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CHAPTER 1

INTRODUCTION

Costs of logging and hauling to the mill are important for the
wood using industries in Australia. These costs constitute as much
as 80 per cent of the cost of pulpwood delivered to the mill (Cromer,
1970) and 64 per cent of the cost of sawlogs delivered to the mill
(Report of the Economic Study Group on the Australian Timber Industry,
1971).

Although some valuable studies of the productivity of logging
and hauling operations have been made, the Economic Study Group
on the Australian Timber Industry revealed how little the local
timber industry itself has done:-

. . .when asked in the questionnaire if any comparative cost studies
had been undertaken, not one of the 120 firms which returned
the questionnaire replied in the affirmative.

Discussions which the Study Group had with many saw-
milling interests brought forth the same reaction - the practices
followed on log extraction reflected at best an informed opinion
but were seldom based on any detailed cost studies. (Report of
the Economic Study Group on the Australian Timber Industry, 1971,
p.32). ,

One reason for the lack of comparative studies by the industry is a
dearth of published articles describing study techniques suited to
local conditions and illustrating the questions which Can be answered.

This thesis shows how work study techniques have been used to solve

some problems typical of these found in Australian logging.



Determining the best logging method for a given area is a
common problem. The first part of this thesis compares tWo methods
of logging first thinnings, the shortwood and tree length methods,
with special reference to their application in the Bathurst plantations,
New South Wales. Although the results of this study may only be of
local interest, the procedures used will provide guidance for further
research into this and related problems in the Australian logging
industry.

To solve a good many problems in logging, information on the
productivity, (output per unit working time) of logging operations is
requifed, which may have to be obtained by time study. The second
part ‘of this thesis deals with effects of differences between stands
ori the productivity of sawlog cutting operations in New South Wales
and the Australian Capitai Territory.

Because time and manpower were limited, fieldwork for the
thesis was confined to one 'component of the logging operation only,
namely cuttirvw.g° Cutting is here defined as felling and all other work
performed on felled trees to prepare therﬁ for removal from the forest
to the maiqroad. It was decided to condentrate on cutting in pine
plantations because of the growing importanc;e qf such plantations in
Australian forestry. About 15 per cent of the total roundwood removals
from Australian forests in 1968 came from coniferous plantations,
(Wilson, 1969) but recent foreéasts suggeét thai this fradtion will
steadily increase to about 30 per cent by the year 2000 (Hanson and
Parrow, 1969; Report of the Economic Study Group on the Australian

Timber Industry, 1971).



Shortwood and tree length logging

In most coniferous plantations yields from first thinnings are
increasing steadily an‘d will continue to do so for many years. How-
ever, the productivity of cutting and extraction is much lower in first
than in later thinnings. . Priority should therefore be given to comparative
studies of logging methods for first thinnings.

The shortwood logging method is widely used in first thinnings.
Typical of such operations are those in>pine plantations near Bathurst
owned by thé Forestry Commission of New South Wales. The merchantable
stem of each felled tree is cut up at stump into billets eight feet long
which are extracted to roadside by various meéns, described later.

It has been claimed, however, that tree length logging operations,

in which the entire merchantable stem of each felled tree is extracted
to roadside as a single log, éost 10 per cent less than shortwood
operations in first thinnings and require less labour (Kerruish, 1968).

Ihe aim of the study was to compare fhe two methods in terms
of the cost per unit volume for cutting and extraction to roadside in the
Bathurst plantations. The effect of a change from sheortweod to tree
length logging on future plant and labour requirements was also
investigated.

Studies were made of shortwood cutting at Sunny Corner, one of
the Bathurst plantations. The data colle;:ted were also used to construct
a simulation model of cutting operations’inv‘olved in tree length logging.

The use of a simulation model aveided the need for expensive field



trials and has many potential applications in comparative studies of
logging methods. Data on extraction were largely obtained from earlier

studies. Some supplementary studies were alsoc made.

Studies of sawlog cutting

- The studies in the second part of this thesis had two aims;
firstly to investigate by time study the effects of differences between
stands on the productivity of sawlog cutting operations, secondly to

compare two alternative time study techniques.

Effects of stand differences on dutting productivity

Previous work studies of cutting by Hasel (1946), Guttenberg
and Perry (1957), Samset (1950) and Samset et al (1969) had clearly
shown that the préductivity of cutfing operations is affectéd by stand
variables such as the basal area and number of trees removed pef acre,
their -form and spading .

These relationships have implications for wage dete-rminations
when cutters are paid by results, as is usual in Australia. Some
cutters are paid under the terms of industrial awards and, assuming
an equitable piecebrate has been established for cutting in a given
stan‘d, bit would be desirable for their employer to make any necessary
adj.ustment to the piece rate when they move to a different stand. The
adjustment should ensure no éutter who works the required hours -

receives less than the minimum weekly wage dictated by the award.



-Many cutters, however, negotiate directly with their employers
over wage rates. The productivity of c_utting is a factor to be considered
but many other factors such as supply and demand for labour, security
of employment, equipment supplied and living conditions are also
important. . A study of cutting productivity can only provide suggestive
data for wage negotiations since the prevailing conditions of employ-
ment affect the average level of performance. Nevertheless, such a
study could provide a better basis for ensuring wage equity between
cutters working in different stands and for determining wage justice
in relation to average productivity.

Time studies were made of twenty four sawlog cutting operations
in pre-war plantations in New South Wales and the Australian Capital
Territory. Each operation was studied in the compartment scheduled

to be cut when the study took place.

Time study techniques

- Two different time study techniques had been used in previous
studies of cutting. Samset (1950) and Samset et al (1969) used a
technique called "Detailed" time étudy in which each operation is
subdivided into a number of cémponent elements, which are then
studied individually. - An alternative techniqué,‘ called "Gross Data"
time study, in which each operation is studied as a whole or subdivided
into as few elemen"cs‘as possible was used by Hasel (1946), Guttenberg
and Perry (1957), and in studies of log extraction made by Bennett

et al (1965). Gross Data time study should cost less than Detailed



time study but the latter may give more precise resuits if an operation
is composed of several separate sub-operations.

When the component elements in a Detailed time study are
finally aggregated to construct a predictive model of the whole
operation, it is assumed the elements are independent of each other.
Results of experiments conducted by Nanda 7(1 968) suggest this
assumption may be valid for various light industrial operations.

It may not, however, be valid for heavy sequential work such as
cutting.
- Benhett et al discussed the effect of element independence on
the relative precision of Detailed and Gross. Data time studies:
If these sub-processes (elements) are essentially independent
of each other, then their combined error variances in a " gross"
model may obscure or obliterate real effects of condition factors
(e.g. stand, terrain and climatic variables) on one or more sub-
processes. However, this is not the only possibility.
. . .The sub-processes may not be truly independent of one
another, and the sum of the sub-process estimates may therefore
prove to be no better than an overall estimate from a gross model.
This question deserves further study. (Bennett et al, 1965, p.1ll).

The question received further attention in a study by Cottell and
Winer (1969) . They compared results obtained by Detailed and Gross
Data time studies of the same extraction operation and found no
differences of practical importance. They concluded that Gross Data
time stﬁdy could provide sufficient information for the management of
established logging operations but Detailed time study could provide

extra information needed for critical or éomparative studies of logging

methods.



Detailed time study techniques were used in studies of shortwood
cutting opérations for the first part of this thesis becauée information
on several component elements of shortwood cutting was needed for
constructing a simulation model of tree length cutting. In the second
part of the thesis, however, both Detailed and Gross Data time study
techniques were used to study the effects of differences between
stands on sawlog cutting productivity. The tWo techniques were
compared in terms of precision and the ratio of total study cost to

precision.

Work study procedures

General procedures outlined by the International Labour Office
(Iﬂtroduction to Work Study, 1962) were follovs}ed in fime studies
made for this t‘he.sis . One aspect of these procedures neelded
special treatment for forestry, however, namely performance rating.
This is commonly used in time studies of industrial operations to
take_acqount.of deviations in the perfbrmanée of a given workevr-
from the ,avérage pgrformance fof the group undér consideration, and
is deﬁ‘n‘ed.asv |

o ,t‘hev mental-compaﬁson by the work-study man of the perfb‘r-
mance of an operator under observation with his own idea of a
standard performance for a given method. (Introduction to Work
Study, 1962, p.231)
Performance rating is obviously .a.-subjectiv‘e process and the work
study man would need to rate every element pérfofmed during the

study.



In heavy manual work such as cutting, performance is very
variable. Not only do cutters have different performance capacities
depending on their physique, skill and experience but the performance
of each individual cutter varies during the day and from day to day
throughout the year (Samset et al, 1969; Makkonen, 1954). These
variations reflect differences in health and temperament and in the
environment. The way cutting is organized in Australia may also
affect performance levels. Most cﬁtters are paid by results and,
theoretically, workv under the stimulus of an incentive wage payment
plan but in practice restrictive quotas are often im.posed. on thei;
output by the grower‘or buyer. Some cutters may deliberately adjust
their performance level when' a time study commences, but it is likely
t_hey would gradually resume their normal rhythm of work.

The Nordic Forest Work Study Council has advised that if
- performance rating is to be used at all in forestry, then it should only be
done by those who subsequently use and int‘érpret the r'esults
(Skogligarbetsstudienomenklatur, 1963). 'fhere are usually four
parties concerned with sawlog cutting in Australianvpine plantations:
the grower, t‘he buyer, logging contfactors hired by the grower or
buyer, and cutters employed by the contractors. Studies in this thesis
were undértaken to provide information for use by any of these parties
so the services of an independent work study officer, with éonsiderable
experience of cutting work, would have been‘ réquired to provide
accurate and acceptable performance ratings. However, even if such |

ratings were desirable,no one qualified to do it was available.
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-Performance ratings are used to correct the observed time for

each element to the "normal time" by the'relationship

Observed time x performance rating
“Rating for normal performance

Normal time =

Kilander (1958) raised a strong objection to the use of performance
ratiné in forestry, pointing out that bias could easily be introduced
in correcting observed times to normal times because the forest
environment is very variable. Since performance level fluctuations
are an important source of variation in observed times, bias introduced‘
by performance rating would largely negate the analysis of time study
data by statistical methods. For this reascn performance rating was
not used in the studies for this thesis in order that regression analysis
might be used to study the effects of differencesv between stands on
the productivity of cutting. |

- A further problem in work study procedure‘was estimating the
time required for rest and meal breaks when cutters recover from
fatigue. Several aspects of cutting work may induce fatigue;
awkward working positions, the continual use of force and muscvular
energy and intermittent loud high-pitched nois‘eb-and vibration from
chain saws. The tifne required for rest is'v an important consideration
When. setting time standards becausé the time -allowed. bshou'l'd be
_ adequate; but not excessive, for the essential needs of the Cutteré.‘

Tables'of rest allowances for industrial environments are

available (Introd}.lction to Work Study, 1962) but have not yet been ,

tested in Australian forests. Meal breaks are often prescribed for
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industrial workers but piece work cutters are free to determine if and
when,they require breaks. The observed times for rest and meal
breaks were therefore used throughout the studies in this thesis,
without considering whethér they feflect the essential needs of

cutters or not.



PART I

COMPARING LOGGING METHODS



CHAPTER 2

STUDIES OF SHORTWOOD LOGGING

Shortwood extraction

In Australian coniferous plan’tations trees are planted in rows,
generally eight feet apart. In the first thinning eﬁtire rows of trees
-(called outrows) are removed at regular intervals to allow machines
‘used for log extraction to entér the stand'. Other trees are removed
selectively from the bays between the outrows . |

In shortwood cutting operations, billets are cut from each
felled tree, carried to the outrow and stacked there for subsequent
extraction. In some plantations, such as those near Mount Gambier,
South Australia, shortwood billets are loaded onto road trucks which
enter the stand along the outrows and haul directly to the mill. Road
trucks cannot enter the outrows in the Bathurst plantations because
ground conditions are unsuitable. One of three methods might then
be used to extract billets to roadside where they would be transferred
to road trucks: |

(a) Blitz trucks with pallets

(b) Forwarders

(c) Skidders
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Each method of extraction would require a different method of stacking
by the cutters.

In the 1950's and 1960's ex-army blitz trucks were widely used
in the Bathurst plantations for extracting first thinnings. Cutters weré
required to stack their billets in metal pallets which, when filled,
were winched onto the tray of the blitz truck and carried to roadside.
Blitz trucks were not studied for this thesis, however, because in
recent years better and more economical methods have been developed
for shortwood extraction. These methods employ articﬁlated, rubber
tyred machines with four wheel drive and excellent traction, even on
slippery or boggy ground. Because the machines can load from
loosely piled stacks, cutting and extraction are less dependent on each
other than they used to be when pallets were used.

At Carobolas, one of the Bathurst plantations, shortwood billets
are extracted with a skidder equipped with a loading boom and winch.
Cutters stack about seventy cubic feet true volume within a light
frame and bind the stack with wire before removing the frafne. The
winch rope of the skidder,.‘which runs over a pulley at the top of
the loéding boom, is pulled out, passed ar‘oundi the stack and fastened
with a choker. The stack‘ is winched ciear of the ground, tucked in
over the rear wheels of the skidder and carried to roadside. Similar
operations at Longford plantation, near Traralgon, Victoria, have
been studied by the Forestry and Timber Bureau of Australia. The
~ Bureau's data were used to determine the average machine and

labour productivity of a skidder (Table 1, page 13).
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Kerruish (1970) has suggested that forwarders could provide
efficient means of extracting shortwood billets, a forwarder' being an
articulated, rubber tyred, four wheel drive tractor with an integral
load cfarryihg cradle and a hydraulic grab loader. Forwarders can load
efficiently from stacks containing as little as ten cubic feet (Stick-
vigs huggning vid traktork®rning, 1963) and can stockpile billets
at roadside or transfer them directly ohto roadtrucks. Two shortwood
extraction opéfations’ with forwarders of 42 horsepower (H.P.) have
been studied by the Forestry and Timber Bureau. One was at
Gurnang, one o:f‘the Bathurst plantations and the other was at
Gnangaré plantation, néar Perth,. Westérn Australia. Billets eight
feet lon'g were extracted in both thés_e operations. The Bure'au's
data were used to determine the average machine and labour pro-

ductivity of a 42 H.P. forwarder (Table 1).

TABLE 1

Productivity in shortwood extraction operations

-Average machine Average labour
- productivity productivity
Method. (cubic feet per (cubic feet per
y ' machine hour) man hour)
97 H.P. skidder . 1340 ’ ‘ 494

42 H.P. forwarder 404 . 309
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The machine productivity is the output per_unit of time when
the motor works at full power. The labour productivity is the output
per.unit of time when the operator is engaged in actual extraction or
resting during or after extraction. Because the operators' rest and
meal breaks wére not adequately sa'r'nbled»during the studies, an
allowance equal to a quarter of the time spent on actual extraction
-was made for rest and meal breaks.

