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PREFACE 

The United Nations Industrial D~vclop~cnt Ortaniz~tion (~NIDO) 

was established in 1967 to assist developintt countries in their 

efforts towards industrialization. ~ood is a virtually universal 

material which is familiar to people worlo-wid~, whether 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, rail~ay sleepers, matches 

and household woodenware. UNIDO has the responsibility ~ithin the 

United ~ations' system for assisting in the d~velopmenc of secondary 

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

national, regional and interregional levels through proj~cts both 

large and small. U~IDO also assists through the pr~paration of a 

range of manuals dealing wich specific tC\pic:s of wid£·spread interest 

h . h . I d k" I/ w 1c are common to most countries woo wrr 1ng sectors.-

The lectures comprising this set of docu~ents are part of ~NIDO's 

continuing efforts to help engineers and specifiers appreciate the 

role that wood can play as a structural material. Part 2 consists 

of 8 out of the 36 lectures prepared for the Tjmber Engineering 

Workshop (TEW) held 2 - 20 Hay 1983 in Melbourne, Australia. The TEW 

was organized by UNIDO with the co-operation of the Commonwealth 

Scientific and Industrial Research Organization (CSIRO) and funded by 

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

United Nations Industrial Development Fund. Administrative support 

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

Commerce. The remaining lectures are reproduced as Parts 1 and 3 to S 

coverin& a wide range of subjects, including case studi~s, as shown in 

tht list of contents. 

!IA fuller summary of these activities is available in a brochure 
entitled "UNIDO for Industrialhation, ~:C'od Pro.:essinp and •:ood 
Products", Pl/78. 
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!hese lectures were complemented by site and factory visits. 

discussion sessions and assignment work done in small groups by the 

participants following the pattern used in other specialized technical 

training courses in this sector - notably in furniture and joinery 

d t . l/ d . . f h 1 . f . k" h" 21 pro uc ion- an on criteria or t e se ect1on o '""oc-c;:.,;or ·u.g mac 1nery- • 

It is hoped chat _publication of these lectures ~ill contribute to 

greater use of timber as a st~uctural material t~ htlp satisfy the tr~­

mendous need for buildings: domestic, agricultu~al. i~dustrial and 

commercial as well as for particular structures. such as bridges. in 

the developing countries. It is also hoped that this ~aterial will be 

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

architects in both public and private practice. 

Readers should note that examples cited ar~ often of Australian 

ccnditions and may not be wholly applicable to d~velofing c•ur.tries 

despite the widespread use of the Australian ti~~er str~~: grading and 

strength grouping systems and the range of condi t ie>ns encc".Jntered in the 

Australian subcontinent. Readers should also ne>te that th~ lectures 

wer~ usually accompanied by slides and other visual aids. together with 

informal comrr.ents by the lecturer. for added d.:>pth of coverage. 

The view~ expressed are those of the individual o'Jtho:s and do not 

necessarily reflect the views of UNIDO. 

!/Lectures reproduced as 1D/1C8/Rev.1. 

!/Lectures reproduced as ID/247/R~v.1. 
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A 

INTRODUCTION 

Mlmy' denloping countries are tortunate in haring good 

resources ot t:iaber but virtually all countries llBke considerable 

use ot wood and vood products , whether boae-grovn or illported, tor 
housing and other builclinga in both structural and non-structural 

app1icationa, u well u tor 1\Jrniture and cabinet vork and 

specialized uaea. It is a taailiar material, but one tbat is 

all too often aia1Dlderatood or not t'ul.ly appreciated since vooc1 

exists in a great Tariety of types and qualities. 

There are certain veil-known species that alaost e'ftJ'70De 

knows ot', such u teak, oak and pine, vhile some such u beech, 

eucalyptus, acacia, mahog~ and rosewood are knovn primarily in 

certain regions. Others bave been introduced to widespread use 

more recently, notably the merantis, lauana and keruing troll 

Southeast .Asia. Plantations also provide an increuing '90llme 

ot voc-d. Very many .more species exist and are known locally and 

usually used to good purpose by those in the business. 

The use ot timber tor construction is not nev and, in fact, has 

a very long tradition. Thia tracli tion has unfortunately gi Yen ~ 

in J18DY co\Dltriea to the use of other materials vbose large industries 

haTe aucceHfully SUJ>J>Orted the deYeloJlllent ot design information and 

teaching ot engineering design methods tor their materials - notably 

concrete, steel 1"1d brick. Thia has not been so much the cue tor 

timber despite cunaiderable efforts by certain research and deTelop-

ment in•titutiona in countries where timber and timber-tramed construction 

has maintained a stronR position. Usually their buildinp; methods are 

based on the use ot onl7 a tevvell-knovn coniferous (aot'tvood) species 

and a limited number or standard sizes and IO"ades. Ample desiRn aids 

exist and relatiTely rev ~roblems are encountered by the very many 

builder• inwlved. 
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Recently, c_oaputer-aided desiRR has been develoned aloft« vith - ·---- ---
taetory-ude cOBJ)Onents and fully !)rerabricated houae• vith the 

acc~Yin« i.aproveaent in quality control and decreued rbk ot 

site problms. Other modern timber engineerinr. denlo,.ent• have 

enabled timber to be used vitb increuin« confidence tor an eftr 

vider range of structures. This hu been esneciall.v •o in lortb 

Aaerica • Veetern Eurone, Australia and llev Zealand. 

Ull'IDO feels that an important mean• of tran.t'erring thb 

tecbnoloa is through the organization of ~ialized training 

cour•e• aiJleCl at introducin« engineers, architects and. specifiers 

to the subject and es~ciall.7 drawing to their attention tbe 

ad:vanta«es ot vood (as veil a• disadvant~es and potential problem 

areas) and reference •ources so that tor ~icular 'Pl'Ojects or 

structures• vood aay be fairly considered in cor.metition vi th other 

-terials and used vben aopropriate. Cost comoarisou, ae•tbetic 

and traditional considerations must naturally be ll&de in the context 

of each country and project but it is hooed that the publication or 

these lectures vill lead those involved to a rational ap!)roach to 

the use ot vood in construction and rmove some ot the misunder­

standings and misa~rehensions all too otten associated vith this 

ancient yet modern material. 

Material in this publication may be freely quoted or reprinted, 

but acknowledgement is requested together with two copies of the 

publication containing ~he quotation or reprint. 

.\ 
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CHARACTERISTICS OF STRUCTURAL TIMBER 

Robert H. Leicester-!1 

TEW/4 

In ct.aivn ... ~. tillbr in tnated in a manner aiailar to that of 

at.I. lblevK', U.. Ke at lwt tar. buic •ya in llhich tillber 

diffen frm at.I vlth nmpect to ita phyaical prQlm'ti•: 

- U. clw- YODd 1a ••• nllally crthatrapic 

- atnlctural tilllm' mntai .. mtural d6fecta llhich hnw V9l'y CGlllPl•• 

atnlctural ~ 

- U. 1&U1Mt1• of tillbs' vmy in a nndm .....- from atick to 

atlck and frm ana location to allDtllr within a atick. 

<OU.- dif( .... a., 9UCh • th9 creep chancteriatlca of t!llbec, vill be 

d1m•Hd in athK' mc:tlam. > 

l9cal• of U. ..am., 1t vlll m found that then an •ivnificant 

d1ff•enc. bebM9n the atrucb.ral chancteriatica of the followil"ll) 

farm of tt._.: 

- -11 clear pi-=- of uoad 

- clMr atructural aize ti._. 
- atructural aize tillber c:antaininrJ mbral defect. 

- pol• tillblra. 

n. diff.-.ncea bebl9en U.. farm of tillber will be ..._.i..S in the 

following di-=-aion. uni- otbsvi• atat.t, all ti._. ref ... to mun 

aticb of atrucbnl atze • 

2. CllTHOTROPIC IUITICITY 

The f ollavin; awll• to both -11 and larve •izea of clear wood. The 

Jrincipal .._ in t!Dr U• elong the lon;itulliml, radial and tangent­
ial dinc:tlorw • llbcMI in Pil'ft t: thMe dinctiorw ue denoUd by L, 
Rand T. Tillb9r i• canaidB'ably stiff• Cand .tronvar> in the longitull­

inal direction than along ant otlm' Jrinc1.-1 uia. 

!/An officer of CSIRO, Division of Building Res~arch, Melbourne, Australia. 
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PiCJUE'9 t Principal uea in timber 
--...... . 

TEW/4 

Typical valuea of the elutic .aduli alonq the irincipal axes. •Y be 

stated in t... of 11.• the atiff.,... along the longitudinal direction. 
are u f ollova: 

P-a = 0.10 a;. 
Ir = o.os Ea. 

Si•ilarly, typical ahem- moduli my be taken to be 

Gi.t = 0.060 11. 
Gu = 0.075 11. 
Gar = 0.018 Ii. 

and typical Poiuon'a ratim are 

"La • 0.40 
"m. • 0.04 

"i.T • 0.40 
"n. • 0.10 
"RT • o.so 
"JR • 0.25 

-
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It ia out.aide the acope of thia Section to analyse the various effecta 

of orthot .. "Opicity: u an exuple, PiCJU['e 2 shows the effects of 
arthotrapicity on .trw CDLentratiana at the edrJe of a circular hole. 

___ ,_ ____________ -- ·-- ()3-0CT -tr- -a--· --II .-
_____________ _._ 

(a) Isotropic materia~ 

-------===-:===-.. - - ---....................................... -- - - -- - -_____ ,-a- tr.__ - 0-

~---·-

--\=:=====-=======~::: 
(a) Wood stressed 

along the groin 

- -- -_ ............. -.... ........................... __ 
(b) Wood stressed 

across the grain 

Pi..-. 2 lffact of arthotropicity on atr- concentrationa -

3. SHIAR D!PORltlTICllS 

n.. following eppliH to both -11 and structural size tillber. nwt low 

aheu' rigidity of timber leads to a greeter iroportion of defOI11ation 
due to llhMr for vood atrocturn in cm.pariaon with that of structure• 
fa.tricabd with iaotropic •teriala auch as at.eel. Por eJCMple, the 

cmpo11enta of deflection at the centre of ai11ply supported b9eM auch as 
that llhowr't in PiCJWW 3 ere u follows: 

Deflection due to benlling 

(1) 

Deflection due to lheu" for solid ..a.ra 

's • 1.5 PL/C4 G b d> <2> 
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Deflection dul to .._, fer a box bela 

L. 1::: PL/<4 G d Dt > -s v .,, (J) 

when U. notation med ia indicated in PiCJW1t l. 

b 

d 

p 

--LIZ ---eii~I .. ·--LIZ _ ___...,. 

Pi9\&'9 3 llatatlon mlll in deflection c...-1tat1on 

'er U. typi-:al •Ull'l• of a mlid tillber anl a boJI hem mhown in 
P19Ul"• 4, the cCJlllP,ltad deflectiom dm to ~ an I per cent and 39 
per cent n~ively of U. total deflection. In the cQlllllUtation, U. 
mhMr mdulus hu a..n taken to be 9iven by G • O.°' IL. 

Thua in cont.rut to the cue fer ar:"'..hotropic •t.iala, the mhME' 

def omation of ,._ an •iCJftificant. 

<Note. In mat ct.ei9" cm., th6 duign valm of th9 apecif ied ..SUlua 
of eluticity for: .uuctural tillber includea an allowance for Meir 

deformtiorw. > 

-
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p 

~3500 ·I· 3500 

150 
Isotropic 

400 
Wood 

Isotropic 

Wood 

~ 

Sl£ARA 
TOTAL~ 

0-01 

0-08 

o-m 
0-39 

P19\KW 4 Bxallpl•• of ahaer def lectiona 

4. cotelNID STRISSIS FOR Cl.DR WOOD 

TEW/4 

Sam ideu on a theory of wood atnngth can be derived by conaiderinq an 
idMU..S cellular atructww aliqrwd with the principal uea u mhourl in 
Pi'J\&"9 5. If it i• 1-.-d that the individual plat.. in thia atructuru 
obey the von "1 ... failww crite!"ion, then it can be Mown that tN 

faUw-e criterion for the wood atructw-e i• qiven by thne equatlona of 
the follaving type <Narri• 1962>, 
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where oL" oR and aLR ct.note the applied at!'8asea relative to the Rand L 

uea. and FL. PR and FLR an the corceapondiRJ valuu of these strews 

that uould caume fail\re if ev.h of thue atre ... were actiRJ on their 

own. 

f °l 

llL. --
-J f-aa 

R -l 

I 
i I 

------~-----~------
' I I I 
I I -----,------r-----
1 
I 

Pi9\S'tt S ldealiaed cellular atructun 

An approxi•tion to 9qUation C4> which hu been feud to fit the li•it.d 

experi•ntal data equally well i• the followiRJ 

CS> 

5oM typical relative value• of the ulti•te atrvngth parU1etera are 

PL • l.O Pc in ten.ion 
= 1.0 Pc in CCJllSICe .. ion 

-
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PR = 0.07 Pc in.tension 
= 0.10 Fe in ccmpreaaion 

5. IWICINSOll' S PORllJLA 

F.quation C4> •Y be uaed for derivinq the strength of timber when the 

load ia applied at an aDJl• to the grain. Hovever it ia considerably 
ai111>ler. anl mmlly aafficiently acarate for iractical prp>Ma. to 
~ Hankirwon•a famula. illmtrated in FiCJUnt 6. 

~ 
ttt 

, 

~ 
ttt 

HANCINSONS FORMULA 

~ ~ 
F.= z 

FL sin 9 + ~cos19 

~ 
t t t 

PifJ',n 6 lllmtration of Hankirwon'• faratla 

AccordinrJ to Hankirwon'a fara1la, the atrength of wood at an anqle I to 
the direction of the grain vill be deno~ by r1 and ia given by 

(6) 

Hanldrwon'• for.Jl• hu men found ~ful ... general •thod of inter­

polation to obtain e8ti•te• of a atructural property at an anr.il• I to 
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the woad grain. Par: • ....,1.. it ia uaally QPlied to structural 
COMKtara. 

6. SllFLE IQ>ll S OP llllDING STRlll9nt 

BendillJ strength tnvolwa a cmplex interaction of the tension and c..­
preaaion properti• of uood. Sme irwight into the chancteriatica of 

b9ftlli11J atrel"ll)th •Y a. obtainld by considering the ideaU88d atreu­

atrain relatiorwhip .tmwn in Pigtre 7. Per both clear uood ani 
atrucbral tillber the ten.ion atnngth ia taken to a. trittle and the 

CQlllrMaion at:nnrJth to a. eluto-plutic. The terwion strength ia 

Iarver than the COllCliWion at:nnrJth in the cw cf clear uood, and 

-ll•r in the cw of atzucbral tillber. With theM •ee-swtiona, the 

atnaa diatribltion at failun llhourl in Figure 8 ia obtained. 

~ 

(a) 

3 -3F. 
' 

3 

"' = "' ~2 ~2 

"' "' s c 
.Q 

... 1 ! 1 
:! ~ -O·SE 

' 
Tension Strain Tension Strain 

~ 

Clear wood (b) Structural timber 

PiCJUE"• 1 l&lelilled c~.aracteriatica of wood in direction 

of tM 91'•in 

-
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T 
O·Sd 

lf, 

(b) Stress distribution 
in clear wood 

TEW/4 

. 0-Sd 

--....._j_ 
0-Sfc 

(c) Stress distribution 
in struchnl timber 

Pipe I Stre.-atrain diatrib.d:ion at fai bre for 

r.onv.ntionally, the bending atnngth of tillber beam ia atated in term 
of a mh•lm pf Ollbq, d9notad by 'ID' .and defined by 

(7) 

uhen 

"ult = applied bending ...nt at failun 
I • --.nt of irwrtia of the crou-aection 
y ... • ... i_ diatance frm the n.utral uia to the edge 

With thia definition, the follovif1!1 ID valuea are derived: 

NOR f cr MOR for 
Section clear uood atrucbral tillber 

8qUU'e 2.00 'c 1.00 't 
round 2.15 Pc 1.00 't 
1--- t.42 'c 1.00 't 

uhen the uem and f langea of the I--- are taken to .be 0. t the .._ 
vidth and deptha reap9Ctively. 
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l fon factor. denoUd by PF. vill be defined aa follows 

PF = tlOR/llJR -auare 

TEW/4 

(@) 

where llOR ia taken to be the mclub.m of ruptlre of the cross-section in 

question. anl tlORequare denotea the val\At obtained for a aqusre cross­
..ction. 

Application of equationa C6> and C7> lsada to the following values of 
fon factor PF: 

FP for FF for 
Section clear uoad structural tillber 

equare t.00 1.00 

round t.07 1.00 

1-bea 0.71 1.00 

7. CCllUN!D BINDING All> AXIAL LOAD 

l reuone.ble pict\r1t of the strength of tillber ..a.rs aubjected to 

combined bendil'llJ and axial load can be obtained throu;h uee of the 

ideeliMd atreu-.train etrVea ahovn in Pigure 7. The reaultil'llJ inter­
action curve• an ahoun in Pigure 9. The true relationship is difficult 
to waure experiMntally. Uaeful data for the cue of tension and 

benling loada on atnactur:al tillber bu been 9iven by Senft anl Slddarth 

<1970> and Senft <1973>. One practical upect noted in these studies waa 

that the axial ten.ion force bu a aiqnificant effect:. on .:xlifyi111J the 

benlinq ...m:. l rough esti•te of the effective bending ..ant "eff is 
9iven by 

"•ff = "ncm - C2/3) T anDll (CJ) 

where T is the applied axial tenaion force, "nm is the no11inal value of 
the applied bendiRJ ... nt, 'nm ia the value of the deflection at the 

centre of the beu, cQlllPUted ua11ing T = O. 

-
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4 

4 
Bending ~tress 

PiCJU['e 9 Interaction C\rV88 for cmbined bendin; and axial load 

8. !PP!CT OP IDl-HOll>C2ll!ITY 

Unlike .any conwnt.ional .truct~l •teriala such u steel, the 

propertiu of tillber can vary considerably within a ain;le •1-nt. Poe 
•XMPl•, a atick of lwiber contairw both atronJ clear wood and weak 

defect. u indicated in PiCJ\&'9 10. Thia type of llU'ked non-hmo;eneity 
hu a •iCJT'ificant effect on the characteristics of nominal atren;th. 

A •i11Pl• atrucb.ral mdel of the nminal atren;th R of a particular 
at.rucbral elamnt can m vritten 

ctO> 

(11) 
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where R1 ia a C0Mt:ant fer any qiwra atructur-al el-nt. but variea frm 
one el.ent to amthar, anl ~ ia & paramter that variea frt111 focation 
to location within an el ... nt. 

extended defect 

local 
defec.t 

Pi9'&'9 10 Dtms-atan of d9fect. in a typical atick of timber 

,2 s ~ + ,2 
R t 2 <12> 

where v1 and v2 are the C011fficienta of variation of R1 anl R
2 

respectively. The ai1111leat •thod of •a..rin; v2 ta to cut paira of 
teat auiplea frm each atnx:b.ral elwnt, ard then to ware the 

correlation coefficient r of the atnn;th fer thue paira of teat 

INlllJJl••· The coefficient of variation v2 i• then 9iven by 

~ • V: ct - r> <13> 

Details on the •thod of uaouinJ the effect.a of non-hmcxJeneity are 
qiven in Appendix I. SOM ai1111le pnctical •XMPl•• v.i.!l I» 9iven lwn. 

Por the cue of C)eClmtrically •i•ilar •1-nta that are 'brittle' ao 
that failure evenbatea if any internal flav faila, the atrenqth ia 
qiven by 

-v 
Is A # 2 

0 CU> 

-
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YhK9 1
0 

ia a •terial anl configuration conatant. ard f danotea the 

vol-- of atnued •terial. 

lquation <U> ia a typical •UMkeat. link• nlatiorwhip of the type firat 

atudied br Weibull <1939>. Siailar nlationahipa can be deriwd foe the 

cue w.r. the fall\&"9 ia nlated to the ueakut area. er to the weak.at 

croa-wtion of a bem. Pigw:e 11 ahoua a aize effect •U'l.rad fer the 

8heM' atnnrJth of tillblr el.-nta. other uaeful •X811Pl• have been 9iven 

by Pmchi and Barrett Ct976> ant Bohannon <1966>. 

-
~ -

0'--~~~..._~~~-1....~~~......a..~~~-J 

0·0001 0-001 0·01 0·1 
St£AAED AW.A ( m2 ) 

1·0 

Pigw:e tt lffct of aize on the mhMr atrength of tillbar baaM 

ml CJlwd jointa <after Keenan 1974> 

Another •D11Pl• of practical value ia the aymetrically loaded beu 

8IKJWn in PiCJUl"• 12. TM atnnrJth of thia beall ia given by 

-v 
i • 1

00 
CL Ct + Ch/V2 L>l> 2 <tS> 

Per clear wod and atruct...-al tillber, typical value• of v2 are O.t and 
0.25 rMPKtively. 
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~ 
l--h-t 

·I L 

R= 
Aoo 

h v, 
l[1+v.r l 

2 

PiCJUr8 12 Notation for aymetrically loaded beu 

Hence, accordin:.i to equation <tS>, doubling the span leads to the 

correspondin:J factora of 0.93 aid 0.84 on strength. The use of equation 
C15> to aaaeu the effect of loading configuration ia illustrated in 
PiC)Unt 13. The fact that the effect.a are different in structural tillber 

aa compared vith that of clear wood ia to be noted. 

RELATIVE STRENGTH 

LOADING Clear Structural 
CONFIGURATION Wood Timber 

(V
2
=0·10) (V

2
=0·25) 

~ 1·00 1·00 

~ 0·86 0·81 

f I I) 0·79 0·67 

PiCJUE"• 13 Effect of la.I confiCJW'ation on .t.rerqth 
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The above theory bu baen stated in tens of mean nominal strenqth. bJt. 

it alao CJives the - anauera vhen applied to characteristic values. 

8UCh u 5-percentil• atrenJth valuea. 

Finally. •ntion llhould be MCle of a confiC)U["ation factor that is 

peculiar to beua. 8- atrength will very dependinJ on whether the edg9 

placed in tension i• rantmly chollen or is deliberately selected to be 
the veakeat edgg. If the tvo values of nominal strength are denoted by 

Rranl ard Rveak rupectively. then for the weaker pieces of tillber where 
defecta are vi-Uy dimcernable, the relationship betveen these 

strength& i• qiven roughly by 

Pr CRYeak < x> ~ 1.5 Pr CRrard < x> (16) 

If it is al!MP.m8d "Jlat both Rveak and Rranl have the - types of 
dlatributions. than equation Ct6> leads to the follovinJ ratioo of the 

S119rcentile value• R:.U ard R°rard: 

Coeff. of 
variation YR 

0.1 

0.2 

0.3 

0.97 

0.93 

0.89 

In the context of the above discuaaion it ia of interest to note the 
f ollovil'llJ •thoda that have been uaed in variOl.8 cCMltriea to •uure 

bending strength: 

USA/caneda rardm location of defects. randm edge placed in tenaion 
UK ••• veakeat. defect at ._.i .. atreu Met.ion. randm edrJ• 

Aumtralia 

plac:ed in tenaion 
weak.at defect at MXi .. stress section. veakeat edqe 

placed in teneion. 
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9. EFFECT OF NATURAL DEFECTS 

NatU["Sl def ecta introduce zones of weakness and ac.eti•s zones of 

flexibility into atructl.l['al tillber. Sale of the effects of knots atli 

eloping grain are illuatrated in Figures 14 and 15. other defects that 

have been studied include aplita. checks ard kino veins. local pockets 

of decay. c~ion ahakea, and bsrk inclusions. 

1·2 

1-0 r111111;::-----­.... , 

GI 

30·8 g 
GI 

.?:: -d 
Qi 
'-

0·6 

.......... 
', 

' ' ' 

compression 
strength 

' modulus 
', of elasticity 

' ' ' ' 

0·4 L--.&..--..t..-..4-.....__~_.___._ _____________ _ 

0 0-1 0·2 0·3 
tan9 

Pigure 14 Effect of slope of grain on ntru&:tural characteristics 

of tillber ... 
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1·2 

1·0 

O'--~~--i.~~~-'-~~~...._~~--L-

0 0-2 0-4 0-6 

Fiqure 15 !f fect of knot size on tension strength 

Cafter Daw~ 1964> 

10. CHARACTERISTICS OF GRADED TIMBER 

TEW/4 

Structural timber is sorted into grades by limiting the sizes of visual 

defects or some other grading parameters such as local stiffness. The 

structural characteristics of graded timmber con differ quite markedly 

from that of clear wood and therefore must be stl.died as a separate 

11aterial. Three excellent sources of p.Jblished data on the properties 0£ 

graded timber are the following: 

Ca> Southern pines of USA ••• Doyle and Markwardt <1966, 1967> 

Cb> Timber of western Canada ••• McGowan et al. < 1977>, Littleford 

C1978>, Littleford and Abbott C1978> 

Cc> Imported UK tiamer •.• CUrry and Tory <1976>, Curry and Fewell 

< 1977 > , Feve 11 C 1980 > • 
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<1966. 1%7> on 
southern pinesr. ia given in Appen.iix A. 

The ir.foniation given a.t...o includes ._ additional data on clear wood 

iroperties. which uu obtained by extrapolation of data obtained from 
other aources. 

In order to nonali• the data. the structural grades will be quantified 
in teraa of a qrod• ratio GR defined as foll0"8: 

C17> 

whre Rkq denotes the characteristic bending strength of graded material 

and Rkc denotes the characteristic bendinq strength of 1111all clear wood 

speci•ns. Herein the characteristic values are taken to be the five 

percentile valuea. 

For the data on Southern pines qiven in Appendix A. equation C17> leads 
to the followinq valuea of grade ratios: 

Tillber Grade ratio 

aMll clears 1.00 

structural clears 0.72 
No. 1 grade 0.63 
No. 2 grade 0.39 
No. J grade 0.28 

Figures 16 to tel llhova the ef feet of grade ratio on 80lll8 of the 

properties of Southern pine. It is illJ>Ortant to note that the properties 
of SMll clear pieces of wood do not provide an accurate picture of the 
characteristics of structural size tillber. 
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structural 
size clear 

No.3 No.2 No.1 

I I I 

small I 
dear 

pole 

c.ompression ___ .... ---
~=mean compression strength 

of small clear specimens 

o..._~~~~~--~~~~~--~~~~~ 

0 ~5 1-0 ~5 
GRADE RATIO 

fiqure 16 Effect of grade ratio on 111e4n strength of Southern pine 

Cefter Doyle and Markwardt 1966, 1967> 
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tass,·""' 
10,, 
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0 O·S 1·0 15 

GRADE RATIO 

TEW/4 

Pigure 17 Effect of grade ratio on the characteristic strength 

ratio of Southern pine Cafter Doyle and Markwardt 1966, 1967> 
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struchrol 
size clear small 

clear 

pole 

0-S 1-0 
fJRADE RATIO 
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1-5 

Pi~ 18 !ffec:t of C)rlde ratio on the coefficient of variation 
of Southern pine <after Doyle and Markwardt 1966, 1967> 

One troubleaom upect of vi-lly graded tillber is that it exhibits a 
aize effect. Por aticka of tillber with the Balle visually esti .. ted 
bendin; strength ratio but of different size, there is a lou of 
strength aa the stick bacmes larger. Aa an exuple, sticks of the sue 

grade of aoftvood tillber, the characteristic strenqth values Rk have the 

following foni: 

Cmpl'eaaion atren!Jth 
Bendin; stren;th 

Tenaion atren;th 

wheett 11, A2 ani A3 are conatanta, and d is the width of the ....t>er. The 

size effect for tension strength ia illustrated in FiC}Ure 19. Thia size 
effect ia irobably related to the aize effect of fracture that will be 

di.al8Md elaeuhere. 
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•• 

k={200/d)0·
2 

• • 

~a--~~~--~~~---~~~----o 100 200 
Member Width d (mm) 

PiC)\r'e tCJ lf~ect of aize ew1 ten.ion atrength 

<after CUrry and Pevell 1981>. 

TEW/4 

Finally, 11ention should be mde of the correlation between structural 
properties. Thia correlation is of illpOrtance in gradinq procedures. 

Higher correlation coefficienta lead to mre efficient gredinq. The 
followinq are acme typical values of correlation coefficients between 

variOU8 paruetera and bending strength. 

Predictor for Correlation 
bendinq at.rength coefficient r 

density 0.50 
averaqe tlOE 0.50 
vi1M.ml defect size 0.65 
local tlOE 0.85 

vi1M.ml defect aize plus density 0.80 
local tlOE plm averaqe MO! 0.90 

... 
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Theee COETelation coef f icienta are poorer than the values that are 

obtained with clear wood. A CQ[T')lation coef f 1cient of less than 0.6 is 
of little practical value for gr..sding p.rpoaes. It should be noted that 

.any factors affect the value of the corTelation coefficient and the 

above valuea should be regarded as indicative only. For exaaaple. Anton 

<1979> has found the cocrelation coefficient Yith local HOE can be aa 

low aa O.JS if the tillber is cut froa very young trees. 

11. FACTORS APFECTING STRENGTH 

11.1 Seeaoning Effecta 

Figure 20 illustrates the characteristics of strenjtll during drying. The 

atrength value obtained dependa on uhether the tillber can 'case-harden' 

without degrade. For .any species, sizes that are thicker than 150 • in 

croaa-•ction are difficult to aeaa:>n without decjrade. 

0 
0 so 100 

#1£R1S. HOISTURf CONTENT 1•1.1 

Figure 20 Streni)th furing drying <after Wilson et al. 1930> 

11.2 Effect of ttoiature Content 

The effect of 110iature content on strength is illustrated by the exaaaple 
qiven in PiCJUE'• 21. The important •tter to note is that while there is 
an incr .... in atrenqth on dryinCJ fer -11 clear pieces of wood, there 
i• little ilqrov...nt in atren;th for the weaker pieces of structural 
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Ullber which deteraine the atreB)th values that are recommended for 
design IJU['IX>llea. 

Vl 
Vl 

10 

~ 
til 5 

10 

10 

• 

Full Size 50 x 250 mm 

20 30 40 50 60 
RAN<EO CRDER 

Small Clear Specimens 

20 30 40 50 60 
RANKED ClllR 

Pigure 21 Effect of .oisture content on the beniing strength 

of Douglas-fir <after Hadaen 1972> 

11.3 Effect of Duration of Loed 

The effect of dl.lr'ation of load ia illustrated by the exuple shown in 

Pigure 22. Here 81J4in it ia to be noted that while the average piece of 
atnJCtural tiar exhibita a 1111rk.S decreue in strength with load 
duration, only a li•ited effect ia ot.erved for the weaker aticka of 

.. 
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tillber Yhich deteraim the atrength values that are rec~nded for 
deaign purpoeea. 

80 

60 '•~entile 

·~. 
50 -percentile -·----·- --· 

• 
----.--. 

---· ·--.-• 5-percentile 

oL-~~~~L-~~~~'--~~~---

1 100 10,000 1,000,000 
TIME TO FAILURE (MINS) 

Figure 22 BerdiD!J strength of dry tt.-f ir subjected to rup 

loediD!J Cafter lted8en 1971> 

11. 4 Fatigue Strength 

The excellent fatigue strength of clear vood ia well known, .but it ia 
not 9emrally apsreciated that atructtral tillber containing nattral 
defect• can deteriorate dw to fatigue. 
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In one •t of teats on Radiata pine, it was fourd that the average 
atrength uea reduced by 20 per cent when subjected to 500 cycles of 

repeated lomli111J. In other teats, it has been found that if a load is 

applied euch that it fails 5 :phr cent of a population of structural 

tillber, then on the MCond app~ication of the same load typically a 

further 0.5 per cent vill fail: i.e. some timber is susceptible to one 

cycle fatigue CLeiceater et al. 1981>. 

12. POLE TIMBER 

The characteriatica of pole tillbera differ frm those of sawn structural 

tillber for aevera1 nuona that include the follovi111J: 

- the vood grain of pole tillbera is contioooua along edqes and around 

knota, thenbr providinl) a hl(Jh tension strength 

- the strength of pole tillbers is enhanced by growth stresses such as 

thoae llhoun in Figure 23 

- the atrucbral properties of pole tillbers are enhanced by the fact 

that the better tillber ia on the outside where it ia mre 

effective. 

GROWTH STRESSES 

- tension (0·5 ~) 

- compression (1·0~) 

fc = compression strength of 
small clear wood 

PiCJ\.ft 23 . Growth atnMe• in a typical hardwood 

.. 
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In an extensive seriea of tests on pot.is. Boyd l l'lbl ta l\jtilil founi thct 

followinq typical properties of pole timbers: 

118an <Pb) = 1.1 11ee.n CFbsc> 
lllMln CE> = 1.2 lledn CE > 

SC 

cov (fb) = 0.13 

C18a> 

C18b> 

C18c> 

where Fb and E denote the bending strength and modulus of elasticity of 

the pole tillbera in green moisture content conditions. and Fbsc ard Esc 

are the correaponding values measured on green. small clear speci111ens: 

the tera cov 0 denotes the coefficient of variation. Froll the above the 

following is obtained 

grade ratio= 1.1 Cl CJ> 

A comparison of this grade factor with those given earlier irdicatea 

that the effective grade of pole tillbers ia 110re than 50 per cent better 

than that which can be obtained for sawn tillber. 

Other 11attera of practical illlJOrtance that were noted by Boyd incl\de 

the following: 

- the age of the tree can have a significant influence on the 

atrucb.ral properties as illustrated by the exuple shown in Pigure 

24 

- a r&CJi• of aeuoning and resoaking. as would occur in the 

preaervative treat.Ent of poles, 11ay.reduce the strength by up to 

ts per cent 

- shaving pole• to 'i.-ove' their aesthetics could lead to a loss 

of 80ll8 10 per cent in strenl)th: this is due to the interruption in 

the contirMJity of the wood qrain. 

__J 
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Pie)\re 24 !ff ect of tr.. age on the pole prop9rtiea of 
ndiata pine (after Boyd 1960 

13. TAPER!D BEAKS 

Por reuona of economy, bee.a are 110Mti•s cut to a taper. The stresses 
that ariae in this aituation have been diacuaaed by Macki and Kuenzi 
<1965>. In addition to the norMl checka on strength, an additional 
check mhould be llllde for strength to reaiat the ca.bined stresses acting 

alonJ the eclcJ• of the belll u llhovrl in PiC)lre 25. In this check the 

failure criterion 9iwn by eq\BUon <S> is to be uud. 
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Figure 25 Stresses alonq edqe of tapered beam 

14. CONCLUSIONS 

TEW/4 

The preceding discussion has JrOVided information on the structural 

characteristics of tillber that are relevant to the f onnulation of desiqn 

recOllllendations. These include the following: 

- both the orthotropic and the non-homogenecus nature of timber must 

be considered 

- while the properties of small spP.cimens of clear wood are useful as 

index properties for structural timber, it can be quite misleading 

to use the characteristics of these specimens to derive the 

characteristics of structural tiinber 

- desiqn strength is related to the five-percentile value£ ~f 

strength which MY not have the same structural characteristics as 

the mean strength. 
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APPENDIX A 
PROPERTIES OF 100 x SO 11111 DRY SOUTHERN FINE 

(After Doyle and Harkwerdt 1966. 1967> 

------------I I 
I Hean I ~ Pr>r· 

I Property/material val~ I rtont 1 l t• 

I < ttPa > I <HP:t l 

'---- '------
COMPRESSION PARALLEL TO 11IE GRAlN 
- sniall cleer 
- structural clear 
- No. 1 grade 
- No. 2 grade 
- No. 3 grade 

BENDING PARALLEL TO 11IE GRAIN 
- small clear 
- structural cler 
- No. 1 grade 
- No. 2 grade 
- No. 3 grade 

TENSION PARALLEL TO THE GRAIN 
- small clear 
- structural clear 
- No. 1 grade 
- No. 2 grade 
- No. J grade 

MODULUS OP ELASTICITY PARALLEL TO 
THE GRAIN 
- small clear 
- structural clear 
- No. 1 grade 
- No. 2 qrade 
- No. 3 grade 

MODULUS OP RIGIDITY <<\_1 • C\.R> 
- uall clear 
- structural clear 
- No. 1 qrade 
- No. 2 qrade 
- No. 3 grade 

SHEAR STRENGTH PARALLEL TO THE GRAIN 
-small clear 

43 
40 
37 
JJ 
29 

90 
67 
62 
45 
39 

120 
54 
39 
25 
16 

12 500 
12 500 
12 400 
10 400 
9 500 

900 
910 
920 

I 
I 

9.1 I 

33 
31 
28 
23 
19 

70 
47 
40 
25 
18 

71 
29 
19 
11 
7 

8 090 
8 090 
8 310 
7 280 
5 610 

770 
660 
710 

~----------------~--------- ---~~'~~-I I 
I COMPRESS I ON 5TRENG'nl PERPEND IClJLAR I 
I TO THE GRAIN C2.5 • defonation) I 
I - 8111411 clear 11.5 I 

'- --------------------- ------' 

C'ot'ff. 
nt 

var. 

-----

0.15 
0.15 
0.15 
0.19 
0.23 

0.15 
0.20 
0.24 
0.32 
0.45 

----

O.JO 
0.35 
0.39 
0.44 
0.49 

0.25 
0.25 
0.23 
0.19 
0.29 

o. 15 
o. 17 
0.14 
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APPENDIX 8 

STRENCnl THEORY FOR NON-HOHOGENEOUS MATERIALS 

Only the !!ssential aspects of this theory will be considered. First it 
is neceaaary to recall that for a Weibull distributior. 01 strength R. 

the probability that R vill be greeter than x is qiven by 

- II Pr <R > x> = exp <- aCx/R) J 

where the material ~tera a ard • arr. qiven by 

a a 0.555 + 0.445 VR 
• • v-1.0CJ 

R 

ard VR is the coefficient of variation of R. 

<Bl> 

Now consider a slr\x:tUC'al unit made up of N ele11ents having strengths 

R. R2, ••• RN ard subjected to the stresses 091, aq2, ••• aqN 

reb;iectively when the nminal streaa level in the unit is denoted by a. 

The pcobability of 8U['Vival by the unit for this stress condition. 

denoted by Pr {Runit >a>. ia qiven by 

If it is assUllled that all ela.ents have a strength defined by equation 

<Bl>, then equation CB2> can be written 

CBJ> 

A continuous .:xiel of equation CBJ> is 

.. :II Ill Pr(Runit >a> =exp(- Cao /tr 1 I g <x.y.z> d#> CB4> 

where the parueter I denotes voll.118 ard 9<x,y,z> is a function of the 
coordinates x. y and z such that aqCx,y,z> denotes the stress at the 
point Cx,y,z>, where o ia the n011inal streaa level in the member. 
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By coaparison vith equation CBt>. equation CB4> can be 1o1r1tten in t.ernas 

of Runit• the 11ean nominal strength of the atructurl.ll unit as follows. 

- • =at Pr<l\n,it > o) = exp<- aa /Nunit> CBS> 

Ca.periaon of equation CB4> ard CBS> leeds to 

(8(,) 

Thus a cmaputation of the integral J q•cx,y.z> d~ for various 

structural conf iqurationa leads to comparative values of the mean 

strength. It should be noted that since the exponent 11 re11ains 

unchanged. R and Runit are both Weibull diatribJtions with the Salle 

coefficient of variation. 

• 
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STRUCTURAL GRADING OF TIMBER 

William G. Keating 

1. INTRODUCTION 

Sound timber gradinq practice. for either structural or other purposes. 

lies not in the selection of perfect timber. but on the contrary, it 

permits the inclusion in each grade of as many defects as is possible 

without detracting from the suitability of the timber for the purpose 

for Yhich it is required. Structural timber gradinq therefore aims to 

provide the engineer with a deqree of confidence so that when specifying 
a particular grade of a certain species or species group he can expect a 

consistent mini1111.111 quality irrespective of the origin of the material. 

rhe process of structural gr~ing, also known as stress grading, may be 

defined as the technique by Yhich timber is sorted accordinq to its 

ability t.o carry loads. 

This process must have a set of rules or criteria for makinq the sort 

and a procedure for assiqning desiqn properties to each of the grades. 

Stress grading is carried out by either one of two techniques, viz. 

visual or mechanical. These 111ay be further sub-divided depending on the 
particular approach. 

2. VISUAL STRESS GRADING 

Visual grading is the oldest stress grading method in use. It is also 

the simplest and the most widely used. It is baaed on the premise that 

the mechanical properties of timber containinq certain visible charac­

teristics <defects> differ from those pertaining to timber entirely free 

from any such characteristics. 

In the development of the basic vorkinq stresses appropr-iate to each 
grade, two different approaches are used. It is worth\lhile explaininq 
the procedure in each case to illustrate the cautious attitude adopted, 

' 

• 
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2.1 Small Clears Approach 

Extensive laboratory testing, mainly in USA during the 1q2os. indicated 

that defects of a given size and location cause approxi111ately the same 

proportional reduction in strength irrespective of species. This fact 

has peraitted the preparation of strength grading rules for timber in 

which the visible imperfections are limited so that the \leakest piece in 

any grade should have a certain percentage of the strength of a similar 

piece of clear timber. This is sometimes called the strength ratio. 

Therefore. for ex81lple, a joist with a strength ratio of 60% extreiie 

fibre stress in bending uould be expected to have at least 60% of the 

strength of a corresponding clear piece. 

As a first step in.the process of the development of basic working 

stresses, a comparatively lorqe nuaber of small clear speciinens of a 

particular species need to be tested in bending, shear and compression 

parallel to the grain. The method of testing, sampling and recording of 

results have been laid down in internationally accepted standards such 

as ASTH 0143. The need to test a large nunber of specimens for each 

property is to obtain some indication of the species variability which 

is then interpreted by normal statistical methods. From the distribution 

curve obtained the visual practice is to determine firstly the 1% lower 

probability limit. Taking this limit means that the probability is that 

9q% of the values will fall above it. Figure 1 illustrates the procedure 

and indicates that on average the 1% lower probability figure is 

approximately 70% of the mean, or in statistical terms 

= fb - 2.33 a 

where f b = mean bending strength 

a = standard deviation 

-2 and a= ~<CI<x - x> J/n} 

where x = individual test value 

i = mean of the test values 

n = nunber of tests. 

' -----------
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To obtain the basic stress fra. the 1% probability figure. a reduction 

factor. kr· is introduced to <1llow for long duration loading, accidental 

0•1erloading. shape and size of speci111ens. and several other intangibles. 
Experience over many years has indicated that these may be conveniently 

combined into one figure. However. it is not necessarily the same figure 

for every strength property. 

