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ABSTRACT

Trees were sampled from radiata pine stands in the
Australian Capital Territory, cut into 4.95 m logs and converted into
board and scantling sizes using predetermined sawing patterns. After
ki]h drying and machining, the scahtling timber was visually and
mechanically graded and the boards visually graded. Values were assigned
to each recovered piece of timber. The diameter of the branches along
the trunks of many of the trees were measured as well as the diameters
of the ends of all the logs.

The stands sampled were in four age classes as follqws:
36 - 38; 30; 23 and 19 years. The 36 - 38 year old stands were from
areas of differing site quality and similar silvicultural treatment and
had been thinned and low pruned. The three younger aged stands were all
unthinned. The 30 year old stand contained a spacing trial, allowing
the effect of spacing on branch size to be studied.

The data permitted a detailed study of grade yield
patterns and log values for various age classes, site qua]ities and initial
spacings for both visual and mechaﬁicai grading. The effect of spacing
on various branching characteristics was also studied as well as the

effect of branch size on log value.
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CHAPTER 1

INTRODUCTION

1.1 Profect histonry.

This Work was started in 1971 by Mr R.G. Buick as part
of a Ph.D. (A.N.U.) project called Aspects of the utilization of radiata
pine wood. The original project was to be in three parts:

1. A survey of the market demand for structural timber and assessment
of the potential market demand for structural radiata pine in the
Sydney area.

2. An examination of the operational and economic aspects of machine

stress grading.

3. An investigation of the potential supply of stress graded radiata
pine from stands of various site qualities and silvicultural

regimes.

The project stopped in 1976, when Mr Buick left the Deparfmer
of Forestry, after considerable effort had been expended in investigating
the yfeld of structural grade radiata pine timber from stand§ of various
ages and silvicultural treatments.

In 1977 the Forestry Commission of New South Wales agreed
to assist in completion of that part of the project dealing with the
relationships between age, silviculfural practices and yield of structural
grades of radiata pine timber; a topic of considerable interest.tq
the Forestry Commission because it was a rare attempt to marry silviculture
and forest management with the engineering products derived from the
forest. It was also seen as a way of studying the mechanical properties
of radiata pine timber in larger than normal scantling dimension, cut from
trees of known age and treatment. The original work by Mr Buick was done ’
before the introduction of metrication to forestry and the Forest

industries, and therefore imperial units were used. However, conversion to



metric has been carried out where appropriate.

1.2 Project development and objfectives.
Compartments were sampled in Uriarra Forest, the Australian
Capital Territory (A.C.T.) mainly to determine the grades of sawn timber
recovered from the stands. They were to be stratified by age, site index
and stand density, the trees cut into standard log lengths, the branch
diameters measured and the logs converted into structural timber sizes.
The timber was to be seasoned and then visually and mechanically graded.
A sample of the timber was to be tested to destruction in the laboratory.
The potential benefits of this part of the project were:
1. Planning and Forecasting. |

Stress grade distributions by age, site index and stocking
density groupings would provide a base for forecasting the
potential supply of structural grade radiata pihe within the
"A.C.T. and could assist long-term forestry planning.

2. Economic Studies.

Stress grade distributions would allow simulated economic
studies of rotation length. Sawn, seasoned and dressed
structural radiata pine realizes high prices in the market
place . so that structural grade distributions and grade price
differentials could play a substantial part in determining
the economics of varying rotation lengths. Various price
levels, market demand levels and effects of management

practices could be included in the simulation models..
3. Saw-log Value.

A knowledge of stress grade distributions would allow the

forest manager to predict the value of logs to indUstry.
Sawmillers would also benefit by knowing the structural and
non-structural size and grade yields from various log size
classes using‘sawing patterns designed to optimise the productién

of structural sizes.



L4, Mechanical Properties of Large Width Radiata Pine Scantling.

The mechanical properties of larger than normal section size
radiata pine scantling would be known and machine grading

programs could be designed for these sizes.
5. Effect of Branch Size on Grade Recovery.

The effect of branch size on grade recovery and timber value
could be studied as well as the effect of certain silvicultural

practices on branch size.



CHAPTER 2

LITERATURE REVIEW

For many years, research workers have attempted to link
plantation conditions with the wood properties of trees derived from them
and their utilization. Major reviews have been published by Boyd (1967),
Fielding (1967a) ,Brazier (1976) and Bendtsen (1978). Other reviews
dealing with more specific topics include those of Sjolte-Jdrgensen (1967)‘
and Evert (1971) on spacing effects, Gladstone and Gray (1973) on
fertilization effects, Spurr and Hsiung (1954) on growth rate/specific
gravity, Larson (1969) and DadsweZZv(1958) on growth, wood formation and
wood dua][ty, Noskowiak (1963) on the causes of spiral grain and Zobel
(1961) on the heritability of wood properties (from Bendtsen, 1978).

Reid (1963) dealt with wood quality in conifer plantations
in New Zealand and Bunn (1970) reviewed the development of sawlog regimes
for radiéta pine in New Zealand and presents some data on the effects of
some silvicultural practices on tree growth. This paper was presented at’
a symposium on radiata pine heid at the Department of Forestry, the
Australian National University along with many other ''state offthe art"!
papers covering most aspects of thevgrowing, harvesting and utilization of
this species. |

Bendtsen (1978) wrote a " review of the literature
on the wood properties of improved trees grown under intensive ménagement.
He 1ists some of the many reviews published concerned with improved tree-—
wood properties and gives valuable insights. into the utilization of much
of the wood produced from intensively managed forests. One of the stated
aims of his review was

...to cause those involved in tree improvement and

management programs to be aware of the potential effect

of tree manipulation on wood properties important to
solid wood utilization. We also have tried to alert



those in the solid wood industry to the changing
resource so that they may anticipate and prepare for
modifications as required.

He continues

Much of the literature reviewed dealt with fiber
properties or properties of clear wood. None of the
research we reviewed concerning full sized lumber was
designed to relate mechanical properties of lumber to
fiber characteristics or to make direct comparison
between the mechanical properties of juvenile and
mature wood.

and concludes,

End use needs should be closely identified and
communication between solid wood processors, geneticists,
and forest management scientists should be clearly
established.

In fact very little work has been done to link the properties
of full sized.sections (as opposed to fiber properties and clear wood
properties) with p]antatton conditions. Most has been in the form of
""non~destructive'' grade recovery studies using plantations variously
treated, and without good control over or knowledge of independent variables
that might Iﬁfluence timber quality such as genetic history and location
variables (e.g. soil type and ferti}ity, moisture availability, drainage,

- temperature etc.). To gauge the effects on quality of particular
silvicultural regimes or of particulér sites as many of these variébles as
possible must be eliminated or shown to have such a small effect as to be
inconsequential. For example, Wright (1967) investigated the variation in
log quality in radiata pine stands ofwvarious site qualities in four
localities in Victoria and concluded:

Branch size, nodal swélling, green level and bark

thickness each increased with site index in each locality.

On the other hand, taper decreased with increasing site

index. Variations in these parameters also occurred

between stands of similar site index in different localities.

[n general, between-locality differences were as great as
within-locality differences.



Wright also found that tree diameter and branch diameter
were closely correlated irrespective of site.

Despite the obvious limfations, much useful information
can be obtained from published grade recovery studies. Most work of
this type using radiata pine has taken place in New Zeé]and (N.Z.) and
its general application to Australia must be approached with caution
because of méjor di fferences in site conditions.

Mosﬁ of the grade recovery studies carried out have
concentrated on determining percentage grade yields and sawn timber value
of trees from softwood plantations; sometimes estimating the effect of
age, site of silvicultural treatment on value and grade outturn.‘

In North America most studies have been carried out using
natural softwood stands and the results would not necessarily be applicable
to studies of softwood plantations. However, interesting studiés have
been reported by Newport and Amidon (1951) on young growth pondersoa pine,
MeBride (1961) on pruned Douglas fir, Dobie and MeBride (1964) on -second growi
Douglas fir, Xerbes and McIntosh (1968]) on spruce, Schroeder et. al. (1968)
on southerﬁ pine and Dobie (1978) on small log yields from spruce-pine-fir
combinations. Other recent studies in the U.S. have centred éround
- evaluation of lumber quality in beetle-killed southern pine e.g. Sinelair
et. éZ. (19771, Sinelair and Ifju (1979)and Dobte and Wright (1978).

The Dobie and McBride (1964) yield study of three age classes
of second growth Douglas fir showed high grade logs pfodUcing timber worth
$94.99 (per unit volume of lumber) for 80 year old trees, $95.50 for 100
year old trees and $110.88 for 156 year old trees; The large'ihcrease in
value for the 150 year trees was due to a 1ar§e percentage of ciear grade
lumbér (42%) compared to the 100 year old trees (7%). Timber value also
increased from $96.79 (per unit volume of lumber) to $118.09 as log diameter

increased from 12 inches (305 mm) to 33 inches (838 mm) for high grade logs.



Low grade logs produced timber worth $91.05, $91.49 and $93.52 per unit
volume of lumber for the 80,100 and 150 year age classes respectively.

The small increase in value was due to the small percentage

of clear lTumber obtained from all three age classes. Lumber value did not
increase with log size for these low grade logs. Unfortunately no log
grading rules were given in the paper.

Dobie and McBride, op.cit. also found that for both log grades
an 80 year old stand of site index 150 produced the same value timber (per
unit volume of timber produced) as did a 100 year old stahd of site index
135, thus‘IndicatIng that ''the effect of site was to nullify the age
differential and equalize the lumber values'. Butt logs produced the
highest value timber ($112.15) second logs the next highest ($102.18) and
other logs the lowest ($90.79). This was due to a 46% clear wood yield
from the butt logs, 18% from the second 1dgs and only 3% from the others.
High grade logs averaged $17 more per unit volume than low grade logs.

The Dobie and McBride work also included a study of the
effeéts of various tfee and log characteristics on lumber value per unit
volume of tree for the oldest (150 year) age class. The characteristics
studied included - diameter at breast height (dbh), tree height, tree form,
heights of first dead/live limbs, crown length as a percentage of total
height, crown density, crown widfh, crown class and site index. Nine of
the variables tested showed signifiéant correlatfon'with_lﬁmber value/unit

2, sztree height, tree form,

volume of tree. lIncreases in diameter (D), D
percent live crown, crown density, crown width, site index and crown class
were accompanied by an increase in tree value. The most important single

2 of 0.58 and the most important pair

variable was crown width with an R
were crown width and crown class‘(R2 = 0.68). Diameter and'sfte index in
combination had an R2 of 0.58; Crown class and dbh, crown wfdth‘and‘dbh

and crown width and site index had RZ of 0.64, 0.60 and 0.63 respectively.



Kerbes and McIntosh (1968) investigated the relationships
between lumber recovery values and exterior, visible log characteristics
for a mixture of Engelmann spruce and western white spruce in Canada. They
found log top diameter the most important characteristic but the number
of clear sides and percentage of defect due to rot and sweep were also
important, depending on the frequency of the characteristic and the type
of logs sawn. !'"Other factors, such as the number and siie of knots, log
taper and position in tree, were also significant, but in this study did not
improve the regressions enough to justify the additional measurements.'
i.e. the natural variability of these factors in such . forests is presumably
too small to affect the results signifi;antly.

Persson (1975) working in Sweden on plantations of 70 year
old Scots pine having initial sqﬁare spacings of 0.75 m, 1,256 m, 1.5 m,
2.0 m and 3.0 m found that "For ail methods (visual and machine grading)
the quality of the central sections of the bottom logs serfously decreased
with increasing initial spacing. For the second and third logs-thé effect
of spacing was more or less levelled out'. Unfortunately no translation of
the paper is available so Persson's reasons for hisbresults cannot‘be
presented here.

A number of grade studies have been cérrted out in New
Zealand (N.Z.) on radiata ptne‘stands,

Fenton and Familton (1961) studied.graderyields of boards
(25 mm thickness) from 41 year old radiata pine trees. They found the
recovery of high grade material was poor for all log position classes, the
méjor defects present in the sawn timber being bark encased knots, cone stem
holes and pith associated with low density corewood and spike knots. -Degrade
due to bark encased knots "...followed the anticipated pattern - most
occurring in the Eutt and second logs and becoming progressively less

further up the tree'. However, '‘The effect on grade recovery of the

/



decreasing incidence of branch encasement from butt to top log was largely
nullified by the increasing incidence of cone stem holes''. The original
stand from which the sample trees were cut '‘had been low and high pruned and
thinned three times, but the tending had been too light in intensity and

had been timed too late to be effective in improving grade recoveries''.

The authors also discuss in detail the relationship’between
silviculture and timber quality in the light of the study and detéil points
they feel are important in selecting final crop trees of radiata pine.

These are summarized:

1. Trees must be as straight as possible. ,
2. Range and mean of branch diameters must be as small as possible.
3. Branch angle must be high (relative to trunk).
L., Trees must be free of nbdal swellings. |
5. Treés should have no cones on the trunk to the 15 m level.
6. Tree vigour should not be allowed to bredominate over the
criteria of quality already given.
7. Other criteria of concern to the geneticist (primarily:
(a) An increase in timber density.
(b) Reduction in the extent of the low density core.
(c) An increase in fibre length. }
(d) Resistance to frost, Sirex and other pathogens.
(e} More shade tolerance and ability to retain deep green crowns.
(f) Freedom from excessive spiral grain.
(g) Strong apical dominance.

(h) Control of tendency to form heartwood.
The authors comment further: '"The greatest difficulty hitherto encountered
in growing good quality radiata pine has been lack of fundamental knowTedge
of the factors'affecttng timber grade, although these have been pointed out,
for example by Reid (1953)." and '"...if tending is delayed and branches die
the resultant timber will be suitable only for framing; if tending is

correctly timed the trees will retain deep, green crowns and may or may not

have degrading small branches or stem cones.'



Whiteside (1964) reports the results of a visual grading
study ®@a 28 year old untended radiata pine forest (Woodhill) in N.Z. and
compares the results to other studies. Both board and framing sizes were
produced, with a low incidence of bark encased knots and bark pockets,
small knot size, small pith, a small number of cone holes and generally
superior_timber to that produced from untended stands of some other N.Z.
regions. The low incidence of bark encased knots was stated as due to very
slow diameter growth in the latter half of the rotation and possibly to
green crown level. The author also remarks on the timber from the forest
as 'being of high density and strength''. The high abparent density fis
attributed to the fairly high mean annual temperature which has been found
to be Eelated to density (Harris, 1963). The observation i{s also made that
the final crop trees produced from Woodhill will be significantly smailer
than in the areas producing the lower quality timber. (Original spacing
at Woodhill is not given but mention‘is made that the stand received a
light thinning to 400 stems per acre at age 16 (spacing around 3.05 m x 3.05 i
but Whiteside considered that the stand was éffective]y untended).

Brown (1965)'and (1969) investigated board grade recovery
and veneer peeling quality of pruned logs. He concluded that pruning can
be profitable if rate of tree growth is high enough and if bark damage
during thinning is avoided.

Fenton (1967) studied board and scantling gradé yields from
two mature stands of radiata pine in N.Z. Scantlings were only cut from the
centre of the logs and therefore only 3 or 4 scantlings were recovered from
each log. One stand was planted at 1.83 m x 1.83 m, thinned at 15 and 30
years, low pruned at 10 years, higﬁ pruned at 15 years and sampled at
42 years. The other was planted at 2.k4k mkx 2.44 m and untended except

for low pruning at 16 years and sampled at 39 years. Flat (back), quarter
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and taper sawing were all used but flat sawing proved the most profitable

in terms of return/unit volume. Some of the results are listed below:

One inch flat sawn butt logs from the tended stand
yielded 7%% clears, 42% Factory and 48% Box grades
(60.71 units of value) compared with %, 21% and 71%
(49.2 units of value) respectively for the untended
stand. Quarter sawing results were better than these
but in terms of money flat sawing was the most profitable.
One inch flat sawing (into 1 inch boards) for logs higher
than the butt log gave better grade returns for the
untended stand than for the tended, but with lower conversion
factors and slightly lower realizations. Sawing to two
inch sizes (centre of log only) was more profitable in
both stands, markedly so for the tended stand. These
results were thought to be due more to the differences in
original spacing than to the subsequent tending.

The major defects in the timber were bark encased knots
and the complex of defects associated with pith. Pin
" knots and cone holes prevented recovery of higher grade
boards in the 4th and 5th logs where bark encased knots
were absent.

The most promising outlets for timber from these stands
are in framing sizes and in Factory and recutting grades
for finger jointing.

Sutton (1968) estimated the financial returns of radiata
pine grown at Wéodhtll, N.Z. for each of seven initial spécings ranging
from 1.83 m x 1.83 m to 4.88 m x 4.88 m but including some rectangular
spacings. No accounf was taken of the possible effect of spacing on
quality (and therefore on stumpage) but this was seen as being of minor
significance - '"Indeed the incrgase in planting distance could'actually‘
improve grade recovery if the more open stand conditions de]éy the death
of the very small branches, which Whiteside (1964) found were a major
degrading factor in timber'from close spaced stands''. Results Showed
that the 1.83 m x 1.83 m spacing was the least profitable and that the
2.44 m x 2.44 m spacing was never as profitable as the wider spacings. The
wider spécings "showed remarkable similarity in their calculated net
returns; but the values for the 4.88 m x 4.88 m and possibly‘the 3.66 m x
3.66 m spacings were considered over optimistic (because of possible

overestimation of volumes and increment in the wider spacings). It was
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concluded that as long as the initial spacing is within the range 3.05 m
x 1.83 m to 3.66 m x 3.66 m higher net returns can be anticipated''. It
was added that the effect of spacing on Branch size and tree malformation
needed further investigatton.

Fenton, Sutton and Tustin (1971] studied yields of clear
boards from tended (thinned and high pruned) 26 year old second crop
radiata pine. Little scantling timber was recovered, most of it coming
from the 4th and S5th logs. A large percentage of No. 1 fréming grade was
. produced from the higher logs despite the large branch sizes present. In
the large diameter second and third logs much of the framing appeared to be
sawn in the phord be tween twd branches. In the fourth and fifth logs,
the authors add, branch diameter was well above the maximum knot size
recorded in the sawn timber, the logs being too small in diameter to have
contained the maximum branch size.

The board grade yields 'were consistent witﬁ~other studies
(Fenton qnd Familton, 1961; Fenton, 1967), with the greatest concentration
of factory grade in the lower logs, decreasing up the tree!. Values of
the various log position classes were discussed as follows:

The values (per unit volume of timber and of ]oé)
generally decrease up the tree as the grades, widths

and conversion factors fall. Seventy percent of the

 gross values are in the butt and second logs; a
proportion which would increase if values net of

sawing and logging costs were allowed.

Finally the authors commeht on the results of thé studies
to date. !The studies have led to a board grade regime being formulated
(Fenton and Sutton, 1968) which is designed to get the maxtmym grthh on
the valuable butt and second logs.' |

Fenton (1971) discusses the management of radiata pine

stands for framing (scantling) production. He suggests ''close initial
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spacing (2.4 mx 1.52 mor 1.83 m x 1.83 m ) to be maintained until
stand height is at least 18 m' and that ''the suppressed growth rate of
~the framing regime that accompanies restriction of branch size reduces
final log size with concomitant increases in logging and sawfng costs.
A rational solution would be to concentrate framing timber production
on (low quality) sites where branch size is naturally 1imited".

In coming to these conclusions the author mainly uses
results from his previous studies on board grade recoveries and two
unpublished N.Z. grade studies on 15 to 20 year old radiata pine_
thinnings. He also uses results from trials in N.Z. aimed at determining
the effects of spacing on_bran;h size (Fenton's stated requiremenfs for
framing timber were: restriction of knot diameter to under 34 mm, straight
grain, minimal distortion and lengths up to about 5 m.)

Fenton (1968) mentions the limited amount of data
available on grade yields '...one of the shortcomings in the basic data
used in the analysis (on the profitability of plantation forestry in N.Z.)
was the absence of detailed data on cost of logging, on timber grades
from different age and treatment classes Qf the major species and of the
cost of sawiné (which) restrict analysis''.

Knowles and James (1973) determined the effect of bfanch
size on visual érade recerry of 50 mm x 100 mm radiafa pine scantling
(each log was divided into quartiles and the largest branch in each
longitudinal quarter section noted - the meaﬁ of the 16 branches measured
in this.way was called the branch size). They found that logs with branch
size less fhén 28 mm always gave'good grade yields since defects wére
small. For logs with branch size between 28 mm and 41 mm considerable
variation in grade proporttdns were experienced depending_on the sawing
patterﬁ/defect interaction. For logs with branch size between 41 mm and

53 mm, grades were always poor because of large defects. Mechanical
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grading was used to determine 'Mean E value per log'' and this generally
decreased with increasing branch size.

Fenton (1976) in a study on the economics of thinning
reports unpublished results showing that visually graded radiata pine
from Ashley Forest, N.Z. produced about the same proportionate yield of
framing grades from three different initial spacings. He gives the
following reason for this result. ''The proportion of larger logs,
albeit with larger branches, increases the chances of avoiding defects',
(Perhaps also the larger logs wére cut into larger sizes thus
decreasing the chance of downgrading.)

One of the few detailed yield studies undertaken on radiéta
pine in Australia is reported by Waugh, Wright and Barmes (1977), but
unfortunately full details have not been published. The aim of the
project was to study the influence of sité and silvicultural treatment
on log and tree characteristics and the contribution these factors may
have on influencing recovery, grade and,Qalue of sawn products,
Preliminary resuits only have been presented and these have indicated
that thé high site quality area produced 20% less valuable timber than
did the low site quality area when cutting predominantly boards., Most
of the reduction was said to be due to defects originating from
bran;hing characteristics (green and encased knots). The authors state
'This observation is consistent with the conclusions reached by Wright
(1967) that the larger branch size in the more rapidly growiné stands
at Aire Valley could influence the value of the timber for particular
end uses''. When producing predominantly scant]fng however this difference
‘reduced to 7% but this point was not taken further.

Booth (1969) evaluated the structural potential of some
plantation conifers grown in nofthern N.S.W. He investigated the grade
yields and timber strength properties of slash pine, patula pine and

loblolly pine stands of various ages and sites and also of a single
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30 year old stand of radiata pine. Results for slash, patula and
loblolly pines are discussed in section 4.5.6, The trees from the
radiata pine stand produced the following grade yields: 6% Fl14, 29% F11,
4o% F7, 18% Fh and 8% reject. No details were given about the
silvicultural treatment of any of the stands sampled.

External tree characteristics in radiata pine have been
studied by many researchers such as Jacobs (1938) and Fielding (1953),
(1960) and.(1967). Fielding (1967) studied the external charactéristics‘
of radiata pine on 2 sites of different site quality in the A.C.T. The
low quality site differed from the high quality site in having:

. Trunks with low taper.
. Thin buds.

- Thin short branches,

. Fewer branches per whorl,

1
2
3
4, Wide angled branches.
5
6. Thinner bark.

7

.. Lower green level,

Wright (1967) studied four‘localittes (age 16 years)
with emphasis on determining the effects of site on log quality in
stands of radiata pine in Victoria, Each area studied contained zones
with different site qualities. He found that taper generally decreased
as site index (S1) increased (within each locality), gfegn level increase
as S1 increased (the author observed that the locality-wifh the lowest
- 1 range had a low green crown and that the dead branches were Sound,
whéfeas the locality that produced the largest diameter trees (Aire
Valley) where rainfall was very high thus providing moist conditions
conducive to fungal attack, had higher green level and rotting dead
branches). Average branch diameter increased as Sl increased at 3
localities but the Aire Valley stands showed no significant increase in

branch diameter with increasing Sl. The average branch diameter was
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strongly related to tree diameter and was more or less independent
of locality.

Wright also observed that at the same stocking density,
average branch size was a function of tree diameter ndt of site quality,
except that low site index areas will eventually have larger branthes
(for the same tree diameter as high site quality areas) because
branches die more quickly in the high S1 area. Nodal swelling and
crown defect frequency generally increased with increasing S1. No
relationship was found between the occurrence of stem cones and S
within.any one locality, however, their occurrence varied widely
between localities. For example coning was very light in Aire Valley
stands (20% of trees had cones) whereas only very few of the sample
trees in.the other localities were without stem cones (about 90% of
trees had cones). |

Wright's observation that taper decreases as site index
increases was in contrast to that of Fiélding (op.cit.) who found that
taper was lower in the low quality site, However, Wright states that
his observation was in general agreement with that of Larson (1963),
who, in a general review of the subject of tree taper, concluded that
trees on poorer sites showed more taper than those on better sites.

Tree branch size has beeh studied by many researéhers,
especially the effects of spacing. Major reviews on this topic have
been presented by Sjolte-Jdrgensen (1967), Evert (1971) and Hamilton and
Christie (1974). |

Jacobs (1938), Cromer and Pawsey (1957) and Cromer (1961)
published much of the early Australian work on branch size in radiata
pine.plantations. |

| In New Zealand much work has been done in this area but

most is unpublished and only available as unqualified internal reports.
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Bunn (1970) published some branch size results from work by Sutton for
various spacings for six radiata pine sites. This work showed that
soil fertility had a marked influence on the initial stocking-branch
size relationship and that narrow spacings are required on some sites
to keep branch size at a reasonable level whereas on other lower
quality sites wider spacings achieve the same branch size results.
Further discussion on branch size and the way it is
affected by spacing and thinning is presented in Sectioﬁ 4.2 after

presentation of the branch size results.
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CHAPTER 3

EXPERIMENTAL METHOD

3.1 Stand Selection.

The intended stand selection and sampling methods are

described below:

].

Age class
(years)
14-20
21-27

- 28-34

>34

2.

Age stratification.

Table 3.1 shows the age groups that were to be sampled, the
area wifhin each group and the percentage of area within
each group. The 14 - 20 year group covers the period of
ffrstfthinning. The two middle groups cover sdbsequent
thinnings and the 35 year plus group covers the probable
range of age at clear felling. |

TABLE 3.1

Plantation area in various age classes (A.C.T.)

Plantation area Penrcentage 04
(Ha) Lotal area
1986 18%
882 - 8%
2155 - 20%
1816 17%
6839 - 63%

Total area 10,832 Ha at Décember, 1967.

Site index stratification.