The Bureau's data suggested skidders would be more economical
than forwarders for extracting shortwood billets in first thinnings at
Bathurst but larﬁger stacks wohld be required for skidders than for

forwarders.

Studies of cutting

Earlier studies of c‘uttir.lgin first thinnihgs in Australia indicated
some of the problems involved in stﬁdying shortwood cuttihg and
comparing it with alternative methods such as tree length cutting. ‘
- None of the earlier studies was conducted in a thoroughly rigorous
rﬁanner so the results themselves were of doubtful value.

- The Forestry and Timber Bureau made detailed time studies
of three selected cutters in the Bathurst plantations (Anon, 1965).
All observed times were corrected by a performance rating process
and a subjective allowance was made for the time spent on rest
and meal breaks.. Each cutter's total corrected time was divided
by his volume output and the average of all three cutters' times

determined. This average time per unit volume corresponded to a
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productivity of 29 cubic feet per man hour for shortwood cutting.
The average corrected time per unit output for each element of the
shortwood cutting operations was also calculated. Times for the.
elements "trimming” and "measuring” had to be estimated for one
cutter because he performed these elements together and they were
not distinguished separately in the time study. The average times
for meésuring, crosscutting and stacking were subtracted from the
average total time to construct a simulation model of tree length
cutting. The simulated time per unit volume corresponded to a
productivity of 49 cubic feet per man hour for tree length cutting.

Kerruish (1967) discussed differences befween shortwood and
tfee length logging ‘with respect to safety, and their implications for
forest management, millyard handling and recévery, and gave results
of studies of shortwood and tree length logging operations in the
Bathurst plantations. Observed times for shortwood cutting were
_ vcompéred-with corrected times for tree léngth cuttincj covering a
range of values of mean volume per removed treé . - No details of the
sampling procedures or time study techniques were givven .

Hill (1966) published tables of standard times per unit
volume output for cutting pulpwood billets six feet long in the East
" Gippsland plantations of A.P.M.. Forests. Pty. Lfd. . . These data may
be applied to distributions of breast height diameters and merchantable
lenéths among trees removed from representative stands to determine

‘the productivity of cutting. The effects of these tree characteristics
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on cutting time may, h'owever,b have been biased because a performance
rating process was used in the study. Times pér unit output given
for compone'nt}elements of shortwood cutting could be used to
construct a simﬁlation- model of tree length cutting but,.. again, these
may have beén biased by the rating process.
Whiteley (1967) studied three shortwood cutters in several

different stands at Sunny Corner, one of the Bath‘urst plantations.
. Effects of stand differences on time per unit Voutput for each element

of the cutting operation were investigated by regression énaly,sis .
»-Perfofmancerrating was not used. Whiteley stressed his results

should be treated with ‘cau‘tion because' adequate data were gathered

on only one of the cutters. Data on this cutter showed mean VOlume
per removed tree affected the time per unit output for several elements.
‘ Thg volume removed per acre and density of hardwood debris affected
rsome elenients but had ohly»a SIight effect on cutting productivity
o‘ver‘al.l,. : The prpductivity of cﬁtfing and stacking inqreas:ed by about
| 16 ber cent When stacks contaii;ing fifteen iqétéad of sixty cubic

feet were br'epared. | Only the larger stacks were _vsb_u>itab'1e for extraction
by skidders but either size of'staék could be extracted by forwarders.

» Further studies of shorfWood cut;cihg in fix;st thinnings wereb
‘arranged by the author at Sunnvy‘Cornerv. Since earlier cutting studies
had indicated that differences between stands in the mean basal area
per removed tree, caused by vériations iﬁ spacing, sufvival and rate

of growth, could affect the productivity of cutting, three areas were

‘¢
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chosen in compartments scheduled for thinning at the time the study
was made. One area was typical of exposed ridge sites where the
mean basal area per removed tree ranged between 0.18 and 0.20
square feet.. As such areas were limited in size, parts of fwo
separate compartments were required to provide sufficient material
for the study. The second area was typical of sheltered, well
drained sites wvhere the mean basal area per removed tree ranged
between 0.25 and 0.30 square feet. The third area was intermediate
in terms of site quality.

Three cuttefs, were studied.. Each«cutter used a chain saw for
felling and docking (i.e. crosscutting billets), an axe for trimming
"and a light measuring étick for measuring billets. Billets were cut
to a merchantable small end diaméter of about four inchés overbark.
Cutter 1 felled ten to fifteen trees at a time, successively trimmed,

" measured ahd docked them and ﬂnally s_tacked t>he billets‘. Cutter 2
felled more trees at a time than‘v Cutter 1 and combined the trimming
and measuring. Cutter 3, having felledra tree, immediately measured
and docked billets from it. Hav-ing- done this to séve;al trees, he
trimmed and stacked the billets. The Work. methods used by Cutters
1l and 2 were basically similar but differed radically from the method
used by Cutter 3. Both methods were used by other shortwood cutters
in first thinnings.

Trees at Simny Corner had been planted in rows eight feet apart

and every tree had been pruned to a height of eight feet before the
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first thinningy Every ninth row was removed as an outrow in the first
thinning and each cutter took an outrow and thinned four rows in the
bays on either side. Stacks were made beside the outrow and sited
where the hydraulic grab loader of a forwarder could grasp billets
without hindrance from standing trees or logging slash.

- Each cutter was studied in all three»areas. Because alternative
methods of shortwood extraction have different requirements with
respect to stack size, and the results of an earlier study (Whiteley,
1967) indicated stack size might affect cutting productivity, each
cutter was studied for three days in each area and instructed each
day to make stacks of a particular sizé. The stack size for one day
was about 20 cubic feet, for another day about 40 cubic feet and for
the third day about 70 cubic feet. The shortwoodv cutting operations
were subdivided into elements for Detailed time study (Table 2).

. Most of the elements are self explahafory but definitions are given

: iﬁ Appendix A. 'The time spent on each .element was measured to the
nearest one hundredth of a minute with a stopwatch having a split,
fly-;back hand.

The breast height and merchantable small end diameters of each
removed tree were measured to the Vnearest tenth of an inch with calipers.
After the time study, the heights of five remaining trees in the plot,
subjectively chosen as the tallest, were measured. The mean height ’
of the three tallest of these five trees was ﬁsed as an estimate of the

. predominant height of the stand. A tree volume equation for radiat_a



Elements of shortwood cutting operations

TABLE 2
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Rest and meal breaks

Sub-operation - Element Symbol
Felling Collect tools 1
Walk to tree 2
Clear debris from base of tree 3
Inspect and prepare to fell 4
Saw 5
Remove splinters from butt of felled
tree 6
Delays 7
Trimming Collect tools 8
- Walk to tree 9
Trim branches 10
Delays 11
‘Measuring Collect tools 12
Walk to tree 13
Measure billet lengths 14
Delays 15
Docking Collect tools 16
Walk to log 17
Crosscut 18
Delays 19
Stacking Collect tools 20
Walk to billet 21
Pick up billet, carry to stack and
put down , 22
Trim branch stubs left on billet 23
Delays ' 24
Miscellaneous Clear slash from outrow 25
Cut and clear hardwood debris on
outrow o ' 26
Chain saw maintenance 27

28
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pine, prepared by the Forestry Commission of New South Wales
(page 53 ) was used to estimate the underbark merchantable volume
of each felled tree. The equation uses breast height diameter,
merchantable small end diameter and the predominant height of the
stand as independent variables. The total volume felled in each
study plot was divided by the number of stacks prepared to

determine the mean stack volume.

Results of the cutting studies

For each study plot, the time spent on each element of the
shortwood cutting operation was divided by the number of trees
felled and the results for all the elements except "avoidable
delays", which were excluded because they constituted time spent
on operations other than cutting, were summed to obtain the mean
cutting time per tree. . Appendix B cqntains the élement times,
mean basal area per removed tree and mean stack volume for each
study plot.

A regression»of _meanv cutting time per trée on mean basal
area per removed tree and mean stack volume'IWas calculated for

each cutter. The regression equations were:-

T = 2.44 +  19.53A -  0.00428 for Cutter 1
| (+ 5.29)  (+0.0092)

T =-2.01 + 28.73 A +  0.0043 S for Cutter 2
‘ (+ 7.20) (+0.0105)

and T =-9.01 + 60.15A +  0.0516 S for Cutter 3
(+ 9.98 (+0.0102)

where T denotes the mean cutting time per tree in minutes ,
"A denotes the mean basal area per removed tree in square feet
S denotes the mean stack volume in cubic feet.
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Mean basal area per removed tree had a significant effect on the work
of all three cutters but mean stack volume cnly had a significant
effect on the work of Cutter 3.

Covariance analysis with dummy variables (Freese, 1964) was
used to test differences between the regressions. Tests described
in Appendix C showed differences between constants and coefficients
in the regressions were significant. Inspection of the regres‘sions
showed those for Cutters 1 and 2 were similar but differed markedly
from that for Cutter 3. . Resulits of a study‘of cutting in first.thinnings
in South Australian pine plantations (Whiteley, 1972) provided limited
evidence to suggest that the differences in cutting times between
Cutters 1 and 2, and Cutter 3 at Sunny C“orner could not be explained
by their alternative work methods.

Two South Austrnlian cutters nad been studied in the same stand.
‘They had both used the same method to cut and stack random length
billets and spent 4.34 and 4.65 minutes per tree respectively,
suggesting they were equal in performance at cutting. Each cutter
was also studied while cutting shortwood billets four feet long. The
first cutter used fhe same method as Cutter 1 at Sunny Corner and
spent 7.79 minutes per tree; the second used the same method as
Cutter 3 at Sunny Corner and spent 7.56 minutes per tree. These
' resuits suggested that cutters would attain the same cutting time
per tree With either method of shortwood cutting.

Although significant differences were found in the above

regressions, probably caused by performance differences between
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cutters, an expression of the average effects of mean basal area per
removed tree and mean stack volume on mean cutting time per tree
was required. To obtain it, observations on all threé cutters were
pooled and a singlé regression computed. -Mean stack volume was not
significant and was droppéd from the regression. The finai regression
equation was |

T = -0.82 + 30.01.A
‘ (+ 7.92)

(using the séme symbols as above). This equation was used as

a predictive model of the working time "involved in shortwood

cutting in a first 'Vthinning in ariir of the Bathurst plantations. Cutting
prodﬁ_cfivity for a stand cquld be estimat‘ed by dividing the volume yield

by the predicted workihg time.



CHAPTER 3

STUDIES OF TREE LENGTH LOGGING

Simulating tree length cutting

To avoid costly field trials of tree length cuttihg, a simulation
model was constrﬁcted from the data on shortwood cutting. Tree
length cutting involved felling trees, irimming the branches and
docking the unmerchantable top of each felled tree to obtgin a
single log from the merchantable stem. It ié. roughly equivalentto
the work involved in felling and trimming in shortwood cutting
operations. If the merchantable top diameter were 4 inches or less,
the unmerchantable top of each felled tree could easily be docked
by axe during trimming. .

To construct a simulation model, it was assumed that the méan
time per tree for each element of tree length butting shown in Table 3
(page 24 ) would be the same as the mean time per tree for that
element in shortwood cutting. . It was also assumed that the time
for docking unmerchantable tops would be negligible.

Chain saw maintenance would be much leés than for sh.orthod
cutting becéuée docking would be eliminated.. For convenience it was
assuméd that half the mean time per,treev "for chain saw maintenance in
shortwood cutting would be reqﬁired in tree length cutting. Tree
length cutting would also reduce physical fatigue in cutters because

strenuous billet carrying and stacking work would be eliminated.
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However, tree length cutting might be more monotonous than shortwood
cutting because less sub-operations are involved. It was assumed,
therefore, that the fraction of working time spent on rest and meal

breaks would be the same in tree length cutting as in shortwocd

cutting.

- TABLE 3

- Elements of tree length cutting common to shortwood cutting

Sub-operation "Element

Felling Collect tools
Walk to tree
Clear debris from base of tree
Inspect and prepare to fell
Saw o
- Remove splinters from butt of felled tree
Delays o

Trimming Collect tools
Walk to tree
Trim branches . -
Delays

Miscellaneous Clear slash from outrow
Cut and clear hardwood debris from outrow

Mean times per tree for the elements of tree length cutting
were taken from the data on shortwood cutting in éach study plot at
Supny Corner (Appendix B). Mean times per tree for all such elements
in each plot were added together and a regression 6f the mean time

per tree for simulated tree length cutting on mean basal area per
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removed tree was calculated from the pooled data on all plots. The

regression equation was:-

T = -1.18+ 20.85A
(+ 5.42)

where T denotes mean cutting time per tree in minutes
A denotes mean basal area per removed tree.

this equation was to be used as a simulation rnodel of the
working time involved in a first thinning in any of the Bathurst
planfations. It could be compared With the predictive model of
shortwood cutting (on page 22) because it was based on the same

sample of cutters.

Tree length logging at Tumut

Studies were made of tree length logging operations in first
thinnings in pine plantations near Trurrnut, New South Wales . Data
collected at Tumut were used partly to test the simulation' model vof
tree length cutting and partly to determine the productivity of tree
length extraction operations at Tumutv.

At Tumut logs between 18 and 36 feet leng are cut to a 4 inch
merchantable small end diameter overbark. Cutters estimate the
- merchantable length of each felled tree by eye; if it is 36 feet long
or less, a tree leﬁgth log is cut, otherwise tWe or more. logs having
random lengths within the specified limits are cut. The method used
et Tumut may therefore be described as long, random length logging
but it is very similar to true tree length logging since txjees 'frvom

.first thinnings are often not long enough to make more than one log.
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Most cutters at Tumut use chain saws for trimming. They
are all self-taught and do not use the safest or most efficient
techniques.. Every tree is pruned to a height of eight feet before
the first thinning.

Cutters are required to bunch their logs in an outrow.  Horses,
- winches mounted on agricultural tractors, and motor powered winches
mounted on sleds are used for bunching. If horses are used, trees
are felled tip first towards the outrow and logs snigged tip first to
the bunch. .All slash and hardwood debris must be eleared from the
outrow to al’lew the horse fo manoeuvre. If wihches are used for
bunching, trees are felled into the bays between outrows to keep the
tops out of the outrows.. Enough logs to make up a bunch are cut and
then winched into the outrow, butt first. The winch is then moved
through the unthinned stand to the site of the next bunch. A tractor
. mounted winch can be driven through the stand end a sled mounted
vwinch can pull itseif to an anchor tree. . Bunches are subsequently-

snigged out to roadside by skidders.

