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INTRODUCTION

In an exercise to nake recamendations for a strength grouping system
acceptable for international adoption by UNIDO for work in developing
countries, a review of existing major strength grouping and strength
classification systems in the world was made. Fram this review, it
appears that many ocountries have either adopted the Australian system of
strength groupings or have used it as the basis for developing their own
systent.

Sanwe of the well known grouping systems such as those used in North

Anerica were ot discussed in this report as they were mainly concerned
with a comparatively small nuorer of softwood species.

Strength yrouping

Due tc che multiplicity of timber species involved in many countries, it
has long been a problem to present structural timber data to the end-user
-n an appropriate fashion. A technique devised to minimise this problem
is yrouping. Where the structural species of timber used in a country
are easily identifiable, and few in number, it may be appropriate that
specific structural design properties be published for each of these
species. However, in many countries, numerous species are used and it is
not practicable t¢; have long 1lists of design data. Rather it is
preferable to group the timbers and tc provide structural design
properties for a .imited number of strength groups. In general each
strength grouwp will oover a large nuber of species and ocomercial
mixtures of species.

The use of a limited nurber of strength classifications is of
considerable value to the designer as it enables him to specify timber by
a strength group rather than by species. This makes it possible to have
a wider choice of timbers to select fram for any specific design. For
the producer it assists in the utilisation of l2sser-known species which
may be sporadic and regionally limited in their occurrence.

Essentially, grouping for structural purposes nmeans the creation of a
preferably small set of hypothetical species so that any timber may be
grouped within this set and oonsidered as equivalent to ane of the
hypothetical species. It has been mentioned by Keating (1982) that it
would appear many countries have either adopted the Australian system of
strenyth grouping as described by Pearson (1965) and Kloot (1973) or have
used it as the basis for developing their own systems, Same of the
countries are Kenya, Tanzania, Nigeria, Papua New Guinea, Fiji, Samoa and
Solaon Islards. Of course there are many other systems in use, but most
of the well known ones, such as those used in North America, are in the
main, concemrmed with a comparatively small number of softwood species.




Existing Strength Grouping Systems

In preparing this section a oonsiderable amount of information was
gathered from publications by W.G. Keating and R.H.Leicester, both fram
CSIRD Arstralia and references to their work are given at the end.

In Australia, strength ing methods have been developed over a period
>f same 40 years ard fo 1zedthroughasetoftnuld1ng standards

(standards Association of Australia 1979a, 1979b, 1979c, 1980a, 1980b)
Information on strength growing in other oountries is given in
publications prepared for ISO (Larsen 1978), Africa (Okigbo, unpubl.;
Campbell and Malde 1970; Caomben 1971; Bolza and Keating 1972; Ward 1974).
talaya (Burgess 1956; PBngku Abdul Rahman Bin Chik 1372), Singapore
(Singapore Timber Standardisation Cammittee 1966), Philippines (Espiloy
1978), Indonensia (Suparman Karnasudirdga et al, 1978; lding Kartasujana
and Abdurahim Martawijaya, undated), Laos (Tiksber Research and
Development Association 1976), Papua New Guinea (PNG Department of
Forests 1972; Eddowes 1977; undated; Bolza 1975), Fiji (Anon. 1968,
1970), South-east Asia (Bolza and Keating 1981), South America (Berni et
al, 1979) and the United Kingdom (Sunley 1979).

a) Australia

The original strength grouping system in Australia was proposed for four
strength groups by Langlands and Thamas (1939) in their tHandbook of
Structural Tirber Design. This system was revised and expandcd by
Pearson (1965) and Kloot (1973) due to the availability of new
information and new species. wWorking back fram a set of workirng stresses
developed by Pearson which has now becane the basis for a strength
classification system, it was then possible to develop the appropriate
strength groups. In the development of this set of stresses, Pearson
reported that three decisions were required. Firstly, it was necessary
to decide whether the stresses should be in arithmetic or geometric
progression. Secondly a compramise was required on the magnitwde of the
reference between successive stresses in order to achieve a satisfactory
balance between sirplicity associated with having only a few groups and
the greater efficiency associated with nunerous groups. Finally the
actual value of the stresses had to be decided.

Coorer (1953) had shown the merits of a geametric series for worki
stresses and such a choice had also been recommended by the Internati

Organisation for Standardization (ISO) and the Food and Agriculture
organisation (FAO). Accordingly, such a choice was mede using a
preferred mmter series with adjacert terms chosen in the ratio of 1.25
to 1 for Modulus of Rupture. This was judged to be the appropriate
conpranise between sinplicity and preciseness. Also, as appeared
certain, the Australian visual orading rules then being developed would
protably have differences between gyrades also of 25 per cent. The range
of the values chosen was such that it covered all the species likely to
be used structurally in Australia.
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TABLE 1
DESIGN PROPERTIES FOR SAWN TIMBER- ROUND POLES AND PLYWOOD