Site index groupings were to be: below 60 feet (]8.3.m);

60 to 80 feet (18.3 m to 24.4 m); and above 80 feet (24.4 m).
Such site indices can also be used to identify site qualities
so that instead of reférring to the site index one might refer ~
to site quality. In this study site qualities 1, 2 and 3
refer to site indices of above 24.4 m, between 18.3 m and

24.4 m and below 18.3 m respectively.
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3. Stand density stratification.
Thinned and unthinned categories were to be sampled if
possible.
3.2 Three sample size.

The tree sample size required was determined by R.G. Buick
using previously unpublished work by Buick (1969) re]attng to the average
grade recovery of 34 year old stands containing three site qyalities.
This work produced a mean tree stress grade of 7.03 MPa with a standard
error of 0.859 MPa and standard deviation of 1.24 MPa.

It was assumed this result was typical for all age group-
site index group-stand density group combinations and that the mean tree
stress grade was to be estimated to within % 0}859 MPa unless a i in 20
chance occurs in sampling. The relationship used to detérm?ne sémple
size was

Sample size (n) = 2 52

Equation 3.1
E2 |

where t is Student's t value at n-1 df and 0.05 probability.
s is standard deviation.
E is the error specification.
For the data presented above the equation is solved for
n=10.8 (t =2.262 at 9 df) and therefore it was decided to sample 10

trees. per stratification.

3.3 Sampling siratification.

It was not possible to sample from each of the various
>combinations as.tntended because it was found that many of theﬁ did not
exist in the A.C.T. forests. Sampling hqwever did consist of the following
combinations:

1. Ten trees from compartment (cpt} 79, age 38 years and of
. varying site quality. This stand had been regularly thinned.
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2., Thirty trees from cpts. 104 and 105 both aged 36 years and
representing three site qualities (1, 2 and 3). Ten trees
were sampled from each site quality area. The stand had been
regularly thinned.

3. Forty trees from an unthinned, unpruned spacing trial in cpt.

139 aged 30 years. Ten trees were sampled from each spacing.
L, Ten trees from cpt. 149, age 23 years, unthinned.
5. Ten trees from cpt. 162a, age 19 years, unthinned.

Compartment details are given in Section 4.1.

3.4 Tree sampling method.

Within each stand sample trees were randomly selected
using row-tree coordinates involving the random selection of a compartment
row and then the random selection of a tree in that row. Edge affected

trees were not sampled.

3.5 Tree hulghi, branch size and Log diameter measurements.

| All trees were felled at the end of 1971. After felling
top heights and green level on all trees and all branch d{ameters on
some trees (merchantable length only) were mgasured and branch positions
along the trunk were noted to the nearest foot from the base of the
bottom log.

~ Trees were cross-cut into logs 16 feet 3 fnches long
(4.95 m). The‘#mall end of each log was painted yelTow to help identification
A1l logs were marked at the ends with their trée number and log position
class, using both crayon and aluminium tags. Under bark diameters were
meaéured‘at each end section.
Logs were trtmmed,‘sntgged; loaded and transported.to

 the A.C.T. research sawmil ] then.belong[ng to the Forestry.and Timber Bureau

now part of the CSIRO Division of Forest Research.
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3.6 Log conversion procedwre
Theoretical sawing patterns were drawn up according
to log size classes to give a range of sawn timber stzes: The patterns
are shown in Figure 3.1.
At the mill, logs were sorted into three diameter groups:

5 - 10 inches (127 - 254 mm); 11 - 14 inches (279 - 356 mm); greater
than 15 inches (381 mm). They were then sawn to the theoretical patterns,
one group at a time.

| The aim during sawing was to obtain maximum widths of
1% inch (38 mm) thicR material, the widths being 4, 6, 8, 10 and 12 inches
(102, 152, 203, 254 and 305 mm respectively) except for the centre of
larger logs. These were cut to yield a 4 inch (102 mm) flitch and
subsequently sawn to yield 4 x 1% inch (102 mm x 38 mm) pieces. Slabs
cut from the outside of fhe logs were resawn to yield 1 inch (25 mm)‘thick
boards of various widths.

| It was thought the cutttng pattern used would probably
achieve the optimum value recovery from radiata pine logs, a point which
has not been proven. A thickness of 1% inches (38 mm) rather than 2 inches
(51 mm) was chpsen after an inspection of the Light Timber,Framiﬁg Code
(Standards Association of Australia, 1975b., It appeared that, from the
point of Qfew of the timber user, 1% inches (38 mm) offergd the best
opportuhity of reducing the volume of timber, number of components and
in place cost of timber per house. Fbr example (using metric sizes) a
floor joist covering a 1.5 m span at 450 mmwspactng requires F8 grade‘
35 mm x 90 mm scantlings or F7 grade 45 mm x 90 mm scantlings. The
volume of timber required if the 45 x 90 mm stzeiwas used would be 29%
greater thén for the 35 x 90 mm size. The price differential between the

F8 and F7 grades is only about 5% thus making the 35 mm x 90 mm size far
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more economical to use. This assumption has since been borne out by
commercial practice because most radiata scantling s cut to 35 mm thick
sizes. The above analysis does not consider the effect of sawn thickness
on volumetric yield or grade recovery and thus on mt11 door value.
Present practice, however, is to apply a constant selling price per unit
volume to most scantling sizes; the only differential being a premium
for the hfgher grades.

The timber was actually converted (sawn, dried, and dressed)
in imperial sizes and metric sizes are now used for radiata pine. Table‘
3.2.shows a comparison between the actual.finished sizes and the nearest
metric equivalent. The results from the work have been assumed to apply

to the present metric sizes.

TABLE 3.2

Comparison of finished sizes (dry and dressed) with standard

metric finished sizes.

Finished size ~ Metnic size
{mm) (mm])

35 x 100 35 x90

35 x 150 35 x 140
35 x 200 35 x 190
22 x 75 19 x 70
22 x 100 19 x 90
22 x 125 19 x 120
22 x 150 19 x 140
22 x 175 19 x 170

Widths greater than 200 mm do not have present metric
sizes ie. metrication stopped at 200 mm. [t was intended the widths

larger than 200 mm would be eventually resawn into smaller widths; this
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was not done and these sizes were processed along with the others.
Particular attention was paid to sawing to the set

patterns with minimum timber loss and to identifying the slabs, cants
and f%nished sizes. Detailed instructions were given to each mill
operator (Appendix A). Black lumber crayon was used on sawn surfaces
and white aerosol paint for bark surfaces. The identification used was
the same as for the log, for example 12/1 for the butt log of tree 12,
with the addition of further identification of the part of the 169. For
example 12/1/1, 12/1/2, 12/1/3 for the first, second and third slabs and
12/1/4 for the cant or finished sizes. To reduce the chances of
misidéntificatidn pieces from each second log were spotted on the end
with white paint and the order of the logs being Qawn together with the
small end colour (yellow or white) was recorded on a.blackbﬁard visible
to the breast bench crew and the marker. The breast bench marker used
either a blaék lumber crayon or énﬁiﬁe felt tipped penvto mark tree, log,
part, and piece identtftcétfon on all ﬁieces near the end cdming from the
largest diameter end of the oriéinal log. Each piece was given an
identification serial number starting‘with 1 for the first piece and this
information, together with cross-section size in a coded form, was
recorded on prepared sheets. As each piece was marked the breast bénch
marker. deteted from the blackboard those parts that had been sawn.

-Each piece was painted with ah anti-sapstain solution and
then stacked into sepafate packs according to width, except for 1 inch
(25 mm) thick pieces which were stacked in a single pack. About 2860

samples were cut from the 100 sample trees.

3.7 Timber Seasoning.
All sawn timber was transported to the Integrated Forest

Products Pty. Ltd. (IFP) sawmill’near Canberra and kiln dried using
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standard commercial practice. Random checks using a resistance type
moisture meter during the weighing of the samples gave an average

moisture content of about 12% with little variation between samples.

3.8 Tdmber Grading.

After seasoning thé timber was machined to size and
shipped to the Department of Forestry of the Australian Natioﬁa] University
(A.N.U.). Unfortunately, the numbers applied with the blue felt pen |
faded'badly during processing and storage and many were unrecognizable.
Various methods were tried to restore the numbers but all proved useless.
Meta] tagging of each piece, combined with marking using a‘black felt
pen or crayon, (s now seen as necessary for accurate sémp]e-?deﬁtification
during processing. | ’

About 300 samples were affected by fading.most of these
in the 35 mm x 100 mm class. Many logs had to be eliminated from the
grade recovery study because of the loss of grade details in a large
proportion of the timber cut from those'logs. The extreme 1Imft'used
in this e]imfnatfbn was around 20% of recovered volume but was generally
about 5 to 10%. Détails of the procedure used for the eifminatibn'of‘

- particular logs are given in section 3.12.

Both visual and mechanical grading were used for the
scantling sizes (i.e. 35 mm finished thickness) énd visual grading for the
boards (22 mm finished thickness). Mechanical grading is usually less
conservative than vfsuallgrading, i.e. machine grading usually results in
timber being placed into higher grades than does visual grading. This
conservatism is further reinforced in that most mills do not differentiate
any,visua]~gfades higher than F5 (the average merchantable gradé). Visual.
grading judges on the basis of defects (knots, juvenile wood,lsloping grain
etc.) in relation to sample size and end use. Machine grade, howéver, is

dependent on timber stiffness;itself dependent, among other things, on
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the interactions between density and defects. As density decreases and/or

as defect size increases the machine grade would tend to decrease.

3.8.1 Machine grading.

Most of the timber was mechanically graded.using the
AN.U. Department of Forestry's Computermatic grading machine. After the
initial work was halted 400 lengths sti]lvfemained; ~ these were subsequently
graded using the Computermatfc machine of the W6od Technology and Foresf
Research Division (WT&FRD), Forestry Commission of N.S.W. At this time
records of the original work were obtained and the project recommenced.

The Computermatic machine measures the deflection.of the
timber as it is loaded on the wide face with a predetermihed'force-over
~a 36 inch (914 mm) span. ,fhe force is applied continuously on the timber
whilst it Is moving through the machine.  The machine»alsb measures initial
(ﬁnloaded) curvature over an identical span and a small computer calculates
the oyerall net deflection caused by the applied load at 6 inch (152 mm)
intervals along the timber. The computer can be programmed to spray
various colours on to the tested timber to Indicate up to 4 Modulus of
Elasticity (ME) ranges and a reject range. (Thé-standard'metﬁod of
measurement of ME is defined in tﬁe Standards Association of Austra]ia
AS1749, 1978). The WT&FRD Computermatic grader can ptint‘out_the actual
deflection Values measured by the machinev- a facilfty unavailable on the
ANU machine. This facility eliminated the need to machine gréde the timber
more than once. |

The Computermatic is capable of discriminating 5 ME ranges
in a single pass. To grade timber over more than 5 ranges the grading

at the ANU was carried out in three stages as described below:
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Stage 1: All pieces were graded using a program to discriminate five

ME ranges as follows (all units are GPa):

Range 1
Range 2
Range 3
Range L

Range 5

>8.28
6.90 to 8.28
5.52 to 6.90
h.14 to 5.52
<b.1h

If a piece achieved a minimum ME anywhere along its length within Range 1

it was accepted for Stage 2.

Stage 2: Pieces with ME >8.28 were graded using a program to discriminate

fivé ME ranges as follows:

Range |

Range 2

Range 3
Range &4

Range 5

>12.42

11.04 to 12.42
9.66 to 11.04
8.28 to 9.66
<8.28

- If a piece achieved a minimum ME anywhere along its length within Range 1

it was accepted for Stage 3.

Stage 3: Pieces with ME >12.42 were graded using a program to discriminate

five ME ranges as follows:

Range 1
Range 2

Range 3

=

Range

T

‘Range

>16.56

15.18 to 16.56
13.80 to 15.18
12.42 to 13.80

<12.42

A summary Bf the three grading stages is shown in Table 3.3 together with

the grade coding system used and the F grades assigned to the various ME

ranges.
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TABLE 3.3

Main program details for grading using the ANU Computermatic

Moduus of Colour coding for the Grading = Assigned

Elasticity various grading stages Code F

tange Stage 1 Stage 2 Stage 3 Grade

>16.56 - - - 0 11
15.18 to 16.56 - - Green 1 11
13.80 to 15.18 inc. - - - Yellow 2 11
12.42 to 13.80 inc. - - Purple 3 11

- 11.04 to 12.42 ine, - Green Red 4 11
9.66 to 11.04 inc. - Yellow 5 8
8.28 to 9.66 inc. - Purple 6 8
6.90 to 8.28 inc. Green  Red 7 7
5.52 to 6.90 inc. VYellow 8 5
4L.14 to 5.52 inc. Purple 9 4

<4 14 Red 10 reject

| Some pieces were graded to slightly different programs
to those in Table 3.3 and these are §hqwn»in Table 3.4. .The reason for
the different programs is not known. However, the three stage grading
method was used for the other programs as well. The extreme fibre stresses
applied were as follows:
Stage 1 - - 11.13 MPa
Stage 2 - 18.44 MPa

Stage 3 - 33.16 MPa

In Tables 3.3 and 3.4 the F grédes are assigned.using the
current Forestry Commission of N.s.w, softwoqd grading programs (Appendix B).

The machine grading at fhe WT&FRD was carried out Qéing
an extreme fibre stress of 11.08 MPa and ME grade ranges are shown in

Table 3.5. This grading was designed to follow the coding used for the ANU
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grading (Table 3.3).

TABLE 3.4

Secondary program details for grading using the ANU Computermatic

Modulus of Colour coding gor the Grading Assigned
Elasticity various ghading stages Code F
range ' Grade
(GPa) Stage 1 Stage 2  Stage 3 :
>19.32 - - - 91 11
14,49 to 19.32 - - Green 92 11
11.04 to 14.49 inc. - - Yellow 93 1
8.63 to 11.04 inc. - Green  Purple 94 8
7.45 to 8.63 inc, - Yellow Red 95 S
6.56 to 7.45 incGreen Purple » 96 5
5.52 to 6.56 incYellow  Red 97 “ 5
L. 14 to 5.52 incPurple : 98 g
< 4,14 Red 99 reject
TABLE 3.5

Program detalls for grading using the Forestry Commission of

N.S.W. Computermatic

Modulus of Computermatic Grading Assigned

Elasticity deflection v Code F

range : values Grade

(GPa] (0.719mm units)

>16.56 ' 13 0 11
15.18 to 16.56 14 1 11
13.80 to 15.18 inc. 15 2 11
12.42 to 13.80 inc. 16,17 3 N
11.04 to 12.42 inc, 18-20 L 11.
9.66 to 11.04 inc. 21-23 5 8
8.28 to 9.66 tnc.  24-27 6 8
6.90 to 8.28 inc. 28-32 7 7
5.52 to 6.90 inc. 33-41 8 5
b4 to 5.52 inc.  h2-55 9 4
<4 14 >55 10 reject
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3.8.2 Visual grading.

| 35 mm thick material was visually graded using the then
current visual grading rules (AS1490 - 1973), Standards Association of
Australia (1973). The grades discriminated and their codes are given

in Table 3.6.

TABLE 3.6

Code Numbers assigned to the visual scantling grades.

AS1490 grade : Grading code
F11 6
F 8 7
F 7 8
F5 9
F 5 Heart In 11
Reject 10

Since AS1490 was issued in 1973, a new assessment of the mechanical
properties of clear, seasoned radiata'pine_has been carried‘oﬁt by CSIRO,
(Ditehburne, KZoot:and Rumball, 1975) This assessment indicated that the
species should be allocated to strength group SD6 not sb7, és previously
specified in the Timber Engineering Code (Standards Associatian of
Australia, 1975q), As a result the stress grades of the visual grades of
‘radiata pine which did not contain corewood were increased by one step,
i.e. F5 should become F7 etﬁ. This increase is not applicable to F5
heart-in stud grade (F5HI) since its stress rating is not based oﬁ clear
“wood properties but on the results of testing fu]lvsize‘scantlings. The
range of visual grades however was reduced to three; F8,‘F7 and F5,
‘excfuding the heart-in grades. The change in grading rules had lfttie

effect on the results of this work because the difference in defect size
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allowances between grades is small. [n practice the apparent benefit
of the various visual grades is not usually realized by the timber producer
because of the difficulty in discriminating between the higher grades
economically. Consequently much of the visually graded scantling in
Australia is graded to a maximum of FS. |

The boards were visually graded to ASO72-1969 (S.A.A.,1969).
The grades and the codes used are given in Table 3.7. This standard was

metricated in 1973 and issued as AS1489-1973.

TABLE 3.7

. Code Numbers assigned to the board grades

AS072 ghade ~ Grading Code

Clear 1
Joinery 2
Select 3
Standard L
Reject 5

3.9 T.imben sampling for destructive tesits,

Thé Computermatic machine of the Forestry Commission of
N.S.W. and a device known as a Mnemotype (Grant, 1977) were.used fo provide
defleﬁtion readings of some 400 pieces. These Iengths'fepresented the
majority of,thé 35 mm x 150 mm and 35 mh X 200 mm sizes. The Mnemotybe,
when connected to the Computermatic, records and then prints each deflection
value measured. The unit was also used to provide accurate indicafion
of each piece's lowest stiffness zone. [t was intended that each pieée
would be tested_In a static machine, at the point of lowest stiffness, in
bending on the wide and narrow faces and then tested to destruction on the
narrow face. This information was to be uéed to provide'strength data for

radiata pine of 35 mm x 150 mm and 35 mm x 200 mm section sizes since
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little is known of the stiffness-strength properties of radiata pine
in these sizes. Approximately 100 samples randomly selected from the
35 mm x 100 mm pieces were also tested (these samples were taken by

Mr Buick during the original grading at the Department of Forestry).

3.10 Other measuwrements.

Most of the timber was weighed and lengths were measured
to the nearest foot. The moisture content of about 20% of the pieces
was measured using a resistance type moisture meter (it was found to be
about 12% in most samples).

Twist, spring and bow were measured for all 35 mm'thick
samples using the methods described in AS1490-1973. |

The presence or otherwise of pith was noted for éach
scantling piece. The coding used was as follows:

1. indicated the presence of pith in the piece.
2. Indicafed that part of the piece was close to,the‘pith.

3. indicated that there was no evidence of juvenile timber in the

piece.

3.11 Data Recording.

Computer coding forms were used to record the vafious
details, grades, measurements etc. for each piece of timber.v These forms
Includgd the following information for each piece:

(listed in the same order the items appear in the computer file listed as

Appendix C)

Serial number of the piece (ltem 1)

Tree number (2), Log position class (3), part of log (4)

Width in 1/1g inch units (5), Thickness in 16 inch units (6)
Léngth of piece in feet (7)

Weight of piece in grams (8)

Visual grade (9) |

Mechanical grade (10)
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Overall twist (11)
Overall .spring (12)
Overall bow (13)
Moisture content (14)

Presence or otherwise of pith (15)
Data were punched from thesé forms on to computer cards.
The data were sorted into tree and log order so that individual log

yields could be checked and evaluated. An extract from Appendix C is

given as Table 3.8 for Tree and Log numbers 1/5, 2/1 and 2/2,

3.12 Checking of Log yields forn neconding errons.

Pieces of timber recordéd as Being cut frém each log
during sawmilling-were drawn on squared paper in a reassembfed form in an
attempt to identify any incorrectly recorded pieces. This procedure
was found to be invaluable in eliminating incorrectly recorded pieces.
Some pieces were found to be incorrectly recorded despite the various
methods employgd to avoid this during milling and this work was seen
as a necessary part of error elimination.

Some 26 logs were eliminated because of incorrect data
recording and a small number of pieces were reassigned to other logs
using a légical method based on the serial proximity of the incorrectly
recorded pieces to logs with suitable missing sections of recorded
material. This was possible because the order of cutting the logs‘wés
known. |
| Very few logs were cut using an incorrect sawfng pattern
and no logs were eliminated because of this.

The total number of logs remaining in each age class
were:

184, 153, 32 and 26 logs in the 36-38, 30, 23 and 19 year age classes

respectively.



TABLE 3.8

Example of sample piece data after sorting into

tree and log order

-359,0——1-4—4—96-24-15-11660—9 -5 69 -2 0.3 ——
350.0 1 42 96 24 15 11480 7 61911 2 o0 3
35840 —-l-4-4-128 24.15-15100-11 65 1 1 02
352.0 1 4 64 128 24 15 14750 7 6 4 4 3 0 3

~107¢0— —-1-5-1-- 6481612 3704 3 0 0 0 0 00 _
110,0 153 6416 9 3621 3 0 0 0 0 00

~109¢0—1-5-4— 642416 7470 11 722 5 2 0.1
108,0 154 64 264 16 7680 11 7 8 3 1 01
58940 2 1148161657025 0 0 0 0 0.0 __
603,0 21 4 641616 7122 3 0 0 0 0 00
59940 - 2-1-4- 64 16 15 6584..3 .00 .0..0-0.0 Q.
597.0 21 4 64 24 16 8710 893 1 5 0 123
59840 — 2 l-4--64 24 16 8446 .8 964..0 3 0 .0 3
593,0 21 4 64 24 15 8137 9 9 2 3 0 12 3
'594,0 2 1 4 64 24 15 7630 9 9 6 6.1 11 3
95,0 2 1 ¢ 64 24 15 7096 10 97 4 8 0 10 2
59640 -2 1 4 64 26 16 7244 11 9915 13 .4 11 1
584,0 212 8016 6 3824 1 0 0 0 0 00
591,0 21 3 1121611 9177 3 0 0 0 0 00
"592,0 2 1 3 128 24 16 19010 8 5 313 4 0 3
*590,0 2 1 1 128 24 16 18740- 7 5 1 7 1 03 .
85,0 2 1 2 128 24 11 13920 6 6 2 6 1 01
*604,0 2 1 & 160 24 16 0 7 0 8 0 0 S0
'802.0 2 1 4 160 24 16 0 79 0 & 0110
6010 2 1 4 192 24 16-- 0 6-96 0 -6 0-100 -
600.0 2 1 4 192 24 16 0 796 0 0 0100
%600.1 2 1 4 192 24 15 0 697 0 0 011 0
*588,0 2 1 4 192 24 15 0 10 97 0 0 0 100
"574,0 223 48 1613 4578 5 0 0 0 0 00
83,0 224 641616 5702 5 0 0 0 0 0O
582,0 2 2 4 64 24 16 7826 -8 94--1-2 011 3
581,0 22 4 64 24 16 8045 894 2 2 011 3
579,0 22 & 64 24 15 8257 8 9 3 3 0123
57840 2 2 & 64 24 16 8260 8 94 2 2 011 3
573,0 22 3 64 2415 8710 7 9+ 3 4 0 12 3
579.,1 22 & 64 24 16 7554 997 S 2 311 2
-58Q0,0 -2 2 4 64 2416 7136 10 98-18.-3 0 11-1
571,0 221 9 1616 9608 5 0 0 0 0 00
586,0 22 4 11216 9 6950 5 0 0 0 0 00
S87.0 22 &4 128 24 16 17620 6 & 2 2 1 03
572,00 2 2 2 128 24-16-18050 7 S 3 4 1-00
S577.0 2 2 4 192 24 16 0 89 0 0 0 90
- 595,0 ~~2 2 4192 24-16 - - -0--6-95 4-7-—-0-9-0 -
578,1 2 2 4 192 24 16 0 996 0 5 010 0
-57640- 2 8 98 .0-0-2100

2 4192 2416 - 0
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3.13 Pdlece volumes, visual grade value and mechanical grade value.

A computer program called TEDYP (listed as Appendix D)

\

was used for initial manipulation of the data on an individual piece

basis.

1.

The program did the following:

Converted the visual and mechanical grade codes into actual
F ratings according to Tables 3.3, 3.4 and 3.6.

Changed the board grade codes to those listed in Table 3.9 to

avoid confusion between board and scantling grades.

Checked the amount of twist against the maximum allowable of
0.45 x width and downgraded the sample to reject if the limit

was exceeded.

Calculated rough sawn (unfinished) volumes and finished (dry,

dressed) volumes.

Calculated "likely rough-sawn volume'' and ''likely machined
volume' for pieces that did not have a recofded length

measurement. The assumed length in this case was 4.88 m.
Such samples were amongSt those that had lost their serial

numbers during processing.
Calculated the air dry densify.

Calculated the relative ex mill door monetary value of each
sample using relative grade values. The values used were those
used by IFP,the major A.C.T. sawmiller, and are average figures
(Table 3.10). The actual value of any particular grade would
change from time to time depending on supply and demand
conditions. At any one time IFP apply a constant price for alT_

sizes produced and therefore no size premium was applied in the

~calculations. Board production is normally given low priority

in an increasing scantling market and, in general, the percentage
volume of boards produced in an average mill would be similar to
that produced in this study (for the same log sizes). The
current practice at IFP is to separate boards into only .two
grades - a pass grade including all grades above reject and'a‘
reject grade. It is apparently unprofitable for the company to

separate the board stock into more than one pass grade. Relative
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grade values for scantling and boards are given in Table 3.10.

3

Note: Value is given on a units per m” basis with F5 as the base at
100 units/m3. Actual values can be calculated by multiplying
the calculated relative value by the current ex mill door

value of F5 grade.

TABLE 3.9

Code numbers assigned to the board grades (reassignment)

AS072 grade Grading -code
Clear | , 21
Joinery 22
Select 23
Standard : 24
Reject , 25

TABLE 3.10

Relative grade values for boards and scantling (note F5 = 100 unit$

(a) Scantling (b) Boands
F grade Relative value Grade Relative value
- per cubic m per cublc m
11 125 ' Clear 140
115 Joinery - 1ho
110 Select . 140
5 100 Standard 140
SHI 100 Reject 80
y 80 ‘ '
reject 50

Program TEDYP was used to generate a series of data files

with each file containing the results for a group of 10 trees. The files
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were called the TYL series with TYLO] containing data from trees 1 to 10,
TYLI1 containing data from trees 11 to 20 and so on. The TYL files are
listed as appendix E with each file containing the fo]]owing information
for each piece: (listed in the same order as the data items appear in

Appendix E, all measurements in mm unless shown differently).

