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STRENGTH CLASSIFICATION SYSTEMS

INTRODUCTION

In an exercise to rake reocmendations for a strength grouping syscen 
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. Fran this review, it 
appears that many countries have either adopted the Australian system of 
strength groupings or have used it as the basis for developing their own 
system.

Seme 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 comparatively small number of softwood species.

Strength grouping

Due to the multiplicity of timber 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 grouping. 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 to have long lists of design data. Rather it is 
preferable to group the timbers and to provide structural design 
properties for a limited number of strength groups. In general each 
strength group will oover a large number of species and acmercial 
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 from 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 means the creation of a 
preferably small set of hypothetical species so that any timber may be 
grouped within this set and considered as equivalent to one of the 
hypothetical species. It has been mentioned by Keating (1982) that it 
would appear many countries tiave either 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 c m i systems. Sane of the 
countries are Kenya, Tanzania, Nigeria, Papua new Guinea, Fiji, Samoa and 
Solcmon Islands. Of course 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.
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Existing Strength Grouping Systems

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

In Australia, strength grouping methods have been developed over a period 
of sane 40 years and formalized through a set of building standards 
(Standards Association of Australia 1979a, 1979b, 1979c, 1980a, 1980b) 
Information on strength grouping in other countries is given in 
publications prepared for ISO (Larsen 1978), Africa (Okigbo, unpubl.; 
Campbell and Malde 1970; Canben 1971; Eolza and Keating 1972; Ward 1974), 
Malaya (Burgess 1956; Engku Abdul Rahman Bin Chik 1972), Singapore 
(Singapore Timber Standardisation Grmittee 1966), Philippines (Espiloy 
1978), Indonensia (Suparman Kamasudirdga et al, 1978; Iding Kartasujana 
and Abdurahini Martawijaya, undated), Laos (Timber Research and 
Development Association 1976), Papua New Guinea (PNG Department of 
Forests 1972; Eadowes 1977; undated; Bolza 1975), Fiji (Anon. 1963, 
1970), South-east Asia (Bolza and Keating 1981), South America (Bemi et 
al, 1979) and the United Kingdcm (Sunley 1979).

a) Australia

The original strength grouping system in Australia was proposed for four 
strength groups by Langlands ^nd Thomas (1939) in their Handbook of 
Structural Timber Design. This system was revised and expanded by 
Pearson (1965) and Kloot (1973) due to the availability of new 
information and new species, working back fran a set of working stresses 
developed by Pearson which has now become 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 canprcmise was required on the magnitude of the 
reference between successive stresses in order to achieve a satisfactory 
balance between simplicity 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 recon mended by the International 
Organisation for Standardization (ISO) and the Food and Agriculture 
Organisation (FAO). Accordingly, such a choice was made using a 
preferred number series with adjacent terms ciiosen in the ratio of 1.25 
to 1 for Modulus of Rupture. This was judged to be the appropriate 
axprcmise between simplicity and preciseness. Also, as appeared 
certain, the Australian visual grading rules then being developed would 
probably tiave differences between grades also of 25 per cent. The range 
of the values chosen was such that it oovered all the species likely to 
be used structurally in Australia.



TAr.LE 1
DESIGN PROPERTIES POP SAJ*N TIMBER, ROUND POLES AND PLYV.OOD

Stress*
grade

Basic
bending
strength
(MPa)**

Basic
tension
strength
(MPa)

Basic
compression
strength
(MPa)

Modulus
of
elasticity
(MPa)

F34 34.5 20.7 26.0 21 500

F27 27.5 16.5 20.5 18 500

t'22 22.0 13.2 16.5 16 000
F17 17.0 10.2 13.0 14 000

F14 14.0 8.4 10.2 12 500

Fll 11.0 6.6 8.4 10 500

rtt 0.6 5.2 6.6 9 100

F7 6.9 4.1 5.2 7 900

F5 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 die
classification of a piece of timber for structural purposes by means of 
either visual or mechanical grading to indicate primarily the basic
working stress in bending in megapascals for purpjses 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 F14 resulting from a certain combination of strength grouo and 
visual grade would have a basic working stress in bending i.f 14 
megapascals.

** These values are the result of a soft netric conversion of a preferred
series of values in imperial units viz. 5000, 4000, 3200, 2500, 2000,
1600, 1250, 1000, 800, 630 , 500 , 400 p.s.i., readily recognisable as the
R10 series.

As described above, the species mean values for clear material for eucu 
strength group for the critical properties were developed for green and 
dry timber and are shown in Tables 2 and 3 respectively.
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TABLE 2
PRELIMINARY CLASSIFICATION VALUES FOR UNSEASONED* TIMBER

1
Minimisa Species mean

Property
SI S2 S3 S4 S5 S6 S7

1
Modulus of 
rupture (MPa) 103 86 73 62 52 43 36

Modulus 
of elasticity 

(MPa) 16300 142C0 12400 10700 9100 7900 6900

1 Maximisr. crushing 
strength (MPa) 52 43 36 31 26 22 181

* As measured or estimated at a raoisture content above fibre saturation 
1 oint.

TABLE 3
PRELIMINARY CLASSIFICATION 'VALUES FOR SEASONED* TIMBER

Minimisa species mean

Property SD1 SD2 SD3 SD4 SD5 SD6 SD7 SDu

^Modulus of
rupture
(MPa) 150 130 n o 94 78 65 55 45

Modulus of 
elasticity 
(MPa) 21500 1E500 16000 14000 12500 10500 9100 7900

Maximum
crushing
strength
(MPa) 80 70 61 54 47 41 36 30

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



f

I

TABLE 4
RELATIONSHIP RETWEEU STRENGTH GROUP, VISUAL GRADE 

I AND STRESS GRACE FOR GREEN TIMBER

: Visual grade*
■ - ....... —  1 —  r1

Stress grade !11

:Ncnenclature

c.T>
strength 
of clear 
material SI S2 S3 S4 S5 S6 S7 1 1 !

:Structural 
:grade No.l 75 F27 F22 F17 F14 Fll F8 F7 1 1
:Structural 
:grade to.2 60 F22 F17 F14 Fll F8 F7 F5 1i
:Structural 
:grade No.3 48 F17 F14 Fll F8 F7 F5

iii
F4 1i

:Structural 
:grade No.4 38 F14 Fll F8 F7 F5 F4

ii
F3 ! 1 1

* Australian Standard AS 2082-1977, Visually stress-graded hardv*ood for 
structural purposes; and AS 1648-1974, Visually stress graded cypress 
pine for structural purposes. Note the interlocking effect (diagonal 
line) reducing a possible 2 stress grades to 10.

1
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TABLE 5
RELATIONSHIP BETWEEN STRENGTH GROUP, VISUAL GRADE 

AND STRESS GRADE FDR SEASONED TIMBER

Visual grade* Stress grade

Nomenclature

%
Strength 
of clear 
material SD1 SD2 SD3 SD4 SD5 SD6 SD7 SD8

Structural 
grade No.l 75 F34 F27 F22 F17 F14 Fll F8

Structural 
grade ito.2 60 F34 F27 F22 F17 F14 Fll F8 F7

Structural 
grade Lto.3 48 F27 F22 F17 F14 Fll F8 F7 F5

Structural
grade No.4 38 F22 F17 F14 Fll F8 F7 F5 F4

* Australian standard AS 2082-1977, Visually stress-graded liardwood for 
structural purposes; AS 2099-1977, Visually stress graded seasoned 
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 structural purposes.

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

Because of international agreement on the standard nechods of test for 
small clear specimens, it is possible to utilise data frav recognised 
laboratories anywhere in the world to place any species into £ strength 
group. This lias been done for 700 African (Bolza and Keating, 1972), 190 
South American (Bemi et al, 1979) and 362 South-East Asian species 
(Keating and Bolza, 1982).

In classifying a species frem Tables 2 and 3 it is often necessary to 
decide what to do when the three properties do not all have-fne same 
classification. A conservative approach would be to assign the species 
to the lowest group indicated from the individual properr.iss, Tr. s must 
apply for many combinations, but there are several for which raising the 
overall species strength group one step above the lowest assess! ent is 
deemed justified.



