply ll'lade by the various reqions of the world. 

North ard Central America 
USSR 

Europe 
Asia 

South America 
Africa 
Oceana 

38' of total 
1~% 

18, 

17% 

5% 
2% 

2%. 

North and Central .Merica ard Europe both export up to 30% of their 
, i:roduction. Of the Asian countries Indonesia also exports 30%, while 

H4laysia ard the Philippines export about 60% of their total &a\11\ 
output. 

Approxi111ately 77% cf the world's sawn tinmer supply is obtained fran 

coniferous species, the larqe producers of coniferous timber being North 
and Central America, USSR, Europe and Asia. The important producers of 

!/An officer of CSIRO, Division of Chemical and Wood Technology, 
He!hournr, 'Australia 
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sawn hardwood are Asia, North arrl Central America, Europe, USSR arrl 
South America. 

The uses for which sawn timber is ~mployed are legion. In the larger 
sizes, normally up to about 360 mm x 360 nvn in section, sawn wood is 

used in heavy construction, such as bridges and wharves, while in the 
smaller sizes, usually dmm to about 70 x 38 mm. sawn timber is probably 

the world's most widely used structural material for domestic house 

construction. In between these size limits timber is also :JSed 

extensively as framing for industrial buildings, in industrial flooring 
and roof 1ng, in stait"'-lays and in similar aprlications. 

But timber is also a major material for use where ciecoration. as well as 

strength and stif fnegs, is required. It is an important material for 

~all panelling and trim, fo~ furniture and joinery and decorative 

flooring. Sizes required for such uses are seldom larger than 75 mm 

thick x 300 mm wide but can be as sir.all as 19 x 12 mm or even smaller. 

Clearly then sawn timber must be produced to meet one or other, but 
sometimes both. of two distinct quality requirements. Timber for 

structural purposes must be produced to have sufficient strength and 

stiffness and for many such uses the appearance of the wood is of little 

consequence. On the other hand for timber intended for decorative uses 

appearance is the major consideration, but at the same time the pieces 

must have sufficient strength for the intended end use. 

Worldwide there are a confusing number of grades, particularly strength 
grades, but in actual practice most individual mills produce no more 

than two to three strength qrades and two appearance grades at the one 

time. How~ver many mills cutting for the general purpose market produre 

a wide r·ange of sizes and lengths and in some of these mil ls the c·1tput 

is sorted and graded, according to size, length ard qrade, into as many 

as 120 classifications. 

The logs from which these timbers are cut do themselves also varv in 
size, namely in diamet&r and length. In addition they vary in quality in 

that they can contain a range of blemishes and defects, the presence of 

which can~~t always be detected from ~he external appearances of the 

log. However, the •• ze and location of these defects must be restricted 

• 
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in the final sallll sizes if these are to meet the specification 
requitements of particulat grades. 

TEW I l 5 

The aim in sawmilling then is to ccnvert the rou:xl tapering cyl irder of 
a log into rer.tangular pieces of various dime~ions. each having a 

regular cross section along its length. am to do this in such a manner 

that the growth rinq orientation are the location ard size of def e~t~ in 

each piece confonn to a desired grade specification. In add!tion the 

sawing should be efficient in respect to accuracy. speed and saw cut 

uidth. 

As logs can contai~ a range of defects that usually become apparent only 
afi..er sa1o1ing has commenr::ed it is not possible to produc£' every piece to 

a desired grade specification, particularly at the production tempo of 

modern industry, and consequently sortir.g and grading the mill output 

into the various qualities. sizes and length classifications is required 

after sawing. 

High capacity mills cutting small diameti:!r logs usuaHy have sufficient 
time per log to saw each log to desired si.zes only. arxi all quality 

grading is done after sawing. From sme.11 logs the range of sizes that 

can be produced is limited by the small diameter of '~e log, ard such 

logs are usually processed by higher speed, ma.~ production techniques. 

On the other hand, mills cutting very iarge logs usually have sufficient 
time per log to produce sizes ard grades according to the actual wood 

quality revealed as sa1o1ing of the log proceeds. This practise has become 
known as "grade sawing" a:-d is the process traditionally employed in 

mills producing a 1o1ide range of sizes from logs larqer than about 450 mm 

diameter. 

The main defects that occur naturally in trees, ard co1~ntly in 
sawlogs, and which have an influence on both the conversion process and 

the utilisatin of sawn timber are: 

Heart is the central portion of a log, including ~.he pith ~nd the 
adjacent wood, that might be defective. 
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In coniferous species the heart frequently appears quite sound but often 

this material is of lower density ard lower strength than normal wood 

and is unsuitable for uses where these properties are criteria. In 
addition the heart region contains a knotty core, even in logs from 

pruned plantations or from trees that have undergone some self-pruning. 

In Australia, heart in softwoods is referred to as pith ard in our major 

plantation conifer, Pinus radiata, the pith region usually contains 

spiral grain, This fibre orientation causes twisting during drying and 

necessitates special seasoni;.q techniques to produce straight dried 

prod~ts. 

In hardwoods the heart region is usually defectjve, although it may not 
always appear to be so. The two main forms ~f heart in hardwoods are: 

Ci> brittleheart, which is wood near the centre of the tree which h'.iS 
very low impact strength, although it. may appear quite sourrl ard 

<ii> decayed heart and pipe, which is where the centre of th~ lcee i~ 
~ither decayed or eaten away by termites, resulting in the m.:11 kn°'-'TI 

"hollow log"; usually referred to in the irdustry as a "pipey" log. 
Although the wood arourd the outside of the pipe may appear sound it can 

be either brittle and/or contain incipient decay. 

Heart may not always be in the exact centre of a log but can be 
eccentric and can also warY.ier about the geometric centre of the log 

along its length. 

In hardwoods the "heart" must usually be excluded from sawn products am 
the saw:nilling process m1Jst provide for heart material to be discarded 

out of the sawmill at various stages throughout the milling process. 

B, KDQtl 

Knots rnsul t from overgrown branch growth contained wi thi. • the tree 
being cut across by ripsawing and thereby exposed en the surf aces of 

sawn timber. Their pr~aence in aa~n timber can reduce st~ength by 

causing deviations of the grain eround the knot arrl in certain cases by 
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loss of structural section. In addition they can adversely influence 
appearance. particularly if not interqrcvn with the surrourd.inq wood. 

From the utilization point of viev it is important which way the 
incluied branch is bisected during conversion. lf timber is produced 
with a ?lack or flat sawn growth rinq orientation knots appear on the 

sawn surfaces as round knots. whereas on the faces of quartersawn timter 

knots occur as spike knots. Generally. from both strength ard appearance 
points of view. roum knots are preferred. This requirement necessitates 
the conversion process providing a means of rotating the loq to a wanted 
orientation before sawing concences am of turning f litche~ before 
subsequent resawinq. 

c.~ 

When branches are pruned from a living tree. either iaechanically or by 

the tree itself. the subsequel'\t:. overgrowth of the branch stl•.b can 
sometimes be associated with decay. Unfortunately there is no means of 
determininq before sawinq cOl'llnences whether or not decay is present. 

