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REVIB OF EXISTING STRENGTH GROUPING
and

STRENGTH CLASSIFICATION SYSTEMS

INTRODUCTION

In an exercise to make recamendations for a strength grouping syscem
acceptable for international adoption by WIDO for work in developing
ocountries, 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
systemni.

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

America were not discussed in this report as they were mainly concerned
with a camparatively small nurber of softwood species.

Strength grouping

Due to the multiplicity of tinber species involved in many countries, it
has long been a problem to present structural timber data to the end-user
in an appropriate fashion. A technique devised to minimise this problem
is yrouping. Wwhere the structural species of tinber used in a country
are easily identifiable, and few in number, it nay 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 to have long lists of design data. Rather it is
preferable tou group the timers and to provide structural design
properties for a limited numk¥xr of strength groups. In general each
strength group will oover a large number of species and oamercial
mixtures of species.

The use of a limited number 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 lesser-known species which
may be sporadic and regionally limited in their occurrence.

Essentially, grouping for structural purposes neans the creation of a
preferably smnall set of hypothetical species so that any tinmber may be
grouped within this set and oonsidered as equivalent to ane of the
hypothetical species. It has been mentioned by heating (1982) that it
would appear nany countries have eitner adopted the Australian system of
strength grouping as described by Pearson (1965) and Kloot (1973) or have
used it as the basis for developing their own systems. Saile of the
countries are Kenya, Tanzania, Nigeria, Papua wew Guinea, F'iji, Samoa and
Solanon Islanis. Of ocourse there are many other systems in use, but most
of the well known cnes, such as those used in North America, are in the
main, concerned with a comparatively small number of softwood species.




Existing Strength Grouping Systems

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

In Australia, strength grouping methods have been developed over a period
of same 40 years and formalized through a set of bullding standards

(Standards Association of Australia 1979a, 1979b, 1979¢c, 1980a, 1980Db)
Information on strength grouping in other oountries is given in
publications prepared for IS0 (Larsen 1978), Africa (Okigbo, wunpubl.;
Carpbell and Malde 1970; Camben 1971; Bolza and Keating 1972; ward 1974),
lalaya (Burgess 1956; BEngku Abdul ahman Bin Chik 1972), Singapore
(Singapore Tirber Standardisation Grmittee 1966), Philippines (Espiloy
1978), Indonensia (Suparman Karnasudirdga et al, 1978; Iding Kartasujana
and Abdurahim Martawijaya, undated), Laos (Tinber Research and
Development Association 1976), Papua New Guinea (PNG Department of
Forests 1972; Eddowes 1977; undated; Bolza 1975), Fiji {(Anon. 1963,
1970), South-east Asia (Bolza and Keating 1981), South America (Berni et
al, 1979) and the United Kingdam (Sunley 1979).

a) Australia

The original strength grouping system in Australia was proposed for four
strength groups by Langlands ind Thanas (1939) in  their (Handbook of
structural Tinber Lesign. This system was revised and expanded by
Pearson (1965) and Kloot (1973) due to the availability of new
information and new species. Vorking back fram a set of working stresses
developed by Pearson which has now becane the basis for a strength
classification system, it was then possible to develop the appropriate
strength qroups. 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 geametric
progression. Secondly a campromise was required on the mignitude 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 numerous groups. Finally the
actual value of the stresses had to be decided.

Cooper (1953) had shown the merits of a geometric series for working
stresses and such a choice had also been recontiended by the International

Organisation for Standardization (ISO) and the Food and Agriculture
Oryanisation (FAO). Accordingly, such a choice was made using a
preferred number series with adjacent terms chosen in the ratio of 1.25
to 1 for Modulus of Rupture. This was judged to be the appropriate
connranise  between siplicity and preciseness. Also, as appeared
certain, the Australian visual grading rules then being developed would
probably have differences between yrades also of 25 per cent. The rarge
of the values chosen was such that it oovered all the species likely to
be used structurally in Australia.




*

*k

TAsLE 1
DESIGN PROPERTIES FOR SAlw TIM3ER, ROUND POLES AND PLYWOOD

Stress*  BRasic Basic Basic Modulus
: grade bending tension conpressior of :
: strength strength strength elasticity :
: (rPa)** (MPa) (iPa) (vPa) :
F34 34.5 20.7 26.0 21 500
F27 27.5 16.5 A 18 500
122 22.0 13.2 16.5 16 000
F17 17.0 10.2 13.0 14 000
14 14.0 8.4 10.2 12 500
Fl1 11.0 0.6 8.4 10 500
: £8 3.0 5.2 6.6 9 1C0O
F7 0.9 4.1 5.2 7 900
F5 5.5 3.3 4.1 6 200 .
: F4 4.3 2.6 3.3 o 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 “vile introdwees
the concept of stress grade. Stress grade is defired as <che
classification of a piece of timber for structural purpos.s by means of
either visual or mechanical grading to indicate primarily the basic
working stress in bending in megapascals for purposes of design and by
implication, the basic working stresses for other properti:s nonmally
used in engineering design. For example, a piece of timber witi; a stress
grade of F14 resulting from a certain combination of strength groun and
visual grade would have a basic working stress in bendirj of 14
megapascals.

These values are the result of a soft metric conversion of a preferred
series of values in imperial units viz. 5000, 4000, 3200, 2500, 2000,
1600, 1250, 1000, 00, 630, 500, 400 p.s.i., readily recognisabie as the
r10 series.

As described above, the species mean values for clear material for necn
strength yroup for the critical properties were developed for green anc
dry timber and are shown in Tables 2 and 3 respectively.
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TABLE 2

PRELIMINARY CIASSIFICATION VALUES FOR UNSEASONED* TIMBER

Minimum Species mean

: Property H
: : Sl S2 S3 S4 S5 S6 s7
:HModulus of :
:rupture (:Pa) : 103 36 73 02 52 43 36
:Modulus :
:0f elasticity :

(:Pa) : 165C0 142CC 124G0 10700 9100 7900 69C0
Maximum crushing -
strength (Mpa) : 52 43 36 31 26 22 181

*s ss 85 66 es er e

L Y I T N e I I I T R ] R VR T I TR T I Y O L L T L e 1)

* \s measured or estimated at a noisture content above fibre saturation

;oint.
TAELE 3
PRELLIIMARY (LASSIFICATION VALUES FOR SEASONED* TIMBER

: : Minirusw species nwean

sProperty : SDhl SD2 Sh3 Sb4 SDS SC6 SD7 Sby
:Modulus of

:rupture :

:{(rPa) : 150 130 110 924 78 65 55 45
:Modulus of

selasticity :

: (ipa) $21500 15500 16000 14000 12500 10500 9100 7900
stiaxinugn :

:crushing :

:strength s

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

* As measured or adjusted to a moisture content of 12 percent
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TABLE 4
RETATIONSHIP RETWEEN STRENGTH GROUP, VISUAL GRADE
| AND STRESS GRADE FOR SREEN TIMBER
: : T
: Visual grade* : Stress grade g
- - [}
i = . \
. .« B b4 1
! : : strength : :
: : of clear : H
:Namenclature : material : Sl S2 S3 sS4 S5 S6 S7 .
- - - 1
: . . ';
‘ :Structural  : : ]
! :grade No.l : 75 : F27 F22 F17 Fl14 Fll F8 F7 |
[}
. H 4 [}
:Structural - : '
:grade N0.2 : 60 : F22  F17 Fl4 Fll F8 F7 F5 |
]
. : k4 ]
:Structural  : : 1
:yrade 0.3 @ 48 : F17 Fl4 Fil1 F8 F7 t5 F4&
- - - }
. - . ]
:Structural : : '
:grade No.4 : 38 : Fl4 Fll r8 7 FS r4d F3 |
- - - ]
- - - ]

* australian Standard AS 2082-1977, Visually stress-graded hardwood for

structural purposes; and A3 1648-1974, Visually stress graded cypress
pine for structural purposes. Note the interlocking effect (diagonal
line) reducing a possible 2 stress grades to 10.




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

Visual grade* Stress grade

%
Strength
of clear
Nuamenclature material

"8 B0 90 %0 _ee ee O

Sbl sp2 sSp3 sSb4d SD5S  SD6  SD7 SD8

98 8% 00 90 B us €0 60 gs 00 00 BE WE 0D 49 4 65 W0 00 0%

Structural

:grade Yo.l 75 F34 F27 F22 F17 Fl14 Fll1 F8
:Structural

:grade No.2 60 F34 F27 F22 F17 F14 Fll1 F8 F7
:Structural

:grade 0.3 48 ¥27 F22 F17 F14 Fl1 F8 F7 F5
:Structural

:grade No.4 38 F22 F17 F14 Fl1 r8 F7 F5 F4
*

Australian Standard AS 2082-1977, Visually stress-graded hardwood for
structural purposes; AS 2099-1977, Visually stress graded seascned
Australian grown softwood (conifers) 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 struc’ural purposes.