Serial number of the piece (ltem 1)
Tree number (2), Log position class (3), part of log (4)
Sawn width (5), machined width (6)
Sawn thickness (7), machined thickness (8)
Length (m) (9)
Twist (10), Spring (11), Bow (12)
Moisture content % (13)
Presence or absence of pith (14)
Air dry density Kg/cubic m (15)
Sawn volume x 1073 cubic m (16)
Board value (sawn volume) (17)
_Scantling, visual grade value (sawn) (18)
Scantling, machine grade value (sawn) (19)
Machined volume x 1073 cubic m (20)
Board grade (21), Board value (machined volume) (22)
‘Scantling visual grade (23)
Scantling visual grade value (machined volume) (24)
Scantling machine grade (25)
Scantling machine grade value (machined volume) (26)
Likely sawn volume x 1073 cubic m (27) v
Likely machined volume x 1073 cubic m (28)

3.14 Log volumes and Log values.

Data from the TYL series files were used as input for a
program TDGYLP (listed as Appendix F). The program calculated total
recovered volume and total value for all logs individually including
estimated volumes and values for logs containing timber that.was ungraded

(Eecause of loss of piece number). It also calculated the percentage of
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each log that was ungraded so that certain logs could be eliminated from

the later work. 100 units of va]ue/m3

3

was assumed for the ungraded

scantlings and 115 units/m”~ for the boards. These values were chosen

because they represented the average value for the particular piece type.
Program TDGYLP generated the following data for each log using TYL series

files:

Tree number (1), log position class (2)

Mean density of recovered timber kg/m3 (3)

Total sawn and machined volume x ]0-3 cubic m (&)

Total board value recovered (5) _

Total scantling value recovered based on visual grade (6)

Total scantling value recovered based on machine grade (7)

Totél board value + total scantling value (visual grade) (8)

Total board value + total scantling value (machine grade) (9)

Volume of board material recovered as a percentage of total
recovered volume (10)

Value of board material recovered as a percentage of total board
value plus total scantling vailue (visual grade) (11) -

Value of board material recovefed as a percentage of total board
‘value plus total scantling value (machine grade) (12)

ltems (4) to (12) with projected volumes and values included

‘Volume of log ungraded as a percentage of graded volume (13)

Vé]ue of ungraded samples as a percentage of log value as determined

~ from actual visual and mechanical grades (14)
Generally the limit used to eliminate logs because of lack
of data was abodt 5% to 10% of total graded volume (ltem 13 above) i.e. if .
a log had 90% to 95% or more of its timber actually graded then it was
retained in the TYL data files for further analysis. If not it was

eliminated from these files,

'3.15 Branch size.
The size and distance from the ground of all branches on

the merchantable part of the stems of 71 trees were recorded at the time
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of felling. The serial numbers of the trees concerned and their compartment
numbers are given in Table 3.11. Complete branch size data (mm) together
with tree heights (ft) and log end diameters under bark (inches) are listed

in Appendix G.

TABLE 3.11

Compartment and serial numbers of the trees that had their"

branch sizes measured

Compartment No. ‘ No. of trees measured Tree senial No.
“ 79 10 1 to 10

104, 105 (sQ1) 3 84, 88, 90

104, 105 (5Q2) 3 61, 62, 63

104, 105 (sQ3) -5 - 7k, 75, 77, 79, &
139 4o 11 to 50
149 5 92, 94, 95, 99, 1C

Branch size was analysed on an individual log basis so

that the effect on log values and log grade recoveries could be determined,
rather than considering branch size at particular points along the trunk
and trying to develop general models. The following branch size
statistics were determined for each log:

Total number of branches (BN)

Mean branch size (BS)

Size of the largest branch (BSMAX)

Mean of the largest 5 branches (BS5)

Mean of the largest 10 branches (BSfO)
Mean of the largest 15 branches (BS15)

Other statistics calculated included standard deviation,
standardized skewness, standardized kurtosis and frequency distribution.,

They were generated by the particular computer program used for the
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analysis. The program used to generate the branch statistics was a
modified NSW Forestry Commission program TMOAGR Grant (1975) ﬁormally
used to determine univariate parameters of strength for various timber
grades. However the program, apart from calculating various statistics,
orders the data and was easily modified to calculate the mean of the -
largest 5, 10 and 15 branches. The modified program was called TMAGR
and is listed as Appendix H. A sample printout from TMAGR is shown in
Table 3.12 for tree 7 log position class 2. This is a typical loé with
the branch size distribution showing positive skewness.

The means of the largest 5, 10 and 15 branches per log
were calculated because it was thought they could be a better inditator‘
of the effect of branches on value than the maximum branch sfze, because
the overall average grade of timber cut from a log is affected more by
a nﬁmber.of largg knots rather than by just a single knot.

The program also converted the tree height and log

diameters into metric units.

3.16 Preparation of Log volume, Log value and branch size data fon
analysis .
' Data relating to log size, recovered volume, values and
branch'sfze were combined and entered into file T585R, listed as Appendix I.
The file contains the following information for each log: (listed in the

_same order as the data items appear in the Appendix).

Tree number (1), log position class (2)

Small end diameter under bark (sedub) mm (3)

Large end diameter under bark (ledub) mm (4)

Machined volume of timber recovered x 10—3 m3 (VRec) (5)

Percentage of VRec cut into boards (6)

Total value of log ie boards + scantling visually graded (VW) (7)
Total value of log ieboards + scantling mechanically graded (MV) (8)

Average air dry density of recovered timber kg/m3 (9)
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TABLE 3.12

Sample printout of branch size statistics for tree 7, log

position class 2

11,08/79
TOBS79

[REE=_ 7 | 0G=2 HT=31.70 GN CROWN HT=15,54 0US1=330 DUB2=30S5

= 4h MEAN= 23,93 MEAM IN(X)= 3,064
MAX= 52,00 S.De= 11,77 SO LN(X)= +56
MIN= S5,00 C.V.= 49,18% C,v | M(x)= 18,58% .
SKe= «37 SK  LN(X)= «~,56 (N DIST=0)
KR W= 2,28 xUR _IN(X)= 2.,A (N DIST=3.2ECT=]1,8.,EXP=8
NORMAL DIST 1740 | QW PROA= .39 MPA

LOG TRANSF 1740 LOW PROB= 6.74 MPA

ASTM D2915 1/40 LOW PROB= 5.35 mPA

PEARSON 1740 | Ow PROB=
RANGE FREQ %FREAQ  #CUM FREAQ

S.0 =< 7,5 2 4.3 4,3
7.5 =< 10,0 3 6.5 10,9
10.0 =< 12.5 4 8.7 19.6
12.5 =< 1S.0 2 4,3 23.9
15,0 =< 17.5 7 15.2 " 39,1
17.5 =< 20,0 2 @3 43,5
20,0 =< 22.5 3 6.5 50.0
22.5 =< 25.0 1 222 52.2
25,0 =< 27.5 4 8.7 60.9
27.5 =< 30.0 3 6.5 67,4
30,0 =< 32.5 4 8.7 6.1
_32.5_=<_35.0 2. 4.3 80.4
35,0 =< 37.5 1 2.2 82.6
37,5 =<.40.,0____3 6.5 89.1
4000 =<'42I5 1 2.2 qlo3
45,0 =< 47,5 1 2.2 97.8
47,5 =< 50.0 0 .0 97.8
50,0 =< 52.5 1 2.2 100.0

ORDERED ARRAY OFf BRANCH SIZES IN MM,

5 7 8 8 8 10 11 11 12 14 s 15 16 1/ 16 317 17
17 18 19 22 22 22 24 25 25 25 27 28 28 28 3n 31
3] 32 33 34 36 38 38 38 4] - 4344 45 52 :

MEAN _OF | ARGEST S BRANCHES=45.0 10 BRANCHES=40.9 15 BRANCHFS=37.7



42,

Estimated volume of timber ungraded as a % of volume graded (10)
Log size class (not used) (ll)
BN (12), BS (13), BSMAX (14), BS5 (15), BS10 (16), BSI5 (17)

Note: |If an unacceptable percentage of timber was ungraded from any
particular log (ie. greater than about 10%) the projected values (described
in section 3.14) were not included in T585R. Projected volumes for these
logs were included, however, because the only assumption made ‘was that the
pieces cut from them were 4.88 m long and any errdrs resulting from thi§
assumption would be small.

Data from file T585R was used to calculate percentage
récoveries for each 1og and log values /m3 of log and log valugs /rn3 of

product. Log volume was determined using the Smalian formula

ie. Volume = (E—%—E)L

where § and s are the sectional areas of the ends of the log

and L is the log length.

The program used was named T585MP and is listed as Appendix J. Calculated
results for logs with known values were filed under T585RM'aﬁd consisted of
the following information for each log: (listed in the same order as the
data items appeér in Appendix K which is a listing of T585RM ordered in terms

of log position class and named T5855L) .

Tree number (1), log position class (2), -sedub (3), ledub (4)
Calculated log volume x 10 -3 3 (8)

Machine volume of timber recovered x 1073 n’ (6)

Percentage of log volume recovered (7)

BN (8), BS (9), BSMAX (10), BS5 (11), 5510 (12), (13)

MV per cubic m of log (MV/mBL) (14)

VV per cubic m of log (VV/m3L) (15)
MV per cubic m of product volume (MV/m3P) (16)

VV per cubic m of product vo]ume (VV/m3P) (17)

The results given above were used to calculate average

product values (as a percentage of volume) for each log position class for
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each sampling stratification. All logs recovered from each group (listed
in T585R) were included in the calculations ie. estimates are based on
the total sample in each stratification (maximum of 10 logs). The values
calculated were as follows:

Total MV/mL called TMV/mL , TVV/moL, TMV/moP and TVV/mP.

3.17 Grade yields.

3.17.1 Grade yields from the individual logs

Grade yields from each log were calculéted using program
TDYLPP., Thfs progfam used the TYL series files as input (Appendix E).
Note.that the biece data from logs containing more than the maximum
allowable percentage of ungradgd timber were eliminated from the TYL
files before the grade yields were determined (see section 3.14). Any
ungraded pieces retained were assigned the average grade.of F5 for both the

visual and meﬁhéhical grades.

The data printout of the calculations of grade yields was
in the formét shown in Table 3.13. The first line gives the total machined
volume of timber in each machiﬁe grade - F11, F8, F7, F5, F4, Reject and
then total scantling volume respectively. Thé 2nd line gives the percentages

in each machine grade directly below the volume recoveries.

TABLE - 3.13

Grade yields for timber recovered from tree ]4 log position

" class 4 (see text for explanation of table, section 3.17,1)

TREE 74 LOG 4

1 <00 16.76 15.72 15.72 .00 (00 48,20
aU%  34,68% 32.6% 32.6% 0% 0%
«00 W00 «00 .00 48,20 W00 4820
T .00 7e42 7.42 .00 14,84
-3

 Note all volumes are xI10 cubic m.
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The third and fourth lines give results for the visual
grades in the same manner ie. F11, F8, F7, F5, FS5HI, Reject, Total and
then percentage yields underneath.

The fifth line gives the volume of timber in each board
grade - clear, joinery, select, standard, reject and total board vo lume
recovered. The sixth line gives‘the percentages in each board grade

directly below the volume recoveries.

3.17.2 Grade yields from the strafified log groups.

The modified TYL series files described in section 3.17.1
(ie. after elimination of the piece data for logs containing more than the
maximum allowable pefcentage of ungraded timber) were each sorted according
to log posftion classes. These files were called TYL1IS, TYLLIIS etc.
File TYLIISklisted in Appendix L as an example.Program TDYLPP after slight
modification (the modified program is listed in Appendix M) was used
with the TYLS files as input to calculate grade yields on a log position
class basis for each sampling stratification. An example of the output
from TDYLPP (Modified) is given in table 3.14. The explanation of tﬁe
meaning‘of the various data items is identical to that presented in section

3.17.1 when Téb]e 3.13 was described.

'3.17.3  Adpparent average whole tree grade yields from each
stratification. ' , ‘

The grade Yields from the stratified iOQ groups (see
Section 3.17.2) were used to determine apparent average whole tree grade
yields for all sample groups other than cpt 79 (Cpt 79 was the only
strafificatioh where full grade yield data was available for all 10
sample trees). The word apparent indicates that caution must be used whermr
applying the calculated yields for that particular stratification becéuse
sometimes, small, unequal numbers of logs were recovered_from the various

log positions.
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The apparent average whole tree yields were determined
from either the lower 3 or 4 log position classes, as indicated for the
particular stand in Chapter 4, by calculating the mean volume/log in
each grade for each log position, summing these for all the logs considered

and then determining the resulting grade yie]ds.>

TABLE 3.14

Grade yields for timber recovered from all logs in

the various log position classes for compartment 162a

L0G HEIGHT CLASS= 1 '
00 11452 13.62 99,54 64.96 80,68 270.32
0% 443% 5.0% 36.8% 24,0% 29.8%

«00 25.15 «00 33.53 147.73 63.91 270.32
0% 9.3% 0% 12.4% 54.7% 23.6%

-« 00 6.43 56.29 9.33 15.59 87,64
0% Te3% 64e2% 10,6 17.8%

LOG HEIGHT CLASS= 2 ‘
«00 «00 62.86 66.01 50,29  L00 179,16
0% 0% 35.1% 36.8% 28,1% 0%

00 «00 13.62 15,72 133,06 16.76 179.16
o 0% « 0% 7.6% B.8% T4e3%  9.4%

L00 .00 20.78 10.00 17.92 48,69
0% 0% 42.7% 20.5% 36.8%

LOG HEIGHT CLASS= 3
000 «00 16.76 50.29 «00 ~«00 67406
.0% 0% 25.0% 75.0% W 0% e 0%

W00 .00 <00 00 67.06 W00 67.06

«0% « 0% «0% 0% 100.0% 0%
« 00 «00 .00 6.43 58,95 65,38

0% 0% «0% 9,8% 90.,2%
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CHAPTER 4

RESULTS AND DISCUSSION

.1 Stand histories and mean tree sizes fon the sampled compartments.

Stand histories are presented in Tables 4.1 to 4.5. Mean
height and mean diémeter data for the trees sampled from the various
stratifications are presented in Tables 4.6 to 4.10. Figﬁre L1 is a
pictorial representation of the samﬁled stands depicting mean height,
mean green crown level and mean tree diameter at approximately 5 m
above ground of the trees sampled from each compartment. This figure
illustrates the general effect of age,vspaéiné and'site qua]ity on free
size.

Cpt. 162a as expected had the smallest trees because it
was the youngest sampled. This compartment was planted at 8 feet by
8 feet (2.44 m x 2.44 m) spacing and was unthiﬁned’at the sampliné age of
19 years, _ ; |

Cpt. 149 planted ét.g feet by 9 feet (2.7 m x 2.74 m)
and unthinned when sampled at age 23 was the second youngest stand. Thé
mean size of the ﬁrees from this stand was in between the mean size of the
trees sampled from the 6 feet by 6 feet (1.83 m x 1.83 m) and the 8 feet
by 8'feet‘(2.4h.m x 2.44 m) spacings of cpt. 139 (agev30 years when sampled).
Assuming'simifar site qualities fdr cptS. 139 and 149 this result indicates
that trees achieQe a merchantable size afvan earlier age if planted‘at
wider spacings.

The spacing trial in cpt. 139 produced taller and larger
diamefer trees as spacing increased. There was a significant linear trend-
in the relationship between tree diameter and spacing. This»relationship,
is illustrated in Figure 4,2, There was also a significant linear

relationship between mean tree height and spacing but no significant
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TABLE 4.1

Stand history for Compartment 79

Year planted 1933

Seed stock Uriarra Nursery seedlings from Cooper's
New Zealand stock.

Initial spacing 12 feet x 12 feet (3.66 m x 3.66 m)

Pruning history No records available but probably low pruned to

' 2.4 m, :

Thinning history Thinned 1948, 53, 56, 59, 63, 70 ie. at ages 15,
20, 23, 26, 30, 37.

Site quality Insufficient information to determine site quality.

Site probably had areas of SQl, SQ2 and SQ3.

TABLE L4.2

Stand history for compartments 104 and 105

Year planted 1935

Seed stock No record

initial spacing 12 feet x 12 feet (3.66 m x 3.66 m)
Pruning history Low pruned to 2.4 m.

Thinning history
(Cpt.104) Thinned 1951, 55, 60, 70 fie. at ages 16, 20, 25, 35.

Thinning history .
(Cpt.105)  Thinned 1954, 57, 60, 64, 70 ie. at ages 19, 22, 25,
31, 35. '

Site quality Areas of SQl, SQ2 and SQ3.

TABLE 4.3

Stand history for compartment 139 (spacing trial)

Year plénted 1941

Seed stock: ' no record.

Initial spacing L inttial spacings in trial area.
Pruning history unpruned.

Thinning history unthinned.

Site quality 3



Year planted
Seed stock
Initial spacing
Pruning history
Thinning history
Site quality

TABLE 4.4

Stand history for compartment 149

1948

No record

9 feet x 9 feet (2.74 m x 2.74 m)

43.

Pruned at age 13 to between 1.2 m and 2.4 m.

Unthinned
2

Year planted
Seed stock
Initial spacing
Pruning history
Thinning history
Site quality

TABLE 4.5

Stand history for compartment 162a

1952

No record

8 feet x 8 feet (2.44 m x 2.44 m)

Pruned at age 8 to 1.2 m.
Unthinned
Areas of SQI1, SQ2 and SQ3.

TABLE 4.6

Summary of mean height and diameter data‘for the trees sampled

(Note: coefficient of variation is shown in brackets)

fromvcompartment 79

Tree age when felled 38 vears
Number of trees measured : 10
Tree serial numbers assigned 1 to 10

Mean tree height (m)

Mean green crown level (m)

Mean dub at ground (mm) ' 503
Mean dub at 4.95 m (mm) 396
Mean dub at 9.91 m (mm) ) 356
Mean dub at 14.86 m (mm) - 313
Mean dub at 19.81 m (mm) 267
Mean dub at 24.77 m (mm) | 209+

*Mean diameter at 24.77m is for 9 trees.

36.24 (10%)
16.06 (11%)

(26%)
(21%)
(20%)
(25%)
(26%)

(32%)
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TABLE 4.7

Summary of mean height and diameter data for the trees sampled from
compartments 104 and 105

(Note: coefficient of variation is shown in brackets)

Site quality of sample stand 1 2 3
Tree age when felled (years) 36 36 36
Tree serial numbers assigned 81 to 90 61 to 70 71 to 80
Number of trees measured : 8 8 7
Mean tree height (m) 35.17 ( 7%) 33.78 ( 4%) 31.26 ( 5%)
Mean green crown level (m) 14.63 (18%) 13.87 (16%) 14.37 (20%)
Mean dub at ground (mm) 407 (14%) 368 (13%3) 348 (11%)
Mean dub at 4.95 m (mm) , 30 (11%) 308 (10%) 287 (13%)
Mean dub at 9.91 m (mm) 298 (12%) 282 (9%) 251 (12%)
Mean dub at 14,86 m (mm) 260 (12%) 251 (11%) 221 (12%)
Mean dub at 19.81 m (mm) 210 (11%) 203 (13%3) 178 (14%)
TABLE 4.8

Summary of mean height and diameter data for the trees sampled from
compartment 139
(Note: coefficient of variation is shown in brackets)

Initial spacing (square) 1.83 m 2.44 m 3.05m  3.66 m
Tree age when felled (years) 30 30 30 30
Tree serial numbers assigned 11 to 20 21 to 30 31 to 40 k41 to 50
 Number of trees measured 10 10 | 10 10
Mean tree height (m) 26.95 ( 5%) 29.47 ( 7%) 30.51 ( 4%) 32.61 ( 6%
Mean green crown level (m) 13.08 (17%) 13.69 (103) 13.40 (16%) 15.51 (12%
Mean dub at ground (mm) 234 (10%) 287  (18%) 320 ( 9%) 328 (12%
Mean dub at 4.95 m (mm) 196 (12%) 236 (13%) 262 (11%) 282 (143
Mean dub at 9.91 m (mm) 170 (17%) 208 (14%) 234 (12%) 246 (11%
Mean dub at 14.86 m (mm) 149 (19%) 168 (15%) 206 (14%) 220 (16%
Mean dub at 19.81 m (mm) - 146 (12%) 158 (16%) 192 (13%
Mean dub at 24.77 m (mm) - - ‘- o 1hk o (142

Note: 1. The mean diameter at 14.86 m for the 1.83 m spacing is for 8 trees

and for the 3.66 m spacing for § trees.

2. The mean diameter at 19.81 m for the 2.44 m spacing is for 8 trees

and for the 3.05 m and 3.66 m spacings for 9 trees.

3. The mean diameter at 24.77 m for the 3.66 m spacing is for 6 trees.



TABLE 4.9

Summary of mean height and diameter data for the trees
sampled from compartment 149

(Note: coefficient of variation is shown in brackets)

Tree age when felled 23 years
Number of trees measured 10

Tree serial numbers assigned 91 to 100
Mean tree height (m) ‘ 28.56 ( 6%)
Mean green crown level (m) ~ 14.17 (12%)
Mean dub at ground (mm) 282 (10%)
Mean dub at 4.95 m (mm) 221 (11%)
Mean dub at 9.91 m (mm) 201 (11%)
Mean dub at 14.86 m (mm) o 161 (18%)

Note: The mean diameter at 14.86 m is for 9 trees.

50.

TABLE 4.10

Summary of mean height and diameter data for the trees
sampled from compartment 162a
(Note: coefficient of variation is shown in brackets)

Tree age when felled . ' 19 years
‘Number of trees measured 10

Tree serial numbers assigned a 51 to 60
Mean tree height (m) . 25.39 ( 5%)
Mean green crown level (m) 9.97 (17%)
Mean dub at ground (mm) _ 226 (11%)
Mean dub at 4.95 m (mm) 186 (11%)
Mean dub at 9.91 m (mm) ' 155  (16%)
Mean dub at 14.86 m (mm) 140 (15%)

Note: The mean diameter at 14.86 m is for 6 trees.
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relationship was found between mean green crown level and spacing. Figure
4.3 shows the effect of spacing on tree height and green crown level.

Cromer and Pawsey (1957) report a linear relationship
between spacing and tree diameter; and for trees over 15 years of age
there was a linear relationship between spacing and mean tree height.
Hamilton and Christie (1974) in their review of the influence of spacing
on crop characteristics and yield cbnc!ude that '"the Bulk of experimental
evidence indicates an increase‘in mean height with increasing spacing'.

Sjolte-Jgrgensen (1967) also reViews spacing effects on
height and diameter and éame to the same general conclusions: - ''for most
experimenté réviewed mean height of the stand is increased with increasing
spacing' and that generally '...the meah‘diameter of trees in the stand
is increased with inéreasing spacing'',

However, Evert (1971) in a review of spacing studies
concludes: '...that in overly dense plantations on poor to medium sties
height growth is likely to increase with increased spacing, whereas spacing
appears to have little effect on height growth at lower densities on good
sites!. Evert also states: ''In practically all spacing experiments, mean
diameter of the stand has been found to increase, within limits, as the
growing space increases. This has been the case for all speciés on all
sites." |

Tree height and diameter increased as site quality
increased in cpts. 104, 105. This result is expécted because site_quality
is related to tree growth. | |

Compartment 79 containgd'the largest trees of all and
this was reflected in the height and diameter figures. The coefficiént
of variatioﬁ of the diameters of the trees sampled from this compérfment

(about 20%) was far greater than for the other stands sampled (usually 12%)
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300F

200 B

100%

dub. at 5m {(mm)

ok L | i ) ‘l
- 183 244 305 366

SQ. SPACING (m)

FIGURE 4.2, Effect of spacing on mean tree diameter under bark

k.3,

at 5 m from ground level for cpt. 139. (N = 10 trees per
_ spacing). ** Significant linear trend at 1% level.

30F *‘/'M/EA.N HEIGHT

— 20+
ET |
= | I
z | — ——GREEN CROWN
= 10 - LEVEL
T
0_ L i § j

183 24, 305 36
' SQ. SPACING (m)

Effect of spacing on mean height and mean green crown level for

~ compartment 139. (N = 10 trees per spacing). ** Significant linear

trend at 1% level.
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indicating that the range of tree sizés was greatest for cpt. 79. This
result tends to verify that cpt. 79 contained a range of site qualities
as indicated in Table 4.1.

The actual individual tree size and log diameter data
isvgiven in Appendix G. Unfortunately diameter at breast height values
could not be found in the original records of the tree sizes and is 

therefore unrecorded in the results.

4,2 Branch s4ize.

In section 3.15 branch statistics were defined and the
reaédns given as to why branch size was cbnsidered on an individual log
basis. Some sampling stratifications had branch measurements taken for
all trees but others had five or less trees measured. ’These”latter
groups were excluded from this dfscussion because of sampie size except
for some logs which were combined in the analysis in section 4.2.3.

The groués Qith ten trees measured per stratification were the trees from
cpts. 79-and 139. | |

~ The N.S.W. Department of Agriculture computer package
Generalised Least Squares Analysis Program (GLSAP) was used for all
analyses in this section and the data file T585R descrfbed in section 3.16

was the input file used for the package.

L 2.1 Compartment 79;
Means of branch sizes for each log position class for
cpt. 79 are listed in Table 4.11. The mean number of branches per Ibg for
each log pbsition‘class is plotted in Figure 4.4 and the branch size
data for each log position class in Figure 4.5. |
The significant 1inear trends between branch size.
and log position class are shown in‘Table h;ll. NS indicates no significant

linear trend. Quadratic and cubic models were also tried but neither gave
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a better fit than the linear model.

The number of branches per log increased as log position
increased (NB. the butt 1ogs were pruned for about half their length). This
has also been observed by Figsher (1978) in studies on hooP pine (draucaria
curminghamii) in Queensland for age groups 25 years and oldef and by
Braastad (1970) working on European spruce (Picea abieg) in Norway.

The branch size parameters based on the largest branches

per log (i.e. BSMAX, BS5, BSI0 and BS]S) all showed highly significant linear
relationships with log position class (Figure 4.5). Average BSMAX increased
from 36 mm in the butt log to 67 mm in the fifth log,an 88% increase. Much
the same.trehd exisfed for the other paraheters, for example §§§'incfeased
77% for the same log position classes. | | |

" There was no significant linear trend between BS and log
position class, the values being 22 mm and 25 mm for the butt and fifth logs
respectively, a 14% average increése.