The presence of an ove['(}I'OWil branch stub is usually indicated by a 
swelling on the surface of the loq, the size of the "bunp" indicatinq 
the extent of the overgrowth, but giving no indication whatsoever 
whether or not decay has taken place. As decay must either be excluied 
altoqether frOlll some products and strictly limited in occurrence in 
otheLs, the likelihood of the unexpected appearance of decay in a loq 

durinq sawinq requires the sawmilling system to be sufficiently flexible 
in operation to P.nable the sawinq machine operators to change their 
production intentions during the conversion process. 

D. Pinbgles 

Pinhole attack is cauud by the "ubroaia" beetles, which bore straiqht 
holes about 1.5 111111 in diueter in green hardwood treeR or logs. When the 
wood driee the beetles die and the infestation ceaaea. coniferous 
Bi)eeies are not attacked. 

Unleas the holes are very cluat&red their presence in structural timber 
is usually not of importance, except whore there in decay associated 
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with th2 pinholes. For decorative timber intended for clear finishing. 
however. they are often completely exclu:ied. while for timber that is to 

be painted their occurrence is limited by specification. 

Again. U!'lfortunately, the presence and certainly the severity of pinhole 

attack is often difficult to determine from the external appearances of 

the log and therefore the milling system needs flexibility of operation 

to enable the occurrence of this defect in the finished product to be 

controlled. 

E. Gum Veins and Pockets 

These occur principally in a nunber of eucalypts. When susceptible trees 

are injured. either mechanically or by fire or by intensive insect 

attack and even sometimes by drou;Jht, the trees exude a gum or kino 

which spreads like a shield over the injured tissue. In conversion this 

material is revealed as pockets. veins or rings. 

Gum is uns;ghtly and not permitted in timber for such uses as panelling, 

feature flooring or the exposed parts of joinery or furniture. however. 
small gum veins can be permitted in timber to be painted or covered. In 

structural applications gum veins and pockets mainly affect shear 
strength and their size and location must be limited by specifications. 

From the conve~sion point of view logs that contain gun should 
pt"eferably be converted into backsawn timber. By so doing it is possible 

to produce some pieces with one face clear of gum, enabling them to be 

used in the many applications for which only one defect free faL~ is 

required, such as flooring, panelling and some joinery uses. On 
quartersawn timber gl.111 would appear on both f~ces and in addition there 

is likelihood of corners shelling off. 

F. ~! 

Shakes are partial or complete separation between adjoining layers of 
wood, due initially to causes other than drying. &he two most cOINllOn 

forms of shakes are 

• 
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( i> star shakes - due primarily to radial arrl tanqential grcM:h stress 
gradients throu;hout the tree 

Cii> rinJ shakes. which are often caused by cambial dallaqe to the 
growinJ tree and/or impact 108ds suffered by the tr-ee during 
falling. As shakes constitute an actual fracture of the wood their 
influence in both structural and appearance applications is 

obvious. 

In conversion the aim should be confine shakes to the edges or corners 
of sawn pieces. so ~hat they can more easily be removed during 
subsequent processing. This is more easily achieved if the first cuts ir. 

a log can be aliqned along the major shakes. but unforlL'l\ately this is 

frequently made difficult by each end of the log exhibitinq a different 

shake pattern. 

Spring is the longitudinal berrling that takes place in both portions of 

a log or flitch as they are separated by a saw cut. the berrlinJ beinJ 

towards the bark. This type of distortion takes place in mos~. sawlogs 

when the are sawn. However, it takes place to varyinq degrees arrl is not 
. ' 

always troublesome. It is almost always more troublesome in hardwoods 

than in softwoods, in which species it is seldom a problem. In 
particular it can be very troublesome in small, innature, fast-grown 

hardwoods. 

Spring results from the release by ripsawing of growth stresses in the 
tree arrl in severe cases causes wasteful "face cuts" to be made to 

straiqhten bent f litches and to reduce thickness variations. It also 

causes rejection at any sawn timber that is so distorted by spring to be 

beyond the limits of relevant specifications. This influence of spring 

on the utility of sawn timber can be substantially reduced if pieces are 

produced to be backsawn rather than quartersawn. In this way the 

distortion is exhibited as bow, rather than spring in the finished item, 
which is then much easier to push straight. 
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H. Log To.De;;: 

As indicated earlier. one of the sroblems in sawaillinq is to convert 
the taperinq cylinder of a loq into aavn rectanqlar pieces of unifor111 

cross-gection alor¥J their lenqth. In achieving this saw cuts ~an be llflde 
either parallel to the outside of the loq - referred to as taper sawing. 
or parallel to the longitudinal axis of the loq - referred lo as 

parallel sawing. In practice loqs may be sawn by a cmbination of both 

syste11a. 

Taper sawing is SOllleWhat slouer to perform and therefore .are costly 
than parallel saving. hJt it results in straighter grain tilftber which 
l:onsequently has less tendency to distort durinq dryinq. it mchines 

better and has greater atength. Naturally the degree to which these 
ltdvantages accrue deperos on the amount of taper in the loq and sme 

loqs have such slight taper that little or no advantage results from 
taper sawing. 

SAwmill.iM 

The more common types of equiP19nt used in sawmilling will now be triefy 
described and any limitations in relation to dealing with the foreqoinq 
loq characteristics will be discussed. 

The primary or green sawmillinq process can be divided into four 

distinct activities: 

1. log saViRJ 
2. reaaviRJ 
3. dockiRJ 
4. aortiRJ and gndiRJ. 

t. Log saving, which l.Wtlally ia the cutting from thJ log of flitchea or 

other pieces for aubaequent reaawiRJ to either width or thickneaa or 
both, ia carried out on achinea or cOllbinations of •chines usually 

called "heedawa" or "Med rigs" •. 

The llOat cOMOn hHdrig ia a cOllbination of either a band er a circular 
saw and a log carriage which carries the log backverda and forvarda peat 
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the saw. enabling a saw cut to be made on each forward travel. 

The equip11ent used to load the log onto the carriage incorporates log 
turning devices which pen1it the log to be rotated into the most 
favourable position for -:onversion before sawing conmences ard to be 

subsequently turned into new positions during processing. 

The log is h~ld on the carriaqe by headblocks, which can be accurately 
traneversed across the carriaqe so that pieces of Yanted dimension can 
be cut from the log. These heedblocks can also be movei irdependently of 
each other, permitting the log to be oriented for taper sawing. 

