
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


-

UNITED NATIONS 

Dis tr. 
RESTRICTED 

UNIDO/ IO/R.173 
5 September 1985 

INDUSTRIAL DEVELOPMENT ORGANIZATION ENGLISH 

WOODEN BRIDGE CONSTRUCTION 

UC/DMI/83/095 

THE COMMONWEALTtl OF DOMINICA 

Technical report: Strength grouping of timbers* 

Prepared for the Conunonwealth of Dominica 

by the United Nations Industrial Development Org2nization 

Based on the work of c. R. Francis, 
Timber Engineer 

* This document has been reproduced without formal editing. 

V.8) 30571 

.· . 



Acknowledgement 

Scope and contents 

- ii -

TABLE OF CONTENTS 

Strength grouping and stress grading of timbers 

Introduction 

Strength grouping - the concept 

Strength grouping methols 

Provisional strength grouping 

Joi_nts 

St~ength grouping and design codes 

Other considerations 

General discussion 

Rt=>ferences 

Bibliography 

Page 

2 

2 

3 

7 

20 

25 

28 

29 

33 

37 

39 



n....:~.no ... .iec..
9

e.aer. t 

11.1.i>:> rt:-ivrt. '1'-"otes .. ro ... a:"G rei-roui....ce::; ::;e...:tion.;; lJi. •o.Ll.ui....s 

n.i..&::; trco1.lio: • ..:itd.I<Uarc...;, li.::; tee:. in ueta.i.l ir. ri;;;;. erei~...:I;;!.:>. 

'i•le .• inc. per ... i::;::.io11 01 t.ne ..:ita.I11.:.ara::; r...::i.::HJl.L ... t.l.0,, ...., ... r..u::;tL'c.. ... ia 

in Gi..U.o .. i.1.0 tld.::; i;;, ·~rG1.te11.u ..... 1 a.1..:i.r._ ... 1euuec. • 

.;t...'-.a y_u0tatic.H1;:> are i..nui..:Gi.teu ii. tw:: text UJ t••t: ::; tGi..L.c:.""'ru 

i.1~ .... oer .i..1. Lra.l.r.et::; t11t....$ ( .-1..::i c::uo~) • 

•"J .i:. rier1u ~r. .-·~. n • 

tiu.oer, 

Aus tralic..n !Jra ... tic.;e C:1.I1c. ::; t.:.i.uc.a.rc..::i. .J.C. to 

t:.:e US.3 _n_..:_ in ~rc11 .. ot.i.n0 t..J. ... ut:r l:Ol .. ., tri.<c tJ.on CUtG. i1, lii:1.r ... l;!J­

... ._.l.r10 i.1.tl.:!rnationa.l cou:-it:ra.ti ve c::: ..... ort::. i.e. t .. 1., ::;I;!-.; tur. 



lntroouction 

1ne uniteu uations Inuustrial Levelop.r.ent Cr0 anisatior, 

(unI.wG) is activelJ pro1i.otin0 tne use or ti ... oer, a wic.e­

st-rea.a resoi...rce in ... ani aevelopin0 ,~ountries, as a con-

struction ~aterial. It is aoin0 t!.1is in tnree ruain na:1s 

- LJ .settinb up tLuoer utilisatioa projects, oy a.rran
0
in

0 

-.:curses to teacn tLr.oer en0 ineeri.ne, ana oy the activ 0 

pro~otion or the u .. 1 .... 0 prefaoricated tiwoer oriae,e system. 

1nis oria6 e systeiu ""as aesi0 nea for ""orla v;iae use ana 

to solve the proole1i. of rua..\.in0 it univerf'ally applicaole, 

tne o.esi 0 ners aaopten tn_ Australian strene;,tn e:,ro1.i.pin
0 

SJ stew ana carrieo. ou·: tne o.ebi 0 n accorain0 to rtS 1 720 

tne .S.tV1. Tiuioer i:.ne;,inc:erin0 ~oae. The ... anual ror the 

uriGbe con ta ins a 11s t or tii.1oers c.i.assitied into their 

s tren0 tn 0 roups, ana appropriate 0 ra.ain0 rules. :.iince 

tne introduction or ti1e oriae:,e to v1arious a.i:velofJine;, 

countries, ana particularlJ 1-.i th the experience o!' tnree 

suc~ess:01 tillioer en0 ineerin0 trainine, courses it na.s 

uec::ir .. e apparent tnat a nio.er ana '"ore aetaileu explanation 

or tr1e stren0 tr: 0 roup:i..n0 SJSte1u a.na now to put it into 

prai.::ti...:e Ls re4uirea tnan ;,.,riat is containeu in tne Ut•l.1..Ju 

or1:.ie,e : .. anual. 

o:..st-ierseu t:1r0Li.bh 

Tnls inl'vrii.ation is availaole out is 

several i;.'...l.stralian :.:itanuaros ana teen-

lnis repnrt enaeavours Lo ~atner tnis 

... a.ter1a.l to 0 etri-:::r ir.to a conci:;;e ana cractical !'orn .. 



3tren0th Groupinb - The Concept 

"There are no obvious lLui ta tions t-J tne ae-::eptacili tJ 

or anJ ti: •• oer i;:opulation tor stn.1.cturc:-.. l utilisation ,:irovic.ev. 

its structu:·al properties can be aetinea "'ith sur'r icie.1t 

reliaoili tj". (Leicester l~cl)(2) 1ne ~ej "'ora in 

this sta.tei .. ent is "sufficient". 

The classical approach to this probleC11 of a.er'inj_tior, 

nas oeen to test the .. iechanica.l properties of very lar 
0

e 

nuii.oers of su.all clear S.f?CCL .. ens or' each srJecies so tr.at 

the lo .er bou.nc of each propertJ is cier'inea .-.ii tn a hi
0

h 

level of precision ana conr'iaence. The str~sses so 

aefinea are tnen aa.justea. bj !actors to cover tne wea~enin0 
effects of a.erects, 

stresses for various 0 raa.es are 

An alternative u.ore recent approacn 0 air.in0 verJ wiae 

acceptance io3 the testine:, of full size structi..ral tiJi,oers 

in the actuAl 0 rades suppliea., ar.a. a.eterruinin0 wi t·1 siwilar 

hi5 h precision, the lower oounci propertie3. this involves 

a larf!>e amount of laboratory tirue ana effort. This 

approach works .-iell in countries ·""i tn r'ev. aouiin.ant species, 

e. 0 • western i.,;anaa.a or new 1.;ealana.. 

tries, particu~arlJ tro~ical ones, nave vast DUiubers 

of species. i.-or exarnple i-us tralia lists bju traae naii.es 

( A.::i M.t'4')), tr'::;: c are 2u0 :;pecies tn l'hailana, 200u in 

tne ?hilippines. The effort involver usinP!> tne classical 

approach to evaluate all tt1ese is too enora1ous to con­

ten . .f?la te. 



"Stren6 th Grcupin6 " ap.t-Jroaches tne probleI,i r'roi., tne ctner 

end. A set o:· basic stresses arui traril,/ 

c.eterniined, then tne tiu.ber properties required to i.Jroauce 

tirnoer with not less than these stresses are also de-

teri .. ined. .Decause or tne aiscrete steps oet ... een aesi6 n 

stresses and lowerin6 or statistical precision (but not 

of confidence level) lliUCh less laboratory worK is requirea 

to classirj a species or 6 roup of species, assi 6 n worKin6 

stresses ana pern,i t a species to oe use a in aesie;,ned 

or codiI'iea structures. 