By use of Tables 2 and 3, every species that had been or was capable of
being properly sampled and tested Ly standard methods using small clear
specimens, nay be strength grouped. Once strength grouped, coonmercial
pieces of that species can, following visual grading, be allocated a
stress grade by reference to Tables 4 and 5. Ffram Takle 1  the
appropriate design parameters may be determined.

Because of international agreement on the standard nethads of test for
small clear specimens, it is possible to utilise data franv recognised
laboratories anywhere in the world to place any species into & strength
groyp. This has been done for 700 African (Bolza and Keating, 1%72), 190
South American (Berni et al, 1979) and 362 South-East ~sia. species
(Keating and Dolza, 1982).

In classifying a species fram Tables 2 and 3 it is often nece-sary to
decide what to do when the three properties do not ¢li have. tne same
classification., A oconservative approach would be to assign the species
to the lowest group indicated frcm the individual properties. ‘. 3 must
apply for many combinations, but there are several for wiiich rais:ng the
overall species strength group one step above the lowest asses -nt is
deenied justified.

€0 BE 88 86 06 g0 #4 U 8% g9 00 4e 62 ee 00 s #0 gp R0 00 e




The assigmment of a species to a strength group above the lowest group
ootained fram individual properties places more emphasis on the modulus
of rupture and the modulus of elasticity than on compression strength.
The procedure applied is detailed hereunder and sumarized in Table 6 and
ray be any of the nunbers 1 to 8 in Sl to S7, or SDl to SD8. In all
other cases, the lowest of the three separate assessments is assigned as
the species grouping.

(a) If the lowest group is that obtained fram the modulus of rupture,
then the overall species strength group may be raised one step above that

minirum  group anly if the modulus of elasticits is in a group at least
two steps, and the oompression strength in a ¢roup at least one step,
above the minimusm.

(b} If the lowest group is that of the modulus of elasticity, then the
overall species strength group iy be raised one step above that minirun
only 1if the modulus of rupture is in a group at least two steps, and the
axnpression strength in a group at least one step, above that ininum.

(c) If the lowest group is that obtained fraom the compression strength
then the overall species strength group nay be raised one step above the
nanimun only 1f both the rodulus of rupture (nd the modulus of elasticity
are in a group at least one step cbove that ninimum.

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

On the basis of this relationship, the following table was constructed to
permit a classification to take place. This gives a rather conservative
assessment, but at least it does allow those species with limited data to
e entered into the system. In the Australian Standard MP 45-1979,
Report on Strength Crouwping of Timbers, species assessed in this fashion
are listed with their strength g¢roups in brackets to indicate the
provisional nature of the assessment.

(b) United Kingdam

In the United Kinydam, a system of strength classes for solid tirber 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
clessifies tinbers and species oarbinations whose grade stresses are
similar to ane of nine strength classes. The strength classes, which are
designated SCl to SC? (in ascending order of strength), enable desiyners
to select a suitable class and to use its assigned stress values in
structural calculations without making a final choice of timber, species
canbination or grade. For special cases where it is preferable, the code
still gives strength properties for individual timbers and grades.
Strength classes SC5 to SC9 form mainly the denser hardwoods and have
stresses which ,rogress in a geamwetrical series.




DENSITY OF SEASONED TIMBER (kg/m3)
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Figure 1. Regression lines for Modulus of rupture versus
density of seasoned timber.
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TABLE 6

COMBINATIONS OF PRELIMINARY CLASSIFACTIONS

THAT PERMIT THE OVERALL STRENGTH GROUP
TO BE ONE STEP ABOVE THE LOWEST IN THE

ASSESSMENT
COMBINATION

Preliminary classification based on -

Max imum
Crushing strength

Modulus of
rupture

Modulus of
elasticity

Assessred S or SD

®

[ 1] ] 08 ae % e 0% e [T TN Y I ]
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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

60 9e B0 o2 00 ¥e a0

Strength Group : Sl s2 Ss3 sS4 S6 s7
Air-dry density at 12 percent : 1180 1030 900 800 700 600 500
moisture content (kg/cbm) :

(b) Seasoned Material
Strength Group : SDI  SD2 SD3 SD4 SDS SD6 SD7 SD8

:Air-dry density at :
:12 percent moisture : 1200 1080 960 840 730 620 520 420

scontent (kg/chbm)




Grade stresses for the dry exposure condition, as defined in BS5268: Part
2 are tabulated for nine strength classes which is given in Table 8.
wWwhen 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
consideratians other than strength. In SC5, both softwoods and hardwoods
are conbined.

Procedure adopted for softwoods

It was considered that establishing strength class boundaries on the
basis of a mathematical progression, results in a system which is
inefficient for many of the commonly used species/grades. Because of the
wide variety of structural corponent types, sizes and spans it 1is also
impractical to tie the class bounderies to increments of structural
canponent  design. The current (draft) BS5268 is to make the class
boundary strength values match the major species/grades used in the UK.
Whilst 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 rore
efficient approach by grading directly to the strength class boundaries.
The strength for 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, 7.3, 5.3,
4.1 and 2.8N/sq.im. were given for classes SC5 to SCl respectively.
Class values for the other properties were taken fram the lowest value
for species/grades oambinations with bending stress values equal to or
greater than the bending value for that class. An exception to this was
made where the lowest value of a particular property would have penalised
the remaining species/grades in that class too severely. An exanple of
this is the demotion of SS grade British grown spruce to the C2 class
because of its low modulus of elasticity values. Species/grades were
admittei to a strength class if their bending stress values were egual to
or yreater than the class value and their values for other properties
exceeded 95 per cent of the class values.

For softwocds, there are two visual grades, namely GS -General Structural
and SS -Special Structural visually graded to BS4978: 1973 "Timber gyrades
for structural use"” and the grade ratios for these two grades are 0.35
and (.50 of the bending stress respectively. :

Procedure adopted for hardwoods

Procedure adopted for strength grouping of hardwoods in [S5268: 1984 is
based on the Australian system.

It was noted that the relation between strength properties and dry
naminal  specific gravity of the species related to the BS5268 hardwoods
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 trcpical hardwood required for inclusion in BS5268. 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
ocode, it would not be appropriate to simply adopt the Australian basic
working stresses for hardwood strength classes in the British code.
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Preliminary classification values for seasoned (ie 12 percent ri.c.)
tirber and corresponding values for unseasoned material (above saturation
point - assumed 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 parallel 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 , 1listing the hardwoods 1n 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 or 0.25N/sq.mm.

For tropical harcdwoods visually graded to BS5756: 1980 "Specification for
tropical hardwoods graded for structural use”, there is only one
structural grade which is HS (Hardwood Structural) with a grade ratio for
bending of 0.67.

(c) philippines

The strength grouping system develcped in the Philippines is very similar
to that in Australia where the system is based on the results of small
clear tests and adopts a preferred nurber progression with an interval of
1.25 between the base nunbers (Epsiloy, 1978}). tiowever, 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
systen according to kpsiloy are:

(1) Ecach rember 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
overcane when these are grouped together with the wore common
species. Hence, this system will help engineers and architects
familiarize themselves with alternative species by specicying that
any tiiber within a given class may be used instead of specifying
the tinbers by name.

(3) 1t will overcame the problem that is usually encountered in
identifying sawn timber of similar physical and strength
characteristics.

(4) Grouping will simplify design and specification procedure and
thus facilitate the formwulation 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
system, only a few sets of working stresses are adequate to cover
the proposed stremngth 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 inimun values of strength class limits for the different properties.
These: have been derived fram the regression equations relating modulus of
rupture  (FOR) with najor strength properties; and fram various
relationships, sets of strength values of OR in the preferred nunber
series were assigned to obtain the strengtn limits of other properties.
The results were then rounded off to fit in the suitable series.