Carriaqe and saw cOllbinations offer a very flexible production systea, 
pennitting the opportunity to cope with natural defects as they are 
revealed dULi!'!g sawing. However, as cutting is sequential even when 
double cutting saws are used, the system is relatively slew compared 
with multi-saw machines ard is therefore more suited t.o the larger logs. 

sawing speeds seldom exceed 1.5 11/sec. 

Carriages vary in degree of mechanisation, from very si111>le machi~s on 
which all adjustments are made maTllially to large fast machines on which 
all the operations are controlled remotely. As well as being used in 
combination with a headsaw carriages can also be used in conjunction 
with a chipping head, which operates in front of the saw to reduce the 
outside portion of the log directly into pulp chips. 

The machine that offers the highest production :apacity, but lacks 
flexibility, is the high speed gang frame s~w. rhis machine consists of 
a reciporacting sash which carries a m.nber or saws and through which 
the log is fed. As sashes can carry twenty or mre saws ard as log feed 
speeds can be u high as 0.5 m/sec, productivity can be very high. 

However, as all cuta are made at the one time, the ability to deal with 
defects hidden within the log is limited 

A third type of machine, which erdeavoura to compromise between these 
two extremes is known generically as a log.edger. It consists of a 11eans 
of supporting the log either along its length or at its ends, and 1110ving 
it between two, and SOMti11ea four, saws. 
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On simple machines the spacing bet1.1een the S81.1s are fixed and the lQ.Js 
are passed through the machine once only. On the more advanced designs 

the log can be reciprocated back1.1ards and for1.1urds betw~en the saws, the 
spacings between which can be rapidly and accurately altered between 

sawing passes. On the very latest machines chipping heads are located in 
front of the saws, which can be either circular or band. 

Log edgers,particularly the two saw machines, offer some of the 

production flexibility of a sequential sawing system coupled with some 

increased productivity, due to the use of multiple saws. In material 

prone to spring excessively log edge edgers overc~ the problem or race 
cutting, but like the gang frame saw, they saw parallel to the 
longitudinal axis of the log, unless the saw is oriented to taper saw on 
one side of the log only. In some circL111Stances this may have some 
advantages but it also has the disadvantage that the other side of the 
log is then sa~ directly against the taper. 

2. Resawing 

Resa\d ng is the sawing to width or thickness or both of larger pieces 
produced by the log sawing machines. 

The most c011111on type of resaw consists essentially of a horizontal table 
in which is arranged either a f.ingle circular or a single handsaw. The 

table also incorporates a fence or gauge, which is parallel to the saw 

line and which enables wanted timber dimensions to be produ~.~ by 
setting the gauge the desired distance from the saw lir~ and causing the 

limber to be pressed against it while being passed through the saw. 

On the simpler machines the feed of the timber is either fully powered 
or at least power assisted and the timber being processed is passed 

backwards and forwards across the bench, only one piece at a time being 

handled. On higher production machines flitches, after passing through 

the saw, are returned to the infeed side of the bench by a system of 

transfers or conveyors, permitting another piece to be sa~ while one is 
being returned. 

As cutting is sequential a high level of production flexibility 1s 
achieved, but production capacity is relatively low. capacity can be 
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inct"eesed by employing two, three Ot" four saws, but some flexibility is 

sacrificed. 

Small carriage and saw cOlllbinations are sometimes used as resaws and 
of fer much the same advantaqes and disadvantages as the resew benches 

just described, except that they can be less labour-intensive. 

Reciprocating gang framesaws are widely employed as t"esaws, giving very 
high production capacities, 11rt:, of course, at reduced flexibility. 

HO\lever, where Hitches for resawing can be prepared to a reasonably 

high quality, this reduction in qrade sawing ability may not necessarily 

be a disadvantage. 

Multi-saw ripping machines are al~a classified as resaws, but at"e used 

mainly for cuttinq timber to desired ~idths. Such machines carry ftom 

two up to about twenty circular saws, the spacing between saws or on the 

larger machines between banks of sa1.1s, being capable of accurate 

variation between cuts. 

3. Docking 

Docking is the cross-cutting of sawn :;>ieces to Pt"oduce either wanted 
lengths or to upqrade the pt'oduct by removing defects. Where the 

intention is to produce ordered lenqtrus or to simply square uneven ends 

the process is sometimes referred to as trimminq. 

In low capacity mills the sawn timber is simply conveyed lenqthwise past 
an operator who, after deciding what cuts are necessary, controls a 

single cross-cut saw, either manually or by power. Such systems handle 

an average of two to three pieces per minute. 

At the other end of the scale, in larqe modern mills the sawn timber is 
conveyed transversely past qraders, who after deciding what cuts, if 

any, are needed key this information into a computer. Subsequently the 
timber is conveyed, also transversely, either under or over a large bank 

of circular cross-cut saws, which under the :ommand of the computer 

pertorm the cross-cutting pattern decided by the qrader. By comparison 

these systems Chn handle an average of up to sixty sawn pieces per 

minute. 
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4. Sorting ard Gradirq 

After having been produced to wanted cross-sectional dimensions. lengths 
ard grades. the sawn timber must then be prepared for marketing by 

sorting either into these classifications, or into orders. although in 

many cases timber is seasoned ard/or machine profiled before sale. 

In small :11ills the qrading and sorting is carried out by the dockerman _ 

ard is then manually stacked. often by the same operator. 

In mediun-sized mills the timber is conveyed J)l'ist qrading ard sortiRJ 

personnel by either transverse conveyors or on a circular table and from 

which the personnel manually n.tild stacks of the timber they classify. 
otherwise graders place classified timber into a series of channels, 

along which it is conveyed on edge, each channel leading to a stacking 

area for one particular sort of product. 

For the larger, high capacity, mills computer controlled sorting systems 

are available in which sawn timber is moved transversely past equipment 

Yhich measures and records its physical dimensions in a computer. A 

grader then inspects both sides of the piece, and keys the appropriate 

grade into the con:puter. The piece is then convey':!d over a series of 

storage bins, each holding a particular classification. As the saYn 

piece passes over the bin appropriate to its classification the computer 

causes it to be deposited into that bin. Bins, when full, are emptied 

automatically and the timber made up into stacks of sorted and qraded 

wood. 

The above descriptions are, by intention, very cursory ard are interded 

to provide timber users with a general urderstarding of some of the 

production philosophies, the problems ard the manufacturing systems 

associated with the conversion of forests into sawn timber. 
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SEASONING OF STRUCTURAL TIMBER 

F. J. Christense~/ 

INTROOtJCTI ON 

In qeneral, stru:bral tillber should be dried to an extent deterllined 
both by its required load carrying capacity at time of installation am 
its liUbllequent tendency to ~evelop unacceptably high levels of drying 
deqrade in teru of structura ~. or aesthetic considerations. Partial 
drying am possibly acme redrying may be required for tillber neediDJ 
ireaervative treatment to cOllbt.t hiqh biological attack hazards in 
service. 'fheae guidelines apply to both sawn and round structural timber 
which can generally be dried by the same methods am equipnent. 

