
DENSITY OF PINUS RADIATA LOGS 
F. A. COULTER* 

SYNOPSIS 
Measurements of weighed truck loads of logs at the Kinleith Mills 

of N.Z. Forest Products Limited, have enabled density factors to be 
established. These will permit accurate determinations to be made of 
the volume of wood entering Kinleith. Variations due to dead wood, 
forest region, age, and season are discussed. 

Introduction 
All loaded logging trucks entering the Kinleith Mills of N.Z. Forest 

Products Limited pass over a weighbridge. The total weight of truck 
and load is automatically printed on a card. Regularly checked records 
of all truck tare weights are kept and the tonnages of logs per truck 
is obtained by subtraction. Other information such as logging gang, 
dump number, and forest compartment is also recorded. Sorting and 
addition of the cards enables production and yield tonnages to be 
obtained. The volume of wood entering Kinleith has to be known 
for accounting and forest-management purposes, and a weight/volume 
ratio would enable this to be determined very simply. 

The only species being logged at the moment is P. radiata. 
From June 1956 to August 1958, monthly measurements and weigh

ings were made on three truck loads of sawlogs and three truck loads 
of pulp logs from clear-felling operations. Dead trees were salvaged 
whenever possible and included in pulp loads. 

Following the commencement of thinning operations in forest blocks 
of more recent planting, measurements were made on loads of thinnings 
between January and October 1958. Dead wood was also included in 
these loads. Trees are marked for thinning by forestry staff and are 
cut and hauled to Kinleith by contractors, who are paid on the tonnage 
recorded at the weighbridge. 

Methods of Measurement and Calculation 
Long Logs. Butt and top diameters (i.b.) were measured. Bark was 

removed at every 10 ft point from the butt, and i.b. diameter measured 
with diameter tape. Diameters were measured to the nearest Vio in. 
Volumes of the sections were calculated using the formula length X 
mean of areas of ends. Sectional volumes were then summed. 

Thinnings. These are cut by the contractors into approximately 6 ft 
lengths. Length to nearest Vio ft and i.b. diameter to nearest Vio in. 
at both ends were measured for each log. Volumes were calculated 
using again length X mean of areas of ends. 

* N.Z. Forest Products Ltd., Tokoroa. 
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Tonnages for each load were obtained from the weighbridge and 
the weight-volume ratios were calculated. It should be noted that the 
volume is inside bark (with no docking or cross-cutting loss) and the 
weighbridge weight is over bark. This is the only satisfactory method 
which can be used to relate weight and volume at Kinleith. 

Results 
The densities given below are at the 99% probability level: 
Long Logs 

Sawlogs: 62.4 lb/cu. ft ± 1.3% (81 loads) 
Pulp logs: 62.2 lb/cu. ft. ± 2.0% (81 loads) 

9.0% dead wood by volume 
Thinnings 

1936 planting: 61.2 lb/cu. ft. ± 4 .1% (33 loads) 
21.2% dead wood by volume 

1942-43 planting: 63.4 lb/cu. ft. ± 3.3% (24 loads) 
6.2% dead wood by volume 

The younger block contains less dead wood than the older because 
mortality has been less. 

The mean weighted by loads for pulp logs and thinnings is 62.2 
lb/cu.ft, (deadwood 11.4%). 

Coefficients of variation for the densities were remarkably low, 
being as follows: sawlogs 4.5%; pulp logs 7.0%; 1936 thinnings 
8.7%; 1942-43 thinnings 5.8%. 

However, it should be noted that the densities are for entire truck 
loads of logs. Individual log densities would probably show much 
great coefficients of variation. 

Analysis of Long-log Variation 
Long-log results were classified into groups corresponding to the five 

forest blocks from which the logs originated. The figures for each 
block were subdivided into saw loads, pulp loads containing green 
wood only, and pulp loads containing dead wood. The fifteen sub
classes were further subdivided according to density, age to nearest 
month, and dead-wood percentage. 

Using analysis of Covariance, it was possible to find out how much 
of the variation in the results was due to each of tbe above factors. 
As there were varying numbers of loads in each subclass, the normal 
analysis of Covariance could not be carried out and it was necessary 
to use the method of fitting constants given by Hazel (1946). Simul
taneous equations in eleven unknowns had to be solved. 

The conclusions reached by the analysis were: 
(a) There is a highly significant variation in density due to the 

type of load (namely, saw, green pulp, or pulp with dead 
wood). 

(b) There is no significant variation due to the forest block from 
which the logs originated. 
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(c) There is a highly significant variation due to the percentage of 
dead wood present. This is examined below (under "Dead 
wood"). 

(d) There is no significant variation due to age. However, the ages 
of logs included in the study ranged only from 28 years l l 
months to 33 years 0 months. 