TABLE 9

UNROUNDED VALUES OF GRADE STRESSES8 AND MODULI OF ELASTICITY
FOR STRENGTH CLASSES FOR TROPICAL HARDWOODS TO HS GRADE OF BS5756

:Strength : Strength: Bending : Compression : Modulus of elasticity
:class ** : group + : parallel: parallel : : '
: : : to grain: to grain : Mean :  Minimum
. S5 : S5 : 10.53 : 10.68 : 12308 . 10289
. S06 : sS4 : 12.62 : 12.48 : 14098 . 11786
. sc7  : S§3  : 14.81 : 14.28 . 16216 . 13556
. S8 : S2 : 17.48 : 16.69 . 18666 . 15605
. S9 : sl : 20.52 : 19.58 : 21570 . 18032

00 B8 08 40 4% 8% w0 %% e an ¢ 03 s w0

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




TARLE 10! MINIMUM  STRENGTH CLaASE LIMITS FOR

Froperty Motsture

condition (9
Modulus of vuptuce in ireen 800
bending (kg/sq.cmdt 12% MC 1250
Hodulus of elasvicity Green 130
in bending 12% W 140

CLO00 g/sgecm)

Compression parallel Greaeen 200
to grain {(kg/sge.ecm) 12% MC 450
Compression perpendicular Gveen Y00
Lo grasn (kg/sg.eam) 12 MC 1135
Shear paratlel to Greon 100
grain (kg/sq.ocm)d 12% MiT 140
Specidic gvavityx : Green 0670
12% Mo 0710

+ lkg/lsqgecmn = 0,098 MPa
¥ Kased on weight wien osven-dry and volunme at test
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(d) south America

Five South American oountries, Bolivia, Columwbia, Ecuador, Peru and
Venezuela under the auspices of the Arddean Pact have in recent years
undertaken a oanprehensive 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 (1978). In this the
advantages of a strength grouping system are stated as follows:

(i) it permits the introduction of a large nuber of new,
little-used species to the building industry;

(ii) it allows a more honogeneous, balanced and rational
exploitation of the forest;

{1iii) 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 cormercialization of
wood as a oconstruction material.

As a result of the above study, these five oountries have agreed on a
single visual grading rule for structural hardwood and a strength
grouping system comprising 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 tinber
representing more than 30 species.

The proposed working stresses for the three strength groups are as given
in Table 11. These values are derived by taking the lowest 5th
percentile value for the group. The minimum modulus 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 are the averages takan directly fram the tests without further
modification.

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 Sth percentile MOR values (rnodified as above) and the mean !CE
values be used to detemnine the correct strength group by direct
amparison with the Table. A species may be allowed in a particular
yroup when these parameters are no more than 10% lower than the values
indicated.

buring the oourse of the testing programme it was observed that basic
density was a good indication of strength and as a consequence basic
density 1is now proposed as a nethod of positioning a species in a group
on a preliminary basis. The limits selected taking a conservative
approach were as given in Table 12,

An interesting approach taken in the development of the single visual
grading rule was that the limits set on size and location of defects

should permit an average mill to produce 50-60% of acceptable structural
raterial., The remainder of the mill output would normally be suitable
for non-structural. applications in housing such as sheathing and joinery.




TABLE 11

PROPOSED WORKING STRESSES (kg/cbm)* (Centeno, 1978)
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1 kg/cbm = 0.098 MPa

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

Group Basic Density *

0.76 and above
0.60 - 0.75
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0.44 - 0.59




AS a consequence to the acceptance of the above system, a Timber
Construction lanual has been produced and industry has expanded as is
evidenced by the establishment of nine factories producing prefabricated
houses in the five ocountries ooncerned 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 overcaming the
serious housing shortages, the need to utilize a valuable resource and
the need to create employment.

{e) Mexico

In bMexico (Davalos, 1981), develogprment of a sinmplified set of grading
rules is close to bLeing finalised. The 50 PINUS species 1in use
throughout the oountry have for convenience been treated as a single,
species group. A large in-grade testing prograrme (5000 full-sized
pieces) is in progress to determine the appropriate working stresses for
the two grades of structural timber oonsidered necessary. Up until now,
North American grading rules have been used but thelr validity has been
queried prarpting the above testing prograrme.

The proposed 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 remaincer yoing into non-structural epplications. If this
break-down can be reflected throughout the country there would be
sufficient production to fulfill thne needs of the local market.

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

Invertigations are also under way in an atterpt to cbviate the need for
vistal grading. A TRU-grader has keen purchasea from south Africa and

is currently being evaluated in the field.
(£} Malaysia

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

indistinguishable from one another.

At present the system of strength grouping adopted in (jalaysia is to
place structural tinbers into four strerych groups denoted by A, B, C and
D in order of decreasing compressive strength (Burgess, 1956). In
deciiing the position of the timber in the gyroup, bending strength had
also ieen considered. When these strength groups were esiablished little
infonrnation was available an the properties of sane Malysian timbers and
the working stresses were based on the weakest species in a particular
group.

The placing of the species in the group is detemmined by their green and
dry basic stresses. By necessity the minimum basic and yrade stresses
for the weakest species will determine the basic and grade stresses for
the grow. Tables 14 and 15 give the green and dry basic and grade
'stresses foir the strength groups respectively. The tinber is graded
:according to the "lalayan Grading Rules for sawn fiardwood Tinber”.




TABLE 13

TENTATIVE DESIGN VALUES FOR MEXICAN PINE (kg/cbm) *
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TABLE 16

DENSITY CLASSIFICTION FOR TIMBER

: density : minimm characteristic
: class : value of density

: : (kg/chbm)

: D 800 : 780

: D 600 : 630

: D 500 : 500

: D 400 : 400

: D 300 : 300

90 4% 46 ®e 98 00 eE BE 3 8 S0 b v WO

For design purposes, S5-percentiles related to density

given in Table 2.

classes are




(y) Intermational <tandards QOrganisation

wWworking group (WGI)of the International Standards Organisation Technical
Camuittee (ISO TC/165) has produced a draft on Structural Grouping of
Timber. This will incorporate the strength classifications given in the
Tinber Design Code which has been produced by CIB working Group (Wl8) an
tirber structures.

Basis for grouping

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

(i) Grouping based on the density of dry clear wood

(i1) Grouping based on the structural properties of stress graded
tinmber elements containing natural defects

ISO system adopted in the ‘orking 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 configurations have been deferred for each characteristic
value because of the variability introuuced by the occurrences of natural

defects.

Table 16 shows the minimn acceptacle characteristic values of density
for timber classified according to the density. Fcr design purposes

S-percentiles related to censity classes are given in Table 17.

The *arget S-percentile values of the structural properties of solid
tinter classified according to grade are given in the Table 18. If the
mea sured property profiles do not 1line up exactly with the values shown
in Table 18, then the classification rules given in Table 4 should be
applied.

Classification into yrade classes

In the application of Table '9 to classify stress yraded solid tirber the
structural properties of the tinber may be detemmined directly by the
methods described in the ISO draft standard ISO/TCl6S L6838 "Timber
Structures: Solid Tinber in Structural Sizes: Detenmination of some
physical and ilechanical Properties”; or the properties may be assessed
through indirect methods based on correlations with other structural
characteristics. In all cases, the properties to be used for
classification purposes are assessed with at least 75 per cent
confidence.




NOTATION

p8o0o, ..., D300 - density classes

Eo - Modulus of elasticity
chracteristic value

fm - bending strength paralle to the
grain, characteristic value

fc,o - campression strength parallel
to ghe grain, characteristic
value

fc,90 - campression strength

perperdicular to the grain,
characteristic value

ft,o - tension strength
parallel to the grain,
characteristic value

ft,90 - tension strength
perpendicular to the grain,
characteristic value

v - shear strength in beams,
claracteristic value

aly! - lccal shear strength for
design of joint details,
characteristic value

T75, +eee, TS - grade classes for solid timber
and poles.




TABLE 17

CHARACTERISTIC VALUES RELATED TO DENSITY CLASS

5-percentiles, MPa

green timber

ft,90 £fc,90 fv,3
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TABLE 18

CHARACTERISTC VALUES RELATED TO GRADE CLASS, FOR SOLID TIMBER

S5-percentiles (MPa)

grade
: class : fm ft,0 £,,0 fv Eo :
TS . 75.0 5ALT 52,0 5.2 12,200 :
. T60 : 60.0  44.0  43.0 4.6 10,600 :
. TA8  : 48.0  34.0 36.0 4.0 3,300 :
. T8 :38.0  26.0  30.0 3.5 8,100 :
: T30 : 30.0 20.0  25.0 3.5 7,000 :
s T24 :24.0  15.5  21.0 2.6 6,100 :
S T19  :19.0  11.8  17.5 2.3 5,300 :
. TI5  : 15.0 9.1  14.5 2.0 4,600 :
s 712 : 12.0 7.0 12.0 1.7 4,000 :
:TI0 : 9.5 5.4  10.0 1.5 3,500 :
:T8 : 7.5 4.1 8.4 1.3 3,000 :
:T6 i 6.0 3.2 7.0 1.1 2,600
:T5 o 5.0 2.5 5.8 1.0 2,300 :
EO,mean = 1.4 EO
]
Gmean = 0.095 Eo




TABLE 19

CLASSIFICATION RULES FOR GRADE CLASSES

Preliminary grade classification for
each design parameter

resultant
assigned
grade class
for the timber

fm ft,0 fc,0 Eo,mean : :
T T T T ; T :
T T T-1 T+1 T :
1 T -1 -1 : T

T+l denotes one grade class higher than T




Other countries

There are several other coountries, 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 &
valde, 1970). Timber Researchand Development Association (TRACA), UK in
connection with a wood working project sponsored by UNIDO in 1976 drew up
a strength grouping system with 3 groups for Laos tinbers and a set of
stress ygrading rules having only one grade equivalent 63 percent of the
basic bending stress (air dry}.