Dryirq imiroves the physical properties of timber ard its general 
perforwmce in service. In the present context, specific advantages of 
dried over qreen <undried) timber are: its reduced Ca) mass, Cb> cost of 
tranaporting, Cc> te!'denc:y to creep urder load, Cd> susceptibility to 
biological decay and Ce> capacity to develop severe drying deqrade with 
possi.ble loss of strength: am its increased <a> strength, <b> 
di•naional stability, Cc> capacity to absorb preservative liquids 
dlring preaaure treat.ant ard Cd> its ease or ~.::ondling. Within certain 
specified li•its, the extent of these i1qrOVements depends directly on 
the size of the misture change: the lower the moisture content, the 
qreater the b&nefit. 

The dryinq of tillber can be CQllPlicated by the larqe diversity of 
apeciH which are or could be uaed for construction in countries 
utilizinq tropical forests for tiinber supplies. Problems also at'iae from 
adverM effects of troJ!ical cli11ates especially during monsoonal period.:a 
when the potential for air dryinq ia drastically reduced. 

TittB!R DRYING PRINCIPLES 

It ia aUUMd that workahop participants nou heave an idea of the 
COllPQ9ition and atn1cb.re of wood: the baaic differences in struct\re 

!/An officer of CSIRO, Division of Chemic.al and Wood Technology, 
Melbourne, Australia. 
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between hardwoods Cpored timbers] ard softwods [principally conifers] 
in terms of such structural elements as tracheids. vessels. fibres, 

cells, lunens. pits ard rays: the major chemical components conunon to 

a!l woods: the distinction between sapwood ard heartwood: the existence 
of growth rings consisting of early wood ard late wood bards; the 

presence of deposits of various materials in the inactive cells of the 

heartwood: ard the occurrence of growth stresses. reaction wood. spir:"al 

grain ard corewood C juvenile wood>. All of these factors ir1fluence the 

drying of wood ard its subsequent appearance in one way or another. 

ttoistur~ cuntent of ~ 

Water is a major component of wood. often accounting for more than half 
of its total mass in t.~e green <undried> state. Its removal, either 
partly or almost completely, is the principal objective of the timber 

seasoning 01 drying process. The amount of water in JOcxi or its moisture 
content is expressed as a percentage of the oven dried mass of the wood 

substance: 

Hoi~ture content CHC) = Kass of water in wood 
Hass of oven dried wood 

x 100 % 

There is a great d2~! of variation in green moisture content both within 
and between different species of timber ard even in different parts of 

individual trees but most values range from 50-150%. 

The ani-:.>unt of drying ideally needed by timber before usif¥l it in a 
structure can vary greatly: from virtually no dryif¥l at all in some 
cases to partial or complete drying in others. 

During drying, all timber shrinks to a greater or lesser extent. It may 

also develop degrade in the form of splitting, checking ard distortion 

<cuppif¥l across its width: and twist. sprin.;, ard bow along its length>. 

Provided strength requirement~ are.met, the amount of dryir.g required 
then depends on how much shrinkage and degrade occur and how much can 

be tolerated in relation to how and where the timber is used, i.e. 

whether in an expc-r(!(i position where appearance is important or, if in a 

• 
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conc·Mled posit.ion. whether any subsequent distortion creates additional 
WC.i:-ic at a later staqe of ooilding or IMkes SOiie aspect of the stnx:ture 

unsightly as (further> drying Ol..-t occurs in ~. 

In pusin;i. all timber mouldings <flooring, architraves. skirtings. 
etc.>. joinery timbers (principally door ard wirdow frames. ard window 
sashes>. doors ard cupboards should prefer6bly be thorougnly dried 
before being installed in a ooilding. 

F.auilibriYB! moistYrP. content 

If left for- sufficient time, wood will t:ane to a moistm.e content in 
equilibrillll with the psychometric cordit.ions [dry oolb temperature CDBT> 
ard relative hllllidity CRH>J of the air to which it is exposed. This 

value is called the equilibriu.11 moisture content CEKC) of the wood •. If 

wetter than the corresponding EMC. the wood will dry out to that value; 
if drier, it will absorb moisture from its surrourdings to increase to 
the EKC value. 

Extreme values for EMC range from about 5-25% mainly depending on the 
country and its climate, but occasionally on extraneous factors such as 
le~.king plllllbing ard inadequate ventilation under ooildings on wet 
soils. The lower erd of the EMC range occurs in very cold and/or very 

dry climates such as in polar, desert or dry inlard regions. The upper 
erd occurs in very wet climates where the relative hllllidity remains high 

fer prolonged periods. In most countries, the EMC is not just a static 

value but one which varies to a fairly limited extent throughout the 
year in accordance with the prevailing atmospheric corditions in 
different parts of a country. 

In most tropical reqions, the EMC can be high as 18-20' near the coast 
during the moonsoon, then falling perhaps to 14-16% during the drier 
parts of the fear. In temperate regions, a yearly variation of 9-15' is 
convnon. In dry desert regions, values are likely to be as low as 5-6%, 
for air corditioned buildi~s, the EMC is connonly about 8' when both 
DBT and RH are strictly controll(j <with refrigeration units> and 
anyone'a gueaa when they aren't. 

It is imrortant to streu that it takes a finite time for wood to reach 
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EMC depending principally an its KC am thickness, and the size and 
duration of the change in atmospheric comit:i.ons to which it is exposed. 
This cot•ld vary from a few days for thin timber subjected to a small 

change in EHC cond:..tions ta years for large sections of dense timbers at 
high moisture contents. 

The practical result of changes in EMC on dry timber used in structures 
is their influence on its dimensional stability i.e. the amount of 

shrinkage aatC. swe; 1.ing that cccurs mainly in the width and th.ickness of 

component~. Although relatively slight in mo~t cases, these periodic 
chF".nges in EMC can cause doors and windows to expand and stick during 

the wetter parts of the year or unsightly gaps to develop in a variety 
of timber objects during the drier periods. 

The fibre seturation point CFSP> is a useful concept in drying. It is 

the hypothetical moisture content at which all of the free water in the 

cell lunen or cavity has been removed while ~he cell wall is still 

saturated with water. The value of FSP varies from about a low of 22% to 
a high of about 33% for different species. At FSP, certain wood 

properties begin to change: e.g. normal shrinkaqe c01M1ences and most 
strength properties start to increase, two factors of direct interest to 
the struetural enginee::-. 

Green \IOOO starts to dry from the outside inwards, since moisture flows 
from ~ region of high to low concentration. Therefore, at all stages of 

drying, there is a gradation of KC varying from the current EHC value 

right at the surface to the maximum MC in the interior of the wood. ln 

the early stages of drying, the establishment of such a moi3ture 

gradient indicates that part of the wood is already below FSP and has 

started to shrink and that part is still well above FSP am has not 
started shrinking. Thus, changes in the external dimensions of the wood 

start when its overage moistl::-e .:ontent is still above PSP. 