Cutting studies at Tumut

Nine eutters (numbered‘ from 4 to 12 hereafter) workin.g singly
in tree length operations at Tumut were studied. Five of these
cutters, who used tractor mounted winches for bunching, were
studied at cutting and bunching. The other cutters, who used
horses for bunching, were studied at cutting only. The operations

were subdivided into suitable elements for time study (Table 4).
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TABLE 4

-Elements of tree length cutting operations at Tumut

Element

Cut (including unavoidable delays associated with cutting)
Bunch (including unavoidable delays associated with bunching)
Rest and meal breaks

Avoidable delays

The s"equen'ce of eiémenfs performed by éach cutter Wa‘s
studied for one day and the time spent on each element measured.
~The breast h'eight‘ and merchantable small end diameters of the
removed trees Were measuréd and the predominant height in each
.sti.ldy plot was estimated as before. The volume of each removed
tree Waé, estimated from the tree voiﬁme equatioﬁ prepared by the
Forestry Commissidn of New South Wales (page 53 ). |

| Where é cutter perforﬁed cutting and bunching, the total time
spent on rest and meal breaks during the study was subdivided.
Cutting and bu.nching were assumed to be equally strenuous
- activities. The time required for rest during cutting R” was estimated | |
from the total time spent on rest and meal breaks R, the time spent

on actual cutting C and the time spent on actual bunching B.

R'= R x —C
C +B
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The estimated time required for rest and meal breaks during bunching
was R - R%. Data collected at Tumut are given in Appendix D.
Times for avoidable delays have been excluded.

. Each cutter's hourly cutting output during the study was plotted
against his average weekly cutting and bunching output for the four
weeks after the study (Figure 1). The two measures of productivity
were fairly well correlated but Cutter 11, who had the highest cutput
per week after the study, had only the sixth highest cutting output
per man hour during the study. This suggested his performance
during the study was worse than normal and in fact he had just

returned to work after treatment for a back injury.

Testing the simulation model

Times spent on cutting and rest and meal breaks dvuring cutting
in each sfudy plot at Tumut were added together and divided by the
number of removed treeé to determine the mean cutting time per tree.
The equation on pags 25 was used to simulate the mean time per tree
for tree length cutting in stands with the same mean basal area per
removed tree as each study plot at Tumut. The simulated mean
cutting time per tree was subtvractedbfrom the actual mean cutting
time per tree to obtain the difference for each plot. The differences

and othér data are shown in Table 5.
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TABLE 5

Data for testing the simulation model of tree length cutting

Mean basal area ' Actual Simulated Difference

Cutter per removed tree cutting cutting (minutes
(square feet) time time per tree)

(minutes (minutes
per tree)  per tree)

4 0.25 3.07 4.03 -0.96
5 0.28 7.86 4.66  +3.20

6 0.37 4.11 6.53  2.42
7 0.45 7.46  8.20 ~0.74

s 0.28 ' 3.62‘ . 4.66 _1.64
'9v | 0.26 - 6.23 '4.24 +1.99
10 0.35 | 5919‘v  S 612 -0.93
1 0.30 5.04.  5.08  ~0.04
12 0.35 7.31  6.12  +1.19
‘Mean difference , o ~0.05
Standard Error | o _ +0.61

The mean difference was divided by its standard error and
compared with tabﬁlated values ofv Student's t - statistic. The |
fnean differendé-was not significant at the 95 per cent level of
probability so the simulation model would provide satisfactory
estimates of the working timé required for cutting in actual ff_ee

length operations .
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The simulation model was based on data on axe trimming but
the test data from Tumut were based on chain saw trimming.
Comparative studies of axe and chain saw trimming in Sweden by
Ager (1964) suggested the working time per tree required for chain
saw trimming might be less than for axe trimming but any difference
should be negligible in first thinnings. Cutters at Tumut had also
to cro‘sscut some of their tree length logs into random length logs

which would be unnecessary in true tree length dperations .

Tree length extraction

Two methods of tree '1ength extraction in common use in first
thinnings at Tumut héve been briefly discussed above (pages 25 & 26).
- Either could be'us_ed for first thihnings in the Bathurét plantations
but there are other poslsibilities as wéll. Listed below are four
poss'ibilities inc;luding the two uéed at Tumut: |

@ Sniéging' to‘roads_idé wifh hbrses

(b) bunéhing in the cutrows with horses and subsequently

-eictractirig the bu‘nchbes tovroadsidebwith skidders
(as | at >Tumut)
(¢) bunching in the (nmt:rovw'with motor powered wiﬁches
| . and subsequentliy 'exfracting. the bunches to roadside
Wit_h _skidders(as at Tumut) |
(a) Snj'gging tvo‘road'side with _.specially' équipped industrial

" tractors.
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Snigging or bunching with horses

If tree length logging were introduced at Bathurst, it is unlikely
horses would be used for snigging or bunching. . Present contractors
in first thinnings use machines for extraction and would no doubt
continue to do so. Horses are not used in any other logging
operations at Bathurst and would need to be reared, broken in and

trained if obtained from elsewhere.

Bunching with winches, bunch extraction with skidders

: Mptor powered winches are widely used in first fhinnings at
Tumut for bunchi_ng logs in.the outrows. -Althou?g.l}i Liimited data on
the productivify of such operations were available (Anon, 1969),
further data x;vere collected during studies at Tumut for this thesis
(Appendix D). . The average machine and‘rrlabou‘r productivity of
‘the five winches studied is given in Table 7 (page 34 ).

- Operations in which bunches of tree length logs were
extracted.td roadside with skidc‘ie;s.ofS? HP were also studied in
first thinnings at‘ 'I"um}ut.i During vthe studies, the brea’s_t height and
merchantable small end diameters of logs éxtractéd were measured.
The predominant height of each stand was assessed and the tree

- volume equation prepared by the Fo‘festry Cominiés‘ion of New South
~Wales was used to estimate 'log volumes.
. Each operation Wés subdivided intb_ elements for time study

(Table 6).
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TABLE 6

- Elements of bunch extraction operations

Element

Machiné time Skidder motor working at full power,
inéluding unavoidable delays.
- Machine idling time - Skidder motor stopped or left to idle
“while the operator fastens or
unfastens the load, including
unavoidablé delays.
Avoidable delays Time spent on operations other than
skidding; time spent waiting for

trucks to arrive,

The data collegted are given 1n Appendix D, fimes_ for avoidable
delays having been excluded. The average machine and labour
productivity of five skidders is giveﬁ in Table 7 (page 34 ). It

was assumed that the time ‘spent on bunch extraction by a skidder
operator was the sum of the machine and machine idling times for

the skidder and an allowance for rest and meal breaks. The allowance

was equal to a quarter of the total machine and machine idling time

for the skidder.
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Snigging with industrial tractbrs

In 1966, the Forestry and Timber Bureau held trials of tree
length logging in first thinnings in the Bathurst plantations. An
industrial tractor of-40 H.P. equippevd with a safefy canopy, half
tracks, a double drum winch and a skid pan was used. for extraction.
Trees were felied toward the outrow with the tops pointing in the
direction of extraction. A tree leng‘th log was cut from each tree.
The tractor was revérsed up the outrow and the winch rope pulled
out and fa'stenecbl to the tips of' 6 - 8 logs by chain chokers. The
logs were winched to the tractor and snigged to roadside. Time
studies of snigging by three different operators on the same
machine were made in several one eighth acre plots during fhe :
trials. The Bureau'.s data wére uéed td determine the average

machine and labour productivity as given inv.Table 7.

TABLE 7

Productivity in tree length extraction operations

Average machine ‘Average labour

Method : - productivity productivity
(cubic feet per  (cubic feet per
machine hour) man hour)
Tractor powered bunching winch 166 129

bunching in the outrows

97 H,P, Skidder extracting bunches 369 225
frrom qutrow to roadsjde : :

40 H.P. industrial tractor snigging 252 81
from stump to roadside _—

™ T T T T DML B ams e a0 ” T -




CHAPTER 4

LOGGING FIRST THINNINGS AT BATHURST, 1972 - 1977

Cutting productivity -

The models of shortwood and tree length cutting Were applied
to inventory data obtained from the permanent sample plots of the
- Forestry Commission of New South Wales to determine the average
productivity of cutting in first thinnings. Quarter acre sampie
plots are located at the intersections of a rectangular grid, 10 by
20 chains apart wherever the total area Aof a particular age class in
a given plantation is 500 acres or more, and 10 by 10 chains apart
otherwise. |
The model of shortwood cutting (page 22 ) was used to estimate
the rﬁean cutting time per tree for each sample plot first thinned in
" the years 1965-"1970. The frequency distribution of mean basal -
area per removed tree for the sample plots (Figure 2) showed that 24
per cent of thé sample plot material fell outside the range covered in
the cutting study at Sunny Corner (see Appendix B) so that some
extrapolation from the model of shortwood cutting was necessary.
The mean cutting time per tree estimated for eéch sample plot was
multiplied by the number of trees removed and by the inverse of the

sampling intensity. The results were all added together to determine
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the working time in man hours required for cutting first thinnings
in the years 1965 - 1970. Estimates of the merchantable volumes
removed from first thinnings in the years 1965 - 1970 (Appendix E)
were also obtained from the Forestry Commission. The total
volume removed was divided by the estimated cutting time to
determine the average productivity (volume outpﬁt per man hour)

- for shortwood cutting at Bathurst. The calculations were repeated
for the simulation model of tree length cutting (page 25).

The average productivity of shortwood cuttingv was 39 cubic
feet per man hour. If tree length cutting had been used and logs
left at stump for subsequent extraction, average productivity
(determined by simulation) would have been 65 cubic feet per man
hour. If tree iength cutting had been used and logs bunched in the
outrows for subsequent extraction, average productivity would have
been 43 cubic feet per man hour, assuming the productivity of
bunching shown in Table 7 (page 34) o*

Table 8 shows the‘ mean basal area per removed tree for ali
sample plots first thinned in a particular plantation in a given year
from 1965to 1970. There was little variation between plantations
or from year to year. It has been assumed that thinning schedules
will not be changed in the near future and that the mean basal
area per removed tree will remain constant and have no effe.ct on

~average cutting productivity ih the years 1972 - 1977.

*These values of average cutting productivity to the shortwopd and |
tree length methods differ from some published previoysly (pages 14-16).
The discrepancies are probahly due to the different samples pf cutters
in each study. Also, previpus studies may not have been made in
stands which were typical for the Bathurst plantations as a whole.
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TABLE 8

The mean basal area of trees removed from sample plots in the
Bathurst plantations first thinned in the years 1965 - 1970
: (in square feet per removed tree)

Plantation Year of thinning

1965 1966 1967 1968 1969 1970

Glenwood | 0.26

Canobolas - 0.26 0.21 0.23 0.24 0.24 0.27
~Vulcan | 0.25 0.31
Gurnang | 0.24 0.24 0.23 0.24 0.22 0.25
Jenolan 0.25 0’2;7 0.28 A0.26 0.25 0>.28
Sunny Corner 0.24 0.22 0.25 0.27 0.26 0.25

Wood supplies and the organization of logging_

Certain assumptions were made about the 6rganization of
logg‘ing operations in the Bathurst plantations during thé years 1972 -
1977 inclusive. The plantations form three geographically distinct
groups shown in Figure 3. Glehwood and Canobolas plantations are
situated 37 miles west of Bathurst; Vulcan, Gurnang and Jenolan are
35 miles south east,and Sunhy Corner is 17 miles east. To minimize
the cost of transporting mén to and from work and of moving operations
between felling coupes, it has been assumed that where wood supplies
are adequate, logging operatioﬁs would be organized separately for

each group of plantations.
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FIGURE 3

THE PLANTATIONS NEAR BATHURST, NEW SOUTH WALES
(from a map published by the Forestry Commission of New South Wales).. ..
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First thinnings produce pulpwood and are distinct from third and
later thinnings which produce sawlogs. Future second thinnings may
produce only pulpwood but it is more likely they will produce both
pulpwood vand sawlogs and require special logging operations. In |
forecasting plant and labour requirements for the Bathurst plantat_ions,
it may be assumed that logging operations in first thinnings will be
distinct from those in later thinnings.

Data on expected yields vfrom first thinnings in the years 1972 -
1977 were obtained from the Forestry Commission (Aopendix E).

. Expected vyiévlds for each. plantation group ére sh;own in Tablé 9, with

the actual yields in 1970 for comparison.

TABLE 9

Yields from first thinnings .
(in thousands of cubic feet)

Plantations - Year of thinning

1970 1972 1973 1974 1975 1976 1977

Glenwood 421 747 655 769 509 621 636

Canobolas

Vulcan 907 963 861 1063 579 1076 869
Gurnang :

Jenolan

‘Sunny Corner 531 395\ 530 403 382 615 594

Totals 1859 2105 - 2046 2235 1470 2312 2099
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The yield from Glenwood and Canobolas plantations in 1972 will be
greater than the yield in 1970. Yields from Vulcan, Gurnang and
Jenolan will be about the same in 1972 as they were in 1970 but the
yield. from Sunny Corner will be somewhat less. The anhual yields
from each of the plantation groups will remain fairly steady throughout
the years. 1972 - 1977 except for a marked drop in 1975. If wood
supplies remain steady, no‘great changes in the scale of logging
operations are likely, but possible effects of reduced wood supplies
in 1975 on labour requirements for cutting will be shown later.

To provide stable conditions for plant utilisation and labour
employmént in the Bathurst plantations, the proposed thinning schedule
should be adjusted.. to increase thé yield for 1975. Before such action
could be taken, hbwever, the total commitments on wood supply from

the plantations would have to be considered.

. Plant and labour requirements

- The expected yields from first thinnings were divided by the
estimates of average cutting productivi‘;y to forecast the working
time required.' The required working time, expressed in man hours,
was divided by the ordinary working hours épécified in the Timber
Workers Consolidated Award (pageé 82 and 83) and the result taken up to
the nearest whole number to estimate the number of cutters required.

Numbers of cutters required are given in Table 10 and may be regarded

as the minimum requirements because individual cutters would lose
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working time through sickness, injuries and wet weather; some cutters
would not wish to work as many as forty hours each week and others

would be employed on a casual basis.

TABLE 10

. Minimum numbers of shortwood cutters required

Plantation Year

1972 1973 1974 1975 1976 1977

Glenwood 10 9 10 7 g9 9

Canobolas
Vulcan - 13 12 .14 8 }4 12
Gurnang ‘ '
Jenolan
- Sunny Corner 6 7 6 5 8 8

The number of cutters required for shortwood logging will
. remain rbughly‘ the same from 1972 to 1977 except in 1975. The
normal requirements will be 9 cutters for Glenwood and Canobolas
vplantations; 12 for Vulcan, Gurnang and Jenolan plantations and 7 for
",Sunny Corner plantation. In 1975 the number of cutters required will
drop and about 10 cutters could be laid off at the end of 1974 to return
early in 1976. Recruitment could be difficult if a general shortage of
labour were to occur in 1976. However, the proposed schedule of
first thinnings cbuld be adjusted to ensure steady employment for

experienced cutters.
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Table 11 gives average annual cutter requirements for three
alternative logging methods for the Bathurst plantations; i.e. the
shortwood method, the tree length method where logs are snigged
directly from stump to roadside, and the tree length method where

cutters are required to bunch their logs.