In other developed oountries such as Canada, USA, etc. grouping
techniques are used for a small nurber of species and they are mainly for
softwocas .




reLUtbLAL LUND

In considering a tundasental system for tringing timbers into strength
groups on the basis of tneir small clear grocerties, the Australian
system detailed in SAA #P 45 is well documented and established, 1as been
applied to a large range of timbers from any parts including less
developed countries, and is fully appropriate to GNIDO's reguirements. It
is therefore the obvious choice.

Stresses published in desiyn codes to fora the basis of permissible
values for design differ from the properties associated with small clear
strength groups. #lost industrialized timber-using countries and quite a
number of less—developed countries have natlonal stress grading rules.
Sets of sinplified model rules for tropical hardwoods and for conifers
have also bpeen proposed within the scope of this project. Such rules
should form the basis of future UNIDO field crojects, and also possibly
further developments in the form of guidance docu.ents.

The terms used for the 'safe working stress' values published in codes
differ, unfortunately, according to the country considered. Those to be
mentioned in this section dealing with recommendations are the ‘grade
stresses' as defined in S 5263, Part 2, 1984 and the 'stress grades'
given in AS 172, SAA Timber Engineering Code. It is recommended that
design in accordance with either of these codes, or their successors in
the 1lignt of revisions, should be encouraged when exgerts and consulting
organisations are engaged by UNIDO in future timber projects.

Occasions may arise when special local considerations suggest the use of
other desiyn recomiendations. These might for exanple ve those given in
the Junta del Acuerdo de Cartagena (Andean Pact) timber desiyn manual or
the U5 UGational Design Specification for wood Construction. 8oth of
these examples are thorouyghly applicable to ithe types of tiwber
enginering design tnat might be considered in UNIDO projects.
Unfortunately however the basis of the classifications and species
combinations wnich they ocontain are so difterent from the systems
discussed under British and Australian standards that they must remain
separate options rather than documents whose gyood features can be
isolated and brought into special use in UNIDO projects. They are either
used in their entirety or not at all. Nor can it ve recommended at this
stage that international developments such as the timber design code
which has een produced by the CIB Working Group 18, or the is0 TC/165
draft recommendations 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 performance of
the materials available may be to hand.

The recommendation to use either the British or the Australian code may
seen insuffficiently decisive, but 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 83 5268, or ‘'grade stresses' according to AS 1720
can be determined. This will be particularly easy if the recommended
UNIW  simplified grading rules are adopted in work for tne organisation,
in which case the procedures explained elsewhere in the papers relating
to tnis project will be followed. 1If it is a matter of indifference
whether the Australian or the 2ritish code ve adopted for a particulac
vroject, then it is recommended the latter he chosen, since the system is
siwpler, relating only to Cfive strenyth groups, and having only nine
classes, ratier than seven groups and twelve stress grades in the
Australian case.
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MODEL GRADING RIJLES FOR TROPICAL TIMBER - RECOMMENDATIONS FOR NATIONAL
TRAINING PROGRAMMES AND FOR QUALITY ASSURANCE

The adoption by a country of the model rules for the stress grading of
tropical timber will need to be followed by two further steps for the
implementation of these rules to achieve the objectives intended.

1) A programme of information and encouragement to specifiers and
users to adopt stress graded timber in their construction projects

2) The training of stress graders and continuing surveillance of their
grading so that users will have a reliable supply of properly
graded timber available to them.

This paper concerns the second of these activities. It is considerably
influenced by TRADA's own experience of responsibility for both training
and quality assurance in the United Kingdam but does not blindly follow
TRADA's UK practice.

The dependa“le quality of visually stress graded sawn timber can be
assured by:

1) correct training and initial certification of graders
2) continuing re-examination of graders as to their campetence

3) quality control of the grading process exercised by the
producing campany

4) independent. surveillance of the quality of grading of the
campany's output

A question to which different countries may find different answers is
that of responsibility for the various activities described in th..s
paper.

This paper presumes the establishment of an Inspection Agency which will
provide a team of inspectors who will carry out the essential activities
of periodically re-examining graders as to their campetence and carrying
out randam or batch inspections on a sampling basis. Inspectors should
preferably be certificated graders with experience of cammercial grading,
but this will be difficult to ensure in the early days of the agency's
operations. It is strongly recammended that senior inspectors fram this
team should act as examiners for the initial examination of graders and
it is suggested that inspectors should be available to producing
canpanies who would otherwise have difficulty in arranging for the
internal quality control of their graders' work. It is possible also
that inspectors could provide a cammercial grading service in appropriate
circumstances provided that their inspection function has priority. This
grading service would be particularly useful and economical in the early
days of stress gradirng in any country.

The question of who should provide training is a very open one. Most
countries will have existing colleges or institutes which could provide
such training and it is thought that it would normally be cost effective
to use suitable existing establishments. The effectiveness of this
training can be coordinated on a national basis by the use of senior
inspectors fram the Inspection Agency as examiners. The examiners should
liaise with training staff to ensure nationally consistent standards, and




more specifically, the suitability of timber stocks used for examination
purposes. It would of course be possible for the Inspection Agency
itself to provide training.

Inspection Agencies are likely to be national agencies though it is
possible that they should be based on smaller areas such as States or
convenient geographical areas, in which case their activities should be
coordinated by a cammittee established an a federal or national basis.

It is important to appreciate that grading is a production process. The
grader is not an inspector checking on the quality of a prior process.

He is himself carrying out a process that has not previously been carried
out. For this reason the graders activities need to be the subject of
internal quality control and this is the reason for the inclusion of 3)
above.

Since it will generally be the companies that make potential graders
available for training, and since it is campanies that have to take
camercial responsibility for the quality of their production, it seems
logical that the govermmental or quasi-govermmental agency responsible
for the surveillance of timber grading should deal with the companies
rather than with graders individually. This recaomrendation also has the
merit of reducing quite considerably the bureaucratic process involved.

The general framework of the overall training and quality assurance
process is accordingly seen as follows:

a) potential graders are made available by campanies for training
along with other personnel who need to appreciate the grading process,
the training being carried out by an appropriate college or institute.

b) all personnel taking the training course are examined at the end of
the ccurse and receive a personal certificate if they are successful in
passing the examination. Copies of the certificate are passed to the
campanv and the quality assurance agency.

c) campanies register with the Inspection Agency those personnel
intended to be active graders and provide these graders with the status
and practical recognition that their new duties justify. Only
certificated graders should be allowed to grade constructional timber.

d) canpanies arrange intermal procedures to monitor the performance of
their graders and may make use of agency inspectors to assist this
rrocess. It is suggested that any such assistance should be provided at
cost to the campany whether or not other agency activities are partly or
wholly charged to campanies,

e) the Inspection Agency will arrange for the periodic re-examination
of all registered graders by their inspectors

f) procedures should be established for campanies to inform the
Inspection Agency when timber being supplied to official contracts
will be available for batch inspection or when there has been release ur
despatch of stress graded stocks for sale for general constructional us=.

A problem associated with the surveillance of visual grading is that
there are strong cammercial pressures not to carry graded stocks and for
individual requirements to be graded on demand. For this reason it may
be very likely that inspectors will find few stocks on which to make
randam checks when visiting companies. For this reason emhasis is




placed on both the re-examination of graders as to their campetence and
on the notification to the agency of the availability of quantities of
graded timber for inspection. The agency may decide whether or not to
carry out an inspection of any particular quantity of timber that has
been notified to them. The notification of small quantities of graded
timber may be excused.

Where grading is being carried out at the original sawmill, rather than
at same depot or elsewhere, it is more likely that the stress grading of
constructional sizes will be carried out regardless of the availability
of orders and prior to the allocation of timber to specific orders. It
may be possible to encourage the stress grading of all such appropriate
specific sizes by generally excusing such campanies fram batch inspection
procedures in favour of the periodic random unannounced inspection of
graded stocks by agency inspectors.

’I‘raﬁ' i ng

Most stress grading experience has been in the context of softwoods and
the cambined effect. of the profusion of knots and the small diameter of
many softwood logs results in grading rules having to be camparatively
canplex in order to deal adequately with the problem of the reduction of
strength dve to knots. The same problem is met in the case of coniferous
timbers gr »n in tropical countries and also in the case of plantation
grown harcwoods such as the eucalypts which may be harvested as soon as
they reacn a size providing a reasonable yield of construction timber.

For this reason separate grading rules are supplied for tropical
hardwoods and conifers, the main distinction being the treatment of
knots which can be simpler in the case of tropical hardwoods (excluding
plantation grown hardwoods as indicated above).

In both cases the rules are based on a surface measurement approach to

knots as opposed to the so called knot area ratio method. This choice

results in grading rules that will scem simpler to most people and the

result of this decision is likely to be a greater examination pass rate
rather than a reduction in the time taken for training.