Normal ~hdnkage is usually expressed as the percentage change in green 
dilll€:nsion of the wood from green to 12% HC. Prom about f'SP, shrinkage 
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increases linearly with decreasing KC until the \lOOd is almost oven dr}. 

Individual values h!"e given for tangential and radial shrinkages which 
are roug~ly in the ratio 2:1 respectively. Values are sometimes given 

for the \lnit shrinkaqe. i.e. the percentage change in shrif'ltage per 1% 

cha·.tge in HC. Unit shrinkage is ltsed for estimating changes in 

dimensions between 5-25~ KL. 

Wood does 'lOt shrink evP"i1ly in the longitlrlinal. tangential am radial 
directior.s. Mostly, the longitudinal shrinkage is negligible C<0.1%> and 

can be ignored rut not when spiral grain is present. Normal shrinkage 

values for most species. from qreen to 12% hC. would be covered by the 

r&nge 2-8% tangentially and 1-4% rad~ally. Thus. the way in which a 
piece of timber is sawn determines how much it shrinks in width and 

thickness. As mentioned later. it also influences the type of drying 

degrade ta.at occurs. The shrinkage in width of backsawn (flatsawnJ 

timber is ~eater trv.m that of quarlersawn [edgesawnJ tjlft?:er of the same 

width. though the :cverse is true in respect of shrinkage for equal 

thicknesses. 

With some species. not4bly many species of the genus Eucalyptus. an 
abnormal form of shrinkac;e known as "coil~" occurs in the green wood 

down to FSP. Collapse has certain characteristics that make it easily 

recoqnizable such as drying checks that pinch-in at their ee es, a 

g~neral concavity of the faces or edges of a piece of timber or 
"washboarding" of its faces. and the occurrence of erd checks in the 

early wood. Shrinkage due to collapse can be of the same order of 
magnitude as normal shrinkage, but is usually somewhat less. Huch of it 
can be recovered by a steaming treatment known as "reconditioning". This 
is most effective when given at an average MC of 20% or less, a value 

which generally ensures that all parts of the wood have dried below the 

PSP and all collapse shrinkage has taken place. 

The occurrence of clryinq defects and the worseninq of inherent defect.a 

in wood can usually be traced to the influence of mrinkaq~ and its 
effect on the develoP119nt of drying streaaes. The stre"Jth property that. 

determines the susceptibility of \IOOd to checkinq and splitti~ during 
drying is its tensile strength perpendicular to the grain. 
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In the early stage~ of drying. wood at or relatively near the surface 

<th£ case> falls below FSP ard wants to start shrinkinq but thi~ 

tendency ia reslst.ed by thtt watter. unshrunken 1.1ood in the intenor 

region <the core>. As a result. the case goes into tension and the core 

into compc-assion. If the drying from the surface is too rap~d and 

produces a steep moisture gradient, the shrinkage stress produced in the 

case may exceec. ·~ne transverse strength of the wood aro produce a 

fissure in the iJrm of a split or check. This usually continues to 

worsen with further drying of the case until the core HC starts to fall 
below FSP arrl the e~:+:ablished stress corrlition starts to rever~. 

At this stage of tirying. the case has la~1ely dri&d to EHC aro most of 

its shrinkage has occurred. From then on, the core progressively dries 

ar.J wants to shrink but is restc-ained by the already shrunken case.This 

p~aces t~1e core into tension arrl the case into compression. If the 

shrinkage stress in the core becomes too high, then internal checking 

will occur. At the same time, the compressive forces exerted on the 

outec- port of the wood may partly or fully close the surface chec~s and 

even narrow any splits near the surface. This is the normal condition 

after drying and is commonly kno\lll as case-hardening Cnot a good term, 

being dissimilar to case-hardening of metals>. It can be relieved by a 

mild steaming treatment or a high humidity treatment CHHT) aimed at 

putting some moisture back into the case arrl relieving the drying 

stresses. 

Moisture gradients \n timber can lead to distortion if such timber is 
deep sawn or unevenly dreseed after drying. For this reason, timber 

shoL•ld be converted as near as possible to the final cross section 

required before drying is commenced. 

The threP. principal factors that affect drying rate are the DBT, RH arrl 
the velocity of the air passing over the timber in f.tickered stacks. 

These are conmonly called the drying condiUrm~. · ln1.:reasing the DBT 

incrP.ases the rate of diffusion of moisture from the interior to the 

surface of the timber. Decreasing the RH arrl increasing the air velocity 

both increase t.he rate of evaporation of moisture from the surface of 
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the timbet·. These principles apply irrespective a~ whether ti11ber is air 
dr·ied under natural cordit~uns or is dried under accelerated conchtions 

in some type of drier. 

With all other factors equal. drying rate is also affected. by: the HC of 

the timber <the higher the HC. the easier it is to remove the moisture>: 

the permeability cf the timber <the higher the permeability, the higher 

the rate of diffusion>: the structure of the timber Cnon-pored timbers 

have higher permeabilities than pored ones>: the thickness of the timber 

<the thicker the timber, the longer it takes to dry>: the density of the 

timber <the higher the density. the slower the drying>: width of stack 

(the wider the stack, the greater the lag in drying at its centre>: 

sticker thickness <the thinner the sticker, the slower the drying within 

limits>: method of sawing (backsawn timber generally dries faster than 

quartersavn timber). 

A drying schedule consists either of one fixed set of drying corrlitions 
or a series of progressively more severe drying conditions determined by 

the reducing MC of the timber. 

It is usual to give schedules in terms of DBT an:i wet bulb temperature 

<WBT> or wet bulb depression <WBD = DBT - WBT>. Mc!asurement of WBT in 

preference to RH <which can be obtained from DBT and WBT readings) is 
based on <a> the better accuracy and reproducibility attainable with WBT 

measurements <which are also not subject to the upper DBT limitations of 

RH measurement> an:i (b) the unique relationship between WBD and EMC over 

the nonnal range of kiln temperatures <which gives a ready indication of 

the severity of the drying corditions being applied>. 

TIMBER DRYING PRACTICES 

5tacki09: Good drying results deperd to a large extent on good stacking 

practices, irrespective of the method of drying used. The main purposes 
of stacking are Ca> to provide uniform air circulation over the timber 
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with the aim of promoting uniform drying conditions and Cb> to minimize 
drying degrade due to distortion and checking. Different thicknesses of 
timber should not be dried in the OT\P. stack hut this can be done with 

groups of species having similar drying characteristics. 

One of the first questions to decide with the introduction of drying 
operations is the optimun stack size<s> to use, particularly if the use 

of driers is contemplated. Stack size must also be considered in 

relation to the lifting capacity of any mechanical handling equipment 

used for moving stacks about the seasoning yard. 