Some further discussion of these results in included in

section 4.2.2. | | i

TABLE 4. 11
Mean values of the branch sizes for the various log position classes
v " of compartment 79

(A1] measurements are in mm. 10 logs were measured per stratum., Log 1
' was low pruned to 2.4 m)

Log position class

1 2 3 4 5 Sign
BN 1.6 33.7 31,7 b2.2 52,1  #w
BSMAX  35.5 43.4 55,5 58.3 66,8 %
835 30.5 38,0 4.0 48,2 54, 1 ok
BSTO 26.4 33.6 40,1 42 .4 47.4 *k
BS15 23.6 30.9 35,8 38.7 42 4 **
BS 22.3 22,1 25.3 24.0 24.9 NS

Note: 1. **Significant Zinear'treﬁd at 1% level.
2. A line under two or more values indicates there is no significant
difference between them.
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k.,2.2. Compartment 139 - spacing trial.
Means of the log branch parameters for each log position
class (LPC) for the four spacings are listed in Table 4.12. These data

are plotted in Figures 4.4 and 4.5 (stratified by position class for each

espacement and in Figures k.6 and 4.7 (stratified by espacement for each

position class). , .
Analysis of variance was performed on the data firstly

between spacings within each LPC (LPC 1 & LPC 2 only) and secondly between
LPC's for each‘spacing. Generally if a significant linear trend existed
between a particuiar branch statistic‘and spacing there was a significant
difference between branch statistics for a spacing difference of 1.22 m
(ie. each second spacing). If a significant linear trend exi#ted between
the branch statistic and LPC then generally there was a sjghificant difference
between branch statistics for a LPC increase oF'Z classes. Generally this
was also the case for the cpt. 79 data (Table 4.11).

| The effect of spacing on fhe number of branches per log
for the various LPC's is shown in Figure 4.6. The butt log showed no
significant linear ;rénd; also there was no significant difference between
any of the means. The second log showed a decrease in the number of
branches as spacing increased. No trends were found for the third or
fourth logs. There did appear to be, however, a general decrease in thg
mean number of branches per log as spacing increased for all‘lpg pdsttton
classes except the butt log; These results contrast with those of ‘
Jacobs (1938) who found that for radiata pine in the A.C.T. planted at
1.83 m x 1.83 m, 2.75 m x 2.75 m and 3.66 m x 3.66 m '"the number of
branches at progressive heights is slightly greater In the wider spacings
while the'totaf seétional area of the branches is very much greater''.
Godman aﬁd Cooley (1970) working with Jack pine (7. banksfdna) in the -
United States found that ''trees had the same number of brénches regardless'

of initial spacing'.
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TABLE 4.12
Mean values of the branch sizes for the various log position
classes for the four spacings of cpt. 139. (All measurements are

in mm, 10 logs were measured per stratum unless otherwise indicated).

(a) Log position classes 1 and 2

Log poAixZon class 1 Log position class 2
Espacement m x m ' Espacement m x m
1.83 2.44  3.05  3.66 1.83  2.44  3.05  3.66
BN 23.2 24.5 23.0 20.5 48.1 38.1 3h.k  33.2
BSMAX 23.2 28.6 36.4  39.6 26.3 37.9  34.0 42,2
BS5  20.5 23.6 29.6  33.2 23.0 29.6 31.0 35.7
BSTO 18.5 20.8 25.7 29.1 205 25.3 27.9 31.2
BST5  16.8 18.8 23.2 26.8 ~  19.9 22.8 25.3 28.2
BS  14.8 15.5 19.5  23.0 | 13.9 16.5 18.3  20.8

Note: a line under the values means there is no significant difference
between them. . ‘

(b) Log position classes 3 and 4

Log position class 3 | Log position class 4

Espacement m x m ‘ Espacement m x m

- 1.83 2.44  3.05 3.66 1.83 Z.hhv 3.05 . 3.66

No. of : .
logs 8 10 10 9 2 - 8 9 9

BN sh.k 42,7 h5.7 419 56.0 59.9 63.3 45.7
BSMAX 31.3  36.1 36.4 41.8 34,5 36.6 40.8 43.0
BS5 ~ 25.3 29.1 31.9  35.4 | 31.5 28.7 342 37.0
BSTO =~ 22.5 25.5 28.8 31.6 28.5 25.3 30.5 34.0
8515  20.8 23.2 26.4 29.0 26.7 23.2 28.3 31.6
BS 13.7 15.6 17.5 19.6 16.2 149 17.2 20.0
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Brazier (1976} in his review of the effect of forest
practices on the harvested crop reports work by Nylinder (1959) who found
that for_hS year old spruce there was no evidence that number of branches
was influenced by‘spacing.

Effect of spacing on branch size for the various LPC's is
shown in Figure 4,7, Most branch size indicators showed positive linear
trends with ihcreasing spacing with much the same slope of the regressions
for all log positions including mean branch size per log though this was
not tested statistically. BSMAX for the fourth LPC showed no significant
linear relationship with spacing. However the trend still appeared to be
there. For the second ]ogs mean branch size increased from.13.9 mm to
20.8 mm (50%) and BS5 from 23.0 mm to 35.7 mm (55%) when the spacing
increased from 1.83 m to 3.66 m. In other words as spacing increases the
largest:branches on a log increase in diameter by about the same
percentage aé the average branch diameter increases. |

| Cromer (1961) reports a limited study on the effects
of spacing on‘braﬁch‘size for 15 year old radiétalpine in Uriarra Forest,
A.C.T. He also found the average size of the branches on the stem from
2.44 m to 4.57 m above ground increased linearly with>spacing. Extra-
polating Cromer's results slightly gave-mean branch sizes §f 18.4 mm and
26.8 mm for the 1.83 m and 3.66 m spacings respectively, a 46% increase.
The resulté for the butt log (0 to 4.95 m) from this work were 14.8 mm for
the 1.83 m spacing and 23.0 mm for the 3.66 m spacing, a 55% increase - a
similar result to that of Cromer. Sjolte-Jfrgensen (1967) presents a
major review of the influence of spacing on coniferous'plaﬁtations and
discusses tlework of Nylinder (1959). Extrapolating Nylinder's results
for Scots pine (P, sylvestris) in Swedén, mean branch diameters at 3 m

above ground were 18.1 mm for 1.83 m spacing and 25.8 mm for 3.66 m spacing
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(42% increase) and at 5 m above ground 17.4 mm and 25.1 mm for the
1.83 m and 3.66 m spacings respectively (44% increase).

Forrest (1971), in his review of tree and stand growth
in radiata pine plantations in N.S.W., found the average diameter of the
L largest branches within particular 1.5 m long sections along the trunk
showed general increases with increasing spacing but he concluded that
these differences reflected mainly differences in average tree size; an
observation made by Cromer and Pawsey (1957).

Bunn (1970) presents a table containing mean diameters of
the sixteen largest branchgs for the trunk section 6.1 m to 12,2 m ‘above
ground for various spacings and sites in New Zealand. There was an overall
increase in branch size as spacing increased for all sites with branch
size also being a function of site. Godman and Cooley (1970) found"
average branch diameter was not significantly affected by spacing tncfease
from 1.52 m x 1.52 m to 2.74 m x 2.74 m but that the size of the largest
dead branch increased 13 mm and the largest live branch increased 19 mm
on the largést 150 trees per acre. They also found the large trees in each
spacing had larger mean and maximum branches than the smallér trees.

Braastad (1970) working on European spruce (Picea abies)
also found an fncrease in branch size wfth wider spacings." |

- Fisher (1978) found that for hoop pine 'wider spacings
produced lafger—limbs below 7 m by age 18 years and still larger limbs
up to at least 11.9 m above ground by age 25 years. Differences increased
to age 28 years and subsequently remained relatively constant''

Wright (1970) reports results in Victoria where in one
study average branch size increased from between 13 mm to 25 mm for 1.83 m
X 1,83 m spacing to between 38 mm and 50 mm for 3.66 m x 3.66 m spacing
depending on site quality.

The effect of log position class on the number of branches
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per log for the various spacings of cpt. 139 and for cpt. 79 are shown
in Figure 4.4, Number of branches per log increased linearly with log
position class fdr the 4 spacings and for cpt. 79. There were generally
significant differences between the branch numBers for each log position
class except for the third and fourth logs of the 3.66 m x 3.66 m spacing
and the second and third logs of cpt. 79. Fisher (1978) and Braastad
(1970) also found the number of branches increased with increasing height
up the tree. (See Section 4.2.1)

The effect of log position class on branch size for the

various spacings of cpt. 139 and cpt. 79 is shown in Figure 4.5.

| Average branch size per log showedva small negativé linear
trend with incréasing LPC for the 1.83 m and 3.66 m spacings; No trend.
existed for the other two spacings or for tﬁe results from cpt. 79.  There
was no significant di fference between any of the BS values for any spacing
except for the first and fourth logs of the 3.66 m spacing.

BSMAX, BS5, BS10 and BS15 showed similar trends for each
spacing. However, as spacing increased, the size of the largest branches
became indepeﬁdent of log position. For example BSMAX did not vary
significantly with LPC except for the 1.83 m spacing wheré there was a
significant difference between BSMAX, BS5, BS10 and BSI5 values for the
first and third logs. For the other'spécings there were significant
differences betweén the branch sizes for the first and fourth logs if a

significant linear trend occurred.

As discussed in section 4.2.1 the BSMAX, B35, BSTO and BS15
values for cpt. 79 all showed linear increases with_increasing log position
 class. Generally the values were significantly different for each second
‘log position class (Table 4.11). An interesting cémparison can be made

between the br#nchisizes for cpt. 79 which was planted at 3.66 m x 3.66 m,
low pruned and regularly thinned and for the 3.66 m x 3.66 m spacing of

cpt. 139 (Figure 4.5). Branch size values were almost identical for both
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stands for the second logs as clearly shown in Table 4.13. The butt

log branch sizes were, however, lower for cpt. 79 but low pruning could
have affected this result. For the higher log positions the largest
branch sizes were far larger for the fhinned stand, when compared to the
unthinned one, no doubt a direct result of thinning; a result also
observed by Wright (1970) who states 'Thinning influences branch size
primarily in the upper bole''. This result is expected because the upper

branches are the most active and therefore most likely to Eespond to

thinning.
TABLE 4.13
CompariSon‘between branch size and number for the
second logs of compartment 79 and the 3.66 m x 3.66 m
spacing of cempartment 139
Cpt. 79 Cpt. 139 Differnence
‘ LPC 2 LpPC 2 %
BN 33.7 33.2 3
BSMAX 43.4 b2.2 » 3
BSS 38.0 35.7 6
BS10 33.6 - 31.2 - 8
BS15 30.9 28.2 10
BS 22.1 _ 20.8 6

4.2.3 Relationships between branching characteristics and log

size.
Data for those logs whose recovered value was known were
analysed usfng GLSAP to test the effects of branch size on this value.
This_analysis is reported- in section 4.7. These data were also énalysed

to determine linear relationships between log small end diameter
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under bark (sedub) and branch size for the various log position classes.

4,2,3.1. Compartments 139 and 149 (immature, unthinned).

Table 4.14 gives the statistical data for these two
compartments. Significant linear relationships were fouhd to exist between
most branch size indicators and log sedub for the first three log
position classes. No relationships were found for the fourth log position
(possibly because of lack of data) or between sedub and‘the number of |

branches per log for any of the four log position classes.

4.2.3.2. Compartments 79, 104 and 105 (mature, thinned).

Table 4.15 gives the statlstical data for these three
compartments. Again significant linear relationships were found to exist
between branch size and sedub for most parameters for most loé position
classes aithbugh the level of significance, generally, was less than for
compartmenﬁs 139 and 149,

Cromer and Pawsey's (1957] results and the reviews of
Hamilton and Christie (1974), Evert (1971) and Sjolte-Jgrgensen (1967)
on the effect of spacing on tree diameter have already been discussed
in section 4.2.2. Most of the work Endicatgd that a 1Ineér relationship
exists between spacing and tree diameter,

Summarising the ébove results a linear relationship
occurs for most branch size indicators for most log/positions. Mean branch
size, however, was not linearly related to log sedub for the second, third
or‘fourth logs from ﬁompartments 79, 104 and 105. C(romer and Pawsey
(1957) noted there was no significant relationship between mean branch
diameter (all branches between 2.44 m and 4.57 m from thé ground) and
initial spacing for some plots in their study. |

Figure 4.8 is a graph of the relationships between BSS

and sedub for compartments 79, 104 and 105 for the various log position

classes. For the first four log positions slope does not change much.
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The increasing extrapolated intercept with increasing log position
reflects the increase in branch size as log position increases. The

relationship for LPC2 is not significant but 1is included to complete the

graph.

TABLE 4,14

Regression coefficients for the relationships between

branch size and sedub for the logs from compartments 139 and 149

LPC  Independent UDependent Slope Constant R No. of Sign
Variable — Variable Leam Logs Level
1 sedub BS 0.0594 2,780 0.53 20 2%
" BSMAX  0.1362 -2.800 0.62 20 1%
" BS5  0.1002 1.443  0.59 20 1%
Y BST0  0.0888 1.504 0.57 20 1%
2 sedub BS  0.064k 3.669 0.54 22 1%
" BSMAX  0.1357 6.468 0.44 22 4%
L BSS 0.1145 5.688 0.55 22 1%
" BSTO  0.1048 k290 0.62 22 1%
" BS15  0.0970 3.586 0.66 21 1%
3 sedub 85 0.0488 7.180° 0.63 21 1%
n BSMAX  0.1247 10.955 0.62 21 1%
n BS5  0.1073 9.575 0.67 2] 1%
n BS10.  0.0933 9.112 0.67 21 1%
M BS15  0.0813 9.193 0.65 21 1%
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TABLE L4.15

Regression coefficients for the relationships between branch

size and sedub for logs from compartments 79, 104 and 105.

LPC  Independent Dependent  Slope Comstant R No. of Sign

Variable Variable ZLerm Logs Level
1 sedub BS 0.0298 9.854 0.52 21 2%
g BSMAX 0.0526 15.299 0.59 21 1%
" BS5 0.0376 15.671 0.53 21 2%
" BS10 0.0393 11.674 0.60 21 1%
" BS15 0.0406 8.867  0.61 16 2%
2 sedub BSTO  0.0596 13.521  0.57 18 2%
woo BS15 0.0498 13.878 0.57 18 2%
3 sedub BSS 0.0775 20.333 0.5k 14 5%
" BS10 0.0724 16.572  0.63 14 2%
" BS15 0.0621 15.609 0.63 14 2%
A sedub BSMAX 0.1173 27.460 0.53 15 = 5%
I BSG 0.0878 25.94  0.52 15 - 5%
z BS10 0.0736 24,007 0.50 15 . 6%
1 BS15 0.0669 22.035 0.49 15 6%
5 sedub BS 0.0832 7.443 0.81 9 1%
" BSMAX 0.2852 7.0365 0.83 9 1%
" BS5 0.2070 10.647 0.8% 9 1%
" BSI0 0.1668 12.516 0.83 9 1%
I BS15 0.1367 13.874 0.83 9 1%
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b.3 Mean Log sizes and timber necoveries fon the various compariments.

Number of logs recovered, mean log size, mean log volume,
mean recovered volume per log and mean percentage volume recovery for each
log position class for the various compartments are presented in Tables
4,16 to 4,20. These tables show the small quantities of timber actual]y‘
recovered from some of the log position classes. For example in Table 4.17,
1.469 cub. m. were recovered from log position class 2 ( SQ.2) but only
0.639 cub, m; were recovered from log position 3. This is due largely to
the difference in the number of logs recovered in each class.

The smaller diameter logs, of course, produced Iowér
volumes of timber than did the larger logs, partly because the larger logs
contained more wood but also because there was a general trend towards
higher percentage reto?eries as the log diameter increased; with the
exceptfon that recaveries were usually lower for the butt log fhan for the
second log. This is probably because of the higher taper normally present
in the butt log and because log volumes were calculated using the Smalian
formula. Us{ng this formula when two logs have the same volume but
differenf taper the .log having most taper will give a lower recovery For
any one sawing pattern.

Overall recoveries‘appeared to be high, considering they
were based on dry, ma;hined sizes, so a check was made using a N.S.W.
Forestry Commission simulation program (J.leaZter, 1972). This program
simulated the cuttingvpatterns used in this'study (patterns used in the
simulation were not identical to the actual patterns but were éonsidered
close enough). Sawn recoveries (green rough sawn size) weré estimated
by the program for various log diameters. A taper of lin 100 was assumed
fér ai] logs. Saw kerfs used in the simulation were thosé produced when
the logs were sawn namely 0.125 inches (3.18 m} for the breaking down saw

(bandsaw) and 0.1875 inches (4.76 mm) for the resaw (circular breast bénch).
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TABLE L4.16

Mean log sizes and timber volume recoveries for the

various log position classes of compartment 79.

3

(A11 volumes are in m

LPC  No. of Mean Mean Mean Mean %
Logs sedub  Log recovered vol.
(mm}) vol. Recovered volume vol. per  recovery
Scantling board total ALog
1 10 396 0.827 3.378  0.306 3.684 0.368 Ly
2 10 356 0.564 2.744 0.337 3.081 10.308 55
3 10 313 0.kk9 2.092  0.267 2.359  0.236 53
4 10 267 0.343 1.506 0.220 1.726 0.173 51
5 10 209 0.222 0.682 0.234 0.916 0.092 1
6 3 184 0.217 0.200 0.050 0.250 0.083 38
TABLE 4.17
Mean log sizes and timber volume recoveries fof>the various
log position classes for the three site qualities (SQ) of
compartments 104, 105. (All volumes are in m3)
SQ LPC No. Mezzb Mean , Mean J Meﬁﬁ %
o4 se Log recovered vol.
Logs (mm]  vol. Recovered votume Vol. per  hecovery
' Scantling board total Log - .
1 1 10 340  0.588 2.462  0.353 2.815 0.28] 48
2 10 - 298 0.432 1.920 0.302 2.222 0.222 51
3 3 305 0.410 0.506 0.102 0.608 0.203 - 50
4 L 222 0.247 0.291 0.072 0.363 0.091 - 37
5 1 152 '0.123 0.034 0.006 0.040 0.040 33
2 1 6 330 0.510 1.209 0.126 1.335 0.223 L
2 8 295 0.363 ’ 1.261 0.208 1.469 0.184 51
3 k267 0.316 0.544 0.095 0.639 0.160 51
4 4 203 0.197 0.267 0.048 0.315 0.079 Lo
5 1 178 0.159 0.085 0.029 0.114 0.057 36
31 9 296  0.414 1.320  0.218 1.538 0.171 41
2 6 267 0.319 0.790 0.168 0.958 0.160 50
3 L 21 0.253 0.391 0.085 0.476 0.119 L7
L 3 169 0.148 0.163 0.050 0.213 0.071 48
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Mean log sizes and timber volume recoveries for the various log

position classes of the four spacings in compartment 139. (All

Spacing No. Mean
(square) LPC o4 sedub
(m] 2ogs  (mm)

1.8 199

188
159
127

N
AU AV A

2.4 248
‘ 213
165

144

W N =
w U e

3.1 242
229
213
152
127

Ui BN -
—_— = ] Oy N

254
254
212
165
140

3.7

Ul oW N -
NN O W

volumes are in m3)

Mean

Log Recovered volume
vol, Scantling board ZLotal
0.179 0.298  0.077 0.375
0.150 0.198  0.093 0.291
0.120 - 0.094  0.049 0.143
0.084 0.030 0.020 0.050
0.326  0.445  0.096 0.541
0.211 0.369  0.111 0.480
0.129  0.217  0.026 0.243
0.101 0.092  0.011 0.103
0.321 0.202  0.038 0.240
0.231 0.541  0.146 0.687
0.202 0.353  0.102 0.455
0.123 0.034  0.017 0.051
0.075 0.029  0.006 0.035
0.323 0.350  0.045 0.395
0.282 0.493  0.112 0.605
0.200 0.459  0.142 0.601
0.123 0.080  0.019 0.099
0.108 0.073  0.006 0.079

Mean Mean %
recovered vol,
vol. per  recoves
Log

0.0625 35
0.0581 39
0.0359 30
0.0253 30
0.135 L2
0.096 46
0.061 47
0.034 34
0.120 37
0.114 49
0.091 45
0.051 4y
0.035 47
0.132 41
0.151 54
0.086 43
0.049 ko
0

040 37
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TABLE 4.19

Mean log sizes and timber volume recoveries for the various

log'position classes of compartment 149. (All volumes are

in m3)
LPC No. Mean Mean Mean Mean % vol.
of  sedub Log Recovered volume recovered recovery
Logs  [mm] vok. Scantling boarnd Zotal vol. per
‘ Log
1 8 219 0.243 0.598 0.184 0.782 0.098 4o
2 3 195 0.159  0.089  0.07% 0.163 0.054 34
3 7 159 0.125 0.315 0.060 0.375 0.054 43
L 2 140 0.099 0.064 0.007 0.071 0.036 36

TABLE 4.20

~ Mean log sizes and timber volume recoveries for the various

log position classes of compartment 162a. (A11 volumes are

in m3)
LPC No. Mean Mean : . Mean Mean % vol.
04 sedub Log " ‘Recovered volume hecovered — Arecovery
Logs (mm] - vol.  ScanTling boakd zoial vol. per
Log
5 188 0.180  0.270 ~ 0.088 0.358 0.072 . ko
2 5 147 0,102 0.179 0.049 0.228 0.046 L5

5 132 0.084  0.067 ~0.065 0.132 0.027 32
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The simulated green percentage recoverie; are illustrated
in Figure 4.9 as a function of log size. Also shown are the actual green
sawn percentage recoveries for all the logs from cpt. 79. There appears
to be a good match between the actual and predicted values for sedub
below 350 mm. A possible explanation for the drop in actual sawn recovery
for the larger diameters is that most of the larger logs were butt logs
and had larger taper than logs of higher position classes thus producing
more waste.

| Figure 4.9 indicates that the actual sawn recoveries
are possible considering the sawing patterns and the type of sawmi 11 used
for the conversion. | |

| A regression analysis of recovered volume (dry, dressed)
on log sedub was carried out for all the logs recovered from cpt. 79,
The best fit was obtained using a third degree polynomial (coefficienﬁ of
deférhinationIRz =‘01971, N=54). A power fuhction was also found to
provide a good fit (R2 = 0.948, N = 54). These regression equations are
given below.as Equations 4.1 and 4.2 respectively. Log length is

constant at 4.95 m.

6.3

Recovered Volume X103(m3) = 9&.95-].107x+6.077x]o‘3x2_3.909x]0- 3
where x is the sedub, N = 54, R® = 0.971 | ceeens (B}
Recovered Volume X103 (m3) = 1.6498 x 1073 x2°05h )
where x is the sedub, N = 54, RZ = 0.948. TR
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L.4t Grade yields for the board sizes.

Number of logs recovered, percentage yields in each
board grade and the quantity of board recovered as a percentage of total
yield for each log position class for the various compartments sampled
are presented in Tables 4.21 to 4.25.

There is a general trend evident, especially for the older
stands, towards an increasing percentage recovery of board material as
the log position class increases within any one Qroup. Also a large
percentage of board material (about 20% to 30%) was generally recovered
from logs with sedub below about 230 mm. Logs greater than 230 mm
generally prpduced less than 15% of board material by volume.

~ The percentage of reject board produced from the butt
logs of the 36 and 38 year trees (cpts. 79, 104 and 105 Tables 4,21 and
L.22) was generally around 30% to 35% except for the SQ3 area of
cpts. 104, 105 where there was only 13% reject.  Whitesidb f1964) has
observed that board yields were generally superior from low site quality
stands. He states 'The lower incidence pf bark encasement,is‘probably
attributable also tb the very slow diameter growth in the latter half of
the rotation. In any event, in the period since the branches have died
the bark encased zone has not developéd substantially, and in the case of
second and third logs is large]y‘removed in the slabs''.

| The percehtage.of reject boards genera]ly-decreased with

increasing log position in the tree for the older, thinned sténds (Tables
4,21, 4,22). This was also observed by Whiteside (1964) and may be due to
the lack of dead branches with increasing height, as found by fbnton and
Familfon (1961). In that study however the ''decreasing incidence of bark
enéased knot$ from butt to top lbg was largely nullified.by the iﬁcreasing

incidence of cone stem-holes''. Where cone stem holes did occur in the board
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TABLE 4.21

Percentage yields in the board grades for the various log

position classes of compartment 79

LPC No. , Board vol. as %
o4 Board grade percentage yield of total yiekd
Logs clean foinery select standard reject
1 10 13.9 3.5 k2.5 3.6 36.5 8.3
2 10 1.3 0 43.8 7.2 47.7 10.9%
3 10 2.8 21.7 37.6 7.2 30.7 11.3%
4 10 0 12.4 60.1 4.6 22.9 - 12.8%
5 10 0 8.8 76.8 3.6 10.7 25.5%
6 3 0 0o 100 0 0 - 20.1%
TABLE 4,22
Pefcentage yields in the board grades for the various log
position classes for the three site quality (SQ) areas of
- compartments 104 and 105
SQ LPC No. .
of Board grade percentage yield Boarnd vol. as %
Logs clean Joinerny select standand refect of total yleld
1 1 10 10.6 14.3 729.8 8.5 36.7 12.5
2 10 49 9. 45.8  16.8 22.8 13.6
3 '3 0 0 66.7  22.9 10.5 16.8
4 4 0 8.3 70.3 10.3 11.0 19.8
5 1 0 0 0 100 0 16.0
2 1 6 6.3 9.3  29.5 25.5  29.5 9.5
2 8 1.7 ] 59.2  20.8  13.1 14,2
3 L 0 9.1 79.6 0 11.3 14.8
I 6.2 k3.5 33.6 0 16.6 15.1
5 1 0 0 100 0 0 25.3
3 1 9 3.2 10.9 63.1 9.6 13.3 14,2
2 6 0 7.5 50.3 31.6 -~ 10.7 17.5
3 b 0 11.7 76.5 0 11.7 17.9
L 3 0 Q 45,5 14.8 39.7 23.4‘
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in this study they were not large enough in diameter to downgrade the
boards to reject. Standards Assoctation of Australia (1969) grading rules
for boards sawn from radiata pine permit cene holes in all grades except
clear but their diameters must not exceed 12 mm. The standard also
permits encased knots up to 20 mm diameter with the maximum size allowable
depending on grade.

The 10 trees from cpt. 79 produced about 12% of total
product as board; about 32% of this was reject, about 50% select.

There did not appear to be similar trends in the board
recerr{es for the younger trees (Tables 4.23, L.24, 4.25), possibly
because of the small amounts of board material actually recovered in all

the log position classes.

4.5. Grade yields fon the scantling sizes.
4.5.1 Compartment 79.

Grade yields using both mechanical stress grading (MSG)
and visual grading (VG) for each log position class (LPC) are given in
Tables 4,26 and 4.27 and plotted in Figure 4.10. Alsb shown are grade
yields for all 10 trees.