: Stress* Basic Basic Basic Modulus .
: grade bending tension canpression of :
: strength strength strength elasticity :
: (vpa)** (MPa) (tPa) (MPa) :
: Fa U.5 20.7 2.0 2150
F27 27.5 16.5 20.5 18 500 .
; F22 22.0 13.2 16.5 16 000 ;
: F17 17.0 10.2 13.0 14 000 :
. Fl4 14.0 8.4 10.2 12 500 :
; F11 11.0 6.6 8.4 10 500 .
; 8 2.6 5.2 6.6 9 100
: F7 6.9 4.1 5.2 7 900 f
; FS5 5.5 3.3 4.1 6 900 ;
: F4 4.3 2.6 3.3 6 100 .
. F3 3.4 2.1 2.6 5 200
; F2 2.8 1.7 2.1 4 500 :

The insertion of the letter F before each value in the Table introduces
the concept of stress grade. Stress grade is defined as the
classification of a piece of timber for structural purposes by means of
either visual or rechanical grading to indicate primarily the basic
working stress in bendinjy in megapascals for purposes of design and by
implication. the basic working stresses for other properties normally
used in engineering design. For example, a piece of timber with a stress
grade of Fl4 resulting from a certain cambination of strength grouwp and
visual grade would have a basic working stress in bending of 14

megapascals.

These values are the resuit of a soft metric conversion of a preferred
series of wvalues in impecial units viz. 5000, 4000, 3200, 2500, 2000,
1600, 1250, 1000, 600, 63C, 500, 400 p.s.i., readily recognisable as the
RIO series.

As described above, the species mean values for clear material for eacl
strength group for the critical properties were developed for yreen and

dry tinber and are shown in Tables 2 and 2 respectively.




TABLE 2

PRELIMINARY CIASSIFICATION VALUES FOR UNSEASONED* TIMBER

tHinimum Species mean

3 Property H :
: : Sl S2 S3 sS4 S5 S6 S7 :
:l-loduius of : :
:rupture (iPa) : 103 86 73 62 52 43 36 :
:,l‘bdulus H :
:of elasticity : :
:  (MPa) : 16300 14200 12400 10700 9100 7900 6900 :
sMaximum crushing : ;
:strength (Mpa) : 52 43 36 31 26 22 181 :

* As measured or estimated at a moisture content above fibre saturation

point.
TABLE 3
PRELIMINARY CLASSIFICATION VALUES FOR SEASONED* TIHBER

: : Minirwm species .ean

:Property : SDl SD2 SD3 SsD4 €05 SDe SsD7 SDy
:Modulus of

:rupture :

: (MPa) : 150 130 110 24 78 65 55 45
:Modulus of

selasticity

: (IPa) :21500 18500 16000 14000 12500 10500 9100 7900
stiax inum .

scrushing :

sstrength :

: (Mra) : 80 70 61 54 47 41 36 30

* As measured our adjusted to a moisture content of 12 percent

84 e %6 Gn G4 % B8 G0 0% G0 68 B 00 04 40 en T e 0% g




By use of Tables 2 and 3, every species that had been or was capable of
be).ng properly sarplad and tested by standard methods using small clear
specimens, may b2 strength grouped. Once strength grouped, ocomercial
Pleces of that species can, following visual grading, be allocated a
stress grade by reference to Tables 4 and 5. From Table 1 the
appropriate design parameters may be determined.

TABLE 4
RELATIONSHIP BETWEEN STRENGTH GROUP, VISUAL GRADE
AND STRESS GRADE FOR GREEN TIMBER

: : H
: Visual grade* : Stress grade H
'Y - 1
- - 1)
: : % : H
: : strength : H
: : of clear : '
:Nanenclature : material : Sl S2 s3 sS4 S5 S6 s7 |
- - - ]
; : i ;
:Structural : : H
:grade No.l : 75 : F27 F22 F17 Fl4 Fil F8 F7 |
: H H ;
:Structural : : : H
:grade NO.2 : 60 : F22 Fl17 Fl4 Fll F8 F7 F5 |
- - . ]
4 - 4 ]
:Structural H : '
:grade 0.3 : 48 : F17 Fl4 Fl11 F8 F7 S F4 |
: H : :
:Structural : : H
:grade ho.4 : 38 : F14 Fll F8 F7 Fs F4 F3 |
: : : '

* Australian Standard AS 2082~1977, visually stress-graded hardwood for

structural purposes; ard AS 1648-1974, Visually stress graded cypress
pine for structural purposes. Note the interlocking effect (diagonal
line) reducing a possible 2 stress grades to 0.




TABLE 5 ,
RELATIONSHIP BETWEEN STRENGTH GROUP, VISUAL GRADE
AND STRESS GRADE FOR SEASONED TIMBER

Visual grade* Stress grade

$
Strength
of clear

Namenclature material : SDI SD2 SD3 SD4 SDS SD6 SD7 SD8

®0 %0 00 e o8 00 00 se 02 o5 s2 00

0 U0 40 00 40 o S0 #0 g0 BE 0F FE % PR 40 e ) 00 00 0

Structural
grade No.l 75 F34 F27 F22 Fl7 Fl4 Fll F8
sStructural
:grade No.2 60 F34 F27 F22 Fl17 Fl4 Fl1 F8 F7
:Structural
:grade 0.3 18 F27 F22 Fl17 Fl4 Fl1 FB F7 FS
:Structural
:grade NO.4 38 F22 F17 Fl14 Fl1 F8 F7 F5 F4

* Australian Standard AS 2082-1977, Visually stress-graded hardwood for
structural purposes; AS 2099-1977, Visually stress graded seasoned
Australian grown softwood (oconifers) for structural purposes (excluding
radiata pine and cypress pine); AS 1490-1973, Visually stress-graded
radiata pine for structural purposes; and AS 1648-1974, visually stress
graded pine for structural purjoses.