The Australian s1ste1.. usea r·L;re stress in oendin6 as 

its prilliar1 classirication. Tnel ve values or' this stress 

anu other association s t;~es ses have oeen selected. 

Tao le 1 1 eproduced from AS 1 720 snows tneiu: 

Taole l 
BASIC WORKING STRESSES Ai"'O STIFFNESS (MPa) FOR 

STRlJCTliRAL TIMBER 

Fl• 
~11 

F12 
Fl 1 
Fl< 
Fil 

Fl 
~) 

F< 

F• 
Fl 
Fl 

l• l 

I 
~)j 
220 

I I 7 0 

"0 
" 0 
<b 
6 ') 
1< 

• J 
l • 
18 

l t will re seen that this table covers the ·,.,IJ.ole spectruni 

er' tiiut:.ier strenbths and stif!'nes.: fc.iuna any·whert; in the 

· .• orld. 

The "F :;4", £1"'-:.7" e+-r---' are ";;)tress lirb..ae.s". These o.L""ac.ies 
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are d.eterr .. inea rrcrr. a corr.oinaticn or· the intrinsic s tren
0 

tn 

properties of the wooa - the "Stren5 th Croup" as deter:.iined 

by testin0 suiall clear saii.ple.3, ana the quali t.1 of the 

inaividual pieces concernea, that is the size or !\.nots, 

slcpe of 0 rain etc. as deteru.inea by sui tao le 
0

rad.in
0 

rules !°G'" "Structural Grades". Thtis an,/ particular 

Strefs Graue 11.a.f be formed by several corribinar.ions or' 

~tren0th Group and Structural Grade stron0 wood in 

or i11ten.ediate values of both. 

In practice four structural 0 rades are ~iven in the relevent 

0 radin0 rules (AS 20b2 for hardwoods, AS 14';70 for radiata. 

pine etc.). These describe 0 rades ·.-1ith 75;<,, 007~, 4b% 

ana 3u~o of clear wood stren5 th,. or stren5 th ratio. 

It will be observed that the F b values in Table l are 

in 0 eometric pro~ression with a com111on ra.cio of about 

1. 25, similarly the stren0 th ratios for the e:;rades have 

the SaJJie con1mon ratio. They can thus t ~ cortb::.ned in a 

concise form as shown in Table 2. 

Table 2 

RELATIONSHIP BETWEEN STRENG!.~ GROUPS AND 
STRESS GRADES FOR UNSEASONED TIMBER 

Streastb 
lS /. 'o 7. sae. crad• 4 8 /. J8% ·-----sroap No 1 No 2 No 3 N" 4 5auc:tunl 5audural Siructural StmctunJ 

Sl F27• F!2 Fl7 Fl4 
S2 F22 Fl7 Fl4 Fil 
SJ F17 F14 Fil F 8 
S4 Fl4 Fil F 8 F 7 s.s Fil F 8 F 1 F ~ 
S6 F 8 F 7 F 5 F 4 

i;eprocluced ~·ror A·· ~ob 2 J.. ;; .) ~ 
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:a is well known that r11ost rhechanical prope:-t ies of tiri.ber 

particularly tnose of interest to structu.rai ene;;ineers, 

increase as the wood e;ets dryer. To allow for this, 

two deterr.1inations of strer,0 t.1 e:roi.:p for each species 

or species 5 roup are made. Seasoned tir.1ber which remains 

below 15;o moisture content rr.ay have a hi
0
her stress 

0
rade 

assi0 ned t'J it than 0 reen timber of the same str-uctural 

rhese are shown in Table 3. The seasone:d or 

dry condition is distine,uished by the use of ''SL", opposed 

to "S" !'er the 0 reen conditon. 

Table 3 

SD6 

(AS 20d2) 

F'or example Austral ia:1 brown alder is classifier as S5. 

SD6. A piece of bO'!o e:,rade or this species woula qualify 

as F8 lf e,reen, Fll if seasoned to les; than 1570 rrioisture 

content. 

This increase in stress e;rade is not uni!'orru for a11 

specjes. Another Australian species, candlebarl\. is 

also S5, but is SL; ::>, which would n1a.de a dry piece or 

o0% e,rac'e qualif; as i" 14. 
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T~o procedures for strerbth 0 roupin0 are allowed by Austral-

ian authorities. These are positive stren0 th 0 roupin
0 

a.na provisional s trene,ch 0 roupin0 , aependine, on tne ai •. ciunt 

ana t.n:;e or' infor;i.ation available. A provisional stren6 ':h 

6 roupin0 is necessarily conservative and is subject to 

revision in the li0 fit of further data. Provisional 
0

roupin
0 

is distin0 uisnea by enclosin0 the 0 roup in braci\.ets, 

thus (So) ( s;_, 7) • 

The r'ollowin0 section is reproduced frorii AS MP 45 "Feport 

on Stren6 th Groupin0 of Tia.bers". 

SECTION I. SCOPE AND GENERAL 

I. I SCOPE. This document is intended to provide 
a uniform b~sis for the cl2.ssification of timber species 
into strength groups. By such classification a part­
icular species may be used for structural purposes 
under the provisions of AS 1720, SAA Timber 
Engineering Code, AS 1684, SAA Timber Framing 
Code, Building Regulations and any other documents 
related to these codes. 

Secuon 3 sets 'lut the strength grouping of most 
timbers used in Australia. 

1.2 DEFINITIO~.s. For the purpose of this 
document the following definitions apply: 

Spenes mean-the mean of the tree mean values of a 
given property. 

StrenKth Krvup-the group to which a timber or a 
group of tirnbers is assigned (seven groups in 
descend'ng order SI to S7 for unseasoned timber, 

eight groups SDI to SD8 for seasoned timber) or. 
the basis of the mec~nical properties and I,, r 
density determinations of defect free material o( 
the species. 

Depending on the nature and amount of data on 
which the classification ia made, the stn:r.gth grouping 
may oe termed 'positive'or 'provisional' in accordance 
with the followin1 definitioau: 

(a) Positiw str~,,gth group-the group to whicl'. a 
timber is assigned based on mechanical ttlt 
data for five or more correctly wmpled tn:~s 
(see Appendix A and Appendix B). 

(b) Provi.fional str~ntfth group-the group to 
which a timber is usiped based on density 
and/or 'imited mechanical test data. The 
provisional nature of the aueument is 
indicated by the 111C of brackets in Tables 
3.1 and 3.2. 
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S EC TI 0 N 2. PR 0 CED U R ES F 0 R T H E ST R E NG TH G R 0 U P I N G 

OF A SPECIES 

1.1 GENEl\AL. Aa defined under 'strength 
aroups' in Clause 1.2 abo~. a species may be given 
either a positive or a provisional strength grouping 
depending on the amount and reliability of the 
information available for the species. Provisional 
classifications are conservative and desirably so, 
because of the use of predictive relationships in 
making the assessment. Either classification may be 
changed in the light of additional information but 
both arc currently valid. 