The assignment of a species to a strength group above the lowest group 
obtained from individual properties places more emphasis on the modulus 
of rupture and the rrodulus of elasticity than on compression strength. 

I The procedure applied is detailed hereunder and suiinarized in Table 6 and
may be any of the numbers 1 to 8 in SI 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 tliat obtained fran the modulus of rupture,
I then the overall species strength group may be raised one step above that

minimm group only if the modulus of elasticity is in a group at least 
two steps, and the compression strength in a croup at least one step, 
above the minimim.

(b) If the lowest group is that of the modulus of elasticity, then the
* overall species strength group irvay be raised one step above that minimim 

only if the modulus of rupture is in a group at least two steps, and the 
compression strength in a group at least one step, above that minimim.

(c) If the lowest group is that obtained trcm the compression strength
* then the overall species strength group may be raised one step above the 

minimum only if both the nodulus of rupture ; na the modulus of elasticity 
are in a group at least one step above that minimum.

Tiiis leaves ttiose 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 Leicester ana Keating 
(1981) of the relationship between density and modulus of rupture of 
seasoned timber for 30 species fran each of four regions around the world 
is indicated in Figure 1.

> Cn the basis of this relationship, the following table was constructed to
permit a classification to take place. This gives a **ather conservative 
assessment, but at least it does allow those species wdth limited data to 
be entered into the system. In the Australian Standard MP 45-1979, 
Report cn strength Grouping of Timbers, species assessed in this fashion 
are listed with their strength groups in brackets to indicate the 
provisional nature of the assessment.

(b) United Kingdan

In the United Kingdan, a systan of strength classes for solid timber lias 
been provided for the first time in the British Standard BS 5268 "Code of 
Practice for the structural use of tinber" Part 2 : 1984. The system 
clcssifies timbers and species canbinations whose grade stresses are 
similar to cne of nine strength classes. The strength classes, which are 
designated SCI to SC9 (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 
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 ¿/regress in a geometrical series.
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TABLE 6
COMBINATIONS OF PRELIMINARY CLASS I FACTIONS 

THAT PERMIT M E  OVERALL STRENGTH GROUP ASSESSMENT 
TO BE ONE STEP ABOVE THE LOWEST IN THE COMBINATION

Preliminary classification based on -

Modulus of 
rupture

Modulus of 
elasticity

Maximum
Crushing strength

Assessed S or SD

X X x + 1 X

X x - 2 x - 1 x - 1

X x + 2 x + 1 X + 1



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 SI S2 S3 S4 S5 S6 S7

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

1180 1030 900 800 700 600 500

(b) Seasoned Material

Strength Group SD1 SD2 SD3 SD4 SD5 SD6 SD7 SD8

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

1200 1080 960 840 730 620 520 420



Grade stresses for the dry exposure condition, as defined in BS5268: Part 
2 are tabulated for nine strength classes vtfiich 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 other than strength. In SC5, both softwoods and hardwoods 
are combined.

Procedure adopted for softwoods

It was considered that establishing strength class boundaries on the 
basis of a mathenatical progression, results in a system which is 
inefficient for many of the oaimcnly used species/grades. Because of the 
wide variety of structural component types, sizes and spans it is also 
impractical to tie the class boundaries to increments of structural 
component design. The current (draft) BS5268 is to make the class
boundary strength values match the major species/grades used in the UK. 
Wlalst 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 for species/grades are ranked on the basis of bending 
strength. Taking into account the strength values of the major
species/yraces used in the UK, bending stress values of 10.0, 7.5, 5.3,
4.1 and 2.8N/sq.i:rn. were given for classes SC5 to SCI respectively. 
Class values for the other properties were taken from the lowest value 
for species/graces ccmbinations with bending stress values equal to or 
greater tlian 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 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/grades were
admittei to a strength class if their bending stress values were equal to 
or greater than the class value and their values for other properties 
exceeded 95 per cent of the class values.

For softwoods, there are two visual grades, namely 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 liardwoods

Procedure adopted for strength grouping of hardwoods in BS52G8: 1984 is 
based on the Australian system.

It was noted that the relation between strength properties and dry 
nominal 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 № 4 5  would be applicable 
to the types of tropical hardwood required for inclusion in BS5268. The 
derivation of basic and grade stresses for BS5268 has been described in 
detail by Metten (1981, 1982). Since these stresses were derived using 
different factors and also due to different assumptions appearing in the 
code, it would not be appropriate to simply adopt the Australian basic 
working stresses for hardwood strength classes in the British code.



Т Л И  Е 8 Î GRADE STRESSES AND MODULI UK E L A S T I C IT Y  FOR STRENGTH CLASSES FOR TUE DRY EXPOSURE: CONDÌ'll  ON

Strength
cl asi»

Bending parallel 
to grain

Tension parallel 
to grain

Сомр ression parallel
to grain

Conpreusion perpendicular 
to grain

Site a г para l lei 
to grain

Modulus of 
« 1 a s t i г :i t у

ApP re»! il 
d e n s i t y

G r a d e В t г И F> ь t? fi Mean M :i n 1 mi i м

<N/sq.мм) <N/sq.мм) (N/sq•nn) (N/SC¡ .MM) (N/sq,nn) (N/sq.nn) < N/sq.мм) < N/sq.MM) <l:q/ru.MM>
sci 2.3 2.2 3.5 2.1 1.2 0.46 6800 4500 540
SC 2 4.1 2.5 5.3 2.1 1.6 0.66 3000 5000 540
SC3 5.3 3.2 6.8 2.2 2.7 0.67 8800 5800 540
sc-s 7.5 4.5 7.9 2.4 1.9 0.71 9900 6600 590
SC5 10.0 6.0 3.7 2.8 2.4 1.00 10700 7100 590/760
SCA 12.5 7.5 12.5 3.8 2. В 1.50 14100 .11800 840
SC7 15.0 9.0 14.5 4.4 3.3 1.75 16200 13600 960
SCS 17.5 10.5 16.5 5.2 3.9 2.00 18700 15600 1080
SC9 20.5 12.3 19.5 6.1 4.6 2.25 21600 1.0000 1.200
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Preliminary classification values for seasoned (ie 12 percent m.c.) 
timber and corresponding values for unseasoned material (above saturation 
point - assumed as an average of 25 percent for timbers of this type) 
v.ere adjusted for stresses to the dry moisture oondition (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 , 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 or 0.25N/sq.nm.

For tropical hardwoods 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 developed 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 number progression with an interval of 
1.25 between the base numbers (Epsiloy, 1978). tiowaver, 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 according to Epsiloy are:

(1) Each r.ernber species within a class can substitute for the other, 
thus in a way overcome the problem of supply.

(2) The traditional bias against the lesser known species is easily 
overcome when these are grouped together with the more cannon 
species. Hence, this system will help engineers and architects 
familiarize themselves with alternative species by specifying that 
any timber within a given class may be used instead of specifying 
the timbers by name.

(3) It will overcome 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 formulation of a acmprehensive building aode for 
structures using solid wood. The grouping scheme will form a 
rational series that will fit closely with timber grades. With this 
system, only a few sets of working stresses are adequate to cover 
the proposed strength classes and grades of timber.

The limiting average values for classifying a species into one of the 
strength classes, Cl to C5 are given in 'fable 10. The figures quoted are 
the minimum values of strength class limits for the different properties. 
These have been derived fran the regression equations relating modulus of 
rupture (MGR) with major strength properties; and fran various 
relationships, sets of strength values of M0R in the preferred number 
series were assigned to obtain the strength limits of other properties. 
The results were then rounded off to fit in the suitable series.



