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Abstract

Introduction

The Importance of
Accurate Log Weight
Estimates

Estimating Load Weights With
Huber's Cubic Volume Formula:
A Field Trial

Dale R. Waddell

Log weights were estimated from the product of Huber's cubic volume formula and
green density. Tags showing estimated log weights were attached to logs in the field,
and the weights were tallied into a single load weight as logs were assembled for
aerial yarding. Accuracy of the estimated load weights was evaluated by comparing
the predicted with the actual load weights as measured with scales in a helicopter. A
total of 110 loads were evaluated. The load weights were accurate (about 10-percent
error), and the method was easily applied under difficult logging conditions. The
number of aborts caused by inaccurate estimation of load weights was small (six).
Increased efficiency provided by accurate estimates of load weights was often
negated during the assembly of loads and in the hooking operation. Greater yarding
productivity can be achieved when an accurate log weight estimation technique

is combined with efficient load assembly and hooking operations.

Keywords: Aerial logging, weight estimation, logging productivity.

Efficient operation of many logging systems depends on accurate estimation of the
weight of the logs. Accurate weight estimates are especially valuable for aerial log-
ging systems, such as helicopter, balloon, and some forms of cable yarding, which
may be constrained by the weight of each load (Dykstra 1975, Stevens and Clarke
1974, Waddell and others 1984) . The cost of aerial logging is high, and a key factor
in producing a profit is an efficient yarding operation (Burke 1973, Dykstra and others
1978). An efficient yarding operation moves loads from the woods to the landing with
a minimum number of turns and delays. The load weight will be affected by the capa-
city of the yarding equipment, the accuracy of the weight estimate, the availability of
suitable logs to assemble a load, and various external factors specific to the oper-
ating environment of the yarder.
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Methods for Estimating
Log Weights

Huber's Formula

A target weight for the yarder is often created to aid in assembling loads. The target
weight is generally set as a single value or range of values to reflect a typical pay-
load during the turn. The target weight must be high enough to minimize operational
costs (fewer turns per unit area) yet be low enough to minimize wear on the yarder
and reduce the possibility of an abort (Burke 1973). Aborts occur when the weight of
the payload is greater than the operational lift capacity of the yarder. Operational lift
capacity is the ability of an aircraft to lift the load; it differs from the absolute lift capa-
city because of the amount of fuel in the aircraft at the time of the lifting, the weather
conditions, the local terrain, and other factors. Aborts cause delays and increase the
number of turns; the result is poor yarding efficiency. After an abort, two loads may
be assembled from the original load, but the new loads may not fully use the lifting
capacity of the aircraft; the result is reduced efficiency. In addition, aborts can
damage logs in the load and the yarding equipment, and may subject the logging
crew to safety hazards.

Several methods are available for estimating log weights for use in aerial logging
(Dykstra 1975, Mann and Lysons 1972). The most common approach is to estimate
the cubic volume of the log(s) and multiply that volume by an appropriate green den-
sity. Numerous equations (including graphic methods) will estimate the cubic volume
of a log (Dilworth 1981, Freese 1973). The equations will differ in the types of log
measurements and the degree of complexity they require to calculate the volume
(Husch and others 1972). Green density can either be measured (Pong and others
1986, Waddell and others 1984) or be a constant value specific to each tree species
and possibly the season (higher values in spring and lower values in summer).

The cubic volume is calculated from the measurement of the length of the log and a
single diameter measurement on the outside of the bark (dob) from the middle of the
log (Freese 1973, Grosenbaugh 1948). Huber's formula for estimating the cubic
volume and weight of a log is as follows:

V = (L) x (dob)? x (C) and (
W= (V) x (GD), @)

where

<

the cubic volume of the log (cubic feet),

the length of the log (feet),
the diameter outside of the bark (inches) at a point midway
from the ends of the log,

0.005454 (unit conversion factor),

green weight of the log (pounds), and

green density of the wood and bark combined (pounds per
cubic foot).
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Objectives

Methods

Study Area

Weight Tending

Load Assembly

Cubic volume estimates from Huber's formula generally are accurate for most log
shapes and lengths (Husch and others 1972, Plank and Cahill 1984). The formula
has the highest accuracy for logs approaching the form of a truncated parabola. The
cubic volume estimate will tend to exhibit a negative bias (underestimation) for logs
with a conic form and a positive bias (overestimation) for logs with a cylindrical form
(Freese 1973). The practical application of this formula is apparent when the formula
is used in a typical logging condition (jackstraw distribution of logs) because it needs
only one diameter measurement as compared to most other volume rules that re-
quire two or more diameter measurements.