Thi! genProl forlllula for basic .Jtress in bending 

= ~fb - 2.33 a)/kr 
= Cfb - 2.33 a)/2.22 

for bending stress kr = 2.22. 

This then is the basic stress for clear timber free of all strength 

reducing defects of the particular species tested. In order to arrive at 

the basic working stress or grade stress, i.e. a stress that can be 

assigned to structurally graded inaterial for design purposes, it is 

necessary to apply the strength ratio factor to allow for the loss of 

strength caU!Jed by slope of grain, knots, shakes. checks or other 

strength-reducing features as detailed in the appc-oiriate visual grading 

rule. In Figure 1 a strength ratio of 0.48 has been assuaed and the 

f oreqoing process is suiaarised as follows for the particular exa111ple 

Hean = f b = 54.0 HPa 

+ 
1% Lower Probabil-
ity Limit = fb - 2.33 a = 35.0 HPa 

+ 
Basic Stress = Cfb - 2.33 o>/2.22 = 15.8 HPa 

+ 
Basic Working Stress 

(Grade Stress> = (Cfb - 2.33 a)/2.22) 0.48 = 7.58 HPa 

' 

• 
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The influence of defects such as knots on the strength ratio is illust­

rated in Figure 2. Similar diagr8JllS may be drawn for the other strength 

reducing defects. All relevant strength ratios are set out in tabular 

form in ASTH 0245 for the different types and n1i11ber of defects likely 

to be encountered in structural size timber during visu.'\l grading. This 

particular standard has been used world wide for many years. 

In Australia and many other countries, the set of basic working stresses 

for the various grades has been determined hased on a limited number of 

groups of species rather than individually for a large number of single 

species. This process is described in another paper. 

The visual grading rules lay down the limits for the various defects 

appropriate to each grade. 

2.2 Structural Size Approach 

Jn the past decade extensive laboratory testing has indicated that the 

derivation of basic working stresses based on testing small clear speci­

mens and visual grading may result in misleading recommendations for 

design strengths. The reason is that design strengths must be based on 

the weaker pieces at the lower tail of structural populations, typically 

the weakest 1 or 5%: and while the structural characteristics of the 

average stick of timber are related to the prcperties of clear wood, the 

structural characteristics of the timber at the lower end of the distri­

bution is determined by the natural defects occurring in this material. 

This approach does not necessarily imply a change in the existing visual 

grading method, but it does indicate that a change in the basic workinq 

stressen may be warranted for a particular grade or grades for a certain 

species or species group • 

In any derivation of basic working stress, it is necessary to define the 

reference population and it is probable that the population in this case 

will refer to a commercially supplied specific grade of timber obtained 

from a specific source. From this reference population a reprP.sentative 

sample is chosen and following a comparatively large number of standard 

tests the five-percentile values are determined for strength and stiff­

ness. From these values, the basic working stresses are obtained by 
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dividing by a load factor that reflects the relationship betYeen three 
minute loading and long ter11 loading together with a factor that is 
chosen to match existing practice <factor of safety>. 

The above technique is in effect a refine11ent process to produce Mare 

efficient desiqnn than those resulting fran the 9111all clears approach 

which must of necessity be conservative. It is apparent that this ~ 

vet-if ication process or in-grade testincr is expensive and ti.e-conslmling 

ard is warranted only uhen the species or species qroup c011prises a 

sufficiently large proportion of the tot~l use. <Appendix A sets out the 

current draft set of rules for the evaluation of graded timber that is 
being proposed for Australia.> 

3. MACHINE STRESS GRADING!/ 

Although visual grading results in greater efficiency in the structural 

use of limber than if no gracl£ng is perfoned, it suffers nevertheless 

from a nunber of disadvantages. Each piece of tillber has to be hardled 

ard examined on 4 surfaces and having llMSUred the defects it is assuaed 

trust pieces of the same species containing defects of the same size are 
approximately equal in strength. Both these factors leacl to high costs. 

The asslmlption that pieces containing si•ilar defects are approximately 

equal in strength implies thot all pieces of clear titaber of the sa111e 

species are of equal strength, whereas apparently si11ilar specimens MY 
differ widely in strength due to various factors one of vhich is dens­

ity. The presence of knots or sloping grain increases this difficulty of 

estimating strength since a piece with high inherent strength containing 

knots may be stronger thon a clear piece with low inherent strength. For 

these reasons visual grading is a 8ClllleWhat inefficient method and the 
associated assignment of working stresses must he conservative. 

A more direct and accurate approach is to use mechanical grading. This 

system is based on the fact thot there is a direct correlation between 

the stiffness and ulti111ate strength of a piece of tilftber containing 

defects. Thia relationship boa not alweys been recognized: in fact, for 

many years text books stated cateqorically thot vhile defects affected 
strength generally in pr-oportion to their size or severity they had no 
significant effect on stiffness. Pioneer work at the former CSIRO 

Division of Forest Products on radiata pine showed that such a 

! 1For a further discussion of machine stress grading see UNIOO document 
10/WG.359/3 - The principles involved in stress grading, with special 
reference to its application in developing countries, 24 Hay 1984, 64pp., 
prepared for the Expert Group Meeting on Timber Stress Grading and 
Strength Grouping, Vienna, 14-17 Dec. 1984 by Hr. C. J. Mettem, TRADA, U.K. 

' 
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relationship did exist. Further work at CSIRO. the Divi~ion of Wood 

Technology of NSW Forestry Commission. and some overseas laboratories 

resulted in the development of machines that could utilize this 

relationship to test timber in a non-destructive fashion to predict its 

load-carrying capacity. Figure 3 shows the current version of the 

machine developed by the Division of Wood Technology. 

Al! grading systems are based on the use of predictions to estimate 

3trength properties. In visual grading, for example, the size of visible 

defects 3uch as knots is used to predict strength. In machine stress 

grading, the stiffness is used as a predictor. The relationship between 

the predictor and the meche~ical properties of interest is shown by a 

statistical technique known as a regression. Figure 4 illustrates the 

use of a regression and the effect of the variability in data on the 

accuracy of the prediction (Galligan, Snodgrass and Crow 1977). Clearly 

the tighter the data group around the regression line, the lower the 

variability and the better the prediction of the strength. 

In mechanical grading a non--destructive test is made on each piece by 

passing it through a machine which continuously applies a small load t0 

it over successive short lengths of the piece. The maximum deflection 

obtained is recorded and frJm the known relationship between the modulus 

of elasticity and the modulus of rupture the ultimate strength of the 

piece can be predicted. 

To illustrate how the system operates, the following example is taken 

from work carried out in UK by Sunley, Curry and Hudson and reported in 

1962 and 1964 (Booth and Reece 1967>. A typical relationship between the 

modulus of elasticity and modulus of rupture is shown in Figure 5. The 

var1ability of the material is then taken into account by calculating 

confidence lines above and below the regression lines such t.hat 98% of 

the results lie between these lines. The lower confidence line which is 

shown in Figure 5 is such that only 1 in 100 results will be below the 

I ine. The confidence lines are determined by the usual statistical 

technique of drawing lines, parallel to the regressi_on line and at a 

vertical distance away of ! 2.33 times the standard error ot estimate of 

the modulus of rupture. By applying factors to allow for long term 

loading and a factor of safety the recommended grade (working> stress 

line is shown. 



- .'..I'\ -

Figure 3 Comp;.arennaric 1rreu &ndina machine. (Phoro by courtesy Fornrry 
Commission of N.S.W.). 
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Regression 
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Grouping of Data 

PREDICTOR 
FIGURE 4. TYPICAL RELATIONSHIP BETWEEN A PREDICTOR 

AND STRENGTH CF TIMBER . 
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Table 1 shows the results of viBUl!ll and mechanical gniding for Baltic 

redwood CPinus sylvutris L.> and whitewod <Picea abies <L.> Karst.> as 
obtained by Sunley and Hudson <1964>. Thus mechanical grading gave 

either a larqer yield of .aterial in the higher grades or h•qher working 

:ltresses for si•ilar qrade yielda, as obtained by visual inethods. 

TABLE 1 
A COMPARISON OF THE RESULTS OF VISUALLY AND MECHANICALLY 

GRADED 2" x 4" BALTIC REDWOOD AND WHITEWOOD 
<Source: Booth ard Reece 1%7> 

I I I 
I I !Grade stresses 
I Visual grad~ I Yields of I for mechanic-
1 stresses C18% Visual gradel 111echanical I ally qraied 

Visual grades I 110isture yields grades for I timber to give 
I content> (%} stresses in I same yields 
I <lbf /in2 ) colunn 2 C % > I as coh.111n J 
I I I c 1 bf/ in 2 > 

-----------' I _________ I ________ _ 
I I I 

1 I 2 J I 4 I 5 

-------' '------------'----------
' I I 

75 Grade I 1450 JS I 68,0 I 
65 Grade I 1250 33 I 18.5 I 
SO Grade I 950 23 I 12.0 I 

1700 
14'l0 
1150 

Reject I 9 I 1.5 I 
--------·--'-------- _____ 1 _________ 1 ____________ _ 

The machine produced and available in Australia is marketed under the 

trade name 'Colllputermatic'. Pieces of timber are fed into the machine on 

edge in a longitu:iinal direction. The individual piece is continually 

deflected in its narrow dimension by a given load, The amount of def lec­

tion cttused by this load is measured on 150 11111 intervals throughout the 

length of the piece. Measurements are grouped into 1 of 5 classes. A 

colour mark can be sprayed on the pieces at each 150 mm interval that 

corresponds to the grade class. As the piece leaves the machine the low­

est grade rating is computed and a paint spray corresponding to thftt low 

point rating is sprayed. Figure 6 shows the operation of the machine. 

The developnent of this machine was the result of a cooperative venture 

between the NSW Forestry Commission and the Plessey Company. It has met 

with considerable success in Europe where there are now approximately 

100 stress-grading mechines of this type jn use and considereble inter­

est is currently being shown in USA for use in lower production mills 

c serry t 978 > • 
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There are several other machines now on the market and their operation 
has been Slnftarised by Hetteni Ct982> as follO\ls: 

Cook Bolinder 5G-Af stress <lfodinq mchine 

This machine. i.rhich wes introduced in 1979. receives the timber on edge. 

and deflects it laterally over a 0.9 m span. in the smne configuration 

as the Colllput.ermatic. A high level of accuracy is claillled. probably 

justly. by using the principle of constant tieflection. load sensing . 

This is a reversal of the Computermatic method which loads a given 

timber and size to a constant stress. and senses the ensuing deflect­

ions. '1hich vary along the piece. 

The ti11ber is deflected in opposite directions in two separate passes 

through the this machine. A computerised sensing mechanism reads off the 

variable force caused by the fixed def l.:M:tion. t~e force being detected 

by a load cell. During the second pass the computer provides a continu­

ous reed-out of the .an values. Dye marks and stamp marks are applied 

to indicate grade. 

By using separate passes the interference effects associated with double 

herding are eliminated. By using a constant deflection it is possible to 

avoid errors in load-deflection measuret1ent caused by timber vibrations. 

The Baute Timqrader stress qra<finq machine 

The technical literature describing this machine dates from 1978. the 

approxi.ate date of its introduction, althouqh work on prototypes had 

started earlier . 

Timber is deflected horizontally, ~hilst passing throuqh on edge, in 

common with both mchines described above. The Timqrader is a fixed 

deflection, variable load inachiflA, like the Cook 8olirder type. A 

difference in principle is that in this machine the method of allowing 

for bow is to bend the timter successively in opposite directions in a 

single pass. The variable forces required to provide fixed deflections 

in this 111anner are aenaed and averaged electronically. The measuring 

frequency is synchronised with the feed speed of the timber at about 

100 mm intervals along the length passing throuqh. 
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The machine f!llbodies quite a sutetantidl electronic system inch.ding a 

process control •icroca.puter and a unit which can tran9it qrodir.;r 

infor11ation to a sorting 11aehine. 

In derivjnq settinqs for this machine. it is necessary to calculate 

:illowances for interaction between a low stiffness portion of the JelllJlh 

Cd11P perhap.c; to a gross defect> passing one defletion station whilst 

material of 3 different quality <another part of the length> passes the 

second station. 

The Sontrin tillber selector: 

This •chine has not been appnwed for qeneral p.wrpose stress qrading to 

BS 4978 under the Kitemrk syste11 because of its insensitivity to local­

ised gross defects. particularly away fro. the centre of the span. These 

may be of i1nportance in structural llellbers with built-irt or partially 

fixed ends such as rafters or trussed rafters. The tillber selector is of 

value hcKlPvei in qrading si11ply supported bending 11e111bers such as 

joists. It. MOY be used either as an adjunct ~o visual qradinq, taking 

advantage of the 11achine's ability to eliminate pieces of low qroas 

stiffness, or in conjunction vith a setting procedure which has been 

devised to weight the required apparent inodulus in the settings accord­

i rg to the distance of the suspected defect fro111 the lateral centre 1 ine 

of the piece. 

The machine subjects a piece of tillber to a predetermined central load 

and senses the ensuing deflection, giving .a si11ple pass/fail indication 

for a particular setting. The •terial is deflected in the depthwise 

direr:t.ion, not laterally as in the inachines described above. Variable 

spans are used, these being related to the intended end use of the piece 

and ranging frClll 2.4 • to S.4 •· 

The Plan-5ell. In.,otec Qy finnoqrlder device 

Th:~ third generation device uses non-contacting aaeasurement inethods. 

and consequently it is possibly not strictly correct to refer to it as a 

111achine. The Mnufacturing ca.pany was established in 1973 and was taken 

over as a subsidiary of Plan-Sell Oy in 1978, The finnoqrader has been 

assessed at the Finnish VTT Technical Research Centre. 

• 
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The Imotec instnllenta. which inclule alao an on-line miatlre •ter 
and an automatic control ayste. for edging, perfor. •asurwnts by 

varioua kirds of electromqnetic radiation. The Finnograder ia clai..t 
to detect den.qity. knottiness. slope of grain ard moist...-e cont•nt. By 

r,.IAtiuna hA~WHn the• feature• ard t•ted atrenqths. (Jl•dor.arre can 

be predicted in bending about either axis or in tension. 

Tht ISQ-GreQwt grader 

ThP. irinciple of this 11achine. uhich has been assesaed at the otto-Gtaf 

Institute in Stuttgart durinq 1980 ard 1981. is to grade tillber by 

MaSUring its density through use of isotopes. Knot area ratios are 

aaaeuad by determining ratios between lOC4l ard qeneral density. ard 

allowances are llflde for influences of moisture content ard di11ensional 
variationa. 

Kennedy C1982) has deacribed the Min MChine used in C8nada in the 

following 11anner: 

MSR l~r in canada is JrQduced exclusively by passing kiln-dried 

llmber thrOUl}h a 'Continuous Ll.llber Tester·. or CLT-1. 11arketed by 

Hetriguerd Inc. of Pull11an. Washington. This •chine deflects hnber 

over a series of 4 foot spans in both vertical directions as it passes 

through the machine at rates up to 1200 lineal feet per minute. The load 

required to achieve a given deflection is recorded in the llellOry of the 

machine, to calculate avera1e and minilllUlll E values, uhich in turn are 

correlated with Fb values through previously established regression 

equations. The tentatively 11achine-rated luaber is sti 11 visually graded 

and subjected to a 'visual override', which culls those pieces with edge 

knots, which would severely li•it the performance of the ltm>er when 

uaed on edge, but which would not be detected as the haber llOYed 

through the Mchine on its wide face • 

Hilla pnxtucing HSR l...tJer .. t have the approval of the canadian i..llftbe..; 

Standarda Accreditation Board, to wholl a written plant standard •ust be 

sublittad. The atardvd describes the operation of their qradinq 

machine, and the qualif icationa of its operators and quality control 

penonnel. The trade uaociation responsible for grade marking qrants 

initial appr-oval for HSR production after SMPlinq and independent 
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testing of grade-narked 111aterial to insure accuracy of thC' qrading 

machine. ContinuolLq quality control involves daily •ill tests of 

product.ion. cunt.dative record keeping. maintenance of qrading ard static 

t.esting machines. ard periodic visits by aqency supervisors. Product 

require-ments and producer responsibilities are outlined in a recently 

published specification. 

4. PROOF GRADING 

Proof qrN.ting, wich could be classed as a particular type of inachine 

qrading. i~ finding increasing application for many situations. The 

fo)JO\ling paper by RH Leicester describes the technique with sonie 

additional information in Apperdix E. 
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PROOF GRADING OF TIM~ER 

Robert H. Leicester 

It has recently hecOllle mandatory in most areas of Australia. for all 

ti•ber sold for structural purposes. including that to be used in house 

framing. to be stress graded. This ruling has created difficulties in 

the supply of tillber. because the two methods that are available for the 

grading of timber are not c0111pletely suitable for use in the small mills 

that produce much of the structural 11aterial. 

One of the two available methods of grading. the visual grading method. 

is based on the correlation between visual appearance and strength of 
timber and is very difficult to apply in the confused and untidy envir­

onment ~f the typical small mill. The other niethod available for grading 

is m.~chine stress grading which is based on the correlation between 

local stiffness and strength of timber. For the small mill, the draw­

backs of this method inclule the expensive cost of the machine and 

ancillary equipnent, usually in excess of $80,000. and the requirement 

of a sophisticated technological back-up. It was to overcome these 

difficulties that the concept of proof grading, a method of grading 

through proof testing, was proposed. 

The essence of the proof grading proposal is to allow any given stick of 

timber to qualify for a particular stress grade if it first demonstrates 

the ability to sustain a proof bending stress specified for that partic­

ular stress grade. The proof bending stress is applied by a proof 

testing machine. A schematic of this procedure in its simplest form is 

shown in Figure ta. 

There are several features of proof grading that are obviously well 

suited for application in a small mill. The method does not require a 

high l~vel of technology and the uchine to do the grading is both 

simple and inexpensive. It has been estimated that a machine for 
continuous on-line testing ahould cost considerably less than $10,000. 

However, even when applied outside the 8111811 mill situation, proof grad­
ing has some advantages over other grading methods. In contrast to these 
other methods, proof grading can assess the strength of very localized 

defects such as those associated with compression shakes or fabricated 

.. 
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finger joints. It can alao be applied to mills that hardle ~ixed uniden­

tified species. a situation that occurs in 111any areas of Australia. 
Finally. by changing the proportion of reject tilllber produced throuqh 
changing the proof stress applied. the stress qrade of a specific popul­
ation of timber can be varied. and consequently there is SOiie flexibil­

ity available in adopting the output of a mill to meet varying market 

situations. 

A comiercial disadvantage that arises in the application of proof grad­

ing to the output of a larqe mill is the fact that the output of a proof 

testing machine is tillber of only one stress grade. To some extent this 

diaadvantaqe can be minimized. and more than one stress qrade produced 
if use is made of 8a'l8 rough initial presorting technique. possibly 

throuqh a visual method or throuqh the use of a simple stiffness sorting 

machine. An outline of s:x:h a scheme is shown in Fiqure lb. 

In order to investiqate the feasibility of proof gradirq. and in panic­

ular to st\.dy the n\Jl8rous connercial ramifications of its application 

as outlined above. an extensive set of laboratory and field st\Xlies have 

been made. So as to cover a representative range of Australian timbers 

and market situations. these studies have been carried out in cooperat­

ion with the Radiata Pine Association of Australia based in Adelaide. 

the Queensland Department of Forestry and the Timber Research and 

Developnent Advisory Council. both based in Brisbane. and the Timber 

Pr0110tion Council based in Melbourne. 

Laboratory and mill studies have been undertaken to investigate the 

following aspects of proof grading timber: 

<a> The damage caused by proof testing. 
Cb> The effect of operator error in single pass grading. 
Cc> The relationship between the proof load in bending. and the tension 

strenqth and modulus of elasticity of the graded material. 

Cd) The structural reliability required in the basic design stresses 

and modulus of elasticity of proof graded material. 

Ce> Quality control of grading operations. 
Cf) The calibration of grading machines. 

Cq> The commercial viability of proof qradinq. 
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Figure 2 Schematic illustration of sinqle ard double pass gradinq 

As can be seen from the foregoinq discussion, there are several ways of 

gradinq structural timber and the number is likely to increase in the 
future. The following paper, also by R H Leicester, is presented as an 

aid in the der.ision-makinq processes. 
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HODEL OF THE Tl~BER GRADING PROC~SS 

Robert H. Leicester 

SUMMARY 

In the future. both the quantity and quality of skess graded llnber ma1 

be expected to increase. In addition. ther:e will be a need for a great 

variety of grading procedures because of differences between mills in 

m.111ber: of species processed, volune throughput. and access to finance 

and technology. In order to provide a rational basis for: developing 

suitable grading schemes for the future. a mcxlel for evaluating the 

cost-effectiveness of such schemes is presented. Some prognostications 

for the future of grading are given. 

1. INTRODUCTION 

Stress grading may be defined as the act of sorting lllllber: into gr:oups, 

each having a set of specified structural design properties. These 

design properties may be conveniently subdivided into strength and 

stiffness types. To appreciate the following discussion. it is important 

to realize the significance of reliability in structural design, partic­

ularly with respect to matters concerning strength. Because of this. it 

is incorrect to associate design properties with individual sticks of 

timber. Rather. these properties refer to statistically defined para­

meters of all lumber contained within a given stress qrade. 

Stress grading is usually specified as mandatory for timber to be used 

in engineered structures <e.g. roof trusses>. Stress qrading is also 

frequently specified for semi-engineered construction <e.g. timber 

framed houses>. At the moment the attitude of the timber industry to 

stress grading may be best described as one of mixed enthusiasm. with 

some segments maintaining a high level of grading ard quality control, 

while others virtually ignore mandatory grading specifications. However, 
the indications are that grading is becoming increasingly appreciated, 

and consequently future grading will probably be completely different 

frorw that of the present. 

There are many reasons why both the quantity and quality of stress grad­

ing may be expected to increase in future. The most obvious reason is 

.. 
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the grouing appreciation of the econorilies to be obtained through grad­

ing. For example. in Australia the strongest grades of tiinber used are 

about 10 times as strong as the weakest ones <Standards Association of 

Australia 1975, 1979a>: obviously in such a situation there is a strong 

economic incentive to differentiate between the various structural 

grades of timber. even when the end use is semi-engineered house con­

struction. fhe sue problem of utilizing a wide range of species exists 

in 1110st countries with tropical forests <Pong Sano 1974, Espiloy 1978, 
Wong and Wong 1980>, and so the use of grading may be expected to become 

more widespread as tilllber production in these countries increases. 

The advantages to be obtained fr0at stress grading are considerably 

enhanced if it is used within a strength grouping format <Leicester 
1980>. In this format, the design properties of all grades of timber, 

perhaps nU111bering several hundred in any one particular country, are 

replaced by a small set of hypothetical grades. Obviously this will 

~implify the design of timber structures and will be particularly useful 

in the utilization of lesser-known and less conunon species. Further 

henef its are obtained if there is international acceptance of a conunon 

strength grouping system. Such an acceptance will assist not only in the 

trade of structural timber, but also in the transfer of technology 

software, such as standard desiqns, from one country to another. 

With the increased acceptance of stress grading, it 1118Y be expected that 

there will be a cor-responding increase in the types of situations in 

which it is used. For example, the timber throughput, range of sizes, 

and numbers of species handlerl will vary considerably from one mill to 

ftnnther. Similarly there will be large differences between mills with 

respect to the financial capital and technology available. Because of 

this great range of situations, it can be expected that a great variety 

of grading methods will be employed in order to maximize the benefits 

that are to be obtained through stress grading. 

In order to discuss, compare ard devise grading methods, it is essential 

to have universal models of the grading procedure. Suitable models for 

this do not exist at present, and the developnent of such models wili 

probably be a focus of research interest in the near future. The follow­
ing discussion will be based on a simple model that contains the 

essential features of grading methods. 
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2. A HODEL OF STRESS GRAD I NG 

2 . 1 Concepts 

l,.igure 1 is a schematic illustration of the basic elements of grading. 

The essential feature of the procedure is the sorting of a parent 
population into various grades. such as the grades t. 2 and J shown. 

The mrent oopulation may be chosen in any way desired. However. once 

chosen. it must be rigorously defined and observed. Typically, it is a 

specified segment of the timber fed into the mills in a suitably chosen 

geographic region over a period of about ten years. The population may 

be an identified species. a defined mixture of three to six species. or 
cvP.n an unspecifisd mixture of many unidentified species. 

Evaluation tests are used to provide information for setting the para­

meters in the chosen grading procedure. The statistical characteristics 
of the structural lunber used for these tests must be representative of 

those of the parent population. There is a wide range in the types of . 
evaluation tests that are undertaken. As the amount of testing increases 

~:o too does lhe reliability of the knowledge on lllllber properties. and 

accordingly the grading can be made more efficient. The following are 

typical examples of evaluation tests. presented in order of increasing 

efficiency and cost, that may be undertaken for a population that has 
riot previously been stress graded: 

<a> No tests 

Cb> Measurement of population density only <Standards Association of 
Australia 1979b> 

Cc> Measurement of bending and compression strength of 10-50 small 

clear timber specimens (Standards Association of Australia 1979b> 
Cd> Measurement o( bending strength and stiffness of 30-200 sticks of 

structural lllllber <American Society for Testing and Materials 1980> 

<e> Measurement of bending strength, tension strength and stiffness of 

1000-10,000 sticks of structural lumber. 

The qrosie verification process, sometimes referred to as 'in-grade' 

testing (Madsen 1978>, is expensive and time-consuming. ard hence it i.a 

not always applied. The most common reason for its ~pplication is to 

.. 

.. 

... 
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resolve doubts that a particular grading procedure is leading to the 

~tress grade that is claimed. In su doing, the process plays an 

important role in efforts to mitigate the chaos that lerds to arise from 

the conflicts inherent in marketiBJ r.ompeting species or competing 

gntding systems. 

PARENT 

POPULATION 
I 
I .. 

EVALUATION 

TESTS 

GRADING /GRADE -1 

OPERATION 'GRADE 2 
----.....------' ~GRADE 3 

I 
I 
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Figure 1 Basic elements of grading 
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Figure 2 The qrading operation 
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ttany structural propertitt•. such as atr&nqth. cannot be 1111.lasurfld 
direr.Uy during CJrading. Hent.·11 the qrctdina ooerolign. illustrated 

diograimnatically in Figure 2. is based on the correlation that exi»ts 

bet1.1een the structural property of interest. to be denoted by R. ard a 

grading parameter. to be denoted by G. 

7..2 Statistical Characteristics of Grading 

Because of the great range of practical situations encountered. no 

single grading system can be recommerded for universal application. In 

order to choose the most cost-effective system for a particular 

situation. a mathematical llOdel of grading is required in order to 

assess the influence of various parmneters. The folloving discussion 

will be based on the use of such a model. details of which will be 

presented elsewhere. 

Jn this model of stress grading. the statistical properties of the 

parent population. denoted by R
0

• are distributed among three 

populations. denoted by R1• R2 and R3 in Figure Jb. comprising in total 

rnuqhly three-quarters of the total parent population. The design values 

of R for the three stress grades are R1*. R2* and R3* and are also shown 

in Figure Jb. 

The ratio between the desiqn strengths of these populatirJns is of some 

relevance to marketing the structural lunber. ard is roughly given by 

(1) 

where r denotes the correlation coefficient between G and R
0

• ard V is 

the coefficient of variation of R
0

• 
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A measure 1Jf the averaqe effective increase in design property due to 

the C}t'ading operation is qiven by the ratio R2•1R
0
*, which may be 

roughly computed f rDll 

where R2• is the design value of R2 based on an evaluation with a sample 

c1f size N, R
0

• is the noininal ideal design value of the parent 

J•1pulation based on an evaluation with an infinite sample, and 8 is a 
safety index CSexS111ith and Fox 1978, Ellingwood et al. 1980>. Typical 
JlSt'ueters for strength properties are V = 0.5, 8 = 3 and for stiffness 
properties V = 0.2, 8 = 1. The effects of the correlation coefficient r 
ftnd sample size N are shmm in Figures 4, 5 and 6. 



• ""1-2 a:: ---• r-
a:: 

- 68 -

lO-=:;;.. ______ __._ ______ ___. 

0 0·5 
CORRELATION COEFFICIENT ( r ) 

Figure 4 

1·5 

Separation of grade properties 

Strergth 
V=0-5 
~=3 

\ 

lO 

1-00 (>5 lO 
CORRELATION COEFFICIENT ( r) 

Figure S Increase in design values 

TEW/5(c) 

-



• 

- 69 - TEW/5(c) 

16r----------------.......-------

14 

zl 
•N a: 

l2 

1010 

Fiqure 6 

V=05 
Jh03 

100 1000 
SAffl.E Sil:~ ( N J 

1Q000 

Effect of sample size in evaluating tests 

After evaluating R2•tR0• from equation C2>, the cost CG of building with 

graded tilftber. relative to c;,. the no11inal cost of building with well­

sampled but ungraded tillber, may be obtained from 

where c
9 

denotes the cost of grading relative to the initial cost of 

ungraded timber. 

CJ) 

Par practical purposes, two refiTlellents of equation <2> may be required. 

To account for inaccuracies by the grader, the parameter r is replaced 

by rre, where r
8 

denotes the correlation coefficient between the true 

qrading parameter and the apparent value measured by the grader. In 

addition. a major modification to equation C2> is required if the 
evaluation procedure does not involve tests on struct1.,;cal lumber c,f the 

parent population concerned. In this situation. the grading operation is 

based in part on teats with structural lt111ber o! ottaer populations. As a 

result, it can be shown that the ratio R2*1R
0
* depends also on VA. the 

coefficient of variation of A, and rA. the correlation coefficient of A 
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uith G. uhere A is a population made up of the mean values of R fra11 

various parent populations. 

J. SUMMARY OF GRADING tfETHODS 

J.t Visual Grading 

This is the oldest ard llOSt uidcspr-ead grading method in use. The 

grading parameter is the size of visible defects. used either on its own 

or cOllbined. uith S0111e other parameter such as clear material strength. 

The quantification of this par~ter is specified in a variety of ways. 

SOiie are relatively c011plex. such as with the ·knot area ratio• method 

CBritish Standards Institution 1973> that notionally involves an X-ray 

picture of the defects. other methods can be very si111ple, such as that 

specified for heart-in studs of Pinus rlldiata (Standards Association of 

Australia t979c>, which considers only the defect size along the edge of 

the llllber. 

3.2 Mechanical Stress Grading 

111e grading· parameter used in this 111ethod is the llodulus of elasticity. 

The particular modulus measured may be Emin' the minimum local modulus 

along the length of the stick of ll.lllber, Eav• the modulus averaged along 

the stick, or a cOllbination of the two <Madsen and Knuffel 1980>. 

HL9t of the available commercial machines make static measurements of 

E • • Some. such as the P lessey Computennatic C Anon. 1972 > , are 
m1ri 

expensive continuous-meesurement niachines. capabl& of high throughput 

rates. others, such as the TRU Timber Grader CBryant 1978>, are low 

cost, low throughput "'8chines which make spot measurements of the 

mcdulus. Machines that make dynamic measurements of the modulus usually 

measure E <Schniewird and Lyon 1971, Walters ard Westbrook 1970>. av 

3.3 Electronic Grading 

High-speed non-contacting electronic qraders have recently become 

availoble. one exuple is the Finnograder Clnnotec Oy 1980>. These 

measure simultaneously several lunber characteristics such as density, 

moisture content, knot size and location, ard slope of grain. Through 
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the use of microca11puters. very COlllplex and hence potentially very 

efficient grading parameters may be employed. 

J.4 Proof Grading 

Proof grading CAnon. 1981. Leir.ester t979b> has recently been introduced 

in Australia. It is illustrated schematically in Figure 7. The lunber 

poJJulation is first sorted roughly, usually by rapid visual scanning • 

into two or mre grades. Each grade of lunber is then passed throuqh a 

continuous proof testing 11achine which will cull out the exceptionally 

weak pieces of timber. In a typical grading operation, the proof load is 

c:hosen so that about 1-3% of the timber fails and is rejected. Thu~ the 

grading parameter in this procedure is the bending strength at the tail 

of the graded population of hnber. 

The proof qr.,ding system was :leveloped for application in a situation 

1.1here lhere is little available capital arid technology. 

timber 
input 

re1ect 
=---==--= 1-J 

0/o 
t 

PROOF l 
--' LOAD L1 j 

PROOF 
LOAD L2 

' re Jed 
1-3 °/o 

Figure 7 The proof grading procedure 

4, COST OF GRADING 

grade G1 
lumber 

grade Gl 
lumber 

Apart fron1 one example for a hiqh speed mechanical stress grader C Ince 

1979>, there is little detailed published information on the cost of 

gradinq timber. The cost of a grading machi1'18 is about $US100,000 for 

one with a throughput rate of 200 m/min, and $US10,000 for one with a 
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throughput rate of 20 m/min. Typically two men are required to run a 
grading operation. 

Tl1ble 1 gives a rough estimate of some cost COllponents for machine 

grading in Australia. The costs associated with visual grading are 

r.iailar to those for a machine with a throughput of 20 111/min. To cOMputtt 
realistically the added cost of grading, additional information is 

required on 111atters such as the amortization period, discounted cash 
flou and inflation rates, and the number of evaluation tests proposed. 

Typical values of the relative grading cost pm-Meter C are in the 
9 

range 1-10,, with the smaller costs being associated with higher 
throughput grading 11achines. 

Machine 
throughput 

I"ate 
Cm/min> 

200 

20 

TABLE 1 
SOHE COST COMPONENTS OF MACHINE GRADING 

<Cost x 100>/Cannual retail value for one year's 
throughput of timber graded by the machine> 

Evaluation 
~nitial Annual tests on 
machine running 10,000 
cost costs sticks 

0.6 0.6 0.6 
0.6 3.0 6.0 

5. CHOICE OF GRADING METHOD 

Jt is outside the scope of this paper to discuss the application of 
gI"adinq schemes foI" the various mill situations that are possible. 

HO\lever, a bI"ief discussion will be given of various matters that need 
to be considered in the choice of a scheme. 

Equations <2> and CJ> provide a useful basis for decisions related to 

grading timber. To use these equations, the coefficients V and r of the 
parent population must be estimated. There is enough information 

available in the published literature to provide rough estimates tJf 

these parameters. Some of this information is given in the liter~ture 

.. 
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cited at the end of this paper <Curry and Tory 1976. Dawe 1964, Gerhards 

and Ethington 1974, Leicester t979a, Hadsen and Knuffel 1980, Orosz 

1969, Schniewind and Lyon 1971>. for strength properties V = 0.3 to 0.6 

and typical values of r for various grading parameters are as follows: 

visual strength ratio 

electronic strength ratio 

modulus Emin. 
modulus Eav 

r = 0.6 

r = O.l 

r = 0.85 

r = 0.5 

The above are only indicative, and the true values of r can vary 
considerably from one parent population to another. for example, for 

Pinus radieta, a value of r = 0.80 hes been measured for lumber cut from 

mature forests <Leicester 1979a>, while a value of r = 0,35 hes been 

obtained for immature forests (Anton 1979>. finally, aome estimate must 

be made of r , the measure of error in the operational measurement of 
e 

the grading parameter G. Only limited information is available on this 
aspect CLeirester 1979b, Madsen 1980>. Once the most suitable grading 

parameter G has been found, a machine is chosen to match the throughput 

rate of the mill, and N, the nunber of evaluation tests to be 

undertaken, can then be optimized. 

~lthough equation CJ> provides a useful starting point for assessing the 

economic feasibility of a grading scheme, there are several other 

matters which frequently dominate the choice of grading method. One is 

the existence of grades that are already being marketed by a competing 

species. This will produce a bias in the market value of specific 

grades. Another aspect is the severe constraints on choice imposed by 

limitations in the availability of technology arid finance. 

Finally, a factor that is sometimes not anticipated is the effect of 

start-up time. For example, a typical small timber laboratory with an 

operating personnel of three will complete evaluation tests on some 

10,000 sticks of structural lunber per year. With this restriction on 

the evaluation rate, any grading procedure that is tied to extensive 

structural lunber testing will not be feasible for mills that process 

several hundred species. 
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6. THE LONG TERH FUTURE 

As mentioned earlier. the proqnostication for the immediate future is 

for an increase in the quantity of timber to be graded ard for a greater 

variety of situations in which grading will be urdertaken. There will 

probably also be a mere systematic approach to the assessment ard 

developnent of grading methods through the use of models such as the one 
sketched in this paper. In the longer term future it is probable that 

the grade verification procedure will be highly codified ard 
rationalized to ensure that the design strength characteristics of 

timber have the same reliability as those of other structural 11aterials. 

Furthermore. because of their importance. the various grade verification 

procedures are likely to be coordinated internationally through the 

JnternatioTldl Standards Organization. There is a possibility that this 

~ill be done within a strength grouping format. 

Because there will be an increased demand for grading under a wide range 

of resource and marketing situations. there will also be a wide range of 

grading systems used. Based on the mathematical model discussed in 

Section 2.3. the following predictions may be made of the probable 

characteristics of future grading systems for three interesting 

situations: 

Ct1) Where few species and larqe volumes are involved, such as occurs 

with plantation grown material. the grading systems will be 

undertaken by electro-mechanical methods characterized by high 

throughput rates and complex but efficient grading parameters. 

Extensive evaluation testing will be undertaken, perhaps even on an 

annual basis, to ensure that the grading parameters used are the 

best ones possible. 

Cb) Where multiple-species forests are the source of raw material for 

mills with easy access to finance and highly developed technoloqy, 

the grading system will again involve high throughput machines with 

the ability to operate with complex grading parameters. However, 

because of the numerous species involved, many of which will be 

unidentified or available only in small volumes, even a modest 

amount of ev~luation teating for each species may not be 

economically feasible. Consequently the evaluation of the grading 
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parameters "1i 11 probably be made through the use of on-line proof 

testing facilities. These facilities "1111 ne~d to be capable of 

applying bending and tension loads, and to have rapid response 

characteristics so that the appliej !Odd IMY be ch!lnged from one 

stick of lunber to the nt:>xt. 

Cc> Where multiple species forests are associated "1ith mills that have 

poor access to finance and technology, the most appropriate grading 

system will be rroof testing based on a simple bending test. Such 

mills "1ill produce a very limited set of grades, possibly only one 

for each group of similar species. 

7. CONCLUSIONS 

In the future, the grading of structural lumber "1ill be associated with 

6 "1ide range of situations. Because of this, many types of grading 

systems will be used, and mathematical models of t~e type described in 

Section 2.2 will be required to evaluate the cost-effectiveness of 

various proposed systems. Some prognostications of typical grading 

systems for the future are given in Section 6. 
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1 • SCOPE AND HETHOO 

This Ptu-t describes methods for evaluating the structural properties of 

graded timber. In turn. these methods may be used as a basis for des­

cribing the structural properties that are to be expected of structural 

timber. 

It should be emphasised that it is not necessary to use the methods to 

be described to verify the correctness of the specified structural 

properties of all st~tural timber. Rather the method should be used 

primarily to assess specific grading techniques and, in unusual cases. 

to resolve any doubts concerning the specified design properties of 

particular populations. 

Specifically, this Part is concerned with the evaluation of the basic 

working stresses. the desiqn modulus of elasticity and the stress grade 

of a given reference population of timber. This evaluation is based 

notionally on a set of standard tests. These tests are described in 

terms of standard sampling procedures and testing configurations. 

Methods of using data obtained from non-standard evaluation procedures 

are discussed in Appendix D. 

In the following, the basic working stress or design modulus of elastic­

ity will be derived in the following form, 

Cl.1> 

where 

R = strength ~r modulus of elasticity 

Rk = characteristics value of R 

R* = basic working stress or design modulus of elasticity 

r = load factor 

The characteristic value Rk will be taken to be the five-percentile 

value measured on a large sample taken from a reference population. Thus 

the design value R* applies specifically to this reference population. 
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Note. It should be apparent fro11 the def initian of the characteristic 
values Rk. that the design values R* apply to populations of timber and 
not to single sticks. 

The standard test configurations to be specified for the aieasurement of 

Rk have been chosen to simulate in-service conditions. Thus typical 

sizes. spans and loading arrangeiwents are t·econnended, and the test 

specimens are cut from locations selected at random from within the 
sticks of timber saaples. 

2. DEFINITIONS AND NOTATION 

7.1 Definitions 

Reference Pooulotion. This is the population of structural timber for 

\lhich the design properties are being evaluated. The reference 

population is defined in tenns of the source of timber, the moisture 
content ard size of sticks, and the method of grading used. 

Standard Sample. A sample of size greater than 400 sticks ard having 

structural properties that are statistically similar to those of the 
reference population. 

Standard Test Conf iquration. Test configuration specified for the 
standard evaluation procedure. 

2.2 Notation 

D = depth of member 

F8Cx> = cunulative distribution function of P. at the value x 
1 = standard span 

10 = non-standard span 

L = standard graded length of sticks 

L0 = non-standard graded length of sticks 
N = sample size 

R = strength or llOdulua of elasticity 

Rk = characteristic value of R 

R* = basic working atreaa or de•i9" llOdulua of elasticity 

Ro.os = five-percentile value of R 
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VR = coefficient of variation of R 

a = bias factor for location of defects. Appendix B.4 

r = load factor 

3. REFERENCE POPULATION 

The reference population must be clearly defined since it is only to 

this population that the derived desigr. properties apply. It is the 

population that is supplied commercially as a specific grade of timber 

obtained from a specific source. A referer:ce population may be graded 

from a single species or a defined mixture of species. Typically the 

timber is limited to the trees cut over a period of 5 to 10 years from 

forests of a specified geographical region. Other parameters that must 

be specified in the definition of the timber of a reference population 

ftre moisture content. size Cboth cross-section and length>. grade and 

the method of grading. 

Note. From the above it follows that if the reference population 

changes, then the structural properties may also change and hence should 

be reassessed. 

4. SAMPLING 

The sample to be tested must be chosen so as to be representative of the 

reference population. Considerable care must be taken to ensure that all 

c1bvious structural characteristics are distributed within the sample in 

much the same frequency as they are to be found within the reference 

population. 

~ate. Hethods of processing data obtained from small samples are des­

cribed in Appendix B . 