TABLE 9
UNBOUNDED VALUES OF GRADE STRESSES8 AND MODULI OF ELASTICITY 

FOR STRENGTH CLASSES FOR TROPICAL HARDWOODS TO HS GRADE OF BS5756

:Strength 
:class * **

Strength 
group +

Bending 
parallel 
to grain

Compression 
parallel 
to grain

Modulus of 

Mean

elasticity:

Minimum

: SC5 S5 10.53 10.68 12308 10289 :

: SC6 S4 12.62 12.48 14098 11786 :

: SC7 S3 14.81 14.28 16216 13556 :

: SC8 S2 17.48 16.69 18666 15605 i

: SC9 SI 20.52 19.58 21570 18032 :

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



ABLE io: MINIMUM STRENGTH CLAPS L IM I T S  FOR

Property Moisture cond ition C.1

Modulus о (•' rupture in 
bending <Ug/sq.cn>+

Oreen 
Í 2 X  MC

BOO 
12 GO

M o d u lus о f e I a s v i c i t. у 
in bendine 
LIOSO 1:у/ы;.см)

Green 
122 MC

ITO
140

Com |> revision parallel 
t.o grain <l<g/sc| .c:m )

Green 
122 MC

400
4Й0

Conp гess i on p e r p en d i e u I a r 
to grain < i<g/sc|. c m )

Green
1 2 2 mc

900 
Il T G

Sii oar parallel to 
grain i Ug/sg .c:m >

G г e < ■ n 
12Z MC

100
140

S peci f :i r. gravi t y * Green 12K MC 0.670 0.710

T ILg/sq.cM = 0.098 MPa* Based on weight, when oven-dry and volane at. test.



GROUPING Pli И Л  PP INF T I MUGIS SPECIES

Ciocie oí' t :¡ (ibov

í::1 C3 C4 Г 5

A30 500 400 315
X 000 000 A 3 0 500
J 00 7/ АО 4 А
i:;o y:. /3 5 A

30 5 1 05 1 40
500 3!I5 300 P 30
5 АО 2 5 г; POS J 40У00 SIX) 3/5 pis
00 A3 50 40J 1 0 or¡ A 5 50

0.545 0. USO 0 . ЗА5 0.3000 * 5Í.O 0.4 75 0.305 0.31 ü



(d) South America

Five South American countries, Bolivia, Columbia, Ecuador, Peru and 
Venezuela under the auspices of the Andean Pact have in recent years 
undertaken a cnnprehensive testing programme 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 number of new, 
little-used species to the building industry;

(ii) it allows a more homogeneous, 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 commercialization of 
wood as a construction material.

As a result of the above study, these five countries 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 vore arrived at after taking cognizance 
of both the results available from 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 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 load; a further reduction of 10 per cent is
applied to account for a further size effect. The modulus of elasticity 
values are the averages taken directly iron the tests without further 
modification.

For a new species to be classified under the proposed system it is 
reccrmended that at least 60 beams be tested in third point bending and 
that the 5th percentile M0R values (modified as above) and the mean M3E 
values be used to determine the correct strength group by direct
comparison with the Table. A species may be allowed in a particular 
group when these parameters are no more than 10% lcwer than the values 
indicated.

During the course 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 group 
on a preliminary basis. The limits selected taking a conservative 
.ipproach 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 
material. The remainder of the mill output would normally be suitable 
for non-structural applications in housing such as sheathing and joinery.
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PROPOSED WORKING STRESSES (kg/cbm)* (Centeno, 1978)

Group
F.

Flexure

Fc
Comp.
Para.

Ft
Tens.
Para.

Et>
Comp.
Perp.

Fv
Shear

Beams Joints

E
Modulus of 
Elasticity 
Eo.5 Eo.05

A 220 170 160 60 20 25 140 110

B 170 130 120 45 16 20 120 95

C 130 100 90 30 12 15 90 70

* 1 kg/cbm = 0.098 MPa

TABLE 12
LIMITS FOR BASIC DENSITY (gm/cbm) 

FOR EACH STRENGTH GROUP

Group Basic Density *

A 0.76 and above

B 0.60 - 0.75

C 0.44 - 0.59
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As a consequence to the acceptance of the above system, a Timber 
Construction Manual has been produced and industry lias expanded as is 
evidenced by the establishment of nine factories producing prefabricated 
houses in the five countries concerned 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, «as the assistance it would provide in overcaning 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 PINOS species in use 
throughout the country liave 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 two grades of structural timber considered necessary. Up until now. 
North American grading rules have been used but their validity lias been 
queried prompting the above testing prograime.

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 remainder going into non-structural applications. If this 
break-down can be reflected throughout the country there 'would be 
sufficient production to fulfill the needs of the local narket.

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

Inver.tigations are also under way in an attempt to obviate the need for 
visual grading. A TRU-grader has been purchased from South Africa and 
is currently being evaluated in the field.

(f) Malaysia

In Malaysia it is usual to market timber in parcels of mixed species of 
siiiiilar properties under one traue name. These species are often
indistinguishable from one another.

At present the systan of strength grouping adopted in Malaysia is to 
piuce structural timbers into four strergch groups denoted by A, B, C and 
D in order of decreasing compressive strength (Burgess, 1956). In 
deciding the position of the timber in the group, bending strength had 
also been considered. When these strength groups Wire established little 
information was available on the properties of seme 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 determined by their green and 
dry basic stresses. By necessity the minimum basic and grade stresses 
for tite 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 timber is graded 
according to the blayan Grading Rules for Sawn iiardvood Timber".

rr



TABLE 13
TENTATIVE DESI® VALUES FOR MEXICAN PINE (kg/cfcm) *

Bending

: Grade
Single Load sharing

Mean : 
M of E x lOcu :

: A 140 160 115 :

: B 80 90 90 :

* 1 kg/cbm = 0.098 MPa
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DENSITY CLASSIFICTION FOR TIMBER

■mBi£ 16

density
class

minimum characteristic 
value of density 

(kg/cbm)

D 800 780

D 600 630

D 500 500

D 400 400

D 300 300

For design pirposes, 5—percentiles related to density classes are 
given in Table 2.
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(g) International standards Organisation
Ivor king group (WGl)of the International Standards Organisation Technical 
CCnniittee (ISO TC/165) has produced a draft on Structured Grouping of 
Timber. This will incorporate the strength classifications given in the 
Timber Design Code which has been produced by CIB Working Group (W18) on 
timber structures.

Basis for grouping

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

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

(ii) Grouping based on the structural properties of stress graded 
timber elements containing natural defects

ISO system adopted in the '.vorking Group (WGI 1983) is stated in terms of 
cliaracteristic values that can (if desired) be measured directly by 
simple 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 introduced by the occurrences of natural
defects.

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

The target 5-percentile values of the structural properties of solid 
timler classified according to grade are given in the Table 18. If the 
measured property profiles do not line up exactly with the values shown 
in Table 18, then the classification rules given in Table 4 should be 
applied.

Classification into grade classes

In the application of Table '.9 to classify stress graded solid timber the 
structural properties of the timber may be determined directly by the 
methods described in the ISO draft standard IS0/TC16S 1,688 "Timber 
Structures: Solid Timber in Structural Sizes: Determination of sane
Physical and Mechanical Properties"; or the properties may be assessed 
through indirect methods based an 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

D800, .... 0300 

Bo

fin

fc,o

fc,90

ft,o

ft, 90

fv

fvj

T75, ...., T5

- density classes

- Modulus of elasticity 
chracteristic value

- bending strength paralle to the 
grain, characteristic value

- compression strength parallel 
to ghe grain, characteristic 
value

- compression 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, 
cl ;aracteristic value

- local shear strength for 
design of joint details, 
characteristic value

- grade classes for solid timber 
and poles.