The information necessary for applying the. 
procedures of this Section is as follows: 

(a) For posiriw srrmxrh xroupinfC. The species 
m.ean values of modulus of rupture. modulus 
of elasticity and maximum compression 
strength parallel to the grain are required. 
Each of these species mean values is to be 
obtained from the results of standard tests on 
small clear specimens sampled from not fewer 
than five properly selected trees of the species 
(sec Appendix A). 
Species mean values obtained from tests on 
unse-.asoned material will allow the species to 
be strength grouped for use in this condition. 
Species mean values obtained by adjusting to 
12 percent moisture content (see Appendix C) 
the results obtained from tests on k1ln--Oried 
or a1r--Oried material will allow the species to 
be strength grouped for use in the seasoned 
condition 

NO I I' Although not u•woily rc4uared for lhe purpose' of 
<1pply1nf! lhe procedure- dc:.cnhc:d hcluw. 11 "often U!iCful 1h<1l 
lhc standud dev1a11on of 1nd1v1du;,I re:;ulh he ava1latile for lhc 
.it>ovemcnuuned propcrt1e., parttc:.ili<rly for m.idulus of 
rupture 

(b) For proYi.wmal Jtrenxrh xrour,,nx. Species 
mean values for the properties mentioned in 
la) aboYe obtained from tests on material 

trom not !ewer than three tree:- and .1 or the 
spec •. s mean value for air dry density 
obtained from standard measurements on 
specimens sampled from not fewer than five 
selected trees of the species arc re4u1red 

(c) Species haYinx wide Yariahilitr in w1md 
properties. For some species having a wider 
than usual variability in wood properties. 
larger than normal sampling may be rc4uired 
to take this variability mto account. 

2.l PROCEDURE FOR POSITIVE STRENGTH 
GROUPING. 

l.l. l Preliminary Classification Based on 
Individual Critical Properties. Modulus of rupture, 
modulus of elasticity and compression strength 
parallel to the grain of a. species arc first classified 
separately, by comparing the species means of these 
properties wtth the minimum values ':isled for each 
strength group in T<.lbles 2.1 and 2.2. • 

As strength grouping 1s primarily to give an 
indication of bending strength, shear values are not 
cons;.dcrcd si1.cc they arc not closely related with 
modulus of rupture The value of a property measured 
in the seasoned state 1s adjusted to the reference 
moisture content of 12 percent (see Appendix C) 
before it is compared with the tabulated values of SDI 
to SOK in Table 2.2. 

2.2.2 Pl>!iitive Stren&th Oauification Based on 
the Combination of Properties. Should all thrct: 
prnpcrtics in the unseasoned state have the same 
c'1assification derived in accordance with Clause 2.2. I, 
t.1c species 1s assigned to that S-group. Analogousiy, 
should all three properties in the dry state command 

•E•tractcd from an ;iarttcle b)- N H Kloot m CS/HO ,.,,,,._., 
Pmdu1·u /Vt'w.tit'llt'f No 394. 1973 

'TABLE 2.1 
PRELIMINARY Cl.ASSIFICATION VALUES FOR UNSEASONED• TIMBER 

·~inl•- tpftift -· 
rrop.ty 

SI S2 SJ s.. s~ S6 S7 -
Modulus of rupture (MPa) 101 Hit 71 112 ~2 "' lit 

Modulus of elastic1ty (MPa) llt)()(} 14200 12400 10700 'lllMl 7'100 11'100 

Ma•1mum crush1n1 •lrcn111h 52 43 "' " 21t 22 I H 
(MJ>a) 

•As me .... ured or e5tunated at a mouture content ;ohove fibre ..atura1111n f!<unt 

TAB~.[ 2.1 

PRELIMINARY Cl.ASSIFICA TION VAUJES lo"OR SEASONED• TIMB•:R 

ll'roptrty Ml..,.um 1pedn -· 

SDI SD2 SDJ S[M SD~ SD6 S07 SOI --
Modulua of ruplure (MPa) ISO 130 110 94 711 It~ 5S 45 
Modulua ol eluocity (MPa) 21500 18SOO 16000 14000 moo 10500 9100 7900 
Mu1mum cru1hin111n:n&tft 80 70 61 S4 47 41 )6 JO 

(MPa) 

•As mcuured or ldJUICCCI IO 1 moi1ture content of 12 pert1ent. 



the same group. the specie~ is assigned to that SD­
group When the three properties lasted m Clause 2.2.1 
do not all have the same classification a conservative 
approach would be to ass1gr. the species to the lowest 
grouj'l ohtained from the individual prcpcnics. This 
must apply for many eomhmations but there are 
several for which raising the overall species strength 
group one step ahove the lowest assessment is deemed 
JUStified. 

The assign1.:ent of a species to a strength group 
above the lowest group obtained from individu<o.I 
properties places more emphasis on the modulus of 
rupture and the modulus of elasticity than on com­
pression strength. The procedure applied ;, detailed 
hereunder and summari1.ed in Table 2.J. and x may he 
any of the numbers 1 to Kin SI lo S7. or~D, to SDI!. 
In all other cases. the lowest of the three scparctte 
assessments is assigned as the species grouping. 

(a) If the lowest group is that obtained from the 
modulus of rupture. then the overall species 
strength group may be raised one step above 
that minimum group only if the modulus of 
elasJ.icity is in a group at least two steps. and 
the compression strength in a group al least 
one step. above that minimum. 

(b) If the lowest group is that of the modulus of 
elasticity. then the overall species strength 
group may be raised one step above that 
minimum only if the modJlus of rupture is in 
a group at least two steps. and the com­
pression strength in a group at least one step, 
above that minimum. 

(c) If the lowest group :s that obtained from the 
compression strength then the overall species 
strength group may be raised one step above 

the minimum only if both the modulus of 
rupture and the modulus of elasticity arc in ii 
group at least one step above that minimum. 

2.3 PROCEDlJR•: fo"OR PROVISIONAi. 
STRio:NGTH GROUPING. 

2.3.1 General. When the available" data for either 
unseasoned or seasoned strength values arc from fewer 
than five trees the procedure adopted is as followi;. 
using Tabl<. 2.4 where appropriate; while a large rarige 
of combinations is pos.o;ible the following a~ likely to 
be the most common: 

(a) Onlv t'ilht'r un.w-a:wned .flrt'nKlh values or 
.ft'a.{onecJ .flrt'nKlh valw.t fmmfiw or mort' lrt't'.t 
availah/t'. 

(i) Evaluate on the basis of the ..:ondition for 
which the data arc available, i.e. allocate the 
green or seasoned strength grouping as 
appropriate. 

(ii) Evaluate the other condition on the basis of 
air-dry density from Table 2.4 and allocate a 
provisional rating. 

(b) Air-dry dt'n.Jity val~.T only from jivt' or morf' 
1ru.1 avai/ahlt'. Determine provisional 
strength group from Table 2.4. Figures to be 
placed in brackets. 

2.3.l Acceptable Difference between Unseasoned 
and Seuonecl Strencth Groups. For any one species 
tile provisional strength grouping for unseasoned and 
seasoned material should not vary by mo:-e than one 
~trength group. Any adjustment required must be on 
the conservative side; e.g. for a species initially 
classified as say (SS), (S03), its final assessment would 
be (SS), (SD4). 

TABLE l.J 
COMBINATIONS OF PRELIMINARY CLASSIFICATIONS THAT PERMIT THE OVERALL 

STRENGTH GROUP ASSESSMENT TO BE ONE STEP ABOVE THE LOWEST IN THE COMBINATION 

Moduha ol Modlalul ol Masi- A-.ISorSD 
rupture eiMdctty crwilt .. ..._ 

llNftldl "°"' 
x z x+I .r 
r .r - 2 x - I z - I 
r z+2 z-+ I .r -+ I 

NOTF. S1rcn111h iuour r · I is strnn111=r tluin strcn(llh 11rnup r, c.1.1htren1th 1roup S411denotcd by zlhcn 
•lrcntnh 11rnur S.l " dcno1cd hy 1 - I 

TABl.E l.• 
MINIMllM AIH-ORY DENSITY VAl.m:s fo'ROM ~OR MORE TREES FOR AS~~IGNING SPECIES TO 

STRENGTH GROUPS IN THE ABSENCE Ofo" ADEQUATE STRENGTH DATA 

(a) llnseasoned Material 

s1'"'11:1h c;roup SI Sl S.l S4 S!I s. S7 

I\ or-dry dcn"I y ill 12 f!C<L"Cnt I JIU) 1010 "410 Ill)() 700 "°° soo 
mo .. turc content (kg/m'J 

(b) Seasoned Material 

:;1rm11h Group SDI SD% SDJ sew SD! SD6 SD7 SDI 
Air-dry dcn11ty •t 12 percent 1200 IOMO 9flO IWO 730 620 520 420 

moisture cor.1c:nt (k&/m 'J 
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APPENDIX A 

SAMPLING 

Valid samplinf is achieved wh.:n the distribution of values in the sample represents the 
distribution c values in the population, .and when th~ sample is free of bia.s. Failure 
to adopt a proper sampling procedure will prevent valtd estnnates of sampling errors 
from being calculat~. and consequently the accuracy of the calculated mC{ns and 
other statistics will be doubtful. 