TABLE 11

Numbers of cutters required for alternative logging methods

Plantation Shortwood " Tree length Tree length
cutting ~cutting only cutting
and bunching

Glenwood 9 , 6 ' 8
Canobolas

Vulcan 12 7 11
Gurnang

Jenolan

Sunny Cornef 7 o 4 6

Fewer cutters would be required for eithe; tree length lqgging method
than for the shortwood method. The reduction achieved would be only
slight however, if the cutters in tree length operations were also
required to bunch their logs.

Numbers of machines and operators required for each possible
method of extraction were determined, assuming no machine would
be available for moré than 1600 machine hours per annum and no

operator would work more than the ordinary hours specified in the
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Timber Workers Consolidated Award. It was also assumed that each
machine would have only one operator and that extraction operations
would not be delayed by hauling operations. Estimated plant and

labour requirements for extraction are given in Table 12.

TABLE 12

- Numbers of machines required for extraction

Forwarders, Skidders Tractors to Skidders to  Industrial

Plantations to extract 'to extract bunch extract tractors to

shortwood shortwood tree length bunched tree extract tree
billets - -  billets logs length logs length logs

Glenwood 2 1 8 2 5

:Canobolas

Vulcan 2 1 11 3 6

Gurnang

Jenolan

Sunny Corner 1 1 6 2 4

Logging costs

Unit eosts for wood delivered to readSide were calculated for
each alternative iogging method using the plant and labour requirements
shown in Table 13 '(page 45 ). . Hourly.wage rates for .cutters and
machine'operato‘rs were obtained from the_T.imber Workers Consolidated

- Award, assuming payment by results. Hourly costs of machinery_ were
based on data ih Appendix F. The ces'ts of alternative shortwood and
tree length loggiﬁg methods ‘are giveﬁ in Table 14 (page 45 ). Fewer

cutters would be required for tree length logging than shortwood
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TABLE 13

Plant, labour and capital requirements for logging
first thinnings in the Bathurst plantations

Shortwood Shortwood Tree length Tree length

cutting cutting cutting cutting
Item , forwarder skidder  bunching & industrial
extraction extraction skidding tractor
snigging
Number of cutters 28 v 28 25 17
- Number of operators 5 3 7 15
Totai number of men 33 31 32 32
Average capital  $47,000 $45,200  $152,200  $65,100
investment in : '
plant
TABLE 14

Costs per 100 cubic feet for shc_ortwood. and tree length
logging operations .

‘Shortwood Shortwood Tree length Tree length

cutting - cutting cutting cutting
Item forwarder skidder bunching & industrial
' extraction extraction skidding tractor
snigging
Cost of cutting $4.36 $4.36 $2.62 - $2.62
Cost of bunching , : : $2.50
Cost of extraction
to roadside $2.58 $1.30 $3.54 $4.06

Total Cost $6.94 $5.66 $8.66 $6.68
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logging.  Tree length cutting would be muchvcheaper than shortwood
cutting, provided tree length cutters Were' not required to bunch logs
in the outrow. Tree length extraction, however, would require more
men than shortwood extraction, wouid be dearer and would require a
higher level of capital investment in mechanical plant.

- Of the alternative methods considered for shortwood extraction
a 97 H.P. »skidder equipped with a loadi‘ng>_boom;‘ would be cheaper
than a 42 H.P. forwafdér, Ifa majérity of shortwood cutters, however,
were to use the same cutting’ rhethod aé Cutter 3 at Sunny Corner (see
page: 17 ) the cost of preparing stacks bohtaining 20 cubic .féet
for forwarder extraction should be 1es§ than'.the cost of preparing
stacks containin‘g 60 cubic feet for skidder éxtractiom It is unlikely
any reduction in cutting costs favouring shortwood. logging with
.Iorwardérs would compensate for the difference between. forwardef
- and skidder extraction costs.

- Tree length logging with specially equipped industrial .tradtors
’ Snigging logs direc_:tl‘y from étumpﬁ to roadsi-dé would be slightly
cheaper than shortw'ood. logging With. fOrwafders but dearer thgn
: short\.lvood‘ logging with‘vskidder‘s. : Bétter performance an.d'higher
, productivity might.be expe'cte‘d of tradtor operatofé péid by results
then-operatofs in field.'triaié such as those from Which the data on
industrial tractor snigging came.. Tree .length extraction with 'bunching

tractors and skidders would be the dearest of all the methods considered.
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Efficient shortwood operations with skidders of 97 H.P. equipped
with loading booms would be the most economical method for logging
first thinnings at Bathurst in terms of both total labour requirements
and cost per unit volume for wood delivered to roadside. - A} change
to tree length logging might, however, be considered for other
reasons such as safety. Shortwood cutters must lift and carry billets
weighin‘g up to 300 pounds each. This activity is strenuous and
involves risk of muscular injury. Shortwood cutters who attempt
to trim branch stubs on billets w_hile carrying them frequently suffer
axe cuts to their forearms. Such activities are eliminated in tree
length cﬁtting, Which should provide safer working conditions. A
change to tree length logging might also be considered if it could
“allow more economical handling at the mill yard.

| - Although the shortwood logging method appears to be the more
egonomical for first thinnings at‘Bathurst, it may not be so elsewhere. |
Shortwood logging could be dearér if the billet length Were shorter
than eight feet because more billets would be crosscut and stacked
from a given Qolume ‘of wood and the ﬁroductivity of shortwood
extraction may be limited by the sectional area of the load carried.
Kerruish (1967) believes the unit cosf of tree length logging would
-decrease as the meaﬁ volume per removed tree increased. If this
Were so, tree length logging operations might be more economical than
shortwood ones inl plantations with higher growth rates than at Bathurst,
or where a signiﬁcani proportion of first thinnings were delayed or where

the same logging method must be used for both first and second thinnings.



PART II

STUDIES OF CUTTING PRODUCTIVITY



CHAPTER S

DETAILED TIME STUDIES OF SAWLOG CUTTING

Most Sawlogs removed from Australian pine plantations come
from third or later thinnings or clear feilings, the cutting operations
being organized separately from those in first thinnings. No'
studies of sawlog‘cutting had been made iﬁ.Australia béfore the
studies for this part of this thesis were arranged but earlier studies
of cutting in first thinnings providéd'an introduction to some ofv the
probleihs involved in Detailed time study. Since data collected by
| Detailed time study could also provide observations for Gross
Data time study, the former technique was used for the fieldwork.
The studies were arranged to cbver as wide a rangé of tree

dimensiqné and stocking conditions as possible but to interfere
Qith cutting operations as little as possible. The field procedure
;dopted allowed tvhe‘studiesto fit in with thé;work methods used
| by the cutters. Time studies were made wheréver cutters happened
to be worl%ing»ét the time, pr‘ovi'ded the site was free from ovbstr‘uctions '
such aﬂs-‘dénsé natural regeneration or blackberry bushes and the
ground slope was less than twenty degrees . The restrictions were
imposed to éonﬁne sampling to the more important types of work

site in pine plantations.
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Sawlog cutting operations in the coniferous plantations in New
Soﬁth Wales and the Australian Capital Territory are confined to
stands of prewar planted radiata pine. In New South Wales, such
stands are located near Bathurst, Tumut and Bombala. Théy are
now thinned every three to five years but previous thinnings in

some stands may have been irregular.

Work methods for sawlog cutting

Most sawlog cutters work alone but sometimes two or three
men work together as a team. Five to ten trees at a time are
felled and successively trimmed, measured and docked. Felling
is done with chain saws. Trimming involves cutting off all
accessible branches with an axe as close to the stem as possible.

. Measuring involves selecting the sawlogs to be cut from each
felled tree in accordance with sawmill specifications.. Each sawlog
length is ‘measured with a light measuring stick and marked with
an axe nick or lumber crayon. Trees are then docked (i,e; cross-
cut) into log lengths with a chain saw. Logs may contain two or
more sawlog lengths which are subsequently docked at the sawmill.

“Many cutters inspect their logs avfter extraction, removing any

remaining branch stubs because sawmillers may refuse logs if

branch stubs are left. This work is called "sbiking" .

Cutters need rest periods from time to time to recover from
fatigue. Much of this rest is taken during meal breaks which

cutters take as they please. In time studies made for this thesis,
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time required for rest was indistinguishable from time spent on actual
meal breaks. Each cutter or team of cutters was studied for at least
one full working day to ensure rest and meal breaks were adequately
sampled.

- From time to time cutting work is interrupted. Such inter-
ruptions are regarded as "avoidable delays" in work study if
they could be overcome by improved working technique or better
organization; otherwise they are regarded as "enavoidable delays".
In time studies for this thesis, delays resulting from a variety
of causes were regarded as unavoidable; for example if felling
was deléyed when a tree, blown away from the intended felling
direction, became ledged in the crown of a standing tree. Other
unavoidable delaysltare noted in Appendix A. Whenever cutters
essisted with or were hindered by operations other than cutting
or wasted time for no apparent reason, the resulting delay was

regarded as avoidable.

- Field procedures for the studies

The cutting operation was sub-divided into elements for
Detailed time study. These are given in Table 15.. Most of the
elements are self explanatory but detailed definitions are given
in Appendix A. Since cutters working as a team performed

different elements concurrently, each cutter was studied individually.
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Elements of sawlog cutting operations
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Sub-operation - Element _Symbol
Pélling Collect tools 1
Walk to tree _ 2
Inspect and prepare to fell 3
Saw 4
" Remove splinters from butt of felled tree 5
Trimming Collect tools 6
‘ Walk to tree 7
Trim branches 8
‘Measuring Collect tools 9
Walk to tree 10
Measure log lengths - 11
Docking Collect tools 12
Walk to log 13
Crosscut 14
Spiking Spike 15
Miscellaneous Clear slash from outrow 16
Chain saw maintenance 17
Organizational delays 18
~Rest and meal breaks 19

The time study commenced at the cutter’s normal hour of

starting and generally finished when between 50 and 80 trees had

been cut. This sampling unit ensured each operation was studied for

at least one full working day, including all normal meal breaks. The

sequence of elements performed by the cutter was observed and the

time taken to perform each element was measured to the nearest one
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hundredth of a minute with a stepwatch having a split, fly-back hand.
As each tree was félled, an adhesive label bearing an identity number
waé attached to its butt end.

Two measurers accompanied the time study officer. Whilst
each felled tree was trimmed, one measurer measured its overbark
diameter ét the butt, the breast height point and at ten feet inter-
vals along the stem to the limif of tri‘mming, 'Diameteré were
measured.to the nearest tenth of an inch with calipers. The bark
thickness at each of these points was also measured to the
nearest tenth of an inch from a single insertion of a bark gauge.
When sawlogs were dockéd, their lengths were measured to the
nearest foot. |

The second meas'ur;er measured a systematic s‘ample of the
branch knots resulting from trimming. Starting frcm the butt of each
tree,. every fourth whorl of branches on the merchantable stem was
sampled. The diameter cf each branch knot on the topside of the
stem at the sample whorl was measured to the nearest tenth of an
inch perpendicular to the axis of the tree . The branch measurerﬁents
were used for special studies of trimming work by‘ Detailed time study.

At the conciusion of each stﬁdy a recténgularjplét, .ﬁsually;

120 by 180 fe:et,r Wés laid out in the middle of the area from.wh-ich
trees had been removed. The breast height diameter of eéch standing
tree in the plot was measured tc estimate the residual basal area

and the number of fresh stumps was counted to assess the number
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of trees removed per acre. The heights of what seemed to be the
five tallest trees standing in or clese to the plot were measured and
the mean height of the three tallest of these five was used as an
estimate of the predominant height in the plot. The ground slope
was also measured.

The merchantable small end section area (hereafter called
the small end area) 6f each tree felled in the study was estimated
by interpolation from the measurements made along its stem, assuming
linear taper between each adjacent pair of measurement: points.
The underbark merchantable volume (hereafter called the volume) of
each felled tree was estimated from its breast height diameter, small
end diameter and the predominant height of the stand using a treé
volume equation for radiata pine prepared by the Forestry
Commission of New Soutﬁ Wales:

V = (2.92359 +0.00733 ]2 - 0.05663 E + 0.001816 Iz E)
2

x 1.0+0°2488%{' - 1.0335 ~IK-:2 )

where V denotes volume in cubic feet
J denotes breast height diameter in inches
K denotes small end diameter in inches
E denotes predominant height in'feet.

Volumes estimated from the tree volume équation. were used
to express the output from cutting operations during the studies.
Another estimate of the underbark merchantable volume of each
felled tree was made from the measureménts at points along‘its

stem using Smalian's formula. These measured volumes were used

to check the precision of the tree volume equatlon ¥

*Both the tree volume equatlpn and the fleld measurements only
provide estimates of actual merchantable volume; however, the figld
measurgments probably give 3 more precise estimate than‘thg tree
volume equation. The tree volume equation was used in canstructing

! the model of cutting productivity hecause it relates volume /cont.




The total time spent on each element of the cutting operation
in each study plot was determined. Delays were classified as
avoidable or unavoidable and the time for any unavoidable delay
associated with a specific element was added to the time for that
element. The remaining unavoidable delays had generally been
caused by supervisory activities and were grouped together as
"organizational delays". Avoidable delays were disregarded in
the time study analyses because they consisted of time spent on ,
operations other than cutting.

Where cutters had helped tc extréct logs to roadside, the
time spent on rest and meal breaks during cutting alone R’ was
estimated from the time spent on rest and meal breaks during‘cutting
and extraction R, the time spent on actual cutting C and the time
spent on actual extraction E. It was assumed that cgtting and |

extraction were equally strenuous and that

P L
R RXC+E

The total time for each element in each study plot was
divided by the number of trees felled in the plot to determirnie the
mean element time per tree. The stand measureinents and time

study data are given in Appendices G and H.

Results by Detailed time study

The effects of stand variables on the mean time per tree for

each element of cutting were studied by regression analysis. Stand

*To other stand variables such as breast height diameter. In using the
cutting preductivity model for predictive purposes the stand characteristics
required to determine mean volume per removed tree cauld be obtained "
from sample plot records. Otherwise it would be necegsary to fell sample
trees and measure them to determine their volumes. ' ’
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variables which might have affected each element were chosen
initially from those in Table 16, using the results of previous studies

and common sense for guidance.

TABLE 16

- Stand variables

Stand variable ’ Symbol

Mean basal area per removed tree (in square féet) A
Diameter equivalent to *A  (in. inches) B
Mean small end area (in square feet) C
Diameter equivalent to C (in inches) D
Predominant height (in feet) ‘ , ~E
Number of trees removed per acre | .F
Number of trees per acre standing before thinning G |
. Mean length of logs cut (in feet) Hv
Ground slope (in degrees) 1

The constant and regression coefficients of the equation
finally chosen for each element are given in Table 17.. Each
regréssion coefficient was significant at the 95 per cent level
of probability.