In order to simulate in-service conditions, test specimens must be cut 

from random locations within the sticks of the timber sample. Details of 
the method for doing this are given in Appendix C. 
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S. ST>NDARD TEST CONDITIONS 

The standard test configurations for evaluating basic working stresses 
ard the modulus of elasticity are shown in Figures 5.1 to 5.4. For the 

tests to evaluate bending and shear strengths. the choice of the edge to 

be stressed in tension should be selected at random. The specimens shall 

be conditioned to a temperature of 20° t 2°c and shall be loaded at a 

rale that will cause failure in 3 to S minutes. 

Note. The selection of a random edge for herding tests is intended to 
nimulate in-service conditions. 

N9.t~. The configuration required for the COl!lpression test shown in 
Figure 5.3 is awkward to achie\•e because of the requirement of lateral 

restraints. However. this test may be simulated with sufficient accur.acy 

by testing a short specimen selected from the original test specimen in 

such a way as to include the worst visual defect at. its mid-length. A 

value of eight would .be suitable for the length to thickness ratio used 

in this test. 

l=18h 

Fi9. 5.1 Standard teat configuration for meaauren1ent of bending 

atren;th and llOdulua of eluticity 

... 

• 



... 
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fig. 5.2 Stardard test configuration for measurement of 

tension strength 

0 0 0 0 0 0 J_ 
,.. I 1~ N 0 0 0 0 0 0 0 0 0 0 0 b 

1-0 

0 0 0 0 0 

I T l 

l:30b o Lateral restraints 
against buckling 

Fig. 5.J Standard teat configuration for ineasurement of 
COllJIE'88aion strenqth 
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l:.6 h 

Fiq. 5.4 Standard test confiquration for measurement 

of shear strength 

6. CHARCTERISTIC VALUES 

TEW/S(c) 

Characteristic values will be defined as the five-percentile values 
measured in standard tests. 

~. Five-percentile values can be measured directly from samples 
qreater than 1000. For smaller samples, a safe estimate of the five­

percentile may be obtained as described in Appendix B. 

7. LOAD FACTORS 

7. 1 Strength 

The load factor r to be used for the derivation of basic working 
atreuea shall be taken to be 

r = 1.75 (1,J + 0.7 VR) C7.1 > 

where VR is tne coefficient of variation of the strength R measured in 

the teats. 

.. 

• 



.. 
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Note. The factor 1.75 is the value of modifier K1 qiven in Table 2.5 of 

Part 1 of this code. to define the relationship between the three minute 
desiqn strength and the basic working stress. 

The true factor of safety is 1.3 + 0.7 VR. This value has been chose~ to 

match existing practice. 

If the timber is of a species. moisture content. grade and size such as 

to be prone to checking in service, the load factor defined by equation 

C7.1> shall be increased by a factor of 1.5 in deriving the basic 

working stress in shear. 

7. 2 Stiffness 

For evaluating the design modulus of elasticity, the load factor to be 

used is 

r = 0.7 C7.2l 

Note. F.quation <7.2) has been chosen to lead to a desiqn modulus of 

elasticity that is roughly equal to the mean value for the case of a 

single grade of a single species. For the case of mixtures of species, 

the intent is to ensure that for no sticks is the modulus of elasticity 

excessively below the desiqn value. 

8. DESIGN VALUES 

As noted earlier in Section 1, the basic uorking stress and deaiqn 

modulus of elasticity, denoted by R*. are to be derived from 

( 8 .1) 

where Rk is the characteristic value obtained aa deacribed in Section 6 

ur Appendix A. ard r is the load factor specified in Section 7. 

9. STRESS GRADE 

Por any particular atreu grade, the a880Ciated value• of buic WOr'king 
str'eaa and lllOdulua of elasticity are specified in Table 2.3 of Part 1 of 
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·this code. For large size members these values must be modified accord­

ing to the factor Kit given in Table 2.10 of Part 1. 

In order to classify the reference population into a stress grade, pre­

liminary classif icatio':'lS are first made for each of the individual 
properties. On the basis of these preliminary classifications. the final 

classification for the reference population is made according to the 

rules sh<Ml in Table 9.1. 

TABLE 9.1 
RULES FOR STRESS GRADE CLASSIFICATION OF THE REFERENCE POPULATION 

I I 
I Preliminary classification I Resultant 

I I stress 

I I I I grade for 

I Bending Tension I Compression I Modulus of I reference 

I strength I strenqth I strenqth I elasticity I population 

'------'-- '-- ,_ '--------
I I I I I 
I F I F I F I F I F 

I F I F+1 I F-1 I F-1 I F 

l F I F-1 I F I F+2 I F 

'-----' I I '-----
I 
I Note: The stress grade F+t is one grade higher than the 

I stress grade F 

'-----

10. ASSESSMENT REPORTS 

Reports of assessments of structural properties shall include the 

following information: 

Ca> Definitions of the reference population. <These will include the 
source of timber, method of sampling, moisture content, stick 

dimensions, stick length, and method of grading>. 

Cb> Test configurations. 

Cc> Data obtained. 
Cd> Estimates ~£ means, coefficients of variation and five-percentile 

values. 
Ce> Derived values of basic working stresses and/or the design modulus 

of elasticity. 

.... 



... 
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APPENDIX B 

HODIFIC.ATION FACTORS FOR NON-STANDARD CONDITIONS 

B.1 GENERAL 

When non-standard conditions are used for the structural evaluation of 

characteristic values, it is necessary to make a translation of the data 

to estimate the characteristic value that would be obtained under stand­

ard conditions. The following describes modification factors that may be 

applied when the method of evaluation is close to that recommended as 

standard. 

B.2 SAMPLE 

It is recommended that the sample size. used shall be not less than 50 

for the evaluation of basic working stresses, and not less than 20 for 

the evaluation of the design modulus of elasticity. 

Not~. With small sample sizes it is particularly important to ensure 
that they are representative of the reference population. 

If the sample size is at least 50, then the characteristic value is 
given by 

where 

= the five-percentile mesured directly from the data 

= coefficient of variation of R 

= sample size 

CB.1> 

HQ.t&, Equation CB.1> leads to an estimate, with 80 per cent confidence, 
of the true characteristic value. 

When a sample size of less than SO is used for the modulus of elastic­

ity, and when the reference population is a single grade of a single 

species, then the following may be used as an alternative method of 

estimating the characteristic value of the modulus of elasticity, 
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where Rk is the mean value of R. 

Note. Equation CB.2> cannot be used with mixtures of species. because 

for the ~ase of large coefficients of variations. it would lead to the 
possibility of sticks having a !nadulus of elasticity far below the 

design value. 

B.J TEST SPECIMEN LENGTH 

B.J.l Effect on Basic Workinq Stresses 

If the length of the test specimen is shorter than the standard lenqth, 

t.hen the measured strength values will be increased. For this case, a 
conservative correction will be obtained if the characteristic value is 

not taken to be the five-percentile value. but insteed is defined 
according to the following equation 

(8.J) 

where 
FR<x> = cll'llulative distribution function of the test values of R at the 

value of x 

l = span in standard test 

1
0 

= span in actual test. 

An example of the application of equation <B.J> is qiven in Appendix D. 

tlsll&. The lllOdification given by equation CB.J> is derived on the 

assunption that the strengths of 88CJ118nta of timber cut from the same 
stick are perfectly uncorreJated. 

B.J.2 Effect on Modulus of Elasticity 

The inodif ication to the modulus of eluticity ineaaured with non-atandl..rd 

spana ahall be qiven by 

.8.4) 

• 



• 

... 

• 

- 91 -

where 
R = the derived value for a starnard span 

R = the value measured on the non-standard span 
0 

D = member depth 
1

0 
= non-stardard span • 

TEW/ 5(c) 

Note. The design modulus of elasticity specified in Table 2.3 of Part 1 

of this code contains an "llowonce for the defonnation due to shear. 

This allowance is based on the vaJ··e for a stardard span-to-depth ratio . 

Equation CB.4> provides a comprensation for t;1e fact that shear deforma­

tions form a greater proportior of the total deflection as the span-to­

depth ratio is redoced. 

B.4 GRADED LENGTH 

If the graded length of timber is lonqer than the standard value, then 
the measured strengLh values will be increased. For this case, a con­

servative correction will be obtained if the characteristic value of 

strenqth is not taken to be the fivP-pt:rcentile value, but instead is 

rlef ined accordinq to the fellowing equation 

CB. 5 > 

where 
FR<x> = cumulative distribution function of the test values of R at the 

value x 

I. = the standard graded lengths of timber 
1.

0 
= the graded lengths used for the actual test. 

~- If both the qraded )~ngths of timber are too lonq and the test 

spans are too short, tr.en from equations <B.1> and <B.S> the appropriate 

cor:Tection is obtained by choosing Rk so that FRCRk> = 0.05Cl0 11><LIL0 > • 

Note. There is no effect of graded length on the modulus of elasticity. 

B.5 DEFECT LOCATION 

In a standard teal, the locations of defects are assl.Jlled to occur at 

random locations. Frequently the test specimen is deliberately chosen so 
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that it contains the worst defect in the stick; furthermore. this defect 

is then located on the tension edge du1:i;.g bendinq strength tests. For 

this case the corrected characteristic value Rk is obtained fr011t 

( b.6) 

lolhere 

RO.OS = the five-percentile value ~ured in the tf:st 
a = a factor to accnunt for the bias in the defect location. 

In the absence of reliable i~formation, the conservative values of a 

shown in Table B.1 may be used for evaluating the basic working stress 

in bending of softwood timber species. 

TABLE 6.1 
VALUES OF PARAMETER a FOF. SOFTWOODS 

I I 
I Naainal qrade I 
I Grade strength ~% clear! 
I designation wad strength I a 

'- I 
I I 
I Str. No. 1 75 I 1.00 

Str. No. 2 60 I 1.05 
Str. No. 3 48 I 1.10 
Str. No. 4 38 I 1.15 
Str. No. 5 31 I 1.20 

I 

8,6 PERCF"'TILE VAL.UES 

Where characteristic values other than the five-perceritile are 

available, the five-percentile values may be deduced by USl.111\ng any 

reasonable distribution (such as the loqnol"llal distribution> for the 

structural parueter R. 

.. 

• 
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APPENDIX C 
METHOD FO~ RANDOH SELECTION OF SPECIHEN LOCATION 

In order to choose a random location for 8 specimen of length l in a s 
stick of length L, the end of the specimer. snould be located at a length 

le from the end of the stick, where le is given by 

l = r<L - l > CC.1 > 
e s 

in which r is a n1..111ber selected at random from a uniform distribution rn 

the range 0 to 1. The end from which the length l is measured is to be e 
chosen at random, possibly by the toss of a coin. The notation is 

illustrated in Figure C.1. A set of values for the random nunber r is 

given in Table C.1. 

Frequently, because of the random method of cutting sticks. the com­

plexity involved in using the above procedure for selecting specimen 

locations may not be warranted. In thi~ case, adequate accuracy is 

obtained if the specimens are cut either from the centre or from a 

randomly chosen end. 

I 

(test specimen graded 
~ -=i/stick 

le .~ Is .1 
L I 

I 

Figure C, 1 Notation for specinien selection procedure 

' 
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APPENDIX D 
F.XAHPLE OF NON-STANDARD TEST 

0.1 DATA 

Tha following is an example of the derivation of a basic workinq stress 
in bending. 

The measured hending strength ~ of a particular softwood timber of 

structural grade No. 4 is give'.l in Table D.1. The derived coefficient of 

variation VR is 0.37.The cro&~-section is 100 x JS mm, and the test span 

used was 1500 nn. The test specimens were selected and biased so that 

the worst visual defect of each stick was location in the maximua 
tension zone of a teat specimen. 

D.2 DEIHVATION 

The c>.nulative distribution function of R is computed as shown in Table 

D.1 and qraphed in Figure D.1. Because the span for a standard test as 

sho\ln in Figur~ 5.1 is 1800 mm, the first estimate of the chacacteristic 
value for a standard span is obtained from equation CB,J> which leads to 

FR(Rk> = 0.05 (1500/1800) 

= 0.042 

From the graph in Figure D.1, this leads to 

Rk = 27.0 HPa 

In f~=t Rk needs to be modified further. One modification is the 

location bias factor a= 1.15 qiven in Table 8.1. 

The modification factor qiven in equation a.1 for small sample size is 

1.0 - CJ.O>C0.37>1~109 = 0.89 
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Thus the modified estimate of the characteristics value is 

Rk = 27.0 x 1.15 x 0.89 

= 27.6 HPa 

TEW/5(c) 

Hence from the definition of the load factor r in equatio~ <7.11. th2 

basic working stress R* is given by 

R* = <27.6/1.75)/(1.3 + <0.7>C0.37>l 

= 10.1 HPa 

A comparison with the basic working stress in bending, given in Table 

2.J of Part 1 of this code, indiLates that a preliminary stress grade 

classification of F8 would be applicable tc the bending strength of this 

reference population. 

I 
Strength I 
ranking I 

I i I 

TABLE C.1 
BENDING STRENGTH DATA 

Bending 
strength x 

CHPa> 

I 
I Cumulative I 
I distribution function I 
I F.<x> I 

-----'--------------' 
I I '---------· ·---'---

1 
I 1 15.7 

19.5 
24.0 
24.2 
27 .1 
28.3 
28.6 
29.4 
30.4 
30.6 
31.8 
32.3 

I 0.0046 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

108 
109 

126.9 
138.J 

I 0.0138 
I 0.0229 
I 0.0321 
I 0.0413 

0.0505 
0.05% 
0.0688 
0.0780 
0.0872 
0.0963 
0.1055 

0.9862 
0.9954 

---- ------------ -----------------
N :: 109 
F.<x > = Ci - O.SJ/N 

-------------------------

... 
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0-10r------.,---------------

0-05 _, ________ _ 
:ga: 0·42 
u.: I 
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I 
I 
1

27·0 
10 20. 30 

Figure D.1 CUnulative distribution function of measUred 
bending strength 
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APPENDIX E 
THE USE OF CONTINUOUS PROOF TESTING MACHINES 

1. INTRODUCTION 

With the adv2nt in Australia of commercial proof qradinq of structural 

timber CAnon. 1981. Woooster 1981>. experience has been gained in the 

use of continuous proof testinq machines. As a result. it has become 

apparent that these machines have a potential far beyond that originally 

envisaged when they were first mooted. 

A ca111ercial model of a continuous proof testinq machine is now avail­

able in Australia and accordinqly it is opportune to discuss its 

potential use. The followinq are four importL.nt areas of application. 

Ca> Proof qradinq 

Cb) Detection of special defects 

Cc> In-qrade evaluation of structural timber 

Cd> Hybrid qrading systems. 

2. THE COMMERCIAL MACHINE 

The Australian connercial machine <originally designed by TRADAC, 

Queensland> is constructed by Hilleng Pty Ltd of Brisbane. It applies a 

continuous bendinq moment to the timber as it passes through the machine 

<Plate 1>. ihe loadinq configuration is shown schematically in Figure 1. 

The timber is loaded on edqe. i.e. it is stressed about its major axis. 

The machine comes with two interchangeble rams which have load capacit­
ies of 20 and 36 kN. The rams are activated by an 800 kPa air pressure 

source. The feed rate through the machine is about 15 metres per minute. 

A limit switch removes the load if the timber breaks or deflects 

excesaively. 

.... 
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300mm 

•~---1200mm-----· 

Figure 1 Loading configuration for the Hilleng machine 

• 

Plate 1 The Hillenq proof grading machine 
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The machine is sold in two basic models. In the simplest model. and air 

pressure gauge is used for setting the load. The accuracy of this model 

under dynamic corditions is about five per cent ard the current cost is 

around $US12,000. T~e more sophisticated model uses an electronic load 

cell to continuously monitor the applied load. The load meas,zement 

accuracy is about one per cent and the cost is around $US14,000. A read­

out device for the load cell. if required. would cost a further $2,000. 

In ger.eral terms, the simple model is suitable for proof grading while 

the more sophisticated model is suitable for labmatory work such as ir1-

grade evaluation of structural timber. 

The dimensions of the ass~mblad machine is about 2 m x 2 m x 1.5 m. and 

the weight is less than 1000 k~. It is suffici~ntly small that it can be 

placed on a truck and transported anywhere in Australia: and in fact the 

prototype model has been used for demonstrations at locations more than 

a thousand kilometres from its base at Brisban~. 

3. PROOF GRADING 

The essence of proof grading is to accept a stick of ll.lllber as being of 

a specif 1ed stress grade if it demonstrates an ability to sustain a , 
specified bending stress without distress. A major disadvantage of the 

system is that only one stress grade is output from a basic proof grad­

ing ope1·ation. If 1110re than one grade is required, then some method of 

presorting the timber must be undertaken as illustrated schematically in 

Figure 2. 

Details of the proof grading procedut"e will be given elsewhere 

(Leicester 1983). Hatters t'l be considered include the damage due to 

proof testing, errors by grader operators in choosing the edqe to be 

streBBed in tension, and the effect of proof testing on other structural 

properties such as tension strength and stiffness. 

The preaorting of tinlbet' into grades is undertaken in a variety of ways, 

deperding on the operational procedurf'.s used in each part.icular mi 11. A 

visual assessment is usually part of the sorting procedure and can prolfe 

hiqhly effective, particularly as the proof testing machine provides a 

feedback on the on the accuracy of the assessment method. The use of 

stiffness, averaqed along the lenqth of a stick, has yet to be tried, 

• 
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but in theory this can be a method for obtaining t1~r tailored to r:ieet 

a specified set of streJVJth ard stiftness criteria. 

timber 
inp~t 

damaged 
reject 
timber 

+ 
PROOF 
TESTING 
MACHINE 

PROOF 
TESTING 
MACHINE 

dJCXJed 
reject 
timber 

grade A ... timber 
Ol.ltput 

grade B 
---•· timber 

output 

Fiqure 2 Proof qrading operations to produce two stress grades 

Compared with visual qreding. proof qradinq has a considerably greater 

reliabil :ty. It avoids the difficulties invisual grading asPociated with 

slope of gl'ain and species identification. Toe problems associated with 

species identification are particularly ecute where hybrids ar.e 
involved. or where •ills are aupplied with numerous 3pecios. An example 

of this occurs in northern Queensland where typically the mills are 

supplied with 11K>re than 100 species. 
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In cOlllparison with MChanicol stress ~ading. the advantaqes of proof 
grading are n lower initial coat. a low technology and a ahot·ter leed 
time to the connencement of a cOllllercial application. Thia is because 
the use of. a correlation between strength and stiffnesa in a mechanical 

stress grading system 11eans that the method requires extensive laborat­

ory investiqations pr-ior to cOBaencing connercial applications: and 

because of the dif f i=ulties of accurately ineasuring stiffness. a high 

quality of control is necessary during c011111erciaJ applications. By 

contrast, both the assessment pr-ocedure ard the qualit.y control measures 

required for proof grading can be carried out fairly rapidly through use 

of the proof testing machines themselves. 

4. CETECTION OF SPECIAL DEFECTS 

Because lllOSt IM!thods of grading for strength, such as the visual and 

mechanical stress grading methods, are based on a correlation between 

strength and sane other para111eter, they are not capable of detecting 

many kinds of hiqhly localised defects. Ex811J>les of such hiqhly local­

ised defects are poorly glued finger-joints, compression shakes. 
internal decay ard internal borer attack. A continuous proof testing 

machine stresses all the timber passing through it ard hence it will 

fail defective timber and thereby detect any excessively weak material. 

In this type of operation a proof testing machine is used only as a 

detector of defects, rather than as a grading machine. Consequently a 
high order of accuracy in the applied loads is not req1.1ired for this 

purpose and so a much simpler machine than the one produced by Hi.lleng 

will be adequate. Such a machine can usually be fabricated from parts 

costing only a few hundred dollars. 

It is of interest to note that the first continuous proof testing 
machine in )ustralia CStraker 1977> and possibly also the first one in 

the United States CBolqer and Rasmussen 1962> were developed to detect 

faulty f in;er-joints. 

5. IN-GRADE EVJ'.UATION OF STRUCTURAL TIH8ER 

It is now generally accepted that it is unreliable to base desiqn recom­

merdations on the properties of small clear timber specimens unless 

... 
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penalties in tt>.e foni of large safety factors are used to caapensate for 

the uncertainties involves <Leicester am Hawkins 1981. Madsen 1978>. 

Ideally desiqn strength pcoperties should be based on the five percent­

ile strength of graded structural size timber. 

Unfortunat~ly in-grade .aeaur&Ments for this require the testing of 
large samples of tilllber. Typically a sample of some 10,000 sticks may be 

required to fully evaluate a single species or species mixture. Uooer 

normal circl111Stances this would take about a year to do in a typical 

forest products laboratory. Obviously then. this form of tilftber evalu­

ation is not feasible for areas. such as northern Queensland, where 

hundreds of species are utilized. 

However. in-grade testing for these situations can be made quite feas­

ible through the use of continuous proof-testing machines such as the 

Hilleng machine described earlier. For this purpose. the proof lood is 

set so as to fail one to five per cent of the material paasing through. 

The actwl failure load for any particular stick 1Jill be indicated by 

the read-out from the load cell. Even with the relatively slow Hilleng 

machine. it is possible to test some 1000-2000 sticks a day in this way. 

Even where there is only one major species involved, it is desirable to 

have access to a continuous proof testing machine. This is because the 

strength properties of the single species wi 11 change from t; .ne to time 

due to changes in the aqe of the timber cut, changes in asi>-~cts of 

silviculturel practices such as the pruning or fertilisation proqrams. 

and changes in the locations from which timber is cut. 

In qeneral terms it may be stated that continuous proof testing machines 
are invaluable where frequent chanqes are likely to occur in the struct­

ural properties of the timber utilia9d • 

Reqions or countries that utilise imported timber are particularly prone 

to rapid changes due to changes in marketing factors beyond their 

control. 

Other sources of chanqe noted in Australia include the introduction of 

timber from reqrowth forests caused by forest fires, timber from fire 

b11rnt forests, timber from juvenile plantations th1ber from borer 
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infested forests .. ord tillber cut fr.- a new species. Ira such instances. 

the lOY cost arid short leod-ti• to utilisation assocteted vith e con­

tinuous pnJOf tester would !lake the difference between utiliaation ard 

nor.·utilisation. For this reason alone the Forestn C:C..issions Cor 

research laboratory> in every region containing p:oduction forestry land 

should °"'" or have access to a laboratory llOdel .Jf e continuous proof 

testing 111achine. 

6. HYBRID GRADING SYSTEMS 

In looking to the future of the use of co•1tinuous pc-oof testing 11ach­

ines. one of the llOSt exciting possibilicies to speculate on is that of 

coupling these aachines with other gr~ing machines to form a hybrid 

grading syste11 CLaicester 1981>. As llf,ntioned eorlier, current major 

draw backs to the use of conventiona'. gradinq systems such as visual or 

mechanical stress grading inch.de t'ae long lead ti111e required to estab­

lish the correct grading para111etera. the inability of these systetaS to 

cope ~ith frequent changes in 11aterial c~octeristics. HOYever. if a 

proof tester is coupled on-line so as to sample ond test the output of a 
grader as shOYn schematically fn Figure J, then grading parameters may 

be devised om c?tecked instant.aneously. 

Possibly the most sophistict.ted hybrid s1•stem that is technically within 

the bounds of current technology would be one that is formed by col.lpling 

a hiqh s~ed electronic grH1Cier C Innotec Oy 1980 >, ard a hiqh speed mech­

anical stress grader <Anon. 1981> with on-line beming and tension proof 

testing machines as shown in Figure 4. This &ystem would have the capab­

ility of work with complex qradinq parameters, of rapidly evaluating 

their ef fectiveneaa. 

Timber 

~I Gr~der 
Timber 

Input Output -.. 
- j. 

y Proof r-Tester 
-

PiCJlr• J A buic hydrid gradinq system 

... 
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Electronic 
Grad~r 

Mechanical 
Stres~ 
Groder 

,-------, 
I Programmable 1 
; Computer I 

L Control I 
--------

Figure 4 An interactive hydrid grading system 
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A programmable computer would be used to interpret the grading para­

meters measured and to make appropriate decisions concerning the grade 

of timber and the type of proof-t2sting required. The computer control 

program need not necessarily be preset, but can be 'learnt' by tech­

niques such as those associated with artif ical intelligence systems 

CWinston 1979>. 

A hybrid syste111 of this type will represent the ultimate in efficiency 

and flexibility that is currently possible. It shoulds be able to cope 

at high-speed with that most difficult of grading problems, the grading 

of mixtures of unidentified unsorted and untested species. 
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VISUAL GRADING OF TIMBER 

J. Hay!f 

TEW/6 

It is important with any visual grading process that tne method of 

measuring and assessing defects is consistent. This means that not only 

should the one grader be able to reproduce almost the same result on 

regrading, but also that any difference between two graders is marginal. 

To achieve this requires a form of training to explein the grading 

terms. the methods of measurement, the relative importance of the 

various defects and the way in which the results are recorded. 

The following notes have been used with considerable success in the 

training of graders in Victoria, Australia • 

! 1co-ordinator of Timber Industry Courses, Dandenong College of 
Technical and Further Education, Victoria, Australia. 
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TIMBERS IN GENERAL UIE 

The three main varieties of timber used in the Australian building industry are : 

Eucalyptus 

Radiate pine. and 

Oregon (Douglas fir} 

TEW/6 

Eucalyp1ua la the generic or f11nlly n11ne for a large number of Au1trallan timber a;.::iecl••· Aa NU apecl• 
usually occur in random mixtures. depending on geographical locatlon, timber produced tor the bulldlng 
indu1try from them i1 generally not cluaified Into individual specie•. 

Radiata pine and Oregon are ordered and produced according to species. 

The following table li1ts, by species, the variou1 timber• uaed throughout Au1tralia. Within the l8bl• are 
the strength and stress characteristics determined for each speciea. Note thmt theae definition• relate to 
"arious standards in use throughout Australia and these 1tandard1 ar• tubject to occuional llm8f'ldment. 

Oata obtained from the table must not be con1idered final. Alwaya refer to the prevailing local atandard. 

COLOUR 

CODI NC 
F4 

FS 

f 7 

F8 

Fll 

f lq 

f 17 

f 22 

RED 
I 

BLACK ' 

BLUE 
-

GREEN 

PURPLE 

ORAHGE 

YELLOW 

WHITE 
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Relationship between Visual Structural 
Grades and Stress Grades 

SllllSS grilde 1$ .a str&nglh daslallQllOI\ lur struc;turJI l11nb«s. Oltn'11!d by mo1ans ol 0111hot1111:.u.ll •u m.,.·nan.;.i1 yr.w.ng an 
.ccoroancu With too retevJOI Auslr.....,1 Stan1:1.lrd:. (liOtl Standar~ Hulun•ncu List on p.l!Jtf J~J Tn.t 1cJ11ow1119 tilb!U 

shuw:. lhot s1111ss gradus rllSUlliny lrom vlSUal gradin\j IO vanouo; grildtl :.pcc1l1Cclh0ns lo: common structur~ llmDers 

---------- - VISuAL liAAOl I I SlRt:NCiTH ~---- - -- ---- Ly.I.A I 
AUST GAOUI' LJns."'50l'lohJ .,;._....... S.....OOJ ... 

SPECIES STAND ~ No~ - ~~~_!l~~-'*' _31su N.J:. ,:; ; 
UnlN5 Sus 

STRtSS GRADl -., :i, '. 

Un1denldied l.ust. Hwda lrom I Vic. Tu. & NSW Highlands 2082 S4 S04 F11 F 8 
I 

Fl7 Ft4 s 
ASH. ALPINE 2082 S4 S04 F11 F 8 Fl7 f14 R 
ASH. l~OUNTAIN 2082 S4 SD3 F11 F 8 F22 Fl7 R 
ASH. !;ILVERTOP 2082 S3 SD3 fT4 F11 F22 Fl7 R 
BOX BRUSH 2082 S3 SD3 F14 Fll F22 F17 R 
80''· GREY 2082 S2 SD2 F17 F14 F27 F22 R 
GUM.BLUE.SOUTHERN 2082 S3 SD2 F14 Fil I F27 F22 s 
GUM. GREY. MOUNTAIN 2082 S3 SD2 F14 Ft 1 F27 F22 s 
GUM.MANNA 2082 S4 504 Fl 1 F 8 I Fl7 F14 I s 
GUM. RED. RIVER 2082 SS SD6 F 8 F 7 Fil F 8 s 
GUM. SHINING 2082 S4 S04 Fll F 8 I fl7 F14 s 
GUM. SPOTTED 20ls2 52 SD2 1'17 F14 F21 F22 s 
IROfll.BARK. RED 2082 SI SD3 F22 F17 

I 
r22 F17 s 

JAR RAH 2082 S4 S04 Fl 1 F 8 F17 F14 R 
MAHOGANY. SOUTHERN 2082 S2 SD3 F17 F14 F22 F17 R 
MESSMATE 2082 S3 SD3 F14 Fil F22 F17 s 
PEPPERMINTS. VAR 2082 S4 SD4 Fii F 8 F17 F 14 s 
PINE. RADIATA" 1490 SD6 F 8 F S R 
STRINGYBARK. BROWN 2082 S3 SD3 F14 Fii F22 F17 R 
STRINGYBARK. RED 2082 S3 504 F14 Flt F17 F14 s 
STRINGYBARK. WHITE 2082 S3 SD3 F14 F 11 F22 Fl! R 
STRINGYBARK, YELLOW 2082 S3 503 F14 Fii F22 F17 R 
TALLOWWOOO 2082 S2 SD2 F17 F14 F27 F22 S_ 