The rules for tropical hardwoods are significantly simpler as regards
knots since these are of limited occurrence in trees fram natural
forests. On the other hand interlocked grain is a problem in many
tropical hardwoods species since this can be confused with slope of
grain.

Obviously, the time required for training courses will depend to a
considerable extent on the levels of intelligence and ability of those
chosen for training. This will vary fram country to country and the
availability of suitable jobs for higher educated people in rural areas
is likely to be a key factor. TRADA agrees with the findings of the
Expert Group Meeting in December 1981 that trainees should have had
practical experience in a sawmill and that a minimun educational level
shoud be satisfied. Alternatively, a suitable aptitude test might be
developed to screen people who might not benefit from training.

Broadly, it is TRADA opinion that the simplest requirement, namely to
grade tropical hardwoods species fram natural forests, could be achieved
within a full six day working week in the most favourable of
circumstances. The rules for coniferous timbers would require the
equivalent of two to three weeks. The Expert Group were thinking in
terms of 5 - 6 weeks and it may be found in same circumstances that this




length of time will be needed. However, it is TRADA's recammendation
that no course should be of more than 3 weeks duration unless problems
are found.

Training at TRADA is normally of two weeks duration and it has always
been found convenient in the circumstances of the UK to provide a lapse
of four to eight weeks between the two weeks of the training course. It
is thought to be quite practicable but marginally less satisfactory to
provide the training in two consecutive weeks.

An exam should be held on the last day of every course and this should be
partly written and partly practical. The written part of the examination
is more appropriate to the establishment of the candidate's essential
understanding of grading, while the practical part of the examination
establishes his ability to put this understanding into practice. A
purely practical examination is likely to favour those candidates with
good short-term memory who may be able to achieve a pass without having
an essential understanding of the principles.

The syllabus and the timetable of the training should be made to suit the
requirements of those who are intended to be active company graders,
though many others in the timber and construction industries who require
a good working knowledge of grading should find the course useful for
their needs also. There will probably also be benefit to be obtained
fram a short appreciation course for management and sales personnel but
in this case there is no need for an examination at the end of the course
and there should be mo question of any certificate being granted.

The syllabus of a full course should be along the following lines:

1) Assembly and administrative introduction

2) Wood, the material and its mechanical properties; recognition of
species

3) Background to stress grading

4) Introduction to the grading rules appropriate to the course

5) Defects other than knots and their measurement and assessment
(in the case of tropical hardwoods interlocked grain will need
special attention and the rules regarding brittleheart may need
mention)

6) Practical exercises on defects other than knots

7) Knots, the different types (this need only be quite brief in the
context only of tropical hardwoods fram the natural forest)

8) The measurament and assessment of different types of knot
9) Practical exercises on knots
10) Introduction to the two different grade rules

11) General grade rules

12) Practical exercises on General grades




13) The Special grade rules
14) Practical exercises on Special grades

If the course is split into two separate periods of time then this is the
point at which there should be a review of stress grading techniques ard
an individual check of camprehension prior to the break. After the break
there should be a recapitulation of theory and practical techniques and
then:

15) Practical exercises in groups

16) Practical exercises as individual graders
17) Mock examination

18) Examination

Instruction should be restricted to the circumstances appropriate to each
situation. For example, there should be no training given in the grading
of conifers if these are not available caommercially to the campanies
employing the graders. The syllabus and duration of a course will need
to be related to the rircumstances, and need be no longer than these
circumstances dictate.

Practical experience shows that it is not possible to organise successful
courses an the basis of timber stocks generally to be found in timber
yards with little or no selection. Timber for training purposes needs to
be carefully chosen to illustrate the principles involved and the
examination stock should be selected so as to avoid ambiguous results.
The selection of these stocks is time consuming and cannot be seen to be
practical in the context of a single course to “e held at a sawmill or
similar venue where repeat courses in the foreseeable future are
unlikely. This is a serious logistical constra.nt and leads TRADA to
question the opinion of the Expert Group that courses should be held

at sawmills. It might of course be possible for a college or institute
to run courses at a conveniently located sawmill rather than at their own
premises, but the idea of running courses at a number of mills to
minimise travel and to suit the convenience of the industry has to face
this problem of suitable timber stocks.

Periodic re~-examination of graders

It is considered that graders should be re-examined periodically as to
their competence even when considerable quantities of the graders' work
may be subject to randam or batch inspections. While it may be argued
that a grader who produces results that satisfy regular inspections need
not. be the subject of any further check, this re-examination is not.
solely to check on the campetence of a grader but is intended to help the
grader retain that campetence. Oonstructive criticism may be provided in
circunstances where no cammercial consequences are involved as would be
the case where a randam or batch inspection was being carried out. The
possibility of over-grading and its econamic consequences may be kept in
check.

Internal quality control

Campanies should be recammended to keep the work of their graders under
surveillance in between randam or batch inspections carried out by agency




inspectors. Where a grader's work is the subject of a recent or
substantial batch inspection then it should be possible to excuse him a
corresponding amount of intermal quality control procedure. This
internal quality control will be most important -where camparatively small
quantities of graded timber are being produced and visits fram agency
inspectors may be relatively infrequent.

This internal quality control is particularly important since the cost
burden of agency inspection should be capable of being reduced if
producing campanies' own quality control is found to justify a relaxation
of the level of inspection. It is much healthier for the industry to
produce satisfactory quality on the basis of their own high standards of
control.

Internal quality control is not too difficult where several graders

operate at the same campany since programmes of cross-checking can

readily be devised, particularly if this can be done under the

surveillance of a more senior grader. Where a campany has only one

grader on site then it should be possible for arrangements to be made

with the Inspection Agency for supplementary visits to be made on an i
informal basis. t

It is suggested in the next section that account should be taken of a
campany's internal quality control procedures when determining the
overall level of surveillance to be applied. It is very important that
any such internal quality control shall be properly documented and the
records of inspections kept available for examination by the agency
inspector. Only in these circumstances should the Agency give any credit
to internal quality control procedures such as would reduce the amount
of external surveillance considered to be adequate. '

It should be emphasised that the Inspection Agency itself must institute
end maintain quality control of its own inspectors' operations.

I-dependent surveillance

The problem of providing independent surveillance of visual stress
grading is made more difficult by the fact that there are many reasons
why campanies may not maintain stocks of stress graded timber on site,
preferring to grade on ad hoc basis to satisfy requirements. Typically
this will be the last process to be carried out on a batch of timber
prior to despatch amd the chances of a randam unannounced visit by an
agency inspector coinciding with the availability of graded stock on site
may be quite small.

On the other hand a sawmill producing substantial quantities of
constructional sizes and grades of sawn timber may find it worthwhile to
grade all such material on a grading chain and to accept as a matter of
small oonsequence that same proportion of this material will be sold in
circumstances which do not strictly require the provision of stress

g: led timber.

In these latter circumstances it is camparatively easy to arrange for
randam unannounced visits by agency inspectors several times a year with
the full expectation that their will be graded material on site for them
to examine. In the former case arrangements have to be more complex and
it is probably necessary for campanies to inform the inspection agency of
the coming availability of batches of timber for official contracts or
for supply into stockholdings of stress graded timber that may be held by
the sawmills custamers.




It is difficult to make positive proposals for any particular situation

until the facts are known regarding the demand for stress graded sawn

timber fram the mill concerned and the way in which the sawmill intends
{ to respord.

The overall quality assurance effort as a campany will be a cambination
of randam unannounced surveillance and batch inspections by agency
inspectors together with the documented internal quality control
procedures carried out by the cumpany. Bearing in mind that the

' throughput of stress graded sawn timber may vary considerably from ane
sawmill to another it should be the duty of the Inspection Agency to
ensure that the burden of inspection should fall on each company on an
equitable basis. The programme of visits to each campany should be
tailored to suit the variety and throughput of timber graded by that
canpany .

Disciplinary action will need to be taken by the Inspection Agency in
respect of incampetence, carelessness or worse on the part of graders,
and of inadequate supervisior or quality control on the part of
campanies. In same cases poor campany attitudes to quality assurance may
lead to bad grading or misuse of stamps. The action that may be taken

' would include official warnings leading to additional inspection which
should be charged to campinies, suspension of graders or campanies till
appropriate remedial action has been taken, and in the worst of cases
canplete withdrawal of orading rights.

" If the Inspection Agency has the statutory right to do so, it may arrange
! inspection of graded timber on construction sites, and may in any case
agree with campanies that batch inspection at site may in same cases be
more convenient than at the sawmill. There could also be collaboration
between the Agency and the building control authorities to arramge same
sampling of quality on site or to follow up reports of poor quality
timber received.
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EVALUATION OF RESPONSES TO QUESTIONNAIRE
ON STRESS GRADING AND STRENGTH GROUPING
RESEARQH AND DEVELOPMENT ACTIVITIES

INTRODUCTION

An outcame of an Expert Group Meeting on Timber Stress Grading and
Strength Grouping* was the circulation of a questionnaire on research and
development activities within this field. The purpuse was to gather
infonmation on current projects of this type in which forest products
laboratories, research associations, universities, trade associations and
other bodies are involved. The objectives of the projects revealed by
the questionnaire would be identified, technical details suwnarised, and
further information on oodes and standards would be given.