Symbols used in Table 17 for elements and stand variables
are‘interpreted ‘in Tables 15 (page 51 ) and 16 respectively.
Two results are givlen for element 5; thét marked * applies where
A ¥ 1 square foot and is based on eight observations; that marked
' appvlies where A> 1 square foot and is based on sixteen observations.

All other results are based on twenty four observations.
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TABLE 17

Results of Detailed time studies of sawlog cutting

Element Constant Coefficients of significant stand variables Correlation
Symbol A B D E H F Coefficient
1 0.14
2 0.07 1.61 0.67
(+0.38)

3 0.02 0.14 .0.52
(+0.05) :

4 -0.29 0.82 : 0.79

. (+0.14)

5% 0.00

5' -0.13  0.13 | 0.68
(+0.04)

6 0.15

7 0.09 1.22 0.41

: (+0.57)
8 -0.21 0.62 -0.70 0.91
(+0.06) (+0.15)

9 0.14

10 0.24

11 0.12  0.55 , 0.63

- (+0.15) '
12 0.19
13 -0.47 0.0094 0.41
. (+0.0045)

14 0.49 1.07 -0.058 0.69
(+0.27) ' (+0.024)

15 0.10

16 - 0.29

17 -0.15 0.56 0.57 .
(+0.17)

18 0.32

19 -0.11 2.60 0.45

(+1.12)
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Discussion of the results for each element

Collect tools for felling, trimming, measuring or docking:

Common sense suggests the work methods of individual cutters
affected time spent on these elements (1, 6, 9, and 12) more than
any stand characteristic. Mean times per tree for cqllecting tools
were calculated separately for each sub-operation because different
tools were required. The mean times per tree for collecting tools
for felling, trimming and measuring were about equal but less_than

the mean times per tree for collecting tools for docking.

Walk to tree for felling, trimming or measuring:

During felling, cutters walked from the stump of each newly
felled tree to the next tree to be felled. In order to avoid obstacies
and search for other trees marked for felling, they could not
follow the shortest path from tree to tree exactly but it is reasbnable
. to assume they triéd to do so. The element "walk to tree" was
repeated during trimming and measuring. 'Conditions for walking
differed in each instance. Logging slash increased as cutting work
prograssed and whilst a chain saw weighing anything from 15 to 30
pounds was carried Ifor felling, only light hand tools such as a 3
pound axe were required for trimming and measuring. Furthermore,
cutters co.uld so arrange a group of trees by careful felling that the
walking distance between them would be reduced during subsequent

sub - operations.
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Theoretical results published by Matern (1960} suggested that
if removed trees were spaced at the intersection of a netwoerk of
squares or eduilateral triangles or in a square network with one
randomly located tree in each square, the average distance between
adjacent removed trees along the shortest path passing through
them all would be the unit of length which, when squared, gives
the average unit area per removed tree. Assuming walking time
is propf;rtional to the distance walked on each occasion and the
shortest path between removed trees is followed, mean walking
time per tree should be inversely proportional to the square root
of the number of trees rembved pEer acre.

The derived regression model was significant for the elements
"walk to tree" for felling (2) and "walk to tree" for trimming (7) -

but not "walk to tree" for measuring (10).

Inspect and prepare to fell, agd Saw:

Both these elements (3 and 4) were significantly affected by
mean basal area per removed tree, corroborating results obtained by
Samset et al {1969) . Neither element was significantly affected by
the nﬁmber of trees per acre before’thirming, suggesting cutters

were sufficiently skilled in directional felling to avoid lodging trees.

Remove splinters from butt of felled tree:
Appreciabie butt splinters may form if a tree falls before it has

been adequately sawn through, i.e. cut so that only a narrow hinge up
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to one inch wide remains uncut between the back and fore cuts.
Butt splintering is most likely to occur when a large tree is felled
in its direction of lean. The stresses created in felling such a
tree are considerable and very precise felling techniques are
required to avoid butt splintering.

It was not necessary to remove splinters from the butt of
every tree felled for the study; often they were absent or negligible.
The mean time per tree for removing splvinters (element 5) was plotted
against the mean basal area per removed tree (Figure 4). It was
seen that the mean time per tree was negligible when the mean
basal area per removed tree was less than 1 square foot, suggesting
butt splinters were rare occurrences in such stands. As the mean
basal area per removed tree increased above 1 square foot, the
mean time per tree increased proportionételyo- A regression of
mean time per »tree:.for‘ the element on méan basal area per removed
tree was calculated from data on sample plots in which the latter

was greater than 1 square foot.

Trim branches:

Special studies of trimming (Apbendix I) showed mean time
per‘ tree for this element (8) was related to the mean value per
tree of the‘aggregated diameters of knots resulting from trimmed
branches. . Another study showed rates of trimming dead and live

branches of radiata pine were the same. Studies by Jacobs (1938)
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and Cromer and Pawsey (1957) indicated the thickness of branches
in radiata pine could be related to breast height diameter and taper.
It was found that the diameters equivalent to mean basal area
per removed tree and mean small end area significantly affected the
mean time per tree for trimming branches. Small end diameter and ha'a%kt
provides a measure of taper for a given breast height diameter.
The diameter equivalent to mean small ehd area had a negative
regressibn coefficient, indicating increased taper of the merchant- ‘
~able stem'resulted in increased trimming time. The rate of taper
affects the position of the lower boundary of the green crown but
this would not affect trimming times since dead branqhes of radiata
pine are Very pe;sistent and rates of trimming dead and live
branches do not differ. However,‘ branch frequency (i.._e N humber
per unit length) increases along the stem from butt to tip. The
greater the taper of the merchantable stem, the more the branches

to be trimmed, and the longer the trimming time.

Measure log lengths:
This element (11) involved walking along each felled tree in
- turn, measuring successive log lengths from the butt and marking
them off. it appeared likely that the meah time per tree for the
element depen_ded on mean.merqhant-able length per removed tree.
Regressions of the mean time per tree for the element on two stand

variables related to mean merchantable length were tested. Both
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regressions were significant but the regression on one of the stand
variables, mean basal area per removed tree, was more highly
significant than the regression on the other, predominant hei’ght.
Cutters may have spent longer measuring trees of greater basal area
because measuring each log length also involved grading. Sawlogs
are specified by length and grade, grades being largely based on
small end diameter with bigger diameters having better grades. The
greater the mean basal area per removed tree, the greater the number
of alternative grades which could be cut from each individual tree,

and the greater the amount of grading work involved in measuring.

Walk to log:

In docking, cutters usually walked along each felled tree in
turn making crosscuts where necessary. The mean time per tree for
this element (13) could have depended on mean merchantable length
per removed tree and was found to be significantly affected i_oy
predominant height, a stand variable related to mean merchantable

length per removed tree.

Crosscut:

Common sense suggested mean time per tree fof this element (14)
was likely to depend on mean basal area, mean taper per removed tree
and the mean length of logs cut. It was found the first and last of

these variables had significant effects but mean small end area, a
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measure of taper for trees with a given mean basal area, had no

significan_t effect.

Spike, and Clear slash from outrow:
Time spent on these elements (15 and 16) seemed to have been
affected by felling, trimming and snigging methods rather than stand

characteristics. Thus the mean time per tree for each element was

calculated and used.

Chain saw maintenance:

Common séns‘e suggested this element (17) was probably
related to the amount of sawing and crosscutting done and it was
found that mean basal area per xjemoiled tree, which significantly
affected mean times per tree for the elements "saw" and “'crosscut",
affected the mean time per tree for chain saw maintenance as well. -

. No regressions on other stand characteristics were attempted for

this element.

Organizational delays:

Common sense suggested the supefvision and organization of
logg'ing dperations ‘(element 18) was generally carried out independently
of differences between stands, hence no regressions on stand

characteristics were attempted.
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Rest and meal breaks:

Mean basal area per removed tree significantly affected the
mean time per tree for rest and meal breaks (element 19). This was
logical because mean times per tree for the elements "saw" and
"crosscuf" were significantly affected by mean basal area per
removed tree and the mean time per tree for the element "trim
branches" was significantly affected by the diameter equivalent to
mean basal area per removed tree, these being three of the most

strenuous and time consuming elements of cutting.

The effect of obstructions:
Results presented above were obtained in stands from which
obstruétioné such as dense undergrowtﬁ, natural regeneration or
" hardwood debris were largely absent. The presence of any of these
obstructions could' hinder walking through va' stand and tool collection.
. Natural regeneration and ﬁndergrowth taller than the height of a man
could also hinder the recognition of trees marked for removal and
limit the choiCe of felling direction.. Obstructions around the base
of a tree would have to be cut away before felling could commence.
Obstructions could increase the time spent on various‘elements
of cuttiﬁg or increa's‘e fatiigue in cutters, necéséitating longer rest
breaks. Res'earch is needed in this regard because prewar plantations
will become more open with continued hea\}y thinning, and dense under-

growth or natural regeneration could develop.
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The effect of ground slope:

In selecting sample plots, ground slope had been limited to a
maximum of twenty degrees. Samset et al (1969) found times per
tree for cutting Norway spruce sawlogs increased with ground slope.
From Samset's results a decrease in cutting productivity of about
8 per cent would be expected on a twenty degree slope compared with
flat ground. A greater decrease wollAlle bé expected if tree length
logs were cut. Whiteley (1971) .measured the productivity of a
team of two men cutting tree length logs of radiéta pine in delayed
first thinnings on five differerit slopes. Cutting productivity on a
sixteen degree slope was 30 per cent less thah that on ﬂ»at ground
but the trend Qf decreasing productivity on twenty-three, twenty-nine
and thirty-six degree slopes suggested productivity on the sixteén
degree slope was abnormally low and should have been only 10 per
cent less.than that on flat ground.

These results suggest ground slope may affect cutting
productivity but no significant effeéts were.found on slopes limited

to a maximum of twenty degrees.

. Estimating working time for cutting

The working time x‘équired fér cutting was determined by
aggregating results of the Detailed time studies..  All the constants
and coefficients in Table 17 (page 56 '), expressing effects of stand

variables on elements of sawlog cutting, were combined to obtain an
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equation for the aggregate effects of stand variables on mean cutting

time per tree. The equation was:

T=1.13+5.74A+0.62B-0.70D +0.0094E - 0.058 H

+2.83%— 0.13L + 0.13 A L

where T denotes mean cutting time per tree in minutes and all other
symbols except L are cieﬁned in Table 16 (page 55 ); L takes the
value 0 when A is less than or equal to 1 square foot and the
value 1 otherwise. This equation could be used to estimate working
time in man minutes required for sawlog cutting operations in any stand
whose -characteristics lie within appropriate limits.

To obtain a measure of the precisipn of estimates of mean cutting
time per tree fromv the above equation, the residual variance, 0',12, , was
calculated. The equation for mean cutﬁng time per tree was the
aggregate of several regression equations for mean element times per
tree. If these elements were truly independent of one another, the

variance of mean cutting time per tree would be the sum of the element

variances for all elements of cutting;

The element time regressions obtained by Detailed time studies above
were not_ independent, ‘however, because each cutter had performed
elements sequentially. The covariance of every pair of elements.

(i and j say), which were not independent of each other, had therefore

to be added to the sum of the element variances giving;
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i=1 i=1 j=i-1
‘TZ= 2
T oy

i=1

The residual variances and covariances (i.e. variances and
covariances remaining after the effects of stand variables on mean
element times per tree had been taken into account) are given in

. . , 3 2 . .
Appendix J. The residual variance. o, of estimates of mean cutting

T

time per tree was 9.02 squared man minutes per tree.

Estimating output from cutting

The output from cutting operations is commonly expressed in
terms of volume. Volumes of removed trees were estimated from the
tree volume equation (page 53 ). The precision of such an estimate
was calculated from the residual variance of the tree volume equation.
- Direct estimates of the variance of the tree volume equation were,
however, not available. An approximation of the required variance
was made for use in this thesis.

The tree volume equation had been prepared from measurements
on 2087 trees obtained by felling all trees in numerous one tenth acre
plots. The equation is actually the product of two separate regression
equations estiméted from the same data. The first regression
equation expresses total tree volume as a function of two highly
significant variables; the breast height diameter of the tree and thé

predominant height of the stand. The regression has a coefficient of
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determination (R2) of 0.98 and a standard error of * 5 cubic feet. The
second regression equation expressed the ratio of merchantable to
total volume as a function of the small end and breast height diameters
of the tree. This regression has a coefficient of determination of 0.95
and a standard error of + 0.06.

For a given small end diameter, the variance of an estimate

from the tree volume equation should be

0-'2 B O'.'z N2 + 0'2 M2+ 20~ MN

v . M N "MN
where an estimate of merchantable volume V (with variance 0'\2,) is
the product of an estimate. of total volume M (with variance: 0'131')
and an estimate of tﬁe ratio of merchantable to total volume' N (with

, 2 ,
variance o ). The covariance o

N MN of M and N should also be

taken into account (see Appehdix K) . . Standard errors for the
regressions of total volume and the ratio of merchantable to total
volume in the tree volume equation have been given but the covariance
between those regressions has not. The covariance could o-lnly be
determined from the original set of observations, which was not
readily available.

Since the variance of the tree volume equation could not be
determined from its source data, it was independently estimated_ from
volumes of trees felled in the studies for this thesis.. Data on all
trees fe_lled. and measured were booled and grouped into five classes,
each containing approximately one fifth of the total measured volume.

. The volume of each tree was also estimated from the tree volume
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equation and subtracted from the measured volume to obtain the
residual (i.e. errorremaining after variations in volume attributable
to variables in the tree volume equation had been into account) .
The mean squared residual of trees in each class was calculated.
These classes, their mean measured volumes and mean squared

residuals are given in Table 18.

TABLE 18

- Mean squared residuals about the tree volume equation
(determined from independently measured volumes)

‘Range of measured — Mean measured ’ -Mean squared

volume per tree volume per tree residual
(cubic feet) (cubic feet) (squared cubic feet)
1.0-25.9 17.0 19.50
26.0 - 35.9 32.9 41.50
36.0 - 45.9 42.1 49.75
46.0 - 60.9 54.5 . 75.23
61.0 + 77.1 1182.85

The}varian'ce of the mean volume per tree for a sample of
removed trees could not be determined from the mean squared
residuals about the tree volume equatiqn which were clearly
heterogeneous (i.e. not constant).

An approximation to the true variance of the mean volume per

removed tree for a sample of removed trees was made by grouping



together data on trees felled and measured in each study plot.. The
mean squared residual about the tree volume equation was plotted
against the mean volume of removed trees in each plot (Figure 5).
They were found to be linearly related and the equation

. Q = - 24.63 + 2.08 V
could be used to estimate the mean squared residual Q in squared
cubic feet for a given mean volume per removed tree V in cubic
feet.. The approximate variance of thé mean volume per tree for
a sample of removed trees would be the value of Q obtained from

the ab.ovev equation divided by the number of trees in the sample.

