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STaeaGTH GROUPING auny STnesSS GAALInG Or TIMBERS

Introauction

ine JuUniteu wations Inaustrial Levelopuent Urganisation
(UnILC) is activel; prowoting tne use or tiwcer, a wice-
SpreaG resource in uany aevelopineg countries, as a con-
struction waterial. It is aqoing this in tnree uwain ways
- Uj settine up tiwoer wutilisation projects, vy arranging
-ourses to teacn tiuber engineerinsg ana Dby the active

prowotion oI the UwiuU prefaoricated tiwocer dridge system.

inis origge systew was aesignea for worla wide use ana
10 solve the prooleun of making 1t universally applicaole,
tae agesigners aaoptea tn. Australian strengtn grouping
Ssstew ana carriea oul tne aesign according to AS 1720
tne sSan Tiwder Lngineerin. Coae. Tne .anual r1or the
uricee contains a list of tiwbers ciassitied into thelir
strengtn eroups, ana appropriate srading rules. olnce
tne introduction or the oridge to various aeveloping
countries, ana particularly with the exXperience of' tnree
Suc.essiul  tiwmover engineerine trainins courses it nas
vecome apparent that a wider ana wore detaileq eXplanation
Ol the strength groupine Systew and now to put 1t into
practice is requirea tnan wnat is contained in the Unlou
Oriuge wanual. inis iInforwation 1is availaole out is
diSperseu tarough  several australian standaras ang tecn-
rilcal papers. inis report endeavours to satner this

walterial togetner into a concise ang cractical toru.




Strength Grouping, - The Concept

"There are no oovious liuitations to tne acceptacility
Of any timoer population ror structural utilisation proviceu
1ts structural properties can be aderinea with surlicient
reliaoility". (Leicester 1lwclj(2) ine «Key wcra in

this stateuwent is "surfficient".

The classical agproach to this proovlew of gerinition
nas opeen to test the wechanical properties or very lar_e
nuwecers of swall clear speciwens or each species so trat
the lo.er bouna of each property 1s derinea witn a nign
level of precision ana conriaence. The stresses so
cdefined are tnen aajustea 0y r'actors to cover tne weanening
effects or cerects, long terw loadineg etc. ana NOrnling
stresses I'or various srades are assignea accoraingly.
An alternative wore recent approacn gainineg very wide
acceptance 1is the testing of rull size structural tiwpers
in the actual grades suppliea, ard getermining wit siwmilar
nign precision, the lower ocund properties, tnis involves
a larme amount of lapboratory time and efrort. This
approach works well in countries witn r'ew aocwirant species,
.5+ western CLanada oOr wew sealand. however, .any coun-
tries, particuiarly tropical ones, nave vast nubers
of species. i'or exawmple Fustralia lists b3U Lrade naues
(A5 MPL4S), tr=rc are 200 species in [hailana, 200U in
tne Philippines., The erfort involver usine thne classical
appraoach to evaluate all these is too enormous to con-

tenplate.
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"Strength Greouping" approacnes tne problew Irow tne otner
end. A set oI basic worxing stresses is arvitrarily
Getermined, then the tiwber properties required to produce
timper with not less than these stresses are also de-
teruined. because oI tne ailscrete steps petween design
stresses and lowerine oI statistical precision (but not
oI conridence level) much less laboratory work is requirea
to classiry a species or group cf species, assign working
stresses ana permit a species to pe wusea in designed

or codiriea structures.

The Australian systew usea riore stress in vending as
its priwary classirication. Twelve values oI this stress
ana other assoclation stresses nave veen selected,

Taole 1 reproduced from AS 1720 snows tneu:

Taole 1

BASIC WORKING STRESSES ANMD STIFFNESS (MPa) FOR
STRUCTURAL TIMBER

Besic Strews
f— Short Short
Stress Bendiv g Tensicn Shewr in | Compeession duration durstion
grade parsiiel beams parsilel modulus of | modulus of
to grain o graim elasticity® rigidity
Fy £ L Fre £ G
Fl4 14 s 207 145 26.0 11500 1430
k27 2rs 18.5 | 208 07 14500 [P3 1]
F22 20 132 110 s 16000 1070
Fli? 170 102 145 32 1 4000 910
Fia 140 54 125 102 12500 400
Fl1 10 66 103 A4 10%00 o
F8 (X $2 0385 66 9100 ' 5i0
K7 69 4 070 $2 900 530
F$ 54 33 060 40 4900 1 160
Fe 43 14 050 3 4100 410
F1 je 2 045 26 5200 150
F2 13 t7 033 1 H 4500 | 0o

¢ The modulus of clasucity snciudes an aflowance for shear deformation

1t will re seen that this table covers the whole spectrul

oI tiwber strengtns and stifrnesz tfounag anywnere in the

world.

The "F,4", 27" etc are "Stress urades”. These .raues




are deterwmined rrcowm a combinaticn of the intrinsic strengtn
properties of the wood - the "Strength Group" as deterwined
Oy testing suwall clear samples, and tne guality of the
ingividual pieces concerneda, that 1is the size or Rnots,
slge o grain etc. as determinea Dy suitanle grading
rules 1ror "Structural Grades". Thus any particular
Stress Graae way; be formed 0y several combinations or
strength Group and Structural Grade - strong wood in
a low quality graae, weakx wood in a high quality grade

or iuterumediate values of both.

In practice rour structural srades are siven in the relevent
slading rules (AS 2082 ror hardwoods, AS 1490 for radiata
pine etc.). These describe grades with 75%, 00%, 4o%

ana 3¢ of clear wocd strength, or strensth ratio.