Because of intemational agreement on the standard methods of test for
small clear specimens, it is possi®le to utilise data fram recognised
laboratories anywhere in the world to place any species into a strength
grow. This has been done for 700 African (Bolza and Keating, 1972), 190
South American (Berni et al, 1979) and 362 South-East Asian species
(Kaating and Bolza, 1982).

In classifying a species fram Tables 2 and 3 it is often necessary to
decide what to do when the three properties do not all have. the same
classification. A oonservative approach would be to assign the species
to tae lowest group indicated fram the individual properties. This must
apply for many cambinations, but there are several for which raising the
cverall species strength group one step above the lowest assessment is
deamed justified.

i t of a ies to a strength group above the lowest group
mobtalasn:dm indiVEel;I properties ;?gaces more emphasis on the modulus
of rupture and the modulus of elasticity than on carpresgim strength.
The procedure applied is detailed hereurdler and sumarized in Table 6 and
may be any of the nutbers 1 to 8 in Sl to §7, o SD1 t_'.oSDB. In all
other cases, the lowest of the three separate agssessments 1s assigned as

the species grouping.

LU TR T I Y
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TABLE 6

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

Preliminary classification based on -

Modulus of

H : Modulus of : Max imum Assessed S or SD ;
: rupture : elasticity : Crushing strength : :
: b4 : X : x+1 X :
: x : x -2 H x -1 x -1 :
H x : x+ 2 : x+1 x+1 .

(a) If the lowest quoup is that obtained from the nodulus of rupture,
then the overall specii.s strength group may be raised one step above that
minimum group only if the rodulus of elasticity is in a group at least
two steps, and the oorpression stremyth in a group at least ane step,
above the minimm,

(b) T1f the lowest group is that of the modulus of elasticity, then the
overall species strength group may be raised one step above that minimun
only if the modulus of “upture is in a group at least two steps, aixd the
campression strength in a group at least one step, above that mininusn,

(c) 1f the lowest growp is that obtained fram the compression strength
then the overall species strength group ray be raised one step above the
rinimuem only if both the nodulus of rupture and the modulus of elasticity
are in a group at least one step above that miniauri.

This leaves those species for which the strength data available are fram
less than a valid sample, assessed as a mininum of five trees, or is just
not available at all. A recent examination by Leicester and Keating
(1981) of the relationship between density and modulus of rupture of
seasoned timber for 30 species fram each of four regions around the world
is indicated in Figure 1.
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Figure 1. Regression lines for Modulus of rupture versus
density of seasoned timber.

Oon the basis of this relationship, the following tuble was constructed to
pemit a classification to take place. This gives a rather conservative
assessment, but at least it does allow those species with limited data to
be entered into the system. In the Australian Standard MP 45-1979,
Report on Strength Growing of Timbers, species assessed in this fashion
are listed with their strength groups in brackets to irdicate the
provisional nature of the assessment.




TABLE 7

MINIMUM AIR-DRY DESNITY VALUES FROM 5 OR MORE TREES FOR
ASSIGNING SPECIES TO STRENGTH GROUPS IN THE ABSENCE OF
ADEQUATE STRENGTH DATA

(a) Unseasoned Material

Strength Group Sl s2 s3 54 S5 S6

s7

Air-dry density at 12 percent : 1180 1030 900 800 700 600

moisture content (kg/chbm)

500

(b) Seasoned Material

Strength Group Spbl SpD2 SD3 SD4 SD5 SD6 SD7 SD8

:Air-dry density at
:12 percent moisture
scontent (kg/cbm)

1200 1080 960 840 730 620 520 420

90 5 4% e 4 et we

(b) United Kingdam

In the United Kingdam, a system of strength classes for solid timber has
been provided for the first time in the British Standard BS 5268 “"Code of
Practice for the structural use of timber” Part -2 :1984. The system
classifies timbers and species ocombinations whose grade stresses are
similar to one of nine strength classes. The strength cla:ses, which are
designated SCl to SCY (in ascending order of strength), enable designers
to select a suitable class and to use its assigned stress values in
structural calculations without making a final choice of timber, species
carbination or grade. For special cases where it is preferable, the code
still gives strength properties for individual timbers and grades.
Strength classes SCS to SC9 form mainly the denser hardwoods and have
stresses which progress in a geametrical series.
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Grade stresses for the dry exposure condition, as defined in BS3268: Part
2 are tabulated for ninc strenyth classes which is given in Table 8.
when basing a design on strength classes, the material specification
should indicate clearly the strength class required. Conditions arise
where it may be advisable to limit choice of material through
considerations cother than strength. In SCS5, both softwoods and nardwoods
are conbined.