. Estimating cutting productivity

Cutting productivity is usually expressed in terms of
volume output per man hour. An estimate of cutting productivity
is given by

_ Vv
P =

~where V is mean volume per removed tree and T is mean cutting
time per tree. V can be éstimated from the tree volume- equation
on page 53 and T from the equation for m’éan_ cutting time per tree
on page 66.  Since these equations were prépared from independent
data sets giving estimates of V and T (with variances o"\z/v and

2
O‘T respectively) the precision of estimates of cutting productivity

can be measured by the variance 0‘12D of the productivity quotient:

70
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2 _ 2 2 2
p = oy T + O \'
T4

(see Appendix K). From estimates of 0'\2, and cr.i, obtained, the

variance of cutting productivity was calculated to be

3600 [ [2,08 V;\I24'63]T2 + 9.02 sz
o, = , , -

T4

g v B o]

where N is the number of trees sampled to estimate V.
The estimated cutting productivity and its variance were

calculated for each study plot (Table 19).



TABLE 19

Productivity and its variance estimated by Detailed time study

Study plot o " Estimated Estimated
productivity variance of
productivity

(cubic feet
per man hour)

1 156 1516
2 162 1660
3 167 | 1748
4 184 ' 1403
5 187 1955
6 198 1467

7 149 2209
8 162 1508
9 130 1376

10 142 1252

11 179 | 1804

12 192 1640

13 156 1387

14 195 1643

15 108 2258

16 123 2117

17 161 2211

18 200 1086

19 143 1757

20 142 1760

21 145 1609

22 177 1060

23 200 1092

24 154 | | 1195




CHAPTER 6

GROSS DATA TIME STUDY AND ITS COMPARATIVE PRECISION

Gross data time study differs from Detailed time study in that
only one observation is made in each sample unit: the output per
unit working time for a given operation. To take account of variations
between work cycles performed within a sample unit, the typical
sample units used for Gross Data time study are the working day aﬁd
the working week. Output per man week is often recorded as a |
production statistic in logging operations although both the week
and the day are too unreliable as measures of working time. Cutters,-
for example, may assist with other operations, such as snigging,
or may waste time. A more reliable measure of working time is
the hour. The number of man hours spent in a sample unit can be
determined by time study. Field procedures similar tc those
developed above for Detailed time study would be uséd but only two
elements would need to be distinguished: "cutting", composed éf
all the elements for Detailed time sfudy shown in Table 15 (page 51 )
an.d "avoidable delays” as defined on page 50 .

To compare Detailed and Gfoss Data tirﬁe study, Gross Data
observations were derived from those collected by Detailed time study
in each sample plot. The mean times per tree for all elements of

- cutting, distinguished in Detailed time study, except "avoidable
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delays", were added together. The mean volume per removed tree
estimated from the tree volume equation was divided by the mean
cutting time per tree to determine the output per man hour in each

plot.

" Results by Gross Data ‘time study

Four stand variables were chosen for investigation by Gross

D‘-gt_a. time study. Three of therse, mean basal area per removed tree,
the number of tree_s ;emoved per acre and predominant height seemed
suitable for a predictive model becausé they would be available to
management fror;1 sample blot récords . The fourth mean length of
logs cut, W'Ould be less readily available, but it was chosen to
investigate differences in productivity between cutting single sawlog
lengths and cutting multiple lengths which provide two or more sawlogs
when docked aga,in». at the sawmill.

A ,mult.iple linear regression equationer cutting productivity of
all four stand variables was calcﬁlated.

P = 213.79 + 19.25 A - 0.29 F + 0.18E- 3.38H
(+33.77) (+0.25)  (£0.97)  (+2.41)

using symbols given.in. Table 16 (page 55 ). The regression coefficent
for mean length of sawlogs cut was negative.. This was anomalous in
that productivity when cutting longer logs, which require fewer cross-
cuts, should have increased. Mean length of- sawlogs cut was not
correlated to any other stand variable which could account for

anomaly, and it was not given any further consideration as a stand

variable in the Gross Data time study.
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Mean basal area and the number of trees removed per acre
were found fo be highly correlated with one another. The independent
effects of either stand variable on cutting productivity could not be
determined from the regression‘equatvion becausé of multicollinearity
in the regression (Wonnacott and Wonnacott, 1969). It was
‘ .decided to investigaie separate regression models for mean basal
area and the number of trees removed per acre, with and without
predominant height in each case. The models and some relevant

statistics are given in Table 20.

TABLE. 20

Regression models for Gross Data time stud};

-~ i 3

Model - Equation Residual sum Degrees of
of squares freedom
I | ‘ _P=b0,+ b1A+-b,2E 032571 21
II P= b0 + b1 A 33704 ; 22 .
I11 P=b0+b1 P+b2E ' 31479 21
v P= bO + bl‘ F 32406 22

* Where-,P denotes cutting productivity in cubic feet per man
hour, b, . . . b, denote regression coefficients, and other
symbols are interpreted in Table 16 (page 55).

- A test described by Seal (1964) was used to compare model 1

- with model II and Model III with model IV. No significant difference

was found between the models in either pair and the .simpler model

in each pair was taken as the better. The "better" models could not,
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however, be compared by Seal's test because they had equal degrees
of freedom. The model with the smallest residual mean square was
taken as the best of the four Gross Data models tested, i.e.

P = 209.46 - 0.34F
e (+0.17)

This mode1.~cou1d be used to estimate the productivity of sawlog
cutt1ng for stands Whose characterlsncs lie w1th1n the ranges
~ covered by f1eld studies for th1s thesis (see bage 48 and Appendix G).
The pre_cision{of‘ the_'"es'timate’ could be measured by the residual
variance ‘o‘f ,the_” reg'ression;' ib.’:e . the variyance remaining after the
"eﬁ’e\cts: ot‘;sta'nd varlables in the ;fegre’sstonl had been taken into
. va‘ccount'.t Thi»s',residu'al' "\},"ariance. was 1473 cubic feet per man hour
all squared | |

The coeffic‘ient of determination (R ) of the best Gross Data
' equation‘was 0.15.»: It showed that the st'and variable in the equation
a.ccounted for only 15 per cent of the total variatlon in cuttmg
"product1v1ty durmg the study. The temaimng »varlatlon, -expr.essed

'as the re31dua1 varlance of the regresswn, -was not accounted for.

The breci'si'on' of ti"me v:study'

The yarlance of the cuttmgA productivityv quotient estlmated for
each Detalled t1me study plot was plotted agalnst the quotlent 1tse1f'
(F1gure 6) The .variance*of cuttlng produ’ct1v1ty, estlmated from the
best regressmn equatlonv obtamed by Gross Data ttme study was also

shown. : The precisio'n of es_timates obtained _fromb.Gross Data time
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study was generally about the same as the precision of estimates
obtained from the results of Detailed time study. Results of Gross
Data time study, however, appeared to be more precisé for low
productivity values than the results of Detailed time study. This
may not be true because the residual variance about the Gross Data
regression equation was assumed to be homogeneous, but if it were
true, it could have practical implications for future studies covering
wide ranges of stand conditions since low productivity values and
the stand conditions causing them may be given special consideration
in wage determinations.

The studies for this thesis sugggsted the Gross Data and
Detailed time study techniques gave equally precise results when
applied to cutting operations, but neither technique explained much
of the variation in cutting productivity. Only a small proportion of
the variation in cutting productivity was attributed to differences
between stands. The remaining variation could have been attributed
to stand variables not taken into consideration; the weather,
differences in perférmance level between cutters (reflecting
differences in their physique, skill, experience, health, temperament
and motivation) or chance factors.

Stand variables ﬁsed in the studies were characteristics which
could be determiﬁed’from sample plot records or assessed fairly
readily by management. Even if other stand variables had affected

the productivity of cutting, it might not have been practical to have
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included them in a model of cutting productivity for predictive purposes.
The weather was fine and dry throughout the periods of fieldwork, which
took place during summer and early autumn. Occasionally felling was
made difficult by strong winds but it is imlikely cutting productivity
was affected signifiéantly in this way. However, experience

suggests performance differences between cutters could be responsible
for some variations in cutting productivity. No studies have yet been
carried out in:Ausfrali’a to determine the magnitude of this source

of variation. If the variation in performance levels is considerable,

it must bé given special consideration in any future study of cutting

productivity in Australia.



CHAPTER 7

COSTS OF CUTTING SAWLOGS IN NEW SOUTH WALES

Replies to a questionnaire, circulated among major plantation
owners and sawmillers in the Australian, plantation grown softwood
timber industry indicated that cutting is done almost entirely by
contractors and the rates of pay for cutting are usually determined
by direct negotiation between the contractors and their cutters.
-Almost all cutters are paid by results. Because rates of pay are
determined in this way, they would vary throughout New South Wales
and would almost certai_nly include subjective estimates of the
effects of differences between stands on the productivity of cutting.

The aim of this investigation was to determinebthe effects of
differénces between stands on the cost per unit volume for cutting.
To avoid subjective bias which might be present in negotiated
piece rates, the investigation was based on the award rates of pay
for cutters in New South Wales. The hourly award rate was divided
by the productivity of cutting to obtain the cost per unit volume.

Detailed time study showed that differences in basal, and
small end areas of removed trees, number of trees removed per acre,
predominant height of stands, and mean length of logs cut affected
the productivity of cutting. Gross Data time study showed the number

of trees femoved per acre had the greatest effect on cutting



82

productivity. However, the number of trees removed per acre was
strongly related to ihe mean basal area per removed tree and this
relationship would reflect the thinning schedule applied to pre~-war
planted radiata pine in New South Wales and the Australian Capital
Territory. Further research will be neseded to determine the
independent effects of mean basal area per removed "tree and the
number of trees removed per acre on cutting productivity.

The results of Gross Data time study were used to investigate
cutting costs because the predictive equation was simpler than but
as precise as the results of Detailed time study. Because the
residual variance of the best Gross Data regression equation was
SO gréat and therve are indications that much of it could be attributed
to differences in performance level between cutters taking part in
the study, the predictive model may not provide a good estimate of
the average productivity of cutting.. It shquld, however, give some
idea of the way the current piece rate for cutting should be corrected

when cutters are moved to a different stand.

Award wages for cutting

The Timber Workers' Consolidated Award applies to cutters in ‘
New South Wales who are members of the Australian Timber Workers'
Union, cutters whose employer is bound by the award, and cutters
who work for a contracfér hired by such an employer. The award

assigns the minimum weekly rate for various classes of adult male
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employees in the timber industry. Pine cutters are represented by
two such classes: "fallers" and "loaders, trimmers and employees
cutting logs" . The respective minimum weekly wage rates assigned
in April 1970 to theée classes were $52-40 aﬁd $47-50. These
wages are paid for a normél working week of forty hours. . Any
employee instructed by his employer to work outside normal hours
is entitled to overtime payment at the stipulated rate.. Employees
on time wages are entitled to ten public holidays each year and to
twenty one consecutive daYs annual leave after twelve months
cbntinuous serviée . Pine cutters who operéte and maintain their own
chain saws are also entitled to én alllowance of not less than $6-00
per week.

Under thé award, an employer may introduce a system of payment
by results. Employees must receive at least the minimum‘tim‘e rate and
the piece rate should enable workers of average ability to earn at least
121 per cent more than their weekly time rat'e° Piece workers are
entitled to three weeks annual leave, paid at the ordinary time rate
for their classification, but are not entitled to paid public holidays.

In subsequent dalculations, it will be assumed that piece worvkkcutters
work 1960 hours per year or 40 hours vper week for 49 weeks of the year.

The hourly wage payable to piece ‘;vork cutters of average ability
was divided by the estimated output per man hour to determine the cost
per unit volume. Separate caliculations were made for a single cutter
and a team of two men. In the case of the team of two men it was

assumed that the productivity of the team is twice that of the single
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cutter, that one man in the team uses a chain saw and is classified as
a "faller" for wage payment purposes, and that his mate is classified
as a "trimmer".

Figure 7 shows that cutting costs increase curvilinearly as the
number of trees removed ’per acre increases within the range
encountered in the study plots for this thesis (25 - 175 trees per
acre). Over this range the cost per 100 cubic feet for a two man
cutting team is about 7 5 cents less than that for a single cutter and
the total change in cost per 100 cubic feet for either a single cutter
or a two man team is 27.5 cents. If, therefore, a sawlog cutter or
team of two cutters were moved from one stand to another, the present
piece rate would need adjusting by some amount not excee‘diﬁg 27.5
cents per 100 cubic feet, to compensate for changes in cutting

productivity attributable to differences between stands.

Chain saw costs

Under the Timber Workers' Consolidated Award, cutters are
entitled to an al].owaﬁce of at least $6-00 per week for operating and
maintaining their own chain saws. Cost Data for various chain saws
were obtainéd from the Forestry and Timber Bureau to compare with
the award, allowance. These data are given in Appendix L.  The
cost of operating a chain saw is equal to the cost per machine hour

divided by the output per machine hour for sawing. The cost per machine
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hour for a chain saw depends on its annual use. This is equal to the
number of man hours per annum spent on cutting multiplied by the
fraction of cutting time spent on actual sawing. The fraction can be
estimated from the equations in Table 17 (page 56 ) assuming actual
sawing time is equal to the time' spent on the elements "saw", "remove
splinters from butt of felled tree" and "crosscut". Sawing output per
machine hour is equal to the output per man hour from cutting multiplied
by the fraction of cutting time spent on actual sawing. In Figure 8,
the estimated cost per unit volu‘me for using a chain saw in each

study plot is plotted against the number of trees per acre removed.
Costs are shown for two types of saw which represent the range used
by cutters in pine plantations: saws with 20 inch cutter bars priced

at $200 and saws with 20 inch cutter bars priced at $400, (Cost data
on saws priced at $300 and saws with 30 inch cutter bars are also
given in Appendix L) . The more expensive types of chain saw have
greater engine capacities. . Results of a trial in which eleven

different chain saws were operated in radiata pine by the same cutter
(Report on chain saw tests, 1961) indicate that a greater engine
capacity slightly increases the cutting rate for felling and more
‘markedly increases the crosscutting rate. HoWever, the state of
maintenance probably has more effect on chain saw performance in
practice thén engine capacities . For this investigation, it was
assumed that the more expensive saws do not have significantly better

cutting rates or significantly less down time.
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Figure 8 also shows the cost per unit volume of the minimum
award allowance for a chain saw. The hourly value of the allowance
was divided by the equation for predicting cutput per man hour from
cutting (page 77 )7%‘ Estimated costs for sawing are much greater
than the minimum award allowance in every case. A minimum weekly
allowance of $12-00 would be required to cover the estimated costs
of a $200 saw and an allowance of $18-00 to cover the estimated costs
of a $400 saw.