It will be observed that the FfbD values in Table 1 are
in weometric progxression with a COmmLon  rarcio o' about
1.25, similarly the strength ratios for the srades have
the same common ratio. They can thus t: combined in a
concise rorm as shown in Table 2.

Table 2

RELATIONSHIP BETWEEN STRENGT:' GROUPS AND
STRESS GRADES FOR UNSEASONED TIMBER

Strengt 75 7% €0 /. Swemgnde 48 7, 78 %
group No 1 No 2 ' No 3 [ No 4
Structural Structural | Structural | Stemctural
st F27¢ F22 | FI17 ‘ Fl4
s2 F22 | F17 i Fl4 3 F11
$3 F17 ! Fis 5 Fi1 ‘ F 3§
sS4 Fl4 ‘ Fli ! F8 ‘ F7
ss Fil ! F 8 ! F7 ; £ s
S6 F8 5 F? ' FS§ ; F 4

BTN




it is well known that wmost wechanical properties of tiuber
particularly tnose of interest to structural engineers,
increase as the wood gets dryer. To allow for this,
two deterwminations of strengta xrovp rfor each species
Or species group are made. Seasoned timber which remains
pelow 15% moisture content may nave a higher stress srade
assigned to it than green timber of the same structural
srade. These are shown in Table 3. The seasoned or
dry condition is distinguished by the use cof "SL", opposed

to "S" tcr the green conditon.

Table 3

SDé

(AS 2082)
For example Australiaan brown alder is classifie” as 85.
SD6. A piece of 60% wrade of tnis species woula qualify
as F8 Lf wreen, Fll ir seasoned ©o less than 15% wmoisture

content.

This increase in stress wrade 1s not wunitorm tor all
species. Another Australian species, candlevark 1is
also 85, but is SL 35, which would made a dry piece or

oU% prace qualify as 7 14,
q

ERT




Strength Groupine Methods

Two prccedures 1or strergth eTOUpPling are allowed by Austral-

ian autnorities.

2Nna provisional strength grouping,

ana tyge or inforusation available.

sTOuping 1s necessarily

revision in the ligznt of further data.

i1s distinguishea by

thius (So) (S0L7).

These are positive

conservative and 1is

enclosing

strength grouping
aepending on tne awount

A provisional strength
subject to
Provisional yrouping

the group 1in brackets,

The r'ollowing section is reproduced from AS MP 45 "Report

on Strensgth Grouping of Tiwbers".

SECTION 1.

L1 SCOPE. This document is intended to provide
a uniform basis for the classification 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
Engineening Code, AS 1684, SAA Timber Framing
Code, Building Regulations and any other documents
related to these codes.

Section 3 sets out the strength grouping of most
timbers used in Australia.

1.2 DEFINITIONS. For the purpose of this
document the following definitions apply:
Species mean—the mean of the tree mean values of a
given property.
Strength group —the group to which a timber or a
group of timnbers is assigned (seven groups in
descend 'ng arder S| to S7for unseasoned timber,

SCOPE AND GENERAL

eight groups SD1 to SD8 for seasoned timber) or

the basis of the mechznical properties and/cr

density determinations of defect free material of
the species.

Depending on the nature and amount of data on
which the classification is made, the strength grouping
may pe termed ‘positive’or ‘provisiona!’ in accordance
with the following definitions:

(a) Positive sirength group—the group to which
timber is assigned based on mechanical test
data for five or more correctly sampled trecs
(see Appendix A and Appendix B).

(b) Provisional sirength group—the group to
which a timber is assigned based on density
and/or ‘imited mechanical test data. The
provisional nature of the assessment is
indicated by the use of brackets in Tables
3.1and 3.2

RN
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SECTION 2. PROCEDURES FOR THE STRENGTH GROUPING
OF A SPECIES

2.1 GENERAL. As defined under ‘strength
groups’ in Clause 1.2 above, a species may be given
either & 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,
tecause of the use of predictive relationships in
making the assessment. E':':ther classification may be
changed in the light of additional information but
both are currently valid.

The information necessary for applying the.

procedures of this Section is as follows:

(@) For positive strength grouping. The species
mean 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
unscasoned material will allow the species to
be strength grouped for use in this condition.
Species mean vailues obtained by adjusting to
12 percent moisture content (see Appendix C)
the results obtained from tests on kiln-dnied
or air-dried matenal will allow the species to
be strength grouped for use in the seasoned
condition.

NOTE  Although not usuaily required (or the purposes of

applying the procedures described below. it s olten usefui that

the standard deviation of individual re;iuits be available forthe

ahovemenuoned properties, particularly for madulus of

rupture

(b) For provisional strength grouping.  Species
mean values for the properties mentioned in
(a) above obtained from tests on material

trom not fewer than threc trees and/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 required

(c) Species having wide variahility in wood
properties. For some species having a wider
than usual vanability tn wood properties,
larger than normal sampling may be required
to take this variability into account.