Procedure adopted for softwoods

It was considered that establishing strength class bowvlaries on the
basis of a mathematical progression, results in a system which is
.inefficient for many of the comonly used species/grades. Because of the
wide variety of structural conponent types, sizes and spans it 1is also
impractical to tie the class boundaries to increments of structural
canmonent design. The current (dratt) BS5268 is to make the class
boundary st -ength values match the major species/grades uscd ia the K.
vhilst this ensures the most efficient use of these species/grades
inevitably others are penalised. However, for those species which can be
machine graded, machine settings can be produced which will enable a more
efficient approach by grading directly to the strength class boundaries.
The strength fcr species/grades are ranked on the basis of bending
strength. Taking into account the strength values of the major
species/grades used in the UK, bending stress values of 10.0, 7.5, 5.3,
4.1 and 2.8N/sqg.rm. were given for classes SC5 to SCl respectively.
Class values for the other properties were taken fram the lowest value
for species/grades oaibinations with bending stress talues equal to or
greater than the bending value for that class. An exception to this was
rmade where the lowest value of a particular property would have penalised
the remaining species/grades in that class too severely. An example of
this is the demotion of SS grade British grown spruce to the C2 class
because of its low modulus of elasticity values. Species/yrades were
admitted to a strength class if their bending stress values were 'xjual to
or yreater than the class value and their values for other :.coperties
exceeded 95 per cent of the class values.

For softwoods, there are two visual grades, ramely GS -General Structural
and SS -Special Structural visually graded to BS4978: 1973 "Timber grades
for structural use” and the grade ratios for these two grades are 0.35
and 0.50 of the bending stress respectively.

Procedure adopted for hardwoods

Procedure adopted for strength grouping of hardwoods in BS5268: 1984 is
based on the Australian system,

It was noted that the relation between strength progerties and dry
mminal specific gravity of the species related to the BS5268 hardiwoods
was very similar to the relationships obtained by the Australians. Due
to this close similarity the values given in SAA MP45 would be applicable
to the types of tropical hardwood required for inclusion in [55268. The'
derivation of basic and grade stresses for [BS5268 has been described in
detail by Mettem (1981, 1982). Since these stresses were derived using
different factors and also due to different assunptions appearing in the
code, it would not be appropriate to simply adopt the Australian basic
working stresses for hardwod strength classes 1n the idritish code.
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Preliminary classification values for seasoned (ie 12 percent m.c.)
timber and correspornding values for unseasoned material (above saturation
point - assued as an average of 25 percent for timbers of this type)
were adjusted for stresses to the dry moisture condition (18 percent).
Table 9 shows the final strength classes and their corresponding strength
values which after rounding off, appear in Table 8 (BS5268: 1984). The
earlier table does not indicate values for tension and shear paralle’ to
the grain. For tension a ratio of 0.6 of the grade stress in bending has
been applied and this procedure has been carried through in the case of
all the strength class tension stresses. For shear, an ad hoc ranking
procedure was applied , listing the hardwoods in ascending order of
individual HS grade shear stress (graded to BS5756: 1980) within the
classes into which they fell because of other properties and choosing a
convenient series in steps of 0.50 ar 0.25N/sq.mm.

For tropical hardwoods visually graded to R55756: 1980 "Specification for
tropical hardwoods graded for structural use", there 1is only one

structural grade which is HS (Hardwood Stiuctural) with a grade ratio for
bending of 0.67

TAME B: JRADE STRESSES AND NODULI  OF ELASTICITY FOR STRENGTH  CIASSES: FOR  THE  DRY  EXFOSUKE  CoNBITION
----- Bending Tension Conﬁ;;;;;aﬁ- Cf;n,)l’i!‘.blun thear TTTTToTTEEmmmToTooTeTTw

Strength parallel porcllel parcllel perpondicular parallel Hndulus of Approriaet:

cluss to grain to gvain to grain to grain to grain mlactivaty density
________ G r o A e S ¢t r v £ & @ » T T ----—-'—‘D—"—Il_‘-__—_-_i;l—l;;'-"—-- CeTTETTETTT

{N/sq.nn) {(N/sg.nr)} (N/sq.mn) IN/&o.an) (N/sq.nn) (N/rg.mn) (N/sg.nn) (N/sg.nn) {kg/ru.nm)

&C1 : 2.8 2.2 3.5 2,1 1.2 0.46 4800 4500 540

52 4.1 2.5 .3 2.1 ‘$eb 0,64 ROOO %000 %40

S5C3 5.3 3.2 4.8 2,2 2.7 0,467 8600 SHOO 240

LA ] 7.5 4.5 7.9 2.4 1.9 0.21 72900 1400 Yo

sCe 10.0 6.0 8,7 2.8 2.4 1.00 10700 7100 590/7A0

SLé 12.9 7.5 12,% 3.8 2.8 1.%0 14100 11800 640

oc7 1%.0 9.0 14.5 4.4 3.3 1.7% 16200 13500 %480

&ee 17.% 10.% 16.% %2 3.7 2,00 18700 15400 3010

SCY 2.5 12.3 19.5 6.1 4.6 2.5 214600 18500 1200




- 12 -

TABLE 9

UNROUNDED VALUES OF GRADE STRESSESS8 AND MODULI OF ELASTICITY
FOR STRENGTH CLASSES FOR TROPICAL {M\RDWOODS TO HS GRADE OF BS5756