Widespread experience has determined that stack widths and heights of 

from 1.6 to 1.8 m are optim\.111 at most drying plants not employing 

mechanical stackers. Optimun stack lengths are more difficult to 

determine but are obviously related to the lengths of timber produced 

ana the length of any driers used. The best decision is to use only one 

stack length or. failing that. the very minimum of stack lengths. 

Different lengths of timber can be accommodated in the one stack in 

several ways depending on their actual length. If longer than half the 

length of the stack, then alternate pieces across each layer are end

for-ended to give two square ends to the stack. Suitable spaces can be 

filled with shorter lengths. Timber should not be allowed to 0·1erhang 

the ends of stacks. The voll.llle of timber in stacks commonly varies from 

70-100% of the theoretical holding capacity. 

Separating stickers placed between each row of timber are usually 40 x 
20 mm in cross-section for general use. They are spaced along the length 

of the stack at 400-900 mm centres, deperding on the thickness of the 

timber. Stack bearers 100 x 75 nvn in cross-section are placed under each 

row of stickers. Any variations in the thickness of stickers or timber 

can introduce distortion in the timber from leek of adequate restraint. 

Stickers must be kept aligned vertically to properly support the timber. 

The use of simple stacking guides can facilitate and improve stacking 

practices. 

HL~liM.:.. There are a n\.11\ber of mechanical handling systems in use in 
seasoning yards. Any system has to meet one or both of two criteria: Ca> 

handling of stacks in the yard and (b) transferring stacks ln and out of 

driers and steaming chambers. For yard handling, the ch~ices are: Ca> 
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forklift truck. Cb> straddle truck. Cc> overhead or qantcy crane ard 
Cd> mobile jib crane. For drier hardling. there are two choices: <a> 

lift and transfer truck system and Cb> drier or bogey truck system. The 
use and selection of handling systems cannot be treated adequately here. 

There are many ways of drying structural timber ranging from simple air 
drying to sophisticated kiln drying methods. Where a choice of drying 
method ct!~es exist. the determi:ling factors are almost always <a> the 
cost of drying <inch.ding wastage from excessive degrade>. Cb> the final 

moisture content required. Cc> the period of time available for drying 
and Cd> the appropriateness of the drying technology in relation to the 

state of deve~opnent of the country's timber processing irdustry. 

The most appropriate methods of drying structural tiaber are considered 
to be: 

Air drying 
Forced air drying 
Predrying 
Kiln drying in: 

Screen. 
Solar, 
Progressive ard 

Conventional kilns 

Each of these methods. together with an outline of the equipnent needed, 
will TlO\I be considered. 

All: drying 

This is the ai11Plest niethod of drying, requiring the very minilll\Jll of 
infrastructure. However, capital investment in timber stocks can be 

high, particularly for slow drying structural size timber. For 40-50 11111 

thick hardwoods, drying from green to 15-20% MC :a~ take from 3-24 
11anths or more deperding on the species and the atlloapheric conditions. 

Good air drying rates can be achieved during the drier months of the 
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year in well designed am maintained drying yards exposed to favourable 
:.1ims. Basic requirements are an open, flat am well-drained si'_e with 
rnadways traversable throughout the year if mechanical hamlir.g 

equipnent is to be used. It is rec01111nemed. for fastest am mrJSt unifonn 

drying that stacks be oriented with their length in the pre.nu ling wim 

direction <not across it>. 

Good stack fourdations are needed to provide adequate structural support 
for the stack. Otherwise. any irreqularities !n fourdation levels may be 

reflected in every piece of dried timber from ~he stack. Foundations are 
commonly of pier am beam construction with a rec:011111emed clearance of 

400-500 nun from the ground to the bottom layer of the stack. Piers 
should be of durable or treated timber. am beams stiff enough to carry 

the stack-supporting cross bearers without umue deflection. 

Side and end gaps must be allowed between all stacks in air drying yards 

to provide for adequate air circulation through the stacks. For short. 

low stacks up to about 5 m long am 1.6-1.8 m high, side am end gaps of 

at least 600 nvn are reconunemed.. For long stacks of the same height, the 

side spacing should be at least 1 m with an em spacing of 1.5-2.0 m. A 

much wider space is needed every secum or fourth row of stacks if 

handling is by forklift truck or mobile crane. In this situation, two 

or more stacks may be piled on top of one another to minimize 
infrastructural requirement . For such stacking, the sid~ spacing should 

be 1.5-2.0 m and the end spacing 2.0-2.5 m. Spaces between and under 
stacks should be kept clear of weeds, scrap timber and other debris to 

ensure that free circulation of air is not impeded in the lower part of 

the stacks. 

As mentioned earlier, air drying rates are markedly reduced by 

unfavourable weather conditions, e.g. during the moonsoon when RHs are 

high and timber in unprotected. stacks is subjected to repeated rain 

wetting. Stack covers may help to alleviate the latter problem and 

decrease the otherwise required drying time to some extent. 

The minimum HC attainable with air drying is determined by the EMC of 
the atmospheric conditions, which can vary considerably throughout the 

year. Also, rate of drying becomes progressively slower as the wood 
approaches the EHC value. These factors may not present any difficulties 

• 
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for timber that does not have to be dried to a relatively lOlol moisture 
to stabilize it sufficiently for satisfactory use. But it does mean that 

some additional drying, at least at a slightly elevated temperatll["'e. 

uill be needed by timber required. at HCs lCNer than the EMC value. 

Another disadvantage of air drying is the potential economic loss from 

drying degrade. predominately in the top layers of uncovered stacks and 

in the outermost i:x>ards along both sides of stacks . 

In spite of the problems, air drying is uidely µractised in many 

countries and gives a generally acceptable result for some if not all of 

the time. 

This method employs either mobile fan units placed betveen t\lO or more 

covered stacks in an air drying yard <yard driers) or fixed fans 

installed in one wall of an enclosed shed holding stacks of timber. In 

both cases, the fans draw ambient or heated air over the timber. An air 

velocity through the stack of 0.5-1.0 mis is generally used. For the 

shed units, more even circulation is obtained by sucking the air throlJ,Jh 

the stack. The fans can be automatically stopped by a hygrostat control 

uhen the RH rises alx>ve about 90% or falls below about 40% Cif the 

timber is susceptible to checking>. 

Forced ~ir drying is probably no faster than conventional air drying 
when natural drying conditions are good. It can be much faster when 

natural drying conditions are poor. Therefore. forced air dr1ing 

minimizes variations in drying rates caused by seasonal fluctuations in 

climate. This can reduce both timber stock holdings and the amount of 

drying degrade produced by conventional air drying, Capital equipaent 

cost2 are comparatively low and direct operating costs depend on usage 

and cost of enerqy used. With forced air driers, mixed species and 

different thicknesses of timber can be dried in separate stacks at the 
same time. 