2.2 PROCEDURE FOR POSITIVE STRENGTH
GROUPING.

2.2.1 Preliminary Classification Based on
Individual Critical Properties. Modulus of rupture,
modulus of elasticity and compression strength
paralle! to the grain of a species are first classified
separately, by comparing the species means of these
properties with the minimum values :isted for each
strength group in Tables 2.1 and 2.2.°*

As strength grouping is primarily to give an
indication of bending strength, shear values are not
cons'dered siice they are not closely related with
modulus of rupture. The value of a property measured
in the seasoned state is adjusted to the reference
moisture content of (2 percent (se= Appendix C)
before it is compared with the tabulated values of SDI
to SD8 in Table 2.2

1.2.2 Positive Strength Classification Based on
the Combination of Properties. Should all three
properties in the unseasoned state have the same
ciassification derived in accordance with Clause 2.2.1,
tae species is assigned to that S-group. Analogousiy,
should all three properties in the dry state command

*Extracted from an articie by NH Kloot in CSIRO Forest
Products Newsletter No 194, 1973

TABLE 2.1
PRELIMINARY CLASSIFICATION VALUES FOR UNSEASONED®* TIMBER
tZinimum species mes
Property "
S h¥] S3 h ] i 56 N7
Modulus of rupture (MPa) 103 Ke 73 62 52 43 16
Modulus of elssucity (MPa) 16300 14200 12400 10700 9100 TH0 H900
M-:‘u[v,\um crushing strength 52 41 6 L] 26 22 I8
(MPa)

*As meusured or cstimated at 8 moisture content above fibre saturation point

cat,

TAB.E 2.2
PRELIMINARY CLASSIFICATION VALUES FOR SEASONED* TIMBER
Property Minimum specien mean
- SD1 sSD? SD) SD4 SDS SDe sD? SDS
Modulus of rupture (MPa) 150 130 P10 9% 7. 65 55 45
Modulus of elasticity (MPa) 21500 18500 16000 14000 12500 10500 9100 7900
M(.:‘u;um crushing strength 80 70 6! 54 47 41 ¥ /]
s}

*As measured or adjusted to a8 moisture content of 12 percent.
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the same group, the species is assigned to that SD-
group When the three properties listed 1n Clause 2.2.1
do not all have the same classification a conservative
approach would be 1o assign the species to the lowest
group obtained from the individual preperties. This
must apply for many combinations but there arc
several for which raising the overall species strength
group anc step above the lowest assessment s deemed
justificd.

The assigni.;ent of a species to a strength group
above the lowest group obtained from individual
propertics places more emphasis on the modulus of
rupture and the modulus of elasticity than on com-
pression strength. The procedure apphied i+ detailed
hereunder and summarized in Table 2.3, and x may he
any of the numbers [ to8 inS1to 87, or S to SDA.
In all other cases, the lowest of the three scparate
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
elasticity is in a group at least two steps, and
the compression strergth in a group at 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 modulus of ruptureis 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
compressicn strength then the overall species
strength group may be raised one step above

~
-

the minimum only if both the modulus of
rupturc and the modulus of elasticity arcina
group at least one step above that mimimum.

2.3 PROCEDURE FOR PROVISIONAL
STRENGTH GROUPING.

2.3.1 General. When theavailabie data foreither
unscasoned or seasoned strength values are from fewer
than five trees the procedure adopted is as follows,
using Table 2.4 where appropriate; while a large range
of combinations is possible the following ar= likely o
be the most common:

(a) Only either unseasoned strength values or
seasoned strength values from five or more trees
availahle.

(i) Evaluate on the basis of the condition for
which the data are available, i.e. allocate the
green or seasoned strength grouping as
appropnate.

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

(b) Air-dry density values only from five or more
trees available. Determine provisional
strength group from Table 2.4. Figures to be
placed in brackets.

2.3.2 Acceptable DifTference between Unseasoned
and Seaioned Strength Groups. For any one species
tiie provisional strength grouping for unseasoned and
seasoned material should not vary by more than one
strength group. Any adjustment required must be on
the conservative side; ¢.g. for a species initially
classified as say (S5). (SD3), its final assessment would
be (85), (SD4).

TABLE 2.3

COMBINATIONS OF PRELIMINARY CLASSIFICATIONS THAT PERMIT THE OVERALL
STRENGTH GROUP ASSESSMENT TO BE ONE STEP ABOVE THE LOWEST IN THE COMBINATION

Pretiminary claseification based on—

Moduius of Modulus of Maximus Asemend S or SD
rupture elasticity crushing strength strength growp
x x x4+ i x
x x -2 x -1 x -1
X x+2 x+ 1 X+

NOTE. Strength group 1 -
strength group S3 18 denoted by v = |

! 15 stronger than strength group x; c.g. if strength group S4 s denoted by x then

TABLE 2.4

MINIMUM AIR-DRY DENSITY VALUES FROM S OR MORE TREES FOR ASSIGNING SPECIES TO
STRENGTH GROUPS IN THE ABSENCE OF ADEQUATE STRENGTH DATA

() Unseasoned Material

Strength Group —Sl 82 N3 N4 58 Sé 87
Air-dry denwity at 12 percent 1580 1030 XN 00 700 600 500
masture content (kg/m')
(b) Seasoned Material
Strength Group SDI sSD2 SD3 SD4 SDs SDe SD7 SDs
Air-dry densmity st [2 percent 1200 1080 960 440 730 620 20 420

maisture coruent (kg/m')

.
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APPENDIX A
SAMPLING

Valid sampling is achieved when the distribution of values in the sample represents the
distribution cf values in the population, and when the sample is free of bias. Failure
to adopt a proper sampling procedure will prevent valid estimates of sampling errors
from being calculated, and consequently the accuracy of the calculated mecns and
other statistics will be doubtful.

Regions, localities within regions, and stands should be sampled so as to ensure
that the number of trees sampled at each level is as closely proportional as practicable
to its component of the estimated standing volume of a species throughout its range.

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

APPENDIX B
STANDARD MECHANICAL TESTS

The methods used in Australia for the testing of small clear specimens of timber to
determine mechanical strength properties are described by Mack (1979)*.

Two sizes of specimens, referred to as the 50 mm and the 20 mm standards, are
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 in
Auttralia when 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 D143-52, Standard Methods for Testing
Srall Clear Specimens of Timber, have been used with some modifications.