The MSG results indicate that as LPC increases the
percentége yield of F7 + F8 + F11 grades (called F7+) increases (excluding
LPC 6 with only 3 logs), an unexpected résult. Branch size increases
with increasing LPC‘(seCtion 4,2.2) which would be expected to decrease
grades. Also as LPC increases the percentage of juvenile wood per Iog‘
would be expected to increase (e.g. Zobel, et.al., 1965) thus lowering
the average density and therefore lowering the machine grades. Fen#on,
Sutton and Tustin (1971) observed that a large percentage of high grade
scantling was produced from the higher logs despite the presence of large

branches. In the lower logs much of the framing appeared to be sawn in



TABLE 4.23

Percentage yields in the board grades for the various

log position classes for the four spacings in cpt. 139

fggﬁiﬁg} LpC gg- Board grade pencentage yield zzagd0201'
Logs Clear foinery select standand refect  total yield

1.8 m 16 0 0 55 0 45.0 20.5

2 5 0 16.6 47.8 35.5 0 32.0

3 4 0 14.0 55.9 15.0 15.0 34.3

y o2 0 0 2L .4 0 75.6 40.0
2.4 m 1 b 0 23.1 76.9 0 0 17.8

2 5 o 121 648 23 0 2341

3 4 0 0 29.1 0 70.9 10.5

b3 0 0 100 0 0o 10.4
3.1 m 1 2 0 0 100 0 0 15.8

2 6 0 15.5 60 15.3 9.2 21.3

3 5 0 15.6 2.4 12.1 30.0 22.4

L 0 0 45.9 s4,1 0 34.0

5 1 0 0 0 100 0 23.7
3.7 m 13 0 80.8  19.2 0 1.4

2 4 0 53.1 1.3 35.7 18.5

3 6 0 7.0 60 26 7 23.6

b2 0 63.2 0 36.8 . 19.1

5 2 0 ]

0 -0 100 : 8.
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TABLE 4.24

Percentage yields in the board grades for the various log
position classes of compartment 149

LPC No. Boand vol. as

o4 Board gnade percentage yield % of total
Logs  Clearn foinery select standand refect yLield

1 8 0 10.7 82.3 3.5 3.5 23.5
2 3 0 0 35.1 0 64.9 45.3
3 7 0 0 69.1 0 30.9 16.1
4 2 0 ‘ 100 0 0 10.3
TABLE - 4;25
Percentage yields in the board grades for the various log
~ position classes of compartment 162a
. - . " Board vok. as

LPC gg Board grade percentage yield %0 of tzgu

Logs  Clean foinery select standard reject yield
1 5 0 7.3 64.2  10.6 17.8 24.5
2 5 0 0 42,7 20.5  36.8 21.b

5 0 0 0 9.8  90.2 49.1
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TABLE 4.26

Percentage yields in the mechanical grades for the various log position

classes individually and for all logs together for compartment 79

LPC No

0 6' - Machine grade percentage yield 4

2094 F11 F§ F7 F5 F4 Reject
1 10 17.6 16.6 17.2 34,1 13,1 1.5
2 10 7.5 344 12.7 35.7 9.8 0
3 10 6.2 25.6  25.8 34,5 6.4 1.6
4 10 8. 35.8 25.2 22.1 6.6 2.2
5 10 0 23.8 52.7 12.0 6.8 4.8
6 3 0 3.1 33.5 33.5 21.5 8.4
All 53 10.1 26.4 21.2 31.4 9.5 1.4

TABLE 4.27

Percentage yields in the visual grades (scantling only) for the various

log position classes individually and for all logs together for compartment ;

LPC gg' - . Visual grade percentage yield

L0gs F11 F8 F7 F5 FSHT Reject
1 10 27.8 27.0 11.3 12.2 8.8 12.9
2 0 15 2.7 212 243 7.4 7.9
3 10 3.4 19.1  13.1  29.2 7.6  27.7
4 10 1.0 11.6 14,2 29.3  22.3 21.6
5 10 2.3 8.2 146 20.3 4.2  13.5
6 30 - 8.4 8.4 8.4  41.9 33.0

All 53 13.9 21.4 14.9 21.8 12.2 15.8
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the chord between two branches within the same whorl and in the upper
(fourth and fifth) logs, branch diameter was well above the maximum knot
size recorded in the sawn timber, '‘the logs being too small in diameter
to have contained the maximum branch size'.

Visual grading, however, produced decreasing percentage
yields in the F7+ grades with increasing LPC, tégether with increasing
percentage yields in the F5 heart=-in grade (FSHI) due to the larger
percentage of juvenile wood in the smaller logs. There was no regular
pattern in the reject visual grade yfeld as log position changed. There
was, however,_a sharp increase in reject from 7.9% in the second logs
to 27.7% in the third logs. This is probébly because of the much larger
branch sizes in the third logs;. an effect enhanced perhaps by the
downgrading of heart-in pieées because of large knots. The former could
result from the thinning regime adopted (see section 4.2.2). The latter
is suggested as an explanation for the low percentage of F5HI in LPC3,
ie. 7.6% compared with 22.3% in LPC4. The reject yields decreased for
the fourth and fifth logs possibly for the reasons given above (Fenton,
et. al., 1971). Machine grading did not however produce high reject or
Fit yields for the third logs, indicating that the increase in branch size
noted did not reduce stiffness to a critical level.

Visual grading also prodﬁced decreasing yields of F11 and
F8 grades with increasing LPC (Table 4.27F as}wou]d be expected because
of decreasing piece size,‘increésing branch size, and a' decreasing percentage
of mature wood.

Machine grading produced little reject grade except for
LPC5 and 6 (4.8% and 8.4% respectively). Fh4 yields were fairly constant
irrespective of LPC (excluding LPC6) but were highest for LPCl and 2 at
13.1% and 9.8% respectively. This, perhaps, demonstrates the slight
inferiority of the corewood in the first and second logs compared to the
higher logs, possibly due to initial spacing effects observed by Persson

(1975).



Overall the MSG yields were superior to the VG yields
due to a greater F7+ percentage (58% for MSG and 50% for VG) and a lower
" reject percentage (1.4% for MSG nad 15.8% for VG).

‘ Anticipated F11 and F8 yields for machine grading would
pormal]y be higher than was actually found for the first and second logs
of cpt. 79. An inspection of the yield results (Appendix E) showed that
the widest scant]fng pieces (ie. 250 mm and 300 mm) were generally
mechanica]Ty graded at F5 or F7 whereas the visual gradihg.Was usually
two or three grades higher for the $ame pieces. These pieces were sawn
from mature outer sections of large logs and would normally be of high
machine and visual grade, |

- Most of thé 250 and 300 mm wide scantlings were produced .
‘from logs with sedub greater than about 450 mm,fi.e.iffom the fir§f‘and
second logs of the four largest trees of cpt. 79 (ie. logs 1/1, 1/2, 2/1,
2/2, 9/1, 9/2, 10/1, 10/2). | |

The reason for the lower than exbected machine grades

for these sizes is not known. The machine grading of the 150 mm and
200 mm sizes carried out at the Forestry Commission of NSW'showéd that
the MSG yields‘Were superior to the VG yields, an expected result when
dealing with hature logs. |

| The mechanical grade yieldsytn 250 and 3od mm wide scantlings
for thellogsvin'queétion‘are prébably foo conservative fof grades above
F5 and the boundaries between the F11 - F8, F8 - f7 and F7 - F5 gradeé
depfcted in Figure 4,10 shouid be lower than shown. The visual grade
yields in the‘higher grades would be artffical1y increased b? the féi1ure
to résaw the 250 mm and 300 Mm sizes since the probabilfty of finding a"
v]arge ehéuéh defect on these'stzes to downgradé~th§m woﬁld_be less than tf
they were resawn into narrower sections. (Visual grading rules relate
permissible size of defect for any particular grade to the size of the

piece.)
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To illustrate the different grade recoveries for the large
and small butt logs from cpt. 79 the MSG and VG yields for the two groups
are given in Table 4.28. This shows the poor MSG yields obtained from the
four largest logs when compared to the smaller logs. For example the large
logs produced 3.3% F11 and the small logs 28.4%. Visual grading showed
the expected hfgh F11 yield (41%) from the large logs when compared to the
smaller (9%). Table 4.28 also illustrates the higher yields of Reject
and F4 grades for the smaller logs from MSG, and correspondingly higher
yields for Reject and F5HI for the smaller logs from VG. This is the
expected result since the average diameter of the first 12 rings (probable
extent of the juvenile core) remained constant at about 200 mm irrespective
vof~logvsize (determined from photographs of the small ends of each butt
log), thus fesulting in the smaller logs having a larger percentage of
juvenile wood per unit volume than the larger logs.

The grade yields for the first and second legs with sedub
<450 mm are given in Table 4.29 and Figure 4.11 for both MSG and VG. When
compared to the original yields in Tables 4.26 and L.27 the smaller logs
produced larger MSG yields in the F11i and F8 grades than did the original
10 log group for both LPC1 and LPC2. They also pfoduced lower F11 VG
yields than did the original 10 log group for LPCI and LPC2, |

These results verify the predicted effect on yields of the
apparent down-gradfng‘of the larger sizes by MSG and show tha:~the F11 VG
yields were increased’by not resewing the wider sections. | |

Replacing the original yield results for the first and
second logs in Figure 4,10 with the yields in Figure 4,11 givee a slightly
different picture for the MSG yields. It indicates that the F7+ grade is
highest for the second and fifth logs (around 75%) and lowest for the butt
and third logs (around 60%). F11 yield was far higher in the butt
(28%) than in any other logs (less than 10%). Other changes were minimal.

The only significant change for the VG results was a decrease in Fll yield
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TABLE 4,28

Percentage yields in the mechanical and visual grades for two

butt log diameter classes from compartment 79

(a) Mechanical grading

sedub No. o4 Machine grade percentage yield

(mm) Logs F11 F§ F7 F5 F4 Reject
> 450 4 9.9 15.9  20.4 43,4 9.6 0.8
< 450 6 28.4 17.5 12.6 20.9 18.1 2.4

(b) Visual grading

sedub No. of Visual grade percentage ydield

(mm) L0gs F§ F7 F5 FSHI  Reject
> 450 4 25.3  10.5 7.0 5.9 10.7
< b50 6 29.6  12.5 19.6 13.0  16.0

TABLE 4,29

Percentage Yie}ds in the mechanical and visual grades for the butt

and second logs from compartment 79 excluding the logs with

sedub greater than 450 mm for butt logs and 400 mm for second logs

LPC No. of
Logs  fqg
1 6 28.4
2
LPC No. of
Logs
1 6
2 6

(a) Mechanical grading
Machine grade percentage yield

F8 F7 F5 F4 Reject
17.5 12,6  20.9 18.1 2.4
k9.6 17.5  20.6 b4 0

(b} Visual grading

Visual grade percentage yield
F§ F7 F5 F5HT

Reject

29.6 12.5 - 19.6 13.0 16.0
26.9  22.6 16.7 13.1 8.8
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FIGURE 4.11. Percentage yields in the (a) mechanical and (b) visual
grades for log position classes 1 and 2 of compartment 79
excluding logs with S.E.D.U.B. > 450 mm for LPC 1 and
S.E.D.U.B. > 400 mm for LPC 2.
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for both LPC1 (28% to 9%) and LPC 2 (15% to 12%).

4,5.2 Compartments 104, 105 - 3 site qualities.

Mechanical and visual grading yields for each log position
class for the three site qualities are given in Table 4.30a and Figure
4,12 for MSG and Table 4.30b and Figure 4.13 for VG.

Machine grading resulted in less than 9% below F5 for
all log positions and all site qualities. Generally the low SQ trees
producedbthe largest.percentagé below F5 (except for the fourth LPC where
only three logs were recovered), probably due to a slightiy larger
overall percentage of juvenile timber in the smaller trees.

This deduction is strengthened by the visual grading
results (Figure 4.14) which show that the low SQ trees produced a larger
percentage of F5HI + reject than did the higher site qualities.

Machine grading produced a yield of about 80% in the F7
and higher grades (F7+) for the butt and second logs for all three site
qualities. Yield of F7+ grades was generally less for the higher log
positions being about 65% for LPC3 and 35% for LPC (after exclusion of the
group with only three logs). | |

For visual grading the yield of F7+ for the high and
medium site qualities was about 55% for the butt logs and about 65% for the
second logs. The butt and second logs from the low site quality area
producéd about 48% of F7+. Yields of F7+ were less for the higher log
positions Being about 30% for LPC3 and 20% for LPC 4 (excluding the groups
with three logs). 4

There were no great differences between yieldé of F8+
and F11 grades for the three site qualities for the first two logs
whatever the grading method. MSG produced about 28% FI1 and about 60%

F8+ for both the butt and second logs and VG produced about 15%, Fl1 and

35%, F8+ for the butt logs and about 5%, F11 and 35%, F8+ for the second
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TABLE 4.30a

Percentage yields in the mechanical grades for the various log position

classes for the three site quality (SQ) areas of compartments 104, 105

SQ LPC No. of Machine grade percentage yleld
Logs P11 P& F1 F5  F4  Reject
] 1 10 19.0  39.3  22.7  15.7 3.k 0
2 10 27.6  37.4 13.0  19.2 2.7 0
3 3 16.5  50.3 16.7 13.3 3.3 0
4 4 0 19.5 8.6 63.9 7.9 0
5 I 0 0 50.0 50.0 O 0
2 6 29.5  33.6 13.9  18.8 4. 0
2 8 29.7  27.1 20.7 19.8 2. 0
3 4 5.7 k9.7 12.1 335 0 0
4 4 o  25.9 18.4 49k 6.3 0
5 1 0 0 68.1 31.9 0 0
3 1 9 36.6  29.5 12.5 15.2 5.1 1.3
2 6 26.0  28.1 23.5 13.9 6.4 2.1
3 4 5.0  27.h 271 32.8 8.6
4 3 0 20,5 39.1 L40.h 0
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TABLE 4.30b

Percentage yields in the visual grades for the various log

position classes for the three site quality areas of cpts. 104,105

SQ LPC  No. of Visual grade percentage yield
Logs gy F8 F7 F5 FSHI ~ Reject
] ] 10 12.6  26.6 17.h 18.6  14.0 10.9
2 10 8.4  34.9 21.5 22.b 9.6 3.1
3 3 5.5  32.1 16.1 29.7 6.6 10.0
4 4 5.0 8.6 5.8 19.9  25.9 34.7
5 1 0 0 0 o 100 0
2 1 6 . 18.5  23.3  36.h 2.9 9.9
2 8 2. 27.0  33.7 16.5  16.0 4.0
3 4 0 21.2 3.1 503 2.9 22.6
4 4 0 19.3 0 31.0  31.0 18.8
5 | 0 0 0 3.0 31.9 34.0
3 9 16.8  21.4 8.8 19.5  22.3 1.2
2 6 6.0 30.4  ik.4 13,1 10.7 25.5
3 b 12.3  14.8 145 16.9  29.9 1.5
4 3 0 10.3 0 10.3  69.2 10.3
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logs. Machine grading yields, however, showed some decrease in F11
yield as site quality increased for the butt logs, possibly because
branch siie increases as site quality increases. This, however, was not
reflected in the second logs where F11 yield was constant at about 28%.

Visual grading produced about 10% reject for site
- qualities 1 and 2 for the butt logs and about 4% for the second logs for
ail site qualities. In site quality 3 the butt logs produced a high
26% reject. The reason for this is unknown. LPC 3 and 4 produced be tween
103 and 30% reject, increasing with increasing site quality. However,
the numbefuof logs in each group was small,

In summary, site quality did not appear to affect machine
~grade yiélds significantly except for perhaps the yield of.F]l from the
butt logs where it decreased with increasing sife quality, and for the
small effect of the higher percentage of juvenile wood in the §mai]er
logs which increésed the yield of grades below F5 from the lowest site
quality.

Visual grading yields appeared to be affgcted by site
quality in as much as the percentage of‘juvenile or 'heart-in' wood was
affected by ldg size.  As site quality decreaseg log size decreases and
the 'heart-in'' yield increases. The yield of F7+ was smallest for the
lowest site quality. Grade yields were generally superior from MSG than
from VG, MSG produced very low percentages of reject aﬁd F4 grade and a
high percentage of F11, F8 and F7 grades for the two bottom logs.
of F8 for the third log position class. The yieids of these grades using
visuai“méAns.were lower for.all log positions.

Apparent average whble tree grade yie]ds weré.determined_
using‘the first fouf log position classes. These are given 'in Table.4.3]:
Because of unéqual representation in each log pdsition class these yields

may not be representative of the stands sampled. They do, however,
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demonstrate the insignificant differences in yields between the three
site qualities for MSG and, for VG the high yields of low grade material

from the low site quality area.

TABLE 4,31

Apparent whole tree percentage yields in the mechanical and

visual grades for the three site quality areas of cpts. 104, 105

(a) Machine grade percentage yield

S9 F11 F§ F7 F5 F4 Refect
I 18.8  39.4 17.0 21.2 3.7 0.0
~20.0 3.8 159 26.3 3.0 0.0
21.3  27.4 22,5 22.0 5.6 1.1

(b) Visual grade percentage yield

sQ F11  F§ F7 F5 FSHI ~  Reject
8.8 28.3 17.0 22.6  12.2 11.0
2 5.0 21.4  18.3  33.2 9.9 12.3

3 10.4 21.2 10.7 15.8 26.5 15.4

4.5.3 Compartment 139 - 4 initial spacings.

Mechanical and visual grade yields for each log positibn
class for the four initial spacings are given in Tables 4.32a and 4.32b
and Figures 4.14, 4.15 and 4.16. Only small numbers of butt logs were
recovered from the 3.05 m x 3.05 m and 3.66 m x 3.66 m spacings and no
conclusions could be drawn about them.

This compartment produced a significant amount of timber
with excessive twist which is reflected'ih the yield Eeéults. An |

examination of the piece grade results (Appendix E) showed that cpt. 139
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TABLE 4.32a

Percentage yields in the mechanical grades for the various log

position classes for the four spacings in compartment 139

Square LPC  No. of ‘ Machine grade percentage yield
spacing Logs FI1 F8 F7 F5 F4 Reject
-~ 1.83m 1 6 10.6 35.6 16,9 26.4 0 10.6
2 5 41.3 0 0 0 58.7
3 X 0 31.1 15.6 0 . 53.3
4 2 0 0 100 0 0
2.44 m 1 b 24 4 13.3 7.3 32.5 14.8 7.7
2 5 9.1 22,9 38.9  29.1 ¥ 0
3 b | 25.2  37.2 15.0 7 15.
4 3 0 34,1 47.7 18.2
3.05 m 1 2 15.6 36.2 8.3 15.0 24,9 0
2 6 5.6 27.0 27.8 27.5 6.0 6
3 5 0 14,3 35.7 h42.8 7.2 0
4 1 0 0 50.0 50.0 O 0
5 1 0 0 50.0 0 0 50
3.66 m 1 3 20.7 23.7  19.0 8.4  23.4 4.8
2 4 6.9 19.5 18.8 34,4 13,6 6.8
3 6 0 ¥2.8  21.4  21.7 6.8 7.3
4 2 0 38,2 19.7 k2.1 0 0
5 2 0 0 0 80.0

0 20.0
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TABLE L4,32b

Percentage yields in the visual grades for the various log position

classes for the four spacings in compartment 139

Square LPC  No. o4 Visual grade percentage yields

spacing Logs £y F§ F7 F5  F5HI Reject

1.83 m 1 6 0 25.7  25.h 5.6 32,0 11.3
2 5 0 0 6.4 16,9 7.9 58.7
3 4 0 15.6 0 0 13.3 71.1
4 2 0 48.3 0 0 51.7 0

2,44 m 1 4 0 1.1 28,2 16.8 36.3 7.7
2 5 8 13.6  13.6  13.6 44,2 6.9
3 4 0 7.2 6.8 0 37.6 48.4
4 3 0 0 0o 0 k7.7 52.3

3.05 m 1 2 7.8 8.3 16,9  35.4 31.6 0
2 6 2. 9.3 9.1 23,9 18.6 36.5
3 5 0 9.5 4,8  23.8 45,2 16.7
4 1 0 0 0 50.0 50.0 0
5 1 0 0 0 0 50.0 50.0

3.66m | 3 0 36.9 12,1 18,6 27.7 4.8
2 4 6.8 4,2 20,7 21.0 30.3 17.0
3 6 0 12 17.2 18.0 29.0 23.3
4 2 0 7.5 17.4 32.6 32,6
5 2 0 0 0 0o 8.0 20.0
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produced more highly twisted timber than any of the others. It is
suspected this compartment was planted with experimental cuttings left
over from the work of M.R. Jacobs (1939) and highly twisted wood came
from trees of the same clone (A.G. Brown pers. comm., 1980). Generally
any reject over 5% in the MSG results was due to excessive twist. Twist
had the most effect on grade yields in the second and third log positions
of the 1,83 m x 1.83 m spacing where it was the cause of reject for all
the MSG and most of the VG yield.

.Taking into consideration the problem of twist there
appear to be some trends in the grade yields for the various spacings.
For example for the first and second logs MSG general]y‘produéed decreasing
yields Qf F5+ as spacing increased, and for the second logs décréasing
F7+ yields. All pieces graded as reject for LPC 2 and LPC-j at the 1.83 m
spacing graded as F5 when twist was disregarded. For the third logs
spacing appéared-to have little consistent effect on machine grade yields
ignoring the effect of twist.

As spacing increases branch size increases and timber
grade &ould be expected to decrease. Persson's (1975) work on Scots pine
(P. sylvestris) indicated that, as spacing increased, the lower lags
produced increasingly inferior timber, a result mirrored to some‘extent'
here. |

Visual grading produced roughly simiiar grade yields for
the four spacings for the butt logs if the reject arising from the
twisted pieces for the 1.83 m and 2.44 m spacings is ignored. The second
and third logs produced confusing results with high pércentages of reject
in some classes. (All pieces graded as reject for LPC 2 at the 1.83 m
spacingywould have been graded as FGHI if twist had been disregarded. If
this was done for LPC 3 as well, only 18% of the product fﬁom this log

position would have been rejected and the remainder graded as FSHI.) These
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logs, however, generally produced decreasing yields of FSHI as spacing
increased. This is to be expected because of the increasing size of
the logs in any one log position class as spacing increases. Also as
spacing increased the yield of F5+ grades appeared to increase, e.g. for
the second logs the 1.83 m spacing produced 33% and the 3.66 m, 53%. For
the third ldgs the 1.83 m spacing produced 16% F5+ and the 3.66 m 48%.
In general the closer spacings produced the lowest yields

of low grade wood, at least for,the first and second logs. The wider
- spacings howevef produced superior yields for the third. logs. These
conclusions are based on fairly,émajl'sample sizes and for this reason
should be treated_with some caution.

| Apparent average whole tree grade yields were determfned
using the first three position classes. These are given in Table 4.33.
Becauserof unequal representation and a small sample size in each log
positioﬁ class these yields may not be representative of’the'stands
sampled. For these reasons and the complication of the highly twisted
timbér no cdnclusions are drawn about the effect of spacing on whole

tree grade yields.

L.5.4 Compartment 149.

Mechanical and visual grade yields for the first three
log position classes are given in Tables 4.34 and 4.35 and Figure14.17.

Large percentages of reject were recovered from ajl three
LPC's for both.grading methods. It varied from 20% to 36% for the ﬁSG
and from 11% to 33% for VG. MSG also produced faifly large yields of Fk
so that 40 - 502‘of‘the volume was graded at lesé than F5. Thié result
is probably due to the large percentage of low density, low stiffness
juvenile wood’in the small, young logs. Thevage of the staﬁd (24 years)
plus‘the fact that it was unthinned would have allowed the juvenile core

"to be of great significance in limiting the yields of the higher grades
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TABLE 4.33

Apparent whole tree percentage yields in the mechanical

and visual grades for the four spacings in compartment 139

(a) Machine grade percentage yield

Square
Apacing F11 Fs F7  F5 F4 Reject
1.83m A6 302 139 1h9 0 3.k
2.44 m 12,6 16.8 25.0 29.8 7.7 8.2
3.05 m 7.9 27.1 224 26.8 13.6 2.1
3.66m  10.5 257 19.8  22.0 15.8 6.3
(b) Visual grade percentagevyiéld
Square
Apacing F11 F§ F7 F5 F5HT Reject
1.83m 0.0  1h6 17.0 8.4 197 4o bk
C2.b4 m 2.2 9.7 16.7 10.6 ko.o 20.7
‘ 3.05 m 3.9 9.0 10.9 28.3 30.8 17.1
3.66 m 2.7 17.2 16.9 19.6 29.4 14,2

*

These high reject yields were due to excessive twist in the recovered
timber and not to a spacing efFect.‘ Most timber graded as reject
from this spacing would have been graded F7 and F5 using MSG and as
FSHI using VG if twist was neglected.
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TABLE 4, 34a

Percentage yields in the mechanical grades for the various

log position classes of compartment 149

LPC  No. o4 Machine grade percentage yield

Logs gy F§  F7 F5 F4 Reject
1 8 0 10.5 15.8 25.1 12.7 35.9
2 3 0 0 14,1 32.9 34,1 18.8
3 7 0 5.3 15.9 h2.2 15.9 20.6
4 2 0 0 23.0  50.8 0 26.2

TABLE 4,34b

Percentage yields in the visual grédes for the various

log position classes of compartment 149

Lrc N26gzé Visual grade pencentdge,gieﬂd
‘ F11 ‘ F§ F7 F5 F5HT Refect
1 8 5.3 7.9 13.7 20.4 27.9 25.0
2 3 0 0 0 18.8  48.2 32.9
3 7 0 5.3 5.3 15.9 63.1 10.3
L 2 0 0 -0 0 100 - 0
TABLE 4.35

Apparent'whole tree percentage yields in the mechanical and visual
grades for compartment 149

(a) Machine grade percentage yields
F11 - F§ - F7 F5 F4 RejectA
0.0 6.9 15.5 31.8 17.9 . 27.9
(b) Visual grade percentage yields
F11 F§ F7 F5 F5HT | Reject
2.7 - 5.6 8.4 18.7 42.5 22.1
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(1ess than 25% of F7+ grade). This is borne out by the visual grading
results which produced 28%, 48% and 63% in the F5HI grade for the first,
second and third logs respectively.

Machine grading produced a slightly inferior grade
distribution for thé butt logs because of a large reject percentage.

This large reject percentage was also reflected in the visual grading. An
inspection of the grade recovery data (Appendix E) showed that many of the
pieces rejected by one method were graded differently by the other method.
Visual grading relies on defect size and type and MSG relies on measured
stiffness over a short span for grade determination so there must be
differences in grade results between the two methods.