A predrier is a large, multi-line unit having a single air circulation 
and hunidif ication system. Heating of the air may be provided from a 
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single source or supplemented by reheatin:J at one or rore lines in the 
drying chamber. For hardwoods susceptible to checking and collapse, 

drying ccnditions are usually mild and kept constant at all times <40•c 

DBT. 2-J•c WBD>. Hore severe co~itions could be used for less sensitive 
timbers. An air velocity of 1.5 m/s throuqh the stack is optiml.111 for 

hardwoods. Predriers have been built with timber holding capacities of 
up to 500 ml. 

Predriers are frequently used ahead of kilns to reduce the HC of timber 

to 20-30'. particularly where natural air drying conditions are poor for 
all or part of the year. They can also be used as driers in their own 

right. either for green or partly air dried timber. The mild drying 
conditions enable different species and thicknesses of timber in 

different stacks to be dried at the same time. The main problem with 

this practice is the logistical one of keeping track of the progress of 

drying of individual stacks. 

Capital cost is considerably lower than for kilns and so is the 
operating cost for drying timber from green to about 30% HC. Below that 

figure, the position changes on account of the much slower drying rates 
attainable with predriers. As steam is not essential for heating ard 

ht.111idif ication. the high capital and operating costs for steam plant can 
be avoided. Heating can be effected indirectly by filtered exhaust gases 

from wood residue burners and hunidif ication by atomized water sprays. 

Predriers are of greatest interest to the larger producer of structural 

timber wanting to maintain constant production rates throughout the year 

ard to have the facility to dry to comparatively low HCs as required. 

Kiln drying 

Distinctions between screen, aolar, progressive ard conventional kilns 
are of deqree rather than kind. They do differ considerably in capital 

cost but this is probably little more than a reflection of their 
differing. drying capacities. 

~CD kiln;. The main aims of this CSIRO desiqn are to keep capital cost 

low and to simplify the 111anufacture and packaging of all components for 

eaae of assembly in the field. Mounting all heavy equipment at grourd 
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level. incllrling the single air circulating fan. enables lightweight and 
well-insulated wall ard roof panels to be used if desired. 

The reversible fan is mounted at the back of the drier adjacent to the 
heater and humidifying apray. The air is discharqed into plenun 
chambers on each side of the stack, entry to which is through screens 
exterding from floor to ceiling ard fI'Oll erd to erd of the kiln. The 
function of the screen is to give unifor1ft air velocity throUJh the stack 
by providing constant resistance to air flow out of the plenum. Maxill\.ll\ 
internal lengths are limited to about 13 m by air flow considerations. 

Screen kilns have performed well with both hardwoods and conifers. They 
can be operated over a wide range of OBTs ard can be heated either 
directly or irdirectly. Holding capacities range up ta about 20 m> of 
timber. 

~ IUln§: These can take a variety of forms but all share the cOlllDOn 
feature of deriving much or all of the heat needed for drying from the 
collection of solar radiation. They have great potential in tropical ard 
even sub-tropical regions where insolation rates are high throuejhout the 
year ard not unduly diminished by clot.Xi. 

The tvo main types of solar kilns are based on heating being provided 
either by the greenhouse effect or by external solar collectors. The 
latter may also incorporate a rockpile or other type of thermal storage 
unit to store extra heat collected during the day for use at night. 
Without stored heat. solars kilns are virtually limited to running 
durinq dayliqht hours only or, at best. until the RH of the air inside 
it builds up to 90~ or so. for both types, it is important to minimize 

heat losses wit.h adequate insulation • 

The timber roof and well fruinq of a greenhouae-type unit may be 
covered on the exterior with sheets.of glass or fibreglass reinforced 
polyester <either flat or corrugated). Clear polyvinyl chloride film can 
be fitted to the insids of the frmninq to provide an insulating gap. 
Slightly raised wooden floors above a well drained base covered with an 
impet'11184ble lllllltrane minimize loss of heal thI'OUJh the ground. Flat 
black paint applied to all surfaces exposed to sunlight within the kiln 
helpa to maxb1ize ab8orption of solar heat by the structure. Drying in a 
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solar kiln is much more effective if <a> there is positive, not just 
natural. air circulation through the stacks of timber <a screen kiln 
type system is very suitable for this purpose> and Cb> provision is 

made for venting small amounts of moisture laden air from the kiln. 

Solar kilns employing external collectors have terrled to be designed 

like conventional kilns in respect of both the structure arrl the 

mechanical components. Thus, capital cast uill be comparatively high, 

particularly when a heat storage unit is incllXied. This will be 

reflected as a major indirect operating cost <interest and depreciation 

charges) on account of the relatively small throughput of such a kiln. 

At the same time, direct operating costs will be relatively low. 

Compared Yith air drying, solar kilns can <a> provide reasonably good 
drying conditions and relatively constant output throughout the year, 

<b> reduce drying times by up t.J half, Cc) reduce drying degrade ard Cd> 

dry beloY the prevailing EHC. They are most useful for drying from FSP 

to EMC or below, since the DBT inside the kiln can rise by as much as 
25•c above ambient temperature. Drying times from 30% to 15% MC vary 

from 6 weeks for 50 nm thick medium density hardYoods to 8 weeks for 40 

mm thick dense hardwoods. Solar kilns have been built with holding 

capacities of up to i.o mJ. 

er~~sive ki!~ In the CSIRO version of this type of kiln, the stacks 
of timber are loaded end-to-end ard are moved progressively through the 
drying zone on a stack-by-stack basis from the "cold" <or wet> end to 

the "hot" Cor dry) erd of a long tunnel-like shed up to 60 m long. 

Stacks are usually mounted on kiln trucks or bogies but can be moved 
through the kiln by alternative means. Heated air is sucked in at the 

hl't end by a fan installed to one side of the kiln at the cold end. 

Hinged baffles placed at reqular intervals along both sides of the 

stacks direct the heated air through each stack in turn from the hot to 

the dry erd. An air velocity through the stack of O.S-1.0 mis is ideal 

As designed, this kiln is interded to operate at a constant heat input 
from an oil or gas burner although suitably filtered exhaust gases from 
a wocxl residue burner could be u2ed equally as well. The hot gases mix 

with the incOftling air ard heat it by more or less a fixed amount above 

the ambient temperature. To recover as much heat as possible for drying, 

• 

• 

• 
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the air should exit from the kiln some\lhere belGw ambient temperature, 

preferably close to saturation. For difficult to dry hard\Klods. the 

ambient air should only be heated by 10-lS•c. This ensures that drying 

conditions at the wet end are mild and unlikely to cause checking or 

other degrade in the greenP.Jt and most sensitive timber. If drying 

degrade is unlikely to be a problem. then larger increases in the 

temperature of air entering the drier could be used to accelerate 

drying, but this may be wasteful of energy sources that have tu be 

bought. 