APPENDIX C

ADJUSTMENT OF TEST DATA TO 12 percent MOISTURE
CONTENT

The paper by Mack referred to in Appendix B fully describes the method used to
correct individual test results from seasoned material to 12 percent moisture content.
This applies only to standard mechanical test data.

¢ Average corrections per | percent moisture content difference from 12 percentare
as follows:

Static bending: modtlus or rupture, 4 percent
stress at hirait of proportionality, 4 percent
modulus of elasticity, 1.5 percent
Compression parallel to the grain: maximum crushing strength, 5 percent
stress at limit of proportionality, 5§ percent;
modulus of elasticity, 1.5 percent.
Corrections are additive if the moisture content at test is above 1< percent and
subtractive if below.

*Mack. J.J (1979) Australian Methuds for Mechanically Testing Small Clear Specimens of Timoer.
CSIRQ Divison of Building Research, Technical Paper (Sezond Ser.) No 3f.

DR
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It has been shown how the four structural grades interlock with the
strength groups to vield the system of stress grades, and that these

four structural grades have § rength ratios of 757, 60%, 48% and 387%.

Suitable grades are described in Australiau 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 sumraries only and do not contain all the data of the
above standards and timber graded to them cannot be strictly described
a@s complying with an Auscralian standard. The terms used are illus-
trated in Figures 1, 2 and 3. 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 thisg way, there is a minimum of disrup-
tion to an existing trade practice and timber design codes for both
timber engineering and timber framing based on Australian strength-

grouped timber may be used with confidence.

-




HARDWOOD

TABLE 4

STRUCTURAL GRADES

Permissible Imnertections Ret

Structural No 1

Structura! No 2

Knots{sound or unsound oval and arris)
measurement not exceeding A of the width of A
the surface on which they occur (see Figl)
Borer holes not associated with decay. Up to
3mm dia- not exceeding B in any 100m x 100mm B
or equivalent area,

Over 3mm diameter or where the distance
between holes is less than twice their diameter
as for knots,
Tight gum veins - not exceeding C in aggregate C
No individual vein exceeding D ot the length of D
the piece. Not extending from one surface of the
piece to another,
Loose gum veins and shakes - not exceeding 3mm wide

Aggregate length not exceeding E of the length of E
the piece. Not extending from one surface of the

piece to another

Gum, latex or resin pockets and overgrowth ot

injury-

Length- individually not exceeding three times the
width of the surface on which it occurs or 300mm
whichever is the lesser

Width, if on one surface only, individually not

exceeding F ot the width of the surface or F
G whichever is the lesser

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

one-seventh

length of piece
one-halt

one-tenth

one-quarter
12mm

one-eighth
6mm

one-quarter

20

Unlimited

one-ninth

one-~third
20mm

one-quartear
12mm

BRI

Structural No 3

one-third

Unlimited

Unlimited

one-quarter

one-halt
25mm

one-third
20mm

Structural No 4

three-eighths

Unlimited

Unlimited

one-third

one-halft
30mm

one-third
25mm



TABLE 4 (contd)

HARDWOOD STRUCTURAL GRADES

Permissible Impertections

Structural No 1 Strucutral No 2 Structural No 3
75% 60% 48%

Strucutral No 4
38%

Bow Spring and Twist - Not exceeding the

of width,
Checks.,

values given in Tables 7 and 8
Cupping - not exceeding Imm per SOmm

Surtace checks-on surfaces up to
75mm wide-individually not exceeding
K wide - on surfaces exceeding 75mm
wide, individually not exceeding

Internal checks Projected length S
(see Fig.!) not exceeding M of the
thickness of the piece,
Sloping grain (see Fig.1) Not exceeding 1 in N
Primary rot and termite galleries

Wane want and sapwood susceptible to Lyctid

attack

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

Heart and heart shakes 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 600mm of an
end, individual strands not exceeding R long

2mm . Unlimited Unlimited
3mm Unlimited Unlimited
one-quaiter ong-third one-halft

15 10 8
On the surface only and alight

one-tenth one-fifth one-quarter

Not permitted 75mm 150mm

Not permitted 150mm 300mm

Unalimited

Unlimited

two-thirds
o

Not greater

than allowance for
wane and want

ong-quarter

200mm

400mm




TABLE 4 (contd)

Permissible Impertections

Structural No 1

Structural No 2

Structural No 3

Structural No 4

apart,

lessar,

T

75% 60% 48% 383

included bark - Not intersecting an end and
not within 600mm of an end but within the
middle halt of the depth - individual
strands not exceeding S long and not less 15 300mm 600mm 800mm
than 300mm apart,

Not intersecting an end and not within
600mn of an end hut outside the mid”lgtof
ot the depth - individual strands not
oxceading T long and not less than 300mm 300mm 600mm Unlimited it Unlimited it

tight te nt

End splits equal in aggregate to U times Not permitted ] 1.5 1.5
the tace width or V, whichever is the 100mm 150mm 150mm

-
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ILLUSTRATIONS OF IMPERFECTIONS

1) pr
S - B
(2) General slope measured — a:b é ?