Apparent average whole tree grade recoveries were
determined using the first three position classes. These are given in
Tablé 4,35, Because of unequal representation in each log position
class these yields may not be representative of the sampled stéﬁd. They
do however demonstrate the overall differences between the two grading

systems in their yields below F5 grade, i.e. 46% for MSG and 22% for VG.

L 5.5 Compartment 162a.
Mechanical and visual grading yields for thé first three

log position classes are given in Tables 4.36 and 4.37 and in Figure 4,18,

TABLE L4.36a

Percentage yields in the mechanical grades for the various log

position classes of compartment 162a

Lpc NZ‘) of Machine grade percentage yields

% F3 F7 F5 77 Reject
1 5 0 4.3 5.0 36.8  24.0 29.8
2 5 o o0 35.1 36.8  28.1 0

0 0 25.0 75.0 0 0
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TABLE 4,.36p

Percentage yields in the visual grades for the various log

position classes of compartment 162a

LPC No. o4 Visual grade percentage yleld
Logs F§ F7 F5 FSHI Reject
9.3 0 12.4 54,7 23.6
2 0 7.6 8.8 74.3 9.4
0 0 0 100 0
TABLE 4,37

Apparent whole tree percentage yields in the mechanical and

F11

0.0

F11

0.0

visual grades for compartment 162a

(a) Machine grade percentage yield
F8§ F7 F5 F4 - Reject
2.2 18.0 41,8  22.3 15.6

(b) Visual gradé percentage yield
F§ F7 F5 F5HI Reject
4.9 2.6 9.5 67.3 15.6

grading systems;

The butt logs produced large yields of reject for both

little reject was produced from the other logs. The

large reject yield from machine grading was the result of low density

corewood since the pieces rejected by machine grading graded F5H!| visually

and, must therefore have had fairly small defects. The problems of machine

~grading low density juvenile wood were investigated by Anton (1979) who

found that 50% of scantlings produced from 13 year old radiata pine trees

were rejected even though 95% actually met the strength requirements for F5.
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Interestingly the pieces rejected by visual grading in this study were
graded F5 or F4 by MSG indicating that the pieces with defects large
enough to cause them to be rejected by visual grading had reasonably high
stiffness and probably came from the outer sections of the log where
density was highest.

Large percentages of F4 MSG grade were produced by the
butt and second logs (24% and 28% respectively) again, probably because
of low density core wood. | |

Visual grading produﬁed increasing percentages of
FSHI as log position increased because of decrease in log size.

Both grading methods produced a negligible yield of F8
and little F7. Visual grading produced little other than F5HI and reject.

"Apparent average whble tree grade yields were determined
using the first three log position classes. These are given in Table 4.37.
Because of the small sample size these yields may not be representative
of the sampled stand. However, they do indicate that MSG produces 38%

below F5 and VG only 16%.

4.5;6 Comparison between 3 age classes.

Compartment 162a (19 years), 149 (23 years) and the 2.4 m
spacing in cpt. 139 (30 years) were all unthinned, low pruned (except for
cpt. 139) and had similar initial spacings (cpt. 149 was‘planted at
2. 74 m x 2.7 m and the others at 2.44 m x 2.4# m). Grade yields using
both ﬁechanical grading and visual Qrading for the first three log
positioh classes for the three‘age classes are given in Tables 4.32, 4,34
and 4.36 and are shown in Figure 4.19. | |

The butt log yields for both grading systéms show there
is a genéral increase in the yields of F7+ and F5+ grades and that there
is a generai decrease in the reject percentage as age increases. The

fairly high reject yields for the 23 year old stand could have been an
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Mechanical and visual grade yields for (a) butt,

(b) second, (c) third and (d) apparent average whole
tree grade yields for three different aged stands.
Initial square spacings were 2.4k m, 2,74 m and 2.44 m
for the 19, 23 and 30 year old stands respectively.

Stands were unthinned and the 19 and 23 year old stands
had been Tow pruned.
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Fig [o'19(d) Apparent average whole tree grade yields.
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effect of the slightly wider spacing caused by a greater diameter
of core wood. A significant amount of F11 grade (24%) was produced
only from the 30 year old butt logs using machine grading. Butt log
yields in the F7 and higher grades were 9%, 26% and 46% for the 19,
23 and 30 year trees respectively for machine grading and 10%, 27%
and 39% for visual grading. F5+ yields were 46%, 64% and 79% for
MSG and 22%, 47% and 56% for visual grading (excluding F5HI).

The second logs showed the same trends (excluding the
23 year old group because of the small sample size). F7+ yields for
MSG were 35% for the 19 year old trees and 62% for the 30 year.
Corresponding figures for visual grading were 8% and 35%. F5+ yields
were 72% and 100% for MSG and 16% and 49% for VG (not including F5HI).

The third logs produced a strange result for the 19 year
old stand where all material recovered was graded as F5+ for MSG and
F5H! for VG. This was possibfy due to the small sample size, The
30 year age class produced larger F8, F7+ and F5+ yields than did the
23 year old trees using MSG and smaller yields of‘Fh and reject.
Visual grading however produced a large reject yield for the 30 year
age class; an unusual reﬁult considering the excellent yields from
machine grading. |

In summary the 30 year old trees produced significantly |
better grade recoveries tﬁan did the younger trees for bofh:Visual
and machine grading., The third logs, however, produced some unusua{
results possibl? because of the small quantity of timber recovered.
FSH! yield decreased as tree age increased. This is.the expected
result because older trees would contain a higheripercenfage of mature
timber thén do younger trées uhder the same management regime. Zobely

Ralston and Roberds (1965) report "a good positive curvilinear .
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relationship between age of stand and weighted specific gravity
of whole trees'' and '"a strong relationship hetween age of stand
and proportion of core wood to outer wood'' for stands of loblolly
pine in the United States.

Generally, as age increased machine grading_produced
superior grade results; although for the young trees with high
percentages of juvenile wood visual grading produced far less‘volume
in the grades below F5 and F5HI than did machine grading. F4 and
reject can present marketing problems and are usually sold at prices
well below that for F5. In section 4.5.5 it wés mentioned that
all the pieces réjected by MSG were graded F5HI by the visual rules
. aﬁd all pfeces rejected by thé visual rules were Qraded as-F5 or Fh
by machiné. Some producers of radiata pine scantiing are taking
advantage of this situatiéh by machine grading all the pieces and
only marking those attaining an F5 or higher grade. The pieces below
F5 (i.e. fk and reject) are then visually graded and if they meet
the requirementé are stamped F5HI.

Apparent averagé whole tree grade yields for the three
age classes are shown in Figuré 4,19d. There were, howéver, unequal
numbers of'logs in each position class and as a result the yields are
not necessarily representative of the age classes. They do, however,
indicate that for MSG the 30 year old trees produce a far better
yie]dvpattern~than the younger age clésses. It is interesting to compar:
‘the grade yields from the two grading systems especially for the
30 year age class where MSG produced a more useful distribution of
grades.

Booth (1969) reports a similar result from a machine
gradihg yield study of staﬁds of slash, patula and loblolly §ines

of various age classes from the north coast of New South Wales. The
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timber in the study was separated into F14, F11, F7 and F4 stress
grades. The results presented by Booth for each species are

summarised below:

Loblolly pine:
1. Age 18 - 20 years. yielded 9% F7, 29% Fk and 62% reject.
2. Age 26 years. yielded 6% F7, 28% F4 and 66% reject.

Slash pine:
1. Age 18 - 20 years. yielded 2% F7, 20% F4 and 78% reject.

2. Age 26 years. yielded 20% F7, 28% F4 and 52% reject.

Patula pine:

1. Age 13 years. yielded 9% F7, 36% F4 and 55% reject.

2. Age 18 years. yielded 7% F7, 43% F4 and 50% reject.

3. Age 23 years. yielded 26% F7, 52% Fh and 22% reject.

L, Age 37 years. yielded 77% F7, 19% Fh4 and 4% reject (including

4% F14 and 19% F11).

These results indicate that for slash pine and patula
pine sjgnfficantly better machine grade yields are achieved as the
trees age. Grade yields were, however, similar for the two age

classes in loblolly pine. No reason was given for this anomaly.

L,5.7 Comparison between logs with small branches and logs
- with large branches. '

Logs from cpts. 79, 104 and 105 were separated on the
basis of maximum branch size (BSMAX) and grade yields were calculated
for two BSMAX-groups for the butt and second logs.v The butt logs
were divided into two groups one group with BSMAX >32 mm and‘the other

with BSMAX <32 mm, for the second logs 40 mm was the comparable figure.
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These branch sizes were chosen because they gave approximately equal
numbers in each group. Results are given in Table 4.38 and in
Figure 4,20,

For both log positions the group with the larger branches
produced smaller percentages of Fil, F8 and F7 and largerpercentages
of F5, F4 and reject by MSG than did the group with smaller branches
possibly because larger branch sizes could lower the timber stiffness.
Larger branches would be more likely to occur on larger trees so that
another contributing factor could be the small loss of stiffness due
to a slightly lower density in the mature wood of the larger and,
therefore, faster growing trees. A significant negative correlation
was found to exist between the ring width and density of the mature
wood from these trees in a separate study reported by Welsh (1979).

Visual grading also produced a larger reject yfeld in the
~group with larger branches, but only for the butt log. Both groups
produced abogt the same reject yiejd for the second lbgs. There were
similar yields for most of the other visual grades for both log
positions with perhaps the logs with largest branch size producing
slightly better grade yields. This result is unexpected; - defect
size should influence visual grade to a greater extent than machine
 gra§e. Thé.larger branch size logs, which were of larger diameter,
were cut into larger pieceﬁ.than the smaller branch sizé logs, (mean
sedub of the two groups were 387 mm for the >32 mm and 308 mm for the
<32 mm for the butt logs and 352 and 305 for the second logs). Defect
size hasva significantly decreasing influence on}grade as section size
increases fér visual grading because of a decreasing knot aréa ratio
(KAR) and the decreasing likelihood of the defect being a margfn knot,’

but only a small influence on mechanical grade (Grqnt, 1979). The



TABLE 4.38

Percentage yields in the mechanical and visual grades for

butt logs with largest branch diameter greater than 32 mm or

equal to or less than 32 mm and for second logs with largest
branch diameter greater than 40 mm or equal to or less than

40 mm. All logs recovered from compartments 79, 104 and 105
are included.

(a) Machine grading

LPC  BSMAX No. 0§ ~ Machine grade percentage yield
() Logs gy F&  F7  F5  F4

1 <32 9 32.5  27.3 22.2 9.5 7.6

1 >32 12 17.0  25.2 12,7 32.4 11.3

2 ko 10 17.7  38.9 16.0 20.h 6.9

2

>k4o 8 14.8 25.4 1.1 39.8 8.9

(b) Visual grading

LPC BSMAX No. of ' Visual grade percentage yield

(1rm] Logs F11 F8 F7 F5  FSHI
1 <32 9 b 1901 16,5 1k 17.7
1 > 32 12 23.7 25.4 13.1 16.8 6.7
2 <ho 10 0.9 32.0  13.8  23.7 10.3
2 >ho 8 11.5  28.3  23.2  19.8 8.2
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VFIGURE 4.20. Mechanical and visual grade yields for butt logs
with their largest branch diameter greater than 32 mm and less or

equal to 32 mm and for second logs with their largest branch diameter

greater than 40 mm and less or equal to 40 mm. Logs from cpts. 79,
10k and 106
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cores of the logs were all cut into 35 mm x 100 mm sizes irrespective
of log size and therefore these pieces would be expected to be graded
at a lower grade as branch size increased. This was the case at least
fof the butt logs where the reject yield was 14% for the large branch
size group and 9% for the other.

In conclusion, the logs with larger branches produced
inferior MSG grades for the butt and second logs. This effect however
did not appear in the visual results except for a élightly greater
reject yield from the larger branch size butt logs (14%) compared to
the yield from the smaller branch size 10957(92)‘ The results for
visual grading are probably attributable to the differencé in sawn
sizes for the two groups with the larger branch size group being sawn’

into larger sizes than the other group.

4.5.8 Comparison between logs with small branches and logs
with large branches but with the four largest trees
excluded. ‘

Because of the findings in section 4.5.1 when grading the
250 mm and 300 mm pieces (visual grading ubgraded these sizes to FI11
- and machine grading downgraded them to F7 and F5) the butt lpgs with
sedub >450 hm and second logs with sedub >400 mm were removed from
the yield results given in section 4.5.7 (Table 4.38). The modified
results are given in Table 4,39 and Figure 4,21.

The yield results in Figure 4.21 show similar trénds to
those in Figure 4.20 except that for MSG the differences.between the
yields from the two groupé for both logs are less. However the
differences have been augmentéd for the VG yields wjth thellarger
branch siie logs producing‘slightly better grade vields than the other

logs.
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Exclusion of the largest trees probably influenced
the overall result because some of these trees also had very large
branches. Elimination of the pieces cut from these logs would have
assisted the grade yield pattern to some extent and this is what

appeared to happen.

TABLE L4.39

Percentage yields in the mechanical and visual grades for butt logs
with largest branch diameter greater than 32 mm and less than or equal
to 32 mm and for second logs with largest branch diameter greater thah
ho,mm.and less or equal to 40 mm. All logs recovered from cpts. 79,
104 and 105 are included except for trees with sedub greater than

450 mm at 4.95 m above ground (ie. Trees 1, 2, 9, 10).

(a) Machine grading

LPC BSMAX No. o4  Machine grade percentage yield
lmml Rogs gy P F7 F5 F4 Reject
1 £32 8  33.0 37.0 9.9  10.7 8.0 1.3
1 >32 9 27.1  28.5 15.0 16.0 11.8 1.6
2 sho 8 25.8  37.5 18,7 12.4 56 0
2 >k 6 18.7 37.5 13.8  27.2 2.7 0
(b) Visual grading
LPC BSMAX No. o4 Machine grade percentage yield
(mm) — Zogs  gyy - pg F7 F5 FSHT Reject
1 €32 17.0 14.8 15.8  18.3 22.1 11.9

8

9 12.1 26.5 16.7 22.9 7.4 14,5
<ho 8 5.6 37.4 5.5 24.0 15.2  12.3

6 9.9  32.0 29.8 8.7 11.2 8.4
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L 6 ML doorn product values,

The calculation of total product value as a percentage
of log volume (TMV/mBL and TVV/m3L) and total product value as a
percentage of product volume (TMV/m3P and TVV/m3P) was described in
section 3.16., Results for the various groups are presented by log
position classes in both tabular and graphical form.

The graphs do not‘show the number of logs recovered in
each group and reference must be made to the tables for this information
Generally.however if less thén four logs were recovered then that group

was not included in the graphs.

4.6.1 Compartmeﬁt 79.
Product values are given in Table 4.40 and Figure 4.22.
Machine grade value of the recovered timber (TMV/mBP) increased slightly
~with increasing log position class up to the fifth Iog."This reflected
tﬁe trend towards a ﬁfgher percentage of F7+ grade and a lower
percentage of reject with Tncreésthg’log position (Figure 4.10). A high

yield of Fh4 and reject caused the low value for the sixth log.

TABLE 4. 40

Mill door product values as a bercentage of log volume and product
volume for the various log position classes of compartment 79. Produc
value includes all timber recovered.

o N W N

LPC  No. of ™M/miL  TwmlL TMU/mPP Twu/mP
Logs o ‘ unizz/ms

110 48.0k 48,57 104.60 105,74
10 58.74 58.34 106.48 105.74
0 56.98  50.08  108.07 95.03
10 55.92 49.36 110.35 - 97.40
10 48,26 45,56 113.21 106.87
3 26.20 23.63 102.52 ' 92.46
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log for various log position classes for

compartment 79. The values plotted were determined

from logs cut from 10 trees. Product value was
assessed by both mechanical (MV) and visual (VV) grading.
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Visual grade value of the timber (TVV/m3P) was the same
for the first two logs (and roughly the same as for MSG) but decreased
significantly for the third and fourth logs, reflecting high reject
and low F7+ yields from these logs. Low reject yields for the boards
and scantlings caused the high value for the fifth logs. The
sixth log value was due to a large yield of reject material.
Section 4,5.1. gives an explanation for the relatively
poor yields in the higher grédes for machine grading and ﬁhe relatively
vgood yields in the higher grades for visual grading obtained from the
butt and second logs. In that section some of the largest logs were
_elfmihated to demonstrate the effect this would have on grade yields.
The product values of these new groups were calculated and are given
in Table 4.41, The machine grade values for both the butt and second
logs were higher than the original values because of the better grade
yields obtained after elimination of the largesf logs. The visual
grade value was lower for the butt logs becauserf inferidr grade
yields after elimination of the largest logé and’slightly higher for
the second logs. (The visual grade yields were actually slightly

better for the second logs after the largest logs were eliminated.)

TABLE L4.41
Mill door product values as a percentage of log volume and product
volume for the first two log position classes of compartment 79 and
the mi11 door product values after elimination of the four largest

logs in each class. Product value includes all timber recovered.

LPC No. of MY /m3L TW/mL  TMU/m P TV /m P
Logs ' uniia/ms )

110 48.0k 48.57 104. 60 105,74

] 6 50. 45 47.87 105.12 99.74

2 10 58.74 58.34  106.48 105. 74

2 6 61.48 58.95 1. 106. 54
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Second logs produced the highest values for either grading
method when log volume was used as a basis for calculation. Waugh
(1979b) also found that second logs produced the highest values per
cubic metre of log for stands of radiata pine in Victoria.

TMV/m3L and TVV/m3L followed the same general trends
with the TVV/m3L generally having lower values. The butt log had
lower values than the second, third and fourth logs possibly due to
the lower recovery from the butt log. The general decrease in values
.after log 2 is also due to some extent to decreasing percentage
recoveries as log size decreased.

Figure 4,23 shows the mean cumulative percentage
contribution to mill door value of the various log position classes for
the ten trees sampled ffom cpt. 79. The butt log contributes about:
30% to total value the first two Iogé about 56%, the first three about
76% and‘thé ffr;t four logs 90% of the trees total recovered value.

A linear relationship was found to exist between the value
of the timber recovered from each of the ten trees and tree diameter
under bark at 5 m above ground level for both grading methods. These

relationships are shown in Figure 4,24,

4.6.2 Compartments 104, 105 - 3 site qualities.

Product values for the various log positions for the three
§ite qua]ftiés are given in Table 4,42 and Figure 4.25, Trends for
“all four values (i.e: TMV/m3P, TMV/mBL, TVV/mSP, TVV/m3L) were similar
as log position class increased, the highest value generally being
produced by the second légs with the exception of the TMV/m3P and
TVV/m3P values for the second logs from the low site quality area.
This was due to a large reject yield for VG and a large Fh yield for

MSG.
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FIGURE 4.24. Regressions of tfie value of a converted tree as

assessed by visual and mechanical grading on tree
diameter under bark at 5 m above ground for 10 trees
from compartment 79.

*% Significant at 1% level,
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The highest site quality area produced slightly higher

values for most log positions based on product volume (TMV/m3P and

TVV/m3P), probably due to the effect of a larger percentage of

juvenile wood in the smaller logs from the lower site quality areas

(section 4.5.,2).

TABLE 4,42

Mill door product values as a percentage of log volume and product

volume for the various log position classes of the three site

quality areas of compartments 104 and 105.

all timber recovered.

SQ LPC - No. of
Logs
1 1 10
2 10
3 3
b !
1 6
2 8
3 b
b L
3 1 9
2 6
3 L
i 3

Product value includes

™MV/mPP  TWV/mSP

™MV/mL  Tw/miL
—Units /m3

54,55 50.84 112,12
59.77 56.92 11841
57.97 53.87 113.80
40 .74 ~ 35.86 110,04
50.10 46.15 106.16
58.89 55.90 115.62
57.89 50.26 113.96
43,73 39.96 103.49
48,33 45,04 108.31
/58,13 50.66 109.03
52,54 50.56 111.70
53.30 49,36 109.85

104,51
112,76
105.76

96.84

97.79
109.75
98.94
94 .56

100.93

'95003
107.50
101.74

Results for the values based. on log volume show that

" generally value increased slightlybwith increasing SQ.

Contributing to

this would have been the effect of the increasing percentage pf

juvenile wood as SQ decreased as well the lower recoveries from the

smaller logs from the lower site qualities (discussed in section 4.3).
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To summarize, the high site quality area generally
produced slightly higher values than the lower quality areas
probably because of the larger log sizes. There was, however, little
difference between the values for the three SQ's for most log
positions.

Second logs generally produced the highest values on both

log volume and produce volume bases,

4.6.3 Compartment 139 - four initial spacings.

Product values are given in Table 4,43 and Figure 4.26
for the four initial spacings. Section 4.5.3 showed the best grade
recovéries for the first tw§ logs were achieved by the cloéer spacings;
thé wider spacings were superior for the third logs. The values based
on produce volume (TMV/m3P and TVV/m3P) in Figure 4.26 show the 2.44 m
spacingvproduced the most valuable timber from the second logs; the -
wider spacings produced timber of higher value for the third logs.
Unfoftunately, the number of butt logs recovered from the wider
spacings was really too small for any conclusions to be drawn. Also
the 1.83 m spacing was down graded in value terms by excessive twist
in some of the pieces recovered from the second and third log positions;
therefore the values would not be representative of the true value of
the fihber from that spacing if twist could be eliminated. (Section 4.5.j

Values based on log volume (TMV/m3Lvand TVV/m3L)-show that
there was no discernable difference between the values for the wider
spacings except for the third logs where the wider spacings produced
higher values. This result would no doubt‘be due to log size effects
i.e. an increasing percentage of juvenile wood and lower recoveries as-
diameter decreases. The low overall values for the 1,83 m spacing would
be mostly due to the generally lower overall timber recoveries from the

small logs produced from that spacing.
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Second logs produced the highest values based on log

volumes,

TABLE 4.43

Mill door product values as a percentage of log volume and product
volume for the various log position classes of the four spacings

in compartment 139, Product value includes all timber recovered.

Square Spacing LPC  No. of TMU/moL TW/m°L TMV/m®P Tyv/m’P

(m) Logs Y /m3
1.83 1 6 37.45  36.43  106.70 103.79
2 5 38.39  37.18 98.52  95.42
4 29.14  27.21 96.78  90.34
2.44 1 6 46.62 46,14 107.54  106.42
2 5 53.75  51.07 117.76 111.88
3 L 47.13 38.33 100.03 81.36
4 3 34.36  28.05 99.54  81.27
3.05 1 2 b2.43  h2.33  111.48  111.23
| 2 6 55.57  47.97  111.46  96.22
3 5 49.18  45.42  109.01 100.68
4 n - - - -
3.66 1 3 Ly, 62 b4k, 91 108.29  108.97
2 5 52.07  49.53 102,09  97.12
3 7 52.33  48.40  111.78 103.40
4 2 4y 65 43,25 94,19 . 91.24

 4.6.4 Compartments 149 and 162a.
Product values are given in Table 4.44 and Figure 4.27
for these two compartments. Compartment 149 produced slightly higher
values by visual grading than by machine grading for log position classes
1 and 3. The second 1ogs could not be properly evaluated for this

compaftment because of small sample size.



132,

" LOG VALUE / nt

(a} CPT. 149 (b) CPT. 162a
120+
1 .
1009 . ~e TWimP —> 7
i e TMv/mP—
80
60-
04 o
20"‘- f T 1 ! T 1
1 2 3 1 2 3

LPC LPC

FIGURE 4.27. Log value /rn3 of product and log value /m3 of
log for the various log position classes of
compartments 149 and 162a. The values were determined
from between 5 and 8 logs per stratum and were assessed
by both mechanical and visual grading.
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TABLE 4. 44

Mill door product values as a percentage of log volume and product
volume for the various log position classes of compartment 149 and

compartment 162a. Product value includes all timber recovered.

LPC  No. of  TMV/mL TV /mL ™V /m P TVY /m P
Logs WS /m3 '
(a) Cpt. 149,
] 8 39.31 42.02 96.79 103.46
2 3 31.85  31.55 93.13 92.27
7 41.09 43,74 92.70 98.69
(b) Cpt. 162a. .
1 5 37.94 40.41 9k.13 100.28
2 5 4615 45.52 102.87 101.47
5 29.92 29.51 94.53 193.25

Compartment 162a produced similar values by both grading
systems for log position classes two and three but slightly higher values
>by visual grading for the butt logs when compared to the values by
-machine grading,

| Visual grading therefore appeérs slightly more prdfitab]e
for these younger trees since many of the pieces graded Fi4 or reject by
machine, because of low stiffness, were visually graded F5H! (Appendix E
contains the full grading data for all recovered pieﬁes). ‘This has also
been observed by Anton (1979).

: The low values (TMV/m3L and TVV/m3L) for the third logs from
compartment 162a were no doubt due to low recoveries from the very shal]
logs from that log position class. The second logs from cpt. 162a
produced higher values than either of the other log positiéns on both
log volume and product Qolume>bases thué followfng tﬁe Séﬁe general

trend observed for most of the other compartments,
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k. 6.5 Comparison between three age classes.
Compartments 162a, 149 and the 2.44 m x 2,44 m spacing
in cpt. 139 were all unthinned, low pruned (except cpt. 139) and had
similar initial spacings (cpt.149 was planted at 2.75 m x 2.75 m, the
others at 2.4k m x 2.44 m). Product values for these three compartments
are given in Tables 4.43 and 4,44 and are shown together in Figure 4.28.
The machine grading results show an increase in both
product value (TMV/mBP) and low value (TMV/m3L) as age increases.
Actual percentage increases in TMV/m3P as age increased‘from 19 to
30 years was 14%, 14% and 6% for the butt, second énd'third logs 
‘respectivély. There were however generally only small'differences
between ﬁhe product values for the 19 and 23 year o]d_trees."Similar
trénds weré also found for the machine grade values based on log volume
(TMV /m3L) . |
| | Visual grading also resulted. in higher vaiues for ﬁhe
30 year old trees for the butt and second logs. The thirdrlogs.
produced lower valués for the 30 yeaf old treeS~thanvdid_the'other ége
c]asses;: This was due to an umsﬁaﬂy high percentage of reje¢t (h9%)
possibly‘becaﬁse of the small quantity of timber recovered.
o Figure‘4.28 shows also that the second 1095 prdduced the

most valuable timber for both the 19 and 30 year age classes.