:Strength : Strength: Bending : Campression : Modulus of elasticity:
:class ** : group + : parallel: parallel : : "z
: : : to grain: to grain : Mean : Minimum:
: SCS5 : S5 s 10.53 : 10.68 ; 12308 ; 10289 ;
. S06 : S4 : 12.62 : 12.48 : 14C98 . 11786 :
. sC7  : S3  : 14.81 : 14.28 : 16216 . 13556 :
: S8 : S2  : 17.48 : 16.69 : 18666 . 15605 :
: S9 : Sl : 20.52 : 19.58 . 21570 . 18032 :

|

* dry exposure condition
** BS5268: Part 2
+ SAA MP45: 1979

(c) Pphilippines

The strength grouping system developed in the pPhilippines is very similar
to that in Australia where the system is based on the results of small
clear tests and adopts a preferred number progression with an interval of
1.25 between the base muwbers (Epsiloy, 1978). However, it was judged
that there was no need to cover the same range as the Australian system,
so only five groups have been chosen. The advantages of the grouping
system acoording to Epsiloy are:

(1) tach member species within a class can substitute for the other,

thus in a way overcame the problem of supply.

(2) The traditional bias against the lesser known species is easily
overcame when these are grouped together with the wmore common
species. Hence, this system will help engineers and architects
familiarize themselves with altrmmative species by specifying that
any tinber within a given class may be used instead of specifying
the tinbers by name.

(3) It will overcame the problem that is usually encountered in
identifying sawn timber of similar physical and strength
characteristics.
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(4) Grouping will simplify design and specification procedure and
thus facilitat< the formulation of a camprehensive building code for
structures using solid wood. The grouping scheme will form a
rational series that will fit closely with timber grades. With this
systen, only a few sets of working stresses are adequate to cover
the proposed strength classes and grades of timber.

The limiting average values for classifying a species into one of the
strength classes, Cl to C5 are given in Table 10. The figures quoted are
the minimumn values of strength class limits for the different properties.
These: have been derived fram the regression equations relating modulus of
rupture (MOR) with major strength properties; and fram various
relationships, sets of strength values of HOR in the preferred number
series were assigned to cbtain the strength limits of other properties.
The results were then rounded off to fit in the suitable series.

TABLE 10 NINIMUP GYRENGTH CLASS LIMITS FOR GROUPING FLILIPPINE TINBEK SPECIES

Property Moicture

condition Ccs c2 3 ca (43
Hodulus of rupture in Green 600 ¢30 %00 200 3
bending (kg/sq.cn)+t 12X nC 1240 1000 800 430 o
Modulus of elaesticity Graen ) 130 3100 77 &0 an
in bending 122 #C 140 170 L 3 73 2%
(1020 kg/sg.cn) ' .
Conpression parallel Green 200 305 23X 1R 140
to grain (kg/nq.cnm) 12X MC 450 %00 n 300 230
Compression parpendicular Green 900 A0 %2 oYy 340
to gra:n (kg/sq.cn) 127 ne 1130 909 500 375 29
Sheor parallel to Green 100 a0 a3 %0 20
groin (kg/sq.ca) 122 n 140 110 [} A% >0
Specific gravitys Green 0.4670 0.%4% 0.4%0 0.38% 0.200

122 nC 0,710 6.%G0 0.47% 0.3u% 0.315

+ 1kg/sg.ca = 0,098 Wre
% bosed on-weight when oven-dry end volumc ot test

(d) South America

Five South American ocountries, Bolivia, Columwbia, Ecuador, Peru and
Venezuela under the auspices of the Andean Pact have in recent years
undertaken a camprehensive testing prograrme aimed at developing a set of
grade rules and a strength grouping system applicable to the region.
This was the subject of a detailed report by Centeno (1973). In this the
advantages of a strength grouping system a.e stated as fcllows:

(i) it pemmits the introduction of a large muber of new,
little-used species to the building industry;
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(ii) it allows a more humogeneous, balanced and rational
exploitation of the forest;

(iii) it allows the limitation or elimination of the vices implicit
in the selective exploitation of a few precious species;

(iv) it drastically ! simplifies the use and cammercialization of
wood as a construction material.

As a result of the above study, these five ocountries have agreed on a
single visual grading rule for structural hardwood and a strength
grouping system camprising three strength groups. The working stresses
derived for each strength group were arrived at after taking cognizance
of both the results available fram small clear testing of 72 species and

the testing of approximately 1500 beams of structural size timber
representing more than 30 species.

The proposed working stresses for the three strength groups are as given
in Table 1l. These values are derived by taking the lowest Sth
percentile value for the group. The minimun rodulus of rupture values
are then divided by 2.1 to account for accidental overload and the
effect of duration of 1load; a further reduction of 10 per cent is
applied to account for a further size effect. The modulus of elasticity

values ave the averages taken directly fram the tests without further
modificetion.