KAPUR-- --- - -------- -2682 s3- -503 ·1:14 'F1_1_ -F22--T -F17 f -- A 
KWILA IMER6AUI 2082 S2 SD2 fl7 fl4 F27 F22 I s ----- ··-· - ---------- ·- - ·-- - -

~~~r-
-- --

FIR. DOUGLAS (OREGON) -t 2440 SS 505 t-11 F 8 F 7 A 
Sel Eng Std.Eng. Sel.Mer 

~--· -··· - ---------·- --·- ··- -56" ----~-- ---
HEMLOCK. WESTERN 2440 SD6 F 8 F 1 F 5 A 
IHEMFIA ETCI Sal.Eng. Std Eng Sal Mer Merell I 

In Sdasonud condltlOf'I as requrred by AS1490. (Gra68s apply to treated and un1rea1010 Acl01ata Pine) 
• Grading apptres to Oregon from 1hu West Coasl of North Amer.cot. 

LEGEND: 
Visual grades defined in lhe AualrllUn Standards are u llldrcaled below: 
Sir. No 2· Sltuclural Grade No. 2 Str No. 3 
Set Eng.: Select Eng.nearing Grllde Sel. Mereh . 
Std Eng: Standard Engine.mg Grade Merell . 

NOTE. 

Structural Gr~• No 3 
Selecl Merchanlable Grade 
Mercllanlable Grllde 

I 
I 
I 

I 

I 
i 

! 

1. The ~urrent Slandarm tor visual oraclrng of softwoods use differing systems of grade c1as11llicalion. For Slmj)llCily. tile 
tlruc:tural gredilta of softWoOdt have been clusrll8d here ., lhfr S4IM >1<ay at hardwOOds 
The llructural grade No. ~ SllOwn is a lheotelreal grade only and has buon included 10 aH1sl this Clat11fic:a1.on Tile 
grade names tor oteooi• and W9Slem hemk>ck have also been included 

2. Hardwoods are us~ marketed as a mixed species and only in special circumstances can parllCUI# species Dll 
CJlllM1ed Supply avaNbrllly should be determined before detlgn documentation or sp«1fic:ahon. 

3. L,ctus lwcepl~blllly R .. ,.....,.., S -· suse»pltble. 
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10 l•IOl.OGY 

&cfl piece ol llrntlerMI two lllDel. two ecltlel Ind 
two ...... b Ola• MctlOnll .. i. otat.iMCI bJ 
lllUlllplytne lfle wldllt ol one edge br "9 wldltl of 
OMf-.:9. 

e EDGE 

Edgee .. thetwofl.,._.,,,_ofOMpl-of 
llmbow. They btend ttwaugflout lta lefltth. 

e FACE 

Tiie tmcn •• IN two wide 1Urfeca of lhe piece of 
timber. Thtti •llW!d lhrougtloul Its i.ngth. 

A piece of timber may eonteln upwOOd, truewOOd 
or heen. or c:omblnllllonl of lhele. 

e ENOS 

The ends•• lie IWO NfNllnlng turfleee. TMy ft• 
lend ICfOll the wtdlh o' the piece of timber. 

e ARRIS 

An •rll II OW bOund.Y bllweM lrl edge Ind a 
t11ee. Each pleM of timber h• lour .m .... 

TEW/6 
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e SAPWOOD 

Slipwood la c:ompoNd of IMr.g wood 11.aue. II 
torma the outer layera of a tr• trunk llld 91or• 
8ftd convelJ• food malarial within the tr•. 

e TRUEWOOD 

Tr..-ood 11 ~ood tlaau• from whlcl'I lood mll•lll 
hu been removed or converted to .i.td tluue. It 
con111tutee Iha bulk ol th• trM trunk .,,d II• 
under the eapwoocs. 

e HIA"T 

Heart 11 Iha materlll In the centre of the trunk. I! 11 
compoNd or tlrlttl• dead wood tl•ue. and 111ur­
rounded !Jr Iha tru-OO<I. 

The mmouf\I of upwood. truewooo or heart Ir. a 
piece of timber depend• on lhe llie of the origin.a 
log Md Iha poaltlon \Yllhln lh• log from whleh the 
place w• cut. A piece of llmDer may be cut from • 
log by backuwlng or quen«Hwlng . 
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Check IE8&:h Surface 

Rolling tM Piece 
of Timber 
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VISUAL STRESS GRADING 

Visual *"• gr.Sing is a tec:timque kor grading 
ti1.1ber to meet buildU1g llandarda. without tti. U89 
,,, mechanical equipment. Success dapends on 
careful visual inspection or each piecft or sawn 
timber. recognition ot any Clefec:ts within that 
piece and evaluation or their lligmr1canc:e with 
r.rerence to tM approprie:e lland ... d. 

The gr.Sing or timber cannot be conaldered en 
exact 1e1ence bece&.118 II •• bUed on a viaual 1n­
apection or each piece and thus rellM to an extent 
on the 1udgM1ent or the grader. The• rul" pro­
vide ror a !>% varlallon between graders. Whll• 
del' • and complete deaorip1ion1 or tlmbW 
qua111y are u1Ually glven.1111 not reu•ble or pr11e­
ticabl• lo be fully e•pl1cil in every reepact. but 
detects c19abl• 01 pnpical meuurament eh.ii be 
Judg9d IOlely on the buis o! lheir dimensions 

Grade descriptions btUd upon the j.100re1t 
pieces allowed in ..c.h grade are desirable m the 

mteresl ol keeping lhe rules simple end lacilllll­
ing the work .JI 11'111 gr.Ser. A;; a r"ull the ev¥1ge 
quality in eny grade ii ler bitter lhlfl lhe min!murn 
described. 

The sir ... gradet needs a llrlight edge. a llMI 
,..,. (cehbrlled in millimtllrff) tnd 1 strong 
pocket knife. 

e HANDLING THIE NC~ OF 1WBl!A 

Both laces. botr. ed{.ln end each end ol the piece 
of timber 1111.iet be 1nepec:lea. Thi• usually 1nvolv" 
ln1pec110.1 from one end, rolling ol Iha piece 10 
allow Iha length or each edge and la:e to bee•­
M'lined . 

• ININCTIClN 

lnepeellon .Jf • piece of Umber lhould be 
lllOl'ough. bul lor reuon1 of econom~. II mull be 
performed u rapidly u po11lble. Roll lhe piece, 
check Ill• edge 81'1d l8Ce widtlls, ltlen IOOk for !he 
motl obviou• defect. If this is .,.Jlllc1enl to reject 
the piece, ignore any oth•r d11octs preeenl. 

AewOf'k ol meny re1ected piece& is po11ible. Note 
lllil in 1ecord111ce with mill pr1e11ce. end proceed 
10 the next piece w11houl del1Y. 

Wiien in doubt, 1tore Iha piece in 1 seperete lllCk 
lor luture r•••u111on. All! rour supe"'1sor lor 
utllt81'1ce during 11111 re4Velu1tlon .1xerciN. 

TEW/6 
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e SPRING 
DEFECTS 

tprtne ls cun1•h1re alonq lht11t11ge of• pier• ol t1mb8r To meR."ure. la~ the concave edg• ol the tlml:lef 
agA1nst • str81ght edge. memurt1 the greatest distance bl>tw<Mn lhe s1•1119ht e<.lgtt and the lee• with a 

tape . 

When related to the dimensions of lhe piece. this measurement will 1nd1cate acct!ptab111ty ot the eprlrlg 

With practice lprlng m.., be accurately checked. without measurement. by sighting along the conc11Va 

arn1. 

. P~.=;· .. 

Spring 

• BOW 

low II curvature along the laces of a piece of Umber. It 11 measured in the 111me #I)' as aprlng. and with 
practice may allO be accurately checked. without measurement. by sighting along the concave ams 



Sound Tight Knot 

e UNSOUND KNOTS 

The material con1ai11ed within tn unaound knot 
may be decayed. or '°"" than the surrounding 
mllerlal of the piece. II may .:iao be chipped. split 
or looH. 

e KNOTHOLES 

K,.. ...... occur where Iha material originally 
cOnllln«t within Iha knol h• beer! dislod9ad 
from the place of limber. 

llK>Tl : 81oplng grlin aurroundlng I llflOI may be 
lgftOfad. T"9 "*'of Ihle 11 tllken Into con1ldar•· 
llon when It!• 11and•d• lor knot acceptablllty 11• 
determl,,..,. 
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e KNOTS 

Knoll are inclusions ol branch growth sections m 
limber pieces. There are 5Weral types ot knot. and 
lhe me""'1d ot evaluill1on ol each type d1Hers. It is 
important thal the limber grader 1s able to recog­
"'~" e.u:h typtt Tne acceptab•hly ol ~·ach type ol 
knot 1s calculated on tne basis thid the knot., • ., 
1s a loas ol area cf lhtl piece. regardless ol the 
cond1h<>n ol the k11ol That is, lhe knot 1s ueaaad 
llS 11 11 were a h<>le 

NOTE : The acceplabihty ol knoll n .ay vary bet­
ween thto three general species - eucalyptus. 
rad1a1a pine and oregon. The bmDer gr dder should 
check Iha standarCI tor 1ne species before grading 
is commencw<S. 

e SOUND TIGHT KNOTS 

The material contamed wi1n1n a aound tight knot 
is hard. tree from deCay and lirmly lrxed within 1no 
pit1ce of t1moor. 

Unsound Knot 

Knot Hoi. 

TEWf 6 
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RADIATA 
PINE 

Arris Knot 

meature 
tt\tH di1ta~ .. 

Measurement of Arris Knots 
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e ARRI& KNOTS 

Ania knola are kno~s .vrucn eaten<l across a. lace 
an<l an a<lqa of a piece of 11m1>ar Tney 1ncluoe a 
section ol 1ne arns in tnen area 

Arri• knoll 1n hardwoo<l are meuuro<l by oe1er. 
mining ine11 w1<l1n es tor lace or e<lge kno1r. Dul 
on lhu I.ice or edge ol lt1o1~1 e1ne1c1 wnare lhey oc 
cur 1n 01<1gon or 1ao1ata pint! lhe w1<lln of 1ne ettle 
knot 1i. me1o1surtld on Iha lac11 and tne edge Tnne 
two maiit.urements •r• lhdn mull1plled togetner 
,1nd the hgure oblillne1d rol.sltuJ lo tne croH·MC· 
11.in.sl ., • ., ul tne p1ec" to .:1u1111mine1 ac.;ep1101111y 



e FACE KNOTS (Rouncll or Oval) 

FICe ll•l• •e knots or knot hol• which occur 
on ti'le fece ol • piece oi timber. Meaure feoe 
11•1• by noting their greeteet •ldth mea1Ured 
1crou the face of Ille piece. Thi• meesurement. 
when releled to the lace w!jth, delenninea Ille ec­
ceptabillly of the knot. 

e IDGI KNOTI ("ound or Oval) 

Mte 11•1 •e 1lmll31 to l1Ce kno!a. They occur 
on the edge of a piece of 11111t1er. 

Mlle 11 ..... .,e me11ured In Ille ume way u fxe 
knota 9'd their width In relatJon to Ille width of Ille 
edge delermlnn their ecceptablllty. 

e TH"OUGH KNOTI 

""'-""' II•• •e l:no11 ••tending through a 
piece of timber bltween an eclg1 and a fec1 The 
di.,.,•• of 1t11 knot ii meuurecl on lhl lee• or 
ecl91 of gre1111t effect. 
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ovaa faca 
llnot----::;r/-., 

roul\d flee kr . .t ___ ....,.. 

Measurement of Fece Knot8 

ovet knot / 

round knot/ 

.I ,. 

/ 

Measurement of Edge Knots 

Through Knot 
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~. 
in hardwood me .. "r• thi• di.t•nc• 

Measurement of Spike Knot 

Measure1T.ent of Knot Cluster 

Knot Group Measurement 

TEW/6 

e SPIKE KNOTS 

Spike knole are .. iong.thtJ lo.nots wnn • spike 
shaped 11111a In hardwood thto width belWHn thll 
arnses 11 measur&CI In rao1ata pine tnear 11ze is 
determim1d u follows 

hmgth .. wuStn 
2 

nus a1ie 1s thdn related 10 tne width ot tne IACe 01 
edge where the r.not occurs. 10 dttlermine acc.-p­
tat;ihly. 

• KNOT CLUSTER 

A knol clueler con1a1ns two or more knots wotnin a 
51ngle area of deflected grain. Tne overall w10th ot 
111e cluster 11 mea:1ured and relate:i 10 tne w10ll'I ol 
tile lace or edge where 11 occurs to determine ec· 
cept.tb.llty Knot clualere .tre usually only luund in 
rad1ata pin11 or oregon 

e KNOT GROUPS 

A knot group 11 lormeo by two or more clote11 
tpaced ind1v1dual knoli, each knot being 
bounded by deflt1ct11d grain Tile aggregate wodlll 
ol lhe knoti. w1tll1n tl\11gruup11 rela&ld to tile w1Glh 
ot tile I.ace or edge on wn1cn 11 occu" to determine 
accep1at>1llty. Knot 1r-.1 will usually only DI 
n'111d 1n rao1ata pone or oregon. 
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e ENDSPLITS 

Ind !lpllle •e open en.ells between the fmcea or 
edG• of the piece. Ind ...... .,. c:muMd by 
upar111on of the wood fibrH end extend elong 
the piece from the ends. 

lnapec:t each emf of the piece tor end IPllle Ind 
me•ure the length of 1ny apllta. 

e IL0'9HCIGUIN 

..... I'• la the pNMnCe of Wood fttlr• • M 
engle to l\e •rla . 

..... 11• 11 a meaauroi of the general alope of 
the fllw• end local clevi•lona era cllareg•ded. n 
la maMUracl Ind limited al lhll point In the length 
which tnowa the graataat alope Ind la axpreeaed 
• a rallo such • 'slope of grain 1 In 15'. 

End 8plll 

&loping Grein 

...... fh•• 
two clit~CN 

TEW/6 
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..._,,.....,,,of Sloping 

Gr• 
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e SURFACE CHECKS 

ce-11• •• lhallOW cracks extending 81ong lhe 
grain on a lace or edge. a.ck••• usu811y short 
in length and do NII extend between the laces or 
ecsoes. 

e WANT 

Went de5Clibe5 wood mining from an ams. edO• 
or lace ol a piece ol timber. 

Welll may be r:auMd by a piece aplltting on. or 
r"ull trom a aewing defect. 

Wenl I• meaeured u • lac• and edg• widlh detl­
c:lency . 

• WANE 

w-11 the naturai lbsenc• of wood from an am1 
or surface produced by cutting Ill• piece lrom the 
outer aurlMC• of • 1011. Tne • .,. ••• Include• 
portion ol th• log·• outer 1urfece and poaalllly 
alto tom• befk. 

w .... 1• meuured in the aam• manner • went. 

NOTE . wane in •piece or narowood 1nd1ca1e11ne 
prnenc• of HP•IDll. Tiie eepwood mull 8llO be 

evalulled. 

TEW/b 

WMt 

Wane 
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MARKING 

r111111er which ha beer\ vt...i1y or 1necunlce11y 
streu grmded, lllUll De,......., ueu.U, br COiour, 
with ., indialion ol lta ..,._ grede. The menung 
11 uau••r m.se on a lece ...., one 9l1CI ol a. 
piece. The parllcul• nwll IO ba llPPlied ii chC· 
l....s br the preveillntl ........... II may lnc:ludit 
Olller lnlonnMIOn IO lnclk:9l9 apeci9. 8'ICI a mill 
ldendllcabon code numtaar. 

TileM mark• .,. ncMd Clunng eammlnatlon ol 
building.,_......, building inapectOrl 

REWORKING 

Tlmbar which failed eo maec ...,.....,.. aunng 
._. grading lllUll be 19-worQd • ...,...., 

........ The .... ltlould lndk:Me .... ..,.. ol 
re-work la requlNd, MCI note lhl1 In accorclMCe 
wllll mill practice. 

:-«>TE : Wiien conelClarlng 19-work .. tr ... 
muat ti.,. a c.._ uncl9nlMdlng of IN ,,.,........ 
Ille 9ldlnt of a delllct within Ille g,.... for •-· 
pie. in "'9 a1a of 1n ...a - *'*" •ceeda Ole 
i.tglh ""'" lmpoead br lhe prew•llftl .......,.. " 
would ba w...-,1 eo dock OW .liN poltlon of Ille 
*'""'of Umbar alllcled.., .......... Only bl 
length of the apllt which uceeda ltle grade limit 
lllould .. docked. With pr8Ctice ... ~· 
trader II lbla 10 aoonomtc•ly epeclfy '9-work of •t detectl In lhil """'*, MCI gep llmlllr 
....... to en lblOlute minimum. 

There •• two main aypea ol re-•n - rlpp6ng 
end clocking. 

e R.....a 

Where a dlllct IUch u NP••• Ptencla llong a 
IMliGr portion of Ille length of • piece lllUI only 
ecrota pmtt ol Ha wklll. It m- Dlt polltllle IO np 
lhl length of Ulnbar, remcw• ltle cl.-U.. portion. 
end produCI • ""'.,..,piece~ ....... .,..,. 
requir1111en11. 

To judge If ri,plng II fluillle 11t11 gr8dar lftUll 
deckll whellllr Ille eound portion of Ille piece CM 

lie ripped 10 a ..... d 1111. 

.. 
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• DO'.;KING 

Where a dftlect artecta only a portlOll ot the length 
ol a re1ect piece ol timber. lor example an 9nd 
epll. •- pocll .. or kftOI. It may be possible to 
dock the delactive portion to produce one or more 
shorter lengths of timber which meet grade re­
quirements. Shor'- lengths may be utilised m 
noggins. or finger jointed w'-9 permitted. 

VISUAL JUDGEMENT 

Many ol the defect• dHc:nDed requh'9 meaaure­
menta 10 be taken during enlu•ion. When lhe 
grader has hed eome prlCllcel e11perienc• 11 
should be POS•lble lo judge most defects ec­
curately by eye without me•urement. The atteln­
ment ol lh1s ability should be the goel ol the 
train•. 

TEW/b 

ti1nber 

Dock mg 

not her~ 

/ 

/ 
/ 

Re-work Within Tolerance 

NOTE: The information and diaqrams contained in the previous pages wer·~ 

reproduced frOll the 'Visual Stress Grading Hamml' by courtE>sy of 

the Timber PrOllOtion Council, Victoria, Australia. 
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EXPLANATORY NOTES 

PRINCIPAL TIH8ER OEFECJS 

Gl.Jll is a c0111110n defect in Australian harduoods. It is formed in the 
growing tree when some part is injured by fire, insects or 11echanical 

agency. It is deposited like a 'shield to cover the injury. The <JU" 

~ttributable to fire may form around the qrowth ring or a substantial 
part of the ring. That attributable to insects and mechanical agency 1118Y 

be limited to a cone arourd the affected position. Gun rings may be evi­

dent on the cross-cut end of a log but there may be f e1.1 other external 

signs. In sawn and hewn timber, gun becomes evident as veins on quarter­

cut faces anj as mears, streaks or splashes on backsawn faces. and gurn 

pockets may occur at random. Veins may be distinguishable as 'tight", in 

which case the CJ\111 is bridged at close intervals by woody tissue, or 

'loose', in which case there is avident separation of the wood elements. 

G1.111 is more noticable in pale timbers than in dark timbers and is often 
considered unsightly in its predominating occurrences. Tight gum veins 

do not adversely affect structural timber. Gum pockets ard loose veins 

.are described ard limited by width and length. It is important to remem­

ber that CJll1I veins and pockets are measured radially for width, that is 

at riqht angles to the growth rings. 

KNOTS 

Knots are a section of the original branch of the tree. They are 
ref erred to by various names denoting the cordition of the branch at the 

time of c~nversion, the shape of the knot or the condition of the knot 

after sawing ard planing. Although knots do not occur in Australian 
hardwoods as often as they do in softwoods, they are an important defect 

to be considered. 

The effect of a knot on the strength of wood in te~ion and bending is 
two-fold. Firstly, the knot itself makes no contribution to the overall 

strength of the wood and therefore represents a loss of cross-section, 

that is the knot acts as if it were a hole. Secondly, and more commonly, 

• 

• 
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every knot causes a svirl or deviation of the gr~in acting as cross­

grain. partir.ularly if the knot is on an edge. The cross-grain can be 

extre111ely severe and its effect in reducing strength very great. In 

ronsideration of hardwood building scantling. we are concerned with two 

types of knot. the face knot 1.1hich occurs on the wide face ard the arns 

knot which breaks the arris ard occurs on the face of the edge or on the 

edge only. Sizes of knots are judged on diameter, the distance between 

lines touching their edges dra\IT\ parallel with the edge of the piece • 

SLOPING GRAIN 

When timber is used for load bearing purposes. advantage is taken of the 
fact that timber is stronger along the grain than across it. Where 

theload is applied at soiae angle to the grain, lesser strength must be 

allOl.led for. Sawniillers have to accept practically the forest-run of 

logs and in many pieces of sawn timber the direction of grain is not 

parallel with the length of the piece ard some account must be taken of 

the angle which the grain makes with the length. Where the angle is 

small the pffect. on strength may iJe ignored. Whe["e the angle is la["ge, 

the timber s~ould not be used for structural pu["pc1ses. 

For many p~actical purposes set limits on permissible slope of grain are 
desirable. Various grading rules impose limits consistent with the 

structural sufficiency of the grade. In ladder rungs, sporting goods and 

tool handles liie limit may be 1 in 20. Straight grain.is important in 

b~rrel staves and intimber l~at is to be bent after steaming. 

Detection of Slooing Grain 

Sloping grain is not always easily detected. Growth rings are not reli­
able indicators of the grain slope. In fact, timber rr~y easily be sawn 

from a spiral grain log in such a way that: t:-.~ growth ring pattern on 

each face appears to be parallel with t.he length of the piece. 

For detecting sloping grain there are three principal methods: 

1. To observe the direction of seasoning checks ~hich are usually 

evident in savn timber; these checks follow the grain and its 

direction can be found accurately by examination. 
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2. Split a portion off the piece <splits foll<N the grain> or lift ~ 
Sllall sliver fro11 the piece with a knife or chisel and note the 

direction in which the wood splinters strip. 

J. By using a scribe. 

TEW/6 

CSIRO Division of Building Research. Trade Circular No. 48 ·sloping 
Grain in Timber· qives further information on this subject ard includes 

instructions for measuring. The above methods are for detecting sloping 

qrain if the grader is in doubt. Huch of the sloping grain encountered 

is recognisable to people used to handling timber. Rememb:!r. sloping 

grain associated with knots does not have to be considered as a separat~ 

defect, its effect is taken into account by the permissible size for 

knots. 

INSECT ATTACK 

Timber both qreen and dry is subject to attack by a nl.lllber of insects. 
The mode of action of the insect is physically to consume a portion of 

the timber ard evidence of the attack becomes apparent in sawn timber as 

holes of various sizes and shapes. Experience with a particular species 

of timber usually provides a reliable index of what can be tolerated 

from a particular type of insect attack and most specifications permit 

11inor insect damaqe. Holes are limited usually by diameter and by m..lllber 

permissible in a stated area. Severe insect attack in some instances may 

accompany fungal damaqe and, therefore, care should be exercised in 

assessing insect damaqe. 

Pinbole &orers 

Pinhole borers attack llOlft8 damaqed or suppressed trees and attack some 
freshly felled logs. The attacks are c0111110n in Australian hardwoods. 

Port~nately, the effect on strength is neqliqible except in rare cases. 

Eqqs are laids by adult beetles in the green loq in the forest and the 

larvae tunnel i~to the loq, forming qenerally straiqht holes about 

1.5 •in dimneter. Attack can only occur when the wood ia qreen ard 

ceaaes as .soon as the tilllber is partly seasoned. The attacks are qener­

al ly well scattered, but clusters may occur aa qalleries and where they 

.. 

• 

• 
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dLJ so pttrticular care must be taken to ensure that they have no~ weak­
ened the piece of timber. 

Pinhole borers are known also as Ambrosia beetles since the larvae feed 
on a fungus c~lled Ambrosia which grows on the walls of the tunnels in 

the wood. This fungal gr°"'th ceases as soon as the moisture content lS 

reduced by drying of the timber. Some staining around the holes ls some­

times noticed but this stained wood is not weakened . 

Where the holes are scattered. the effect of pinhole attack on strer1;:ith 
and stiffness is neqligihle. and in most c.1ses appearance is not 

seriously affected. Where P><treme clu~.te["ing occurs strengtt> will be 

reduced and specifications provide against clustering likely to impair 

strength. 

Grub Holes 

Other forms of insect attack which may be noted in sawn or hewn timber 
may be caused by beetles called longicom, bost•:ych id. jewel or others. 

The weakening effect is roughly propcirtional to the degree of attack, 

affected timber is graded accordingly. The holes larger than 6 mm are 

generally well scattered and aL·e considered in the grading rules the 

~,ame as for knots, 

Lyctus Attack 

The lyctus beetle attacks the sapwood only of timber that contains pore.s. 

and certain loadings of starch. Its effect is comlctely to destroy the 

sapuood in susceptible species arrl, where the sapwood is wide, lyctus 

Rl6Y consequently cause substantial weakening, For this reason, the 

amount of susceptible sapwood is limited in house framing timbers • 

With most timbers there is little loss of strength possible through 

lyctus attack on struct1.Jral pieces of large dimensions. Where the cross­

section involved is SIVlll such as in studs, braces, tiling battens or 

small mouldings, the Mjor portion could be vulnerable. The introduction 

of the Timber Fra111ir.9 Code could increase the problems with regard to 

house framing tindYJrs as BMller sections will be used. Sapwood can be 

immunised against lyctus, and immunisation is required under 3tate law 
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in New South wales and Queenslard. Treated sapwood is ir- every wey 

equivalent in use to normal true-wood. 

Te[!!ite Attock 

T'f:.W/6 

Teraite attack niay range from insignificant surface runs Yhich have no 
appreciable weakening effect to complete destruction of the interior of 

a piece of wood leadinq to failure, The ter:inites preferentially attack 

near the pith and they may be present for some years before the attack 

in larqe sections is detrimental or for some years before a pole is 

seriously weakened. For No. 3 Structural Grade, the fonnula states that 

termites 11USt be on the surface only and slight. As previously stated, 

insignificant surface runs are permitted but care must be taken to 

ensure that the attack is on the surface only. 

BRITTLE HEART 

This defect is common in several eucalypts and is believed to have its 
origin in the growth stresses developed within the qrowinq tree. It may, 

however. be fungal in origin. It is confined to the heart and the immed­

iately surrounding area. The affected area may be relatively small, as 

in most eucalypts, or fairly extensive, as if, Lhe case of larqe over­

mature trees. Brittle heart timber is usuall·t not detectable by simple 

visual examination as its appearance may he similar to sound material in 

every way. In some cases, brittle heart may be detected by breaking a 

small piece of timber and noting whether the fracture is carrotty, or by 

prizing up with the point of a pen knife small splinters from the 

surface. Brittle heart timber snaps over the point whereas sound timber 

tends to lift off in a long splinter. 

Tests show that although the impact strenqth of brittle heart is very 
low, its static strength properties are not appreciably less than those 

with adjacent unaffected wood unless there is any obvious decay present. 

Brittle heart is low in shock resistance and durability. For framing 
timbers, brittle heart is completely excluded by the qrading rules for 

all tilllbera with an end aection of leas than 175 x 175 nn. 

• 
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DECAY 

Decayed wood has very little strength am is part.1cularly low in tough­

ness. As the full extent of lht" decay is d1ff1cult to est im.'tte or def lilt? 

11nd as lhe deray may, under Jdverse conditions. 13Ktend aftet- ert>ction, 

timber showing decay should not be used tor purposes where strength is 

required . 

CHECKS. SHAKES AND SPLITS 

r.hecks show as crevices. while shakes occur around or across the growth 

rings. Checks are caused by unequal shrinkage in the radial. tangential 

or longitudinal directions. When the outside of a piece dries much more 

rapidly than the inside, the faces cn~tract while the core remains 

unaltered, thus causing checks to appear on the face. As the interioi­

dries the checks roy close and become invisible, but nevertheless 

checked wood does not re-unite and consequently relllr.\ins weakened. 

End checking i3 due to local drying at the ends of logs or timber where 

stresses s~l up splits along the medullary rays, whir.h .'Ire naturally 

weak. They too may close as the timber dries, but nevertheless fibres 

may continue to be separated and, therefore. strength is reduced. 

Ring and star shakes often occur in the ends of hardwood logs after 
cross-cutting. They may be due to drying of the ends but the princ1p.il 

cause is the relief of growth stresses in the tree by cross-cutting. 

Splits may be eliminated or reduced in the course of sawmilling . 

WARPING 

Di$tortions may develop in timber for a variety of reasons and the 

reputation of timber as a commercial material is adversely affected by 

them. The principal kims are bow, cup, spring and twist. They are 

gener·a 11 y more evident in dry than green timber • However , bow and spring 

often occur in the course of sawmilling and some occurrences can be 

attributed to the uneven distribution of stress in loqs. They can 

increase the problems of controlling dimensions during .sawmilling .,nd 

severP. spr!ng in particular causes economic: lo~ses. They can be accentu-
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ated during seasoning but can also be controlled or red~iced by suitably 
placing pieces in seasoning stacks and carrying out the seasoning urder 

weights and restraints associated with steaming treatments. Spring is 

particularly critical in studs used in light timber framing. 

Cup and twist develop mainly during seasuning due to differential 
shrinkage in the severdl directions relative to the growth rings. 

Warp can be limited to stated amounts per unit of length for bow and 
spring, per unit of width for cup, and per unit of both length and width 
for twist. 

WANE 

Imperfect sawing e1Jmetimes results in the retention on part of the 

corner, or part of a face or an edge, of a portion of the original log 

surface. This is called wane. It is accepted on structural pieces when 
the actual section meets the strength requirements or the fixing 
requirements for the piece. 

ACCEPIA81LITY OF DEFECTS 

In the course of drafting grading rules for Australian timbers, the 
significant characteristics of timber have been realistically appreci­

ated. The seriousness of any irregularity, imperfection, blemish, fault 

or defect is judqed primarily with respect to its influence upon: 

1 • Appearance 
2. Strength 

The intended UM deter111inea the relative i!llp'.)rtance of the one consider­
ation u aqainat the other. 

Sa. defects are unai;htly, SOM reduce atrenqth, and .acme affect other 
upecta of aerviceabiUty. Aa ti•ber is used for many different pur­

poaea, there are 11any criteria of acceptability and the significance of 

a defect of certain type and size in some uses chenqes in other uses. 

.. 

• 

• 
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The influence of the al:x:Jve features or defects on appearancP is regarded 
as a matter of opinion. The inf luen~e ot defects on strength is a tech­

nical question that needs to be answered by controlled tests. 

There is nothing highly technical involved in deciding limits for grades 
based on iippearance factors. A buyer requires the highest standard poss­

ible. The seller points out that, with the best of intentions and delib­

er::1le effort to eliminate certain faults, tim1'~r will not be perfect. 

While there may be difficulty in attaining una~imous agreement on the 

significance of an irregularity, consensus of opinion, or compr0rnise 

between some conflicting attitudes OL producers and users. has eventu­

ally to become basic to the preparaticm of a specification for grading 

c-ules. For panelling, furniture and other woodwork likely to be finished 

with clear coatings, irregularities which contrast unduly with the main 

appearance of the wood may be regarded as defects. Thus, black stains on 

a pale background, or white streaks in a dark surface, holes, broken or 

decayed knots. torn grain and others may consistently be regarded as 

faults by many users so that they are unacceptable in timber used for 

the exacting purposes mentioned. 

The inf luencf' of defects on the strengt.h has been investigated in c•1n­
siderable detail. It is found that slope of grain, knots. splits, decay 

and holes are the princ1pal causes of loss of strength. The effect of 

these types in various sizes and positions have been determined. Frcm 

the investigations, it is possible to say that, providing grain does not 

exceed a specified slope, pieces will have str-ength not less than a'· 

stated percentage of straight grain timbers: that provided the size of a 

knot does not exceed a certain diameter, the piece will hove a strength 

not less than that of a related percentage of knot free timber; that 

provided the wane does not result in more than a certain loss of 

section, a piece will have not less than a certaiil pen~entage of the 

strength of a complete rectangular section: and that. other main defects 

have other determinate influences. 

Accordingly, from a knowleege ~! relations hetween defects and strength 

it becomes possible to state the limits for type and size which will 

ensure that pieces sorted to these limits will not be lower in ~trength 

than a specific percentage of the strength of defect free timber. Th11s 

the basis of grading rules for structural timber emerges, 
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The effects of malfonnations ani d.alnaqe to trees revealed as defects in 

products are 110re or less objectionable to different irdividuals in con­

nection with particular uses. What may be considered a defect for struc­

tural purposes may be accepted as a feature where appearance is the only 

consideration. Usually, if the defect is small in size and isolated. it 
may be accepted without question. However. what is small in the opinion 

of a seller may not be regarded as small by a purchaser. There needs to 

be some clarification of teI'lllS or some speci~ic descriptions. Especially 

it is desirable for any statement to have only one meaning to all 

persons conceITied. 

Par these reasons. there have been conscientious efforts made to write 
groding rules ard specifications precisely. The Standards Association of 
Australia has attended to this matter, brinqing together producers, 

consuners ani others interested in an item being considered in order to 

discuss representative points of view ahead of stardardisation. The 

Association is a medillll of publication for the standards endorsed by the 

interests affected. 

.. 
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Grading Rules: Hardwood f 8 
GREEN IS THE PRESCRIBED COlOR FOi! THE BRANO NRK TO (lENOTl. ra STRESS GRADC TIMBER 

--· --------------
Sl..,.LlflED INF'l>llMATIOll FOil Cf*5TllUCTIC»I Tl .. IUI l"tructllr&ll IASED Oii AS2fll2-l!ll ... 

Gono?ral: Lach plece of Ulliler of •tructllr.-al •1r•de No. J sh.Ill be frea fn. c:o-.ire••l­
f'Aii""ur;. and other fracture•. 

suir: Each 1•iece !>hall be sl&ed vitll t.llo -•i- tolerance of _2- fo& thl• •eaaon 
tilllber. 

NOTE: Each parcel of tillller to thl• 9rade shall contain a riras-.ble distribution of 
.. t.,nal ra119inq fraa thn 1-r li•it detailed below to -tcrial which jll8t 
fall• short of the neat hi'lhe•t 9rade. 

l""El\FEC!ltlNS 

~ Internal 
Sllrfac:e 

!!!Q!! Sound 
oval 
Round 

Arris 
Spike 

Looae lnOU 
- HolH 

BORERS HOl.£5 
ovu :i.. 

Under 3-

gut! VEINS Tl9ht 

Loo•• 
LooH G ... and ShakH 

llidth 
Len 9th 

GUM POCKETS 
Len9th 
llidth 
- 1 aurface 
- throlll)h 

IPalNC 

'NIST 

r.uPPINCi 

SLOP~ or GllAJN 

DICAY /TEIUtlTZS 

llANT/WMIT/SAPllOOO 

PD SPLITS 

N'.AJIT 

NAXIMIM PEllMISSllLE LIMITS 

llDt to Hceed la thicltMH 
Unli•ited 

lllot to exceed l/l width 
lllot lo H.::eed l/l thicltneH 

llDt t, eac:eed l/l .... least 
face or ed99 

s.... ae a SOllnd Knot 

over 3- or "here distance be'-n is le•• ttaan ,._ u-• 
•• Sound ltnot 

Unll•lted. provided di.tance between i• •lni- of twice 
width of l'IOle 

Unll•ited 

Not to aarceed lll9I 1/4 len9th a991"e9ate 
Not to 90 throu9h on• allrface to ano:her 

1/2 "idth or 25111 ... 1mu11 
l/l "idth or 20.. -.i-
15111 ln a piece of 39 lon9 a J ... thlc:ll. !refer to t,..ble•I 

14• in a piece of lll lon9 a 100.. ".i.de. (refcc to tablirs) 

1- per 10. of width in pieces. 39 lon9 • JI - t.llick 
(refer to tabl••I 

i.. 1n SO- of vldth 

1 in I 

On aurfaoe only and •119'1t 

1/4 Of Cl'OH ••ctlon 1•99HfAte) 
1/J thickne•• except for 
1/J lenqih where it -y Htend to the l'll11 width of the 
thlcllneH 

Af9n,.te l•ntth at eaetl end. 1'9 tlMa width or lSO.. ...... "' 
Mot penitted in Hctlon under 11S.. • 119-

Tt1l11 1nl'oruuon 111Mt Ml llMn pl'1per1d •• • nady r1fen11ce 911idl. ror OCllllll•t• 
dat. 11• of 9ra•Ullf rulH, r1ferenoe •llould t11 Mde to U20IJ•lt7t. 
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Grading Rules: Radiata Pine FS 
BLACK IS THE PRESCRIBED COLOR FOR THE BRAND MARK TO DENOTE FS STRESS GRADE Tl .. ER 

SIJIPLIFIED DIPOallATICli fOR CCllSTIUJCTICli TIJCBEll (•UUctur&l) BASED ON AS 14~1971. 

Gensrals Each piece of timber ahall be frff from decay, sh&ltes, aplite and fr11et.aea. 

!!!!_1 Each piece llhall ba of actual cU.en.iona vit:h a aut.m tolerance of llll 
OVEJ!SIH only. 

~· Eac:h paroel of timber to thi8 qrad• llhall c:onuin a r..-able distrublation 
of-timber raft91nt fsaa the lower Uaiu of thia qr-. to juat abort of the 
neat hi9beet 9rM9. 

Kol.ea 

uaDI l'OCDTS 
1An9th 
Width 

STAlll 

HSUl'/tlTll 

lnlllG 

llAXIIUI PUHISII91.E LillITS 

4/5 (80\) of face vidth 
J/5 (60\) of face vidth 

(10\) of face vidth 
7/16 (4J\) of face width 

2/J (6o\) of daic:kneaa 

7/16 (4J\) area of Hction 

.... ur• aa a knot; 

i. Only in a .. a 240.. Md ovar 
2. Huat ba in lliddla l/J 

1 in 5 

l. 1/4 (25\) of are& of Hctian 
2. Huiaia 1/4 »f M'J/ •urface 

4Cllllt in a pi&c:e la in lenvth Md JS.. thick c ... 
t:MJ••> 
l._ in a piece i. in lMtth Md ta.a vida c ... 
t:Ml••> 
3- for .wry lC.. of •ul'face width c ... tele•) 

··~· 27-i in • puce to x JS.. 
lll in lenvtb. 

Thh intonation &heat hH bean prepared••• ready refareaoa pida. Por omplata 
datail of 9radi119 rulee, refesance ehould ba uda to U 1490-1111. 

• 

• 
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Grading Rules. OREGON (Douglas fir) f5 . ........ ...._... ......... ~ ........................ . 
au.unm .-n.. Na OOlllllUCrl• ,._ (a\nlctural), 111m • AS 2440-lNl. 

a-.J.1 ~ llM&ll M ""1r - ... ,.... i-- •-r ... C9119HMlen fall..,... o-aa 
1lliinl'., ,._ - - et ..._., ..... •ll.111• ... Ula uu ••11 .._ .. c .. teoa ,....., ... tlie affect 
af .. ._.. la -t _,,. -'- tiall tllat af a ,_ittet S..-fecU•. 

llH• "'9 al"'- •fl-a.-- ---.i• fer tllla _ _.. u..... -t •t M-. ._ lo• 
iiilir Ula ..i..1 alaa. 

Ille fallowt., 111111111 gparfactl- -.11 M peawitteoa •a.a wrat face ... .._., 

~r1,t1 .. ) 

amxa 

raca lllDn 

-UIDOTI ,........,... .. ...,,. 
AMia llDfS 

111LU AMI LGOM lllDll 

Ulll ...... 
UIQI l'OCSm 
IDll IUITIU 

- ,,.,/oa VAllf 

MftlDCI) ..... ,,. 
mlAlll 

lftlll/bllCIUUTIC* 

llUl) llAllf 

11M1 Oil GUPI 

.,.rm 

-
"''" 

llllH• lacll ..,-Cal •f ti.Mar to tlll• ...... -.11 
~la a .--Ille UatrlluU• et •'9rlal 
"lllltls fraa Ula •- uaa t utau ..... ta 
•terlal *1cll ,Juat falla Mort af a.. -t 
"'-"tpwla. 

-- ••1111•• Lllllft 

l'araltW 

5/a t: .. C..tn UH llaftMre Pro,.rU_l , ..... ta_) 

JI•" 
&a race or llar1l• lllota (llaaaun -.ir oa Uae face of a.. '1-> 
JI, ' 

ll lacU-1 Ane • J/I W a T . 
UMN ~1 t/2 a Jilt• )/a 
~'- ~~· .,.,.,. llalot ., .. -i. ... 

.Uta af 1... lo CMCllMN of .... er 
J/lt wU• af fece "1 1/2 a&-.... Of .... 

...._.. U .... llllaU ill ... J .. lU. 

~-... 
....t ... 
~ttM 

Lj-1 <.xi. I.; .... L) 

.. rtitteol 

Wnatla• """ n•ta of Jlece (at ltota _.., 2•• 

c.cra tac• 5/1 f 11.....,• J/4 T 

'-lttM 

JartitW 

, la' 

2' - ,. ,,_ '·' • i... • 100 - ... Ga -..&¥al•t -ewe 1a ou..r l_,.. ... ·.w-.. (Rofer '""&as ....... 
, •• 1 .. , 

'° • la •1-• J.6 a i_, s '° • WA Ga 'r.!"l•t -c..ra la ou..r 1..,.. _. wca..-•. ..,.,. .,..&as ... 
.... 'Ml••> 

, • ,... 10 • of .uua "' ''ac" J.6 • i-. • '° • ** • ..,,._, 1a ... , ........ w ......... 
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··-
rading Rules, OREGON (Douglas fir) F7 

le Ille pteKlllled llClleut ler lfle lllaNI INrll 10 MNI• F1 t1r•11·9•MIM lirllller e 

G 

'1.lt"IUI llU'CIMA1'IOll, ftlll COllS'h1U1.."flllll tl*"' (•t,...•.t...-.1), Miii> Clll u 3440-lldl. 
1 r&aller &luoU r.e U'ulr .. ..,, ., .. rree lrt.9 .leca7 an4 ~-..rea••l- faUure. 0.-.C• 
"C froa UI• uH c:! Molla. 4•&•. •hnc• UMI Ul• lllu ataall llil• ac.:•pte4 foNO•l4ed Use •fleet . • o-a• lS tlOt ...... aarl0\18 t1left tftat of 8 peralttecl lr1parfectlon. 

Tile 01n1•- ort-the-.. w clloenalon fr.r Ulla -••••onecl U•tter -.t not "'9 -r• 
r U'l• naa1nal a1ze. Ulan .. -

lollow1na MAil,... lOperrectlona lllall be paralttecl OG tlMt -rat fac9 and .... , 

hte: Each parcel of tlober to till• arwl• -11 • 
contain a rHaonebh cl1atr1buU- or -ter1al 
rana1nc tr- the 1-r Uo1 t C•tallecl bel- to 
uur1al wtuch Juat f•ll• abort of ai. next ~at ...... 

on ~=r1pUon) lllDY! mlllHlll.li I.IBID 

P•ra1Uecl 

UDTS 1/2 V - Centre Uu &l.....,.. Pnport1-1 
lll llllOts ,,, . 

lllOTI lleo.ure oa1roa Use foe:• of aie piece 
IQIOTS 1/2 t 

I lllllTS JI Sectl-1 Ana • 1/J V a t 
Uaetl&l. wrk1n& 1Ulclo: 1/2 a 2/J • 1/J 
th•nfore ..u- ,. ... 1 .. 11110 orrll llnot alae -U i..1 
1/2 w1cltb of fKe !tr 2/J uuca.u of .SC• or 
2/, Wlcltb af fan 'lllJ 1/2 Uaic:llMH Of .SCa 

a. LOOK DOTS lleuure U _.. lulOU 1n - poe1tloa 
-

11 nauu Up to J7' - ..,. 1/J i..cta la .... 
11 l'OCU!S Up to J75 - Md 1/, ~ la .... 
11 IUSTDS Up to ,.,, - and 1/, a.-.ui la .... 

Am/CIA WAIT 1T-1 (Mll • i 1 1i, • 1i au. L) 

P•ralttecl 
~ 

Sii.iTS Loaatb: VlCtb of p1eco (et llilotb ..U) 

Cencre rac:e 1/2 t ll•ewber• J/1, t 

1111/DlSCOLORATlClm P•ra1tt.C 

llUllt Pera1Uecl 

or GUii 1 ln 8 • 
lllO 19 - ln plaCH ).6 o lo,.. a 100 - Wlclo Oil .... lftl•t 

curvatur• ln oui.r 1oncD• ~ wlCtba. (Rofor 'IPI''• • .... 
talllH) 

'8 • 111 plecH '·' • lona • '° • U.1ck Oil 
,., .. .i.t • 

curvacwa In ou.or i-.tll• Ulll Clalcllna•H•· ., ............. 
low' talllH). 

IST 1 - per 10 - Of widU. in PlKH '·' O 1-. a 50 - WA CS 
.. ulvalenc 1n oelaor lonctll• and UllcllMHH. 

u inloraaUon alleec Ila• Ileen prepar.C •• • rNdy-raferenc• 1\1'4•. ror CCl9Pl•te ••~11•.•f ai. 
rMUUI AulH, releronc. llllO\llC lie ll8cl• to ..... craUaA Standard 

' 
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Grading Rules: OREGON (Douglas fir) 
SELECT DRESSING GRAUE 

SIMPLlt"IW INt'ORMATlON. fOR CONSTRUCTION Tlll8£ll (ah:uctuc.al), BA:iEO ON AS 2.&40-19111. 

Cen~ral: Tillbt:c shall be tculy s~vn and fcee fcOll ~ecay •nd CX111pre~s1on f•1luce. 
0...9e cesultin9 froa the uae of hooks, dol)s, 1tlin9a and the llke &h•ll be •ccept.eJ 
provided the effect of the d ... 9e ,. not .ore sec1ou& than that of a per•itted 
imper feet ion. 

Size1 The •inimua off-Uie-.. v di .. naion for thi• unaeasoned tillbec •uat not be .ore 
tiiift , .. under the naminAl aize. 

·fhe followin9 MAXI ... bperfectiona •h•ll be per•itted on the vocat face and •dcJ•. 
Select dreaain9 grade tillber i• intended to provide .. tecial 
for finiabing and joinery pucpoeea Where better appearance la 
tht; pr1-ry consideration. The tillbar •hall be tculy aavn and 
free froa decay. The fellowing illperfectiona •hall be per•itted: 

IMPERFECTIONS llCAXIMUM PERMISSIBLE LIMITS 
(Cenenl Deacription) 

CllECllS lso.. long 

t"ACE KNOTS Not .oce than l in l.6a len«Jth x 200 .. vidth. A 
MARGIN KNOTS pcoportlonal Number of lnota •hall be Peraitted on othec 
THllOUGll KNOTS Lenljtha and Wldtha Providing the lnot doe• not Eaceed l/8W 
EDGE KNOTS or l/lT or 2S... whichever 1a leaat. 
AARI S KNOTS 1/2 Per•itted for Sound Tight Knot.a or io ... whichevec is 
HOLES OK LOOS£ KN01'S leaat. 

R£SIN STREAKS ISO- Long ind1v1du.lly 
RESIN l'OCK&"1'8 150.. Long 1nd1vldu.lly 
ReBlll 8LISTEllS 150.. Long 1nd1v1du.lly 

WANE Not per11itted 

SAf'WOOO •er•itted 

END SPLITS 1/2 w 

SHAKES Not per111tted 

STAIN Not Peraitted 
-

SOUND HEART !PITH) Not peniitted 

SLOPt: OF GRAIN P•r•icted 

SPRJNC l ... in J.6 Length 

BOW l ... in J.6 Length 

TWIST Not per11itted 

DIICOLOURATION Peraitted 
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-m••caLllT 
~ ,..... AS2Cll2 - 1119 - v-.., ~ Gredld .......... lor Slrudur8I .._...._.. 

2 ,,_.,...,. ..._ ASICIO - 1173 - -.,.., Slresa Gr9ded Aedlllla Pine 1or S1ruttur91 ~ 

3 ~ ......... AGC.0- ,., _._,. DollllM Flr(OreganJ Md S.... w..i.m Hemlocl(c.n.a. ""'9) • 
C. ...... ._.at,...._ - C.9.LflO. T.- ~ND. '8. 

• 

• 
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REVIEW OF TIMBER STRENGTH GROUPING SYSTEMS 

William G. Keatin~/ 

1 . INTRODUCTION 

To the casual observer it aus+: see11 strange that in S0111e countries. 
particularly those vhere foreata are an obvious major natural resource. 
the structural use of tillber laqa vell "'=;1ind the level attained by 

other cor.struction .aterials. There are probably •ny reasons based on 

economic. technical and even cul bral aspects why this is the case. One 

noon surely -t be the problea involved in presenting structural data 
to the end-user in an appopriate fashion whenever there is a 111Ultiplic­

ity of species involved. A technique devised to mini•ize this proble111 is 

qroupi ng • 

To qive just a fev •UllPlea of the llaCJTlitu:le of the sroblem. Ponq Sono 
<1974> has listed appr-oxi.ately 2~~ species of merchantable ti.t>er in 

Thailand. Espiloy <1978> notes that in the Philippines there are over 

3000 tillber species of which several hundred are probably potentially 

•rchantable. In Auatra!ia, while there are ~ 80 sr..ecies used 

extenaively, more than 500 apeciea have been classified for structural 

UA <Standards Aaaociation of Australia 19794>. Many of these species 

are sold in •ixtures because of the practical difficulties associated 

vith their identification and aeqreqation, but strength qroupinq is able 

to cope with thia require11ent <Leicester and Keatinq 1982>. 

2. BASIS Of GROUPING 

Euentially qroupinq for structural purposes 11eans the crf:ation of a 
pntferably Mall aet of hypothetical species so that any tillber inay be 

cla.uified within this aet and considered as equivaler1t to one of the 

hypothetical species • 

PrOll a survey of the literature it would appear that ftlany countries have 
either adopted the Australian ayate11 of strenqth qroupinq as described 

by Pearson C1965> and Kloot C1973> or have used it as the baaia for 

developing their ovn ayat .... SOiie of the countries are ~enya, Tanzania, 

Niqeria, Papua New Guidea, Piji, SalllOa ard Solomon Islands. In addition, 

!/An officer of CSIRO, Division of Chemical and Wood Technolo~y, 
Melbourne, Australia. 
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the United N3tions Industrial Developnent Organization has used the 

technique in the developaent of the desiqn of a low-cost modular pref4b­

r1cated wooden bridge. Of course there are many other systems in use, 

but 110St of the well known ones such as those used in Northern America 

are, in the main. concerned with a c011paratively Sllall nllllber of soft­

wooa species. 

3. MOTIVATION FOR GROUPING 

The degree of 1110tivation for adopting a classification syste11 based on 
structural properties varies directly with the m.•ber of species that 

are required to be accClllllOdated. Without grouping, the probJems involved 

are 110St obvious when it comes to publishing desiqn information. Even if 

the dat1 on a large nUlber of species from 8 particular country were 

available. it is often not feasible to publish the relevant desiqn 

information in a readily accessible form. This is where the use of 

grouping techniques makes such data presentation much easier. 

The area of building regulations is one where qrouping introduces advan­

tages that are of particular value <Leicester 1981>. Besides the obvious 

simplification regulations written in terms of groups rather than 

individual species have tables of design properties incorporated within 

them th8t remain fixed. This means that no ir.ajor ch8nge is involved 

should a new timber be introduced on to the market or an existing one be 

reassessed. In Australia the SAA Timber Framing Code AS 1684 <Standards 

Association of Australia 1979b> through a limited set of tables manaqes 

to present spans and sizes of all the timber framing members required in 

domestic housing construction,applicable to all grades for several 

hundred species or species mixtures,in a most convenient format. 

Even in the case Yhere a single species dominates the tiinber construct­

ion scene. grouping in relation to building regulations is advantaqeous. 

The structural properties of populations of timber taken frOlll the same 

species. particularly with plantation timbers. can vary from one forest 
location to the next and can also vary with forest aqe and silvicultural 

practices. Transferring a species. or the production frot11 or.e area, from 
one qroup to another is not nearly as ca11plicated as proarulqating a new 

or additional set of desiqn atressea (Leicester, 1981>. 

.. 
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Interr.ationally an agreed grouping technique could help timber utiliz­

ation generally ard have special relevance to the structural timber 

trade. The UNIDO Bridge Project mentioned previously is a 1ood example 

of grouping applied to the world situation as the set of design stand­

ards based on eight strength classes is directly applicable for 3lmo~t 

any timber in the world. It is not difficult to envisage how other 

examples of technology transfer in the form of timber design codes and 

manuals \IOUld be possible if an agreed or compatible grouping system for 

stru:tural timber was in general use. The grouping technique hai. the 

folloving advantages: 

1. Building regulations are concerned with only limited sets of design 

parameters: 

2. Marketing of structural timber is aasier as it is carried out in 

terms of structural properties rather than by nomination of the 

species ard grading methods: 

3. Hore flexibility is available to the supplier as the range of 

species is much wider: 

4. The entry of new lesser-known speci~s onto the market is 

facilitated: 

5. Trade, both internal ard international, in stn.x:tural timber is 

simplified; 

6. Technology transfer in the form of timber design codes ard manU8ls, 

is easier: 

7. It is much less expensive in time and material to place a species 

in a group than it is to develop irdividual workir¥J stresses: ard 

8. It is possible to group a species, albeit conservatively, based on 
density measuraments alone. 
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4. EXISTING STRENGTH GROUPING SYSTEMS 

It ta proposed to discuss strength grouping systet1a in a few salec-ted 
countries. 

<a> Ayatral\o 
Strength grouping in Australia has been in operation now for mre than 
forty years. Langlands and ThoMs Ct9J9>, in their Handbook of Struct­
ural Timber Design, proposed for Australian conditions four strength 

groups. A species wa& placed in a group according to its species .an 

values as deten1ined from staniard teats on BMll clear specinaens. These 
strength groups were established when there was little infonaation 

available about the properties of 110st Australian species and their 

successful use was possible only because the limits were not closely 

defined <Pearson 1965>. 

The i111petus at that time to establish strength groups cue. as it does 
now. from the need to cope with a larqe ~r of species, 11any of which 

are difficult to identify and 1114ny are also 11arketed as 11ixtures. 

The original Australian strength qrouping system was revised and 
expanded as has been explained by Pearson <1965> ard Kloot <1973>. Prior 

to the expansion of the strength groups. made necessary to cope with nev 

information and new species. Pearson developed a set of working stresses 

that has now become the basis for a strength clagificotion sy&tem. 

Working back fra11 the set of working stresses, it was then possible to 
develop the appropriate strength qroups. This procesa is the reverse of 

the usual procedure for derivinq workinq stresses for on individual 
speciee allowing for duration of load, occidental overloads and eati•­

ating the 1\ probability point. 

In the develop11ent of this set of atreuea, Pearaon reported that three 
decisions were required. Firstly, it waa necesaary to decide whether the 

stresses should be in arithmetric or qeOMtric progreuion. Secondly, o 
COllPlmiae was required on the maqnitude of the differences betveen 

aucceaaive streaaea in order to achieve a aatiafoctory balance between 
simplicity a~aociated with hovinq only a few groupe and the qreater 

.. 
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efficiency associated with nuaerous qroups. Finally. the ac~ual value cf 

the stresses had to be decided. 

Cooper <1953) had shovn the nierits of a geometric series for working 
stresses and such a choice had also been recoamended by the Intenlat­

ional Organization for Standardization <ISO> and the Food and Agricult­

ure Organi:zation CFAO>. Accordingly, such a choice wa~ made usmg a 

preferred n~r series with adjacent tenns chosen in the ratio of 1.25 

to 1 for Hodulus of Rupture. This was jooged to be the appropn~.te com­

promise between simplicity and preciseness. Also, as appeared certain. 

the Australian visual grading rules then being developed would probably 

have differences between grades also of 25%. The range of the values 

chosen was such that it covered all the species likely to be used 

structurally in Australia. 

Using the set of velues decided upon as the basic working stresses in 
bending, the values of the other properties were determined from 

reqression equations. 

From this technique has developed Table t, which is the basis of the 

current Australian strength classification systena. 

As described above, the species 11e4n values for clear niaterial for each 

strength group for the critic~l pcoperties were developed for green and 

dry timber and are shown in Tables 2 and 3 respectively • 
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TABLE 1 
DESIGN PRGPERTIES FOR SAWN TIMBER. ROUND POLES AND PLYWOOD 

-------
I I I 
I Basic Basic Basic I Modulus I 

Stress• I herding tension compression I of I 
grade I strength strength strength I elasticity ! 

I I <HPa>** CHPa> CHPa> I (HPa> I 

'--------' I I 
I I 

F34 34.5 20.7 26.0 I 21 500 I 
F27 27.5 16.5 20.5 I 18 500 I 
F22 22.0 13.2 16.5 I 16 000 I 
F17 17.0 10.2 13.0 i 14 000 I 
F14 14.0 8.4 10.2 I 12 500 I 
F11 11.0 6.6 8.4 I 10 500 I 
F8 8.6 5.2 6.6 I 9 100 I 
F7 6.9 4.1 5.2 I 7 900 I 
F5 5.5 3.3 4.1 I 6 900 I 
F4 4.3 2.6 3.3 I 6 100 I 
FJ 3.4 2.1 2.6 I 5 200 I 
F2 2.8 1. 7 2.1 I 4 500 I 

------ I I 

* The insertion of the letter F before each value in the Table 
introduces the concept of stress grade. Stress grade is defined as the 
classification of a piece of timber for structural purposes by means 
of either visual or mechan~ial grading to indicate primarily the basic 
working stress in bending in megapascals for purposes of design and by 
implication the basic working stresses for other properties norm~lly 
used in engineering design. For example. a piece of timber with a 
stress grade of F14 resulting from a certain combination of strength 
group and visual grade would have a basic working stress in bending of 
14 megapascals. 

** These wdues are the reeult of a soft metric conver~ion of a 
prefer~ed series of values in imperial units viz. 5000, 4000, 3200. 
2~·00, 2000. 1600, 1250, 1000, 800. 630, 500, 400 ;>.s.i.. readily 
r~cognisable as the RlO series. 

TABLE 2 
PRELIMINARY CLASSIFICATION VALUES FOR UNSEASONED* TJHBER 

- -------------------------, ---------------, 
I Minimum species mean I 

Property I_____________ _ ____ I 
I ! I I I I I I I 
I I S1 I 52 I 53 I 54 I SS I 56 I 57 I 
I 

I I ___ l _____ l ___ l ____ l ____ l ____ I 
,-----------------------,---!- I I I I I I 
!Modulus of rupture <HPa> I 1031 861 731 621 521 431 3el 
IHodulus of ~l.lsticity CHPo>l16300114200112400!107001910017900169001 
IHax1mum crushing strength I 521 431 361 311 261 i21 181 
I < HPa > I I I I I I I I 
'---···------ _____________ , ___ , _____ , _____ , __ , ____ 1 ____ 1 ____ , 

• As measured or estimated at a moisture content above fibre 
seturation point. 

... 

.. 
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TABLE 3 
PRELIMINARY CLASSIFICATION VALUES t-uR SEASONED* r:~BER 

---
1 I 
I I Minimum spec ie.s ine~n I 
I Property I _________________________________ I 
I I I I I I I I 
I I 501 I 502 I SDJ I 504 I 50~ SDo I 5D7i SD31 
I l __ l ___ l __ l ____ I _____ l __ l ___ I 
I I I I I I I I I 
!Modulus of rupture I I I I I I I _ I 
I CHPa> ! 1501 1301 1101 941 78 £>51 551 451 
!Modulus of elasticity! I I I I I I I 
I CHPa> 121500118500116000114000112500 1050 °~ 1~a179001 
tttaxim\111 crashing I I I I I ' i I 
I strength CHPa> I 801 701 611 541 47 41 -.;1 JOI 
I _l __ l __ l __ l __ I ____ l_l_I 

* As measured or adjusted to a moisture content of 12 per cent 

TABLE 4 
RELATIONSHIP BETWEEN STRENGTH GROUP, VISUAL GRADE 

AND STRESS GRADE FOR GREEN TIHBER 

I 
Visual grade* I Stress grade 

'---------------------
1 I I I I I I 

% I I I I I I I 
i strength I I I I I I I 
I of clear I I I I I 1 ! 
I Nomenclature material I 51 I S2 I SJ I S4 I 55 I S6 I S7 
I________ I __ I __ I ____ I ___ I ___ I __ I_ 
I I I I 
I Structural I I I 
I grade No.1 75 F27 I F22 I F17 I Fl~ Flt F8 F7 
I I I I , 
I Structural I I 1,' 
I grade No.2 60 F22 I F17 I F1~'1 Flt F8 F7 FS 
I I I , I 
I Structural I 1,.' I 
I grade No.J 48 P17 I Fl,'I Ftt I PS F7 F5 F4 
I I , I I 
I Structura 1 I,,' I I 
I grade No.4 38 F14-'I Flt I F8 I F7 FS F4 FJ 

'---------- ---- -'----'--'---- --- --- --
*Australian Standard AS 2082-1977, Visually stess-graded hardwood 

for structural purposes: and AS ~b48-1974, Visually stI"ess­
gI"aded cypre88 pine for structural puI"poses. 

Note 1·t\e interlocking effect <diagonal line> reducing a possible 
28 st1eu grades to 10. 
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TABLE S 
RELATIONSHIP BETWEEN STRENGTH GROUP, VISUAL GRADE 

AND STRESS GRADE FOR SE~NED TIMBER 
----

I I 
I Visual grade* I Stress grade 
I I 
I ' I 
I Strenqth I 
I I of clear I 
Nanenclature material I SD1 I SD2 I SDJ I SD4 I SDS I 506 I SD7 I 508 

1 __ 1 __ 1 __ 1 __ 1 __ 1 __ , __ ,_ 
I I 

Structura! I , 
grade No.1 75 F34 I f 27 F22 f17 F14 F11 F8 

I 
Str ~tural I 
grade No.2 60 F34 F27 I F22 F17 F14 F11 F8 F7 

I 
Structural I .. 

I 

grade No.J 48 F27 F22 I F17 F14 F11 F8 f 7 FS I 
I I 

Structural I I 
grade No.4 38 F22 F17 I F14 Ft1 f 8 I F7 FS F4 I 
------

____ I ______ I _____ I 

• Aust~alian Starid4rd AS 2082-1977, Visually stress-qraded hardwood for 
structural purposes: AS 2099-1977, Visually stress-graded seasoned 
Australian grown softwood (conifers> for structural purposes 
Cexchxiing radiata pine and cypress pine>: AS 1490-1973, Visually 
stre::is-graded radiata pine for structural purposes: ard AS 1648-1974, 
Visually streu-qraded cnress pine for structural purposes. 

By use of Tables 2 and 3, every species that had been or was capable of 

being properly SM1pled and tested by standard methods using small clear 

specimens may be strength grouped. Once strength grouped, conmercial 

pieces of that species can, £allowing visual grading, be allocated a 

stress grade by reference to Tables 4 and 5, 

Fraa Table 1 the appropriate design par81118ters may be determined. 

Because of international agreement on the standard methods of test for 
small clear apeci11ens, it is poaaible to utilise data fran recognised 

laboratories anywhere in the world to place any species into a strength 
group. This has been done for 700 African CBolza and Keating 1972), 190 

South American <Berni et al. 1979> and 362 South-East Asian species 

<Keating and Bolza 1982>. 

... 

• 
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One assessment tha•. is often required in classifying a species from 

Tables 2 and 3 is what to do when the three properties do not all have 

the same classification, A conservative approach "10uld be to assign the 

species to the lowest group iroicated from the individual properties. 

This llUSt apply for many combinations. but there are several for which 

raising the overall species strength group one step above the 101.1est 

aase89111ent is deemed justified • 

Table 6 sunmarises the procedure that is followed indicating that· more 
emphasis is placed on modulus of rupture am modulus of elasticity than 
on ccnpression stre:-qth, 

TABLE 6 
COMBINATIONS OF PRELIMINARY CLASSIFICATIONS THAT PERHIT THE 
OVERALL STRENGTH GROUP ASSESSMENT TO BE ONE STEP ABOVE THE 

LOWEST IN THE COMBINATION 

I I 
I Preliminary classification based on - I 
I I Assessed 
I I I S or SD 
I Modulus of I Modulus of I Haximun I strength group 
I rupture I elasticity !crushing strength! 
, ______ I 1 ________ 1 __ 
I I I I 
I x I x I x+l I x 
I x I x-2 I x-1 I x-1 
I x I x+2 I x+l I x+l I 
1 __________ 1 __________ 1 _______ 1 ____________ 1 

NOTE: Strength group x - ~. is stronger than strength group x: 
e.g. if strength group 54 is denoted by x then strength group 
53 is denoted by x - 1. 

This leaves those species for which the strength data available are from 
less than a valid sample, assessed as a minimun of five trees. or is 

just not available at all. A recent examination by Leicester and Keating 

of the relationship between density and modulus of rupture of seasoned 

timber for 30 species from each of four reqions around the world is 

indicated in Fic;r1.1re 1. 
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150 150 r-----.------r----... 
..Austroba 

Afnca 1 
-S America SE AslQ 1 

o .__I _ __._ __ _.____ _ __, 

0 500 1000 1500 
DENSITY OF SEASONED TIMBER lkg/m31 

O'--'-----'-----...._ ___ _, 
0 'j)() 1000 1500 
DENSITY Of SEASONED TIMBER lkg/m3J 

(IVI Modulus of ruplu~ (iv) Modulus of rupture 

Piqure 1 Rec)naaion line• fer modulua of n.ipt.ure 
versus density of seasoned timber 

On the basis of this relationship, the following table was constructed 
to permit a classification to take place. This gives a rather conserv­

ative assessment, but at least it does allow those species with limited 

data to be entered into the system. In the Australian Standard HP 45-

1979, Report on Strength Groupinq of Timbers, species assessed in this 

fashion are listed with their strength groups in brackets to indicate 

the provisional nature of the assessment. 

• 

.. 

• 
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TABLE 7 
HINIHUH AIR-DRY DENSITY VALUES FROM 5 OR HORE TREES FOR 
ASSIGNING SPECIES TO STRENGTH GROUPS IN TIIE ABSENCE Of 

ADEQUATE STRENGTH DATA 

<a> Unseasoned Material 

I 
I S1 I 52 I 53 I S4 I ss I 56 I 57 I 

____ 1_ __ 1 ___ 1 __ 1 __ , __ 1 ___ 1 ___ 1 

I I I I I I I I 

Strength group 

I I I I I I I Air-dry density at 
12 per cent moisture 
content <kg/ml) 

1180 I 1030 I 900 I 800 I 700 I 600 I soo I 
I I I I I I I 

------- --' 1 __ 1 __ 1 __ 1 __ , __ 1 

Cb> Seasoned Material 

I 
strength group SD1 502 I 503 I 504 I sos I 506 I so7 I 508 I 

·---- --- ___ 1 __ 1 __ 1 __ 1 __ , __ 1 ___ 1 
I I I I I I I 

I I I I I I I 

1080 I 960 I 840 I 730 I 620 I S20 I 420 I 
I I I I I I I 

Air-dry density at 
12 per cent moisture 1200 
content Ckg/mJ> 
-------- -- __ 1 __ 1 __ 1 __ , __ , __ , __ 1 

To this point, diacuaaion has been confined to the .eans of entering the 

strength classification system in Table 1 by wfty of strength grouping 
cOlllbined with visual grading. Direct entry into the system is also poss­

ible through machine stress grading and proof grading. Both these 

techniques are described in a later section. 

<b> United Kinadom 
Details of the system currently urder discussion in the United Kingdom 

to be the basis of the revision of the British Standard Code of Practice 

on the 5tI"UCtual Use of Timber CP112:1967, have been given by Hettem 

<1981>. Briefly nine strength classes have been proposed, Ct to C9, as 

shown in Table 8. 
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TABLE 8 
DRY GRADE STRESSES AND MODULI OF ELASTICITY 

FOR STRENGTH CLASS!S AS PROPOSED FOR 
BS 5268 : PART 2 CHPal 

I I 
I ComJk"ess- I F. 

Strength I ion I ______ 
Class I Bending Tension parallel I 

I I Hean Kin. 
I I 

I 
Ct 2.8 2.2 3.5 I 6 800 4 500 
C2 4.1 3.2 5.3 I 8 000 5 000 
CJ 5.3 4.2 6.8 I 8 800 5 800 
C4 7.5 5.1 7.9 I 9 900 6 600 
cs 10.0 6.0 8.7 I 10 700 7 100 
C6 12.S 7.5 13.6 I 12 100 9 200 
C7 15.6 9.5 15.7 I 14 900 11 400 
cs 19.5 12.0 18.2 I 17 900 13 800 
C9 24.4 15.0 21.3 I 21 500 16 700 

I 

The derivation of thaae stresses and the allocation of the various 

grades of those softwood species in cannon ~ in the Uniled Kinqdom to 

the appropriate strength classes was based on a tesUng pr-ogram using 

stnx:tural sized timber. The ran;e of species tested in this fashion did 

not inch.de all those in use but for those not yet tested recourse was 

made to the small-clear test data and a ratio applied based on the Sth 

percentile ~esults obtained front the tests on structural sized timber. 

For the softwoods visually graded to BS 4978:1973 'Tillber grades for 

Structural Use'. the two visual grades, GS General Structural ard SS 

Special Structural, cater for most of the imported softwood species have 

been allocated to the CJ and C4 strength classes respectively. The grade 

ratios <i.e. the canparison with clear strength values> for these two 

grades are considered to be 0.35 and O.SO respectively in bending 

CHette11 1981>. 

For tropical hardwoods that will alao be included in BS 5268 only one 

grade, HS Hardwood Structural, is sropoaed with a grade ratio in bending 

of 0.67. As with the softwoods the basic atreuea were baaed on a cm­

bination of test data frOll 811all clears ard the 5th percentile values 

obtained from teatinq of structural aized tillber. 

• 
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Cc> Philiooines 

In the Philippines a system has been developed that is very similar to 

the Australia strength grouping systetn in that it is based or. the 

results of small clear tests and adopts a preferred number progression 

with an interval of 1.25 bet1.1een the base numbers CEspiloy 1977). Hou­

evar it was judqed that there IJOS no need to cover the same range so 

only five grouJ)S have been chosen. The advantaqes of the grouping system 

according to Espiloy, are: 

Ci> Each menaber species 1.1ithin a class can substitute for the other, 

thus in a way overcoma the problem of supply. 

Cii> The traditional bia3 aqainst the lesser-known species is easily 

overcome when these are grouped together with the mere c0111110n 

species. Hence, this system will help engineers and architects 

familiarize themselves with alternate species by specifying that 

any timber within a given class may be u..qed inste6d of specifying 

the timbers by name. 

Ciii> It will overcome the problem that is usually encountered in 
identifying sawn ti'llber of similar physical and strength 

characteristics. 

Civ> Grouping will simplify design and specification procedure and 
thus facilitate the fonulation of a comprehensive building code 

for structures using solid wood. The grouping scheme will form a 

rational series that will fit closely with timber grades. With 

this system, only a few sets of working stresses are adequate to 

cover the proposed strength classes and grades of timber. 

The limiting averaqe values for classifying a species into one of the 
strength classes, Ct to C5, are given in Table 9. 

A procedure has been developed to cover the case when the pr-operty 
value• for a particular apeciea do not all fall within the same st~ength 

cl au. 

___ J 



- 150 - TEW/22 

TABLE 9 
HINIHUH STRENl.iH-CUSS LIMITS FOR GROUPING PHILIPPINE 

TitlBER SPECIES 
-----··-----

I I 
I Moisture I Class of t fod>er 

Property condic- I --------ion I I 
I Ct I C2 I CJ C4 cs 
I l ___ I 

Modulus of rupture in Green 800 630 soo 400 315 
bendiny Ckg/e1112 >- 12% HC 1250 1000 800 630 500 

Modulus of elasticity 
in bending <1000 Green 130 100 no 60 0 46 0 
kg/cm2 > 12% HC 160 120 95 0 73 0 56 0 

Compression 91ll"allel Green 400 JOS 2JS 185 140 
to grain Ckg/cm2) 12% HC 650 500 385 JOO 230 

Compression perpendic- Green 90 0 56 0 25 5 22 5 14 0 
ular to grain Ckg/cm2) 12% KC 135 90 0 58 0 37 5 24 5 

Shear parallel to Green 100 80 63 0 50 0 40 0 
grain < kg/c1n2 > 12% KC 140 110 85 0 65 0 50 0 

Specific gravity• Green 0.670 0.545 0.450 0.365 0.300 
12% KC 0.710 0.580 0.475 0.385 0.315 

------ ---
• Based on weight when oven-dry and volune at test 
• 1 kg/cm2 = 0.098 MPa 

< d > Sqyt.h 6merico 
Five South American countries, Bolivia, Coll.111bia, Ecuador, Peru and 

Venezuela under t~ auspices of the Andean Pact have in recent years 

undertaken a comprehensive testing program aimed at developing a set of 

qr~.de rules and a strength grouping system applicable to the reqion. 

This was the subject of a detailed report by Centeno C1978>. In this the 

advantages of a strength grouping system are stated as follows: 

<; > it permits the introductior. of a large nl.111ber of new little-used 

species to the buildi1'l9 industry; 

< iD it allex1s;;. a more homogeneous, balanced and rational exploitation 

::>£ the forest: 

<iii> it allex1s the limitation or elimination of the vices implicit in 

the selective exploitation of a few precious species: and 
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Civ> it drastically simplifies the use and c011111ercialization of wood 

as a constn.JCtion 111aterial. 

As a result of the above stuiy, these five countries have agreed on~ 
single visual grlMiing rule for structural hardwood ard a strength 

qrouping system compC"ising three strength grnups. The wrkl~ stresses 

derived for each strength group were arrived at after taking cognizance 

of both the results available frOll small clear testing of 72 species and 

the testing of approximately 1500 beams of structural size timber 

representing more than JO species. 

The proposed working stresses for the three strength g • .-oups are as given 
in Table 10. These values are derived by taking the 10\lest 5th percent­

ile value for the group. The 11ini .. Modulus of Rupture values are then 

divided by 2.1 to account for accidental overload and the effect of dur­

ation of load; a further reduction of 10 per cent is applied to account 

for a further size effect. The Hodulus of Elasticity values are the 

averaqes taken directly from the teata without further llOdif ication. 

TABLE 10 
PROPOSED WORKING STRESSES Ckg/cm 2 >* <Centeno 1978> 

. ·------- ---
I I I I E 
I F c I Ft F. I F. I Hcx:iulus of 

I I Fm I Comp. I Tens. Comp. I Shear I Elasticity 
IGrouplFlexurel Para. I Para. I Perp.I Beams Joints! Eo., Eo.o' 
1_ __ 1 _____ 1 1 ___ 1 __ 1 I __________ _ 
I I I I I I I I 
I A I 220 I 170 I 160 I 60 I 20 I 25 I 140 I 110 
1 _____ 1 _____ 1 ___ 1 ___ 1 I _____ I ____ , _____ I _____ _ 
I I I I I I I I I 
I B I 170 I 130 I 120 I 4 5 I 16 I 20 I 120 I 95 
, ___ , ___ , ___ , ____ , ____ 1 _____ 1 ____ 1 ______ , __ 

I I I I I I I I I 
I c I 1 JO I 100 I 90 I 30 I 12 I t 5 I 90 I 70 
l ____ l ___ I I 1 __ 1 ___ 1 ___ 1 ______ 1 ____ _ 

1 kq/e11 2 = 0.098 ltPa 

For a new species to be .:laasified under the proposed system it is 

reconnended that at lee.st 60 beallS be tested in t"irci point bending and 

that the 5th percentile MOR values CllOdif ied as above> and the mean HOE 

values be used to detenaine the correct strength group by direct 

co.llparitson with the Table. A species may be allowed in a particular 
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group when these parameters are no more than tOt lover than the values 
indicated. 

During the course of the te'3ting srogru it va2 oh9erved that basic 
density was a good indication of strength ard as a consequi>nce basic 

denaity is now iropoaed as a method of positioning a species in a group 

on a pr-eliminary basis. The li•its selected ~aking a conservative 

approach vere aa given in Table tt. 

TABLE 11 
LIMITS FOR BASIC DENSITY Cg11/e11l) 

FOR EACtt STRENGTH GROUP 

A 
8 
c 

Basic Density• 

0.76 and above 
0.60 - 0.75 
0.44 - 0.59 

* Basic density is the denisty of timber cciculated from the green 
Cor fully saturated> volune and the mass when oven dry. 

An interesting approach taken in the developaent of the single visual 
grading rule was that the limits set on size and location of defects 

should permit an averaqe mill to produce 50-60% of acceptable structural 

material. The remainder cf the mill output would normally be suitable 

for non-structurahlpplications in housing such as sheathing ard joinery. 

As a consequence of the acceptance of the above syste111, a Timber 
Constuction Manual has been produced and industry has expanded as is 

evidenced by the establishllent of nine factories producing prefabricated 

houses in the five countries concerned and the construction of a 
"10ocf/cement par.el plant in Ecuedor. It is noteworthy that the various 

qovernments support the rules and are incorporating them into the 

relevant building codes.!/ 

The incentive for the Andean Pact countries to develop a stress grading 
and qrouping syat• vu the assistance it would provide in overcoming 

the sedous housing shortaqes, the need to utilize a valuable resource 
and the need to create a.ploynient. 

!/As stated during the ~xpert Group Meetin8 on Timber.Stress-Gradin~ an~ 
Strength Grouping,

0

Vienna, )4-17 Dec~mber 1981. 

• 

.. 

,. 
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<•> nexico 
In Kexico <Davalos 1981 > develop19nt of a simi)lified set of grading 

rules is close to being finalised. The SO cinus species in used 

throughout the country have for convenience been treated as a single 

species group. A large in-qrade testing program <5000 full-=-sized pieces> 

ia in irogresa to determine the appropciate working stresses for the t.wo 

qradea of structural tillber considered necessary. Up until now. North 

Allerican grading rules have been used but their validity has been 

queried Jl('CMtpting the above teating progam • 

The proposed grading rules have been framed so that, on average, mill 
output would be JO per cent of the top grade, 40 per cent into the 

aecond grade, with the re11ainder qoing into non-structural applications. 

If this break-down can be i-eflected throughout the country there would 

be sufficient production to fulfil the needs of the local market. 

The tentative design values based on the tests to date for the two 

•U!JCJ•ated qradea of pine are given in Table 12. 

TABLE 12 
TENTATIVE DESIGN VALUES FOR MEXICAN PINE Ckg/cm 2 >* 

--- ------- ·---
1 I I I 
I I Bending I I 
I I___ _I Hean I 
I Grade I I H of E x 10J I 
I I Single Load sharing I I 
I I Kembers I Members I I 

'-------'-------'--------'------' I I I I I 
I A I 140 I 160 I 11 S I 
I B I 80 I 90 I 90 I 

'--------' -----' '------' 
• 1 kCJ/C11 2 = 0,098 ltfa 

Jnveatiqationa are also under WClY in an attempt to obviate the need for 

visual grading, A TRU-qrader has been purchased from South Africa and is 

currently being evaluated in the field. 

Also being exa11ined is the indication that for Mexican conditions the 

within mill variation is larger than the regional variation. If this is 

the case, sampling wil 1 be much simpler than previously thouqht and 
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considerably less expensive. This could be of interest to the countries 
with a wide9pread pine resource. 

In Hexico it is felt amongst research workers that the lack of a suit-­
able timber grading syste111 is the min reason why industrialised housing 

using timber framing has not become established. It is felt that timber 

frame construction could help considerably t0 lower housing costs below 

those incurred with traditional masonry materials and so make home 

ownership accessible to a larger proportion of the pop.ilation. 

Cf) other Countries 

There are several other countries, particularly those with a hardwood 

reSOtlrCe, that have strength grouping systems similar to or based on the 

Australian system. In canada and the United States grouping techniques 

are used for the comparatively small nl.Jlllber of species used structur­

ally, but the degree of refinement attempted appears to have little 

relevance to the problems of developing cc~ntries. However, in the 

broader sense, much of the research work emanating from both canada and 

USA has important implications for other countries but with the proviso 

that naturally most of the work is on softwood species. Of particular 

interest are the developments arising as a result of in-grede testing 

research programs and the detailed studies being llndertaken to determine 

the dllration-of-load effect. 

Cg) SUlllnary 

While the strength grouping/stress grading systems described so far vary 

somewhat in the way they have been developed and are being utilized they 

still have much in c0111110n. Fir"stly, they all use a sma!l ni..unber of 

groups to cater for a comparatively large number of individual species, 

secondly they each aim to estimate the influence of defects on strength 

and stiffness, and thirdly they are all bazed on visual grading. Their 

commonality becomes more obvious when working stresses are developed for 

some well known species using the different systems. Having regard to 

the lack of accuracy inherent in the concepts as a whole the end-results 

are very similar. 

It is when attempts are made to bestow Gn any of the systems a degree of 

precision that is really not there, nor warranted, that apparent 

discrepancies arise. 

• 

• 
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5. EXTENSION OF nfE GROUPING TECHNIQUE 

Ca> Joints 
It hna been found that qrouping is 4180 o very useful technique in 

developing the basic loads applicable lo metal fasteners <Hock 1978l. 

When revised. the Australian Timber Engineering Code will be using the 

following classification system based on basic and air-dry density as 

llhovn in Table 13 • 

TABLE 13 
PROPOSED HINIHUH DENSITY FOR JOINT STRENGTH GROUPS 

Green timber 
I 
I Seasoned timber 