Regions, localities within regions, and ~tands should be sampled so as to ensure 
that the number of trees s.1mple0 at each level is as closely proportional as practicable 
to its component of the Citimatcd standing volume of a specie5 throughout its range. 

A detailed discussion of sampling and its technical background is given in CSI RO 
Forest Products Technical Note No S. Sampling of Timber for Evaluation of Species 
Properties. 

APPENDIX B 

STANDARD MECHANICAL TESTS 

The method~ used in Australia for the testing of small clear specimens of timber to 
determine rnechanical strength properties arc described by Mack (1979)•. 

Two sizes of specimens, referred to as the SO mm and the 20 mm standards, arc 
described for many of the tests. While the former is the preferred size, international 
standards based on the 20 mm standard have been written. This size is used i::J 
AU!tralia \ihen insufficient material is available for the larger size. 

In the absence of an Australian standard, BS 373: 1957, Methods of Testing Small 
Clear Specimens of Timber, and ASTM Dl43-S2. Standard Methods for Testing 
Small Clear Specimens of Timber, have been used w1~h some modifications. 

APPENDIX C 

ADJUSTMENT OF TEST DATA TO 12 percent MOISTURE 
CONTENT 

The pa~r .hr Mack referred to in Appendix 8 fully describes the method used to 
corPet ind1v1dual test results from seasoned material to 12 percent moisture content. 
Th11 applies only to standard mechanical test data. 

Average corrections per I percent moisture content difference from 12 percent arc as follows: 
Static bending: 

Compression parallel to the grain: 

~odi;lus 01 rupture, 4 percent 
stress at limit of proportionality, 4 percent 
modulus of elasticity, l.S percent 
maximum crushing strength, 5 percent 
stress at limit of proponionality, 5 percent; 
modulus of elasticity, l.S percent. 

Corrections arc additive if the moisture co;itent at test is above I:.: percent and 
subtractive if below. 

•Mec:ll, J.J ( 1919) A11u111lian Miethudt for Mec!lan1cally Tnuna Small Clear Speame1111 of Tim•r. 
CSIRO Div1110n "' lluildin1 R11:11:arch. Technical Paper ISe;ond Ser.) No 31. 
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It has been shown how the four structural grades interlock with the 

strength groups to yield the system of stress grades, and that these 

four structural grades have s· ~engch r~tios of 75%, 60%, 48% and 38%. 

Suitable grades are described in Australian Standards: 

AS 2082-1979: visually Stress Graded Hardwood for Structural Purposes. 

AS 2099-1977: Visually Stress Graded Australian Grown Softwood (Co­

nifers) for Structural Purposes (excluding Radiata pine and Cypress 
Pine). 

AS 1490-1973: Visually Stress Graded Radiata Pine for Structural 
Purposes. 

Summaries of these standards are given in Tables 4, 5 and 6. Note 

that these are sum~aries only and do not contain all the data of t~e 

above standards and timber graded to them cannot be strictly descri~ed 
as complying with an Ausrralian standard. The terms used are illus­

trated in Figures 1, 2 and J. Tables of permissible spring and twist 
are given in Table 7. 

A very large number of grading rules exist around the world. These 

rules may be for export timber or for domestic consumption. In the 

~ase of reasonably widespread use of a particular rule, it is 

recommended that it should be compared with the rules in Tables 4, 

5 and 6 and if possible used with minor modifications to produce 

stress-graded timber. In this way, there is a minimum of disrup­

tion to an existing trade practice and timber design codes for both 

ti~ber engineering and timber framing based on Australian strength­

grouped timber may be used with confidence. 



Permissible lm'lElrfections 

~nots(sound or unsound oval .Jnd 11rris) 
measurement not exceeding A of the width of 
the surface on which they occur (see Figll 
Borer holes ~ot associated with decay. Up to 
Jmm dia- not exceeding 8 in any IOOm x 100mm 
or equivalent area. 

Over Jmm diameter or where the distance 
between holes is less than twice their di11meter 
as fur· knots. 

Tight gum veins - not exceeding C in aggregate 
No individual vein exceeding D of the length of 
the piece. Not extending trom one surface of the 
piece to another. 

Loose gum veins and shakes - not exceeding Jmm wide 
Aggregate length not exceeding E of the length of 
the piece. Not extending from one surface of the 
piece to another 

~m. latEK or resin pockets and overgrowth of 
i_~-

length- individually not exceeding three times the 
width of the surface on which it occurs or JOOmm 
whichever is the lesser 

Width, if on one surface only, individually not 
exceeding f of the width of the surface or 
G whic~ever is the lesser 

It extending from one surface to another 
individually not exreeding Hof the width of 
the surface on which it occurs or J, whichever 
is the lesser, where it intersects an end it 
shall be considered as an end split (see below) 

TABLE 11 

HARDWOOD STRUCTURAL GRADES 

Ref 

A 

8 

c 
D 

E 

f 

G 

H 

J 

Structural No I 

one-seventh 

12 

length of piece 
one-half 

one-tenth 

one-quarter 
12mm 

one-eighth 
6mm 

Structura~ No 2 Structural No J Structural No 4 

one-quarter one-third three-eighths 

20 Unlimited Unlimited 

Unlimited Unlimited Unlimited 

one-ninth one-quarter one-third 

CJ 

one-third one-half one-half 
20mm 25mm JO mm 

one-quarter one-third one-third 
12mm 7.0mm 25mm 



Permissible lmpertections 

Bo• Spring and Twist - Not exceeding the 
values given in Tables 7 and e 
~JI - not exceeding Imm per 50mm 
of width. 
~hecks. 3urface checks-on surfaces up to 

75mm wide-individually not exceeding 
K wide - on surfaces exceeding 75mm 
wide, individually not exceeding 
L wide 

Internal checks Projected length S 
(see Fig. l) not exceeding M of the 
thickness of the piece. 