The results of the questionnaire would be evaluated by an organisation
briefed by UNIDO to draw up a standard framework for stress grading rules

for developing oountries. The organisation would also be required
further to oconsult with earlier participants and ne~ contacts.

This report provides the evaluation, carried out by TRADA in accordance
with the terms of reference.

*  UnhIDO, Vienna International Centre, 14~17 Deceiber, 198l1.

FORMAT OF QUESTIOHNAIRE

The actual fona of the questionnaire which was circulated is shown in

Appendix I anu the responses to the questionnaire in Appendix II. It is
hopea that much of the questionnaire is self-explanatory, certainly the
quality and gquantity of replies received was impressive. Although the
section on Building Standards was intended for developing countries only,
many of the replies fram industrialized oountries also gave useful
information on these. The final ‘catch-all’ question - "tHave we asked
the right questions" - gave scope for same respondents to fill the gaps.

RESUME OF REPLIES

In the following resumes, initials or brief titles of responding
organisations are cross-referred by number to the full list given in

Appendix 1I.

Current projects, obectives and further details

CTiB(1) report research on spruce (Picea excelsa) grown in Belgiun.
They are studying the relation between anatomic characteristics,
structural defects and rechanical properties. The first steps will
entail visual grading, but mechanical and other more sophisticated
methods will follow. Their objectives are to develop a set of grading
rules for Belgian softwoods and to inprove the use of timber through
closer relations between grading and end purpose.




This is a 2 to 4 year project, cammencing in the latter part of 1982 and
involving 4 ar 5 people.

The University of Toronto (2) replied with details of two projects.
One, a two man-year project, concerns the tensile strength and stiffness
of poplar woods in structural sizes, whilst the other concerns the use of
tropical hardwoods in the Andean Pact group of countries. The project
aimed at developing models for tensile strength and stiffness of
temperate hardwoods is intended to influence future visual and mechanical
rules for these, with special reference to their possible use in
laminated beams. In the South American project, correlations between
strength, stiffness and grade-permitted defects *are being examined,
special emphasis being placed on the need to sort heterogeneous tropical
hardwoods into stiffness categories.

The Forest Products Laboratory, Finmalnd (5), 1s continuing work on
approval of the Finnograder stress grading machine. Grade stresses are
to oorrespond with those of existing visual grades and the machine will
possibly grade to BS 4978 or other relevant codes.

The Forest Products Department of the Institute for Industrial Research
and Standards (Ireland) (6) reports three projects. One is accumulating
a data bank on the strength properties of Irish tinber, objectives being
the establishment of permissible design stresses and evolution of a
viable grading system.

Start: 1979 End: 1985 Manpower: 1 Professional and 1 Technician per
annum.

The second project is attempting to develop an inexpensive small output
mechanical grader suitable for sawmills, merchants and manufacturers in
Ireland.

Start: 1982 End: 1982 Manpower: 2 Professional and 4 Technicians.

The third is a project involving machine grading and the derivation of
design stresses for scaffold boards.

In addition to these projects a numer of quality control progranmes are
being successfully operated.

The Technical University of tlunich (4) is oo-operating in a national
research programme entitled, "Structural safety and reliability,
deelopment of probability-based safety ooncepts”. This involves the
effect of stress grading and strength grouping on the reliability of
glulam canponents. A research proposal entitled, "Optimisation of stress
grading including the number of strength classes and grade units" has
also been submitted to the Caminission of European Commmnities. Results
are interded to be applied to visual and mechanical grading of glulam
laminations.

The Institute of Applied Science and Technology (Nigeria) (10) reports a
sawnill project where grading forms part of the wider objectives of
improving sawmill performance. Results will be applicable to visual
grading and special use material.

Start: 1981 End: 1983
Manpower: 3 men

The Italian Federation of Wwood, Cork, Furniture and Furnishing
Industries (&) indicates that it has no specific projects underway but
aims to introduce and experiment with the FAO-ECE stress-grading
stanlard.
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At Warsaw Agricultural University (12) recent projects have included
research into the mechanical properties of visual stress-graded
coniferous sawn timber for structural use in Ppoland, and visual and
mechanical methods of stress grading timber in small sizes (18-32mm
thick) for structural use. They are also currently conducting projects
on visual methods of stress grading coniferous sawn timber greater than
100mm thick and on mechanical methods of stress grading coniferous sawn
timber less than 25mm thick and 100mm wide. These projects partly
include the physical principles of mechanical grading, e.g. sonic methods
and hardness based methods.

The Royal Institute of Technology (Sweden) (14) currently has three
projects underway. One is investigating tolerances in practical grading
(visual and by machine), their influence on permissible stresses and
relation to grading conditions, whilst others consider the internaticnal
unification of stress grading rules and grading rules for special uses
such as glulam.

Colorado State University (15) reports two relevant projects. The first
is attempting to develop a reliability-based design procedure for wood
transmission structures, whilst the second is endeavouring to predict the
tensile strength of wood containing defects such @s cross-grain knots and
checks by developing a suitable mathematical model.

The Forest Research Institute (New Zealand)(18) currently has two
projects under way on grading. The first is evaluating visually graded
Radiata Pine via the 'in-grade' approach developed by Borg tladsen. A
report is anticipated in June 1983. The second is evaluating proof
testing as a grading method.

End: December 1983 Manpower: 1 man year.

Finally, the Wood Technology Institute (Poland) (16) has a series of
projects underway, both of a fundamental and applied nature. These have
the objective of implenenting imechanical strength grading of sawn timber
in Poland and securing an international certificate for a mechanical
sorter of the ITD-DKT-3 type developed at the Institute. It is also
hoped that this work will create a basis for changes in Polish standards
PN~82/D-94021 and PN-81/D-03150. The Institute is also co-operating in an
EEC and Finland project "Strength indices of construction sawn timber,
effect of defects on these indices and mechanical strength classification
of sawn timber”,

BUILDING STANDARDS

Replies relating to building standards were received fram various
countries (not only developing countries)., For completeness all such
replies received are included.

CTIB (Belgium)(1l) states that in Belgium a limited number of technical
specifications oovering the structural use of timber exist and these are
applied only on a contractual basis.

A new edition of the Danish Code of Practice on the structural use of
tirmber is in print. Formulated on the strength grouping concept, it
utilises four of the groups mentioned in the CIB-W18 structural timber
design code (Danish Building Research Institute)(3). :




The Technical University of Munich (4) 1list three relevant German
standards -

DIN 1052 Timber structures, design and construction

DIN 1074 Timber bridges, design and construction

DIN 4074 Building timber for wood building camponents,

quality oonditions for converted building timber (softwood)

Such German DIN standards are usually used in Italy, although the
FAO-ECE standard concerming stress grading has recently been adopted as a
national standard there. (Italian Federation of wood, cork, furniture
and furnishing industries)(8). Building Research Station (Israel)(7)
indicates that no standards exist for the use of timber in structures ar
for stress yrading in Israel. All its structural timber is imported and
is selected for use by craftsmen. A fornmwork code does exist which
refers to timber.

Delft Technical University (Holland)(9) states that the Dutch building
standard NEN 3852:Timber Structures 1is currently being revised to a
probabilistic basis.

Information on the various Polish standards was provided by wWarsaw
Agricultural University(12), Building Joinery Research and Development
Centre(13) and Wood Technology Institute(l6). These are as follows:-

pPolish standard PN-82/0-94021: Stress graded coniferous sawn
timber for structural use (25-1CCrm thick)

polish Standard PnN-81/0-03150: Timber structures. Design rules.
(Design based on limit states is partial safety factor for
loads and materials.)

The Canadian building standard CSA 086: Code and Engineering Design in
wood is currencly beng revised and will appear in 1983 in a limited state
design forma'.. Timber frame houses do not have to be designed to this
code but rcther to Part 9 of the National Building Code of Canada - a
prescriptive code including span tables, etc.: (Oouncil of Forest
Industries of British Colunbia - Canada)(l17).

The Institute of Applied Science and Technology (Nigeria)(10) states
that building standard NCP 23: The Use of wood in Building Construction

is used in their country. This is formulated on a deterministic basis.

The Forest Research Institute of New Zealand states that two building
standards are in operation. The standard for light frame timber
construction (N2S 3604) is a descriptive code based on deteministic
principles, whilst the standard for structural timber design (NZS 3603)
is formulated on a detenuninistic basis. Although the possibility of
revising this code to a limit states design format has been discussed no
real enthusiasm seems to exist at present.