TABLE 17
CHARACTERISTIC VALUES RELATED TO DENSITY CLASS

5-percentiles, MPa

density
class

green timber dry timber

(characteristic values)

ft, 90 fc,90 fv,j ft, 90 fc,90 fv,j

D800 1.10 6.8 10.0 0.65 10.1 15.0

D600 0.85 4.5 7.0 0.50 6.8 10.0

D500 0.65 3.0 4.5 0.40 4.5 7.0

D300 0.40 1.3 2.0 0.25 2.0 3.0



TABLE 18
CHARACTERISTC VALUES RELATED TO GRADE CLASS, FOR SOLID TIMBER

grade
class

5-percentiles (MPa)

fin ft,0 f,,o fv Eo

T75 75.0 54.f 52.0 5.2 12,200

T60 60.0 44.0 43.0 4.6 10,600

T48 48.0 34.0 36.0 4.0 9,300

T38 38.0 26.0 30.0 3.5 8,100

T30 30.0 20.0 25.0 3.5 7,000

T24 24.0 15.5 21.0 2.6 6,100

T19 19.0 11.8 17.5 2.3 5,300

T15 15.0 9.1 14.5 2.0 4,600

T12 12,0 7.0 12.0 1.7 4,000

T10 9.5 5.4 10.0 1.5 3,500

T8 7.5 4.1 8.4 1.3 3,000

T6 6.0 3.2 7.0 1.1 2,600

T5 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-l T+l T

T+l T T-l T-l T

T+l denotes one grade class higher than T



Other countries

There are several other countries, such as Papua New Guinea, Solcron 
Islands, Fiji, etc., that have strength grouping systems similar to or 
based on the Australian system. In Tanzania, a strength grouping system 
'.nth seven groups (A to G) has bean in existence since 1970. (Cambell & 
■ aide, 1970). Timber Research and Development Association (TRADA), UK in 
connection with a wood working project sponsored by UNIDO in 1976 drew up 
a strength grouping system with 3 groups for Laos timbers and a set of 
stress grading rules having only one grade equivalent 63 percent of the 
basic bending stress (air dry).

In other developed countries such as Canada, USA, etc. grouping 
techniques are used for a small number of species and they are mainly for 
sof twooas.
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In considering a fundamental system for bringing timbers into strength 
groups on the basis of their small clear properties, the Australian 
system detailed in SAA HP 45 is well documented and established, has been 
applied to a large range of timbers from cany parts including less 
developed countries, and is fully appropriate to UNIDO's requirements. It 
is therefore the obvious choice.

Stresses published in design codes to form the basis of permissible 
values for design differ from the properties associated with small clear 
strength groups. Host 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 documents.

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 3S 5268, 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 light of revisions, should be encouraged when experts and consulting 
organisations are engaged by UNIDO in future timber projects.

Occasions ray arise when special local considerations suggest the use of 
other design recommendations. These mignt for example be those given in 
the Junta del Acuerdo de Cartagena (Andean Pact) timber design manual or 
the J3 National Design Specification for Wood Construction. Both of 
these examples are thoroughly applicable to the types of timber 
enginering design that might be considered in UNIDO projects. 
Unfortunately however the basis of the classifications and species 
combinations which they contain are so different from the systems 
discussed under British and Australian standards that they must remain 
separate options rather than documents whose good 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 be recommended at this 
stage that international developments such as the timber design code 
which has been produced by the CI8 Working Group W18, or the ISO 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 
seem 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 HP 45, then either strength class 
stresses according to BS 5268, or 'grade stresses' according to AS 1720 
can be determined. This will be particularly easy if the recommended 
UNIUJ simplified grading rules are adopted in work for the organisation, 
in which case the procedures explained elsewhere in the papers relating 
to this project will be followed. If it is a matter of indifference 
whether the Australian or the British code be adopted for a particular 
project, then it is recommended the latter be chosen, since the system is 
siicpier, relating only to five strength groups, and having only nine 
classes, rather than seven groups and twelve stress grades in the 
Australian case.



In preparing this document, a great deai of information '«as extracted 
from the paper published by Keating, W.G. (1982). Review of Timber 
Strength Grouping Systems, Expert Group Meeting on Timber Stress Grading 
and Strength Grouping, UNIDO, Vienna, Austria.
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Hie adoption lay a country of the model rules for the stress grading of 
tropical timber will need to be followed by two further steps for the 
inplenentation 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 TOADA's own experience of responsibility for both training 
and quality assurance in the United Kingdom but does not blindly follow 
TRADA's UK practice.

Hie dependable 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 competence

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

4) independent surveillance of the quality of grading of the 
company'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 competence and carrying 
out randan or batch inspections on a sampling basis. Inspectors should 
preferably be certificated graders with experience of commercial grading, 
but this will be difficult to ensure in the early days of the agency’s 
operations. It is strongly recommended that senior inspector3 from this 
team should act as examiners for the initial examination of «Traders and 
it is suggested that inspectors should be available to producing 
companies 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 commercial 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 grading in any country.

Hie 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 from the Inspection Agency as examiners. The examiners should 
liaise with training staff to ensure nationally consistent standards, and

a



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 oormittee established on 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 companies that have to take 
cairnercial responsibility for the quality of their production, it seems 
logical that the governmental or quasi-gov srrmental agency responsible 
for the surveillance of timber grading should deal with the companies 
rather than with graders individually. This reccrmendation 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 companies 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 course and receive a personal certificate if they are successful in 
passing the examination. Copies of the certificate are passed to the 
cxmpan/ and the quality assurance agency.

c) companies 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) oempanies arrange internal procedures to monitor the performance of 
their graders and may make use of agency inspectors to assist this 
process. It is suggested that any such assistance should be provided at 
cost to the company whether or not other agency activities cure partly or 
wholly charged to companies,

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

f) procedures should be established for companies to inform the 
Inspection Agency when timber being supplied to official contracts
will be available for batch inspection or when there has been release or 
despatch of stress graded stocks for sale for general constructional us 2.

A problem associated with the surveillance of visual grading is that 
there are strong commercial pressures not to carry graded stocks and for 
individual requirements to be graded cxi demand. For this reason it may 
be very likely that, inspectors will find few stocks on which to make 
randan checks when visiting companies. For this reason srphasis is
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placed on both the re-examination of graders as to their competence 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 ary particular quantity of timber that has 
bean notified to them. The notification of snail quantities of graded 
timber nay be excused.

Where grading is being carried out at the original sawmill, rather than 
at sane 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 companies fran batch inspection 
procedures in favour of the periodic random unannounced inspection of 
graded stocks by agency inspectors.

Training

Most stress grading experience has been in the context of softwoods and 
the combined effect of the profusion of knots and the small diameter of 
many softwood logs results in grading rules having to be comparatively 
complex in order to deal adequately with the problem of the reduction of 
strength due to knots. The same problem is met in the case of coniferous 
timbers gr jwn in tropical countries and also in the case of plantation 
grown hardwoods such as the eucalypts which may be harvested as soon as 
they r e a m  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 grcwn 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 seem 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 fran 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 from 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 miniman 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 from 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 sane circumstances that this



length of time will be needed. However, it is TRADA's recommendation 
that no aourse 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 
from 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 no question of any certificate being granted.

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

1) Assembly and adninistrative introduction
1 2) Wood, the material and its mechanical properties; recognition of 

species

3) Background to stress grading

1 4) Introduction to the grading rules appropriate to the course

1

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 from the natural forest)

» 8) The measurenent and assessment of different types of knot

9) Practical exercises on knots

10) Introduction to the two different grade rules

1 I D General grade rules

12) Practical exercises on General grades
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13) The Special grade rules

14) Practical exercises on Special grades

If the oourse is split into two separate periods of time then this is the 
point at which there should be a review of stress grading techniques and 
an individual check of comprehension 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) Practiced, exercises as individual graders

17) Mock examination

18) Examination

Instruction should be restricted to the circunstances appropriate to each 
situation. Par example, there should be no training given in the grading 
of conifers if these are not available ocnniercially to the canpanies 
employing the graders. The syllabus and duration of a oourse will need 
to be related to the circunstances, and need be no longer than these 
circunstances dictate.

Practical experience shows that it is not possible to organise successful 
courses on 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 consulting and cannot be seen to be 
practical in the context- of a single oourse to be held at a sawmill or 
similar venue where repeat courses in the foreseeable future cure 
unlikely. This is a serious logistical constraint 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 cwn 
premises, but the idea of running courses at a nuriber 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 randan 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 competence of a grader but is intended to help the 
grader retain that carpetence. Constructive criticism may be provided in 
circunstances where no ccmnercial consequences are involved as would be 
the case where a randan or batch inspection was being carried out. The 
possibility of over-grading and its economic consequences may be kept in 
check.

Internal quality control

Canpanies should be reccrmended to keep the work of their graders under 
surveillance in between randan or batch inspections carried out by agency
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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 internal quality control procedure. This 
internal quality control will be most important -where comparatively snail 
quantities of graded timber are being produced and visits from 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 companies' 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.