Slopi~.!!__(see fig. I) Not exceeding 1 in N 

Primary l"'Ot and termite galleries 

Wane want and sapwood susceptible to lY~i.Q_ 
at tack 

Not exceeding in aggregate or individually P 
ot the cross sectional area 
Not exceeding one-third of the thickness 

Heart and heart shake~ Where the smaller 
dimension is less than 175mm - not permitted. 
Where the smaller dimension is 175 mm or more 
provided that they are in the middle third of 
the cross section of the piece 

Included bark - intersecting an end. Individual 
strands not more than Q long 

Not intersecting an end but within 6001r.11 of an 
end, individual strands not exceeding R long 

Ref 

K 

L 

M 

N 

p 

Q 

R 

TABLE 4 !contd) 

HARDWOOD STRUCTURAL GRADES 

Structural No I 

751 

2mm 

Jmm 

one-quarter 

15 
On the 

one-tenth 

Not permitted 

Not permitted 

surface only 

Strucutral No 2 

601 

Un l imi te<1 

Unlimited 

one-third 

10 
and alight 

one-tit th 

75mm 

150mm 

Structural No J 

48$ 

Unlimited 

Uni imi ted 

one-halt 

8 

one-quarter 

150mm 

JOO mm 

Strucutral No 4 

38$ 

L''1 l ionited 

Unlimited 

two-thirds 

b 

Not greater 
than allowance tor 

wane and want 

one-quarter 

200mm 

400mm 



Permissible lmpertections 

included bar~ - lt:>t intersecting an end and 
not within 600mm of an end but 111ithin the 
middle halt of the depth - individual 
strands not exceeding S long and not less 
than 300mm apart. 

Not intersecting an end and not withln 
. . ..... 

bOOmrn ot an end but outs 1de the m1d•' le,ot 
ot the depth - individual strands not 
exceeding T long and not less than 300mm 
apart. 

End splits equal in aggregate to U times 
the tace width or V, whichever is the 
lesser. 

Ret 

s 

T 

u 
v 

TABLE 4 (contd) 

Structural No 1 

75i 

15 

300mm 

Not permitted 

Structural No 2 
60i 

300mm 

600mm 

lOOmm 

Structural No 3 

48i 
Structural No 4 

381 

-~------~-- ---- ------ --· ----·-----

600mm 

Unlimited it 

tight 

1. 5 
150mm 

BOO mm 

Unlimited U 

t; _,nt 

1.5 

150mm 

i 
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ILLUSTRATIONS OF IMPERFECTIONS 

CT:;?~~:J· J 
~------

(a) General slope measured _ a : b 

L-~~~1stortoo" over 
lel\Qlh JW 

(b) Slope ,-~ a : b 

SLOPE OF GRAIN 

H'! Jr t ..... ·ood 

s 

Size of Internal check _., S 

SIZE OF 
INTERNAL CHECKS 

Sa?wood 

WANT, WANE AND SAPWOOD 

Fig. 1: Illustrations of imperfections 

A ROUND 
B =OVAL 
C = SPIKE OR ARRIS 
SIZE = )( 

KNOTS 

WIDTH, THICKNESS 

AND ARRIS 

. .,,.., 

Size of 11um pocket 
or 11um vein =' .r, 

GUM POCKETS AND VEINS 

Arris 

,_. 
• J 
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Spring = d (St;e Table 7 tor v11lues of d) Bow = d (see Table 7 tor "alues of d) 

SPRING BOW 

TABLE 7 

MAXlMUM PERMISSIBLE SPRJNG OR BOW 

Muimum permimible spciac or bow d, 11:Jm 

uar;th Width W (for stiriac) or thickness T (for bow), mm 
L 

JS so 75 100 lI5 ISO 175 :zoo 2!5 150 :Z7S JOO 350 
m 

I 8 10 10 7 ~ 4 J 3 J 2 2 I 2 
2 4 20 IS 12 9 7 6 s 4 " " 3 J 
3-0 JS 2S 19 14 11 9 8 7 6 6 s s " 
l-6 so JS 2S 20 16 IJ 12 10 9 8 7 7 6 
4-2 6.. 4S 2S 28 22 18 16 14 12 11 10 9 8 
4-6 70 so JO JO 29 24 2i 18 16 14 13 12 10 

S-4 7S SS 40 40 16 JO 26 23 20 II 17 IS 13 
60 80 60 '4S 4S 45 J7 30 28 ZS 22 20 19 16 
6-6 SS 65 so 4S '4S '45 39 34 30 27 25 23 19 

1 2 90 70 55 so SC 50 <16 •O 36 32 29 27 21 
7 8 100 7S 60 50 50 SI) I 50 <15 <10 38 1" l2 27 
s " 105 80 65 55 55 55 5 -~ SS so "" 40 37 ) I 

9 0 110 85 70 I 60 60 60 60 60 H so <16 42 36 

NOTE The lim11~11ons on d1s1ortion nave brrn i:overncd by cons1der~11ons of produc11on 
Jnd u11lia11on w11~o1n Inc con<1rain1s of rhe principles of ~1ruc111rml adequacy u sci down 
1n ,>qipcnd1t \, o( ,0,5 I 7~n 

( A.S 2002) 



Wd 
10 

w x d 
Muimum permis.~ible twist = -W- (see Table 8 for values of d) 

Fig. 3 TWIST 

TABLE 8 
MAXIMUM ~QUIV ALENT 1WIST 

ctb 
Muim•m equivalent twUt. d -110 - width of piece 

L Thkbctl T, mm 

m JI 50 

I-ITT 
100 I 125 150 

1.3 t.6 1.2 0.6 o.s 0-4 2.4 2.1 1-6 1.1 0-8 o.6 0-5 3.0 2-6 2:0 

I : : I 
1-0 o.s 0.1 

3-6 3-1 2-4 1.2 1-0 0-8 4-2 3-6 2-8 I 8 . 1-4 1.1 0.9 4 8 4-2 3.2 2.1 1-6 I 3 1.1 
5.4 ! 4.7 3-6 I 2.4 1-8 1-4 1.2 6.o s 3 4-0 2.1 2.0 1.6 1. 3 6-6 S-8 4-4 2.9 2.2 1-8 I 1-~ 
7-2 6.J '·8 I 3-2 2.4 1-9 I 1-6 I 7 8 6 8 s.2 I 3.5 2-6 2-1 I I 7 I I I 

NOTE: The limitations on distortion have been governed by cor~iderations of 
production and utiliz.ation within the constrain!l of the principles of structural 
adequacy u set down in Appendix G of AS l 72D. 

(AS 2uo2) 
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Provisional Stren0 th Groupin0 

Two approaches to 0 roupine:; are acceptaole. 

PreferablJ, , .. echanical properties are aeterr.iined. Tl1is 

required the services or a niech.::mical tes tin0 laboratory 

and s~ille;:i technicians. flecon1n1enaations 0.".1 the estaolisn-

n.ent of such a laboratory are beyond the scope of this 

report. 

T!1_e alternative provisicnal metnod is to infer a strene;;th 

0 roup froni density riieasuremen ts. 

The density is measured as: 

~ei0ht at 12~ u.c. (K~) 

Volume at 12% m.c. (m~) 

Volunietric shrinK~e of wood. is about 210 per Lo chan<::.e 

in moisture content (ni.c.). Consequently errors can 

arise if the volume is :nec:1.sured at m.c' s differin0 0 reatly 

from 12% Fortuna:'.:lJ shrinKa0 e is fairly linear with 

moisture content. 

It is recommended that volume nieasurements should oe 

taKen on pieces of mach1.ned board about 2. 5 x 1 S x 30 

cni as shown in Fi~ure 4. These shou.i.d be niachinea ac­

curately and eras s cut square 'iii th a fine tooth saw. 

Measurements should be taKen with vernier calipers if 

possible. These pieces are then r..i ln ariea, re-rr.easured 
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A worked exan.ple will demonstrate the procedure. ..ate 

that several measurements have been taKen. The positions 

should be marKed so that remeasurements are taKen at 

the same points. 1'1ea.surin0 points should be about on-

quarter of the way alon6 the lene:;th or width to avoid 

excessive shrin.l:\.a6 e at the er:c.s as shown in .2'i
0

• 4 • 

.fO o., 
)( 

/ / 
/ ,, / 

/ / 
,· Al~11svremenf po/nl's / 

~,,/ ~X" 
f I I s )r 

"' ~ 

;:-;~ ~ /JE/VSITY SPECIMEN 



Species 

i::.ver~.ge 

- :2 -

........................... Samele Nei. 

w 1 Cl t r-, r.irn 
14t:.32 
1~2.:..~§ 
145.40 

""; 1 C 't h r;Hr" 

i .:..;. . e:..::· 
1~1.:..§§ 
141.74 

Th 1 ck.ness mrn 
22. f,2, 

22.50 
22.72 

21. '3'? 
21. 86 
f:.1.:..~!?· 
2l. s.:. 