TABLE 11

PROPOSED WORKING STRESSES (kg/cbm)* (Centeno, 1978)

: : : s : : : E :
: : :Fc : Pt : Fp : Fv :Modulus of :
: : P. :Comp.: Tens.: Comp.: Shear sElasticity :
: Group :Flexure :Para.: Para.: Perp.: Beams Jcints :Eo.5 Eo.05 :
: A : 220 :170: 160: 60 : 20 : 25 :140 110 :
: B : 170 :130: 120: 45 : 16 : 20 3120 95 :
. C : 130 :100: 90: 30 : 12 : 15 : 90 70 :

»

1 kg/cbm = 0.098 MPa
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For a new species to be classified under the proposed system it is
recamended that at least 60 beams be tested in third point bending and
that the 5th percentile MOR values (modified as above) and the mean MOE
values be used to determine the correct ctrength group by direct
caparison with the Table. A species may be allowed in a particular
group when these parameters are no more than 10% lower than the values
indicated.

during the oourse of the testing progranme it was observed that basic
density was a good indication of strength and as a consequence basic
density is now proposed as a method of positioning a species in a yroup
on a preliminary basis. The limits -elected taking a conservative
agpproach were as given in Table 12.

TABLE 12
LIMITS FOR BASIC DENSITY (gm/cbm)
FOR EACH STRENGTH GROUP

Group : Basic Density * :
Y : 0.76 and above :
: B : 0.60 - 0.75 :
. c : 0.44 - 0.59 :

i i Nee en in the development of the single visual
;ad&tere;lt:mmgppac‘:gh t}t;k limits set on size and location of defects
should permit an average mill to produce 50-60% of acceptable stnx;tural
material. The remainder of the mill output would mrmz'xll.y be s.up:able
for non—structural applications in housing such as sheathing and joinery.




- 16 -

Asacnnsequenoetotheaooeptarweoftleaboveaystem,aTinber
Construction ranual has been produced and industry has expanded es is
evidenced by the establishment of nine factories producing prefabricated
houses in the five cowntries oconcerned and the construction of a
wood/cement panel plant in Ecuador. It is noteworthy that the various
governments support the rules and are incorporating them into the
relevant building codes.

The incentives for the Andean Pact countries to develop a stress grading
and grouping syste, was the assistance it would provide in overcoming the
serious housing shortages, the need to utilize a valuable resource and
the need to create employment .

(e) Mexico

In Mexico (Davalos, 1981), development of a simplified set of grading
rules is close to being finalised. The 50 PINUS species in use
throughout the country have for convenience been treated as a single,
species group. A large in-grade testing programme (5000 full-sized
pieces) is in progress to determine the appropriate working stresses for
the twc grades of structural timber oonsidered necessary. Up until now,
North American grading rules have been used but their validity has been
queried prampting the above testing programme.

The {toposed grading rules have been framed so that, on average, mill
output would be 30 per cent in the top grade, 40 per cent into the second
grade with the rerainder going into non-structural applications. If this
break-down can be reflected throughout the ocountry there would be
sufficient production to fulfill the needs of the local market.

The tentative design values based on the tests to date for the two
suggested grades of pine are given in Table 13.

TABLE 13

TENTATIVE DESIGN VALUES FOR MEXICAN PINE (kg/cbm) *

: : Bending :
f : : : Mean s
: Grade H : : Mof E x 10cu :
: : Single : Ioad sharing : :
: s : : :
: A : 140 : 160 : 115 .
: B : 80 : 9 %

1 kg/cbm = 0.098 MPa




Investigations are also under way in an attempt to doviate the need for
visual grading. A TRU-grader has been purchased from South Africa and
is curreatly Leing evaluated in the field.

(£f) Malaysia

In Malaysia it is usual to market timber in parcels of mixed species of
similar properties under one trade name. These species are often
indistinguishable fram one another.

At present the system of strength grouping adopted in lMalaysia is to
place structural timbers into four strenyth groups denoted by A, B, C and
D in order of decreasing campressive strength (Burgess, 1956). In
deciding the position of the timber in the yroup, bending strength had
also been considered. When these strength groups were established little
information was available an the properties of same Malysian timbers and
the working stresses were based an the weakest species in a particuler
group.

The placing of the species in the group is determined by their green and
dry basic stresses. By necessity the minimum basic and grade stresses
for the weakest species will determine the basic and grade stresses for
the group. Tables 14 and 15 give the green and dry basic and grade
stresses for the strength groups respectively. The tinber is graded
according to the “"Malayan Grading Rules for Sawn tlardwood Tirber®.

TARLE 14

GREEN STRESSES AND MODULT OF EVASTICITY FAR MM AYSIAN SIRINGTH GROUTS
(Etresses ond moduli cxpressed in JLI/30 8q.)

bending and

tension Corpression Conpression Cheer
Surength paraliel to parallel to perpondicular parallel Nodulus of elastaicity
Group Grade grain graoin to grein to grain
Myon Mansima

Bavsc Z 000 2 %00 250 400
Sesect 2 400 2 000 210 200

’. - 000 020 3 250 000
Stondard 1 890 1 550 200 220
Coreon 3 %00 1 250 i1co 1co
kagie 2 %00 2 000 190 200
Salect 2 ¢o0 3 500 120 240

[} ¥ ¢00 000 790 000
fLandard 1 %00 3 250 120 180
Connon 1220 5 000 110 120
Ransc 1 P0G 3 400 100 200
Selert 1 400 5 100 % 140

c I} 200 000 7.9 00
Stondard 1 100 850 [ [ 110
Conmen 200 700 ” °0
baste 1 100 L0 (2] 00
Select no 720 °0 140

n ’ 0 000 420 Gvo
Scandard AT 00 12 110

terron L 47¢ 40 To

------------------------------------- . . B . NG, P P NG RSN s s NS s e MBI R te wEE T  cemesesmrea cmemmy t ma




TABLE 13

DRY STRESSES AND MIDULI OF FLASTICITY FOR MALAYSIAN STRLNGTH GROUFS
(Stresses ond notul ) expresred in 1bl/iu sq.)