Interned quality control is not too difficult where several graders 
operate at the same company since progranmes of cross-checking can 
readily be devised, particularly if this can be done under the 
surveillance of a more senior grader. Where a company has only one 
grader on site then it should be possible for arranganents to be made 
with the Inspection Agency for supplementary visits to be made on an 
informal basis.

It is suggested in the next section that account should be taken of a 
company'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 anphasised that the Inspection Agency itself must institute 
¿nd maintain quality control of its own inspectors' operations.

Independent surveillance

The problem of providing independent surveillance of visual stress 
grading is made more difficult by the fact that there are many reasons 
why companies 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 and the chances of a randan unannounced visit by an 
agency inspector coinciding with the availability of graded stock on site 
may be quite snail.

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 consequence that sane 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 comparatively easy to arrange for 
randan 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 arranganents have to be more acmplex and 
it is probably necessary for companies to inform the inspection agency of 
the caning availability of batches of timber for official contracts or 
for supply into stockholdings of stress graded timber that ray be held by 
the sawmills customers.

i



It is difficult to make positive proposals for any particular situation 
until the facts are known regarding the donand for stress graded sawn 
timber frcm the mill concerned and the way in which the sawmill intends 
to respond.

Hie overall quality assurance effort as a company will be a combination 
of randan unannounced surveillance and batch inspections by agency 
inspectors together with the documented interned, quality control 
procedures carried out by the ccmpany. Bearing in mind that the 
throughput of stress graded sawn timber nay vary considerably from cne 
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 company should be 
tailored to suit the variety and throughput of timber graded by that 
ccmpany.

Disciplinary action will need to be taken by the Inspection Agency in 
respect of incompetence, carelessness or worse on the part of graders, 
and of inadequate supervision or quality control on the part of 
companies. In sane cases poor ccmpany 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 aanpmies, suspension of graders or companies till 
appropriate remedial action has been taken, and in the worst of cases 
canplete withdrawal of grading rights.

If the Inspection Agency has the statutory right to do so, it may arrange 
inspection of graded timber cm construction sites, and may in any case 
agree with companies 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 arrange sane 
sampling of quality on site or to follcw up reports of poor quality 
timber received.
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EVALUATION OF RESPONSES TO QUESTIONNAIRE 
ON STRESS GRADING AND STRENGTH GROUPING 

RESEARCH AND DEVELOPMENT ACTIVITIES

INTRODUCTION

An outccme of an Expert Group Meeting on Timber Stress Grading and 
Strength Grouping* vas the circulation of a questionnaire on research and 
development activities within this field. The purpose was to gather 
information 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 summarised, and 
further information on codes 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 countries. The organisation would also be required 
further to consult with earlier participants and nev contacts.

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

* UNIDO, Vienna International Centre, 14-17 December, 1981.

FORMAT OF QUESTIONNAIRE

The actual form of the questionnaire wtiich was circulated is shown in 
Appendix I anu the responses to the questionnaire in Appendix II. It is 
hoped that much of the questionnaire is self-explanatory, certainly the 
quality and quantity of replies received was impressive. Although the 
section on Building Standards was intended for developing countries only, 
many of the replies fran industrialized countries also gave useful 
information on these. The final 1 catch-all’ question - "Have we asked 
the right questions" - gave scope for some 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 II.

Current projects, obectives and further details

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



This is a 2 to 4 year project, contnencing in the latter part of 1982 and 
involving 4 or 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 irodels 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 Rarest products Laboratory, Finalnd (5), is continuing work on 
approval of the Finnograder stress grading machine. Grade stresses are 
to correspond 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 timber, 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 nunber of quality control prog ranine s are 
being successfully operated.

The Technical University of Munich (4) is co-operating in a national 
research programme entitled, "Structural safety and reliability, 
deelopnent of probability-based safety concepts". This involves the 
effect of stress grading and strength grouping on the reliability of 
glulam components. A research proposal entitled, "Optimisation of stress 
grading including the number of strength classes and grade units" has 
also been submitted to the commission of European Camainities. Results 
are intended to be applied to visual and mechanical grading of glulam 
laminations.

The Institute of Applied Science and Technology (Nigeria) (10) reports a 
sawmill 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 Wood, Cork, Furniture and Furnishing 
Industries (8) indicates that it has no specific projects underway but 
aims to introduce and experiment with the FAO-ECE stress-grading
standard.



At Warsaw Agricultural university (12) recent projects have included 
research into the mechanical properties of visual stress-graded 
coniferous sawn tintoer for structural use in Poland, and visual and 
mechanical methods of stress grading timber in snail sizes (18-32nm 
thick) for structural use. They are also currently conducting projects 
on visual methods of stress grading coniferous sawn timber greater than 
lOOim thick and on mechanical methods of stress grading coniferous sawn 
tuitoer less than 25nm thick and lOOnrn 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 international 
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 endtavouring to predict the 
tensile strength of wood containing defects such as cross-grain knots and 
checks by developing a suitable mathematical model.

The Forest Research Institute (New Zealand)(18) currently has two 
projects under way an grading. The first is evaluating visually graded 
Radiata Pine via the ’in-grade* approach developed by Borg Madsen. A 
report is anticipated in June 1983. The second is evaluating proof 
testing as a grading nethod.
End: December 1983 Manpower: 1 man year.

Finally, the Wood Technology Institute (Poland) (16) las a series of 
projects underway, both of a fundamental and applied nature. These have 
the objective of implementing mechanical 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-94G21 and FN-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 fran various 
countries (not cnly developing countries). For completeness all such 
replies received are included.

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

A new edition of the Danish Code of Practice cn the structural use of 
timber is in print. Formulated cn the strength grouping concept, it 
utilises four of the groups mentioned in the CIB-W1B structural timber
design code (Danish Building Research Institute)(3)•
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The Technical University of Munich (4) list three relevant German 
standards -
DIN 1052 Timber structures, design and construction 
DIN 1074 Tintoer bridges, design and construction 
DIN 4074 Building timber for wood building aanponents, 
quality conditions for converted building timber (softwood)

Such German DIN standards are usually used in Italy, although the 
FAO-ECE standard concerning stress grading has recently been adopted as a 
national standard there. (Italian Federation of vend, cork, furniture 
and furnishing industries)(8). Building Research Station (Israel)(7) 
indicates that no standards exist for the use of timber in structures or 

f for stress grading in Israel. All its structural timber is imported and
is selected for use by craftsmen. A formwork code does exist which
refers to tintoer.

Delft Technical University (Holland) (9) states that the LXitch building 
standard MEN 3852:Timber Structures is currently being revised to a 

I probabilistic basis.

Information on the various Polish standards was provided by Warsaw 
Agricultural University(12), Building Joinery Research and Development 
Centre(13) and Wood Technology Institute(16). These are as follows:-

• Polish Standard PN-82/0-94021: Stress graded coniferous sawn
timber for structural use (25-lG0m thick)

Polish Standard PN-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 currently beng revised and will appear in 1983 in a limited state 
design format. Tintoer frame houses do not have to be designed to this 
code but rrther to Part 9 of the National Building Code of Canada - a 
prescriptive code including span tables, etc.: (Council of Forest 
Industries of British COluntoia - Canada) (17).

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 tintoer
construction (NZS 3604) is a descriptive oode based on deterministic 
principles, whilst the standard for structural timber design (NZS 3603) 
is formulated on a deterministic 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 Instituted) indicates that stress 
grading standard NS 3080 is used in Norway.
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OTHER 0DMHE2JTS
The final part of the questionnaire was an “open-ended" question which 
invited additional questions or oatments to be made about the relevance 
and content of the questionnaire. These acuments are summarised below:-

Mr. Saarelainen(5) stated that a system which relates 5 percentiles for 
a series of grading rules from structural tests to snail 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, if 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 becoming admitted 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 ccnmercial aspects based on presently used grading 
principles. He states that there is some evidence that better predictors 
or combinations of predictors are available thin those used at present.

Prof. uuipers(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 ECE 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 reccrmended.