295. 7iZ1 

£~:;·.:.10 
235.~0 

Volume= 919.72 cm3 

AD ""t 
OD we: 
Water 

m. c. 

kD wt 
OD wt 
Water 

m. c. 

= 

= 

671. 80 pm 
~§2.:..~.gi C'Tl1 

11213. ·:;0 1:!~(1 

E.21Z1. 1 tli grn 

.§.§2.:.~~grn 
52. 2ill [Jr(! 

152.20/567.90; x 10~ 

= 

= 

Weight at 12% m.c. = 567.90 x <112/l~~J rm 

= 636. ~'!0 r:-rn 

we1 :;;..,c 
E.7:;.. t-_.:.:_1 !:';n 

f.20. 1 0 



K.U voluu.e 

uir'f-:ri::nce 
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9Cl.b3 cm3 

919.72 crr.3 
bl. 91 Cll•j 

i.iifference i.n w.c. ld.3~o - ';1.2/"o ::;: 9.l;~ 

Volwi1e at 1270 ru. c. 

J..Jens i ty at 125; '". c • 

01.91/9. 10 ::;: b.00 ::) 

~ 

2. 90 X b. bO CGi'"' 

= 919.72 + 19.73 cm3 

= 939.45 cru.5 

= (636.00/939.45) x 1000 K0 /u.) 

= 077. 00 K6 /rn3 

Provisicnal strenbth 0 roup '.~b,) (SGo). 

In the absence of proper facili tie:>, a .r..iln H.ay be impro-

vised fron. a small roorn or a lar0 e cupboard con tainin0 

a~ electric fan heater. Be cci.reful net ':o let the temper-

ature rise above 55 de~rees cent. Too hi 0 r. a temperature 

way result in dri vine;, off extracti ves, thus 0 i vine; an 

excessively low wei 5 ht, but ter:lperature lower thar. 100 

degrees ci::nt. will not drive o!'f' all the ri.oisture. 

Oven drying should continue for several days and be checked every 

8 hours to ensure that constant weight has been reached. 
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Equipn1ent costs would be about: 

15 Cili vernier callipers ~50 

3U c; .. steel rule 'fiith hoot\. .:iil5 

:Oalance 20UO 0 rn x 0 .1 0 1i1 $125 

Therr.,rnueter d. 2000 $15 

i 
' 

It ii.ay be possiole tc oorrow tnese r ror;, a hi 0 h scrwol 

or polytecnnic. 

1.ote tnat aata troli. at least fi.ve se~ rate trees is requir-

ea.. 0 I 
" 

ta!(in0 one r'reshly cut 

ooara per a.ay over a perioa or a · .... eeK. • Preteraoly as 

... iae a 0 eo0 raphical ran5 e as possible sho 11J..d be covered 

ana a sa.i•1plin0 frow air'i'erent .i.L.ls snoula. oe :;.ad2 i.t' 

possiole. 
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Joints 

In the same ·('j·ay as ti;;,bers may be 0 rouped for tneir overall 

per:::'or:;,ance as structural elei .. ents ( bea.I .. s, coluri.ns, ties 

etc.) so they 1 .. ay also be e;,rouped !or their holdin
0 

pov.er 

r'cr fasteners. 
Groupin0 for joint stren0 th is aone 

on a di!':'erent basis fr011, stren
0

th 
0

roupin
5

• 

T...-o papers OJ J.J. tv1acK (;•1ack. l::t7b, t•iacr.. 1:77bb) (4.)) 

aescribe the bacr.. 0 rouna to the joint 
0

roupin
0 

as presented 

in AS 1720 
~ection 4, and also a proposed revision. 

The present situation in AS 1720 is sho~n in Taole ~. 
Joint Group Basic density Allowaole 

;.;.o/r;.j 
• 11v larRfo~ 21 o 
11 J • ai. Jl 700 3bO 

.J2 b50 - 700 320 
J3 500 b50 205 
J4 5UCJ l~O 

Taole ~ - Joint Groups - AS 1720 - 1975 

MacK aoes not n.aKe it clear exactlJ w1 
the boundaries 

lie, i.e. b49 or o,u. 
he then rec 01.u .. enas a ra the"." 1uore 

rational 0 roupin1:i shown in Table 10 ·..,hich is now (i•iarcn 

l9b5) under aiscussion for aao~tion as a revision to 

li.S l 720. hail loaas !'or this 1:iroupine-., are shown in Tables 

11 ana 12 r'or 5 reen ana seasonea tiJiiber res pee ti velj. 
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Taole lC Proposea ~evisioD to AS 1720 

Classification of Ti~oers for Lise in Joint 0esi
6

n 

Group Basic .i..lensi tJ Croup 1-1.ir-arJ 0ensitJ 
Jl 750 Ji)l Si40 
J2 bOO JL2 750 
J3 475 JLj oOO 
J4 joO ~TL4 47'.;i 
J5 310 JL5 joO 
Jb 250 J.ub 3lu 

t•Ote how aensi ties ana the allowable loaas for the t.1pical 

nail leer;. in as for stress 6 rades. Loads for otner 

nail sizes are proportional to the 1. 75 po,..er of their 

aianieters. 

Since the system swiui.arised i.:1 Tables 10 and 11 is as 

Jet (l•1arch 1S1b5) only proposea, it is recommended that 

those wishin0 to institute tnis SJsterr, of desi 0 n shoula 

0 roup their tiiubers r'or joint stren0 tn in accordance 

with Tao le ".:}, out also be prepared to rebroup in accoraance 

with Table 10 when 1;.S l 7bu Section 4 is revisea. This 

will ensure that existine, aetailea aesi 0 ns niaJ oe usea 

witnout revision. 
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TABLE 11 Ca) 
BASIC LATERAL LOADS FOR ONE NAIL IN SINGLE SHEAR 

~ IN SIDE GRAIN OF UNSEASONED TIMBER 

Basic lateral load per nail (N) 

i 
Species I 

group Nail diameter Cnvn) I 
I 
I 

2,5 2.8 3.15 3,75 4.5 5.0 5.6 ~ 
I 
I 

J1 330 400 490 665 915 1100 1340 I 
J2 260 315 385 525 720 870 1060 I 
J3 !85 225 275 375 515 620 755 I 
J4 130 160 195 265 365 440 540 I 
JS 100 120 150 200 275 330 400 I 
J6 75 90 110 150 210 250 300 I 

I 

TABLE 11 Cb) 
BASIC LATERAL LOAD FOR ONE STEEL NAIL IN SINGLE 

SHEAR IN SIDE GRAIN OF SEASONED TIMBER 

Basic lateral load per nail (N) 

Speci~s 

group Nail diameter (mm) 

2,5 2.8 3 .15 3.75 4.5 s.o 5,6 

JD1 435 530 650 885 1210 1460 1780 
JD2 330 400 490 665 915 1100 1340 
JDJ 260 315 385 525 720 870 1060 
JD4 185 225 275 375 515 620 755 
JDS 150 185 230 310 425 510 620 
JD6 115 140 170 235 320 385 470 

Taole 11 Proposea ~evision to A~ 1720 
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Stren0 th Groupin5 and ~esi9n Coaes 

Apart frorr. the aavanta0 es aescribec above, s tren
0 
~h 

0
roupin

5 

allows the efr'ective seperatiuon of ;1,aterials specitL.:ation 

frofu buildin0 codes. i..eicester l::Jul ( 2) illustrates 

this separation in ~i5 5. 