446,6 The relationship betwéen value /ms of log vaiume and
log sedub. '

,Regressidn analyses were carried out for machine.gradeb
values /m3 of log volume (MV/mBL) on log sedub fof all logs from trees
23 years and older. The 19 year old trees were excluded because they pro
duced partiﬁu]ar]y small logs and were not representativé of a large
percentage of the other logs. Various equations were fitted to the

daté but polynomials gave the best fit. Regressions were performed
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firstly with all logs included (equation 4.3) and then with butt logs

excluded (equation 4.4). These relationships are plotted in Figure

4.29.
MV/mL = 7.098 + 0.254kx = 2.716 x 10°¢ x% - 1.622 x 1077 x3.......4.3
MV/m3L = 0.1356 + 0.3287x - 4.565 x 107 x% - 8.275 x 1072 x3..... b4

where x is the log small end diameter under bark

1]

and for 4,3 N
L 4 N

215, r = 0.55
155, r = 0.63

~ The shape of the curves is typical for this type of data
except pérhaps for the drop as diameter increases above 350 mm.
Humphreys (1970) reports a steadily increasing mill door log value as
diameter increases above 400 mm and he states that this holds for
all species and for all present sawing methods. However, Wuuéh (1979a)
found a relationship similar to Figure 4.29 in a étudy of the economics
of sawing regrowth eucalypts.

One explanation for the drop in MV/m3L as.sedub increases
above 350 mm would be that lower percentage recoveries were obtained
from the larger logs (section 4.,3). Another factor contributing to
this drop would be the fairly boor grade yields obtained from the larger

section sizes cut from the largest logs (section 4.5.1).

4.6.7 Relationships between (1) log value and log sedub and
(2) between volume of timber recovered and leg sedub.
- 4,6.7.1 Relationship between log value and log sedub for
compartments 79, 104, 105, 139 and 149 combined.

Regressions of log value on log sedub for both MSG and VG
values were carried out for combined data from compartments 79, 104, 105,
139 and 149 using various non Iinear models. Polynomials were found to
provide the best fit. The relationships are given in Equations 4.5

and 4.6 for MSG value and VG value respectively. These equations are
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80~
704

60 4 Butt Logs Excluded

50 1
40+
30+
20 1
10 -

All Logs 7z

" VALUE / m? log vol.

0 <. ] I I 1 1 ¥ ! 1 L { ]

0 100 200 300 400 500 600
LOG SEDUB(mm)

FIGURE 4.29. Regression 6f value /m3 of log volume on log small
end diameter under bark for all logs excluding butt
logs and for all logs from compartments 79, 104, 105, 139
- and 149. Value was assessed by machine grading.
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are drawn in Figure 4.30.

Log value (MSG) = 5.42 - 8.84 x ]0-2x + 6.09 x IO-L}x2 - 4.4 x 10-7x3
l...‘.“'.h.s
where x is the log sedub, N = 215 and r = 0.98.

2 4 2

Log value (VG) = 2.99 - 4.80 x 10" “x + 4,00 x 167 'x° - 1.59 x 10773

*® ® & 0 4 2 0 * 8 v o I+.6
Where x is the log sedub, N = 215, r = 0,96,

Equations 4.5 and 4.6 are almost identical, with MSG
~generally giving the higher valueé except for the logs with diameters
greater than 500 mm and less than 175 mm. The slightly lower values
found for the larger logs by MSG were a result of the sawing of larger
than normal sizes from them (section 4.5.1). In practice, the visual
grade'va]ués would be actually lower than the machine grade-values
for the large logs when sawing sections normally in.demand in the
market place (section 4.6.1). The identical (MSG and VG) values for
thé small logs is due to the effect of machine grading juvenile wood
using a grading program (Appendix B) designed for mature wood. This
practice places machine grading at a disadvantage relative to visﬁal

grading (section 4.6.4),

4.6.7.2 Relationships between (1) log value and log sedub and
(2) between volume of timber recovered and log sedub

for compartment 79.
The polynomial model was found to give the best fit for
both relationships considered here; The regression of log value (MSG)
on log sedub for data from compartment 79 is given in Equation 4.7. The
regression of volume of timber recovered on log sedub fof compartment.
79 data was given previously in section 4.3 as Equafion L,1. Equation

L1 and 4.7 are drawn in Figdre 4,31,



LOG VALUE (units)

139.
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FIGURE 4.30.
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Regression of log value as assessed by mechanical and

visual grading on log small end diameter under bark for

215 logs from compartments 79, 104, 105, 139 and 149.

804 - 0.8
- - (0.7
. 7 N=56
- 60+ ’ - 0.6
- - _log value
= 50- r=0.98 - 0.5
= .
o b0 - - 0.4
= / _volume rec,
< 30 1 0.3
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FIGURE 4.31. Regressions of log value as assessed by mechanical

‘grading on log small end diameter under bark (sedub)

and of actual volume of timber recovered on log sedub.
Logs were from compartment 79 and were 4.95 m long.
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Log value (MSG) = 10.73 - 0.1262x + 7.09 x 10 %2 - 5.29 x 10773
I B
where x is log sedub, N = 54 and R = 0.98.

The similarity between the two curves in Figure 4.31 is
interesfiqg because it shows that for any particular log size the
expected value of the timber recovered from that log size is only
slightly above the value calculated by multiplying the volume recovered
in m by 100. In fact the expected log value (MSG) can be calculated
quite accurately for most Ioé sizes, say between 250 mm and 450 mm,
by multiplying the average volume recovered in m3 by somewhere between
105 and 110. In other words the average MSG value/unit volume of
timber in the logs was somewhere between the value/unif volume of the
F5 and F7 grades. This result is similar to that reported by Buick
(1969) (mentioned {n sectionl3.2) where some 34 year old trees produced

a mean stress grade of about F7.

4.7 The effect of branch size on log value / m° of product.
The data relating log sedub, branch size and log value /m3
of product (MV/m3P and VV/m3P) were analysed using the GLSAP package

(section 4.2) as follows:

1. Linear regressions of log value /m3 product (both MSG and VG) on

sedub, BN, BSMAX, BS5, BS10, BSI5 and BS.
3

2. Multiple regressions of log value /m” product on sedub and BN,
sedub and BSMAX, sedub and BS5, sedub and BS10, sedub and BS15, sedub
and BS. |
3. Reslduals of all significant regressions were analysed and in no
case was there any linear trend in the residual values.

For these analyses the data were divided into two groups -

one included the 36 and 38 year classes (cpts. 79, 104, 105) because

of similar silvicultural treatment and the other the 23 and 30 year classt
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(cpts. 139, 149). These latter age classes were combined because

the 23 year old trees were of similar size to some of the trees from
the 30 year old stand (Figure 4.1). The 19 year age class was
excluded because of the relatively small size of the trees. Each log

position class was analysed separately.

4.7.1 The relationship between log value /m3 of product and
log sedub.

No significant linear relationship was found to exist

between MV/mBP and sedub or between VV/m3

P and sedub in either the
36+38 year age group or the 23+30 year group for any log positlon class,
indicating that for any. log position and tree age claes‘log size does
not affect timber value. This result however can be different when
branch size is included in the regression; tbis will be discussed in
section 4.7.6.
- One would expect the smaller logs lnvany particular log

‘position class and age group would have a larger percentage of juvenile
wood and therefore be of lower value. |t seems, however;’this is not the
case and that the tendency towards larger branch size in the larger

logs (section 4.2.3) may compensate for the smaller percentage of

corewood in these logs.

L.7.2 The reZatzonsth between log vaZue,ﬂw of product and
the number of branches per log.
No significant linear relatlonshlp was found between
MV/m3P or VV/m3P and number of branches. Branch number does not appear

to affect timber vaiue for elther‘age group for any log position.

4.7.3 The relationship between log value /m3 of product and mean

branch size per log.
No significant linear relationship was found between

MV/m3P or VV/m3P and BS. BS did not influence timber value for either
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age group for any log position.
L 7.4 The relationships between log value /hs of product and
maxtmum branch size for the 23-30 year age group.
No significant linear relationships could be found between
MV/m3P or VV/m3P and maximum branch size (ie. BSMAX, BS5, BS10 and BS15)
for any of the log position classes in the 23-30 year age group. Branch
size data were plotted against timber value for the various log position
classes for this age group and no non linear trends appeared to exist
for any data group. |
The maximum branch size would be expected to have some
influence on timber value but, in this case, because the stands were
unthinned, the log sizes were small and branch size was, perhaps,
restricted enough that effects on timbef gradé were minimal.
Lowerzya]ues of some logs, through excessive twist in the
sawn timber, may also have affected this result; most of the twisted

timber came from the smaller logs from the 1.83 m spacing of cpt. 139.

4,7.5 The relationships between log value /hg of product and
" maximum branch size for the 36 - 38 year age group.
3
P

Significant linear relationships were found between MV/m

and mdst maximum branch size parameters (ie. BSMAX, BS5, BS10, BSI15)
for the first four lbg position classes and between_VV/mBP and most
’ parameﬁers for the first, third and fourth log positions.

Results are given in Tables 4.45 and 4.46 for MSG and VG
respectively; some of the relationships are plotted in Figures L.32 and
h4.33.

For any maximum branch size indicator, s]ope appeared to
‘decrease as log position class increased. For example for the‘regresgim
of MV/m3P on BS10, slopes were -0.89§, -0.654, -0.440 and 0.4]8 for the

first, second, third and fourth logs respectively. There was little
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difference between the correlation coefficients within each log
position class for both systems of grading, with perhaps a slight

preference for BSMAX and BS5 for MSG and BS5 for visual grading.

TABLE 4.45
Regression coefficients for the relationships between log value
/m product (value assessed by mechanical grading) and branch size

for compartments 79, 104 and 105 for the various log position
classes.

LPC 1Independent - Dependent  SLope Constant R No. Sign

Variable Varniable ZLerum £06 Level
- Lo0gs

I BSMAX MV /m>P -0.771 134.85  0.58 21 1%
~ BSH " - -0.910 135.08  0.54 21 2%
BS10 oon -0.899 131.67 0.47 20 L%
BS15 " -1.041 132.89  0.56 14 4%
2 BSMAX My/m3P  -0.438 128.61  0.52 18 3%
BSS " -0.481 127.80 -0.48 18 5%
BSIO " ~ -0.654 131,98  0.51 17 K%
BS15 n -0.838 135.66 0.54 17 3%
3 BSMAX MV /m>P -0.223  122.45 0.4 14 NS
BS5 1" -0.369 126.98 ~0.55 14 5%
BS10 n . -0.440 127.76 0.53 14 5%
- BSI5 " -0.498  127.99 0.52 14 6%
L BSMAX My/m3P  -0.293 127.68  0.62 15 2%
‘ BSS " -0.382 129.37 0.63 15 2%
BST0 " -0.418 128,82 0.60 15 2%
8515 " -0.429 127.70 0.57 15 3%

5 . No significant relationships found.
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TABLE L.46

Regression coefficients for the relationships between log value
/m3 product (value assessed by visual grading) and branch size

for compartments 79, 104 and 105 for the various log position
classes.

LPC 1Independent  Dependent SfLope Constant R No. of Sign

Variable Variable Lerm . Logs  Level
] BSMAX W/mP  -0.715 127.66 0.47 21 by
BSS | " -0.999. 132.39 0.52 2] 2%
BS10 " -0.909 125.87 0.43 20 6%
BS15 " -1.225 131.84 0.56 14 4%
2 No significant relationships found.
3 BSMAX W/mP  -0.441  123.42 0.60 14 3%
BSS " -0.636  128.34 0.62 14 2%
BSTO " -0.778 130.42 0.61 14 2%
8S15 oo -0.915 131.98 0.62 2%
4 BSMAX  VW/mP  -0.311 116.98 0.k2 15 NS
BSS W -0.533 12k.75 0.55 15 4%
- BS10 " -0.632 126.04 0.57 15 3%
BS1S " -0.692 126.05 0.57 15 3%
5 No significant relationships found.
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Regressions of log value /m3 of product on branch
size for various log position classes. Product
value was assessed by machine grading and logs
were from compartments 79, 104 and 105.
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FIGURE L4.33. Regressions of log value /m3'of product on branch

size for various log position classes. Product value
was assessed by visual grading and logs were from
compartments 79, 104 and 105.
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These results indicate that branch size has most effect on timber
value in the butt log and is of decreasing importance with increasing
log position class. For example a BSMAX increase from 20 mm to 50 mm
in the butt log would decrease MV/m3P by about 20% whereas for the
second log such an increase would result in only an 11% decrease.

Contributing to this result was the fairly high percentage
of volume below F5 (MSG) in the butt logs with large branches (reported
in section 4.5.7). This did not occur to such an extent in the second
logs. The visual grading produced a much larger reject yield from the
butt logs with large branches when compared to the logs with smaller
branches. This effect did not occur in the second logs and indeed
the larger branch size logs produced a generally better grade result
than did the logs with smaller branches; possibly the reason that
no relationship could be found between VV/m3P and maximum branch si;e
for the second logs. Another factor could be the observation made by
Fenton, Sutton and %ustin (1971) that in the fourth and fifth logs
‘branch diameter was well above the maximum knot size recorded in the
sawn timber, the logs being too small in diameter to have containéd‘
the maximum branch size. Knots of maximum branch size could have
been'remoVed in the slabs. The log size may also be a contributing
faﬁtor; with the Emaller, younger trees of the 23 and 30 year gfoup
no relationships were found between timber value and branch size
(section 4,7.4); the upper logs of the older trees would be about the
same size and age as the younger trees.

For any particular maximum braneh size, as log position
increases timber value increases (Figure 4.32 and 4.33) to some extent
because of the increasing contribution to overall log value of
increasing yields of high grade board stock as log position class

increases (section 4.4),
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4.7.6 The relationship between log value /ms of product and

the combination of log size and branch size.

Section 4.7.5 described relationships between timber value
and certain branch size parameters. Most of these relationships were
not improved significantly when log diameter was introduced into the
regressions as another factor. There were however significant
improvements in some of the relationships. These were for LPCI
(visual grading values) and for LPC2 (MSG values). No improvements
were found for LPC 3 and 4. The multiple regression equations showing
better correlations are given in Equations 4.8 to 4.14., Equations
4.8, 4,12 and 4.13 are plotted in Figure 4,34 for the range of log

sizes occurring naturally within each log position class.

LPC1  VV/mP

0.0850 x sedub - 1.277 x BSMAX + 116.71 ...........4.8

where r = 0.68, N = 21, sign at 1% level.

W/mP = 0.0773 x sedub - 1.582 x BS5 + 121.95 .......... .. h9
where r = 0.70, N = 21, sign at 1% level.

VV/m3P = 0.0659 x sedub - 1,505 x BS10 + 118.02 A '3 [+
where r = 0.58, N = 21, sign at 3% level.

| VV/msP = 0.0607 x sedub - 1.776 x BS15 + 123.4" ......,.......4.]1

~where r = 0.65, N = 14, sign at 5% level.
MV/m3P = 0.01903 x sedub - 0.897 x BSMAX + 132.4 ...........4.12
where r = 0.59, N = 21, sign at 2% level..

This multiple regression was highly significant.
However, there was no significant improvement over the simple

regression presented in Table 4,45,
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LPC2  MV/moP

-0.0464 x sedub - 0.303 x BSMAX + 138.1 P A

where r = 0.61, N = 18, sign at 3% level.

MV/m3P = -0.0492 x sedub ~0.313 x BSE + 137.8 ............. 1h.k

where r = 0.59, N = 18, sign at 4% level.
LPC3 & LPC4 - No improvements found.

As shown in Figure 4.34a log value (VG)/m3 of product
(VV/m3P) for the butt logs increased with increasing log size for a
particular maximum branch size (BSMAX). For example for a BSMAX of
. 40 mm a 200 mm log would have a value of about 90 units/m3 and a 500 mm
log 113 units/m3 (a 26% increase).

) The larger logs were generally sawn into Targer scantling
Sectipns (Figure 3.1) so the defects due to a particular branch size
would have less of a downgrading effect on the larger sections. (This
aspect was also discussed in section 4.5.7) and greater yields of the
higher grades would be expected from the larger logs. (stual grading
rules relate defect size and position to timber thi;kness and width
to determine grade.) This result could also,bé the result of the larger
logs having greater clearwood areas in the mature timber relative to |
the smaller logs, thus decreasing the chance éf defects in the sawn
wood. This was observed by Fenton (1967). Fenton (1967) reports
unpublished.work by Tustin (1970) = 'The prodﬁction of lérger logs,
albeit with larger branches, increases the,chances of avoiding defects;
some results are available for visually graded timber from Ashley Forest
and showed about the same proportionate yield of framing grades from ‘
three different initial spacings''.

Another possible contributtngvfactor is the larger percentage
of juvenile wood in the small logs relative to the larger ones thus

increasing the percentage of low visual grades in the small logs (an
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aspect discussed in section 4.5.1).

The relationship between MV/mBP and BSMAX (Figure 4,34b)
was not significantly improved by consideration of log size for the butt
log although there was a slight trend towards larger values for the
larger logs for any particular BSMAX. The diminished effect of log
size on value, in this instance, is probably due to the small effect
small increases in width have on timber stiffness (Grant, 1979). Wood
density could also contribute to this diminished effect. A machine
grade is based on timber stiffness which is highly dependent on both
density and defect size. For any constant défect size (constant BSMAX)
timber density could be slightly higher in the mature wood of smaller
logs because of the slower growth of the mature wood (Welsh, 1979).

| For the second log position class the épposite tfeﬁd

occurred for machine grading values ie. timber value (MV/m3P) decreased
as log size increased. The arguments put forward in the previous
discussion about the butt logs make this result seem unlikely -
‘perhaps the higher timber density of the sméller, slower growth logs
might have been enough to raise grades (and therefore values) to give
this effect. One other possible reason is the grading problem
associated with the wider pieces. Many of the wide scantlings were
down gradéd for some unexplained reason (discussed in section 4.5.7)
and most of these pieces came from the largest logs in cpt. 79. This
would have depressed the values %or those logs and this ‘could have
contributed to the effect. There were only four logs in this category
howevef out of 18 for the group and as the effect did not occur in the
butt logs this can probably be ruled out as.a possible explanation.
Multiple regressions were performed on the data after exclusion of the
four largest trees. This analysis produced similar trends to the
previous one ex?ept that for the butt log, diameter had slightly more

effect on value and slightly less effect for the second log.
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CHAPTER 5

GENERAL DISCUSSION

5.1 Factorns agfecting Lree growth and Limber quality in radiata pine
pLantations ., |

Many factors affect the growth characteristics of trees
in man-made forests and therefore indirectly the type and value of
products they produce. The three most important general ones are:

1. species and their provenance
2, site factors

silyicultural treatment

Radiata pine has been chosen for most of the softwood
piantations in the southern states of Australia because of its fast growth
rate aﬁd potential.for producing high quality wood products so that
improving the genotype to eliminate undesirable trees from future plantations
is very important. There have been encouraging results justifying tree |
improvement programs to develop the best quality stock for .plantation
forests (Fielding, 1967). |

Site factors include:

. rainfall and moisture availability
. temperature

soil structure and fertility

I

2

3

Lk, drainage
5. solar radiation

6. light intensity

7. conditions that lead to compression wood formation or other

undesirable ‘'abnormalities’

Silvicultural treatments includer
1. cultivation
: initial spacing
fertilization
chemical weed control

2

3

L

5. pruning
6. thinning
7

. irrigation
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Most site variables and silvicultural treatments affect
the tree's rate of growth, the nature of the growth and tree form
(including bole, crown and branching characteristics). This in turn
affects the wood quality which influences the end use and value of the
timber.

The direct results of the forest manager's decisions with
regard to these factors were indicated by Brazier (1976) and these are

shown in Figure 5.1,

FOREST  MANAGER'S OPTIONS

influence

Y
TREE GROWTH

determine
v

WOQD- PROPERTIES
determine
Y

TECHNICAL PERFORMANCE

influence

SIZE . | ACCEPTANCE FOR USE |

-

\
r
|
|
|
|
|
!
|
|
|
|
|
!
|
|
!
!
[

4

AVAILABILITY

Figure 5.1, How the forester influences timber use

The wood technologist is concerned with the effects of
the forest manager's actions on the various wood properties and the
quality of the timber produced. The end user of the timber judges its

suitability for a particular purpose from consideration of its likely
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technical performance in service. Brazier (1976) summarized the important
factors governing technical performance and the wood properties affecting

them. A modified version of this is presented in Figure 5.2,

TECHNICAL PERFORMANCE WOOD PROPERTY INFLUENCING THE TECHNICAL
FACTOR PERFORMANCE FACTOR
Stiffness and strength Knots, density, grain direction, juvenile
wood ,

Shrinkage and hygroscopic Grain direction, juvenile wood, compression

movement wood, density.

Sawing and machining Grain direction, texture, compression wood,
‘ density, knots.

Nail holding Density, juvenile wood, texture.

Figure 5.2. Important technical'performance criteria relevant to sawn
’ timber utilization and the wood properties that affect the
performance criteria.

The strength of mature radiata pine scantlings is limited
mainly by knots and sloping grain.v Density also influences the strength
of clear timber but it is not generally theilimiting factor in determining
the grade of mature wood. Minimum strength normally determines stress
gradé in mature radiata pine timber and this minimum strehgth is
predominantly limited by knots and gréin direction.

Scantlings cut from juvenile radiata pine wood, however,
have low density and therefore low stiffness and stress grade is generally
limited by density as well as knots and sloping grain. Anton (1979) showed
that radiata pine scantling cut from 13 year old trees had low stiffness
but relatively high strength; this high strength being due to small knot

size. In this case the end use of the wood (i.e. stress grade) would be
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limited more by low stiffness than by strength considerations.

The size and number of knots in radiata pine is directly
related to the branching characteristics of the tree. Forest practices
which prolong the growth of branches usually result in larger branches
and, therefore, larger knots in the sawn timber. I[nitial spacing and
thinning practice have an important effect on branch size and condition;
wider spacing and/or earlier thinning result in larger branch sizes; close
spacing and/or inadequate or no thinning, however, result in the death of
the lower branches and unsound or loose knots in the resulting timber.
These may reduce the future market value of the trees.

Average tree density is seriously affected by forest
practices_only in so far as the proportion of low density juvenile wood
is affected. However, generally, the density of wood is slightly decreased
by practices which increase the tree's rate of growth. The combination
of knot characteristics and timber density and the overali effect on thé
strength and stiffness of timber has not yet been studied in any great
detail,

Grain direction is an important property'influencing
wood quality because it affects distortion during drying, dimensional
stability, strength and machining quality. Studies of the effects of
silvicdltura] practices on spiral grafn are conflicting and, as a resuit,
very few definite conclusions can be drawn (Boyd, 1967). However, because
spiral grain occurs mainly in the juvenile wood; practices which increase the
proportion of juvenile wood will decrease the overall quality of the wood.

Silvicultural practices also influence stem form. Taper
is increase& by wfde spacing and ﬁeavy thinning but_reduced by heavy green
pruning. Undesirable compression wood is produced if an asymmetric crown
deveiops. To avoid this, plants should be established in a straight and
upright position and steep sites or sites exposed to strong prevailing winds

are best avoided.
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Generally the forest manager looks for ways of increasing
total wood yield providing he does not stray too far from normally accepted
management practice, In a review of tree and stand growth in radiata pine
plantations in N.S.W. (Forrest, 1972) the most desirable management objective
was ''to balance total production, size class distribution and discounted
value returns. The regime to achieve this would result in a stable and
vigorous plantation where total merchantable volume production would be
slightly less than the maximum possible."

Forrest suggests for normal sites an inftia! spacing of
2, mx 2,4 m resulting in about 1500 trees per hectare at first thinning
if there is a market for pulp or chips. This stocking would satisfy
requirements for branch size, pruning potential and crop tree selection.

[f the first_cémmercial thinning is for sawlogs, however, the stocking
-should then be about half this figure, the surplusihaving been removed
earlier and achieved through ﬁon-commercial,thinning,.sometimes referred to
as thinning to wasfe, rather than wide initial spacing. Forrest only
advocates wide spacing with the best estab]iéhmentvtechniques and with
genetically impro?ed étock or on poor sites, At the present time the
pracficé in New South Wales is to plant at spacings wider than 2.4 m x

2.4 m, (Generally 3mx 2.5mor 3mx 3 mand small areas of 2.5 m x 2.5 m.

Forrest also suggests that there is little financial
~advantage in attempting to ensure non-competitive growth conditions through
wide spacings since total yield could be reduced by abqut 20% and large
branches could reduce product value. Branch size would also be a factor
limiting product quality if intensive thinning became the trend; .

pruning, as a means of controlling branch size, would probably then be -
essential, _
5.2 This study, and {ts implications for forest management,

This study shows, using present methods of timber grading,

high yields of relatively high grade, i.e. F7 and higher (F7+), can be
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produced from radiata pine trees 30 years and over, grown using established
silvicultural practices. These trees generally produced high yields of F7+
(MSG) from at least the first three logs in each tree. Visual grading
produced increasingly smaller yields of these grades as log position class
increased because of the decreasing size of the logs.

The effect of site quality on grade yield was rather
complex in that higher site qualities produced larger treeé with larger
branches and would therefore be expected to produce timber of lower grade
than lower site qualities. However, larger trees are usually converted
to larger section sizes than smaller trees thus diminishing the effect of
the larger branch sizes on timber grade. The smaller trees would also
contain a highér percentage of juvenile wood tending to reduce the yields
of the higher grades from these trees. In this study, the three differént
site qualities in compartments 104 and 105 produced similar yields except
for the lowest site quality which produced higher yields of tﬁe lower grades
by both grading methods because of the larger percentage of juvenile wood
in the smaller trees. Generally the highest site quality produced the
most valuable timber. On the other hand, compartment 79, which produced
the largest trees of all and may be assumed to be of higher site quality
than cpts. 104 and 105, produced timber of lower value than any site
quality fn the latter. This result was probably due to the far larger
branch diameters on the largest trees sambled from cpt. 79, (increasing
branch diameter on logs from cpts, 79, 104 and 105 tended to lower the
product value of the logs, especially for the lower logs. [f maximum
branch size can be kept under control (eg. < 4Omm in the butt log) higher
site qualities in thé A.C.T. could produce timber of greaﬁer Qélﬂe than
lower site qualities).

Age had an effectvon yields in the higher grades; There
was little difference in grade yields for the 19 and 23 yéar old stands but

the 30 year old stand produced far better grade yields especially when
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machine grading. This result is probably due to the higher percentage of
mature wood in the older trees.