Ve /
Tt ! s
/////,.‘_:\\ a w
T R Size of internal check -:
L Groin_distortion over J SIZE OF
length 3w INTERNAL CHECKS

(b) Slope - a: b

SLOPE OF GRAIN

Heartwood

WANT, WANE AND SAPWOOD

Fig. 1: Illustrations of

IKE OR ARRIS

imperfections

KNOTS

WIDTH, THICKNESS ¥

AND ARRIS

ER N

Size of gum pocket

or gum vein -: §

GUM POCKETS AND VEINS




coefe

i

Spring = d (see Tabie 7

———

for values of d)

——y

Bow = d (see Table 7 for values of d)

BOow
fleg 2 3Spring and 5ow
MAXIMUM PERMISSIBLE SPRING OR BOW
Maximum permissible speing or bow d, am
Leogth Width W (for sprigg) or thickness T (for bow), mm

L - -

38 50 75 l 128 | 150 175 200 275 300 350
m .
1.8 10 10 7 4 ] 3 3 2 1 2 1
24 20 15 12 7 6 s ] 4 3 3 3
3.0 3s 25 19 1 9 8 7 6 s s ]
3.6 50 35 25 16 12 10 7 7 6
42 6 45 25 22 16 14 10 9 8
4.3 70 0 30 29 2i 18 13 12 10
s-4 75 ss «w 16 26 23 17 15 13
60 80 60 45 45 30 28 20 19 16
66 8s 65 50 45 39 34 2s 23 19
72 90 10 ss G 46 40 29 27 23
78 100 75 60 50 50 45 14 32 27
84 105 80 65 s 5s 55 40 37 31
90 110 8s 70 60 60 60 46 42 36

NOTE The bimuations on distortion have been poverned by

(AS 2002)

considerations of production
and utithzation within the constraiats of the principles of structural adequacy as set down
in Appendit G of AS |72n

-



wd
10
o W X d
Maximum permiszibie twist — (see Table 8 for valuas of q)
Fig. 3 TWIST
TABLE g

MAXIMUM EQUIVALENT TWIST

Mazximam equivalent twist, 4 mm/ 10 mm width of piece

Leagth

L Thicknes T, mm

m 38 s0 758 100 128 150
18 1.6 1.2 08 0.6 05 0-4
2.4 2.1 1.6 1.1 08 06 0.5
3.0 26 2:0 13 1.0 0-8 0.7
3.6 31 2.4 1.6 (2 1.0 0-8
42 3.6 28 18 14 1.1 0.9
48 42 3.2 2.1 1.6 13 11
54 1 47 3.6 2.4 1.8 1.4 12
6.0 53 4.0 2.7 2.0 1.6 13
66 5.8 44 2.9 22 18 s
72 6.3 8 1 32 2.4 19 1-6
78 68 52| 35 26 2t a7

NOTE: The limitations on distortion have been governed by corsiderations of
production and utilization within the constraints of the priociples of structural
adequacy as set down in Appendix G of AS 720,

(A3 2002)

ERTN




Provisional Streneth Grouping

Two  approaches to surength  grouping are acceptable.
Preferably, wechanical properties are deterumined,. This
required the services of a nechanical testing laboratory
and sxilled technicians. hecommenaations on the establisn-
ment of such a laboratory are beyond the scope of this

report.

The alternative provisicnal metnod is to infer a strength
proup rom density measurements.

The density is weasured as:

welght at 12% wn.c.  (Ks)

Volume at 12% m.c. (7))

Volumetric shrinkage of wood is about 3w per 1l chanse
in moilsture content (wm.c.). Consequently errors can
arise if the volume 1s measured at m.c's differing greatly
from 12% Fortunatnrly shrinkaxe is fairly linear with

moisture content.

It 1is recommended that volume wmeasurements should ©pe
taken on pieces of machined board about 2.5 x 15 x 30
cm as shown in Figure 4. These should be machined ac-

curately and cross cut square with a rine tooth saw.

Measurements should be taxen with vernier calipers if

possible. These pieces are then «iln aried, re-measured

and finarly cven daried.

e,




A worked example will demonstrate the procedure. note
that several nmeasurements nave been taxken. The positions
snhould ©De wmarked so that remeasurements are taken at
the same points. Measuring points should be about on-

quarter of the way along the length or width to avoid

e&Xcessive shrinnage at the encs as shown in Fleg. 4

FO cm
X

rd /
Ve s
-

”
f' Ve
o U Measvrement points e

Za

¥

2Fcm
‘..l

FIG & DENSITY SPEC/IMEN

T




Species

srsevesessensearases e Sample NG. ...iiiveecennans
1. =2r Drv
Wigtr rmm Ckrness mm Lenptrn mm welcoht
14, 22 & = i ETi.EE om
14z, e &0
Rverazace 14e. 42 7&
€4
€3
Vooume = S81.632 om3
£: nilyp Pried
wicTh o Thickrness mm Lerrtn o welrnmT
141,87 z2. Tl 225, R 620.10 -«
is1, 68 =1, 3% £35. 3@
141,74 zl.6¢ £95.75
£1.5¢
21.54
Volume = S15.78 com3
2. Cver Dried Weipnt
Sev.Ta oo
4. Celoulataicns
AD wt 671. 62 pm
00 wz SE£7.20 om
Water 1@3. 32 pom
M. C. = (1@3.22/567.52) » 1@v = 15,z
KD wt €2, 1¢ pm
0D wt S67. 300m
Water S2. 22 cm
m. c. = (S2. 20/SE7. 50 » 1@¢ = ER=ta

Weight at 12% m.c. = S67.32 x (112/1&2) cm

<&




AD Volume Gol.03 cm
KT voluwe 919.72 cn.3
virference ©l.91 cmw

Lifference in w.c. 18.3% = 9.2% = Y.l

Volume change per 1w ai.C. = 0l.91/9., 10 = ©.30 il
Volunie cnange for (1l2-9.1 = 2.90 x 6.50 etio
= 19.73 cw?d
Voluwe at 12% w.c. = 614.72 + 19.73 cud
= G3G.45 c
vensity at 12% w.c. = (636.00/9356.45) x 1000 Ko/u3

= 677.00 Ke/m3

Provisicnal strength group ’3o,) (Sio).