Apart from routine moisture measurements. very little skill or 

supervision is needed to operate this kiln satisfactorily. Its basic 

simplicity ensure3 that construction is straightforward and little 

maintenance is required. Drying times of 5-8 weeks to about 15% HC are 

fairly normal for green ard moderately dense hardwoods 40-50 mm thick. A 

kiln designed to hold six or so stacks of such timber would be capable 

of producing a stack of dried timber a week. Higher outptits 1..;ould best 

be achieved by building additional kilns rather than by increasing the 

length of a kiln. This avoids complications with drying and gives 

greater flexibility with drying operations. 

CQnventional ki!ml: Several basic designs for compartment kilns have 
evolved over the years but wide experience sho~s that a well-designed 

cross-circulation kiln is most capable of providing consistently good 

drying results. Such kilns may be purchased as prefabricated units or 

constructed on site to set specifications. Aluminium covered panels are 

commonly used on prefabricated kilns and are generally satisfactory if 

treated with proper care. Steel sheeted panels are not suitable for 

hardwood drying because of the possible risk of corrosion. A wide range 

of materials are satisfactory for on-site construction: reinforced 

concrete, clay bricks, hollow concrete blocks, or timber or metal frames 

with various lining materials. Good insulation is essential to prevent 

heat losses at the higher operating temperatures used in these ki 1"\S. 

As compartment kilns generally cost much more than the other tJpes of 

driers already discussed, it is important to use them to their best 

advantage. For most hardwoods. particularly in structural sizes, it is 

plainly uneconomic to use an expensive kiln for drying f1om the green 

condition ~hen the job can be done just as well and as quickly by a 
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cheaper 1n8chine such as a predrier or a progressive kiln. One of the 
main functions of conventional compartment kilns is the final drying of 

hardwood already at FSP or below but needed for use at a some\lhat lower 

moisture content. They are sometimes used for fast drying of permeable 
timbers from the green condition. 

Compartment kilns should have cross-shaft fans, mounted above or below 
the stack, or other fanning designs of proven comparable perforln8nce. 

This is to ensure that the best opportunity is provided for achieving 

uniform air circulation through~ut the kiln, a basic requirement for 
even drying of timber. Longitwinal shaft kilns are not reconunended 

because they of ten fail to meet this criterion. The air velocity through 
the stack should be 1.5-2 mis. This cannot be achieved unleas baffles 
are provided to restrict or prevent by- passing of air around stacks. 

Uniformity of drying also depends on achieving an even distribution of 

temperature arrl relative hllllidity in the kiln. 

Although it is generally impracticable to dry different thicknesses of 
timber in a kiln at the same time, different species with similar drying 

characteristics can be dried in the one kiln charge. Residence time in 

the kiln depends entirely on the drying rate of the slowest drying 

piece<s> of timber. Per1odic reversals of air circulation help to reduce 
the lag in drying across the kiln which will tend to be greatest at the 
centre of the stack in this case. If it is impracticable to identify 

different species with different drying characteristics, then the drying 
schedule for st.acks of such timber must be chosen on the basis of not 

causing the most sensitive timber to degrade. The main penalty is the 
reduced kiln throughput. 

Compartment type kilns are relatively expensive to buy and to operate, 

particularly when the purchase and operating costs of ancillary heat 

plant are considered. The competent running of such kilns largely 

depends on having kiln operators who are well trained and experienced in 

the art of drying timber. Such people are often difficult to find unless 
special training facilities have l:ieen specifically developed for the 

purpose. Therefore, it is essential to carefully consider whether drying 
in compe.rtment kilns is the best method or whether one of the less 

sophisticated methods would be more appropriate for a particular 

application. 

• 

• 
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~tMRiM chpber 

Brief reference has already been INlde to the practice of brie!ly 
steaming timber to relieve drying atresaes or to recondition collapaad 
tiMber. As such a treatllent should not be given in any type of drier. 
Minly because of the risk of corrosion of metal fittings, steaming 
chambers are used for this purpose. 

A steeaning chamber is a box-like structure about 600 1111 wider and 400 mm 
higher internally than the timber charqe it is required to hold. It is 
best constructed front reinforced concrete. The only internal fitting 
required is a 38 11111 dia. steam pipt: with 6 mm dia. holes at 300 nun 
centres running centrally alonq the length of the floor. Steam pressures 

can be as low as 50 kPa but should not exceed 200 kPa. 

Kettina Qf kllnl 

Steam is the traditional mediun used for the heating and humidification 
of kilns. It is commonly generated from burning green or dry wood 
residues in boilers operated at pressures of 300-600 kPa or higher. The 
stea111 is fed to heating coils, usually of plain or finned piping, 
running from one end of the kiln to the other end and back again Cto 
minimize any differences in temperature along the length of the kiln>. 
Hunidif ication is usually provided by discharging steam through holes 

drilled at fixed intervals in a pipe runninq 
the length of the kiln. 

When oil and gas were much cheeper, autoniatically operated steam 
generators were sometimes used instead of wood-fired boilers but high 
fuel coats TlO\I make theta uneconomic in moat countries. Steam generators 
have been replaced to SOM extent by various types of wood-fired 
f urnacea. These are ll08tly automatically operated and fairly expensive 

to buy. Th&y may also have special requirements in reapect of the size 
and MC of wood residue fuel that can be used. Sale units are suitable 
fo~ direct firing of kilns with furnace ga.Bes whereas others need to be 

used with heat exchangers to C)U8rd against the riak of starting fires 

inside kilns. 
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AP6rt from the heat sources just covered am the possibility of 

utilizing solar heat to a fairly limited extent. there are fe\l other 

options available for the heating of kilns. One of the most promising is 

the current develapnent of direct-coupled wood gasifiers far 

retrofitting into oi~- or gas-fi:ed steam generators or fa~ direct 

firing of progressive kilns am the like. Another is the use of filtered 

exhaust gases from wood-residue burners, preferably fed with fuel from a 

hopper big enough ta let it to run overnight without attention. 

Moisture contgnt measurement 

Two methods are widely used in the timber imustry: oven drying arrl 

electrical moisture meters. The oven drying method is accurate at all 

r.cs but slow <12-48 h to get a result) unless microwave ovens are used 

Cina partirular way>, in which case the time can be reduced to an hour 

or so. Moisture meters are portable, give instant readings and are 

fairly accurate from 5-25% if used properly and corrections <for species 

and temperature) are applied. Purchase costs of hardware for the two 

method$ would be roughly the same. 

ABBREVIATIONS 

DBT dry bulb temperature 
EttC equilibrillll moisture content 

FSP fibre saturation point 

HC moisture content 

RH relative humidity 

WBD wet bulb depression 

WBT wet bulb temperature 

• 

• 

• 
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