Standards 
?roper.tie' > 

Grou~ed ~esi6n builain
6 

Stanaard~ 
?araL.eters • he6 ulations 

Tii .. ber 

r~i 0ure J - Sef.Jaration or rr,aterial properties froui buildin
0 

codes 

There are rr,any ocsolescent buildin0 codes which contain 

requirerr.ents for species lonf!:> since cut out, or for cities 

"'hose inspectors havt~ no au tnori t:1 to permit tne use 

of newl1 illiportea sp~cies or the proauce of recentlJ 

: .. atured plantations. 

In the process or introducinf!:> or vi talisine:, tir .. oer con-

struction it is alfuost inevitaole that mista~es or Olliissions 

will be made. This is certainlf li<"-elJ to happen if 

buildin~ codes contain data for inaividual species, 

and builaini=, codes are notoriously di.:'r'icult to update. 

Separation in the fashion indicated in Fi
0 

5, separates 

new l\.nowlede,e or ne,.,ly availaole i .. aterials !'ro1" the bu.ilain
0 

code and e,i ves a rriucn oet ter chance or up to aa te aata 

oeinf!:> included in current construction. 
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Cther Considerations 

.:3tren6 th alone is not the onl.1 propertJ to be 2cnsia.erea. 

... :ner. a species of woo a is evaluated :'or its sui tabili tJ 

:'or structural purposes. Ir..portant considerations are: 

Identification: ... 111 tne species specified actuallJ 
be su,t:;plieCl anCl is it reaui.l.J 
reco 6 nisable in situ? 

Ease or ~ryinK: D h · ct 1 
o oes t e species ry quick y with little 

or no splitting or warping? 

~atural durability, or alternatively 

~ase or preservative treatllient. 

:t is i;r.portant that ... ear;. or r.on-duraole ti:r.ters are 

not raixed in y,i th the selected species. In 1i1a.ny countries 

control of 1000in0 operations is lax or non-existant 

and ti:nber n.a.i be rriarKeted n.erely as "red" or "white", 

"hard" or "soft". Tnis situation is obviously unsatis-

factory, i!' ena use deiilanas on strene;;th anCl durabili t.1 

are hi~h. It ruay be necessarJ to incluae supervision 

of logging and sawn1illine;, operations to en:::iure that the 

species specified is actuallJ suppliea. Identification 

of sawn timber is much lliore difficult tnan identification 

of trees and tiruber becoiues rr.ore and :;.ore anonymous as 

it passes throue;,h the various pro~essin~ sta
0
es. 

It rr.ay be necessary to paint the butts of trees when 

they are felled, a:id also paint each sawn lees as it is 

oucKed from the steH •. In this case, use a type of paint 

not locall.:f available to foil unscrupulous operators 

rror;, later f'ois tinb arr unsuitable but similar coloured 
···o oc. 



;.,ryin~ is an i:•.fcrtant ccr:-;iaeraticn in stn;.ctural ti::.ber. 

be cry, flat, strai0 ht ana free of ::1a~ or cnec.i:es ana ..... ?""' l .; .... -
;;:, !-' ...L .......... .::::> • 

Sollie species are extremely dirricult to arJ .... ithout ae0 raae, 

or ar.:1 very slm·~ly. Other consiaerations bein~ equal, 

it ;;,a.1 oe preferable to choose a ·,.;ea!'..er species ·,..i tn 

.•.ore favourable aryin0 characteristics than a stron6 er 

one which aoes net ary satisfactorilj • 

.;,,e 0 raae aur::..n0 aryin0 can be controlled DJ 0 ood practice. 

1nis is a i;,ajor subject oy itsel1:' ana is not covered 

further here. Sollie references ~r: 6 ooc practice are 

0 iven in the bibl1o~raphy . 

.uurability is an ifi,portant consideration in exterior 

structures. Information on natural duraoility of woods 

is availaole from as variety or sources, sorr.e of wr1icf', 

arE listed in the biblioe:,raphy, It sr,ould be rer .. erilbered 

that aurabili ty is a.n in terac ti on between the enviroruiien t 

and the wood, and less naturallJ duraole species u.ay 

~ive lonb service in drJ cool cli~ates. Sap ,..ood or 

nearly all species is non-duraole and shouia tnere.::'ore 

oe excluded frorri structural tifi,ber .,...hi ch is n·)t to be 

preservative treated. 

In assessin0 tne requirea aurabili tJ, a "Clir1iatic Inaex" 

nas oeen proposed bJ Shefrer (o) to indicate the relative 

nazara or aecaJ in above-0 rouna structures due to rrioisture 

:i.nO warr .• teu.pera ture. 
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.it. ::as tr:e I' c r: .. : 

I = l/l7 [ ~ec 

Jan. 
( ( :'-2) ( ~-))) 

·.-.here ·: = : .. ear: ::.onthlJ· teri.perature, centi0 raae 
:-'cu;.,ber o.::· daJs in tne .:.on th :,.,her. rainfall equals 
or exceec.s G. 25 ::.r ... 

'./a.h;.es o:· I less :.har. .)J indicate .1..:::r... aecaJ hazara, up 

to o5, an inter:;.ediate a.ecaJ hazard and 0 reater tr.ar. 

o:: a ni 6 h dee a,; ::azarc.. Assw .. ir.5 tnat the : .. eteoroloe:,L:al 

aata :'er a site are available, ar. estL.ate or' anJ ;.ecessc;.rj 

7his ;;.a,; incL .... ae 

specifications o~ speciallJ durable ti~ber or 

ir. tensities o: preservative treat: .. ent. ?reservative 

treah.ent is an alternative to the use of durable timbers . 

... ell preservec. ti .. ,ber -... ::.11 .l:'requentlJ outlast untreated 

durable timber in tne sa:-.. e enviror .... ent. if nonc.urable 

ti;rioer is to oe usec. in a hL_:,h c.ecaJ hazard area, then 

preservation becor.,es essential, ana ease or 

becorries an overric.in5 consideration. ?reservation can 

also provide protection a.0 ainst insect attacz:<:: ·,..hich in 

sorr.e cases may be ;;,ore of a nazara tr.an decay. 

In !:>eneral, s tron0 tiwbers are oense and c.i.::'ficul t to 

treat by pressure r;,ethods. ..on-pressure treatrr.ents rarelJ 

5 ive protection a 6 ainst decay. A5 ain this is a ::.ajar 

suoj ec t and fl' ill not be discussed further riere. Ir".for-

;;.ation nn the treatabili ty of various species i5 c·Jntained 

in seve.·al of the references Eiven in the biblio0 raphy. 
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.Stronb dense ti;;;bers are ;;,ore air i i..::'-41 t to .. arr;. tnan 

3cft ·,..;ear\.er ti:..oers. 

i~tc ~any desne species ;,..;ithout resort to i)reborin6 • 

Also ;;,any tL;,bers contain siliceous deposits er, 

::occnu-c., have a fibrous structure ·..,:nich qui::r.lJ bl\.i.nts 

steel tools. ~hese ti:ncers ; .. ai be reaail.; ;,..;orf\.eci .~i tn 

tun0 sten carbide tipped tools, out tnese are aoout j 

or '-+ tia.es as expensive as steel tools and require precision 

C.i8-1icOnC. wheel 6 rinciers for sharpenin0 • Iru'or; •. ation or. 

the abrasive properties or ·,..;oods is round in the sa.a;e 

references as for durability ana ease of preservation. 
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General ~iscussion 

There are rnar.J ar0 w;,er.ts i::-. favour ana ;;,anJ ae;ainst t.r.e 

:'his report details tr.e 

Australian system far two reasons: 

1. 