In the absence of proper facilities, a =x«iln wnay ve impro-
vised from a small roou or a large cupboard containing

an electric fan heater. Be caretul nct to let the temper-

ature rise above 55 degrees cent, Too high a temperature
way result in driving off extractives, thus giving an
excessively low welght, but temperature lower than 100

degrees cent. will not drive oif all the woisture.

Oven drying should continue for several days and be checked every

8 hours to ensure that constant weight has been reached.

.rn




Equipnent costs would be about:

15 cw vernier callipers $50
30 cii steel rule with noox 315
palance 2000 gm x C.1 g $leh
Thernowmeter ©,2000 $15

It way be possiole tc oorrow these Irow & nlgh school

or polytecnnic.

wote tnat aata trow at least fYive semrate trees 1is requir-
€C. This wmay bve arraneed bp;/ taking one [Ireshly cut
poara per day over a periocd o0l a week. Preteraonly as
wiae a geograpnical range as possible snouid Dbe covered
and a sampling from airferent uiils snoula pe wmadz 1f

possiole.

e




In the same way as tiwders may bpe sTouped ror their overall

erroruance as structural eleunents (beans, colunns, ties
P

etc.) so they way also be sTOuped r1or their noldineg power
ror fasteners. Grouping ror Joint strength is aone

on a ditrerent basis rrou Strengtn sToUping.

Two papers o; J.J. Mack (Mack 1975, Maca ly7ob)  (4.5)

aescrive the Pacrsrounda to the Joint efoOuping as presenteq

in AS 1720 section 4, and also & proposed revision.

The present situation in 43 1720 is shown in Taole o,

Joint Group Basic density Allowaple
Ko/ i t824TOF, 210

Jl 700 360

J2 050 - 700 320

J3 500 -~ 650 2o5

Ja 500 150

Taple y - Joint Groups -~ AS 1720 - 1975

Macxk does not naxe it clear exactly wi the boundaries

lie, i.e,. 049 or o550, He then Feccuu.enas a rather ore

rational srouping snown in Table 10 which is now (march

1965)  under aiscussion for acoption as a revision to

AS 1720. wail loaas Ior this &fOUpine are snown in Tables

1l and 12

for green ang seasoned timber respectively.




- 26 -

Taonle 1C Propcsead nevision to AS 1720

Classitication of Tiwbers ror Use in Joint vesign

Group Basic Lensity Group alr-ary Lensity
Jl 750 Jol G40
Je 000 Jue 750
J3 475 JL3 000
Ju 300 Jus 475
Js 510 Ji5 300
Jo 250 Jub 31u

nwOte how aensities ana the allowable loaas ror the typical
nail locsk in as for stress grades. Loads for otner
nail sizes are proportional to the 1.75 power of their

diameters.

Since the systew suwwwarisec in Tables 10 and 11 is as
set (Marcn 1905) only proposed, it is recoummended that
those wishing to institute tnis ssstem oI desien snoula
ofOuUp their tiwbers ror Jjoint strengtn in  accordance
with Tavle v, obut also bpe prepared to regroup in accoraance
with Table 10 when AS 17b0 Section 4 is revised. This
will ensure that existing detailed designs may ©e useq

witnout revision.
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TABLE 11 (ad
BASIC LATERAL LOADS FOR ONE NAIL IN SINGLE SHEAR
> IN SIDE GRAIN OF UNSEASONED TIMBER

Basic lateral load per nail (N)

| f

] |

{ i

Species | f
group | Nail diameter (mm) !

] |

! I ! ! ! | | I

| 2,5 | 2.8 | 3.15 | 751 4.5 | S.0 | S.6 3

! ! J | ! | | |

| f f f | ! ! I

J1 | 330 | 400 | 490 | 665 | 915 | 1100 | 1340 |

J2 | 260 | 31S | 385 525 | 720 | 870 | 1060 |

J3 | 185 | 225 | 27% | 375 | S15 | 620 | 755 |

J4 } 130 | 160 | 195 | 265 | 365 | 440 | 5S40 |

JS [ 100 | 120 | 150 | 200 | 275 | 330 | 400 |

: J6 | 75 | ¢ | 110 | 150 | 210 | 250 | 300 |
: | | | f I ! | !

TABLE 11 (b)
BASIC LATERAL LOAD FOR ONE STEEL NAIL IN SINGLE
SHEAR IN SIDE GRAIN OF SEASONED TIMBER

f | |
] | Basic lateral load per nail (N) |
| | I
| Specizas | |
| group | Nail diameter (mm) ]
| f |
[ f f | | { | | (
| | 2,5 | 2.8 | 3,15} 3.75 | 4.5 | 5.0 | 5.6 I
! I | ! | } | | f
l | I I I [ | l |
I JD1 | 435 | S30 | 650 | 885 | 1210 | 1460 | 1780 |
| JD2 | 330 | 400 | 490 | 665 | 91S | 1100 | 1340 |
| JD3 | 260 | 315 | 385 | 525 | 720 | 870 | 1060 |
] JD4 [ 185 | 225 | 27% | 375 | 515 | 620 | 755 |
{ JDS t 150 | 185 | 230 | 310 | 425 | 510 | 620 |
| JDé | 115 | 140 |} 170 | 235 | 320 | 385 | 470 |
f | f f | | ! | |

Taole 11 Proposea hevision to A5 1720




Strength Groupine ang vesi-n Coages

Apart rrom the davantages aescripec above, strength eTougLing
allows the efrective seperatiuon or aaterials Specirication
rom  tuilding codes. Leicester 1lyol (2) illustrates

thnls separation in rig 5.