~~~~~~~~~-'--
! 

Group Basic density I Group 
<kg/ml> I I 

'-----------~--' I I 

Air-dry density• 
Ckg/m3 ) 

Jt 750 I JDt I 940 
J2 600 I JD2 I 750 
JJ 475 I JDJ I 600 

I J4 I 380 I JD4 I 475 

'----------------'~--------------'-----------------'--~------------
• Density at 12% RW'>isture content after reconditioning 

An example of its application to nailed joints is given in Table 14. 

Cb) Poles 

From Tables 4 and 5 it can be se-en that if the product under consider­

ation had only one visual qrade and one moisture condition, then a much 

simplified new table would be possil~e. This is the case with pol~~ if 

they are qreded to the Australian Standard. 

On the basis of a large pole testing program carried out by the Convnon­

wealth Scientific and Industrial Research Organization CBoyd 1962> poles 

from mature trees are considered to be in a single grade, the next above 

the 75% grade. As poles are normally regarded as unaeasonf'l'd, then Tobie 

4 leads to Table 15. 
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TABLE 14 
PROPOSED HINIHUH PROPERTIES OF NAILED JOINTS 

LOADS ARE FOR 2.8 11111 DIAMETER NAILS IN SINGLE SHEAR 
------·- ---

Green t illber Seasoned timbet-" 

I 
I Hinimt.111 value Hinimun value 
I 
I I I 

Group I I Load at I Group I Load at 
I Haximl.lftl 0.4 • Stiff- I Haxillllllf 0. 4 nun 
I load I displace- ne.::a I load I displace-
I CN/nail >I ment modulus I CN/nail >I ment 
I ICN/nail> I I CN/nail> 

--' I I I 
I I I I 

Jl I 2170 I 685 1220 I JDl 1920 I 925 
J2 I 1710 I 505 895 I JD2 1490 I 700 
JJ I 1330 I 365 650 I JDJ 1170 I 530 
.J4 I 1050 I 270 480 I JD4 905 I 395 

TEW/22 

Stiff-
ness 

modulus 

1420 
1110 
875 
680 

'----'----' '--- -- I 

" Approximately 12\ moisture content 

TABLE 15 
CORRESPONDENCE BETWEEN STRENGTH GROUP AND STRESS 

GRADE FOR ROUND TIMBERS GRADED TO AS 2209-1979 

I 
Strength qroup I Stress grade 

I 
I 

51 I F34 
S2 I F27 
SJ I F22 
54 I F17 
SS I FU 
56 I F11 
57 I F8 

I 

NOTE: The equivalence expressed is based on the us\Jllption 
that pol•• or lOCJ• are from Mture tr .. a. 

• 
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Cc» Plwood 
A ai•ilar develop11ent ia possible with plywood. In the Australian 
Standard 2269-1979 for atructur-al plywood <Standards Association of 

Australia t979c> visual grading rules for plywood veneer are specified 

so that their strength is roughly 60 per cent of the clear wood strength 

when the maxiRUI perMissible defects occur. With this prt?rt?qU1s1te 

aatiafied, the stess qrade for a plywood may be derived from any one of 

the following three parameters: 

C i> the strenqth qroup of the timber veneer: 

<ii> the density of veneers: or 

Ciii> The stif£.-.aa of the plywood sheets. 

Table 9 shows the relationship between these parameters and the plywood 
atreaa qrade. In this table, the modulus of elasticity refers to the 

I 

value of stiffness of solid wood parallel to the qrain that must be used 

in cmiputing the stiffness of the plywood sheet. 

TABLE 16 
GRADING PARAMETERS FOR PLYWOOD STRESS GRADE 

·---------------------------------
I 
I Grading parameters* 

'~-------- I 
Hodulus of I ' Plywood I 

stress I 
Grade I 

I I 
I I 

Timber 
strength 
group 

'----------'-----
FJ~ 
F27 
F22 

Ft? 
F14 
Ftt 

F8 
F7 

sot 
502 
503 

504 
sos 
506 

SD7 
908 

elasticity IHini•um air-dry 
of plywood I density 

sheet I Ckg/mi) 
I CHPa> I 
'-----------'------
' I 21 SOJ 

18 500 
16 000 

14 000 
12 200 
10 500 

t 200 
1 080 

%0 

840 
730 
620 

I 
I 
I 
I 
I 
I 
I 
I 9 too s20 
I 7 900 420 

-------- -------'---------- -----
• Only a of the three qrading parameters need be used 
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Cd> Nor.-Structurol Prooerties 
There are several properties that may be classed as non-structural. e.g. 

durability and shrinkage, but are still of critical importance to the 

engineer. Suggested methods for classifying these have been made by 

Keating < 1981 >. 
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THE PROPERTIES AND END USES OF A RANGE OF 

WOOD-BASED PANEL PRODUCTS!/ 

Kevin J. Lyngcoln~/ 

TEW/7 

The range of uood based pone I products has grown dramat:r:al ly during the 
last 20 yec"lrs. There have bePn many new WO<.Jd based panel ',Jroducts intro­

duced and, through technical innovation, modifications to PKi~t.ing wod 

based panel products since the World Consultation of Wood-P.ased Panels 

held in New Delhi in 1975 C9>. In 197(l, there were three basii:- types of 

wocod panels, plywr:iod, particleboard and hardboard. In 1982, the basic 

t.y~s of wood based panels and variations within each type include 

r;riPnted strnndbo.:trd COSBl, medillll density fibreboard <HOF>. structural 

flak~hoards n~i waferboards. composite panel~ as well as innovations 

within the conventional plywoorl, particleboard and hardboard prnducts. 

ThP. objPctivP.~ of this paper are: 

1. To describe the main types of wood based panel products in terms of 

wnod material, geometry and adhesive binder. 

2. To compare the 1118in structural properties c.;f each product type. 

1. To relate the phy3ical and mechanical properties to the suitability 
of Pach product to perform satisfactort ly in .:t range of end uses. 

mainly in construction. under the range of climatic conditions 

experienced in the Asia-Pacific region. 

It became obvious when ~t:udying the references that to meet the above 

object iw~f' it: woulti be necessary to conunent in detail on the various 

3pproachP.~ to the structural application of wood based panels which 

exist currently. The approaches range from traditional prescription 

standards to straiqht performance stftndards and combinations of both. 

Jt also was dP.cided to segregate the Jlenels into basic groups, stnrtu­

ral and non-structural based on the long tel"l'P durability of the adhesive 

binder. This pa~r will deal moinly with structural wood based panels. 

!/This lecture was first pre~ented in New Delhi during FAO's Technical 
Consultation on Wood-based Panels held 13-17 January 1981, and is 
reproduced with FAO's permission . 

. YEngincc·r, Plywood Association of Auscrnlia. 

,, 
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Finally, it wa~ decided that before any of the above objectives could be 
dealt with some of the reasons for the developnent of the neu 1.1ave of 

lolOOd baaed panels, particularly those aimed at structural applications, 

should be considered. 

Based on the literature reviewed, it must be stated at the outset that 
this paper does not provide detailed answers to all of the question~ 

po~ in the iJroad objectives. Koreo•1er. it is expectP.d that b great 

deal of additional research. in son.e cases of a fun:k;nental naturP. will 

be required to obt~in accurate answers. The paper provides a review and 

shows additional areas that need researching if any country in the As1a­

Paci fic region i.s to optimise its prcxi\JCtion of uood i.lesed pane!s to 

suit its application requirements relative to technical ability, avail­

able cdpital for investment and peo~le and forest resources. 

REASONS FOR DEVELOPMENT OF ALTERNATIVE WOOJ BASED PANELS 

Since the mid 1970s, there have been considerable ~ffort~ made, p...'rticu­
larly in North America. but also in Europe, to develop struct11ral \IOod 

based panel products to replace plywood jn construc~ion applications. !t 

is suggested C24> that the l--easons for tile lrend can be categorised and 

analys2d ~s far as the North American industry 1s concerned under the 

htadi~s 'Technology Rated - Developmer.ts'. 'Raw Materiol Developments', 

'Market 0£velopm~nts' ~nd 'Political Developments'. 

~ega~--ding techTYJloqical developments, ~t is suggested thdt in North 
America, although the techoology has existed for many years t.o produce 

high C?Udlity performance non-veneer wood based panels on a laooratory 

scale, it is only recen~ly thdt prcxiuction scalP. te~hnology has bean 

able tu duplicate this acceptable quaiity level hi commercial ql.J8nti t­

ie2. The recent rapid process development has occurred due to the 

following raw material, market ard polit1ca~ developments. 

The raw material pressures t.o change, result from the incre~sen cost and 
lower availability of high quality peeler loqs. The peeler Ing pric-e.s 

continued to inflate for the fi1·st time in hi.story thcf'lugh thP rP.cent 

Nnrth American recession. Simultaneously there is an avail6bility of low 

ccst, pr~iously ignored secondary species such as trembling aspen in 

C4nada and spruce and li.qht hardwoods in the upper mid-west of the USA 

I 
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u!t.h density .Jrrl flaking characteristics which make them attractive la'> 

the new breed of structural wood based panels. 

It i~ believed noteworthy that with the availability of louer cost plan­
tation softWOlld species in Australia and Neu Zealand and high quality 

rau material availability in Malaysia and Indonesia, these trerds 

tO'h'artl~ the developn1?nt of other structural 1omod panels inchxiing fibre 

aligned particleboard, have been minimal in those countries. 

TM incr-eased :>eeler log price and reduced availabi1ity to the North 
American plyYocxl industry has resulted in a higher priced, louer quality 

plywood in the marketplace. Therefore, rn tradition.'.!! uses such as roof 

.:ind wall sheathing ani subflooring, plywood no longer holds the dominant 

competitive edge that it has held for decades. So as not to lose these 

l.Rge volume markets to competitive non-wood panels, traditional plywood 

producing ~cmpanies have developed the lower cost \lood based alter-native 

auch as oriented 3trandboard, structur-al f lakeboard, waferboard r.;d 

COHPt.Y•. 

Finally, in North Amer-ic:'-3 there has been a philosophical change in the 
type of standnrd •1sed for wood panels. The traditional prescri'_Jticn 

apprn..1ch as detailed in Product Standard PSI-74 C48l and ANSI AS 208 

c 26 > Ms been .euppl emented by the acceptance of APA perform.':nce rate 

panel~. Performance stand'lrtls for specified appli.;ations faci 1 itate 

speed acceptance in to building codes of a wide range of panel types and 

production techniques. 

It ie believed that performance standards must relate cloaely to end use 
;md the climate under which the panels are to be used. The development 

of performancP standards in North Amecica will be discussed in deta!l 

I ater i r, t.hus paper. 

Jt must be stressed he1:e that although it can be shown that the above 

reasons for the development of structural wood based alternatives to 

plywood are legitimate and Joqical in North Americ.~ and Europe, before 

an Asian or Pacific country embarks on the production of similar wood 

panels, they would be well advised to ensure the sa.'118 reasoning exists. 
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The nev breed of \lOOd based panels require generally a higher cost. 
higher technology plant and 10\ler labour component. The resultant panel 

is no better structurally than plywood and so foe. does not have the 

proven properties arxl rar.ge of ap}:llications bot:-. external and structural 

of plywood. 

DiSCU8SiGns ~ith lll.3Chinery ~uppliers in Australia have revealed the 
following ratios cf capit~l inveat~Pnt per m1 of panel produced in 24 

hou,:-s and manpo"1er Cr•unber of men> required per ml of panel produced in 

24 hours. 

I 
I 
I Product 
I 
I 

TABLE 1 
CAPITAL ltfVEZ1'KENT AND MANPOWER REQUIREMENTS 

Cml/24 HOURS> 

·------
I I 

capacity I Capital I 
output I investment per I 

24 hours lml per 24 hours I 
(ml) I CUS$> I 

Hanpo\ler/ml 
per 24 hours 

'-------- I '--------I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Pl}'\lood 120 JJ 000 0.42 

Particleboard 100 95 000 
JOO SJ 000 0.20 

Hedi um dens ii. y 
fibreboard JOO 64 000 0.20 

Oriented 
strandboard JOO 64 000 0.20 

Waf erboard JOO n ooo 0.20 I 

- ------- ------------- ----------' 
TYPES OF WOOD BASED PANELS 

The long term durability of a \lOod based panel is closely related to the 
durability of the bond, provided the uood component is protected from 

biological attacks f'ither by the lack of a hazard due to the end use, 
e.q. dry interior, or by preservative treatment if a hazard exists. It 

haa been shown CtJ> that the bond durability is related closely to the 

chemical type of adhesive and the conditions of exposure. It is there­

fore believed reasonable to classify the ranqe of wood based panels into 

non-structural, semi-structural and structural, based on the lonq term 
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durability of the adhesive type and thus the ability to continue to 

c-irt·)· s11slainP.d load under conditions of semi-exposure or cyclic hunid­

i ty change~ as experienced in the Asia-Pacific reqion. 

It is well re~ogni~ that a ~.hort term physical test for bard durabil­

ity related tr .. li:ing term exposure such as the 72 hour boil A bond test 

in AS 20'~8 CJ8> 01· the vacuun pressurt=> soak as detailed in PSJ-74 <48> 

OP.eel also to be c.1rried out to verify the performance of a pllticular 

resin formulot1on within the b:.-oad chemical grouping. It is also trtie 

th.:it before a panel can be classified as structural, physical am mech­

nnical properties must be established. The establistur.ent of these 

pro~rties will be discussed later in this paper. 

It. is believed reasonable, however. that bond durability under the con­

ditions of use ia ~ prime consideration. Table 2 groups the wocd based 

JJ6nels into the above-me~tioned classifications under the climatic con­

ditions prevalent throughout the Asia-Pacific reqion. The basis for the 

dui-.:1bi Ii ty and hencP structural rating, is the research \JOI"k on adhes­

i •:es durability r.ar-ried out at the Forest Products Laboratory, Princes 

R i sborough C 11 ) • 
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TABLE 2 
CLASSIFICATION OF WOOD BASED PANELS!/ 

I I 
Panel type I ~dhesive/bir.der'' 1 I Classification 

I~-- ______ I 
I I 

Plywood I Phenolic - natural or I Structural 
I syrthetic <Pf) I 
I I 
I Helamine urea I Semi-structur~l 
I fonnald~hyde <HUF> t 
I I 
I Urea fonnaldehyd£:: CUF> I Hon-structural 

-------------' I ___________ _ 

Pnrticl~board, random 
orientated, layered or 
hnmogenous. including 
'flakeboard' 

I I 
PF I Structur::\l 

I 
HUF I s~mi-structural 

I 
UF I Non-structural l ___________ _ 

I 
Hardboard <fibreboard> Naturally occuring I Structural 

polyphenolic chemicals, I 
I e.g. lignin I 

___________ I ___________________ I _________ _ 

Hediuri1 density 
fibreboard CHDF> 

I I 
I PF I Structural 
I I 
I UF I Non-structural 

----- _____ 1 _________________ 1 ___________ _ 

I I I 
I Oriented strandboard I PF I Structural 
I cos3 > I I I _______________ I I _______ _ 

I I I 
I Waferboard I PF I Structur-al 
'----~------1 _________________________ 1 _______________ _ 
I I I 
I COHPLY• I PP I Structural 
I I I 
I I Isocyanate' 2 > I -
I ____________ I ------·--'-------------

<1> The adhesive/binder types relative to board type were 
established from a great number of the cited references 

C2) Lack of information on long term durability of igocyanate b1nd~r? 
<17> prevents the classification of this panel at thi3 time 

!/For the further treatment of the suitability of wood-based panels fc1r 
developing countries, see UNIDO document ID/WG.33S/16 "Guidclint.•s for 
the selection of options in establishing wood-based panrl industrirs 
in devl'loping countries'' by a panel of Chinese 1nd UN1DO-appoi11tt•d 
consultants at the SC>mir.ar on Wood-based PanC'ls .ind f:urnirurl' lndus-
t r i <' s, BP i j i ng, China, 21 Marr h - 7 t\p r i 1 l 981 • 
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The various panels types are discussed belO\l: 

<a> Plywood 

Plyvood is defined <41> as 'a panel consisting of an assembly of veneers 
bonded together with the grain in most of the alternative plies at right 

angles'. Ea~h ply consists of a rotary or sliced cut veneer. Plywood is 

manufactured from indigenous or plantation pine!S, e.g. shorea spp., or 

eucalypts. e.g. karri, and combinations of species. Although a typical 

density range is 500 to 750 kg/m 3 , plywoods are manufactured with 

densities ranging from 400 to 1200 kg/m 3 • 

Incii~idual veneer thicknesses for rotary peeled veneer range from 0.8 tn 
4.5 mm. It 1s more usual that in practice vPneer thicknesses range from 

1.0 to J.2 mm. The panels are hot pressed in flat presses and, depending 

on end use, are bonded with phenolic, melamine, ureas or copolymers. 