Prof. Madsen(19) 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. Dr. Babicki(16) raises the question,"Why does mechanical 
strength grading of sawn timber not find its proper place with sawn 
timber producers and users?" He feels that one of the reasons is the 
divergence of results from different authors investigating a relationship 
between modulus of elasticity and strength. He states that the solution 
of these problems is the responsibility of science.
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Appendix I

UNIDO
U N IT E D  N A T IO N S  IN D U S T R IA L  D E V E L O P M E N T  O R G A N IZ A T IO N

QUESTIONNAIRE ON STRESS GRADING AND STRENGTH GROUPING 
RESEARCH AND DEVELOPMENT ACTIVITIES___

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

(1) TITLES, ADDRESS

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

(2) PROJECTS CURRENT

What are your projects? 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.g. 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 
rxiles for the first time; or changing current grading concepts completely. 
Are the grading rules intended for implementation in your own country or 
internationally? In either case please give references to relevant 
standards, codes of practice or regulations. Give similar information, 
if relevant, on work on strength groups.

(k) FURTHER TECHNICAL DETAILS

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

visual grading? 
mechanical grading?
special use material, e.g. scaffold boards?



Appendix I  continued

UNIDO
U N IT E D  N A T IO N S  IN D U S T R IA L  D E V E L O P M E N T  O R G A N IZ A T IO N

- 2-

(5) BUILDING STANDARDS (Developing Countries only)

What building standards or codes of practice are now in effect 
which 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 a 
structural material? Briefly, how?

(6) REFERENCES

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

(T) HAVE WE ASXED THE RIGHT QUESTIONS?

It is very difficult in compiling a questionnaire on such a broad 
and technical subject to foresee what information will be the most 
useful, and we should welcome comments, additional notes, information 
about the work of others, etc.

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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ft . E- SoUVnge
Centre Tfccnnique ae 1'Industrie

au Bois

I.D.Q.N.L.-De Cfrayerstraat C, Brussels 
¡xof. J. Scnalo-.-Ki jks-Universreit Gent 
far. E. Clicheroux-Aomin-des Lau>. et

Ciaussee u ’,-J.sei.iDerg 83C 
Belgian;

1orers
Grecati - hannover, V.. Germany

Prof. ; - J . Keenan 
University of Toronto 
203 C o i l eue Street 
Toronto, Ontario, i-155 IA1 
Canaae

*Under negotiation at tune 
of writing

Anuean Grom • Countries of Souu. Arerita 
2nt.Lev. Res.Centre - Ottawa, Canaae 
Dept .of Forest Proa. - Kasetsart Univ.

1v iaii ¿.Tiw
Div.of Struct.Eng. - Asian Inst.of Teen.

Tnaiiano
Standards a lna.kes.Inst .of f-Alaysia 
faculty of forestry, Univ.Perxanian

Mai aysia
Ministry of Energy u. Mines — Govt .of

Oosta Rica*
Inst.of Stanoarus i> 2nd. Res. - Paraguay*

prof. h.J. Larsen
Danish Building Research Inst.
SB1 .PostluOKS 119,
DK-297G Horsholm, Denmark

Dr.Ing.Peter Glos Contacts with most of the leading
le}ir5tual fur Baukonstruktion research institutions

Und.
Holzbau, Arcisstrasse 21 
Technische Universitat 
8000 München, 2 
Federal Republic of Germany
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Research on ficrit- grcjw;. spruce 
(Riceii eccelsa).

r.fcitìt-io;. I*?T Wtf01. ciTiu UCJ..ÌC 
Cnuructeristics, Structura* 
Refects t Meciianicai 
Properties.

Start: ind ' u 2  for 2-4 yrs.
14 V • 5 net;

•Tv tr- develop a set ox granine rules 
lor Leigiai boftwoous. Pun to 
optu.use tue use of timoer through 
closer relatior, betvt-en grading a 
usage.

(Inpleitentation basically relates to 
neigiu.i)

Tensile strength t. stiff
ness of poplar irx.er

(¿0 L>eveiap models for 
é stiffness

tensile strenuo

i b; Study correlations between strenct.
utilization of Tropical stiffness L grace perróttec
nardv*ooos ¿s builuiny 
materials iri trie Anuean

defects for tropical naruwooas

croup countries cl S.America 
I-ublice cions lively to be 
reacy in Id fl

ic) inner projects
Curi untly uewlopmc projects 
in this Rieiu in lialaysia, 
Trailanc, Paraguay, isolivia
¿1 CtiTuiQc

As Chairman of ISO/TClCi 
involved with Ur. Leicester's 
project.
No activities re-Harding stress 
grauiny, etc. at Lanish 
Lruildine, Restore; i Inst.

(a) Co-qjeratian iii national
researcii programme strucutral 
safety R reliability, 
development of probability 
la sec safety concepts. 
Involving the effect of 
stress grading L strength 
grouping on the reliability 
of glulam components. 
(continuing to emu '14 - 
2 man-years,/year)

(b) Optir.iisation of stress
Grading inci odinv- the

o: iiti enotr, cl s:,se: c 
u r a o e  l i r u t i

Researcn projosaj sulxutteu 
tl 1 C'j .

(b) better utilisation of the
quality of 'hone crown timber - 
to select L use liign quality 
material more efficiently L tc 
increase the amount of avail
able structural tiiriber by 
increasing trie yield within 
structural grades by develop 
iny t> applying a more efficieru 
stress gracing method.
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f  o , Á
ES QLV)

Fundamental work wi tn visual 
grading a first step, leading to

Seme technical specifications in 
Belgium covering structural use of

niecnanical grading & possioly inore timber. Tnese are applied only a.

timber construction prefat louses. etc. 
ulular» œair.s.

(a) Results valí influenct
visual á recrían cal grading 
rules for haruwoods to be 
useo as laminating stoc>. for 
gl ula.. bearis. ílippi icabl e 
to CSA glulaiii standares fc» 
relevant to structural use 
of liardwooás intemation-

sopnisticated Methods. Interest a contractual oasis. Cover roof 
ir; the industrial production oí construction, floors, windows, uoors

ally.)
(b) Likely tiiat grading rules for 

tropical hardwoods should 
relate primarily to stiff
ness c> secondly to stengtn.

»

t

I

New editiori of Liarás]; üoae of 
iractice on structural use of tinner 
in print. Formulated on trie 
strength grouping cocept. Only 4 of 
trie groups mentioned in CIb-Wlb 
Struct .Timber Design Code ¿ire 
included.

I

I

(b) The results are intended to 
be applied to visual and 
mechanical grading of glul¿un 
laminations (noards).

DIN 1052 Timber structures, design 
e. Construction

DIN 1074 Timber bridges, design & 
construction

Dili 4074 Building timber for wood
building oanponents, 
quality conditions for 
converted building timoer 
(softwood).
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Not yet available tone

Re: Question (3)
( t )  LL.1DJ i s  cautioned to review tne- 
findings oi the Andean pact workers 
before becxx.dnc ounnattea to aevelo,.- 
ing strength-related grading rules 
for tropical iiardwoocs.

Glos, P. & lieirueshoff (1982): 
Capabilities L lrrratatioris of 
stress grading laminae for 
glularu structures (in German) 

Glos, P. i» Tn Michel (1982):
Tne strength distn. of timber 
as dependant on stress grading 
efficiency (paper presented to 
IUFPO).