Rerding and

tension Corprescion Cosprecsion Shwar :
Stienqth purallel to rarallel to perpendicular puralled Hodulus of tlasticatly
Growp Grade grain grain toe grain tu grein
Hean LYTIRY U XY
T =Ty
Busic 3 480 3 230 280 270
Select 2 960 2 550 230 330
[} > 140 00 1 400 000
Stondard I 2 000 220 260
Connun 3 800 1 400 230 210
Bosic 2 8go 2 330 1£0 310
Select 2 300 1 830 150 220
B 3 700 000 ¥o6 000
Standaerd 3 B0 1 450 140 170
Cunnon 1 400 1 1% 130 13
Pasic 2100 1 600 110 210
Select 1 &%0 1 250 90 150
[ o 1 3.0 000 £00 GOV
Standard 1 360 3 000 80 110
Connon 1 050 800 80 20
bosac 1 400 1 200 y0 200
Swlect 1 100 970 7% 140
b $%0 000 2%0 000
Siandard ROO 70 70 110
Connon 700 800 (3 %0
(5) International Standards Organisation

Warking group (WCI)of the Intermational Standards Organisation Technical
Oamittee (ISO TC/165) has produced a draft on Structural Grouping of

Tinber.

This will incorporate the strength classifications given in the

Tinbecr Cesign Code which has been produced by CIB Working Group (W18) on

tinber structures.

Basis for grouping

The following are the two factors that will be used for growing of
tinber with respect to its structural properties.

:1) Grouping based on the density of dry clear wood

(si) Grouping based on the structural properties of stress graded

tinber elements containing natural defects

ISO system adopted in the Viorking Group (WGI 1983) is stated in terms of
characteristic values that can (if desired) be measured directly by

sinple laboratory tests.

Consequently this type of system has the

potential to remain invariant and the characteristic values chosen for

the above document are five percentile values.

Structural oconfigurations have been deferred for each characteristic
value bLecause of the variability introduced by the occurrences of natural

defects.




Table 16 shows the minimum acceptable characteristic values of uensity
for tinber classified according to the density. For design purposes
S5-percentiles related to density classes are given in Table 17.

The target 5-percentile values of the structural properties of solid
timber classified acco~iing to grade are given in the Table 18. If the

lfleasn.lredpropertyprof .les do not line up exactly with the values shown
in Table 18, then the classification rules given in Table 4 should Le
applied.

TABLE 16

DENSITY CLASSIFICTION FOR TIMBLR

s density : minimm characteristic :
: class : value of density :
: : (kg/chm) :
: D 800 : 786 :
: D 600 : 630 :
: D 500 : 500 :
: D 400 : 400 :
: D 300 : 300 :

Por design purposes, 5—peréentiles related to density classes are
given in Table 2.

TABLE 17

CBARACTERISTIC VALUES RELATED TO DENSITY CLASS

S-percentiles, MPa

; green timber : dry timber :
: density: H :
: class : : (characteristic values) :
: . fE90 £c,90 %, : f5,90 £c,90 .3 ¢
. D800 : 1.10 6.8  10.0 : 0.65 1:0.1 15.0 :
H H H : H
: D600 : 0.85 4.5 7.0 : 0.50 6.8 10.0 :
: D500 : 0.65 3.0 4.5 : 0.40 45 1.0
: D300 : 0.40 1.3 2.0 : 0.25 2.0 3.0 :
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NOTATTON

D800, ..., D300

fm -

fc,90 -

ft,o

V3

'WS' veo v oy 'IS -

— density classes

— Modulus of elasticity

chractsiristic value

berding strength paralle to the
grain, characteristic value

- campression strength parallel

to ghe grain, characteristic
value

campression strength

perpendicular to the grain,
characteristic value

- tension strength

parallel to the grain,
characteristic value

- tension strength

perpendicular to the grain,
characteristic value

- shear strength in beams,

characteristic value

- lomal shear strength for

design of joint details,
characteristic value

grade classes for solid timber
and poles.
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TABLE 18

CHARACTERIST. VALUES RELATED TO GRADE CLASS, FOR SOLID TIMBER

S-percentiles (MPa)