The weight estimates derived from the formula can be displayed in a table with the
diameter and log length on the axes. Every species having a different average green
density will have a separate table (table 2 in the appendix). The tables can be trans-
ferred to cards for use in the field. Alternatives are to use calculators to compute
equations or to use hand-held data recorders with the equation in a program.

The objectives of this study were (1) to determine the accuracy of Huber's formula
for predicting weight, (2) to evaluate the ease of collecting data (measurements) and
performing calculations for log and load weights, and (3) to qualitatively assess other
factors that may affect yarding productivity during load assembly and yarding in one
logging unit in the Rogue River National Forest.

The study area was in the Rogue River National Forest, Applegate Ranger District,

in southwestern Oregon. Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco var. men-
ziesii) was the predominant species with an average diameter at breast height of

28 inches. Other species included a small number of white fir (Abies concolor (Gord.
and Glend.) Lindl.) and sugar pine {Pinus lambertiana Dougl.). The terrain was fairly
steep with slopes of 20 to 40 percent. A 24-acre unit was selected for observing the
aerial yarding activities conducted by the logging company.

About 500 trees were felled in the unit and bucked into about 1,900 logs ranging in
length from 8 to 41 feet. Weight tenders employed by the logging company identified
the species of the log, measured the diameter at the midpoint, recorded the weight
on a tag, and attached the tag to the end of each log. The green weight of the log
was determined from tables printed on plastic cards (similar to table 2 in the appen-
dix). Each card represented a different tree species with a unique green density. The
green density of Douglas-fir logs was 40 pounds per cubic foot; for the white fir logs,
it was 58 pounds per cubic foot.

Choker setters employed by the logging company connected logs with chokers to
build loads for yarding (load assembly). The selection of logs for a specific load was
accomplished by reading the weight tag on each log and connecting the appropriate
logs (weights) together so that the total weight was between 12,000 and 18,000
pounds (target weight). The limitations of reaching a load weight within the target
range included the number of logs within reach of the choker, the variety of log
weights for a given number of logs, the steepness of the terrain (which affected the
reach of the chokers), and the inability to reach preferred logs because of the
amount of unmerchantable logging debris in the way. After the chokers were set,
each group of logs was labeled with a sequential load number and an estimated
load weight (sum of the individual log weights).



Hooking Operation

Analysis

Results and
Discussion

A Sikorsky S-64 Skycrane helicopter’ was used to aerial yard. The logging com-
pany's strategy for efficient load selection (there may be numerous preassembled
loads) was based on the hook tender's ability to match the estimated load weights
with the predicted operational lift capacity of the aircraft; for example, on the first turn
in a fuel cycle, the helicopter had the least lift capacity (because it was loaded with
fuel). The hook tender therefore selected a load with a low estimated weight for the
first turn. The hook tender looked for progressively higher estimated load weights as
the yarding proceeded through the fuel cycle.2 Variations of this strategy are used by
many aerial logging companies.

As each load was lifted, the estimated weight and the load number was communi-
cated to the helicopter pilot. The weight of the load was then measured with scales in
the helicopter (load cells), and the load was transported to the landing. Every turn
was recorded on film by using a video camera and a soundtrack of the communi-
cations between the helicopter pilot and the hook tender.

The estimated weights were compared with the scale weights to determine a meas-
ure of bias and accuracy. Bias was calculated as the mean of the differences be-
tween the measured and the estimated load weights. Accuracy was calculated as the
mean of the absolute differences between the actual and the estimated weights. Bias
and accuracy equations are as follows:

n

bias = Z(yi-?i)m and 3)

i=1
n

accuracy = Z{yi -gin, (4)

i=1

where
yi = observed load weight, and
9i = predicted load weight.

Generally, the load weights estimated by Huber's formula were accurate. Table 1
summarizes the comparison of estimated load weights with that of load cells in

the helicopter. Huber's formula tended to slightly underestimate the average load
weighed by the helicopter (mean negative bias of 430 pounds) with about a
10-percent error for all loads analyzed (a mean absolute difference of 1,520 pounds).
The operator would expect on the average, with a predicted weight of 15,000
pounds, an actual range of load weights from 13,070 to 16,070 pounds.

'"The use of trade, firm, or corporation names jn this
publication is for the information and convenience of the
reader. Such use does not constitute an official endorse-
ment or approval by the U .S. Department of Agriculture of
any product or service to the exclusion of others that may
be suitable.