2. 

The U~·ILO prefabricated bria0 e has been desi 6 ned 

usin0 tne concept. If a country (or or6 anisatior.) 

wishes to use the desi0 ns, it will have ta 

stren6 th- 0 roup and structurally 6 raG.e its t.i;.,ber 

in accordance with this system. 

r ollo:.-Jin6 on and basea arouna. the concept are 

the c o:rt;;rehens i ve Australian Ti:nber 

and Tir •. ber ?ra1 .. in0 codes. Adoption of the 

sys ter;. -,.. ill t:1en ir:.u.edia tely aper, tr,e '"aJ :·or 

in aevelopinb countries to build 

in timber as soon as a r;.inirr.ur.. or testin5, 

or even literature research, has been carried 

out usine; these Australian aocun.ents. 

Consideration 1. above ~1as the :aain inc en ti ve for the 

preparation or this report. Ho·.~ ever, international 

enthusiasm is such that Leicester (l~bl) reports that 

strene:;th groupin0 to the Australian syster .. nas been carried 

out on 700 African species (SAA l'.;17~) ana l~O So;.ith Aruerican 

species (Berni et al 1~79). 

The Australian concept is not the onlJ one possible. 

:•Jany people consider the number of 6 raaes and tne complex-

it,J at the Australian codes are excessive. 

Leicester (ljbl). 

To quote 
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"In settin5 up 0 roupin0 s;sterr.s, tne prL.arJ f3.ctor 

bear in mind is that 6 roupin6 is a technique to provide 

a compron.ise bet;veen si;,.plici tJ (achieved OJ rea.ucin0 

the nw .. ber of 0rou.~ and utilization e.t'r'ic iency ( acr,ieved 

bf increasin6 the nur;.ber o:i:' 6 roups in an attewpt to : .. atcn 

all 6 rades of the r;.ajor species). In aecidin0 the 

optL.ur:. coi;.promise an Lr.portant factor to bear in u.ind 

is that the ;:•inimum step oetween each 6 roup st:oula. ce 

related to the accurc..cy ·liith which strenbths can be assess-

ed. Too fine a step size ... ill lead to aaai tional coi .. plex-

i ties ·,..;hich are not cor;,pensated by anJ real ·increase 

in the efficiency of utilization. On the other hand, 

too lar0 e a step size will lead to a noticeable sellin~ 

~rice aif.r'erential between each s tren6 th; this ir: turn 

,..;i.11 lead to una.ue pressure on tin.ber producers to ruarKet 

their tin;ber as bei:i5 of a stren6 th class hi 0 her than 

is correct, with resul tin6 chaos in the areas of both 

; .. arketinb and buildin5 re 0 ulations." 

i< ea tine, ( 19o2) ( l) describes alternative 0 roupin0 systen.s 

in use or proposea in several countries. The United 

Kine;,do1u is discuss:..n0 tr.e introduction of nine stren0 th 

classes with two soft·..iooa <5rades of Sr. 3".i?o and 50~o ana 

one nardwood 5 rade of 67%. 

The Philifjpines has developed a systeni close to the Aus-

tralian one in that it uses a preferred nui .. ber series 

"'ith an interval of 1.25 but it has been liruitea to only 

five s tren0 th 0 roups. The advanta0 es of this system 

are e:.i ven as: 
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( i) Each :.,e::.ber species ·,.,ithin a class can Sl.;.Dstitl.;.te 

for the ether; thus in a ·,;a,/ overcor;.in0 tne 

proble:;, of supplJ. 

(ii) The traditional bias a 0 ainst tne lesser-~nown 

(iii) 

species is easil/ overcor,,e when these are 0 roupec 

to6 ether ·,..i th the ;1,ore corarnon species. i-ience, 

tr1is SJ Stern ·,.ill help er .. 0 ineers ana architects 

fariiiliarise then1sel ves ·,.,i th al terna ti ve species 

by specifyine;; that anJ tirr,ber 'fiithin a biven 

class :;.a/ be usea instead of speci!'jinc; the 

tLabers by narr,e. 

It will overcori.e the probler;; that is usually 

enco11n tered in i dentiiyin0 sav.-n ti:;,oer of similar 

physical and stren0 th characteristics. 

(iv) Groupin0 will simplify desi 0 n and specification 

procedure and thus facilitate tr .. e forr:,ulation 

of a comprehensive buildin0 code for structures 

usine; solid wood. The 6 roupinb scnen,e ·..,ill 

form a rational series that ·11ill fit closely 

with timber 5 raoes. ;,ith this systeni, only 

a few sets of worKin0 stressses are aoequate 

to cover the proposed 

0 raaes of timber". 

(Espiloy 1977 in Keatin5 o~. cit.) 

classes and 
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In South America, 5oli via, Color;,bia, Ecuador, Peru ana. 

Venezuela have COHioinea. to proa.uce a stren0 tn 
0

roupine:; 

systeru coraprisin6 three stren0 th e:;roups and one '+O;v hara-..i-ooa. 

An interestin~ approach tar\.en in the developor:,ent 

of the sin0 le visual 0 radin0 rule was that the limits 

set on size and location of defects should permit ar, 

avera0 e :uill to produce 50-00i~ or' acceptable structural 

u.aterial. The rer;,ainder of the fl.ill output -,.,ould normally 

be suitable for non-structural applications in housin0 

; ' . . 
• J 

such as s~~athin0 and joinery. 

In Mexico, an apparently even i;,ore drastic 0roupin~ has 

been rr;ade of the country's 50 pinus species into a sine;le 

stren~th 0 roup. T'"'o structural 6 rades have been desie;-

nated which would approxir11ate Fl4 and Ft>. The cut 

of an avera0 e rr,ill · .... ould be 3050 tcp 0 rade, 4010 second 

0 rade and 307~ non structural. There is an indication 

',.;hi ch would appear to justify tnis s ir1iplici tJ that wi tn-

in r11ill variation is lar0 er than the rebional variation. 
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Australian Standards 

AS 1490-1973 Visually stress Graded Radiata Pine for 
Structural Purposes 

AS lo4b-1974 Visually Stress Graded Cjpress Pine f'or 

Structural Purposes 

AS 1 720-1975 SAA Tii.1ber En0 ineerine; Code 

AS 20d2-1979 Visually Stress Graded nardwood for Struc-

tural Purposes 

AS 2099-1977 VisuallJ Stress Graded Australian brown 

Softwood (Conifers) ror structural Purposes 

( excludine., Radiara pine and Cypress pine). 

A~MP45-1979 Report on the Strenbth Groupin6 of Tillibers 

All: Standards Association of Australia, P. 0. Box 45b, 

ijorth Sydney, uS•~ 2060, Australia. 

1. Keatin0 r'4.3. 19b2 

Grouping, Sys teuis. 

heview of Timber Stren6 th 

Expert Group Meetine., on 

Timber Stress Gradine, and Stren0 th Groui:.iin6 

Ui.IDO Vienna. (Document ID/~G/35':;1/4) 

Leicester n. H. ljl:H Groupin0 and Selection 

of Species for Structural Utilization. CSII\O 

Aust. Div. Bldb Res. Tech. Paper ~o. 39. 
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