Maximum branch size increased linearly with spacing so that
increasing spacing could have a depressing effect on grade yields. However,
the evidence suggests that in the A.C.T. depression of grade yields‘by
excessi{ve branch size due to wide spacing (e.g. up to 3.66 m x 3.66 m)
would be minimal. This is borne out by the good grade yield results for
cpts. 79, 104 and 105 where initial spacing was 3.66 m x 3.66 m. In this
study, the closer spacings produced the lowest yields of low grade wood,
for the first and second log position classes but the wider spacings
produced superior yields for the third LPC. Sample sizes were, howéver,
too small for any firm conclusions to be drawn.

| - The effect of log size on sawn recovery should also be
considered by the forest manager. Larger logs generally produce higher
percentage yields than smaller logs‘and are therefore of greater value
to industry. Sawmillers could also contribute to an improvement in grade
recovery by converting trees with poor branching characteristics into

larger timber sizes.
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CHAPTER 6
CONCLUSIONS

Tree diameter and mean tree height increased linearly with increasing

spacing.

The number of branches per log increased linearly with increasing
log position class for both thinned (cpt. 79) and unthinned
(ept. 139) stands.

Branch size parameters based on the largest branches per log
(ie. BSMAX, BS5, BS10, BS15) all increased linearly with log position

class in cpt. 79. Mean branch size per log, however, showed no

increase.

Spacing did not significantly affect the number of branches per
log except for the second logs where it decreased with increasing

spacing.

Most branch size parameters (ie. BS, BSMAX, BS5, BS10, BS15)
increased linearly with spacing for all log positions. As spacing

"increased the largest branches on a log increased in diameter by

about the same percentage as the average branch diameter.

Most of the branch size parameters based on the largest branches

per log, increased linearly with log position class for all four
spacings. However as spacing increased the size of the largest

branches became independent of log position. Average branch diameter
decreased slightly with‘increasing log position class for the 1.83 m

x 1.83 m and 3.66 m x 3.66 m spacings.

As a result of thinning in cpt. 79 branch sizes in the third and
higher logs increased significantly. Branch sizes in the butt and
second logs were not affected.

There was a positive linear relationship between most branch size
indicators and log sedub for both the thinned and unthinned stands
for most log positions. No relationship was found to exist between

the number of branches and log sedub.

Timber volume recoveries as a percentage of log volume generally
increased with increasing log diameter. Some of the butt logs
however produced lower volumes than expected but this was probably

due to the method of calculating log volume.
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About 30% to 35% of the boards recovered from the butt logs from
the older, thinned stands was graded as reject but this decreased
with increasing log position class.

Scantling yields from the older stands in the F5+ (MSG) were
generally greater than 90% of total yield for most log position
classes and site qualities. Yields in the higher grades, i.e.

F7+ were generally greater than 70% of total yield for at least the
lower three log position classes. Machine grading yields were not
significantly affected by site quality.

Scantling yields (VG) from the older stands produced inferior grade
distributions than did machine grading; the yields of the higher
grades being reduced by the large percentage of juvenile wood in

the smaller logs from the lower site quality areas and by the large

percentage of juvenile wood in the smaller logs from the higher log

position classes.

The two closer spacings generally produced the lowest yields of low
grade scantling (ignoring twist) for the first two logs. The wider
spacings, however, produced superior yields from the third logs.

Sample size was, however, quite small.

The 19 and 23 year old, unthinned stands, produced small yields of
scantling in the higher grades (F7+) whereas the 30 year old
(unthinned) stand produced reasonable yields of these grades especuall

when machine grading.

- Logs with large branches produced scantling of inferior machine grade‘

than did logs with small branches, This effect did not, however,
occur for visual grading.

3 of product appeared to be affected by site quality

Log value /m
only in as much as the larger percentage of juvenile wood in the
smaller trees from the lower site qualities depressed the values
from these areas. Log value /m3 of log generally decreased with
decreasing site quality.

3 3

of product and log value /m” of log increased with

increasing age.

The average ex-mill door value/unit volume of timber (using machine
grading) for the logs in this study lay between the ex-mill door

value/unit volume of the F5 and F7 scantling grades.
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There was a negative linear relationship between branch size and
log value /m3 of product for the older thinned stands. The slope
of the relationship however, decreased with increasing log position
class, ie. branch size had most effect on value in the butt logs

and was of decreasing importance with increasing log position class.
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Headrig Sawyer

Loading 1. Small end about 1ft. from end headbiock.

2. Orientate bowed logs so that bow is at 45° concave
upwards away from the headblocks.

Sawing

A. 6-10in. S.e.d.

1. 1st cut. Use the linebar and shadowline to make a first cut
2in. from and parallel to the pith.

Set the line bar to % marked s.e.d. less 2in. plus
small end bark thickness. For example, for a 9in. log,
4%-2 plus bark thickness of %in. gives 3in.

Set the small end headblock and, if the log has taper,
move the line bar back an inch or so and move the butt end
across until the shadowline appears parallel to the centre
line of the log.

2. 2nd cut. Turn the log 90° and using the shadowline position
the log so that the second cut will be parallel to the log
centreline and give a small end arris with no more than a
in. width strip of wane.

3. 3rd cut. Turn the log a further 90°. The headrig assistant
will set the backstand gauges to 4 3/16in. (+ 1/16in. tolerance).

After the cut bring the carriage back past the saw so
that the headrig assistant can check that the cant measures
4 3/16in. (+ 1/16in.) at the butt end of the log.

4. Discharge the cant.

B. 11-14in s.e.d.

1. Procedure is similar to that for 6-10in s.e.d. logs.
2. Linebar settings are % marked s.e.d. less 44%in. plus bark thickness.
3. Backstand gauge setting for the 3rd cut is 8%in. (+ 1/16in.).

4., If a 11-14in. class is so badly formed that a 8%in. cant cannot
be cut, use the 6-10in. class cutting pattern. :

5. Cants will be resawn by the breastbench.

C. 15in. plus s.e.d.

1. Procedure as before except that linebar settings are ’ marked
s.e.d. less 64in. plus bark thickness and backstand gauge
setting for the 3rd cut is 12 3/4in.




Headrig assistant

1.

2.

As the log is returned after each cut the sawn face is to be
swept with a broom. This is to prevent sawdust build up on
the log bearers and headblock faces.

The backstand gauges are to be correctly set:

Cut 4 3/16in. 6-10in s.e.d. logs
8%in. 11-14in. s.e.d. logs
12 3/4in. 15in. plus s.e.d. logs.

Tolerance + 1/16in. all sizes

If the cant is oversize loosen the gauges and if undersize tighten

the gauges.

The distance from outside saw to the log bearer nose is 3/4in.
Thus the backstand face to log bearer nose distances are
3 7/16in., 7 3/4in., 12in. (+ 1/16in.) respectively.

. Check the cant thickness at the butt end of the log after the

3rd cut (the headrig sawyer will bring the cant back past the
saw). The cant deck assistant will tell you if thickness is
incorrect at the small end of the log.

. Be particularly careful moving about on the carriage. Never

move onto the carriage unless the headrig sawyer has given
you the nod.
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Cantdeck assistant

1. Check that cant thickness at the small end of the log is correct

4 3/16in. 6-10in sed logs
85in. 11-14in sed logs
12 3/4in. 15in. sed plus logs

Tolerance + 1/16in. all sizes.
Advise the headrig assistant of the actual size (signal T 0.K.)

2. Check that the sawyer is not exceeding the wane allowances
(max. width of strip of wane is %in.) on logs of normal form.
Wane allowances may be exceeded with bowed or kinked logs.

3. Assist the breastbench sawyer by turning all slabs so that
their sawn surface is facing downwards and all cants so that
the unsawn face points towards the breastbench sawyer.

4. Using a white aerosol paint spray for bark surfaces and a
black lumber crayon for sawn surfaces, mark the uppermost
surface of each slab and cant so that tree and log
identification is clearly legible to the breastbench sawyer,
tailer out and marker. The identification will be the
same as for the log, for example 012/1, with further
identification of the part of the log, for example 012/1/1,
012/1/2, 012/1/3 for the first, second and third slabs and
012/1/4 for the cant. The order of parts will be recorded
on a blackboard visible to the breastbench crew and the
marker.

5. An operation time sheet will be filled in. The time from
load to load (loading a log on the carriage) will be recorded
and within that period delays due to abnormalities
(adjustments, downtime) will be recorded.
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Breastbench sawyer

1.

The aim is to produce 16ft. long within-wane-allowance 1 9/16in.
thickness material as far as possible and otherwise to produce
maximum widths of 1lin. boards.

. Sizes to be cut

Thickness Width
1 9/16in. 4 3/16, 64, 10 3/4, 12 13/16.
lin. 3 3/16, 4 3/16
5%, 64
7 3/8

. Maximum length of docking lin. boards for wane to give a minimum

10% improvement in realisation over narrower full length boards.
Minimum merchantable length 6ft.

Maximum full-length Optional width for shorter boards
Width . 4in. 5in. '6in. 7in. " '8in. 9in. 10in.
3 3 6 7 9 10 10 10
4 3 ) 7 8 9 10
5 2 4 6 7 9
6 2 3 5 7
7 1 2 5
8 1 3
9 2

. Whenever possible slabs are to be sawn vertically using the hob.

Waney edged boards will be edged with one free cut and one gauged
cut using the hob. The hob is to be used whenever possible to
minimise sawing and tailingout inaccuracies.

. Slabs should be cut to 1 9/16in. material if it is apparent that

at least a 4 3/16 x 1 9/16in. full length, within wane allowance
piece can be cut. If a mistake over wane is made and providing
no more than 4ft of waney material needs to be docked do not
resaw the piece to 4xlin. If a wider but less than full length
piece can be cut from an unedged 1 9/16in. board the maximum
dockings to still give a 10 percent improvement in realisation

are given below. Minimum desired board length is 12ft.
Maximum full length Optional width for shorter boards
width 6 8§ 10 12
4 4 4
6 3 4 |
8 ‘ 2 4
10 | | 1

. Do not double flitch different parts of a log (i.e. two slabs) as

this may confuse the marker. Different parts of a single slab
may be double flitched.
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Breastbench marker

1.

Check the dimensions of 1 9/16in thick material sawn from slabs
and thickness only of material sawn from cants. Tolerance + 1/16in.
Dimensions of 1lin. thick material need not be checked.

. Using black lumber crayon mark on piece number very clearly at the

"butt end" of the piece (i.e. at the face at the end nearest the
breastbench). Underline all numbers which could be inverted.

. Record tree, log, part, piece size against the right piece number

on form 1. Entries must be tidy and the sheets kept in good
condition so that the data can be punched up directly from the
sheets.

. Keep a careful eye on log part identifications. On the blackboard

continually rub out the log parts which have been sawn.

. The order of entries on form 1 is intended to enable the tree to
- be put back together. If the sawyer saws a board from a slab,

puts it aside unedged, and saws another board and edges that
before edging the first, leave a gap for the first started board
on form 1 and give the second started, but first finished board,
the next number reserving the number before for the first started
board.

. Record the time taken to process log parts on an operation sheet,

Record abnormalities (adjustments, downtime).
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Stacker

1. Carry the marked pieces from the breastbench and stack the 1%in.
thick timber into width-segregated packets and all widths of
lin. material into a single packet. All face marked numbers
will be at the same end of the packet. The packets will be
arranged end on to the mill door on 12in. high bearers.

2. Completed packets will be centre strapped, placed on roller
pallets and rolled out of the building so that they can be
loaded onto a truck by forklift.

3. Packet specifications for the various dimensions are:-

ax1;  6x1%  8xls  loxlks  12x1%  linch

Pieces/layer 9 6 5 4 3 max.width 3'6"

No. layers 20 20 20 20 20 30

Internal fillets Above layers 8 and 16 above layers
12 and 24

Pieces/packet 80 120 100 80 60 Variable

4. Pieces will be stacked consistently from left to right (facing
breastbench) one layer at a time. When each packet layer is
completed paint the surface with anti-sapstain solution.

Packets should be well made and sides and ends should be vertical.

Forklift operator

1. Keep the headrig line deck supplied with logs. - Be sure that
the tagged and s.e.d. marked end faces the headrig sawyer.

2. Assist the breastbench crew with slab removal.
3. Assist the stacker with removal of completed packets.

4. Load completed packets onto the truck.



175.

APPENDIX B

Forestry Commission of NSW softwood grading "
programs



Published 1974

Issued by Wood Technology Division

SOFTWOOD GRADING PROGRAM -~ THICKNESS RANGE 25-40 mm
YELLOW PROGRAM CARD
MACHINE UNIT SIZE 0.1905 mm
% Color Cutoff Deflection M of E
Grade e Points R Range
Code (Units) {mm (GPa)
1 Purple 20 0 - 3.81 Max - 11.58
8 Green 28 3.62 - 5.33 12.19 - 8.27
F4 Red 56 7.81 - 10.67 5.65 = 4.14
Reject - 10.48 - Max 4.21 - 0
MACHINE UNIT SIZE 0.381 mm
* Color Cutoff Deflection Mof E
Grade *% Points Range Range
Code (Units) (mm) (GPa)
M1 Purple 10 0 - 3.8 Max - 11.58
F8 Green 14 5.45 = 5.55 | 12.8] = 8.27
5 Black 21 4.95 - 8.00 8.91 - 5.52
¥4 Red 28 T.62 = 10.67 - 5.79 - 4.14

¥  SUGGESTED GRADES ARE TO BE VERIFIED BY THE OFPERATOR FROM TEST SAMPLES
*% Color Code as per AS1613-1974 '

EXTREME

DIMENSIONS | LOAD DIMENSIONS | LOAD EXTREME
: PER mm FIBER ' PER mm FIBER
(mm) WIDTH (N) STRESS mm) _ WIDTH (N) STRESS
Wide | Thick o (kPa) Wide | Thick _ (kPa)
1 25 3.61 7920 1 33 8.30 10 450
1 26 4.06 8230 1 34 9.08 10 770
1 27 4.55 8550 1 35 9.90 11 080
1 28 5.07 8870 1 36 10.77 11 400
1 29 5.63 9180 1 37 11.70 11 720
1 30 6.23 9500 1 38 12.67 12 030
1 31 6.88 9820 1 39 13.70 12 350
1 32 T.57 10 130 1 40 14.78 12 670

Example Load required for 100 x 30 mm material
= 100 x 6.23
= 623 N




Published 1974

Issued by Wood Technology Division

SOFIWOOD GRADING PROGRAM -~ THICKNESS RANGE 38-51 mm

RED PROGRAM CARD
MACHINE TUNIT SIZE 0.1905 mm
% | Color Cutoff Deflection M of E
Grade Points e Range
Code” (Units) (_m_m_@j (GPa)
M1 Purple 16 0 - 3.05 Max —11.03
5 Black 32 4.00= 6.10 8.41 = 5.52
F4 Red 42 5.91= 8.00 - 5.69 = 4.20
Reject - 7.687= Max 4.31 = 0
MACHINE TUNIT SIZE 0.381 mm
* Coloxr Cutoff Deflection Mof E
Grade e Points Ra.nﬁe Range
_ Code (Units) (mm (GPa)
M1 Purple 8 0 —=3.05 Max ...11.03‘
F8 Green 11 2,67 —4.19 12,61 — 8.02
F4 Red 21 5.72 = 8.00 5.88 = 4.20
Reject - 7462 ==Max 4.41 = O

*  SUGGESTED GRADES ARE TO BE VERIFIED BY THE OPERATOR FROM TEST SAMPLES
%% Color Code as per AS1613-1974

75 x 11.26
845 N

DIMENSIONS | LOAD EXTRENE, DIMENSIONS | LOAD EXTREME |
PER mm FIBER PER mm FIBER
m) WIDTH (N) | STRESS (mm) WIDTE (N) | STRESS
“Wide | Thick (kPa) Wide | Thick (kPa)
1 | 38 9.65 9170 1 45 16.03 10 860
1 39 10.44 9410 1 46 17.12 11 100
1 40 11,26 9650 1 47 18.26 11 340
1 41 12,12 ~ 9890 1 18 19.46 11 580
1 42 13.0% 10 130 1 49 20.70 11 820
1 43 13.99 10 380 1 50 21.99 12 060
1 44 14.99 10 620 1 51 23,34 12 310

Example Load required for 75 x 40 mm material
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Initial (unprocessed) sample piece data
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—— 55340.--1.1 4 .64 16_.0._.._ 0_0_0 0_0_0_00__ __
552.0 114 64 16 16 66725000000
. 546,0 - 1 1 4 64 24 16 8610_ 6 54 2 2 012 3
551.0 114 64 26 16 8234 11 95 3 4 0 12 1
o _.._547.,0 .. . 1.1 4 64 24 16 7909 795 4 5 211 3
548.0 114 64 24 16 803510 97 2 4 0 11 2
55040 114 64.24.16_818511 98 3 6 0111
549.0 114 64 24 16 8389 11 98 8 11 5 111
o 85640114 96 16 16 4141 _1 0 0 0 0 00
. 544,0 111 96 24 16 13330 ¢ 5 1 1 1 03
. ...545,0_..1.1.3 128 24.11 12420 6 4 _2 6_1_ 0 3
- 555,0 114 128 24 16 17550 6 5 2 3 3 0 3
. 56140—-1.1.2 128.24.14.15710_6_6_0_1 3 03
| 542.,0 1 1 4 160 24 16 0 696 0 & 0 90
e .539,0 ..-1.1 4 192 24 14 . . 0_7.95 8 .0..0 10 0
54340 11 4192 24 12 0696500100
53840 1.1-4 1922616 . - 0.-6-96_.9.15 8. .10 0.
55440 11 4 192 24 16 0 8% 0 0 0 00
e 52190 -~ 1-2 46424 16__T7748 8 94..3..9 312 3 _
' _ 519.0 124 642616 7622 9 9 3 3 011 3
o —-51840- -1.2 4 64 26.16_.8201 7 94 4 &4 .0 .11.3 .
522.0 124 64 24 16 7324 8595 0 4 4 11 3
- -520e0 —-1.2 4 64 24.16 8203 6 95 0 8.8 12 3
523.0 12 4 64 24 16 8010 11 96 8 3 0 111
e —524e0 —1-2 4 —64_-24_16 79781097 .32 0. 11.1_ _ _
51640 124 801615 7812 3 0 0 0 O 00
— 5170- -1 2 3 96 .16 16 9666 5 0 0.0 0._0.0
514.0 122 96 24 12 950 7' 5 S 2 3 03
- - 513,0 -1 21 128.24 .16 17380.-9-5. 5 & S5 .03 __
50640 124128 24 16 18550 7 5 2 1 2 o0 2
— —-51540---1-2 4-160-24-16 0 6960 6 110 0_
509.0 1 2 4 192 24 16 0 79 6 2 0100
-508e0 -1 24192 2416 _0..997 0_7_ 0110 _
‘319.0 134 641616 5717 3 0 0 -0 0 00
- —%31640 1 3 4 64 2416 7450 .8 7..5_.7 5_0.1___
. 318.0 1 3 4 64 24 16 7400 10 8 29 2 2 11 1
31540 —-1-3-4 - 642416 -7320..7-8..211 -7 .03
'317.0 1 34 64 24 16 7580 10 918 8 2 01
. ¥313,0 --1-3 3.80.16..12 5886 3..0.0..0..0_.0.0. _ .
‘322.0 134 961615 8450 3 0 0 0 0 o0 0
- "31240 1.3 2 96.24.16..12510..8_.6.15 4.2 0 3
31040 131 112 16 9 6102 5 0 0 0 0 0 0
e *31440 ——1-3 4128 24_.16.17380__9_5 14 _1 3133
) ‘32140 1 3 4128 24 16 16500 8 6 7 8 1 0 3
-#Mm__m_;31L¢0-,L.3 1.128 24.16 16610 7 6.19_9_ 2 9. 2_ _
= 32440 1 34 128 24 16 16590 9 7 3 3 2 0 3
e '32040-—-1.3.4.128.24.16.15730_.9 7 510 2 0.2 ___
’ 353,0 1 44 642415 7180 994 2 3 0 11 2
35}¢0——1 43 64 24 16 8628 10 94 4 9 011 .3
357.0 1 4 4 64 24 16 7753 895 511 0 12 3
————35640-——1-4-4 64 2415 7011.10.95 1 9 _.0.112
355,0 1 44 64 24 15 6970 11 97 16 3 011 1
— 35440~ 1-4 46642415 6937 11 97 14 _2 0.11.1
349.0 141 9 1612 6788 3 0 0 0 0 00




359,0 1 4 & 96
35040 1 4 2 96
358,0 1 4 4 128
352,0 1 4 4 128
107.0 151 48
110,0 153 64
109.0 - -1 5-4 - 64
108,0 1 5 4 64
589.,0- 2 1-1 48
60340 21 4 64
599.,0 21 4 64
597.0 2 1 4 64
598,.0 21 4 64
593.0 21 4 64
594,0 21 4 64
598,.0 21 4 64
59640 21 4 64
584.0 212 80
53140 21 3112
"59240 21 3 128
*§90,0 211 128
585,0 212 128
60440 21 4 160
602,0 21 4 160
60140 21 4 192
600.0 21 4192
600.1 21 4 192
‘588,40 21 4 192
57440 2 2 3 48
583,0 2 2 4 64
582.0 22 4 64
581.,0 22 4 64
579,0 22 4 64
57840 2 2 4 64
573,90 223 64
579.1 22 4 64
5710 221 96
586.0 22 4 112
587.0 2 2 4 128
572.0 2 22 128
57740 2 2 4 192
575.0 2 2 4 192
578,.1 2 2 4. 192
576.0 =2 2 4 192
56240 2 3 4 64
-~ 55640 — 2 3 4 - 64
560,0 2 3 4 64
563302 3 4— 64-
561.0 2 3 4 64
564,0 2 3 4 64
569,.,0 2 3 4 96
2 32

96

|

24
24
24
24
16
16

24

24
16
16
16
24
24
24
24
24
24
l6
16
24
24
24
24
24
24
24
24
24
16
16
26
24
24
24
24
24
24
16
16
24
24
24
24
24
24

24

24
24

24

24
24
24
16

24

15 11660
15 11480
15 15100
15 14750
12 3704
9 3621
16 7670
16 7680
16 5702
16 7122
15 6584
16 8710
16 8446
15 8137
15 7630
15 7096
16 7244
6 3824
11 9177
16 19010
16 18740
11 13920
16 0
16 0
16 0
16 0
15 0
15 0
13 4578
16 5702
16 7826
16 8045
15 8257
16 8260
15 8710
16 7554
16 7136
16 9608
9 6940
16 17620
16 18050
16 0
16 0
16 0
16 0
15 8245
16 8373
16 7945
15~ 7056
15 7483
16 7451
16 7220
11 7057
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487.0
483,0

314 96 24 10
—— —482.0——3-1-3-128-16 8 69705 0 0 0 0 0.
: 31 4 128 24 13 15150

181,

8980

8
7

5

6

0

2

6
1

1
4

S 48040- -3-11-96.24.15 134106 4.9 2 3_0_

0

0

567402 3.3112:16.10..8140_5._0._.0..0 0 0 0 _
: 570,0 2 3 4 128 24 15 16860 10 7 3 1 1 00
. _ . _ 56840 _ 23 4.160.24 16 0997 _0_9_0_9 0_
_ 558,0 2 3 4 192 24 15 0 996 0 0 0 11 0
e 557.0._.2.3 4.192 24 15 0 997_0_0_0.110
373.0 2 4 4 48 16 16 4860 5 0 0 0 0 00O
. 363.,0 243 4816116 5174 5 0 0 0 0 00
‘ 361, 2 42 48 1611 3468 5 0 0 0 0 00
_ 370,02 4 4 6416 165397 5 0 0 0 0 00
350,0 2 41 64 1616 6754 3 0 0 0 0 00
. 36640 .. 2 4 4 64.24 16 Tel0 8 T 6 3 1 02
369,0 2 4 &4 64 24 16 7220 10 810 2 3 0 2
- ..36840 .2 4-4 .64 24 16 768010 B 5 4 1 02
367.0 2 4 &4 64 24 16 725011 8 8 3 1 01
364,0 2 43 96 24 16 12920 9 6 3 1 1 03
3620 2 4 2 96 24 16 12900 9 7 9 2 4 02
372,0 2 4 & 128 24 16 16650 7 5 1 2 1 02
371,0 2 4 4 128 24 16 15780 9 7 9 3 0 01
.365.0 2 4 4 128 24 16 1637010 8 3 1 3 02
. 249,.1 253 4816 6 1864 3 0 0 0 0 00
249.0 253 4816 7 2198 3 0 0 0 0 o0 O
'259,2 25 4 48 16 6 1705 3 0 0 0 0 o0 0
259.1 254 4816 9 235%¢ 3 0 0 0 0 00O
258,2 254 6416 8 3200 3 0 0 0 0 00O
258.1 254 6416 6 2320 3 0 0 0 0 .0 0
258,0 25 4 64 16 6 0 3 0 0 ¢ 0 00
254.0 25 4 64 24 16 7610 7 710 9 1 01
‘257.0 25 4 64 24 16 7970 10 10 14 4 3 01
255,0 25 4 66 26 16 7700 10 97 . 8 4 3 11 1
‘25640 2 5 4 64 24 12 7969 10 98 9 6 0 11 1
+253,0 25 4 9616 9 5113 3 .0 0-0 0 00
‘252,0 254 9616 7 4211 3 0 0 0 0 0O
250,0 25211216 6 3696 5 0 0 0 0 00
2510 2 5 4 128 24 15 15810 11 7 17 2 5131
"¥129,0 2 6 4 48 16 16 4948 3.0 0 0 0 0O
:131,0 26 4 64 24 16 7990 11 B 24 28 2 01
1300 2 6 4 . 64.24 16 7850 11 8 20 10 5 11 1
¥33,0 26 2 64 24 6 4180 10 94 6 0 0 121
"¥32,0 26 2 96 24 8 6170 10 924 5 2 01
126,0 27 1 48 16 11 3213 5 0 0 0 0 00
128,0 27 4 64 16 16 6040 3 0 0 0.0 00
127.0 2 7 4 64 24 16 7220 11 7 31 3 7 01
S 9T 0 - -3 14 64 2416--9817- .6-93...0- 5. .2 12.3.
_ 496,40 31 4 64 2416 9100 993 2 2 011 3
. .4Bl,0- -3 1.2.64.24.16 .9475_.893 1 3 0.12 3 _
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