The estimated chain saw costs may, however, be erroneous
because thve Forestry and Timber Bureau have attempted to generalize
costs for the variety of makes uséd by pine cutters. Saws would
also vary considerably in age and state of maintenance and since few
cutters keep detailed cost records, the Bureau's data would contain
many assumptions, some of which might not be valid.. More accur.ate
data on chain saw costs are needed to provide a better basis forv
wage negotiations in situations where cutters are required to supply

their own saws.

*The 'hourly value of the all.oyva(nce‘ is one fortieth of the weegkly v
allowance in the Timber Workers Award for owning and operating
~a chain saw (page 84). A forty hour working week {s being assumed,



CHAPTER 8

COSTING AND DESIGNING TIME STUDIES

The cost of time study

Estimates were made of the cost of carrying out a study of
twenty four sawlog cutting operations in New South Wales and the
Australian Capital Territory using Dej:ailed and Gross Data time
study techniques. The field work for either study would involve
433 hours of time study and 4 hours per study plot for initial
preparations and assessment of a final mensuration plot. About
three months of office work would be required for Detailed time study
but only about one month for Gross Data time study. A graduate
forester could organize and carry out the entire Gross Data study
but he would require the services of a technical assistant for the
Detailed time study. The technical assistant would measure felled
treeé and assist with the preparation of Detailed time study data for
computer handling. Estimated costs are given in Table 21 (page 90). .

The Detailed time study would cos‘t about $6800, the Gross
Data study only $3200. Because the two techniques have equal
precision, the cost per unit of precision of Gross Data time study would
be about half that of Detailed time study. Results from Gross Data time

study could be made available much more quickly than those of

. Detailed time study because less office work is involved. The

analysis of Detailed time studies could also be delayed (by two to
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three months) while data are transferred from field sheets to punch
cards for computer handling, a process which is not necessary in

Gross Data time study because the data are much simpler.

TABLE 21

Costs of time study

Cost for Cost for
Detailed Gross Data
Item time study  time study
$ $
Field work
Wages for a graduat'e forester* 2393 2393
Wages for a techﬁical assistant* | 1948 .-
Office work |
Wages for a graduate forester | 1229 819
Wages for a technical assistant 905 -
Card punching 307 43
Computer use 58 2
Total cost 6840 3257

* Includes the cost of travelling allowances

Detailed time study would cost $3600 more than Gross Data
time study and this extra cost can be regarded as the cost of extra
information gained. This information would be most useful for a
critical exavmination of present methods of cutting and for constructing
simulation models of alternative methods. The methods used to cut

sawlogs have not changed greatly since the introduction of chain
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saws but cutting is only one of the operations involved in harvesting.
Cutting involves the preparation of logs for subsequent operations
such as snigging, hauling and conversidn at the mill and some aspects
of cutting, in particular the direction in which trees are felled, the
quality of trimming, the cross cutting pattern and track clearing done
by cutters, affect the economics of both cutting and subsequent
operations. Present cutting methods may have to be changed to

allow developments in 1o§ transport and inillyard handling to be
introduced in thé most econbmical way. If Detailed time studies

‘are made of present cutting methods, the cost of the extra information
gained could be recovered through reduced harvesting costs following

method studies of all operations involved in harvesting.

Designing future studies

The present studies have shown that management can obtain
useful information on cutting operations by work study. Such
information could be ﬁarticularly valuable for wage determinations,
labour planning and comparative costastudies . However, time
studies are expensive to carry aut and analyse and particular
attention should tharefore be paid to the design of future studies to
ensure the .information wanted will be obtained.

Four main sources of variation in productivity must be sampled
or eliminated in studies of cutting operations:

(@) fluctuations in the performance of an individual cutter

(b) differences in performance between cutters



(c) alternative work methods

(d) differences between stands.

Cutting consists of a sequence of sub-operations often performead
on groups of trees rather than individuals. Some elements of,dutting
do not occur on every tree but only periodically throughout each
working day. It is thus impractical to carry out a time study of
cutting for less than a day. Fluctuations in the performance of
individual cutters from day to day cause variations in cutfing productivity
which can be reduced by carrying out a study of several days di._lration
or by sampling several days at each Work site. Either could be
expensive since Gross Data time study costs about $44 per day in
the field and Detailed time study costs about $80. Research is
needed to determine the magnitude and significance of fluctuations in
the performance of individual cutters. The question of cutters'
reactions to time study should also be investigated to show whether
the first days results for each cutter in a study should be discarded.

Differences in performance between cutters are important in
-any study where conclusions about the whole population must be
drawn from a sample. The present study has indicafed that performance
differences account for a considerable amount of the total variation
in productivity observed in a Study involving three or more cutters.

It may be possible to reduce this variation by stratifying the populatioh
of cutters and sampling within each stratum. Previous perfcrmance

levels indicated by production data would provide one means of
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stratification, performance capacity measured with an ergonometer in
a laboratory could provide another. Research is needed to estimate
the magnitude of performance differences among Australian cutters
and to find a sqitable method for stratification.

Where alternative work methods are being studied, the same
cutters should be compared to eliminate variation due to performance
differences. Alternative work methods can be compared by simulation,
as illustrated above, or by comparative field trials as used by
Whiteley (1972).

Simple comparative trials of élternative work methods can be
held in the same stand to eliminate variation due to stand differences.
However, in work studies for wage determinations,dthe effects of
stand differences on the productivity of cutting must be taken into
account. Where plantations are widely scattered it may not be
possible to study the same sample of cutters in each different stand
as was done at Sunny' Corner in the present study. Two alternative
ways of determining the effects of differences between stands on
cutting operations are:

(1) employ one or more cutters as statistical controls. Thé
céntrol cutters visit each study site in turn and work
alongside the local cutters.

(2) Have one or more stands as statistical controls.. Each
cutter is studied in the control stand as well as in

his local stands.
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Neither of these techniques has yet been used in work studies of
cutting in Australia.

Although the present study was conﬁned to cutting operations,
work study techniques can be applied tob other components of,
logging operations such as snigging and hauling and to other forest
operations such Yas planting and tending. The s,afne techniqgues can
be applied to measure the productivity of more highly mechanized
operations than cutting but additional studies would be required to
determine the costs. Some data on the éosts of owning and operating
forest machinery in Australia have been published (de Vries, 1967) but

most refer to machines. used for logging in hardwood forests.
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SUMMARY

Two work studies of radiata pine cutting were undertaken to
show how they can help solve some typical logging problems. The_
first study compared alternative methods of logging first thinnings in
plantations near Bathurst, New South Wales. . A regression equation for
the mean cutting time per treé was calculated from time study data
on present shortwood operations at Bathurst aﬁd applied to data on
sample plots first thinned in 1965-1970 to estimate the cutting time
spent on first thinﬁings over that period. The total mefchantable
volume yield from first thinnirigs in 1965-1970 was divided by
the estimated total cutting time to obtainthe average productivity in
shortwood cutti.ng;- The same data Wére ﬁsedto construct a simulation
model and estimate the ﬁroductivity of tree length cutting. Data on
shortwood and tree length extracti‘c;n were ‘also' obfained and analysed.
Using the above information, plant and labour requirements of
alternative logging methods were predicted for 1972-‘1977 . Shortwvood
operations WOuld.require more cutters than tree length but total
labour re_qtiirements'would be equal. Cutting shortwoodkén-d ‘extract.ing
by skidders with lqading booms would be cheapest. Cutting tree length
logs and extracting them with specially equipped industrial tractors,
though dearer, might be safer. It W‘ould be yet more expensive to bunch

tree length logs with winches and extract the bunches subsequently with
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skidders, and most expensive of all would be shortwood extraction with
42 horsepower forwarders.
In the éecond study, the effects of differences between stands on
-the productivity of sawlog cutting operations were investig'atea by two |
alternativé time study fechniques namely Detailed time study and |
Gross Data time study.

Twenty four operations in New South Wales and the Australian
Capital Territory were subdivided into work elements for Detailed
time study. The mean time per tree spent on each element in each
operation was determined and regression analysis used to find out
which stand differences .affected it. The regression equations were »
aggregated to estimate mean dutting time per tree. Cutting productivity
1is the quotient of mean volume per femoved ,treé, estimated from a~
tree volume equation, and mean cutting time per tree. Its variance
was calculated, as a measure of ifs precision '

Qbservatibns foxf Gross Data time study were thained'by
dividing the'b mean volume pér removed tree for each operation by the
mean. cuttihg time per tree. Seyeral regression models of the effects
of stand differences were tested. The best Gross Data' model gave
results for cutting productivity as precise as those defived by Detailed
time study. |

. Effects of stand differences on award wages for vcutting were
investigated using the best Gross Data equation. Chainsaw costs
were Aalso‘ investiééted, using Detailed time study results to

determine th‘e‘ fraction of working time spent on actual sawing.
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- Stand differences accounted for only 15 per cent of the total
variation, in cutting productivity. The_ remaining variation was probably
caused by differences in cutter performance levels. This should be
taken into consideration in the design of >future studies. Grossv Data
time study would cost o:n‘ly half as much as. Detailed time study but the
latte: can provide extra informatioﬁ for dévelopihg, simulat’iné and

comparing alternative methods.

l The following table shows the effects of differencés. between

stands with regafd’to the number of trees removed per acre on the

productivity and cost per unit volume for cutting.

Number of trees Cutting Cost

removed per acre productivity
(cubic feet ($ per 100
per man_hour) cubic feet)
25 201 : 0.85
50 192 0.86
75 , 184 : 0.93
100 175 0.97
125 167 1.02
150 158 1,08
175 150 1.14

It is assumed that weekly wages specified by, the timber
Workers Consolidated award (April 1970) are paid together with an
incentive payment for piece work and an allowance for owning
and operating a chain saw. A proportional part of the pay for

the annual leave is included and a forty hour working week is

assumed.
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APPENDIX A
A SCHEME FOR SUBDI VIDING CUTTING OPERATIONS

INTO ELEMENTS FOR TIME STUDY

. Elements of cutting work can be defined by a description of

each element and the actions which mark its beginning and end.

Collect tools begins when a cutter starts movement with the

intention of collecting tools. The cutter may also deposit any tools
he has in hand before collecting the tools he requires. The element
ends when he starts to return to the work place with the tools he

requires.

. Walk to tree begins when the cutter starts to walk, having the
appropriate tools in hand. The element ends when he reaches the

tree br interrupts his journey to perform some other element. A

cutter must often interrupt the performance of some other elemer:t

such as "trim branches" to perform the element "walk to tree". When
two trees lie so closé together that the interruption is negliéible, they

may be described as adjacent.

Clear debris from base of tree begins when the cutter touches the first

piece of debris and ends when he lets go of the last piece.
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Inspect and prepare to fell begins when the cutter starts to look

around and ends when he ceases to do so. The cutter may walk

around while performing the element.

Saw begins when the chain saw starts to cut into the tree and ends
when it jams in the cut, the tree hits the ground or the tree becomes

lodged in the crown of another tree.

Remove splinters from &a;tt of felled tree starts when the cutter raises

his saw to the splinter and ends when the splinter is cut off.

Trim branches begins when the cutter first raises his axe to chop a
.

branch off a tree and ends when he chops the last branch off the

tree or group of adjacent trees.

- Measure log lengths (or billet lengths) begins when the cutter places

his measuring stick on the butt of the first log or billet and ends
.when he marks on the small end of the log or billet the position at
which it will be crosscut. Alternatively the element ends when he

marks the last log or billet in a group of adjacent trees.

Walk to log is defined in a similar way to "walk to tree" but is
performed when a cutter walks to a specific log which has been

marked for crosscutting or actually crosscut.
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Crosscut begins when the saw starts to cut the tree at the point of
crosscutting and ends when the saw jams in the cut or the cut is
completed. The cutter may cut off the unmerchantable top of a tree

with his axe during trimming.

Pick up billet, carry to stack and put down begins when the cutter

touches the billet. He picks it up, throws it towards the stack or
carries it, and places it on the stack. He may then adjust its
position. The element ends when the cutter lets go the billet and
may be interrupted when he uses his axe to perfdrm the element
“trim branch stubs on billet". If the position of a billet on a

stack is adjusted later, the element is an unavoidable delay.

Trim branch stubs on billet begins when the cutter chops the first

branch stub on a billet and ends when he chops the last branch

stub on that or some adjacent billet.

Spiking is a suboperation composed of the elements "collect tools",
"walk to log (or billet)" and "trim branch stubs on billet". Itis
performed by sawlog cutters after logs have been snigged to road-

side.

Clear slash from outrow begins when the cutter touches the first

piece of slash. He may walk from one piece of slash to another.
The element ends when he lets go the last piece of slash he intends

to clear.
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Cut and clear hardwood debris in outrow is a suboperation composed

of any of the above elements which are performed in order to cut up
pieces of hardwood debris lying on or across the outrow and to clear

such pieces as the cutter can lift.

Chain saw mvaintenance begins when the cutter shows his intention
to perform the elemént.} The tasks performed i-nclude refueling,
refilling with oil, : sharpéning the chain, cléaning etc. The cutter
may also collect the necesséry toolé for the tas_k and, on completing
the maintenance, tésf .th.era chain saw on a piece of unmerchantable
wood. The element én&s when the cutter returns to the work place

with a serviceable saw.