Solution of the equations enabled unbiased estimates of the means 
of the fifteen subclasses to be found. These are as follows (dates are 
years of planting): 

Forest Block 
Maraetai 1925 
Maraetai 1926 
Deviation 1926 
Deviation 1927 
Atkinsons 1926 

Means 

Saw loads 
61.9 
62.2 
62.7 
62.9 
62.0 
62.3 

Green Pulp 
Loads 

64.5 
64.8 
65.3 
65.6 
64.6 
65.0 

Pulp Loads 
with Dead Wood 

61.1 
61.4 
60.9 
62.2 
61.1 
61.3 

Means 
62.5 
62.8 
63.0 
63.6 
62.6 
62.9 

No pronounced seasonal variations were evident. Pulp loads showed 
some monthly variation but this was found to be due to variations in 
dead-wood percentage. With only three loads a month being measured, 
some fluctuation in this percentage was to be expected. 

Dead Wood 
Density was plotted against dead-wood percentage separately for 

long pulp logs and for both groups of thinnings. Using the least-square 
method, the best possible curves of the second degree were fitted to 
the points. The three sets of data were found to be comparable statis
tically and were pooled to give the following equation (shown graphic
ally below): 

D = 65.495 — 0.336 P + 0.003 P2 (1) 
Where D = density in lb/ cu. ft. 
and P = percentage dead wood. 

R, the multiple correlation coefficient, was 0.70, which was highly 
significant. 

By putting P = 0 in (1) (i.e., no dead wood present) we find that 
D = 65.5 lb/cu. ft. 

The density for pulp logs and thinnings (62.2 Ib./cu. ft.) is really 
a weighted mean of 88.66% green wood of density 65.5 Ib./cu. ft. and 
11.4% dead wood of a lower density D. 

62.2 X 100.0 = 65.5 X 88.6 + D X 11.4 
D = 36.6 lb/cu. ft. 

D could also be found by putting P =100 in (1) , but as the data 
only went as far as P = 60 the result would be inaccurate. 

Errors 
Weighbridge tonnages could vary for many reasons, including bark 

knocked off logs; mud on the logs and truck; difference between empty 
and full petrol tank; and variations in truck equipment, 
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The maximum variation in each of these factors has been roughly 
estimated at 3 cwt. per truck load. 

With a mean log weight of 15 tons per truck, this would mean a 
maximum variation for an individual load of 4 % . Over all, the effects 
should be insignificant. 

The factors listed above are actually "built in" to the weighbridge 
tonnage. Hence in spite of the tonnage being perhaps not quite correct, 
true volumes are still obtained by the density method if the factors 
remain constant. 

Applications 
Foresters who wish to establish density factors for their own radiata 

logs (green wood only) may make use of the following data collected 
during the study: 

Sawlogs 81 loads 
Density = 62.4 lb/cu..ft. 
Standard deviation = 2.8 lb/cu. ft. 

Long pulp logs* 24 loads 
Density = 65.0 lb/cu. ft. 
Standard deviation = 4.6 lb/cu. ft. 

* Excludes loads which contained dead wood. 

These results are of limited value in a logging operation which does 
not divide logs into the two types listed above. Pooling the results as 
they are shown would be unsatisfactory as the result would be unduly 
weighted by the greater number of saw loads. One solution is merely 
to consider that there are only 24 loads of sawlogs, with mean density 
62.4 lb/cu. ft. and standard deviation 2.8 lb/cu. ft. The results can then 
be combined giving: 

48 loads 
Density = 63.7 lb/cu. ft. 
Standard deviation = 3.9 lb/cu. ft. 

This gives data which could be considered to apply to a forest where 
dead wood is not extracted. 

The standard statistical t and F tests, applied to the combined results 
and to a small series of local density measurements, would indicate 
whether the Kinleith figures could be taken as a guide to local densities. 

Discussion 
Comparisons with results of previous papers on radiata density 

(Hughes and Mackney 1949, Mackney and Loe 1953) are not possible 
because of the lack of information on densities of undried bark and 
dead wood. The densities in this study, it will be remembered, are 
overall figures for wood, bark, and dead wood. 

Further measurement work is being carried on at the moment on 
thinnings from other forest blocks of 1933 and 1935 plantings. 

Work has just commenced on finding the rate at which density 
decreases when logs are stored in stockpiles. Twenty loads of sawlogs 
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and twenty loads of pulp logs have measured and will be reweighed 
at regular intervals. 

It is considered that the densities given in this paper can be used 
with confidence for about two years. Then a small series of check 
measurements may have to be made. These would be to check on: 

(a) A possible variation in density with age. Though not apparent 
at the moment, the possibility of a variation appearing should 
not be neglected. 

(b) A possible variation in dead-wood percentage. Over the last 
three or four years, the mortality in our older stands has been 
negligible. As the dead wood decays, and the low mortality 
continues, an adjustment may have to be made in the long-pulp-
log density owing to a reduction in dead-wood percentage. 
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