Tiuber urouped wesign builaing
Standaras Stancardg
°ropertiegd —> Paran.eters — ™ lkegulations

rigure 5 - Separation or material properties frow ouilding

codes

There are nany otsclescent ouildin, codes which contain
requirements for species long since cut out, or ror cities
whose 1inspectors nave No autnerity to permit tne use
Oof newly imported Spz2cies or the proauce of recently
watured plantations.

In the process or introducing or vitalising timner con-
struction it is almost inevitaole that wistaxes or omissions
will be nade. This 1is certainly lixel; to nappen ir
duilding codes contain data for inaividual species,
and tuilaink codes are notoriously dirfricult to update.
Separation in the rasnion indicated in Fig 5, separates
new nnowledxe or newly availaole materials I'rowm the ouilaing
code and gives a much vetter chance of up tc aate aata

oceing included in current construction.

T




Cther Considerations

strength alone is not the only property to be ccnsiaerea
wnen & species of wood is evaluated for its suitaoiiity
Ior structural purpcses. Inportant consideraticns are:
Identirication: ~1ll thne species specified actuall/,
te  suppliea ana is it re
recognisavble in situ?

Lase oI Lrying: Does the species dry quickly with little

or no splitting or warping?

watural durability, or alternatively

rase oI preservative treatment.

Lase oI workine.
it 1s iwportant that weasx or non-duraole timcers are
nct wixed in with the selected species. In wmany cocuntries
control of logeing operations is lax or non-existant
and timber wmay be marxketed nerely as '"red" or ‘"white",
"nard" or "soft". Tnis situation 1is obviously unsatis-
factory, 1ir ena use dewmands on strengtn anc durability
are hnigh. It may be necessary to include supervisicn
of logging and sawmilling operaticns to ensure that the
species specified is actually supplieda. Identification
of sawn timber is much wore difficult tnan identirication
of trees and tiuber becowmes more and ore anonymous as
it passes through the various processing stases.
It way be necessary to paint the butts of trees when
they are felled, and alsc paint each sawn log as it is
bucked from the steu. In this case, use a type of paint

not locally available to foil unscrupulous operators

I'ron later foisting off unsuitable out similar coloured

"o Cd.

v




~Tying 1s an iluwgcrtant ccnsideraticn in structural <=iascer.
Jilhg L

Tilnoer coming intc a rabricating plant snoula iceally

oe ary, I'lat, straight anac rree of major CheckKs and splits.

Scme specles are extremely dirficult to ary without cegrace,
cr dry very slowly. Cther consiaerations being equal,
it way o0e prererable tc choose a weaner species witn
..0re ravourable dryine <characteristics thnan a stronger

one wnicn aces nct dry satisractoril,.

wegrade Quring aryjilne can be controlled oy g00d practice.
1nis 1s a wmajor subject oy itsell and is not covered

further nere, Some references on  s0c0d  practice are

silven in the biblio.raphy.

vurability is an important consideration in exterior

structures. Information on natural duraoility of woods

is availavle trom as variety of sources, soume of wnicn

are listed in the biblioxraphny. It should be renempered

tnat durability is an interaction between the envircnment

and the wood, and less naturally duraole species uay

wive long service in dry cocol cliwmates. Sap wood or

nearly all species is non-durable and should therefore

ce excluded frow structural tinoer which is not to ve

preservative treated.

In assessing tne required aurability, a "Climatic Incex"
nas peen proposed by sSheffer (o) to indicate the relative
Nazara of cecay in above-ground structures due to moisture

ana warn tewperature.

sy




. _ec
I =1/17 Z ({(T-2)(.=3))

vall

wnere T = qean wontnl, tewperature, centigraae
~ = nuw.der oif days in tne aonth when rainrall eguals

Cr exceecds (.25 il

valies oI I less ztnan 37 1naicate 1low aecay nazard, ug
tc 05, an 1internecdiate cecay nazard and sreater than
©c a nigh decay nazara. Assuning that the weteorclogical
data Icor a site are available, an estiuate ol any necessary
Leasures against cecay .way oe wade. This mmay include
specirications oI specially durable timober or varying
intensities c¢I greservative <treataent. Preservative
treatuent is an alternative tc the use of duraole timbers.

nell preserved ti.ber will irequentl, outlast untreated
durable timber in <tne sawne envircn.ent, 1 noncurable
timcer 1s to oe used in a nish cecay nazard area, then
preservation ©Decomes essential, ana ease of treatient
vecomes an overricineg consiceraticn. Preservation can
also provide protection &gainst insect attack whicn in

some cases may De more of a nazara than decay.

In general, strone timbers are dense and airficult to

treat by pressure nethcds. won-pressure treatiwents rarel;,

sive protection against decay. Agaln this is a wajor
subject and will not be discussed further here. Infor-

watlon on the treatapility of various species is contained

in several of tne references ¢iven in thne bibliograpny.

R




Strong dense timters are weore alrricult Lo wor<  tnan
3cIt weaner tinvers. 1t 1is 1impossicle to crive nails
irtc many desne specles without rescrt to  preberine.

Also wany tiwmbers contain siliceous deposits cr, 1iae
coconut, nave a riorous structure wnich quicnly ©olunts
steel tools. These timcers wnay ove reaail;y worned witn
Tungsten carbide tipped tools, out these a&are apout 3
or 4 tiwes as expensive as steel tools and require precision
agiamong whneel grinders Ior snharpening. Inforuation on
the abrasive properties of woods 1s 1tound 1in the saue

references as ror durability ana ease of preservation.