2 One of the objectives of this study was to determine if this
strategy was actually followed by the hook; tender



Additional Observations

Table 1—Load weights recorded by the load cells and compared to
estimated log weights

Number  Mean Mean

of load cell estimated

loads? weight weight® Bias® Bias Accuracy?  Accuracy
Pounds Percent Pounds Percent

104 15,080 14,640 -430 2.9 1,520 10.1

@110 loads were lifted with 6 aborts. Weight estimates for the aborts are not included in the
analysis.

® Measured with load cells in the helicopter.

° Estimated with Huber's formula.

? Bias is the mean of the differences between the load cells and the estimated weights. The value
is converted to a percentage by dividing the bias by the mean of the weights measured with the
load cells.

° Accuracy is the mean of the absolute differences between the weight recorded by the load cells
and the estimated weights. The value is converted to a percentage by dividing the mean absolute
difference by the mean load cell weight.

Six aborts (5.5 percent) occurred and were directly related to inaccurate weight
predictions. Turns with aborts caused by equipment failures (mechanical aborts) and
not associated with weight overloads were not included in the analysis. This was a
low rate of aborts compared to operations that do not incorporate techniques for
estimating load weights (Dykstra 1975). Huber's formula is well suited to situations
where many logs are concentrated in one area. Alternative methods, requiring more
than one measurement of diameter, would not have been feasible because of the
jackstraw distribution of logs after the felling and bucking operations. Log ends were
frequently covered by other logs and crown material. The rapid method of compu-
tation was also enhanced by the tables reproduced on plastic cards. The weight
tenders might have had difficulty in operating calculators because of the rugged
working terrain and often poor climate.

Producing optimum load weights was limited not only by accuracy of the load weights
but also by the load assembly operation. The problem the choker setters had in
reaching the optimum load weight, as discussed above, plus the lack of confidence
by the choker setters in the accuracy of the recorded log weights may have had
significant impact on the yarding productivity. Loads were often assembled well
below the target range even when additional logs were available to add to the load.
Choker setters also assembled a few loads above the target range, which resulted in
yarding delays.



Yarding Productivity

Conclusion
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Yarding productivity was also decreased by the hook tender's selection of loads at
various times in a fuel cycle. Hook tenders often would select loads during the first
turn of a fuel cycle (lowest operational lift capacity) that were in the upper portion of
the target range (17,000 pounds). These turns had the greatest potential for an aboi
In addition, delays were observed during the lifting phase as the helicopter struggled
to attain an appropriate height for the flight to the landing. This lack of planning ofte
led to loads of lesser weights being yarded later in the fuel cycle when the opera-
tional lift capacity of the aircraft was greater. The selection of load weights appro-
priately matched to the current capacity of the yarder might have increased produc-
tivity (less turns) and reduced wear on the helicopter.

Yarding productivity can be enhanced by a constant validation of the load weight
estimates and feedback of the information to the load assembly and hooking opera-
tions. The choker setters and hook tender must have a current assessment of error
in the estimated load weights so that acceptable average load weights can be
achieved throughout the fuel cycle while the probability of an abort is minimized. Thi
can be accomplished by assessing the load weight error through comparisons of
estimated load weights and actual load weights as recorded in the helicopter. Adjust
ments can be made in the strategy of setting a correct target range for load assem-
bly and selecting appropriate loads for a specific period within a fuel cycle.

Hubert formula provided accurate estimates of load weights for use in aerial logging
The measurements needed to use the technique can be applied rapidly, even under
the adverse conditions often encountered in logging operations. Accurate estimates
of load weights allow the average load weights to be increased and the probability o
aborts to decrease. This reduces the number of turns needed to harvest a unit, then
by resulting in lower operating costs.

Data collected on 110 turns indicated that yarding productivity was affected by the
use of weight estimates in both the assembly operation (choker setting) and selectio
of appropriate loads during various phases of the fuel cycle (hook tending). The
gains in yarding productivity can be increased with consistent use of the log weight
estimates in the load assembly operation coupled with a hooking strategy that select
loads of increasing weights as the operational lift capacity of the yarder increases
during the fuel cycle.

This report presents results from a study conducted in cooperation with Timber
Management, Pacific Northwest Region, USDA Forest Service. The author acknow-
ledges the staffs of the Rogue River National Forest and the Applegate Ranger
District for their support in all phases of the study.
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