Cb) Particleboard <including Flakeboard> 

!he variabies in perti~leboard are raw material resource, chip geometry 
and method of chipping, particle alignment, homogenity through the 

thickness, adhesive, density and thickness. With this number of vari­

ables, it is impossible to describe particleboard in anything but broad 
terms. Particleboard can be platen pressed or extruded. The production 

method also affects properties. Each variable is dealt with below in 

general terms CtO>. 

Originally particleboard utilised wood ~aste such as planer shavings, 
chipped lumber and hammer milled veneer which resulted from other wood 

processing or fabrication lines. Although particleboard still has a 

waste component, much is now produced from fot"est thinnings in the form 

of round wood and secondary species which htave been unsuitable for pro­

cessing into timber OI" plywood ~9,10>. 

Chip geometry plays an important pat"t in the basic physical and mechan­

ical properties of particleboard. 

Geimer et al. C10> explain for example, 'dimensional stability was 
closely I"elated to flake OI" particle geometry and quality with best 

• 

.. 
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thickness stability associated with small particles and best linear 
stftbility associated with larqe flakes'. 

TEw/7 

Particles rariqe in size from 50 mm x 50 111111 x 0.5 mm in the case of ring 
flaked particles fraa 50 IMI chips to fine ~rticles 15 l1Wft x 1 mi x 
0.1 n:t resulting from planer shavinqs hammer milled without screen. 

Particleboard may have the particles randomly orientated which provides 
about equal properties in both directions, or have the particles aligned 

to give improved stability and strength in the direction of fibre align­

ment. The boards may be homogeneous through the thickness, or multi­

layered. usually three, to give improved surface characteristics ard 

mechanical properties <10>. 

Particleboards are usually manufactured from 3 1111 to 25 nun thicknesses 

using the platen pressed mat formed process, from 25 mm to 75 111111 using 
the extrusion process and from 2 nun to 9 mm thick using the continuous 

process. 

The densit>· range for what are considered medium density ~rticleboards 
is 650 to 810 kg/m3 • Density above 810 kg/m3 is considered high density 

particleboard, below 650 kq/mJ is considered low density <26>. 

Adhesive binders are similar to plywood, i.e. phenolic, melamine/urea, 
copolymers and urea formaldehydes, depending on the intended end use of 

the board. 

Cc> Honiboord (fibreboard> 

Hardbo4rd is a panel manufactured from inter-felted liqno-cellulosic 
fibres which are consolidated under heat and pressure in a h~t pres~ to 

a density of 500 kq/ml or greater. Other materials may be added to 

improve certain properties such as stiffness, ha~dness, resistance tc 

abrasion and moisture, as well as to increase strength, durability and 

utility (49>. 

Standard hardboard is usually between 800 and 1000 kq/ml density while 
oil tempered hardb:>ard is slightly higher, between 950 and 1200 kg/mJ, 

Both panel types are usually manufactured in thicknesses 3 to 1J mm <9>. 
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Panels fabricata<l by the wet form method, which is used in Australia, 

are smooth on one side only and have a screened back. No binders to 

improve adhesive properties are used in this process. 

Cd> Hedium Density fibreboard CHDF> 

Medil.IR density li.breboard is a panel product manufactured from ligno­

cel lulosic fibres combined with synthetic resin or other suitable 

binders. The panels are manufactured to a density of 500 to 800 kq/ml by 

the application of heat and pressure by a process in which the inter 

fibre bond is substantially created by the added binder. Other materials 

have been added during manufacturing to improve certain properties C27>. 

Uaing the drying process, which is normal in Australia and New Zealand, 

densities are between 600 and 800 kg/ml and thicknesses 3 to 50 mm. The 

adhesive binder is usually urea formaldehyde which renders the bond 

unsu~table for structural applications. Discussions with researchers 

3uggest that by adding phenolic or tannin based binders a durable 

strurtural p.:inel can be achie1ed CS>. 

Ce) Oriented Strand.board COSB> 

OSB is a specialised particleboard product. It is manufactured from 

aligned strands of wood which possess much greater length than width. 

Typical dimensions for an individual strand are 40 mm in length by 6 mm 

in width and 0.4 mm thick. OSB is usually a three-layer board in which 

the top and bottom layers are oriented in the direction of the panel 

length while the inside layer is aligned in the direction of the panel 

width. In essence the OSB configuration mimics plywood's construction. 

Usually the two outside layers each contain 25 per cent of the wood 

particle and the centre layer 50 per cent, 

OSBs use liquid phenolic resin at a.bout 5 to 6 per cent on a dry sol ids 
weight for weight basis. An average density value for OSB is 680 kg/ml, 

The usua.lly available thicknesses for OSB range from 8 to 20 nun <4,24>. 
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<£> W4ferb9ard 

Waferboard is manufactured generally, as previously reported, from lol.' 

cost secondary species available throughout North America. The most 

common species is trembling aspen, however spruce and some lower density 

hardwoods are also used. The ability of the species to 'flake' properly, 

as is the case with the above-mentioned species. is a prerequisite of 
suitability for wafer.board production. Ra.diat.a pine possesses fair flak·-

ing characteristics which may be significant as far a.a the Asia-Pacific 

region is concerned. 

The particle size used in waferboard production is generally large rela­

tive to other particleboard types. Particles 40 to 75 mm square by 0.775 

to 1 mm thick are standard. The boards can have the wafers randomly 

orientated or aligned depending on the properties of the board that are 

requir'ed. Normal waferboard has a thickness range from 12 to 25 nun and 

average density of 660 kg/ml. Waferboards are usually manufactured 

commercially usirg powdered phenolic resins <23,24,46). 

<q> COHrLY 11 

COHPLY' refers to a range of panels consisting of basic&lly a phenolic 

bonded particleboard overlaid on both sides with veneer. The core may be 

rando~ly orientated particleboard, OSB or waferboard. The fibres in the 

core mar be aligned at right angles to the direction of the face veneer 

to give improved dimensional stability in the cross direction. 

The panels can be made in a two pass operation by f irstlr manufacturing 

the core and then gluing the overlay veneers in a second operation. One 

US m1.1nufacturer is using a one pass operation by pressing the veneers 

and particle mat in one pressing. Thi:- company is using isocyanate 

adhesives. COMPLY• has a density ranqe which depends on veneer species 

and core type. From the literature <24> 630 kqlm' appears to be an 

averaqe value for material produced from US southern pine. Presently the 

thickness ranqe in COMPLY• appears to be between 12 and 25 mm. 
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STANDARDS 

RPfore comparing the physical and mechanicbl properties and applications 
o[ the wood based panels described in the preceding section. it is 

necessary to ca.nent on the types of standard~ under lolhich \IOod based 

panels have been ronufactured and marketed. and .:my current changes in 

thP philosophical basis for these standards. The reasons for chanqe are 

also .:in important issue which is tied to structural properties and 
application. 

Until relatively recently all wood based panels have been manufactured 
~nd marketed universally to prescription type sta~s. Prescription 
standards .3re founded on the philosophical base that if tte ingredients 

and manufacturing processes and methods are rigidly enforcL>d then the 

product wi 11 have known perfonMnce. The US and Australian standnrds for 

plywor..d CJ9,48) and particleboard <27,.(J) are representative of this 

type of standard. 

Prescript.ion or manufacturinq standards have been used reasonab}y succ­
essfully for structural timber and plywood in countries where a small 

number of species are used, e.g. USA, canada and Finland. In the Asia­

Pacific reqion. du& to the multitude of available species !e.g. 90 

:.;pP.cie~ .1re available to the Australian Plywood industry>. prescription 

~tan:lards are inherently conservative and restrictive. The conservative 

arrl restric~ive nature of prescription ~tandards in countries with a 

larger number of available species is due to the necessity to qroup 

species C16) so that unit stresses need only to be applied to a few 

groups rather than a mul~itude of species, e.g. AS 2269 CJ9> has unit 

stresses for eiqht stress grades rather than for the 90 individual 

available species. ine qrouping method .leads to a lowest COllllftOlll denomin­

ator approach based on the properties of the weakest species in the 

group and is restrictive because every nev available species 11UBt be 

test.ed so that it can be aasiqned to a group. 

The Australian Standard AS 2269 has endeavoured tn overcome the r.estric­
t~ve and conservative nature of the prescription approach by includiOC? a 

performance .. ction. The performance teat is used to eatabliah the 
stiffness CHodulus of Elaaticity E> of any plyuooa panel manufactured 

from any species or qroup of species. 
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Then, becauae of the veil establish~ relation!'hip between lE\ .2nl the 

ot.httr hi8ir .111trength pro1-"1Prti11a, a 9radt• 111.21·k •'·'" bta ~ppl 1Pct. Thea qrecfo 

11ark ha• ~a.~ociettKI unit ~tr~Haaa prpscribf.d in lhe atandard. A product­

ion Mch ir1~ • etresa gnsdeC" • haa been cevP. loped to c-ar-ry out the st i ff­

neaa sorting. Althouqh the mchine gC"eding h~s reduced the conservative 

arv.i restrictive nature of the preSL~ip~ion approach to ~pplying unit 

atreaua to Australian plywood, it must no~ be overiooked that its use 

is baa.td ~n t~e relaticnship between (E> and the other strength proper­

ties which was established by a qreat nllnber of tP.sts. 

Preacciption ~tandards were a reasonable basi:-:i for the staoo.~rdisation 

of reconstituted wocJ products ~hile th~ pdnels uere U8t!d for non­

structural ~Pr·licati.ona such as dwr skinn or furniture where the major 

.;".nr:aideration waa finish. not 3tructur-6l perfor·m.:ince. F-::ir the reasons 

!!uhstanliated previously i'1 this J);'per, par-ticlel..oard. OSB. uaf erbcard. 

HOF and COHPLYI! no' are b2ir.g aimed at structural meorket.~ aa plywood 

tiltol""'14tivo::s p'!rticularl)· in light fr~cd. constn:ction. To fac~ litatP 

th.e acceptance of ~hese prcduds q·1ickly into building rC<]lJlations an..i 

,11,J as not to be over con.'3ervat ive or restrictive in the:..r a:npi ic3tDn, 

there is a ..achool nf thought in Nortt-. Americl'I., Austnl ia 'i'>d Ne1.J leai..tnd 

(1,23,28,30,:,7) th.1lt fo5t.er.!!- pedor:-rMnce stan1hrds ag..,inst ;_;~s trndit­

ional prescription apprtJ.i.ch. 

A perforJ11ance standard is d~f ined by the Americari Plywood As~ciatlc.·, 

C1 > aa follows: 

'A )»rfort11ance atandoU'd i& oriented t0,1ards the ~r.u use cf the pc-oduct 

and does not prescribe by i.1hat. m~ans the i;.roch .. c~ wi 11 be Manufocturec!. 

The overall ohjective is to assure, fgr ~ J2P..rt .... 1 . .culer elid us§. that the 

product will satisfy the requirements or ·;.he f\pplication foe which it 1g 

intended. To do this the per'forr.iance crited~ m•.•st addre'ls the crilica l 

attributfts of the product that will elasure at.ccessful performance in ~he 

iMrket p).tace. Thia nscesait.ated the develo;imeril of new and innc ... ative 

teat Mthods, each linked to field requit~eme11ts. Therefore, under 

performance tesi:.i.ng the qualification process correlates the attl"ibute.s 

of the product to the ir.arket ploce • . 

To qualify under pedorniar1ce testing, I!} p,;'odui:t .t3 evaluated to 43cert­

ai.n its compliance with a &el"i68 of pedonnam:e requirement.a relative to 
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a specific end use. The product must dPmonstrate for example that struc­
tural adequacy, .st.:tbility and durability necessary to perform in 

service. Simultaneously, properties s4~h ns density, internal bond, arxi 

~trength retention are also mPasured. A product specification is written 

based on the$e latter properties, that can be easily measured on a sus­

tained quality control basis. The minimum values are set and a mill 

must, through internal quality control, make sure the minimum values set 

in the product spPcification are achieved. The mill is independently 

31.JCiited then on a regular basis to ensure firstly, the mill's quality 

control is operational and secondly, that a sample of the product when 

tested still meets the desir~d performance criteria. 

ThP ~PA alrendy has performance standards for roof and wall sheathing 
and sin..:; le layer flooring. The Australian particleboard industry has a 

performaracf' st.andani AS 1860 forsingle layer flooring C 37>. 

It must be strc~sed that performtlnce standards must be tied closely to 

specific end use and do not allow for the application of unit stresses. 

There i3 no G.oubt, ho\lever, that it is possible to assign un~t. 3tresses 
to reconst~tuted wood based panels using the prescription method or 

machine grading methods described abovP <31 ), The problems confronting 

the end use of this traditional approach are the larqe range of products 

available the volume of testing that needs to be done on an industry 

basis, large coefficients of variation <Cv> across an industry leading 

to low unit working stresses, the time required to carry out testinq and 

statistically evaluate the results and the continuing introduction of 

new products. 

If reconatitutP.d wood produ~ts are to be truly ett·uctural panels, unit 
stLess~s must be applied. It is believed by some <24> that one solution 

is to set up standard test methods and statietical baP.PS for applying 

unit stresses which can then be applied to specific products by individ­

ual companies. This approach seemu sensible. The followinq quote really 

suns up the North Americ;:sn scene and the structur.11 use of reconstit\lted 

panels generelly C24), 
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'lt is unclear whether dissP.mination of enginee~ing design values for 

the neu p.:.inels wi 11 be h.:mdled more ~:.:peditiou.::-:ly •1ia the peeformance Clr 

the prescription route. The former will requ1r? edch manufacturer to 

.state end support design values for his prnrh1r:-t, \Jhi le the latter could 

t~ managed so that single 'ialues could bP used to represent the products 

of all manufacturers producing like products. Con~jrlerble work has been 

done towards the derivation of allowable stress values for panel prod­

ucts in support of the latter approach'. 

STRUCTURAL PROPERTIES 

It bec.ime apparent from studying thP references that unit stress value3, 
sometimes termed basic ~ork1ng stresses were availohle for plywood only. 

For compar.1ti ve purposes there fore it became necessary to compare the 

st.ructural properties of the panel types listed in Table 2 using me.ln 

values for Modulus of Elasticity and Modulus of Rigidity and average 

ultimatP. value3 for the remaining struc-tural characteristics. 

TablP 3 give9 an average or range of average v.:ilues for Modulus of 

Rupture, Modulus of Elasticity, average ultimate tension, compression 

and panel shP.:u- strengths and the Shear Modulus <Modulus of Rigidity>. 

The values given in Table 3 were extracted from a great num~r of the 

sources listed in the r·eferences. Where no in,fnrmation could be found, a 

dush is shown in the Table. 1he values in the table ure ultim~te average 

mean values and aI:"e for comparative purposes only. The values must not 

be used for engineering design purpose.!!!. 

It is bP.lieved noteworthy that internal hond strengths were not included 

as the literature showed the values published by P.iO ( 9) need~d no 

rnoci if ica t ion • 

The values in Table 3 for fibre aligned boards 01 plywood arf parallel 
to the grain or direction of fibre alignment. The values for other 

randomly orientated particleboards or fibrebc.~rds are parallel to the 

length of the panel. 



TABLE 3 COHPARTSON OF STRUCTURAL PROPERTIES 

-------------------------------, ----------------------,----- I --, -
I Modulus Modulus Ave. ultimatelAve. ultimatelAve;ulti111ate1 Modulus· 
I of of tensile I compressive I shear I of 

P~mel type I rupture elasticity strength I strength I strength I rigidity 
I I I CHPa> <panel I 
I < HPa > 'HP a > C HPa > I Of Pa> I shear> I CHPa) ______ !________ I I _1 ____ _ 

PlY'"'ood 
Australian 10"1 density CF 1 )<t> 

Australian medilml density CF,4) 
Australian high density <Fz2> 
USA West CllaSt 

USA Southern coast 

I I 
I I 
I 28.4 9 100 22.7 I 
I 46.2 12 500 36.3 I 
I n. 5 16 ooo 56. o I 
I 29.0 9 600 - I 
I 27.5 9 600 - I 

21.5 
34,6 
54.4 
41.0 
41.0 

S.3 
6.8 
7.6 
6.9 
6,9 

S2S 
625 
800 
590 
590 

--------------'-----·-- ____ I I , ·-----

Particleboard - ranciom orientated 
USA high density 
USA medi\.111 density< 2 > 
USA lOlol density 
Europe inediLll density 

1 I . . . 
I I 
I - I 
I 17-22 I 2750-4000 6-10 
I - I 
I 14.6-28.S I 2500-4000 

1200-1600 

970-1230 
I Aligned three layer I 25.4-55.8 I 9500-11000 

14-34 
8-16 
6-8 

7.3-12.7 
11.7-21.J 

17-36 
9-21 
3-10 

10.2-16.S 
15.2-~6.0 

S.8-7.6 
6. 5-11. 2 

'-------- -------· 
I 
I 
I 

Hardboard. 
Tempered 
St.J.nd~~ 
Medit1t• density fibreboard 
Oriented strardbo.:lrd <OSB) 
Wa f erh..'lard 

! COHPLV 1 

I ___________ _ 

_I I ·---· 
I I 
I I 
I 45-75 I 
I 30-65 I 
I 32-~4 I 
I 34.4 I 
I 17.2 I 
I 31.0 I 

-------'-----' 

5000-6500 
3000-5000 
3300-3650 

q 600 
340t1-4f00 

9 600 

26-54 
21-41 

17.2-21.4 
( :11 

·---------. ----·----
Ct> The ~F> refers to stress grade as detailed ir. ~S 226~ 

26-41 
12-41 

:'0.0-24.8 
( :I ) 

11,0-12.4 

16-20 
, 2-16 

I :I ~ 

8.3-9,6 

(2) Hedi\.111 density particleboaro in the de-nsity rang~ f.50-.?,00 kg/ml is the lftCISt widely llSfld in f:h• US~ 
<1) It is believed these properties would be similar to the fibr.e aligned three layer particleboard 

.. ' 

t 500 

'""" . ..., 
"' 

'""" t"' a: ........ ...., 
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A ratio that is siqnificar.t from the viewpoint of transpor~ costs and 
ellse of hondlinq on site, important in residential building or fonMIOI"k 

applications, is the structural properties of the materials per unit 

Yeight. A~ flexural properties ~~ l·~ually important c-riteria in \lOod 

based parel utilisation, Table 4 details the strength ard stiffness to 

weight ratios of the range of panels under ~onsideration. 

Strength/Weight Ratio = CHodulus of Rupture)/lAverage Density> 
Stiffness/Weight Ratio = CHodulus of Elasticity)f<Averaqe flE>nsityl 

TABLE 4 
STRENGTH AND STIFFNESS TO WEIGHT PATIOS 

I I 
I Average I Strength/ l Stiffness i 
I Product density I weight I weight I 
I I Ckg/m3 l I ratio I ratio I 
I _____________________ I ______ I ________ I____ I 

I I I I I 
I Plywood low density I 520 I 0.055 I 17.5 I 
I Plywoodmediumden~ity I no I o.r.1b:' I ,7,1 I 
I Ply1.1ood high density I 960 I 0,075 I 1~.7 ! 
I ____________________ , __________ , _______ , ________ I 

I I i I 
P"rticleborird I I I I 
R.:rndom o,:ientated medium I 720 I IJ .028 4. 7 

I Fibre 6ligned medium I 720 I 0.055 I 14.2 I 
I ______________________ i ___________ I ______ , _________ I 

I I I I I 
I Hardboard I I I 
I Tempered I 1 075 I 0.047 I 5.3 
I Standard I o.oo I 0,052 I 4.4 I 
I____________ _ ____ ,._, ____________ I __________ I ________ I 
I i I I I 
I Medium density fibrPbnard j 700 I 0.047 I 4.8 I 
I Oriented strandboard I 660 I 0,051 14.5 I 
I Waferboard I 670 0,026 f .. 1 I 
1 r..oHPLv• 1 620 1 o.oso 1 15.4 r 

'~-----~~------------'------~--'~-------'---~--' 

The above rat ioa show that on the basis of stt-uctural properties per 
unit weight, plywood, aligned particleboard, OSB and COMPLY• have 

si11tilar characteristics. Waferboard has poor ratios in both cases which 

probably indicates that the manufacturing installations in the USA and 

<:anada are close to hiqh pop;lation densities rather than near to the 

forest resource. 
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Another major consideration in the strtJctural utilisation of any ti•ber 
or wood based panel is creep. Creep is the Dhility of a material to 

resist increa~s in deflection additional to initial deflection whilst 

•Jnrlpr· sustained dead load. SlP.P.l rloes not creep "1herf"as al 1 tilllbPr and 

1omod bc..:sP.<1 """'' erials do. The creep c-h:1r1tcter-i~t.\cs of timber and plywood 

~·n· WPI l l~st.1hlished, in fact a multiplying fact.or of 2 is applied to 

the ~hort term deflection for dry timber arrl ply\llJoC pri'Jducts car-rying 

sust~in~j load <36>. 

Creep in wood is affected by conditions of e~posure and cyclic huaidity. 
It must be allowed for in any applicstion of wood products involving 

sustained loads. Domestic floors which.carry heavy refrigerators or roof 

sheathirq carrying hot water services are examples of applications 

req•iiring consideration of creep. 

From the liter.:iture received, it appeared that there was not a great 

amou~t of inrormation available on the creep characteristics of recon-

stituted wood products. o~e referel'lC'e <22> doe2, however, compare the 

creep charateristics of three layer flakeboards with random core and 

face flakes aligned in ~hb direction of the p.:inel with Douglas fir and 

southern pine plywood. 

&cause the flakeboard3 were manufactured at Fore~t Products Laboratory, 
Madison. it is assumed they were bonded with phenolic adhesive with 5 to 

6 per cent phenolic used on a dry weight basis. Creep specimens were 

loaded for 90 days under both constant humidity 65% RH at 32•C and 

cyclic humidity 25% to 85% RH at 26cc. The results are given in Table 5. 

TABLE 5 
C1lEEP BEHAVJOUR OF PANEL MATERIALS AFTER 90 DAYS LOADING 

I I 
I I Creep deflection 
I I <additional per cent of 
I I initial deflection) 
I Panel type Density '---------------
1 <kg/m 3 > I I 
I I Constant 1 Cyclic 
I I humidity I hllllidity 

'-------- --'-- '------
1 I I 
I Aspen 745 I 62.2 I 228.6 
I Red oak 745 I 68.9 I 275.6 
I Red oak 795 I 61.S I 248.2 
I Douqlaa fir plywood I 41.8 I 191.2 
I Southern pine plywood I 43.6 I 14S.3 
'----------------- ------··' ·---------' ----------
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The table shows that although plywood has superior crl!ep properties to 

the particlebodrd in question. it is possible to evaluata the creep 

char~teristics of reconstituted wood products by comparing them to a 

material such as plywood with well defined creep characteristics. 

PHYSICAL PROPEPTIES 

The dimensional stability of wood based panels under changes of moisture 
content. sometimes referred to as hygroscopic movement. i~ an important 

physical property because of its relevance to almost every application. 

The linear expansion CLE> and thickness swelling CTSl of each prcduct 

should be known so that correct install~tion methods can be devised 

which allow for hygroscopic movement. 

A good basis for comp~~ison and design purposes is per cent movement per 

per cent change in panel moisture content. Values for a range of wood 

panels are given in Table 6. 

'tABLE 6 
HYGROSCOPIC HOVEHENT % PER % MOISTURE CONTENT CHANGE 

--------- ----------------------------------------
' I Movement % per % HC changP 
I 

• ---------------------·--------Produr.t 
1 I I 
I Length I Width I Thickness 

-----------·-- ---'---------- '·----------'--·------
Softwood plywoaa 3 ply''' 
Softwood ply1JOod 9 ply 
Hixed hardwood pl:f\Jood 3 ply 
Hixed hard~ood plywood 9 ply 
Australian parlicleboard'z' 
US particle.board 

<random oriPntated> 1 > 1 

US particlP.board 
<aligned fihres) 1 >> 

Oriented strandbodrd' 41 

Waferboard 1 • 1 

COHPLY11 •, 

1 I I 
I 0.014 I 0.020 I 
I 0.017 I 0,016 I 
I 0.016 I 0.016 I 
I D.024 ! 0.022 I 
I 0.039-0.055 I 0,039-0.055 I 
I I I 

0.29 
0.27 
o.2q 
0.29 

0,38-0.61 

I 0.046 I I 0,28-0.75 
I I I 
I 0.015 I 0.056 I 0.80 
I 0.015 I I 0.80 
I 0.022 I I 1.60 
I o. 022 I I o. 50 

-----'- 1 _________ 1 ____ _ 

C1> Unpublished data, CSIRO Div. of Bldq Res. ref~rence C6) 
<2> Random three layered particle.board, 650 kg/m> average of 

phenolic and ur-ea bonded 
<3> References <7>, C20> ~nd <24> 
<4> Referenr.e C20> 
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Comparative values for hardboard ard medh.- density fibreboard on a \ 

movement per per cent change of moisture content could not be found in 

the lit.erature. Hovement between JO ard 90~ relative humidity is given 
in the Proceedings of the World Consultation on Wood Based Panels C9>. 

In many applications in which \IOOd based panels are used such as wall 

and roof sheathing ard floor-ing, the thermal conductivity <k> of the 

panel is an important product property. As heating and cooling costs 

becOllle gre.:it@r due to increased energy c'lSts, construction techniques 
which utilise products that provide both structural performance and 

insulation must become more attractive. Wood based penels can provide a 
combination of these c?laracteristics. 

Thermal conductivities for a range of wood based panels are given in 
Table 7 C 47>. 

TABLE 7 
THERMAL CONDUCTIVITIES OF WOOD BASED PANELS 

-------
I I 
I I Thermal conduct-
I I ivities Ck> 
I Product I W/mZ/•C per 25 mm 
I ! t.~ickness 

'- ------------ I 
I I 
I Plywood P.nftwood I 4.S 
I Plywood hardwood I 6.4 
I Particleboard low density I 3 .1 
I Particleboard mediun dermit/ I S.J 
I Particleboa~d high density I 6.7 
' Hardboard stardard I 4.7 I 

I Hardboard tempered I 5,7 
I Hedillll density fibreboard I 4 .1 I __ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

It is believed wafer.bocard, OSB and COHPLY1 would have ai•ilar charac­
teristics to those of medillll density particleboard given in Table 7. Por 

purpo&es of comparison, asbestos cement sheeting, a common building 

panel, has a thermal conductivity of 22 W/m 2/•C per 25 mir. thickness. 

END USES 

It ie intended finally to exa11ine the suitability of each product for a 

range of end uaea and cli11ate cond!tiona experienced in the Asia-Pacific 

reqion. To neqotiate thi• exerct .. , cli11ate conditions fa11iliar to the 
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writer have been aalected <SO>. It is believed. however. that this range 
cover-a mcgt: Asi.-.n ard Pacific clim...ltPs. ThP infnnMt ion given in this 
section is based on the references already cited and the writer's exper­

iences in d2veloping markets for structural plyut'Od <13. 35l particul­

arly in applications in low r-ise domestic dwellings up to two storeys 

high. Table 8 det.:ti ls the four clirnetic corditions u_~ in the exercise. 

The writer's opinions of the suitability of each wood based panel pro­
duct to perform under the ranqe of climatic conditions given in Table 8 

for applications in residential buidings ore given in Table 9. 

TABLE 13 
CLIMATIC CONDITIONS PREVALENT IN ASIA-PACIFIC REGION 
·~~~~--~~~----------------------------------

I 
I 
I Australian 

example 

I I I 
I AvP. I AvP. I Average 
!temp. !temp. I annual 

Humidity lsummerlwinterl rninfall Type I 
I I I r•cl I c•c> I <mm> I 

-----------'---
, _________ 1 ______ 1 ___ 1 _________ 1 

Tropical 
Ccyclonicl 

Sub-tropical 
(cyclonic> 

Temperate 
<warm> 

Tempen1tA 
<cool> 

Oarwin 
Cairns 

Brisbane 

Sydney 

Melbourne 

-----

High all 35 25 864 in 
year 3 mos. 

High summer 25 16 1 132 

High summer 26 8 1 200 

High winter 26 6 1 ~flO 

r 
-------'-----

The reasons for excludirlCJ products from an application on limiting the 

use to particular climatic conditions ore as follows: 

Ca> .lr!£;nal fitments. Woll Panelling. Poor Skins Furniture 

Urea f onnaldehyde ~.()nded panels ~ere excluded in the severe tropical 
envircnnent because of lack of bond durability urder prolonged humid 

corditiona <13, 40>. Particlebodrds with random fibre orientation were 

excluded under tropical conditions due to poor linear expansion and 

thick,,.,.. avellinrJ characteriatica C6, 7, 20, 24>. 

I 



TABLE 9 
SUITABILITY OF WOOD BASED PANEl..S FOR FND USES IN RESIDENTIAL BUILDINGS 

UNDER THE FOUR CLIMATIC CONDITIONS DETAILED IN TABLE 8 
-----

I I I 
I I Application I 
I I --------· I 
I I I I I I I 
I I Internal I I I I I 
I Product Adhesive/binder I fitments I I I I I 
I I furniture I I Flooring Wall I Wet:>beod I I 
I ldoor skins, I Flooring l<~et areas> sheathing I beams I Claddinq I ' 
I I wall I I I ' I . 
I I panelling I I I I I 
I 

1 ____ 1 I 
_, _____ 1 _____ , 

I I I I I .... 
I Plywood Urea f ormald~hyde 2,3,4 , NIS < 1 > NIS NIS I NIS I NIS I 

OCI 

"' 
I Melamine urea formaldehyde 1,2,3,4 3,4 NIS NIS I NIS I NIS I 
I rhenol formald1~hyde 1,2,3,4 1,2,3,4 1,2,,4 1,2,3,4 I 1,2,3,4 I .. 1.,2' 3, 4 I 
I Particleboard Urea formaldehyde 2,3,4 NIS NIS NIS NIS ' NIS I 
I Melamine urea formaldehyde 2,3,4 3,4 NIS NIS NIS I NIS I 

-I Phenol formaldehyde 2,3,4 2,3,4 N/S 2,3,4 N/S I 3,4 I 
- - 1- Hardboard Standard 2,3,4 N/A u i NIA 3,4 N/S I N/S I 

I Tempered 1,2,3,4 NIA NIA 1,2,3,4 NIS I 1,2,3,4 I 
I M.D.F. Ureo formaldehyde 2,3,4 N/S NIS NIS N/S I N/S I 
I Phenol f onnaldehyde 2,3,4 3,4 N/S 3,4 N/S I N/S I 
I 058 Phenol formaldehyde 1,2,3,4 ?.,3,4 2,3,4 2,3,4 N/S I tl/S I 
I Waferboard · Phenol formaldehyde 1,2,3,4 2,3,4 2,3,4 2,3,4 N/S I NIS I 
I COttPLY1 Phenol formaldehyde 1,2,3,4 I 2,3,4 2,3,4 2,3,4 N/S I N/S I 
I '--- I --' 

(1) N/S = not suitable -l 

<2> NIA = not applicable !Tl :c ...... 
--.J 

"' • 
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Cbl Flooring 

Ure.:i bonded prod•tcts were excluded from this structur3l application due 
to lack of bond durability. Melamine fortified ure3 formaldehyde bonded 

boards were exclu.ied from tropi:al and sub-tropical clim..~tes due to lack 

of lonq term durability under domp or humid conditions. Phenolic bonded 

particleboards were restricted from use in tropical areas due to lack nf 

panel stability under moisture content changes. OSB. waferboard and 

COHPLY• were restricted from use in severe tropical climates because it 

is believed that the present APA performance standards Ct> are not· 

sufficiently severe to relate to this environmennt. Subsequent testing 

may prove the use of these three products under tropical conditions. 

Cc> Flooring (Wet Areas> 

Wet areas in a building are described as bathrooms and laundries. 
Because of the likelihood of continued wetting, bo3rds bollded with other 

than phenolic adhesives were excluded regardles~ of climate on the basis 

of lack of bonci durability under wet conditions. Under humid conditions 

sub-floor ventilation must be increased to ollow pa~els to dry out. 

Alternatively, plywoods or other wood based panels used in wet areas 

should be treated against fungal attack. Phenolic particleboard, OSB. 

waferboard ~nd COMPLY• were restricted for lhe same reasons as given for 

normal flooring. 

CJ> Wall SheathiIN (Bracing) 

Because wall sheathing is used to brace the house frame against horizon­
tal forces set up by cyclonic winds or earthquakes, long term stru~tural 

integrity is essential. Panels with other than phenolic bonds were 

therefore excluded f'~om this application regardless of climatic condit­

ions. Standard hardboard was excluded from use in tropic~! and sub­

tropical climates due to moisture uptake and subsequent lack of panel 

dun.bility and dimensional stability C4>. 

Medium density phenolic bonded fibreboard was limited for the same 
reason. OSB, weferboard and COMPLY• were excluded from use in tropical 

environments for the 8411le reasons qiven for excluding them from the 

flooring application. 
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Ce) Webbed Be;ims 

Plywood w;is the only material included for webbed becllllS because it is 
the only material for which unit stresses could be found C39>. To design 

an engineered fabricated product such dS a web l:>Pall. unit stresses are 

essential. 

<f> Cladding 

The cladding application has been restri-:ted to phenolic bonded plywood 
arrl ~empered hardboard due to panel durn.;.Jility. In both cases the p.lneln 

would need to be tr&ated against fungal attack with higher presenl'ative 

loadings and better penetration patterns being required as the climatic 

conditions become more severe. It is recommendP.d that plywood be treated 
with rot preventatives regardless of climatic conditions. The treatment 

is eesential in sub-tropical and tropical environments. Plywood cladding 

in Northern ~ustralia is also usually treated against termites <42>. The 

write~ observed the successful use of particleboard cladding in temper­

ate climates in South Africa and under test al New South Wales Forestry 

Commission Division of Wood Technology, Sydney. 

It is believed extremely significant that although structural wood based 
p3nels and their application in residential building result mainly fran 

applied research efforts in developed countries such as the United 

Kingdom, United States, Canada and more recently Australia, there are 

er.amples of situations where the technology has been transferred to 

developing countries with a qreat deal of success. 

An 2xcellent ex6fllt.1le of this type of technology transfer occurred after 
Cyclone Helli caused extensive property damage and life loss in Fiji in 

1979. With peak wind gusts to 200• km/hr, damage to traditional housing 

in Fiji was Pxtensive. In an effort to minimise future damaqe to hous­

ing, the Fiji Housing Authority in close cooperation with a local timber 

and plywood manufacturer developed a lo~ :ost, cyclone resistant dwell­

ing along traditional lines using locally made plywood and tin1ber. The 

structural design aspects were based on specif icat.ions for cyclone hou&­
ing in Austrolia prepared by the Plywood Association of Australia CJJ>. 

-

.. 
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The low cost duellings CQllPI"ised a tilllber sub-floor. wall fra.e and roof 
frame. Phenolic horded stroctural plywood was used as flooring. The 

walls were clad with 7 11t thick copper chrome arsenate treated struct­

ural plywood. The plywod provided both wind bracing and hold down 

resistance as well as fulfilling ita traditional role of cladding to 

keep thP weather out. Plywood webbed, tim.bPr flanged box .:ind channel 
beams were used over window and door openings to resist Yind uplift and 

trP.ated pl)"'1ood storm shutters were used over Yindows to prl"lt.eC"t oct'up­
ants from flying debris. 

Jn March 1 qeo t.he cost, inch.ding assembly for- the S r.t x S m t.yo-roomed 
dwellir.q was approximately US$3100. According to the Fiji Times, 

14 H4rch 1980, the dYelling contained 98.5% of Fijian made material and 

each dwelling utilised 572 man hours to produce the timber and plywod 

and for erP.ction. Thus the dwelling under discussion used developerl 

country technology in o developing country to provide struc::ttJrally 

improved low cost dwellings ~hi=h utilised a very high percentage of 

local material and labour. Similar developments have occurred in other 

Pacific countries such as Tonga after Cyclone Isaac. 

A major end use for- plywood in Australia is in conc1·ete fonm.mrk. Thirty 

per C"ent of Australian plywood production is used for this appliC"ation. 

The design of plywood formwork is based presently on the availability of 

unit stresses and standardised section properties C34>. It would be 

possible to devise performance tests for this application and this may 

allow other wood based panels, particularly 058, wafer-board and COMPLY• 

to be used as plywood alternatives. The APA was considering the 

developnent of such a performance standard for formwork in 1980 C18>. 

The use of wood panela for fonnvork would be indepr~ndent of climatic 

conditions • 

Finally there is 4 vide range of engineered applications in which ply­
wood ia used already CJ2> auch aa portal frar.ea, containers industrial 

beania, pallets, crates and induatrial flooring which may in the long 

term be open to the other structural wood baaed panels described in this 

paper. These applicatione vill only become available if unit stresses 

are applied to the products, or performance atandards, tied to the 

specific end u.e,e and clinwstic conditions under which the panels are to 

be used, are developed. 
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CONCLUSIONS 

t. The continued development of new wood based panel products will be 
aimed at structural 4pplications. 

2. The new types of products such as 058, waferboard and COHPLY• have 
been dPveloped as plywood substitutes tb utiliae hitherto non-used 

aoo therefore ch-,aper wood resources. e.g. aspen in canada and 
spruce and low density h.:ll'dwoods in USA. 

J, '!'he technology exists to produce panels with similar chdr.1ctPris­
tics to plywood, however, plant costs ar~ higher than for pl}"\lood 

production and manpower requirements are lowef'. These are believed 

primary considerations in Asia-Pacific decision making. 

4. Types of panels produced in a country should depend on the cost and 
availability of raw materials, technology available to the market. 

climatic conditions and availability of building codes. 

5. future structocal applicatiora. of wood based panels requi!"e either 
the development of unit stresses or development of perfonnance 

st.'!ndards that relate specifically to one application which should 

be related also to the climate under which the p.~nel is to be u.C3ed 

or both. 

6. Resecrch is required into the durability of new adhesives such as 
isocyanate& and the performance of n..~ formulations of existing 

adhesives t..ch as phenolic, tannins and copolymers. 

7. Hediun density fibreboards will be used to an even greater extent 
in focniture iroduction. 

nais paper has qiven an updated picture of the properties and appl icat­
ions of a wide ranqe of panel producta and has 80U9ht to qive a guide to 
their application relative to the types of climeatic conditions experi­

enced in the bia-Pacif ic reqion. The end use was biased towards use in 

reaidential buildinqa becauu it is believed that thb is where the 

potential lies in the reqion to best utilise the forest resource to the 

advantaqe of the majority of people. In the final analysis the paper ~~Y 

.. 

. . ., 
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help to provide a basis for decision making relative to the best utilis­
ation nf th~ different typPs of forest re~urre in the are~ keeping in 

mind the available :;tandard of technology Rnd the requirements of man­

power ut i 1 isat ion. 
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PART I STRUCTURAL PLYWOOD 

INTRODUCTION 

Structural plywood is usually fabricated from rotary peeled veneers. The 

veneers are normallly glued toqether so that the grain of adjacent 
layers is placed at riqht angles to each other and the peeler checks lie 
on the inner side of each layer. Plywood panels may consist of pliea of 
different thicknesses. species and grades of wood. The veneers in ply­

wood have sliqhtly different structural properties to the origir.al wood 

because Ci> plywood veneer contains n\llerous peeler checks which are 

partly filled with adhesive durinq the fabrication i:rocesa: Cii> lower 
~isture content to which veneers are dried prior to f alrication: ard 
C iii> natural timber defects are dispersed ord consequently are leas 
detri~.ent.\l to strength. Because alternate veneers are laid with the 
gra:.n at right anqles, plywood sheets are ll'IUCh 1110re nearly equal in 

strenqth in the longitlliinal and perpeMicular directiom1 compared with 

.!SOlid timber. Naturally this also means that in any direction, plywood 
is not as strong as solid tiiaber stressed parallel to the grain. The 

other advantaqes of plywood are Ci> qreater resistance to checking and 
splitting: CH> higher shear strength in planes perpemicular to the 

veneers: am C iii> greater dimensional stability. 

In a tempera~~ climate the equil:bri\.111 moisture content for a t)'J!ical 

solid wood under normal irdoor use is about 12' and the 110isture content 
of the wood in outdoor service 11ay be higher than this. possibly around 

15*. However, p~ywood mde frm the same material would have an initial 
moisture content of only 10~. la a result, plywood in service tends to 

be at a lower moisture content than solid wood and its structural pro­
perties are correspordingly i!llp1:oved. The effect of moisture content on 
the properties of plywood have been found to be very si11Uar to that for 

solid wood. 

Part I of this lecture consists of two sections. In the first section, 
the structural properties of plywood. are diacusaed. In the secord aect­
ion, the deaiqn criterion for structural components uainq plywood are 

presented. 
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STRUCTURAL PROPERTIES OF PLYWOOD 

Basic Strength and Stiffness 

The nature of a strip of plywood is such that the strength and stiffness 

of the plies ti'iat have their grain perpendicular to the direction of 

stress contribute little to the strength and stiffness of the panel. A 

qood approximation to the structural properties can be achieved by con­

siderinq 'parallel plies only'. The structural proi:;erties of plywood can 

therefore be computed once the properties of the individual veneers are 

known. With this approach, plywood can be consid€!"ed as a collection of 

pieces of solid timber stressed parallel to the grain. Thus it is appro­
priate to u~ the same basic stresses for plywood as are used for solid 

timber. 

When the !Jtress is at 45° to the grain of the face ply ard when shear 

stress is considered, the 'parallel plies only' approach is not approp­

riate: the calculation of stress is most conveniently based on the full 

cross-section and the relevant basic stresses are derived directly from 

experimental data on plywood. 

Table 1 sunmarizes the methods used to calculate structurai properties 

of plywood using the ~ve approach. The following points are noted: 

Ca> Tension and Compression Strenqth. For the case of plywood with the 
grain at 45° to the applied stress, experimental data indicate ttlbl 

the tension strength is about 1/6 and the compression strength is 

about 1/3 of the strength of the &a111e timber stressed parallel to 

the grain <compared with an expected value of 112.S>. The low tens­

ion strength is probably due to fracture caused by the dif f&rential 

straining of adjacent veneers. 