Glos, P ■ (1982) : i-acione stress 
oradinc of sawn luuoer state of

Inportant to investigate the scientific 
background of stress grading & strength 
grouping in addition to tecnnical U 
comiercial aspects baseu on presently used 
grading principles. Tnere is sane 
evidence that there are better predictors 
(or combinations of predictors, resp.) 
available than those used at present.

tne art - comparison oi
dii ierent i. «et nous (m German!
.1 OS , 1 . o Schulte i ] 9cx,} : Pti.
of t'l*. ar; o iiiC’Sj ' C'a T. IO-*
r «aerane stress erudirà ( u.
(renna:. )

j  S E C T I O N  2
P1



. . . I l  I C C  I

Tecnr.i Cal Research Coltre of
.X • L.- i
.•JT • rv« .1 Si; 0ciVwi.u.ll

Finland o,ners Assoc., Fabiani rinate 29C,
Tirber Lai .oratory/ FT'A SFU-U010u helsunj. 1U
SF-02150 .̂.. j g o  15, l-inland

Mr. P.R. Col dough - Head 
LOresc products Dept.
Inst.for industrial Research k

Standards
Ballynun Road
Dunlin 9, Rep. of Ireland

P. R. L . (U . K.) - (Curry / lory / Fewel 1)
For. Prod. Lab., Mauison, USA

(Galliaan/Greene/turphy/Gerhardts). 
Univ.of British Coluiribia, Canaua - 

(Prof. Madsen)
For.Prod.Lab., Sweden - 

(Dr. B . boren)
b.T.k.l. South Arrica - (Brynt/Ges) 
CSIRD, Australia - (Dr. Leicester)
For.Res.Inst., Lew Zealand - (E.Walford) 
Centre Technique du Bois, France -

(Crubile)
T.b.O., Holland - (A.Van der Veluen) 
T.K.C., Finland (Saareiainen)

: . h. r.crin
. ' . d i i  O i  ' ì 'C S l I I . O '  „ A f L ' t .  .  /

: uildinu Researcr. Station 
Tec'nion ;̂ es. a Lev . Fcundn. 
Haifa 32oL0, lar.ei

Israeli Standard Institution
l e i  Aviv
Israel

Mr. G.U. Marcili leder legno-Arredo
Federazione Italianiana Inds. 1-20145 Milano

Del Legno Federlegno via Mascheroni 19
1-20090 Segrarte (Mi)
S. felice VII/24, Italy

Prof. J. Kuipers 
Stevin Laboratory 
Stevinweg 1 
Ii-Delft 8 
The Netherlands

Stichting Centrum jjovt.
( Order zoerkccrirùssie OCA) 
Naaren
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Mr. E.E. Lucas Forest products Res. iuoorutory,
Institute of Allied Science k .Nigeria 
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•: . r c v t i i  j>i s M  t.'Ss u r c s J  i : r ~

*  .. 1 • » t— A ^  A. A

- started 197 b with irie ;,r̂ u ■
tVTV

- continued ui 1979 with IK II
- total effort 2 man-years

i 1 ) Verityxng iracmne paronioters -

( 2 ) Correi jiion of r.acrJir.e para
meters with stress values.

(3) Formulation of stress predic
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 f
caruet stress.

(a) data bank on strength properties of Irish Turner.
defective to establish permissible design stresses, and evolve a 
viable grading system. i

Start: 1979; End: 1985; Manpower - 1 professional a 1 teenmeian
per annum.

(b) objective to uevelop an inexpensive snail output mecianical 
grader for sawmills, merchants a manufacturers in Ireland. It 
would be a "one" graue macidne, eg Yes/bo.
Start: 1982; Enc: 1983; Idnpower 2 professional & 4 technicians ♦

(c) Scaffolu cords.
Project ex: .trancing involving machine gracing a derivation of 
design stresses for scaffold boards.

4 -

..one

*

Vane Aim is to introduce & experiment
with the FAO-ECE stress grading 
standaru

»

bone
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la; awmill project - produc
tion ireality studies.

;i~t: 1981; I n c :  1983 -

rifi 1 rid y O*. t - f t
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U u r

(Sa;:».' as question 3)

*

♦

I Quality control programmes 
successfully operated in:
(1) Timber in housing - monitor

ing of wood L wood products 
in new housing.

| (2) Roof trusses
(3 } Vis’. »al stress grading - 

noritoring L training 
(-1) Machine stress grading - 

nr Tutoring of approved 
mecnanical stress grading 

9___  machines _____

»
At tiit ru'.ti'.t there is no su eS; 
grading practice in Israel ana 
tinter for structural purposes is 
selectee by craftsmen.

IwC S t -G lK ic tT ilS  2 C l  "Lili- — Str C l  "L-UC.'til'

for structures for stress gracing. 
There is fortr,vor>; cose wmcr. refers 
to tiiiber.

»

I

Stress grding regulations will 
be used for visual grading a for 
calculations in timber, 
structures a glulam

Have aaopted the FAD-HCE Standard 
concerning the stress grading as a 
national standard (Nema u\i ) 
usually use Dli. stanoard fra;, German 
practice.

New 3852 Timber Structures is in 
revision to a probabilistic basis.

Results applied to visual grading 1ÍEP2: The use of wood in building 
ana special use material construction. This is on a deter

ministic basis arm will not be 
revised to a prorata listic iasis 
yet.
It as meant to renove the bias 
against the structural use of 
tirrif>er.
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U t , 07

fcO£ ife A Sysre.. vhicn relaiei 5 percenti 1 es ¿or 
c: series oi gracing roles rrcr.i struct
ural tests to small clear specimen 
values woulo be simple s efficient for 
a limited nuraoer of species. however, 
since the small clear approach car. be 
used for c in nance only, ii there art 
many species groups a visual grades cf 
these a stress classification system 
m i n t  be convenient.

because of its special characteristics 
eg last grown, visual grading to 
bs 457c gives poor yields for Irish 
Timber stuaies have shown mechanical 
grading is mucli more satisfactory

;rts a n  itr structure

Ik)t clear what you want to know.
What is going to happen in Europe with 
the ECE-grades? Will they be usee U 
by wiiich countries?
Wnat are the cefinite strength - not 
allowable strengtn characteristics?
A better relationship with C1B-V.TB is 
reccrmendeu.

Yes, J think you liave asr.ed the right 
question.
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f *v Institute. ?.. Mr.rkreo Toe  Sw m ììs :. V rxx : R e s ta r e : .
Nors-. Irete»:: .rŝ . Institute! ise '.ecn.v.cal «e&earcn Centre
Bon 32 T. Blirnem Finland
Ciiil c 2, i«crvuv

Mr . S • Lizberiski 
Lxpert cx Nooo-wors_ing 

Industries
V»arsev i dui turai Univ
• • clT Sc a / i w  u. c .  kJ

Insinui of Wooc Tec'nnology - lolanc 
Research U Development Centre of 

Tmber Industry - Poland 
Polis:. Stress Grading Cl tee. of LCE- 

UNyieneva
•iritis:. Stress Grading Assoc.- k.iunes 
Socmen l'usava 11 a: j }c Kesm *eisen 
i'alouaellisen Avon Keuvoston 
Yaters-Tyokarassio - firdanu.

Mr. S. Dzbebnski - Warsaw Agricultural 
U:b.v.

prof - M. wnuk - institute c  vocxl 
’Ieciuiclogy

ul LasKo^a ‘s  t Pol ana

I-rof. L. T u n e  II 
ko vuI Inst.cf iecnnolocy 
V<ooc Technology & processine 
S-l OC- 44, Procreaci::., Swede:.

prof. ... I.C*.vTlSkl 
Centrelny Qsroaek baciawczo 

Rozv.cn owy
Przenr.’s u Stolarru Buaowlaney

Dr. Jozsef Bodig 
iTof. of Itouo Science fc. Civil 

ing.
Ijcpt .of f orest f. Wood Sciences 
Colorano, USA

Mr. u.A. Sa’Ribeirc - forest Proaucrts 
Res.Centre, i-anaus, Brazil 

Mr. C.D.S. Lisboa - Forest It o g .lab. 
Brazil

Mr. K. Mutuku - Univ.of Nairobi, Kenya 
Mr. K.L. Sotelc - Laciteno - Inireb, 

Mexico
Mr. G.S. Saiifaivi - Univ.of forestry' a 

Ivooa ieennoiogy, Hungary
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A.
Recent prelects :
(a) j-ieaianicoi properties of visual stress-grading coniferous sa».:,

timber for structural use in lolanc
(b) Visual & mecnancal method of stress grading timoer in snail sizes

(19.32nr. thick) for structural use 
Current pro jeer. :
(a) visual net: iocs of stress cradinc of coruierous saw:, tinner more tr.a:.