Finally, the Norwegian Technical Institute(4) indicates that stress
grading standard NS 3080 is used in Norway.




OTHER QQAR-ENTS

The final part of the questionnaire was an "open—ended" question which
invited additional questions or comments to be made about the relevance
and content of the questionnaire. These camments are summarised below:-

!r. Saarelainen(5) stated that a system which relates 5 percentiles for
a series of grading rules fram structural tests to small clear specimen
values would be both simple and efficient for a limited number of
species. However, since the small clear approach can be used for
guidance only, 1if there are many species groups and visual grades of
these a stress classification system might be convenient.

UNIDO was cautioned by Prof. Keenan(2) to review the findings of the
Andean Pact workers before beconing oomitted to developing strength
related grading rules for tropical hardwoods. Earlier he stated that it
was likely that grading rules for tropical hardwoods should relate
primarily to stiffness and secondly to strength.

Dr.-Ing. Glos{4) stresses the importance of investigating the scientific
background of stress grading and strength grouping in addition to
technical and oamnercial aspects based on presently used grading
principles. He states that there is same evidence that better predictors
or canbinations of predictors are available than those used at present.

prof. Kuipers(9) was unclear as to what the questionnaire wanted to
know. He also raised the question, "What is going to happen in Europe
with the iCE grades? Will they be used and by which countries?” tie would
also like to know the definite strength - not allowable strength
characteristics. A better relationship with CIB-W18 was recormended.

prof. Madsen(l9) feels that it is extremely important to grade so that

the proposed ISO system of strength grades will be followed. He states
that grading rules should be developed to obtain the stresses in the
proposed strength classification system.

Finally, Prof. Lr. Babicki(16) raises the uestion,"why does mechanical
strength grading of sawn timber not find its proper place with sawn
tinber producers and users?” He feels that one of the reasons is the
divergence of results fram different authors investigating a relationship
between modulus of elasticity and strength. Iie states that the solution
of these problems is the responsibility of science.
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Appendix |

S

QUESTIONNAIRE ON STRESS GRADING AND STRENGTE GROUPING
RESEARCH AND DEVELOPMENT ACTIVITIES

Please feel free to intervret the following questions as you think
appropriate and give such additional information as you think may be
of benefit, attaching reports and unpublished information to the answer
sheets as necessary.

(1) TITLES, ADDRESS

As vell as ensuring that we have the correct title and address
of your organization and names of persons concerned with stress grading
an! strength grouping projects, please give details of any organizations
with vhom you are collaborating. Indicate any international liaisons
vhich you have already formed and the extent to which the work is being
shared.

(2) PROJECTS CURRENT

What are your prolects? Please give titles or very brief
descriptions of current or recent projects on stress grading or
strength grouping, with which you are concerned. Indicate start
date, duration and effort e.z. in terms of man-years, if possible.

(3) OBJECTIVES OF PROJECTS

What are their objectives? Indicate whether for example the wcrk
is aimed at replacing or improving existing grading rules; introducing
rules for the first time; or changing current grading concepts completely.
Are the grading rules intended for implementation in your owm country or
internationally? 1In either case please give references to relevant
standards, codes of pra-tice or regulations. Give similar information,
if relevant, on work on strength groups.

(k) FURTHER TECENICAL DETAILS

Please give us further deteils. Do your stress grading prcjects
include work of a fundamental nature? Will the results be applied in

visual greding?

mechanical grading?

special use materiasl, e.g. scaffold boards?
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(5) BUILDING STANDARDS (Developing Countries only)

What building standards or codes of practice are now in effect
vhich cover the structural use of timber in construction? Are they
deterministic or based on limit state design (or partial safety factors)?
Are they being or will they be revised to a probabilistic basis?

In your view are they now biased against the use of timber as s
structural material? Briefly, how?

(6) REFERENCES

Unless already covered above, please give references to relevant
publications, reports, technical notes, proceedings, etc. :

(7T) HAVE WE ASKED THE RIGET QUESTIONS?

It is very difficult in compiling & questionneire on such & broad
and technical subject to foresee what information will be the most
useful, and wve should welcome comments, additional notes, infcrmation
about the work of others, etec.

NOTE: A limited number of the background documents listed in Annex III
of the report are available on request.




Responses to questionnaire on
Stress Grading and Strength Grouping
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o il alAD v, Ll otidas

Funcamental work with visual
Gracirs & Iirst step, leading to
mecnanical grading & possiply more
soprusticated nethods. Imterest
in the inaustrial! production of
tiner oconstruction prefal houses,
glulan bears.

Cilalie STrlumXs
(DENTLOPING COSITIZES Oy )

Lol )

Sane technical specifications in
Belgiur. covering structural use of
timper. These are epolied only o

& contractual pasis. Qover roof
constructiarn, floors, windows, aoors
etc.

(a) results will iniluence
visual & mechanicel wrading
ruies for haruwooas to be
usec as laminating stoch for
glulas. beaus. (Applicable
to CSA glulam standaras &
relevant to structural use
of hardwoods internatlion-
ally.)

(k) Likely thiat grading rules for
tropical harawoods shoulc
relate primarily to stifi-
ness o secondly to stengu..

New edition of banish (oae of
Practice on structurel use of timwer
in print. ‘Fommwualatec on the
strength grouping cocept. Only 4 of
the groups mentioned in Cit—Wls
Struct .Tlher besign (ode are
included.

(b) The results are intendea to
be applied to visual arxi
mechanical grading of glulam
lanmdnations (voards).

DI 1052 Timber structures, design
& construction

DI} 1074 Timber briages, design &
construction

DIN 4074 Building tinber {for wooc
building canponents,
quality conditions for
converted building tinwer
{softwoaxd ) .
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ing surength-related gracing rules
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Glos, P. & heineshoff (1982): Important to investigate the scientific
Capabilities & limitations of backgrounc of stress grading & strengin
stress grading laminae for grouping in aadition to technical &
glulan structures (in German) oxmercial aspects based on presently used

Glos, P. & i Michel (1982): grading principles. There is sane
The strength distn, of timber evidence that there are better predictors

s

as depengant an stress grading (or combinations of predictors, resp.)
efficiency (Paper presented to available than those used at present.
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DICVal O 3TIess aradiing (1) VEeriIving pachlne parlaivtels -
il - R IrCioarace: ~esdTLDIllTy, COnSisSTency, eTtl.
- started 1975 with the priw— (2) Correlation of nachlne para-
tyre meters with stress values.
- ocontinueé 1n 1979 with MK 11 (3) Formmulation of stress predic-
- totz] effort 2 man-years tion model - grade stresses to

correspond to those of existing
usual grades, possibility to
grade BS 4978 or other relevant
grades.

(4) strength group not applicable
as such - machines grade to
arget stiress.

sata bank on strength properties of Irish: Timoer.
Oojectlve to establish permissible design stresses, and evolve a
viaple grading svstem.
Starrt: 1979; bLnxid: 1985; Hanpower - 1 professional & 1 tecnnician
per annimi.
{bj Jbjective to gevelop an inexpensive stail output inechanical
gracer for sawaills, merchants & manufacturers in Ireland. It
would be a "one" grade machine, eg Yes/lic.
Start: 1952; Ena: 1983; Hanpower 2 professional & 4 technicians
(c) Scaffola Bo xds.
Project ocamencing involving machine gracing & derivation of
design stresses for scaffold boards.

o

Lone
L\ane Alm is to introduce & experiment
with the FAO-:CE stress grading
standarc
tvone
¢ SECTION 2
L
(a) awndll project - proauc- Craclng i Y palt ol tis,
Lion guallty studles. WiLer 0 CLIVEeS are wo jrove
Liart: 1681 tnaa:s 1923 - Sl 111 prerzonianico
PR T4




{5aw as guestian. 3)

Quality control programmes

successiully operated in:

(1) Tirker in housing - monitor-
ing of wood & wood products
in new housing.

(2) Roof trusses

(3) Vvisual stress grading -
mor AtorinG & tralninc

(<) Machine stress grading -
rmnitoring of approvec
mecnanical stress grading
ruschines

AU the manenl there 1S no st es:
gradirg praciice in Israel arc
timer for structural purposes 1is
selectec by craftsmen.

RO ST&lMErcs Ior Wie JSe O LT
for structures Ior siress Graainig.
There is formmwork QoL Wi, reiers
w tumer.

Stress graéinc regulations will
be used for visual grading & for
calculations in timber.
structures & glulam

Have aaopted the FAO-LECE Stiandarc
concerning the stress grading as a
national standard (Norma Uvl)
usually use DI stanuarc fras German
practice.

New 3852 Timber Structures 1is 1n
revision to & probabilistic basis.

Kesults applied to visual grading
ana special use material
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IEP2: The use of wood in builaing
construction. This 1s on & deter-
mirdstic besis anc will not Ix
revised 10 & pro:abllistic laels
yet.