: grade : :
: class : fm £t,0 £,.,0 fv Eo :
B0 Si0 520 5.2 12,200 :
. T60 : 60.0 44.0 43.0 4.6 10,600 :
.148 :48.0 34.0  36.0 4.0 9,300 :
.r38 :38.0 260 30.0 3.5 8,100 :
.73 :30.0 2.0 250 3.5 7,000 :
Sr24 :24.0 155 21.0 2.6 6,100 :
-T19 :19.0 11.8  i7.5 2.3 5,300 :
:T15 : 15.0 9.1  14.5 2.0 4,600 :
:TI2  : 12.0 7.0 12.0 1.7 4,000 :
:TI0 : 9.5 5.4 10.0 1.5 3,500 :
;T8 : 1.5 4.1 8.4 1.3 3,000
‘6 : 6.0 3.2 7.0 1.1 2,600 :
:15 : 5.0 2.5 5.8 1.0 2,300 :

EO,mean = 1.4

Gmean = 0.095 Eo
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TABLE 19

CLASSIFICATION RULES FOR GRADE CLASSES

: : resuitant :
: Prelimin2rv grade classification for s assigned :
: each design parameter : grade class
: : for the timber:
: fm ft,0 fc,0 Eo,mean H :
; T T T T : T :
; T T ™1 T+1 : T :
:THl T ™1 -1 : T

T+l denotes one grade class higher than T

Classification into yrade classes

in the application of Table 19 to classify stress graded solid tinber the
structural properties of the timber may be detemmined directly by the
methods described in the ISO draft standard ISO/TC16S 1688 "Timber
Structures: Solid Tinber in Structural Sizes: Determination of some
physical and Ulechanical Properties”; or the properties may be assessed
through indirect methods based on oorrelations with other structural
characteristics. In all cases, the properties to be wused for
classification purposes are assessed with at least 75 per cent
confidence.
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Other ocountries

There are several other oountries, such as Papua New Guinea, Solamon
Islands, Fiji, etc., that have strength grouping systems similar to or
based on the Australian system. In Tanzania, a strength grouping system
with seven groups (A to G) has been in existence since 1970. (Canbell &
ralde, 1970). Timber Researchand Cevelopment Association (TRADA), UK in
connection with a wood working project sponsored by UWNIDO in 1976 drew wp
a strength grouping system with 3 groups for Laos timbers and a set of
stress grading rules having only one grade equivalert 63 percent of the
basic bending stress (air dry).

In other developed ocountries such as Canada, USA, etc. grouping
techniques are used for a small nusber of species and they are mainly for
softwoads .




RECOMMENDATIONS

In considering a tundamental system for bringing timbers into strenyth
groups on the basis of their small clear progerties, the Australian
system detailed in SAA MP 45 is well documented and established, has been
applied to a large range of timbers froin wmany parts including less
developed countries, and is fully appropriate to UNICO's requirements. It
is therefc-e the obvious choice.

Stresses gublished in desiyn c¢odes to Fform the basis of permissible
values for design differ from the properties associated with small clear
strength groups. #ost industrialized timber-using countries and quite a
number of less-developed countries have national stress grading rules.
Sets of simplified model rules for tropical hardwoods and for conifers
have also been proposed within the scope of this project. Such rules
should €form the basis of future UNIDO field projects, and also possibly
further developments in the form of guidance docuiments.

The terms uc_d for the 'safe working stress®' values published in codes
differ, unfortunately, acoording to the country considered. Those co be
rentioned in this section dealing with recommendations are the ‘'grade
stresses' as defined in 3S 5268, Part 2, 1984 and the ‘stress gcades'
given in AS 172, SAA Timber Engineering Code. It is recommended that
desigyn in accordance with either of these codes, or their successors in
the light of revisions, should be encouraged when experts and consulting
organisations are engaged by UNIDO in future timber projects.

Occasions may arise when special local considerations suggest the use of
other desiyn recommendations. These might for example be those given in
the Junta del Acuerdo de Cartagena (Andear. Pact) timber design manual or
the U3 ilational Design Sgpecification for Wood Construction. 3oth of
these examples ire thorouyhly avplicable to the types of tiwber
enginering design that might be considered in UNIDO projects.
Unfortunately however the basis of the classifications and species
combinations which they oontain are so different frow the systems
discussed under British and Australian standards that they nust remain
separate options rather than documents whose good features can be
isolated and brought into special use in ONIDO projects. They are either
used in their entirety or not at all. Nor «an i. be recommended at this
stage that international developments such as the timber design code
which has been produced by the CIB tiorking Group %18, or the I30 TC/165
draft recomnenadations on strength grouping are sufficiently mature or
prescriptive documents to enable them to be used in in projects in less
developed countries where only scant information on the gerformance of
the materials available may be to hand.
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The recommendation to use either the British or the Australiean code may
seem insuffficiently decisive, tut this is not in fact the case, since as
explained elsewhere, if the basic strength group of a timber is known
according to the methodology of SAA MP 45, then either strength class
stresses according to BS 5268, or 'yrade stresses' according to AS 1720
can be determined. This will be particularly easy if the recommended
UNIDD simplified grading rules ace adopted in work for tne organisation,
in which case the procedures explained elsewhere in the papers relating
to tnis project will be foliowed. If it is a matter of .ndifference
whether the Australian or the 3ritish code be adopted for a garticulac
oroject, then it is recommended the latter be chosen, since the systenm is
siwpler, relating only to five strenyth yrougs, and having only nine
classes, rather than seven groups and twelve stress grades in the
Australian case.
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