Ibdn:. tl.lt:.
(b) Mec'nanical retnods of stress graam- cf coniferous savu. timer lest

tnar. cunt trier, aria IC.m.. v u g .
i

Collaboration with Dzbens.ei ’ s 
projects

«

(a) Tolerances in practical grading, visual and by machine; tnen 
influence or. permissible stresses arid relation to gracing 
conditions.
(Species, S;X~c:, lignt, etc.)

(ij) International unificatior. of stress gracing rules.
( a  bra-im itit: lor sneciaJ uses suer, er

TVo projects with implications 
to lu river grading:
(a) Reliability - based design 

of wooa transmission pole 
structures

(b) Tensile strengtli of w o n  
containing ueiects.

(a) TO develop a reiiability-taseu
design procedure for w o o l, 
transmission structures.

(b) TO develop a mathematical model f
to predict the strengtn and 
stiffenss of wood in tension 
containing cross-grain, boots ¿> 
checks.

f SE CTI ON 2



( QA
t. . *.> -

05
■nz u in t- ••

Id CU IlCt Lk-1 !^ y J tiOv

!.

I

Tnese projects partly incite 
physical principles of 
mechanical grading, eg. sonic 
nethocs a baroness based r.etlioas. 
*.e ao not specify detailed use of 
ti-.ioer .

Polish stanaarc PU-82/¡>-94021 
stress graced coniferous bo»,:. tu::e: 
for structural use {25-100.1 :, truer.) .

I

Polish stanaarc P^-Sl/d-C-alSu: 
Tinder structures, design rules, 
design is based on the licit status 
i partial safety factors for loads 
j. materials.

(a) Tne project on reliability- 
based design is both funda
mental & applieu.

(b) Tne tension project is a 
fundamental studv

1 S E C T I O N  1
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Jiioerìsrii, Vi. : pit *~CT* idiii "_ti .* IT iti _ loX-2
Gl liIT*À;r iilltS? CrtiCXTi'. XII
Poi al io - 11 r.. ]Olisi'.)

Lzbenshi, V.. : Testing methods
c: structure.1 timber quality
(in Polish)

I;sbe:.s>:i, ... : «tter.tJts ci 
i:.u -e .emiri. ultrasonic
KHbcSwITtldCCi. t-£*CÌU*J.iJ'J0 XT*
sire ss credine of structure a 
tirile: . (Ir* German)

12 Kererences included in total.

Iiane

Hexorts ira . m edisi ; Foresi 
produrli, research Laboratory, 
koya: I:.s titu ie  c i  
Technology,
Svens-: rj'v.j'nori. on
(Vii-.: I-.-.e-it.. ; .uri Gin., i d b  J

Lodi--,, J.i,. Troxell, r,.L. : 
Mecnaracal Stress-rating of 
UngeIran spruce, 

bodig, J . : Contents on td ie 
mechanical stress-rating of 
Western Canadian species.

11 kefereneee provided

S E C T I O N
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ve: mol oa ̂ i urvt: x'et-: sor ovtho ̂ —'■ o.e.1•—ruir*j s .̂ au*—*io-
Jssleaovutti ’ Sr.i', Institut 
Neciianiceskcg ùorabotki Drevesmy,
Arena: weis

Dr. c . B t i e u a  
Com,Cxi ci I orest industries 
of British Golurbiu 

kescarcn a Develop:enr Dept.
7336 nest 15 th Street,
!.. Vancouver, B.C., CANALA V7k 1T2

Dr. C.L. V^ilford 
forest Research lost. 
Private Bag 
Rotorua, New Zealand

Mechanical Tinter Gracier s Associatici! of 
New Zealanu

PO box 549, Rotorua, New Zealand

iroi. L- Madsen, P.Ung. 
Dept.of Civil bngeering 
Univ. cf British Columba 
2324 Matt, Piali 
Vancouver, Cariaci a

Page 4
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project "ôUe.-M’J. lhUlCe: ci
construction sawn tinnier, 
efiect of defects on these 
indices i. mechanised strength
C- ilSSlf lCdt-lü!. Cl Sâ'wpü t j m  » ' ’

Own projects:-
( i ) Tes tine of prototype device 

for mechanical strenctli

U1 Sii «•»".. T-aJlU-AL-'r o
obtain a-, international certificate 
for i;iec: a d  col sorter of Th -IT-j 
typjfc oevelojiec at the Institute.
Also to create a basis for ciianyes 
ir. tne stanuarus listen ir* ouesiion 
(5 ) .

gracing of sawn timoer 
lino 19B4)

(2) research on theoretical found
ations cf i.iecfiamcal strength 
grading (me 19o4; .

(1; cetemunation cf relation- 
srj-p between nod.of elast. in 
oendme L bending, canpress- 
:ve t tensile strengths cf 
î-i'iif sawvi. ( :_mTK-. lvt>4 ;

v4> _>jvelojTnan* of sUiTiaaras as a 
basis of standard subsystem, 
for inecikihical strengtli 
grading (End 1984)

(5) Investigation of économe 
relations concerned with tlie 
application cf mechianical 
strength gracing (Ena 1983)

(6) Effect of visual charcteristics 
cf softwood sawn over lOOmr. 
thick an its strenatii urooert-
res (End 1984 )

1

I

4

hi s g e e m e  projects at present 
war air i g closely witn iOEIETEi'. 
on tlieir various limber projects. 
Investigations envisaged in 1983. 
(Details not yet availaole.)

4

(a) lit-graae evaluation of
visually graded radiata pine 
(Report due June 1983)

(b) Proof test grading
(] tan year - End 1983.)

(1) determine the properties of
Radiata pine when graaec to 
overseas standards (both 
visually a mechanically)

(2) Monitor the properties of graded
timber as they are affected by 
site, forest management a saw
ing patterns.

(3) Evaluate proof testing as a
grading method._________________

»

!
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Cu: jeci r l-niec ins:.: l-i
ellt' relates to neC’*LCUCUl SciWI. 
timter groCiria bases cxi ru:. of 
elast. maasurei.ients in bencing. 
Investigations b i. 3 are of a 
fundamental ciiaractei.

• m-ob, i. — :>4J- 1 - 3L*tv.’.icx: sewr. 
craofcx. oy naans o: strength r.etnoe. 
BN-B1 /i>-G315b —Constructioris of
wuoc & wooc-basei material statical 
calculations ¿> oesicn materials.

«

Can Cut - Go .e of engineering uestgr. 
in wood (Currently being revised L 
will apper ir 1953 in a limit state 
design format.)
Timber frame houses do not have to 
be designed to CSA 086 but rattier to 
Part 9 of the rational Building Code 
of Canada - A prescriptive code 
including span tables, etc.

(a) Tne in-grade approachi
developed by Borg Madsen rias 
been used in several NZ mills

KZS3004 - Standard for light frame 
tinter construction (descriptive 
code based on deterministic 
principles.)
NZS3603 -Standard for structural 
tinter design - deterministic, fto 
great enthusiasm in NZ for limit 
states design format.
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Qt,_____________________________

k_'C jU.. clT̂ J iiCVIC*- IGI iDI.~
oestructivt street;. gracing 
or const:., saw*. tinker.

7 References proviuec

C7
,  r tr - i r ..— n. contain o
y Jes t i  or —

•riv Mecriaru.cc.> strenct-n cram m  or 
Sown tinner does nor. fine a proper 
interest cf saw: tu o e r  producers a
users?"
Ix see:.-? tnat cx:e of the reasons is  the 
urveruer.ee c f rese lls  frer d ifterent  
a m o r s  investigating a re lationsm p  
between hoc. oi e la stic ity  a strength. 
Tne solution of these problems i s  tiie 
resuansib ili tv of science.

!

Proceedings of tne Seminar ori 
Stress Graded Timber, helu in 
Rotorua, May 1979

Have recently been concernée with 
removing tne restriction on rate of growth 
frat Japanese grading rules. Tnis was 
successful.

S E C T I O N  2 Ire orient to grade so that the proposes 
JS%) system of strength graues will j>: 
:rilo«v*eO. Seould uevelq: ■ qraurno rule-;

i ti ui/tt cjassifiCutio., r .-stem.
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