It 15 neant to reove the bias
aZalnst the StructUral use of

TArwer .




NOxE A Syste. which relates 5 percentiles for
e series O Grading rules fran struct-
tral tests 1o small clear specimen
varues woull be sinple o effiicient for
& linurec naaoer of species. however,
since the saell clear epproach cad. be
used for gulaance only, 1I there are
many species grows & visual grades ©f
these a stress classification systen
mignt be convenient.

mecause of 1ts sweclal characteristics
ec iast Qrown, visual grading to

LS 4970 gives poor yielas for lrish
Tiawer stucles have shown mechanical
graaing 1s much more satisfactory

ot clear what you want to Know.

What 1s colng to happer in Lurope with
the ECE—rades? Will they be usec &
by which countries?

VWnat are the c=finits strength - not
allowable strength cuaracteristics?

/A better relationship with CIB-w1E is
recarmended.

Yes, 1 think you have asked the riuht
questian.
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I & 3T

hecent projec.s:

{a) MeChanicel prupaertiles Of Visdal stress-@radinc conlierous sawl
timber for structural use in lolarc

(L) Visual & mecnanical methiod of stress Grading tinber in small sizes
(1¢.32m. thuck) for structural use

Qurrent projecis: o |

(e} iisual meious Of siress Graclne Of Conliersus Sawn. Linder mores Wi
10U vl

coniferous saw. TINWEY i=So

t-4
i
ke
T
"
(sl
D
I
[
b
b
'
0
[N

(L} sechanical rmetnoas of C
thial: 25m Lhack anc 100m. vwiae.

(ovllaboration wit: ii. Dzbensyki's
projects

{a) Tolerances 1n practical grading, visuzl anc by machlne; thelr a
influence or. permissitle stresses anc reiatlon 1o gracing
QOIa1T 1L,
(Swecies, s;esc, ligni, etc.)

() Intemetione. unificetion of stre

e
tn

»

o gradgine rules.

() Orecins rues 10r spelial uses sSatin &f Liudd..
L
Two projects with implications {a) 7o wvevelop & reliability-vases
1o lumber gradaing: design proceaure for woou
(a) keliability - based desiyn transmission structures.
of wooxi transmission pole (b) To develop & matheanatical mooel "]
structures to precict the strengtn ars
(b) Tensile strenath of wooo stiffenss of wooo in tensior.
containine aefects, contalning (ross-grairn, kLiows o

checks.
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10 LUl DOU Dellsd QSto Yel.

Dlalenal o 4l

Tnese projects partly inciuue
physical principles of

mechanical drading, eg. sonic
nethoes & haraness basec rnethoas.
we ao not specify aetailed use oI

tTiler.

Folish stancarc Pi-82/1-9502:
stress Grauded coniferous saw:.
for structural use {25-100rr. Thacs; .

-y rar e
[ S HE 0y

pPolish standarc Pu=81/0-03150:
Tinper structures, desigr rules,
design 1s based on the limii siatus
{ partial safety factors for ioads
a materials.

(a) Tne project on reiliavility-
based design is both fuimaa-
mental & applieu.

{x) The tension project is a
funcanental stuay




Q6 Q7

LrOBNSKI, . meTLEND
ci laisr siress Qrali
rolanc. (2

LzDensyl, w.: Gestlng methois
o structural timber guality
{1 iolishy

LIDRISHI, w.: priesps Cf
it o€ =mtin, 2itrascnid
TeoSaraient technigue 1l
stress creding Of structdrul

: (In Genuarn)

Tone

keports Ira. Lwedish Forest
bProqucts resexrclh Lanoratory,
koyal Ir=tituate of
Tecnclooy,

Svenss LJUSWenL s

IL'A';' e S

boaily, J.n. TTOxell, n.b.:
Mechardcal Stress-reting of
Enceliran spruce.

bodiy, J.: Camsents on the
mechanical stress-rating of
westerT. Canaslian species.

11 keferences proviaed

T SECTION 2




D i UalelTaal. —I Ll e Tkl ., 2 ileawld

PTG wA e M T OV OV — Ce.:*.z_ral.';')"s, haultiio-

. - . ,

s ;- S
- Clliamada w

InSIHYAT TeChnolonl 10wl
L. Issleudvatel’ sn13 Institut
Mechianicesksc] Qoraloikl Lrevesiny,

Archaixaels

Dre Coriese Stieac
Cowscel ¢f Ivrest inaustries

oI british Coluiaa
hesearcis & Develoment bDept.
7356 west 15th Street,
I..Vancouver, B.C., CANAL¥s V7 172

Dr. C.L. Wlford Mechanlcal Timber Grauers Associatian of
Forest nesearch: Inst. New Zealang

Private sag PO Box 549, Rotorua, New Zealarn
Rotorucz, New Zealand

rroi. L. Maasen, P,Eng.
Dept.of Tivil kngeering
Univ. cf pritish Columba
2324 MatT Mall
Vancouves ,  Canads
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Totrenaln 1naloes ol
COrSIIUCTion Sawn tinter,
eizect Of adefects on these
1naices o mecnanisec strenctl
clazssification ¢i sawn tiower”

- -

Testing of prototype cevice
{or mechanical strencti,
craulns of saw: tinwer

(ixkd 1984)

research on tneoretical found-

@ longe C2 strenci

,-\
[
~

Leechanical
credane (Il 19057 .
eternlANLT10n I relatio

£r1p belween mod.ol elast. in
LendinG & benking, canpress-
ve & tensile strenuine cof

1

FINE SAWL tlner (LN 1voe )
rvelTient ©f sLanuardac as &
Lesis ©f standaré subsysten.
Ior mechanical strength
cracing {(End 19s4)
Investigation of econamic
relations concerned witl the
¢prlication of mechanical
strength gracing (bkno 19s3)
ILifect of visual charcteristics
cf softwood sawn over 100mm
trick an its strength: propert-
tes {(Lng 1933%)

(5)

RTINS Caroin
U: 54w,
international

O  IieCixtli1Cal

: Lol

TUWrI o
— s f e,
ceIrtilllaly

sorrer ol

- el .“;‘)
YRE Qeveloped at the Institute.
A180 W create o basls Iur chanaes

in the listec 15, quesiion.

().

- - . .- .-
Staliialus

W SAECITIC Projects ot present
WOXring Cclosely witn FURINTLG

o theilr various lunber projects.
Investigatlions envisaged in 19&3.
(beteils not yet availaole.)

(a) Ii-ygrace evaluation of
visually graded radiata pine
(report due June 1983)

{b) Proof test grading
(1 nan year -~ End 1983.)

(1) bDetermine the properties of
kadiata pine when gragec to
overseas standards {(both '
visually & mechanically)

(2) Monitor the properties of graaec
tirber as they are affectec by
site, forest nanagenent & saw-
ing petterns.

(3) bvaluare prooi testing as a !
graaing nethod,
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Qs 'E
GOIdertT lozTeas AnaoeT anemn (-l Phemol, =i sl = LLITwWaal Bowt. Tinomn
are relates Lo NaaldCal Sawl Gragen. Dy lang O strengii. netnod.
timber graline bases on fxi. of Pre=81/1=03150 —Construcilons halv Of

elast. NeEzsJrents 1n bencirg.

Investications . & 3 &re Of &
fundamental characer.

WOOGC & WoOL-fiseo naterlal staticel
calculatlions & gesigr. materials.

Con Uost — Cuse ©I endlneerinl aesigrn
in wood (Currently beling revisec &
will apper ir 193 in e limit state
gesign format.)

Tirber frame houses do not have to
be designed to CSA 086 but rather to
Part ¢ of the hational Building Code
of Canada - A prescriptive coae
including span tables, etc.

{a) Tne in-grade approach
developec by Borg Madsen .as
been usec in several N2 mills

K483004 — Stancara for light frame
timber construction (descriptive
code based on detenninistic
principles.) :
NZS3603 ~Standard for structural
tirber design - detenainistic. No
great enthusiast in W2 for limit
states desicn fonnat.
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MEethou ans aoviCe Il 0L
QeELYUCLIVE SLYendl. Graling
O CONsUi. Saw:. TLNWEr.

7 keferences proviaen

LRI ST Dlaaan Guin OOkl e

a0y LIBCHATACal STrerksy. Graldliin: o2

Sawl tLWEer does not finc a prover
1r.terest ©f saw timer producers &

seend wWatl one of the reasons 1s the
S : resglis fran cifrerent
4oTnors 1nvestlsating & relationsnip
between moc. Of elasticity & strength.
Tne solution oI these problems 1s the
responsirzility of science.

I'roceeainys of tine Seminar an
Stress Graded Tinber, helu in
kotorua, May 1979

have recently been concernea with
resoving the restriction on rate of growth
fran Japanesc grading rules. This wes
successful.
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