Cb> Bending Strength. It is difficult to calculate the bending strength 

of plywood because of complexities introduced not only by the 

layered nature of the Mterial, but also by the nonlinear atresa­

atrain characteristic• of the wood in the cl.lllpreaaion zone. Conteq­
uently it is uatal in enqineerinq codes to apacify that the bending 
strength H of a plywood strip be caaputed according to same ailllJ)le 

procedure auch u the equation preaented in Table 1. 

• 

-
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The ·1)8rallel plies only• approximat~~n is at its uorst when 3-ply 
plywood is used in heroin:} with the grain of the face veneers per­
pendicular to the span. 

Cc) Shear Strength. for plywood there are two shear strength properties 
that are important in structural desiqn. One is the in-plane or 
panel shear strength and the other is the interlayer or ml..l.i.m 
shear strength. 

T:1e panel shear strenqth is reduced by the pnsence of peeler 

checks. Tnis effect is greater for thicker plies and is compensated 
to some extent by glue inf ill into the checks. If a veneer contains 
splits wider than 1.6 11111. it is ineffective in panel shear. An 

approximate formula for the panel shear strength of plywood without 

splits is CCurry and Hearmon 1967) 

Fsp = <1.17 - tv/6.JS>F9 + 4.0JCn-1)/n.tv (1) 

where F is the 1)8nel shear strength of the plywood CHPa>. F is sp s 
the shear block strenqth of solid wood CKPa>. and n and tv are the 
nunber and thickness of the veneers <11111>. 

The rollinq shear strength of most structural plywoods is approxim­
ately the inter-fibre shear strength of the solid wood, but there 
is a slight increase when the veneers are less than 1.6 111n t.hick 

due to glueline effects. 

Cd> Stiffness. The effect of peeler checks in veneer lS to reduce f:he 

1)8nel sheGr stiffness to approximately 80% that of solid wood and 

the tension ot!ffness perpendiculor to ths grain to approxiiaetely 
70% that of solid wood. The glueline makes a small contribution to 

stiffness only for plywood that is less than t.2 11111 thick <Curry 

and Hearmon 1967> • 

The above presentation of the design information is the traditional 
North American Cand Australian> method. The Europeans use a different 

approach which qives working stresaea r~lated to the full croaa-eection 
of the plywood Ce,g. CP 112-Part 2:1971>. With the full cross-section 
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method. the calculation of qeaaetrical propert~es is simpler but the 

working stresses differ for each thickness of plyvood and different lay­

up of veneers. Consequently a greater number cf tubles must be used to 

present the design information. 

Both methods ('parallel plies only' and 'full cross-section') are 

frequently used not only in desicpl codes of practice but also in the 

presentation of experimental data. The readers are therefore advised to 

take note of the method used particularly when COlllparinq information 

from diiferent sources. 

Buckling Strenqth 

An important f.<ictor that has to be considered in the design of plywood. 

perticularly in engineered structural components. is the buckling of the 

ply\lOod panels urxier stress. The dPsiqn procetiure based on small deform­

ation theory involves the use of the elastic buckling load. Good approx­

imation for this load may be obtained from the use of simple v~riational 

methods such as those described by Timoshenko C1959>. These methods have 

been applied w;.th the plywood panel considered as an orthotropic plate 

by Lekhnitskii C1968>. Harch et al. (1942-1949> to solve a variety of 

problem.~ of plywood buckling. A summary of the PlY\IOod plate equations 

aild their appli~ations to buckling problems is given in Part III of this 

lecture. 

Available experimental data indicate that the theoretical elastic buck­

ling load is a good indicator of the start of the growth of large 

lateral deflection. This is not iminediately followed by failure. For 

most cases. such as in compression and shear. the panel is able to sust­

ain loads much qreater than the buckling value. Thus. in d~siqn practice 

the allowable loads must be kept under the bucklir. ~ loads for the 

prev~ntion of excessive deformation rather than for strength re~sons. 

A convenient method of nor11alizing the informatior1 on buckling atrenqth 

is to define two parauters: a stability factor ku and a slenderness 

factor 5
0 

as follows: 

(2) 

., 
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and (J) 

where Fu is the ulti1111te value of the applied stress, FuCs> is the value 
of F for a completely stable system and F .t is the elastic buckling u cr1 
stress of the system • 

A typical example for plywood under compression is presented in Figure 
4. 

The additional strength above the elastic buckling load that 11ay be 

carried by plywood panel elements is amply demonstrated in the figure. 

This additional strength can only develo~ with large deformations and 
can only be made use of if large deformations are acceptable. No theor­
etical estimate of post buckling strength is available except for the 
case of plywood web in shear CPhain and Leicester 1979) and plywood web 

in compression. These estimates are given in Part IV o~ this lecture. 

The derivation of allowable strength for plywood liable to buckling is 
identical in approach to the derivation of design buckling st.rength for 

solid timber components Cwhich has been described in another lecture>. 

STRUCTURAL DESIGN 

In this section. the design criterion for various structural components 
using plywood are described. 

Plywood as Sheathing Materials 

Ca> Floors and roofs. Floors ard roofs are usually deaiqned for the 
most adverse effects from a specified concentrated load or a spec­
ified uniformly distributed load. The three main design criteria 
are strength, deformation and vibration. Strength is rarely the 
critical design criterion for plywood floors and roofs. CUITent 
Australian floor design criterion is based on the floor stiffness 
under a concentrated load. A stiffness of 0.17 11111 per 100 N is con­
sidered adequate for domestic construction for both defo1.11ation ard 
vibration upects <Hack 1978>. A canprehensive report on plywood 

composite panel.e 'or floors and roofs has been compiled by the 
American Pl~ood Association (1978>. 
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Cb> Shear wall. Plywood sheets, ~hen attached to wall frames, form 

effective diaphragms to provide shear resistance. "fhe COlllllOn method 

of connecting plywood to the wall frame is by nailing. The racking 
resistance of this fo1111 of =onstruction is 110Stly controlled by the 
lateral C"esistance of the nails. For tall panels. the racking 
deflection may contC"ol the design Cusually limited to a.bout 8 mm>. 

For large panels with few studs in between. the buckling load of 

the panel may be the controlling parameter. As mentioned earlier. 
the design load should be kept below the buckling load to control 

the gr-owth of lateral deflections on walls which might cause ser­
viceability problems. 

Plf\lood in Engineered Structural Components 

Ca> Plf\leb beams. For both I and box beams, plf\lood is frequently used 

as the web material assembled with qlue or mechanical fasteners to 

timber flanges and vertical timber stif ~en£rs at suppoC"ts and at 
intervals along the beam span <Figure Sa>. 

Glued connections, if carC"ied out properly, usually have adequatt? 

shear resistance at the interface to ensure complete interaction 

between the solid timber flange and the plf\lood web. For the normal 

design range, buckling of the plywood web under shear is not likely 

to be a problem. The shear capacity of the rlyweb beem in any case 
is mtJch larger than the buckling shear capacity of the web alone 

due to the diaqa.ial tension action of the web in the buckling range 

and the Vierendeel truss action of the beam flanges and stiffeners 

CPham 1978>. For nailed constI"UCtion, the load-deformation charac­
teristics of the nail introduce another design criterion for both 
strength and deflection. This creates no problem for the estimate 

of strength but deflection is a much more difficult problem, Booth 
C1974> and Faqeiri and Booth C1976> have outlineci methods to 

account for the flange-~eb joint displacement on the deflection of 
a plywood beam. 

In the computation of deflection of plf\leb be8118 it is essential 
that the shear deflection be taken into account. 

• 
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Cb> Stresa...--d-skin panels. Plyuood atreased-skin panels consist of ply­

wood sheets qluad or lleChanically fastened to the top or to both 

top ard bottOll surfaces of lcn}itudinal timber llellbers. The 
assellbly acts aa an integral section to resist beniing CPiqure Sb>. 

The strength ani deflection of a stressed-skin panel are dependent 

on the strength and riqidity of the joints between the plyvood and 

the longitudinal -i.ra. Tuo special desiqn considerations need to 

be taken into account: Ci) the effect of shear laq on bending 

stresses ard deflection: and Cii> the buckling of the plyvood 
compr-ession skin. ~ shear laq problem is only siqnif icant for 

relatively short apan panels which have the ratio of span to clear 

spacing less than 8. Foschi C1969a,b> has analysed the pr-oble11 ani 

has proposed a correction factor to be applied to the berding 

stresees ard deflection calculated £ran basic engineering formulae 

applied to the full section. 
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Property 

TABLE 1 
STRUCTURAL PROPERTIES OF PLYWOOD ------, ------------,--------------------- --------------------

' Stress direction 
I with respect to Portion of cross-section to be 
I grain direction cJnsidered in computing a~ea for 
I in face plies mornent of inertia 

Strength and stiffness 
<in terms of basic 

values*•> 
·----- '-------- ------------------

Tension 

Compression 

Parallel or Parallel plies* only 
pe~rdicular 
t45 Full cross-sectional area 

---- ----

' 

Basic stress for tension 
parallel to qrain 
0,17 x Basic stress for 
tension parallel to 
qrain 

Parallel or Parallel plies* only I Basic stressin compress-
pe~rd1cular I ion parallel to qrain 
t45 Full cross-sectional area I 0.34 x Basic stress in 

I compression parallel to 
I I qrain 
I ____ ----------- ---------- --------------------------- '---------------------
1 I I I 
I Deformation in com- I Parallel or I Parallel plies* only I Basic value for modulus 
I pc-ession or tension I pe~ndicular I I of elasticity 
I I t4S I Full cross-sectional area I 0.17 x Basic value for 
I I I I modulus of elasticity 

'-- '------'--- ---·- --'------· I I I I 
I Shear through I Parallel or I Full cross-sectional area I Basic shear stress 
I thickness I pe~rdicular I I 
I I t45 I Full cross-sectional area I 1.S x Basic shear stress 
I I ----'--------- -- I_ ---

* 'Par~llel plies' means those plies whose grain direction is parallel to the direction·of principal stress, 
** For stress computation, basic values can either be ultimate or working val~es depending on the design method, 

• • ' 
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Table 1 <contiraJed> 

Colapres.sion perpen­
dicular to face of 
plyuood 

• 

·--------------
Loaded area 

• 

Basic stress in com­
preuion perperdicular 
to qrain 

I 
I 
I 
I 

--------· t t - _, 

Strength in berdinq 

Deflection in 
bending 

Shear def Or11ation 
in plane of sheet 

Shear defOI11ation 
through the 
thickness 

I 

Parallel or 
perpendicular 

The bending moment H shall be 
computed from: 

H = 919P'bCI/ymax) 
where 
g19 = 1.20 for 3-ply plyvood having 

the qrain of the outer plies 
perperdicular to the span 

= 0.85 for all other plywood 
F'b =basic stress for extreme 

fibre in herding 
I = moment of inertia computed. on 

basis of parallel plies only 
y = distance from neutral axis to 

max outermost ply having its 
qrain in the direction of the 
span 

-----. --------· 
Parallel or 
perpendicular 

Parallel or 
perpendicular 

Deflection may be calculated by the 
usual formulae, taking as the moment 
of inertia that of the parallel 
plies + 0.03 times that of the per­
perdicular plies 

Full cross7'sectional area 

I I 
Parallel or I Full cross-sectional area I 
perperdicular I I 

I I 

Basic stress for extreme 
fibre in bending 

------------·-------------·------
Basic value for modulus 
of elasticity 

Basic value for modulus 
of ~igidity I 

·----·- ----' I 
Basic value for modulua I 
of rigidity I 

I -- ____ I __________________________ I _______ , 
--- I 

:-.J 
0 -

""" ~ ..... 
OD 



TABLE 2 
SHEAR lN PLANE OF PLIES 

------- -------------- ------------···-

Type of 
construction 

I 
I 

Position of I 
shear I 

I 

Area to be 
considered 

-------------· - -'--------~-
Plywood beua 

Box be8JllS and 
I-beells with 
plywood webs 

Panels with 
plywood covers 
stressed in 
compression or 
tension or both 

Longitudinal shear 
between plies 
CFiq. 1> 

Shear between plies 
of web or between 
web and flange 
(Fig. 2) 

Shear between plies 
or between cover and 
framing members, 
when <a> depth of 
member exceeds twice 
its width and end 
nogging is used, or 
(b) depth of member 
is not more than 
twice its width aid 
no end noqqing is 
used <Fig. 3> 

I 
I 
I 

Full shear area 

Area of contact 
between plywood and 
flange 

Area of cont,.ct 
between plywood and 
framing member 
<a> Interior me~bers 

I <b> Edge members 
I 
I 
I 
I 

I I 
I Stress direction! I 
I with respect to I Permissible I Ultimate 
I grain direction I str9ss• I stress• 
I in face plies I I 

_1 _________ 1 --'------
1 I 
I Parallel or I 
I perpendicular I 
I I 

0.38 x Basic 
shear stress 

I _I ·------
1 

Parallel or I 
perpendicular I 

I 
I 
I 

±45° I 
I 

0.19 x Basic 
shear stress 

0.19 x Basic 
shear stress 

'-----· 

Parallel or 
perpendicular 

±450 

Parallel or 
perpendicular 

0.38 x Basic 
shear stress 

Basic shear 
stress 

0.19 x Basic 
shear stress 

I 
I 

I 
I 

±45° 0.19 x Basic I I 
shear stress I I 

------•------------------- '---------· --·---------------·----- -'-------~-----' 
• In terms of basic allowable stress, 

• • • 

"' 0 

"' 

-I 
C"ll 
a:: -C» 
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• 

Figure t Lonqib.dinal sheer between plies 

Figure 2 Shear between plies of web ard betwen web and flanqe 

• 

Piqure J Shear between plies or between cover ard framing Mlftbers 
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Figure 4 Buckling of plywood plate under compression 
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I beam Box beam 

(a) 

• 

• (b) Single and c!'luble stress skin panels 

PiCJUE"• 5 Plywood in engineered structural cC111ponents 
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PART II PLYWOOD SPECIFICATION 

MATERIAL SPECIFICATION 

Plyvood Adhesives 

The adhesl.ves used currently in the manufacture of plywood are based on 

synthetic resins ard are all thermo-setting Ci:·clooing cold pressed ply­

wood in which the adhesives are modified to cure at room temperature>. 

As the name implies, the adhesive~ are cured or set by the action of 

heat and once cured are not replasticised by any subsequent heating. It 

is in this way that the plywood adhesives differ from most conventional 

wood uorking adhesives. Commonly used PVA.s, PVCs, contact adhesives and 

animal glues are thermo-plastic. One cold setting adhesive commonly used 

in the boat building industry is resorcinol formaldehyde. This is a 

thenno setting adhesive. 

The principal difference between the adhesives used in plywood manufact­

ure is the degree to which they are waterproof. To ascertain the degree 

of waterproofness of a qlueline the Standards Association of Australia, 

under close direction from the plywood industry and CSIRO, have defined 

a series of bond tests ranging from Type A to Type D in descending order 

of performance. 

Type of 
bond Description Required adbesive 

A 72 hour boil <or 7 hours at Resorcinol/phenol formaldehyde 

200 kPa steam pressure> Phenol formaldehyde 

Tannin formaldehyde 

8 6 hour boil Urea/melamine formaldehyde 

c J hour at 70°c Low extended urea formaldehyde 

D 16 to 20 hours cold 2oak - Hiqh extension urea formaldehyde 

20°C 

• 

• 

.. 
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After soaking as prescribed above. the 9lueline is opened with a testing 

chisel and visually examined for wood failure. The basic requirement 

concerning wood failure is that 50% of the failure 111USt occur in the 

wood for the sample to pass. If this standard is reached the result is a 

plywood in which the 9lueline is always equally as strong as the parent 
wood . 

Type A Bond. 

Plywood manufactured to Type A ~and has a 9lueline which will not deter­

iorate under the action of water or extremes of heat and cold. ·It will 

withstarxl long term st:cesses without degrading in any lo'ay. Plywood manu­

factured to Type A Borxl therefc·- ~ has a permanent. fully waterproof 

9lueline which can be used under Icing term stress in exposed comitions. 

It is ~eadily recognised by the black colour of the qlueline and the 

'Testing PAA Pl}'lJnod' mark. Karine, Exterior and Structural PAA plyYoods 
have this Type A Bond. 

Tyce B Bond 

Type B Bond plywood is incorporated within the exterior standard. How­
ever this type of glueline, due to the adhesives used, will in time 

break down under the 3ction of water or when placed under long term 

stress. The glueline therefore cannot be termed fully permanent. For 

example, the standard suggests that Type B Bond plywood can be used for 

concrete fonnwork with limited life expectancy. 

Tvoe c and D Bond 

Plywoods manufactured to Type C and D Borns are for interior use only. 

Products madP- with this bard must not be rec011111erded for exterior use or 
for structUJ·al applications involving long term stresses, even in inter­

ior applications. The glueline can be readily 1ecognised by its light 

colour and the 'PU Approved Interior Plywood' mark • 

Stamards 

The followinq atardarda cover the products produced by +:he Australian 

plywood irduatry and others which are of interest to the col'\8\lners of 
plywood in ~ustralia. 
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1. Australian Stam,rn, 

The more important publications of the Standards Association of Aust­

r6lia which refer dir'!<:lly to plywood and which are used in the plywood 
industry are as follows: 

Ca> AS 2269 Structural Plyvood. This standard. specifies requirements 

for the construction, manufacture. grading and finishing of stress 

and surface grades of structur~l plywood. It specifies veneer ~1-

ities. bord quality. joints. dimensional tolerrmces. moisture 

content and basic working stresses. 

The standard prescribes three different methads for the determinat­

ion of stress grades for structural plywood. viz -

Ci> species identification 

<ii> density determination; and 

<iii> mechanical stress-grading of the finished sheet of plywood. 

Two surf ace grades. based on veneer quality of the face and back 

veneers, and one bond quality. viz Type A Bord, are prescribed. 

Appendices describe sampling, testing ard acceptance, streas grad­

ing of plywood sheets. physical and mechanical data of structural 

plywood, stress grades for venaer of individual species, and 

inforll'l8tion to be supplied with enquiries and orders. 

Cb> AS 2272-1979 Marine Plywood. This standard applies to plywood manu­

factured for use in the construction of nw-ine craft. Permissible 

timber speci9s used in the manufacture of this plywood are specif­

ied and details are q1ven of quality of veneers, scarf joints and 

f inqer joints and manufacturing tolerances. The type of qlueline is 

specified as Type A. 

Cc> AS 2271-1979 Plywood ard Block.board for Extericr Use. This speci­

fication sets out requirement~ for the construction, 11'18nufacture, 

gradi~ ar'.d finishing of plywood a.id blackboard intended for uses 

where it is exposed to the weather or dam~ conditions. It specifies 

veneer and core strip qualities, bond quality, joints, dimensional 

• 

• 
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tolerances and moisture content. Two bond qualities are specified, 
viz Type A and Type 8 Bond. 

Exterior grade plywod and blackboard may be grooved, prefinished, 

overlaid or preservative treated and/or scarf jointed by aqreement 
between the purrhaser am the vendor. 

Notes: 1. Sampling, testing and acceptance are described in 
Appendix A. 

2. InfOI'IMtion required for enquiries and ordedng exter­

ior plywood and block.boa...-d are set out in Appendix 8. 

J. Good practice for handling and storage of pl)'1il00d am 

blackboard is described in Apperdix c. 

Cd> AS 2270-197~ Plywood and Block.board for Interior Use. This stardard 
specifieq requirements for the construction, manufacture, grading 

am finishing of plywood and blackboard interrled for non-struct1.iral 

uses where the material is fully protected from the weatt.er or wet 

or damp conditions. It specifies veneer and core strip qualities, 

bard quality joints, dimensional tolerances and moisture content. 

Two bond qualities are specified, viz Type C ard Type D Bo:id. 

Interior grad-: plywood ard blackboard may be grooved, prefinished, 
overlaid or preservative treated ard/or scarf-jointed to suit 

individual needs. 

Appendices describe sampling, testing and acceptance, and informat­

ion to be supplied with enquiries and orders. 

Notes: 1. Samplinq, testinq and acceptance are described in 

Apperdix A. 

2. Inforniation required for enquiries and ordering inter­
ioc plywood and blackboard are set out in ApperY.ax B. 

3. Good practice for handling ard a+:.oraqe of pl~"'100d and 
blockboard is described in Appendix C. 
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<el AS 2098 Methods of !est for Veneer ard Pl}'\KIO(f. This stardard 
describes in detail the various tests carried out on veneer ard 

plywood. Methods for determination of moisture content. bord 
quality, resistance of gluel~r.e to micro organism attack. quality 

of scarf joints. depth of peeler check& are given. 

Cf) AS 2097-1977 Methods for Sampling Veneer ard Plywood. This standard 

describes procedures for the sampling of veneers ard plywood am 

specifies the numher of samples required. 

Note: Sampling for properties of preservative-treated plywood and 

veneer is set out in AS 1605 Methods for the Sampling ard Analysis 

of Wood Preservatives ard Preservative-treated Wood, 

Cg> AS 2289-1979 Glossary of Terms Used in the Plywood Industry. This 

standard is a comprehensive reference manual on all terms used in 

U. plyYood industry. 

other Australian Standards used by the plywood irdustry are as follO\ls: 

Ca> AS 01-1964 Glossary of terms Used in the Timber Standards. This 

.CJtandard deHnes technical and descriptive terms used or likely to 

be used in the Australian timber standards. This includes terms 

1.Jsed in plywood standards. 

Cb> AS 02-1965 Nomenclature of Australian Timbers. This lists the 

timbers of Australia arranged in alphabetical order of their stand­

ard trade names given their correspording botanical nane, the e.tat:.e 

in which they occur and other connon names. This standard is v~lu­

able as there always is a certain amount of confusion over names of 

species. 

Cc) AS 1604 Preservative Treated Sawn Timber. Veneer and Plywood. This 

starida.rd defines the hazard and gives the required pene'""."ation 

patterns and loadinga of preservative retentions required for 
timber and plywood if they are to survive the hazard. This standard 

also covers the treatment of veneer and plyvood to i1M1unize it 

agai~t lyctus attack. 

• 
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DESIGN SPF.CIFICATION 

The design rules for plywood artt given in AS 1720-1975 Timber £ng1neer·· 

lrq Code. The 'parallel pli@s only· approach is adopted in this code. A 

working stress for-mat is used and th~ basic values of stress are given 

as basic working stresses. Appendices given in this code allow a quick 

estimate of the permissible bending moment and stiffness of typical 

structural plywood ae well as the buckling strength of plywood diaph­

rarns. The theoretical bases of the buckling formulae in the code are 

given in Parts III and IV of this lecture • 
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PART I I I PLYWOOD PLATE EOUAl'IONS AND EXAMPLES 

OF THEIR APPLICATIONS 

PLYWOOD PLATE EQUATIONS 

Introduction 

Lateral deflections and buckling strengths are usually the properties of 

plyt.1ood elements that are of most importance in structural design. 

Consequently in the following, emphasis is placed on the derivation of 

variational equ&tions that are useful for obtaining approximate 

estimates of these properties. For simplicity. only plywoods with lay­

ups that are synmetrical about the middle surface will be considered. 

The notation and sign convention to be used herein is shown in Figure 6. 
The cartesian coordinates are taken to lie in the middle surface of the 

plate along the axes of elastic symmetry. and the coordinate z is taken 

normal to this surface. The displacement of the mid4le surface in the x, 
y and z directions will be denoted by u, v and w. The forces acting on a 

plyt.1ood element of unit width and length are the membrane forces N , N , x y 
N , the moments H , H , H , the shears V , V and the lateral load p. xy x y xy x y 

PlatP. Forces and Moments 

It is shown in standard texts on elasticity that to the deqree of 

approximation required, the strains e *, e *· e *at any point in the x y xy 
plywood plate are related to the displacements u, v, w by 

(4) 
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and the correspording stresses ax*· ay*• oxy* are 

with 

E * x a • = -,- Ce • + µ • e •> x " x yx y 

E * 
a * = -~- !e * + µ Y* e *) y ). y x x 

a •=G... e * xy L.T xy 

). = l - "TL "i_ T 

CS> 

((,) 

F.x*· Ey* are the Young•s moduli in the x ard y directions respectively 

and have the value EL or Er· ~ ard Ey are the Young•s moduli of 
elasticity parallel ard perpendicular to the grain of the plies 
respectiveiy. µ * andµ • are the Poisson ratios for the plies in the xy yx 
x and y directions respectively and have the value of "TL or µLT' "TL 

and µLT are the Poisson ratios for the plies relative to the grain 

direction and are defined such that 

<7> 

The membrane forces and moments are defined by the following equations 

r/2 
Nx = a • dz 

-h/2 x 

h/2 
NY = J a * dz 

-h/2 y 
(8) 

• h/2 
N = J a * dz 
xy -h/2 xy 

h/2 
"x = J a 1 z dz 

-h/2 x 

h/2 
tL = J a * z dz 
y -h/2 y 

(9) 

h/2 
H = J a * z dz 

xy -h/2 xy 
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where h is the thickness of the plywood sheet. Substitution Qf equations 

<2> into CS> leads to 

N = Hte + ge x x y 

ctO> 

where 

Ht = r/2 CE *IA> dz 
-h/2 x 

h/2 

"2 = J CE •IA> dz Ctt > 
-h/2 y 

"t2 = h~T 
q = hEL µTL/A 

and ex, ey, exy are the middle surface strains obtained from equations 

<4>. i.e. 

au t 2 
e = -- + - c!~> 

x ax 2 ax 

!~ + 1 
2 

e = c!~> 
y Cly 2 Cly 

Ct2> 

au av aw aw e = -- + -- + <--> c--> xy ay ax ax ay 

In plate analysis it is convenient to use parameters EA, E8, At, A2• A3 
defined by the following equations 

<13> 
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H A = ____ l_ __ _ 

t H H - 92 
1 2 

"2 
A2 = --------2 

H1H2 - q 

A = _!__ - ____ g ___ _ 

3 2812 H1H2 - 92 

The substitution of equations CS> into C9> leads to 

where 

a2w ·a2w 
Hy = - Dt ~;2 -a axay 

a2w 
"xy = - c aia¥ 

D - f'2 
CE z2t>.> dz 

1 - -h/2 x 

TEW/8 

<14> 

CtS> 

(16) 

In plate analysis it is convenient to use additional parameters E1• E2 • 

o3 and S defined by the followirq equations 

J o1 = E1h /12>. 

J D2 = E2h /12>. 

(17> 
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From equations C16> ard C17> 

<18> 

Typical Elastic Parameters 

Typical elastic parameters for plywood sheets are given in Tables 3 ard 

4. The elastic constants used in the computation o! these parameters 

Yere chosen to conform with the reca.aendations of AS 1720-1975 ard are 

as follows 

Ey = Ei_IJO, Gi_T = Ei_120, 1£rL = 0.02, ). = 0.988 

Field Equations 

For translational equilibrillft in the x, y and z direction of the element 
shown in Figure 6 

aN aN x xv ---- + ---L - Q ax ay 

aN aN 
__ !l + __ l = 0 

ax ay 

p + avx + ~~l + N !~~ + N !~~ + 2N !~~- = o 
ax ay x a 2 y a 2 xy axay x y 

ard for rotational equilibriun about the x ard y axes 

v = ~~! + ~~!r 
x ax ay 

Equations C15>, <17), <21>, <22> ard <23> lead to the useful field 
equation 

C19> 

C20> 

C21> 

<22> 

C23> 

C24> 

• 

• 
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From equations <9> the following equation of COlllpatibility is obtained 

<25> 

For the analysis of plate problems it is convenient to introduce an Airy 

stress function t defined as follous 

C26> 

it 2t ---- = - N axay xy 

It is apparent that membrane stresses derived from this stress function 

will always automatically satisfy the equations of equilibrillll C19> and 

C20>. Substitution of equations C26> into equations <24> and <25> lead 

to the following field equations that are required for the solution of 

plate problems according to 'large deformation' theory 

Dt 
a4w a4w a4w --- + 20 ------ + D ---
aw4 J itx2ay2 2 ay4 

a2• a2w a2• a2w 
- 2 

a2. a2w = p + (--2> (--2> + c--~> c--2> (----) (----) 

ay ax ax ay itxity axay 

In 811all deflection theory, the riqht hand side of equation <28> is 

taken to be zero. 

Boundary Conditions 

<27) 

(28) 

The inathematical formulation of boundary conch tions that correspond to 

various practical plate edqe conditions are to be found in texts on 
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elastic plate theory. for a straight edge lying along the line y = o. 
SOllle typical boundary conditions associated. with me111brane forces are <JS 

follows 

free edqe: 

fixed edge: 
N = N = 0 x xy 
u = v = 0 ()0) 

aro typical bouroary conditions associated with the bending moments are 
as follows 

free edge: CJt> 

simply supported. edge: CJ2> 

aH 
fixed edge: K = V - --~ = 0 x x ay CJJ> 

Potc~tial Energy Equation 

The strain energy of a defoaned plywood plate, denoted by V , is defined 
p 

by 

h/2 
v = ~ J J ca * e * + a * e * + a * e •J dz dA CJ4> 

P area -h/2 x x y y xy xy 

where dA denot?s an elemental area of the middle surface. Substitution 

of equations C4> and <S> into CJ4> lead to 

v = vb + v P m c JS> 

where 

a2w 2 a2
w 

2 a2
w a2

w a2 } Vb = 21 J { o1 C ---> + D C --- > + 2 C---- H --- > + 2C C --~- > dA C 36 > 
area ax2 2 ay2 ax2 ay2 axay 

v = 12 J (H1e 2 + H-e 2 + 2qe e + H12e 2} dA • aree x --z y x y xy 
(37> 

The potential enerqy of t~ lateral load p, and the boundary membrane 
forces denoted by Q and Q respectively are P m 

.. 

• 

.. 
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sip = - J p.v. dA 
area 

CJ8) 

Q = ~ CCN v + N u> dx - CN u + N v> dyl m '! y xy x xy CJ9> 

If it is assuned that there is no stretching of the middle surface 
during berdinq, i.'!. e = e = e = 0, then x y xy 

V = 0 C40> m 

2 2 
g = - J CN (~~i + N c!~) + 2N c!~) c!~)] dA C41) 

m x ax y ay xy ax ay area 

The method for the derivation of equation C41> from equation CJ9> is 
described in detail by Ti110shenko ard Gere. 

Solution of the Plate Equations 

The plate equations may be solved with the aid of computers by 

conventional nunerical techniques, such ~q the finite difference or 

finite element methods. However, for sheets of simpl~ geometrical shape, 

particularly rectangles, .1!0lut1ons may be mo~e easily obtained through 

methods associated with mathematical series. These are discussed in 

detail in texts on elasticity. The following are examples of the use of 

vari4tional methods to obtain approximate solutions, 

LATERAL DEFLECTIONS OF PLYWOOD PLATES 

For a plat~ loaded only by lateral loads, the membrane forces are 

neqligible at small deflections, ard from equation C21> the field 
equation is 

C42> 

ard the 4J>PE'OJriate boundary conditions ar9 given by equations CJl> to 
( JJ). 
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From equations C35> to <39>. the correspording potential energy 
functional V is 

1 ( a2w 2 a2 2 a2w a2w V = 2 J o1 C--,) + o2 (--~) + 2 <---) <---) 
area ax.I! ay2 ai al 

a2 2} J + 2C <--~-> dA -axay 
area 

Cp.w.> dA 

TEW/8 

C4J) 

An approximate estimate of lateral deflections can be obtained by 

choosing a reasonable deflection shape for u. substituting into equation 

C43> ard then minimising the functional V. 

ELASTIC BUCKLING OF PLYWOOD PLATES 

Only the small deformation (critical elastic> buckling of initially flat 

plates subjected to rnembrar.~ f0rc~~ applied at the bourdary will be 

considered. From equation C24> the equilibrium equation for this is 

ard from equations (35) to <41> the correspording increment in the 

potential energy functional V during lateral deformations is 

where 

C44> 

<45) 

C46) 

2 2 
6Q = - ! J (N c!~> + N c!~> + 2N c!~> c!~>} dA <47> m 2 area x ax y ay xy aw ay 

• 

• 
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where w is the lateral deflection during buckling, and Nx. NY. Nxy are 
the membnme forces that are present just prior to buck l i nq. The 
buckling condition is given by 

AV = 0 ( 48) 

EXAMPLES 

Deflection of Rectangular Plywood Pla~es 

As a first example. the variational met.hod wi 11 be applied to compute 

the deflection of a rectangular plate laterally loaded by a concentrated 

load Pat the point x . y . The plate. sho~ in Figure 7Ci>, has sides 
0 0 

of length a and b. The deflection pattern of the plate will be taken to 

be approximated by 

A . C~~> s1·n c~Y> w = 0 s1n 8 b (49> 

where A is a constant to be determined. The substitution of equation 
0 

C49> into C4J> leads to 

Hence the minimisation 

= 0 ( 51) 

qives 

<52> 

Single term variational solutions of this type typically under-estimate 

the true deflection by 5 to 20'. However, they are simple to obtain and 

are extremely versatile. For example, if the plate is skewed to an angle 



~. 
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8 as indicated in Fiqure 7<ii>. then an appropriate assumption for the 
deflected shape is 

w = A sin (~ Cx - ~y>J sin c~rl 
o a b <SJ> 

where ~ = cotB. This leads to the solution 

~ ~y 
4P sin [- Cx - ~y >J sin C--Q> = --------~---Q _____ Q _________ ~--

Ao 
a b xn4 sin CB> 

(54> 

where 

<SS> 

Uniform End Compression 

The variational method will bE: used to compute the buckling load of a 

rectangular plywood plate under uniform compression in one direction. A 

:limply supported rectangular plywood plate of le>1gth a and width b is 

subjected to a uniform membrane compression N in the direction of thP x­

axis as shown in Figure 8. A suitable approximation for the deflection 

shape is 

C56> 

~here A is a constant and m and n are integers to be determined. The 
0 

subsitution of N = N, N = N = 0 and equation CS6> into aquations x y xy 
<45> to C47> leeds to 

( 5 7) 

(58) 

• 



• 

• 

• 
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where 

01 mb 2 
T = -- (--) .io2 2 

Obviously the mini- value of N is given for the case m = t. i.e • 

C59) 

(60) 

This equation is plotted in Figure 8. A atrip infinitely long in the 
direction of the x-axis. denoted by N •• is obtained from the conditio01 

5N/3r = 0 which gives 

T = 1 (61) 

<62> 

It is apparent fr011 equations CS9> and C60> that for an infinitely long 

strip the plate will b.Jckle into panels of length ach given by 

a = CD D >0•25 b ch 1 2 
<63) 

Thia length will be denoted the cborocteristic byck.lim.. length. 

For the case of a panel with the aides zero y = 0 and y = b clamped, and 

the sides x : 0, &i111PlY supported, a suitable deflection shape is 

w s A ain c!!!!!> c1 - cos c~nKb--~>J o a C64> 

which leeda to the follovinq aolution for an infh,itely lonq strip 

4 
' - ~~--~~1~~ (1- + 61. 
.. - b2 .. 3 Jj 

C65> 

ach = C16 0213 o1>0•25 b (66> 

Sin;l• ter. variational aolutiona of the type derived above typically 

overeatiinate the buckling atrenqt.h by 1 to 10%. 

' ---- ----- - --
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'!'ABLE 3 
ELASTIC PARAMETERS FOR PLYWOOD 

WITH 'EQUAL PLIES' LAY-UP 

I 
I No. of I I i I I 
!Plies I E/EL I ~/~ . E1/EL I E2''EL I fl I ______ , ________ I _____ I _______ I ____________ I _________ _ 
I I I I I I 
I 3 I 0.6667 I 0.3555 I 0.9642 I 0.0691 I 0.4603 
I 5 I 0.6133 I 0.4200 0.7989 0.2344 I 0.2745 
I 7 I 0.5857 I 0.4476 0.7210 0.3123 I 0.2504 
I 9 I 0.5704 I 0.4630 0.6765 0.3568 I 0.2418 
I 11 I 0.5606 I 0.4727 0.6478 0.3855 I 0.2377 
I Q I 0.5167 I o.5167 I 0.5167 I 0.5167 I 0.2300 
1 ______ 1 __________ 1 _________ 1 _________ 1 ________ 1 _________ _ 

TABLE 4 
ELASTIC PARAMETERS FOR PLYWOOD 

WITH 'BALANCED PLIES' LAY-UP 

,-----i---------~----------------------------,----------

1 No. of I I I I I 
!Plies I EA/EL I E8/EL I E1tEL I E2tEL I P I. ______ I _________ I __________ I ________ I I ________ _ 
I I I I I I 
I 3 I 0.5167 I 0.5167 I 0.8792 I 0.1541 I 0.3228 
I 5 I 0.5167 I 0.5167 I O.G073 I 0.4260 I 0.2336 
I 7 I o.5167 I o.5167 I 0.5569 I 0.4764 I 0.2306 
I 9 I 0.5167 I 0.5167 I 0.5393 I 0.4940 I 0.2302 
I 11 I 0.5167 I 0.5167 I 0.5312 I 0.5021 I 0.2300 
I Q I 0.5167 I 0.5167 I 0.5167 I 0.5167 I 0.2JOO 
1 ______ 1 ________ 1 _________ , _______ , _________ 1 ________ _ 

' 
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( a) Coordinate system and stresses 

Displac~ments and membrane fore es 
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Figure 6 Sign convention for axes, displacement, forces and moments 
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• 

Figure 7 Notation for plates 
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Figure 8 Buckling of plyvood plate under uniform canpre11aion 
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PART IV STRENGTH OF PLYWOOD PLATES 

INTRODUCTION 

This part presents a sU1F..a1:y of information relevant to the design of 

plywood in engineered structural components. It includes a sUlllll8ry of 

formulae for elastic buckling loads of plyt.IOOd plates under CC!llllpression. 

bending and shear and e discussion on the ultimate strength of buckled 

plyvood plates. 

FORMULAE FOR ELASTIC BUCKLING LOADS 

Definitions and Notations <see Part III for details> 

Uniform and Compression 

A simply supi:x;>rted rectangular plywood plate of length a and width b is 

subjected to a uniform membrane compression N in the direction of the x­

axis as shown in Figure 8. 

The elastic buckling value of N is given by 

C67> 

wh~re 

( 68) 

with m = 1, 2, 3 ..••. 

• 

• 



• 
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For a strip infinitely lonq in the direction of the x-axis. the elastic 
bucklinq load. N •• is qiven by 

C69> 

It is apparent from equations <67) and <68> that for an infinitely lonq 

strip the plate will buckle into panels of length ach qiven by 

a = CD D >0· 25 b ch 1 2 · <70> 

This length is denoted the characteristic bucklinq lenqth. For the case 

of a panel with sides y = 0 and y = b cla111ped, the buckling load for an 

infinitely long strip is 

C71l 

and the characteristic bucklinq lenqth 

a = C16 D /3 D >0•25 b ch 2 1 <72> 

Edqewise Bendlnq 

A simply supported rectangular plate of length a and width b as shown in 

Fiqure 9 is loaded in edqewiM bending so that the membrane stresses 

prior to buckling are given by 

N = NCC2y/b) - 1J x 

N = N = 0 y xy 

The value of the bucklinq force para.tar N is 

C73> 

Ncrit = C9Jl41J2><.,D1D/b2> Hr+8+C11r>lCr+88+c1tr>J C74> 

where 
r = Cllbla>2 "D1/D2 (75) 

The aolutlon for an lnf initely lonq plate is 

<76> 
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ard the characteristic buckling length 

<77> 

Edge Shear 

An infinitely long siaply supported strip of width b is subjected to 

edge shear force N. as shown in Figure 10. For these conditions the 

plate buckles roughly in skew-shaped panels with the buckling force 

<78> 

ard the characteristic buckling length 

<79> 

Combined Edge Loads 

For- an infinitely lonq simply supported strip of plywood subjected to a 

uniform erd compression Nx, an edgewise bendinq with maximun value Nbx 

ard an edge shear N , an appropriate criterion for the onset of xy . 
buckling obtained from the result of nlllerical analysis is 

CN /N > CN /N >2 + CNb /Nb >2 = 1 x XO + xy xyo x XO 
C80> 

where N , N and Nb are the elastic buckling values of N , N a'.ld 
XO xyo XO x xy 

Nbx respectively if these forces were acting alone. 

ULTIMATE STRENGTH OF BUCKLED PLYWOOD PLATES 

If large deformations are acceptable in a structural design, it is often 

very advantageous to make use of the additional strength above the elas­

tic buckling load that may be carried by plywood plates. The necessary 

large deformation theory for this is outside the scope of this lecture, 

however two particular strl.ictural cases will be discussed to provide 

some insight on large deformation behaviour. 

• 

• 

• 
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Strength of Plywood Plate in End Collpression 

For the thin plate loaded in end COlllpression as shown in Fiqure 11. 

larqe deformation theory shows that with increesinq deformations the 

load tends to be carried by t~o edqe strips of width denoted b 12. tf it 
0 

is aaslmled that just prior to failure the llellbrane forces on the edqe 

strip are NuCs>• the maxilllUI that would be possible for ce11pletely 

stable llellbers. then the average llelllrane edqe force N is given by 
u 

For the particular plywood sheet, the elastic bucklinq load is 

<81) 

C82> 

Furthet'IK>re. if it is 4SSllled that the plate acts effectively as a strip 

of width b
0 

in elastic bucklinq. then 

N = c~2~D1D2/b 2> k u 0 0 
<83> 

Hence 
(84> 

or 
N -~N N u - er u<s> <SS> 

Equation <85> must be considered to be merely an estimate of the panel 

strength, not only because of the heuristic argunents used to arrive at 

it, but also because the magnitudes of initial imperfections and other 

important strength parameters have not been considered. Piqure 12 is a 

qraph of the results of a series of tests on plywood sheets by Karch t1 
AL. <1945>. It indicates that equation <SS> is valid for extremely thin 

plates CNcr/NuCs><0.1>, but that a 1110re suitable fornrula for design is 

N = 0.7 ~N N C ) u er us d6' 

Strength of Plywood Web in Shear 

Consider a slender plywood panel loaded in shear CPiqure 13>, prior to 

buckling the web panel develops both tenaile and direct compressive 

stresses. After buckling has developed, the web has no further capacity 
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to carry extra compressive stresses but further load can still be 

carried by diagonal tension. Hany models for this diagonal tension have 

been developed to predict the post-buckling load capacity but are not 

suitable for application to plywood web beams. For example. the partial 

diagonal tension model CPorter et al. 1975> currently being used for 

steel plate girders has been found to be unsuitable because plywood webs 

do not display the required ductile yield plateau. and because timber 

flanges ar-e. relatively speaking, too thick to form plastic hinges. Of 

the various models available. the complete diagonal tension model CKuhn 

1956> appear to best fit the exper-imental behaviour obser-ved in tests on 

plywood-ueb beams. and this model will be used in this lecture for the 

ultimate shear strength of plyvood webs. 