General Ciscussion

There are many arguments in favour anc wany amainst the
concept O strengtn zrouping. T
Australian systewm for twc reasons:

1. The UwIDO prefabricated bridge hnas peen designed
using tne concept. Ir a country (or organisation)
wisnes to use the designs, 1t will hnave tc
strength-group and structurally gsrade 1its tiuber
in accordance with tnis systeu.

C. rollcwing on and bovased arounc tne ccncept are
the comprehensive Australian Timber Design
and Tiwber rrawing codes. Adopticn of the
system will tnen immediately open thne way :I'or
aesigners in develeoping countries to ouild
in timber as socon as a winimw. of testing,
or even literature research, has ©been carried
out using these Australian cocuments.

Consideraticon 1. above was the main incentive for the

preparation ot this report. However, international

enthusiasm is such that Leicester (195l) reports that
strength grouping to the Australian systewn nas been carried
out on 700 African species (SAA 1979) ana 190 South American

species (Bberni et al 1979).

The Australian concept 1s not the only one possible.
dany people consider the number of grades and tne complex-
ity ot the Australian codes are excessive, To quote

Lelcester (198l).
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"In setting up srouping sSystems, tne prisary ractor to
pear in mind is that grouping 1is a technigue to provide
a compronlse DbDetween simnplicity (achieved oy reducing
the nunber or sroum and utilization erriciency (acnieved
O/ 1lncreasing the nwudber oI groups in an attemgt to watch
all grades of the wajor species). In @qeciding the
cptimum conpromise an ilwportant factor to bpear in  wind
1s that the minimum step Doetween each group shoula oce
related to the accuracy with which strengths can te assess-
ed. Yoo r'ine a step size «ill leaa to additional congplex-
ities which are not compensated by any real -increase
in tne efficiency of wutilization. On the other hand,
toco larze a step size will lead to a noticeable selling
rrice daifrerential Dbpetween each strengtn; this ir  turn
will lead to unaue pressure on tinover producers to umarket
their timber as bpeing of a strength class nic.,'hér than
is correct, with resulting chaos 1in the areas of ©ooth

marketing and building regulations.”

L eating (1962)(1) describes alternative .rouping systems
in use or proposea in several countries. The United
Kingdom 1s discussing the introduction of nine strength
classes with two softwood grades or Sk 35 and 50% ana

one nardwood xrade of 67%.

The Pnilippines has developed a system close to the Aus-—
tralian one 1in that it wuses a preferred nuwmber series
with an interval of 1.25 but it has been limited to only
I'ive strength .roups. The advantages of this systen

are ziven as:

« o
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kach :.euwber species within a class can substitute
for tne ctner; thus in a way overcouing the
problew or supply.

The traditicnal bias aegainst tne lesser-xnown
species 1s easily overcone when these are sroupec
togetner with the wore cowmnon sgecies. dence,
this system will help engineers ana architects
ramiliarise themselves witnh alternative species
0y specifying that any timber within a siven
class unay be wused instead of specirying the

tiuoers by naue.

It will overcowme the problem that is usually
encountered in identlfying sawn timocer of similar
physical and strengtn characteristics.

Groupineg will simplify desisn and specification
procedure and thus facilitate the formulation
of a comprehensive building code for structures
using solid wocd. 1Tne sroupin, scheme will
torm a rational series that will fit closely
with timber srades. with this system, only
a few sets of working stressses are adequate
to cover the proposed strength classes and

srades of timber".

(Espiloy 1977 in Keatine op. cit.)

P




In South America, bolivia, Cclowbia, Ecuador, Peru and

Venezuela have combined to proauce a strengtn srouping
systen comprising three strength groups and cne 40 nharawood
srace. AN interesting approach tasen in the developoment
orf the single visual grading rule was that the limits

3 o

set on size and location of defects should permit an
average will to produce 50-00% or acceptable structural
waterial. The remainder of the will output would normally

oe suitable {or non-structural applications in housing

such as sheathing and joinery.

In Mexico, an apparently even more drastic srouping has
been made of the country's 50 pinus species into a single
strength group. Two structural srades have been desig-
nated which would approximate Fl4 and F3, The cut
of an average mill would be 30% tcp rade, 40w second
srade and 30% non structural. There 1s an indication
wnich would appear to Jjustify tnis simplicity thnat witne

in will variation 1is lareger than the regional variation.
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Australian Standards

AS 14G0-1973 Visually stress Graded Radiata Pine for
Structural Purposes

AS 1lobdop-1974 Visually Stress Graded Cypress Pine 1or

Structural Purposes

AS 1720-1975 SAA Tiwber Engineering Code

AS 2082-1979 Visually Stress Graded Hardwood for Struc-

tural Purposes

AS 2099-1977 Visually Stress Graded Australian erown
Sortwood (Conifers) ror structural Purposes

(excluding Radiata pine and Cypress pine).

ASMPL45-1979 Report on the Strength Grouping or Tiwbers

All: Standards Association of Australia, P.0O. Box 450,
liorth Sydney, uwSw 2060, Australia.

1. Keating w.3. 1902 keview of Timber Strengtn
Grouping Systeuws. Expert Group Meeting on
Timber Stress Grading and Strength Grouping
UiIDO Vienna. (Document ID/wG/359/4)

2. Leicester ®. H. 1961 Grouping and Selection
of Species for Structural Utilization. CSIKC
Aust. Div. Blde Res. Tech. Paper wo. 39.
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