The ultimate strength Vu of a plywood-web beam will be taken to be the 

lesser of the following: 

v = v + v + v ul e d f 

v = v + v 
u2 s f 

where V is the elastic shear buckling load of a plyvood web e 

C87> 

Vd is the shear caJ'.T}'ing r.apacity resulting from diagonal tension 

strength of the plywood web 

Vf is the contribution of the flanges and web stiffeners to the 

shear carrying capacity of the beam 

Vs is the panel shear strength of a stable plywood web. 

The method used to obtain the elastic buckling load Ve has been des­

cribed in Part III. The stable shear strength Vs, which is the ultimate 

panel shear strength in the absence of b~kling, has been described in 

Part I of this lecture. 

The interaction between the web and the flanges is complex, particularly 

in the post-buckling region and will not. be discussed in detail h.?rein. 

Roughly. the contribution of the flanges to the shear carrying capacity 

for the test beams. denoted by Vf, is eatimated by assuning that the 

flanges act as simply-supported beams witr. deflection matching those of 

the pJywood web under sheor. 

• 

• 

• 
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finally the shear force Yd carried by a diaqonal tension field Nd 
inclined at an angle 8 to the flanges is qiven by 

where Nd is the tension llellbrane force per unit length CFiqure 13> • 

The tension 1118111rane force Nd has a inaxi-.. possible value qiven by 

<88) 

C89> 

where Nt9 is the membrane force of the plywood in the dir'ection 8. and 
NtE is the mellltrane buckling force NE re30lved in the direction 8, i.e. 

The membrane force NtB can be obtained by fitting a curve to the 
following three points of knovn tensile strength CFiqure 14> 

8 = Il/4 

8 = Il/2 

(90) 

C91> 

where Ftu is the ultimate tensile stress of the timber along the grain, 
k is the ratio of areas of effective plies to the gross area and tw is 

the plywood web thickness . 

The expreaaion for Vd is taken so as to qive the hiqhest possible shear 
capacity. This is achieved when 8 is appt"Oximately equal to 15°. For 
this case, equations <88>, C89> and C90> lead to 

C92> 

Fiqure 15 ia a graph of the results of a aeries of tests on plywood web 
beams in shear. It irdicates that the above 118thod of estimating plywood 
web ultimate sheer strength aqrees fairly well with available experi­

mental data. 
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Figure 11 Ultiiaate strength of plate under canpresaion 
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GLUED LAMINATED TIMBER 

Robert H. Leicester!/ 

1 • INTRODUCTION 

Glued luinated tillber, or 'glulu' as it ia often referred to. is 

foaled by gluing together thin laminae to font structural llellbera, often 
of larqe size. In AUBtralia, a greet variety of apec:ies. incll.ding both 

aoftwooda and harduooda, have been UMd for glul•. P.ach apecie·1 baa ita 
ovn particular value in this reqard. Softwood qlul• tends to t..e easier 

to fabricate and therefore will often by the most econmical type to 
uae. while hardwood glulu is often favoured becauae of the specific 
properties of ita timber such u ita aeathetica or natural durability. 

The ;lulu la11inae UMd comercially ranges in thickneu from SO • d~,, 

to veneer thickneu of S • or even leu. In order to foni luinae of 
sufficient len;th, particularly for larqe Mllbera, it is "'8.Jally 

neceuary to 'end-joint' planka of tillber. Because glul• -.bera are 
fabricated frm -11 elements, they can be of any aize or ahape. 

Members lon;er than JO r• and deeper than 2 a have been fatricatad. tfo8t 

c011110nly. llellbera are E'*.~~lar in croaa-aection and are either 
straight or have a unifcxw curvature. 

2. STRENGTH ~IES POR GLULAM 

Early theories of glulu strength were related to the 'IK/IG' concept 
illuatratad in Piqure t. The t... IK refer• to the ... nt of inertia of 
the srojected area of all knob within 150 • of the crou-aection under 
scrutiny: the teni IG denotes the ... nt of inertia of the groaa croaa­
aection. The IK/IG concept is hued on finding the correlation of 

strength with the parueter 1 - IK/IG. The S percent exclusion liait ia 
then used to pr:-adict the characteristic strength ~· By running aurveya 
of knot sizea in tillber .boerda, it ia poaaible to predict the atatiatica 
of IK/IG values that would be exp9Cted for varic:>lm qlulu lay-up8. 

l/offic~r of CSIRO, Division of Building Res~arch, Melbourne, Australia. 
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FiCJUEW 1 Illuatration of the knot ratio concept 
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The IK/IG concept bu been UMd extensively <e.9. Ne.th 1967> but is 
not particularly effective for covering a wide range of para11eters 
<Bohannon ard tloady 1973>. Acconlinqly other strength theories have been 
propoaed. The following will contain a deecription of the theory uaed 

for the Australian Standard AS 1720 <Standards Aaaociatfon of Australia 
1975>. This theory ia bued on the concept that the atrenqth of qlulu 
i• equal to the strength of solid wood, with SOM alight enhancement due 
to one of the following two reuona: 

- there ia a 'local reinforc-nt' effect wherein the weakneas of a 
local defect ia overcOM to .._ extent by the aasiatance of clear 
wood in the luinu on each aide of the defect 

- then i• a 'load aharing' effect wherein the 5 percentile or 
characteristic .trenqth of qlulu ia increased because the joint 
probability of occurrence of MVeral weak luinae is leu than that 
of a aingle piece of 80lid uood of ca.parable CIMJcneu. 



- 242 - TEW/14 

J. THEORY OF LOCAL REINPORCEMENT 

J.1 Strength of Butt-Jointed Glulaa 

A butt joint. illustrated in Figure 2. is easentially the absence of an 
end-joint between pieces of timber that fOl'll a laaina. This type of 
joint ia uaeful for illuat.rating the characteriatica of local 
reinforc-nt, as without such rr>inforc-nt this type of joint would 

have no a'..relllJth at all. 

internal 
butt joint 

~I , --' 
I _, 

~ ·' 
~ 

. -- .~• 

--
~ 

"".! 

I 
edge butt JOIOt 

Pivure 2 Butt jointa in qlul .. 

The strelllJth of butt joints has been diacUllMd earlier. The applied load 
i• stated in teru of a atreaa intensity factor K1 vhich is given by 

K = £ <u>o.s 
I t 

Cl) 

for internal butt joints. The applied nminal ten.ion at.nu ft i• 
stated in HPa unita and the laaina thickneaa a ia atated in •illi•tre•. 
Por eel;• butt joints the intensity factor ia about 40 per cent greater 
than the value 9iven by equation Ct>. 

The critical atr ... intensity factor can be conMrvatively eati•ted 

f ra. 

Krc = o.1s p 

where p ia the density of air dry tillber in kq/•3 unita. 

<2> 

• 

., 
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Equations Ct> ard C2> lead to the value of stress to cause fracture to 
be given by 

ftCult> = o.ts p/C.lla>o.s (J) 

• If there are N butt joints located in the zone of maxilllun stress. then a 

'weakest-link' situation applies. ard the stress to cause fracture of 

the Mllbar is reduced by a factor tf. where a is the coefficient of 

• 

• 

variation of the butt joint strength. ~.'Pically a = 0.2 and hence 

equation CJ> should be modified to reeri 

f = O lS /C 0.5 0.5 N0.2> 
tCult> • P ~ a (4) 

It should be noted that equation C4> indicates that the nominal tension 

atreaa to cause failure increeaes aa the lamina thickness a decreases. 
Por a luina thickneas of a fev 11illi111etres the tension strength is 

cloae to that of structural grade tilllber: however for lamina thicknesses 

in the range that ia ll08t frequently used in most falrication, say 20 to 

40 •. the fracture strength may be ~:ss than a quarter the value of the 

tenaion atrenqth of structural timber. 

Aa would be expected frm the above, 9lulam fabricated from veneer is 
extremely stronq <Bohlen 1972, 1974; Koch 173; Koch and Woodson 1%8). 

Such 9lulu is often referred to as '11icrolam' or 'laminated h.mber 

veneer'. 

J.2 Strength of Continuous Lalainae 

Piqure 3 illustrates schellatically the method whereby the stress in a 

luina, interrupted by the discontinuity cf a defect, may be carried by 

the adjacent laminae provided these are straight grained material that 

is defect-free. Thia is the aam action a.a that associated with a butt 

joint; however in the caae of a natural defect the reinforcement effect 

is 110re efficient as the defect is not as sharply discontinuous as a 

butt joint. 
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PiC)UIC'e 3 Local reinforc1r1nt of a defect 

The •thod for •==uain; the aL"'8n;th of qlulu ia illustrated in Fiqure 

4. Thia evaluation ia Ride in term of the gram ratio of the tillber 

uaed fOC' the luinu; the grade ratio, danotad by GR, ia defined aa 

follova 

<S> 

when Rkq la the S percentile characteriatic value of benlinq atrenqth 
of the qraded tillber and l\c ia the characteristic benlinq strength of 
-11 c:lNr wood apeci ..... 

6 Solid timber strength 
for a grade ratio of 0·6 

I 
I 
I 
I 
I 
I 

Butt Joint I 
strength for specified! 

0 .__...;:l.::am;.;:.:i::,;na;:...:.:th~ic=-k~nes=s...__-....:0~·6=-----.....i 
0 O·S 1-0 

GRADE RATIO OF ·LAMINA 

Pi9\&"9 4 N9thad of eatablimhin; qlulM atnnl)th 

• 

• 
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The evaluation of CJlul• strength ia Mde in the followintJ steps: 

<a> The atrength of butt jointed 9lulaa is cmputed and taken to be Uie 
value relevant to a grade ratio of zero. 

<b> The atrength of clear atructural tillber is detenained and taken to 
be relevant to a grade ratio of 0.6 • 

<c> The CJlulu atnngth for the qrade ratio relevant to thP. laainae 
u..d ia obtairwd by interpolation betveen the values for qrade 
ratioa of zero and 0.6. 

TM above appliu to l»rdinq and tension strength. It is •u18Uled that 
the reinforcwnt effect on coapreaaion strength ia neqliqible. 

lxallplu of the reinforceMnt factor apecified in the Australian 
SUndard AS 1720 are CJiv.n in Table 1. 

TABLE 1 
PlCTOR POR LOCAL REINFORCEMENT 

(After stardarda Aaaociation of Australia 1975> 

I 
I Reinf orc8118nt factor• 

Luina I 
thlckneul I I I 

CM> I Select I Standard I Select I Standard 
I enqineerinql engineerinql engineering I engineering 
I gram I grade I qrade I qrade 
I I I I 
I I I I 

50 I 1.00 I 1. 10 I 1. 15 I 1.20 
20 I 1.00 I 1.15 I 1.25 I 1.40 
5 I t.oo I 1.25 I 1.45 I 1.70 

I I I I 

• Reinforc-nt factor is only applicable to straight 
gra1ned aof twooda 

4. TH! LOAD SHARING UPICT 

The load aharing effect of l•inae conatrained to def<>EW together will 
be di.cuued elaeuhere. It ia a function of the interaction of the load­
defoniation characteristic• of randomly aelected qroupe of luinaa. The 
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enhanc-nt of the 5 percentile strength depends on the apeciea con­
sidered and the following ia a typic.d aet of valuea: 

tuber Load 8tlU'ing 
of luina• factor 

t 1.00 

2 1.14 

5 t.26 

to t.33 

In the Australian Standard AS 1720 CStandarda Association of Australia 
1975> the effective na~ of la.inae for load sharing eatimtes is 
apecif ied aa the follouin;: 

- tenaion •111ller ••• N 

- coll.mn ••• 0.5 N 
- bMll ••• 0.25 N 

where N is the total rulber of la.inae in the .-bar. 

S. STIPPNESS OP Cl.UL.Alf 

It may be e......t that l•inatinq does not affect the atiff nesa 
properties of the luinee. If the laainae are of •ixed species or 

grades, then a conventional analysis uainq the tranafoned aection 

technique MY be UMd to evaluate the deflections of a qlulu b9all or 
the extension of a 9lulam tie. 

6. EPPECT OP aJRVATURE ON B!NDING STRENGTH 

6.1 Effect on Lonqitudinal Streuea 

The effect of lonqituclinal atre .. on atrenqth iH deacribed in terms of a 
curvature factor, denoted by CF and defined as follows 

(6) 

• 

• 
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The effect of thia curvatU["8 factor ia illustrated in Figure 5 and is 
bued on the reports by Fimorn and Rapari C 1959 >. Hudson C 1960 >. 
Koatukevich and ~ < t 964 >. W.rqaard et al, ct 968. 

ex 
0 
t-

~ 

initial 
/"stress 

Cal Initial ltreuu due to fabritation 

1·0 --------.--------. 

·~ 

a/R=0·01 -

0 -------·------
0 o~ 1-0 

PROPORTIONAL LIMIT 
ULTIMATE STRENGTH 

Cit "IGIUrld ....... of the turYDtl#'I fador 

Pigure 5 Effecta of curvature on longitudinal strength 

Pot' a radiua-to-thickneu ratio of too. the bending during fabrication 
can introduce an initial atrua of up to 40 per cent of the ulti•te 
atreRJth of the l•inu. The eff.ct of this is to give a curvature 
factcr u defined by equation "> c.f about 0.8 i-.diately after 
fabrication: thia relax•• to a value of 0.9 after a yeer or ao. 
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6.2 Effect on Trarwvene Straaaea 

Aa di8CUBll8d el....._.. the aJJPlication of a bendinq ... nt to a curved 

llellber can introduce a transverse tenaion atresa which can lead to 
failure by frac:t\re of 1Gn1Jitldinal aplita or checka. An exuifllltion of 
... typical ••llber di•naiona indicfltN that an effective curvature 
factor of about 0.8 uould m obtained through such failure& if the 
Mllbera were to contain through cracka of 20 to JO • in lenqt:h. 

7. DID-JOINTS IN UKINAE 

7.1 Types of Joint.a 

The thrH ll08t cm.only ueed end-jointa in c~rcial iractice are the 

butt. finger and mmrf jointa ill'*rated in Pil)\re 6. 

* It : 51 
laJ Butt Joint 

f i j 
lbl Finger Joint 

~ ;:Ill:: 

~ r 

ltl Start Joint 

FiC)\re 6 Typu of end jointa 

7.2 Butt Joints 

The characteriatic:a of butt joints have been di8C\.1888d elaevhere. It has 

been found that in qeneral it i• unecOTIOllical to place butt joint• in 
tension Mtllbera or vithn the botto. third of beema: the reuon is that 
to do 80 would mc:euitate inc:reued Mllber aizea due to the poor 

atrenqth of butt jointa. 

.. 

• 



• 
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7.3 Finger Jointa 

C\&.TenUy thi• i• the ..t succeaaful type of end joint for ca.ercial 

appHe11Uon. The machinery ~\vailable for fa.br-icating finqer joints is 

quit~ eff.ctiva and reHable. Typically the joints have a strenqth equal 
to that of atruct.ural Ullbar navinq a qrade ratio of abo\Jt: 0.4 and for 
de•iCJn purpoaea •Y be considered to be equivalent to such tillber. 

If a finger joint fail• to qlue effect~vely. it a~t.s as a butt joint 
vith a ~AqUent druatic drop in strerr:-':h. There would appeer to be no 
quality cont...-ol txhnique that vill quarantee that the quanti'::y of 
defect!\ .. finger joint. is a neqliqible sroportkn. such aa 1'388 than 

one in t0.000. Ccmeequently whlan firqer jointed laminae are cae<i for 

critical atructlral Maher& it is rec~n:led that evety folri -.-etfid 
joint mhould be pnx>f teated to erwure its stru:tural inteqrity. 

7.4 scarf Joints 

Correctly fabricated acarf joints have a strength close to that of clear 

wood an:l tht~se j~!nta \.mad to be atr.onqly favoured by the aircraft 

indtmtry. However in the rough enviroR1enb of factories that f alri•.:ate 
building product•. it ia dlf ficult to fatricate sath1fa~ory scerf joints 
havirq ~ act.rf slope of leu than one in 10: furthenaore ineffective 
scarf joints act like butt joints. an:' the proportion of such joints 
tend.a to be larqer than that found in the falricaUon of finger joints. 

Conaeqwmtly ths uae of acarf joints is not qenerally rect)llllended for 

the falrication of critical structural llellbers. 

7.5 SpaciTllJ of !nd Joint.a 

The spacing of butt joints has a aiqnif icant effect on the strength of 

qlulu: this effect can be pndicted accurately throuqh the use of 
fracture 1MChanica theory and has been discussed elaevhere. 

The apacirq of 11Carf joints. if CM"efully fabricated, does not appear to 

affect the tenaion atren;th of qlular.. Cls)'UllOY 1963>. In theory the 
apacing of f iTllJ•r joint.a mhould alao have a neqliqiblB effect. However 
in one experimental .tudy Stickler and Pellerin C197t> found that the 

vertical atacking of finqer joints leed to a loas in strength of 15 per 
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cent; thia we.a probably th» to the fact that c~rcial finger jo1nti!'q 
Mchinu cannot iroduce aufficiently perfect jointa ao u to completely 
avoid the occuuence of at.n• di-=ontin.aitiu acrou jointa. 

8. PABRICATI<ll OP GUJUlt 

8 .1 Patrication Kethada 

Glulu ia fabricated vith a great range of tillber apeciea. In qeneral 

the dif ficultiea of aucceaful 9luil'IJ increase vith the density of the 
timber. 

Cold .. turq qb•• are wt c~ly uaed, am three popular typea are 
the follovinq 

- lrM forMlcWlyde 
- ca11ein 
- re.arcinol 

Urea qlwa are ct.mp but. deteriorate in high tellperattre and high 
tulidity envirormnta, and acme ureu have a qwationable long tera 
integrity. Cuein 9lUM are e•cellent in dry enviI'Olll8nta. but in tu.id 
enviror11enta are proM to attack by fungi. Reacrcinol 9luea have the 
but all-round charecteriatica including stability in exposed 
envirormnta; however tMy are al., the .,.t expensive of the three cold 
•ttin; qluea Mntioned. 

Hot •tting 9luea auch u the phenolica have an excellent atability in 
expoud envirormnta. Tl'9)' an ~llly cured throuih the application of 
radio-frequency tacbniquu. 

Many additiv• to ti.mr • .uch .. sruenativ• md fire retardant.a, 
create diff iculti• in 9lui111J and apecial fabrication techniqwa an 

necewcy for effective 9luing if theM additivu an illS:telJ'Mlted prior 
to the luinating pnx:-. 

• 

• 

• 
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8.2 Quality Control 

Notionally. quality control should comprise the foll<Ninq 2 components: 

- laboratory tests to assess the timber. the glue and the operating 
limits for successful fabrication 

- on-line checks of the fabrication process to ensure that the 

acceptable ra111Je of the operating parameters are not exceeded . 

Parameters of siqnificance include the species. density, surface cordit­

ion and moisture content of the timber; the mix temperature and pot life 

of the glue; and the t•perature. pressure and time associated with the 

pressing operation. tfany of these parameters are difficult to monitor 

continuously. and consequently it is usual to also specify quality 

control checks on samples of the finished product. 

9. COSTS OF GLULAK 

The following example of costs. assessed by one particular manufacturer. 

may be taken as indicative of the components of costs associated with 
the fabrication of glulaa. 

Item Relative cost 

Basic costs 

- timber 55 

- UP glue 5 
- labour 25 

- capital _li 

100 

Extras 

- end jointing 25 
- resorcinol glue 15 
- CCA treataent 15 

- seel "'r ard primer 5 

- patching 20 
- wrapping .2 

85 
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10. DURABILITY OP !XPOS!D STRUCTURES 

Glulu ia frequently UAd for larqe exposed at.roctl.rd, and consequently 
their performnce in •KPOMd coniitiona is frequently a mjor concern. 

Experience has ahovn that e•J8n well qlued 11811bers can deluinate 

alarainqly. 

Probably the 110at u..ful information on this Mtter is to be found in 
the paper by HucJqina and Aplin <1965> who undertook a survey of 57 
Canadian tridqea, fabricated fraa aoftwooda, and up to JO years old. 
Aapecta noted in the llUrVaY incllded the followinq: 

<a> Creoaote preAUr'e tr.at..nt at a retention rate of JO kqlm3 proved 

to be CQllPletely •tiafactory. 

Cb> Severe checkbq occurTed if a miature content differential of 5 

par cent occurred t.tveen th6 aurface and a depth of 60 •· 

Cc) There "'48 negli9ible checkinq on aurfacea protected frm wind and 

rain. A North-South orientation led to -..ch worae deterioration 

than an P..aat-W.at orientation. 

Cd) CCA treat.ant vu auociated with •vera chec:kin;. 

Prom the above, it would appear that the beat protection againat 

deluiination and/or MVere checkinq in expoaed locationa ia obtained 
through illlJl"eqnatin; the tillber \ti.th an oil to deter the two-way 

lhOVWnt of 110iature through the surface of the qlul•. I•JJ['8CJnlation 
with oil baaed additive• can be Mele either through conventional 

ireaaure treat.nt sroceue• or through hot-and-cold bath •thada. nw 
latter proceaa I'8qUin• only the conatruction of a allow, ti.table 
bath and ia particularly 11Uitable for llMbera of awkverd llhape that •Y 
not fit into co•1rcial pruare t.net..nt cylindera. 

• 

• 
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ADHESIVES FOR TIMBER 

1/ R. E. Palmer-

Adhesive bordinq Cqluinq> is but one of the irocesses used in the 

manufacture of certain structural COllpOnents. 

TEW/10 

Bards can be cateqoriaed acl.ordinq to service requirements as 
structural. temporary structural or non-structural •. A structural bord 
has the strenqth ard durability of the wood beinq barded. Thus 
structural desiqn incorporatinq barded c0111ponents can be based on wood 

strengths ard the bond does not constitute a fault or weakm..ss. 

Bord testinq is baaed on a comparison of bord strer¥Jth with wood 
strength. Suple joints are subjected to a specified water soak 

treatment ard then broken apart. Bond quality is expressed in tema of 
the area of broken fibre as a proportion of total bonded area. The load 
at break is regarded as only of aecondary importance. The water soak 

treatment serves either to simply weaken the joint or in its 1110re severe 
forms. to provide an accelerated aqeinq reqime. 

Bonds produced using a )ilenolic type adhesive in which test speci11ens 
give high wood failures after a 72 hour boil can be expected to last for 
25 years in full weather expoaure or for an indefinite period under 
protected conditions. No statement of this kind can be inade for any 
other adhesive type. 

There are no adequate non destnx:tive methods for testing wood bonds. 
Stresses imposed during proof loading can only be a amll fraction of 
those required to trinq about bond rupture. 

Since ~nded atructural c011ponents are eaaentially untested. then the 

specifyinq engineer .. t rely on the skill and integrity of the 

c011ponent mBJfacturer. 

!/An officer of CSIRO, Division of Building Research, Melbourne, 
Australia. 
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In choosing a reliable manufacturer national stardards can be of some 
assistance provided that they incluie a relevant set of test methods and 
minimum personnel and equipment requirements for manufacturers. There 

should also be some regulatory authority with the power and 

determination to deregister manufacturers who do not strictly adhere to 

the requirements of the standard. f~w countries satisfy all these 

conditions. Test methods for hardwood boooing are generally inadequate . 

Successful barding of structural components requires good control of 
process variables such as time, temperature. pressure. \IOOd quality "\nd 

moisture content. This level of control cannot be attained on most 

building sites so that any on-site gluing must be of a non-structural 

nature. 

INTRODUCTION 

This lecture is an attempt to present what is essentially an Australian 

philosophy on structural wood gluing. This philosophy has been 

developed over many years because of the need to bond a large number of 

both hardwoods and softwoods covering a wide density range primarily in 
plyuood manufacture but also in solid wood gluing for glulam production. 

Such material can be put intu qervice in a wide range of climatic 

corliLtions ranging from Cdirns to Alice Springs to Hobart. This is in 

contrast with the developed countries of the northern hemisphere where 
boooed structural components are manufactured from a rather smaller 

number of relatively low density species which are mostly softwoods of 

fairly similar gluing characteristics. The successful gluer in 

Australian iroustry terds to be somewhat of an experimenter who must be 

able to cope with a wide range of production variables only some of 

which are under his control. Clearly this does not apply to 

particleboard production to the same extent where the process is more in 

the nature of mass production. Also particleboard finds only a fringe 

structural application in its use as domestic flooring. 

THE ADHESIVES 

An adhesive is a substance capable of holding materials together by 

surface attachment. The materials held together by an adhesive are 
termed adherends. For many centuries the principal wood ~dhesive was 
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animal glue so that the terms qluing am adhesive bonding of wod have 
becane synonymous. 

The wood adhesives of qreatest COlllll8rcial importance are those ba..Ct4d on 
formaldehyde, i.e. urea-, melmaine-, phencl-, tannin-. and resorcinol­
formaldehyde CUF. HP, PF, TF, ani RF>. Also of importance are those 
based on polyvinyl acetate CPVA> which have larqely replaced UF and 

animal glue in furniture and interior joinery applications. 
Elastomerics are used primarily for interior panel and trim attachment 

but are likely to becOlle 1110re important in adding to the stiffness of 
structural assemblies. Epoxies are expensive and can vary '1idely in 
performance because of the large nunber of JX>SSible variations in 
formulations. They tend to be used in special applications \/here cost 
is not a major consideration. A brief introduction to the use of these 
adhesives is given in the attached CSIRO information sheet. They are 
dealt with more fully in the United States Department of Aqriculture 
publications listed under further reading. 

WOOD AS AN ADHEREND 

Certain characteristics of wood make it a unique adherencl. These have 
been discussed in some detail in previous lectures and so are only 
briefly sumiarised belO\I. 

Wood has properties that are highly directional due to the orientation 
of its constituent fibres. 

Wood is hygroscopic. i.e. its 110isture content depends on the 
temperature ard relative htmidity o( the surrounding air. Both its 
dimensions ard its propensity to absorb water are deperdent on its 

moisture content. 

Wood is porous. The art of gluing lies in being able to control the 
flow of glue into the first few layers of cells just prior to cure. 
Because of its poroaity wood offers little protection to the glueline 
from the surrounding envirorwent. Variation in wood density arises out 

of variation in degree of poroaity. 

• 

• 

• 
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Wood density can vary by a factor of about 10. Strength properties 

generally increase with density. Swelling force. i.e. the force needed 

to prevent expansion of wood during a moisture content increase also 

increases with wood density. See Fig. 1. <after Kingston and Perkitny 

<1972>>. The glueline constitutes a link in a mechanical system. The 

external forces capable of beir¥J applied to the glueline and the 

internal forces qenerated as a result of wood moisture content 

fluctuations tx>th increase with wood density. Since porosity decreases 
• with increase in density then the difficulty in producir¥J bcnl stre:r¥jths 

that match lilood strer¥jths increases with increase in density. 

FIG. l 
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DURABILITY CONSIDERATIONS 

The use of adhesives in buildir¥J construction deperds on a thorouqh 
knowledge of adhesive long term durability. The exposure trials carried 

out by Knight (1968> over a period of thirty-five years have provided 

what still constitutes th~ most useful ard extensive tx>dy of data 

available on wooa adhesive durabilities. A sl.IMl8ry is given in Table I. 

-------
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TABLE I 
Perfor11ance of Various Types of Wood Adhesive in 

terms of erd use enviI'OTlftent ard actual or estiniated life 

Chemical type 

of adhesive 

Resorcinol ard 
Phenol resorcinol 
formaldehyde 

Melamine fortified 
urea-formladehyde 

Urea formaldehyde 

casein 

Animal 

Exposure ard performance 
Full exterior Semi-exterior arxi Dry interior 

damp interior 

Expected life of Irdef initely long Indef 1nitely long 
25 years 

Fail in 5-10 years Estimated life of Indefinitely lorg 
10-20 years 

fail in 2-5 years Fail in 5-10 years lndef intely long 

Fail in 1-2 years Fail in 2-5 years Indef intely long 

Pail in few months fail in a year lndef intely long 

In these trials a raR;Je of test specimens was used with plywood being 
the predominant type. The effective life of the bond was taken as the 

time to reach a certain deqree of delamination. While this end point is 
obviously beyond what is acr.eptable structurally the data indicates that 
durability is relatable to the chemical nature of the adhesive and the 

enviroment to which the bond is exposed. On the basis of this and 
other accunulated data there is only one chemical type of adhesive that 

can be used in any structural application where it is possible to use 

wood. This is the phenolic type. 

There are two other adhesive types that can be used in the unlikely 
event that it is poasible to guarantee that the bond will not be 
subjected to conditions of high or widely f lucturatirig relative humidity 
throughout the life of the structure. The first is casein which has a 
high reputation for structural integrity in interior conditions in . 
temperate climates. It can be used in wooden aircraft but there are 
strict design requirements so that all joints are self-draining and such 

• 
.. 
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aircraft must be kept in a harqar when not in use. When saturated with 
water the strength of a casein bond can fall to as low as 20\ of initial 
dry strength. This is largely recoverable provided that drying takes 
place within a short ti11e. Prolonged high hunidity conditions lead to 
breakdown by biological attack. While attempts have been made "ith 
varying success to reduce the susceptability of casein adhesives to 
biological breakdown by the addition of various preservatives the 

service restrictions remain. The other type of adhesive is that based 

on melamine. Straiqht KFs have a limited application because they have 
a very short shelf life and are less durable than straight PFs even 
though they are of similar cost and have similar high temperature curing 
requirements. Their use in Australia is largPly confined to the 
production of Class I particleboard. A more common fona is a melamine 

fortified urea-formaldehyde CMUF> adhesive which can have a long shelf 

life, is much cheaper than the equivalent phenolic type and can be cured 

under ambient coooitions. Its breakdown mechanism is by hydrolysis 
probably accelerated by the f luctuatinq stresses associated with normal 
moisture content changes in service. 

Since large variations in formulrtion are possible within any chemical 
type, how then does one pick a potentially durable formulation aoo know 
that it is being used in such a way as to produce a durable bond? In 

pr4ctice there are two typaa of test. The first is a simple strength 
test usually in shear or cleavaqe. The secooo type is a strength test 
after some accelerated aging regime that has been shown from long term 
durability trials to bring about a strength loss in a way related to 
that which would occur in service. The test requirements for plywood 
adhesives in a soon to be published Australian staroard are given in 
Table II. The test for plywood is a cleavage test in which bond 

strength is compared with wood strength. On cleavage the break must 
occur predominantly in the wood regardless of wood density. The ability 

of other adhesives to pass these tests is no guarantee of their long 

term durability. The lack of a similar set of tests for other adhesives 

such as epoxies, polyurethanes, cross linked PVA's, acrylics, etc, rules 

out their use in structural applications at the present time. 
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TABLE 11 

AUSTRALIAN PLYWOOD BOND TYPE CLASSIFICATION 

I --T-
l I I I I Wuer soek treet .. nt I 
I Bond I Adhesive type (prior to testing to Cleuse 7.2 I 
I Type Service condition I (see Note 2 ) of AS 2098,2) I 
I I ---+ 
I I Tenipereture I Tl•• I 

I -t 
I I I 

A Type A bonded plywood penels cen be used In eppllcetions I Synthetic phenol- 100uC I 72 • 1 h or 6 h et I 
involvin1 extr•- lon1-ten11 exposure to veether or vet I fon11eldehyde, I - O J 
or d.1111p conditions and/or long-terw structural perfor- I natural polyphenol- I 200 hP• at••• pres1ure I 
.. nee r•quire .. nta without 1lueltne breakdown or foraeldehyde or I I 
gl .. eline creep. Exa11ples: Structural plywood floor- •ixtures thereof I I 
ina. hiahvay si1n1 and aarine plywood. I I 

B Type II bonded plywood paneh can ba .... d in application• Helamine- I 100°c I 6 h • ~ 1.tn I 
involving short-terw (not -r• than tvo years) exposure urea-fo~ ldeloyde I I - I 
to weather or vet or duap conditions and/or short-terw I 
str..ctural perforaence without glueline breakdown or I I I 
11 .. eline creep. They can aho be used for applications I I I 
involving lon1-tetw exposure to protected exteri:>r non- I I I 
su .. ct .. ral enviro-nts. Exallf)lu: C<>ncrete fo~rk, I I I 
ex~er1or door skins. I I I 

I 
0 

I 5 I 
Type C bonded interior plywood panels can be used in Urea-f onaaldehyde I 70 • l C I 3 h • 

0 
min I 

applications involvin1 full protection fr11111 the weather I - I - I 
or vet or da111P conditions. They can be used in appli- I I I 

c 

cations involvin& lon1-tetw exposure to 1enerally hi&h I I I 
h'-idity and short-terw exposure to extr-ly high I I I 
h\llllidity. Exa..,les: Interior panellin1 in 1eo1raphical I I I 
locations vhich have prolonged periods of high h .... idlty, I I I 
panelling in a bathro-. I i I 

I I 
I l D I Type D bonded piyvood panels can be .. sed in interior I Extended uree- I 1 s 0

c to 20°c I 16 11 to 24 h I 
I I applications fully protected fr- the vuther or vet I fonuldehyde I I I 
I I or da11p conditions. They can be used for interior I I 
I I applications ln\lolving lon1-te1W exposure to .. diu• I I I 

huaidity with occasional exposure to high hU10idity. I I I 
I I Eaa11ples: Furniture, interior wall panelling. I I I I 
I I I I 

NOTES: 1. Experience has shown that Type A bonded plywood will withstand complete exposure to the weether for 20 years or ... 1ntaln itl 
intearity in structural situations for 50 years without glueline breekdown or glueline creep. 

2. With adhesives of other che•ical types, COllpliance with the test require .. nts alone would not indlcete equel durebillty, and 
confitwation by actual service triels would be required . 

• • • .. 
L __ _ 

N 
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-I 

~ -.... 0 
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PHENOLIC ADHESIVES 

In viev of the fact that only aehesives of the phenolic type can be used 
in unrestricted structural applications then the remainder of the 
lecture will be larqely confined to these with some 1nention of the 

closely related 111eluine types. The traditional phenolic adhesives are 
the straiqht alkali catalysed PF's for use in hot press applications 

such as plywood or particleboard manufacture. Acid catalysed phenolics 
can be cured at room temperature but the residual acid continues to 
deqrade the wood ard can lead to early failure. Resorcinol is closery 
related chemically to phenol but reacts much more rapidly with 
formaldehyde. RF adhesives can thus be cured at ambient temperatures 
and so be used for the manufacture of qlulam, finger jointed material 
and various fabricated components. Wattle tannin is a natural 
polyJiaeool arrl TFs can be used where straiqht PFs are used. Resot"cinol 
is an expensive chemical and is often partly replaced by tannin or 
phenol. However, phenol resorcinol-formaldehyde adhesives CPRF> require 

a hiqher curinq tetllperature than straiqht RFs. Of the formulations 

available in Australia the miniml.111 glueline temperature for the cure of 
RFs is taken as 20•c whereas it is 40•c for a PRF. The formulation of 
adhesives is a science in itself and well outside the scope of most end 
users. 

TESTING AND DURABILITY PREDICTION 

Experience with phenolics over many years has shown that bonds prepared 
under the same conditions as test pieces that exhibit hiqh wood failures 
both initially and after a 72 hour boil can be expected to remain 
structurally sound for at least 25 years even under more adverse 

conditions in which case the durability of the wood itself is more 

likely to be the limitinq factor. These three requirements of chemical 
type, 72 hour boil and high wood failure provide the basis of the long 
ter111 durabilh:.y prediction. In the case of plywood the 72 hour boil 

teat is used both aa a quality control test and an accelerated ageing 
test. In 9lulam or finger joint manufacture <and in plywood in the 
United States> a vacu1.m-preasure soak treatment CVPS> is applied to the 
teat specimen to provide a sliqhtly more severe initial or quality 

control test. Jn a vacuun pressure soak treatment the specimen is 
inneraed in water in a pressure vessel. A vacuum is drawn to withdraw 
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the air from within the woad and then a pressure applied i~ ~~~~r to 
bring about saturation. Times ard pressures vary with different 
staniards. This has the effect of placing some streaa on the ;lueli.ne 

ard possibly eliminating hydroqen bonding effects. Tho 72 hour boil 
test is not a routine test but used only to establish l~'4t the 
particular adhesive formulation will have the requ:red durab1lit1 1.0hen 
used to bord the species to be used ir. actual manufacture. 5Cime 

formulations are capable of pro:iucinq bards only "'ith low denaity 

species. Also, the presence of preservatives and some WOCXi extract1ves 
can interfere either with surface wetting chdracteristics or uith the 
curing reaction of the adhesive. In the case of poor wetting 
characteristics, such as with t.et'Jt, low wood failures are obtained when 
specimens are broken either in the dry state or after a VP3. Wh~re the 
problem is one of interference 5'ith the curirw;J reaction then low wood 

failures show up :sfter a 72 hour boil'. Thio iri krn.m to occur uith some 
eucctlypts because of the pr~~2n:e of hydrolyse.bJe tannina. It also 
occurs where CCA preservative treatments have been applietl. In general 

CCA treated timbers cannot be glued coneist~ntly on a conaercial iJasis. 

In many glulam and finger-Jointing st.:udards the bord is assessed by 
determining the amount of delamination visible afte~ a stardardised VPS 

ard drying regime. Australian experience has shown this to be quite 
inadequate. It ~e.n be demonstrated that where delamil'l8tion occurs in 
such a test than there is zero wood f~ilure if the bond is cleaved in 

the wet condition after a vPS. Hardwood!: with a density of up to 900 

kg/m3 are glued c011111ercially in Australia. Such beams that have 
delaminated in service are ones that have been accepted on the basis of 
high initial shear strength values in the absence of high wood failures. 

A complicating factor in the testing of hardwood joints is the low 
pennesbil i ty of some hardwoods to liquid wate::-. In some Australian 

hardwoods the penetration of liquid water urder a standar,1 VPS treatment 
can be ot the order of millimetres and so little stress is placed upon 
the glueline. The proposed test specimen in the Australian glulam 
standard presently under revision is a 25 nw slice of beam with a saw 
cut exterr.linq 10 11111 into the glueline on the cutface. After a VPS 

treatment the glueli~s are cleaved wet ard the w~ failure estimated 

after drying. 

• 

• 
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While the gluing considerations in plywod arrl glulam production are 

thought to be reasonably weli understood this is not the case for 

finger jointing. Finger joints are g3nerally tested in bending and test 

results are usually highly variable. There terds to be an inverse 
r~lationship between load to failure arrl amount of wood failure. Those 

specimens that break at a load consistent with the average bending 

strength for the spe~ies terd to exhibit quite low wood failure 

particularly in the higher density species. A suitable test specimen 
has not yet been edopted that allows for the low water permeability of 

some hardwocxis. Where laminated beams are tested to destruction the 

break frequently begin2 in a finger joint where one is present in the 

l®er laminate. Given that all the wooi bonds lose strength to some 
extent with time and ~t those exhibiting low wood failure do so mor~ 

rapidly then there must be some doubt about the durability of finger 

joints particularly in critical tension situations. These 

considerations have led some Australian glulam manufacturers to either 

use scarf joints in the outer laminates or to regard finger jointing 

purely as a materials handling aid and to design beams on the basis th~t 

all joints act as butt joints. The fact that there have been no known 

faili.ires of beams in service due to finger joint failure is probably 

more a comment on a terrlency to overdesign rather than on gluing 
prectice. Clearly there are some species that can be finger jointed to 
a consistently high quality. At present the main outlet for finger 

jointed material in Australia is for wall studs and bottom plates. A 

very thorough knowledge of the quality of prcxiuction should be obtained 

before considering the use of finger jointed material in situations any 

more critical than these. 

While scarf jointing does not lend itself to automation in the same way 
as does finger jointing it is possible, with care, to consistently 

produce high strength, high wood failure joints . 

SPECIFICATION 

Durability considerations allow structural design incorporating bonded 
components to be based on wood strengths. These cor.siderations also 

simplify test methods in that the wood has already reen selected on the 

basis of strength. Proof testing provides virtually r.o information on 

bond quality and the only meaningful tests are destructive ones. This 
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l m t· .! shown by considering a finger joint in timber graded as Ft 7. A 
reasonable proof load for such a joint would be 2.5 times basic working 
stress or 42.5 HPa. The species averaqe for clMr material is likely to 

be in excess of 100 HPa. The modulus of rupture at the joint would need 
to be in the reqion of 80 HPa in order to exhibit significant wood 

failure. This is well in excess of any proof load. 

Except in the case of plywood Ybere a simple wetting treatment can be 
used to show up areas of delamination, barned canponents are essentially 
untested. The specifyir.q engineP.r must then rely on the skill ard 
inteqrity of the component manufacturer. Many countries have imustry 

organisations such as the Plywood Association of Australia who run a 
lruality control ache. to ensure that any product bearing their stamp 

will conform to the standard to which it is produced. Such an 
organization must be prepared to withdraw the stamp of any manufacturer 
~!ho consistently fails to meet the requirements of the sUlndard. Where 
no such organisation exists then it is necessary for the engineer to 

satisfy himself that a qiven manufacturer is capable of consistently 
producing canponents to the riqorous standards required for structural 
applications. Clearly the engineer cannot be expected to be an expert 
in adhesives, wood technoloqy ard production engineering. This is the 
province of the manufact\rer. 

In assessing the capabilities of a manufacturer the first step is to 
determine whether he has the appropriate personnel ard production ard 
testing equipnent for the p.rpose. The C4n8dian Standard 0177 
Oualif ication Code for Manufacturers of Structural Glued-Laminated 
Timber provides a useful check-list in su:h an assessment. Production 
should then be sampled on a reqular basis and tested to destruction 

according to the pr-inciples previously outlined. 

finally, successful structural bonding depends on clo~e control of a 
range of variables such as time, tc:naperature, pressure, wood quality and 
moisture content. The required level of control is unlikely to be 

attainable on a building site. Thus structural bonding will continue to 
be a manufacturing process rather than part of the construction process 

in the foreseeable future. 

• 
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