Rest and meal breaks

Delays begiﬁ and end appropriately. Delays may be classified as
"unavoidable" or "avoidable". In fhis study, the following delays
were considered "unavoidable” .

faulty starting of a chain saw

freeing a chain saw jammed during felling

dislodging a: lodged tree

throwing aside slash during trimming

sharpening an axe
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freeing a chain saw jammed during crosécutting

the cutter's personal needs

adjustments to élothing

interruption by a third party engaged on supervision
adjusting stacked billets |

walking to unmerchantable logs or billets and crosscutting

them
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-APPENDIX B

DATA ON SHORTWOOD CUTTING AT. SUNNY CORNER



TABLE 22

‘~Data on Cutter 1
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Mean basal area per removed tree

(square feet)

0.29 0.23 0.21 0.26

0.25 0.29 0.19 0.18 0.18

' Mean stack volume

(cubic feet)

71 47 18 82 45 22 83 52 22

‘Element Mean times per tree

Symbol* (minutes)

1 0.02 0.03 0.03 0.05 0.06 0.04 0.02 0.03 0.04
2 0.16¢ 0.19 0.19 0.20 0.14 0.20 0.17 0.16 0.18
3 0.02 0.03 0.02 0.03 0.00 0.01 0.00 0.00  0.00
4 .0.11 0.14 0.18 0.13 0.10 0.10 0.08 0.11 0.10
5 0.21 0.26 0.23 0.18 0.18 0.20 0.15 0.18 0.18
6 0.06 0.00 0.00 0.05 0.00 0.06 0.00 0.00 o0.01
7 0.23 0.31 0.41 0.34 0.75 0.29 0.13 0.17 0.21
8 0.08 0.03 0.02 0.02 0.03 0.06 0.03 0.05 0.04
9 0.14 o0.16 0.18 0.14 0.14 0.15 0.15 0.17 0.14
10 1.37 1.62 1.80 1.52 1.02 1.82 0.92 1.10 0.95
11 .0.01 o0.11 0.05 0.01 0.00.0.01 0.04 0.02 0.03
IZ 0.04 0.03 0.04 0.03 0.03 0.08 0.05 0.03 0.03
13 0.10 o0.11 o0.13 0.12 0.10 0.14 0.10 0.11 0.10
14 0.24 0.26 0.23 0.25 0.18 0.32 0.14 o0.16 0.14
I5 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
18 0.08 0.09 0.04 0.03 0.04 0.08 0.03 0.06 0.04
17 0.20 0.27 0.27 0.23 0.20 0.24 0.20 0.19 0.19
18 0.15 0.24 0.22 0.15 0.12 0.17 0.09 0.10 0.09
19 0.00 0.01 0.00 0.00 0.04 0.00 0.00 0.00 0.00
20 0.00 0.00 0.02 0.00 0.0l 0.00 0.02 0.05 0.09
21 0.43 0.41 0.50 0.47 0.37 0.44 0.43 0.37 0.33
2z 0.68 0.64 0.81 0.84 0.57 0.64 0.64 0.55 0.42
23 0.09 0.09 o0.06 0.05 0.03 0.04 0.03 0.02 o0.03
24 0.00 0.04 0.04 0.00 0.00 0.00 0.01 o0.01 o0.00
25 0.28 0.55 0.15 0.25 0.15 0.27 0.13 0.12 0.06
26 0.00 0.06 0.11 0.l16 0.05 0.03 0.09 0.00 0.00
27 0.06 0.l16 0.06 0.10 0.06 0.24 0.09 0.08 0.20
28 1.63 1.70 2.74 2.48 1.76 1.56 1.51 2.15 2.31

* see Table 2 (page 19)



Data on Cutter 2

TABLE 23
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Mean basal area per removed tree

(square feet)

0.26 0.25 0.25 0.22 0.21 0.25 0.19 0.19 .0.18
Mean stack volume
(Cubic feet)
A 77 41 15 60 40 19 63 43 23
Element ~ Mean times per tree
Symbol* (minutes)
1 0.02 0.01 0.05 0.03 0.05 0.05 0.02 0.00 0.06
2 0.14 0.14 0.15 0.15 0.14 0.18 0.15 0.14 0.15
3 - 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.00 o0.00
4 0.11 0.10 0.08 0.09 0.10 0.14 0.11 0.07 o0.08
5 -0.18 0.14 0.16 0.20 0.14 0.22 0.17 0.16 0.17
6 0.07 0.02 0.04 0.00 0.05 0.00 0.00 0.00 0.00
7 0.35 0.29 0.48 0.18 0.24 0.23 0.15 0.21 0.1l5
8 0.04 0.01 0.03 0.02 0.02 0.01 0.02 0.00 0.01
9 - 0.12 0.09 0.09 0.07 0.13 0.12 0.07 0.09 0.07
10 1.39 1.32 1.36 1.00 0.97 1.31 0.71 0.73 0.70
11 0.07 0.03 ©0.01 0.05 0.05 0.06 0.03 0.05 0.01
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I3~ 0.00 (0.00 0.0D 0.03 0.00 0.02 0.02 0.08 (.04
14 0.31 0.32 '0.30 0.24 0.24 0.27 0.18 0.20 0D.17
15 0.00 0.00 0.02 0.02 0.00 0.00 0.0l 0.00 0.00
16 ~0.01 0.02 0.05 0.02 0.03 0.03 0.0l 0.00 0.01
17 '0.23 0.21 0.20 0.20 O0.18 0.26 0.16 0.17 0.16
18 0.20 0.19 0.19 0.14 0.13 0.16 0.09 0.10 0.09
19 0.01 0.00 0.00 0.00 0.00 0.04 0.01 0.00.0.00
20 0.00 0.00 0.00 0.03 0.00 0.02 0.01 0.01 o0.01
21 0.56 0.55 0.33 0.46 0.40 0.45 0.37 0.37 0.31
22 0.83 . 0.85 0.56 0.75 0.61 0.77 0.66 0.64 0.51
23 0.13 0.11 0.07 0.06 0.07 0.05 0.04 0.04 0.03
24 0.00 0.0l 0.00 0.00 0.00 0.01 0.0l 0.00 0.0l
25 0.42 0.22 0.51 0.17 0.32 0.34 0.15 0.14 0.18
26 0.01 0.01 0.03 0.10 0.08 0.22 0.08 0.10 0.05
27 0.09 0.03 0.00 0.04 0.02 0.03 0.08 0.04 0.06
28 0.56 0.61 0.06 0.47 0.53 0.60 0.31 0.05 0.39

* see Table 2 (page 19)



TABLE 24

Data on Cutter 3
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0.23

Mean basal area per removed tree
(square feet)

0.26 0.25 0.23 0.24 0.29 0.29 0.19 0D0.21

Mean stack volume

(cubic feet)

55 34 14 83 33 20 55 41 16

Element - Mean times per tree

Symbol* (minutes)

1 0.00 0.02 0.07 0.04 0.04 0.08 0.04 0.04 o0.07
2 0.29 0.26 0.27 0.28 0.27 0.22, 0.22 0.21 0.24
3 0.05 0.01 0.00 0.02 0.0l 0.00 0.00 0.01 0.02
4 0.10 0.25 0.15 0.13 0.17 0.12 0.10 0.08 0.1l0
5 0.26 0.21 0.21 0.14 0.18 0.12 0.19 0.17 0.22
6 0.12 0.00 0.00 ©0.03 0.00 0.02 0.01 0.00 0.00
7 0.19 0.36 0.17 0.27 0.6 0.13 0.13 0.10 0.08
8 0.00 0.04 0.06 0.02 0.01 0.00 0.07 0.02 0.05
9 .0.01 0.34 0.22 0.18 0.37 0.11 0.09 0.07 o0.1l0
10 . -2.34 1.9 1.49 1.73 2.08 1.57 1.11 0.88 1.28
S 11 0.07 0.13 0.26 0.03 0.04 0.10 0.03 0.00 0.1l1
12 0.0l 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 0.00
13 .0.06 0.02 0.00 0.00 0.00 0.00 0.00 0.00 O0.00
14 0.60 0.64 0.53 0.42 0.53 0.45 0.43 0.38 0.46
15 -~ 0.00 0.10 0.00 .0.00  0.00 0.00. 0.00 0.00  0.00
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00
17 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 O0.00
18 0.33. 0.26 0.19 0.16 0.17 0.11 0.13 0.12 0.12
19 0.00 0.00 0.00 0.09 0.01 0.01 0.16 0.02 0.01
20 0.00 0.00 0.00 0.00 . 0.00 .0.00 - 0.00 0.00 :0.00
21 0.54 0.44 0.30 0.37 0.29 0.l6 0.44 0.34 0.30
22 -1.04 0.89 0.8 0.95 1.00 0.61 0.78 0.56 0.56
23 0.00 0.01 0.04 0.07 0.01 0.06 0.02 0.04 0.03
24 0.07 0.00 0.00 0.00 0.00 0.00 0.00 O0.00 0.00
25 0.52 0.45 0.34 0.49 0.33 0.61 0.30 0.43 0.57
26 0.19 0.46 0.15 0.l16 0.05 0.01 0.17 0.21 0.14
27 : 0.43 0.11 0.14 0.09 0.05 0.00 0.05 0.05 0.00
28 1.95 2.04 0.59 2.64 1.20 1.08 1.18 0.70 0.33

* see Table 2 (page 19)
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APPENDIX C

CONVARIANCE ANALYSIS OF SHORTWOOD CUTTING REGRESSIONS

TABLE 25

Testing a common constant

Source of variance Degrees Uncorrected -~ Mean
of freedom sums of square
squares

Separate constants and

coefficients for each cutter 9 1026.58
Common constant ' 7 1018.76
Difference 2 7.82 3.91

Residual about model
with separate constants
and coefficients 18 7.10 . 0.39

TOTAL 27 1033.68

The ratio of the difference mean square to the residual mean
square was greater than the tabulated value of Fisher's F - statistic at
the 95% level of probability. It was concluded that the constants

differed significantly between cutters.
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TABLE 26
Testing a common regression coefficient of

mean basal area per removed tree

Source of variance - Degrees Uncorrected ~ Mean
of freedom sums of square
squares

Separate constants and
coefficients for each cutter 9 . 1026.58

Common coefficient for

mean basal area per removed :

tree 7 1020.95

Difference 2 5.63 2.82
Residual about model

with separate constants

and coefficients ' 18 7.10 . 0.39

- TOTAL 27 1033.68

The ratio of the difference mean square to the residual mean
square was greater than the tabulated value of Fisvhelb'”s F- statistic
at the 95% level of probability. It was concluded that the
coefficients on mean basal area per removed tree differed signifi-

cantly between cutters



TABLE 27

Testing a common regression coefficient

of mean stack volume
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Source of variance Degrees Uncorrected Mean
of freedom sums of square

squares

Separate constants and

coefficients for each cutter 9 1026.58

Common coefficient for .

mean stack volume 7 1016.80

Difference 2 9.78 4.89

-Residual about model

with separate constants

and coefficients 18 7. 10 . 0.39

TOTAL 27 1033.68

The ratio of the difference mean square to the residual mean

square-was greater than the tabulated value of Fisher's F - statistic. at

the 95% level of probability . It was concluded that the coefficients

on mean stack volume differed significantly between cutters.
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APPENDIX D

DATA ON LOGGING OPERATIONS AT TUMUT

TABLE 28

Cutting and bunching

Cutter Time Number of Volume
(minutes) trees :
Cut “Rest* Bunch Cut Bunch Cut Bunch
4 162.14 74.52 159.90 65 65 245 245
5 241.14 56.04 158.17 35 . 48 171 243
| 6 188.04 -100.82 80.00 63 69 420 459
7 227.35 95.63 . 115.10 39 40 362 365
8 109.54 59.44 111.54 46 ’ 46 212 212
9 510.60 82 360
10 161.00 3l 206+
11 - 191.55 : 38 200
12 226.50 , 31 175

* rest and meal breaks
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TABLE 29

Data on the extraction of bunches by skidder

Skidder Machine time* Idle time* Volume Number of
(minutes) (minutes)  (cubic feet) trips
A 213.99 5'7 .31 1538 | 30
B 214.02 604.44 1381 27
C 84.27 27.73 466 11
D 169.97 63.84 918 27

* defined in Table 6 (page 33 )



APPENDIX E

VOLUME YIELDS FROM FIRST THINNINGS IN THE

BATHURST PLANTATIONS

TABLE 30

Volumes removed in 1965 - 1970

(in thousands of cubic feet)

115

Plantation Year of thinning
| 1965 1966 1967 1968 1969 1970
.Glenwood 155
Canobolas 569 427 329 603 416 421
. Vulcan 89 65 152
Gurnang - 194 431 245 322 136 257
Jenolan 477 576 264 587 814 498
Sunny Corner 210 318 477 799 121 531
TABLE 31
Volumes to be removed in 1972 -~ 1977
(in thousands of cubic feet) |
Plantation Year o
1972 1973 1974 1975 1976 1977
Glenwood | 289
C’an,obolés 747 655 480 - 509 621 636
Vulcan 618 373 377 297 583 286
Gurnang 243 170 246 182 228 212
Jenolan 102 318 440 100 265 371
Sunny Corner 395 530 403 382 615 594
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APPENDIX F

COSTS OF FOREST MACHINERY

Cost d‘ata are given in Tables 32 and 33 below for the
following machines: _
(@) a 42 H.P. forwarder
(b) a 97 H.P. skiddebr equippéd with a loading boom and
winch
(c) a 40 H.P, industrial tractor equipped with a single
‘drum winch and a light frame suitable for bunching
(d) a 97 H.P. skidder with winch
(e) a 40 H.P. industrial tractor equipped with a safety
canopy, half tracks, double drum winch and a skid
pan. |
The method for costing forest machinery developed by the
Forestry and Timber Bureau (de Vries, 1967) was used. Aithough this
method is highly simplified and ignqres such costs as administrative
o&erheads, profit aﬁd income tax, it nevertheless provides an acceptable

basis for comparative cost studies.



TABLE 32

Purchase prices of plant and equipment for log extraction

Price

Item Notes
$

42 H.P. forwarder 16,500
97 H.P. skidder 24,030

Loading boocm 2,600
40 H.P. Industrial tractor 3,900

Winch and skid frame

for bunching 300 1
97, H.P. skidder 24,030
40 H.P. industrial tractor 3,900

Safety canopy . 180

Half tracks 2,000 2
" Double drum winch 1,210

Skid pan . 300

1quote from a local manufacturer at Tumut.

Another single drum winch was quoted at $905.

2
quote of actual price unavailable.
- A reasonable estimate was used.
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TABLE 33

Cost data for log extraction plant
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Item Forwarder Skidder Industrial Skidder Industrial
with tractor tractor

loading for for
boom  bunching snigging

Purchase price $16,500 $26,630 '$4,200 $24,030 $7,590

Expected life -

(machine hours) . 5000 6000 4800 6000 4800

Fuel consumption

(gallons/hour) 1.5 2.0 0.6 2.0 0.6

Purchase price

of a set of tyres . $834 $1,529 $354 $1,529 $354

Expected life

of a set of tyres

(machine hours) 2000 2000 2000 2000 2000

Maintenance &

repair costs as

a percentage of ‘

depreciation 90% 70% . 70% 70% 75%

The cost of insurance is assumed to be 1 per cent of the average

capital investment. The annual cost of the interest on invested capital

is assumed to be 8 per. cent of the average capital investment. The

cost of fuel is 42 cents per gallon and the cost of oil is assumed to

be one tenth of the cost of fuel per machine hour.
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APPENDIX G

SAMPLE PLOTS FOR THE SAWLOG CUTTING STUDIES



TABLE 34

.Locations of the study plots

120

Study Plantation Compartment Age Cutters
plot (years)
number
1 Uriarra 122 29 1and 2
2 Uriarra 124 31 3 and 4
3 Uriarra 121 29 5 and 6
4 Pierces Creek 22 36 7 and 8
5 Murraguldrie - 13 40 9
6 Murréguldrie '33. 36 10 and 11
7 Carabost 6 39 .12
8 Carabost 6 39 13
9 - Mannus 92 - 32 14
10 Mannus 23 38 15 and 16
11 Green Hills - 60 33 17
12 Green Hills 60 33 18
13 Green Hills 62 33 19
14 Billapaloola 22 35 20
15 Billapaloola 29 33 . 21
16 Billapaloola 30 33 22
17 Billapaloola 22 35 23
18 . Billapaloola 1 39 24
19 Billapaloola 30 33 25
20 Billapaloola 30 33 26
21 Billapaloola 22 33 27
22 Jenolan 17 35 28 and 29
23 Vulcan 11 36 30 and 31
24 Mullion Range 39 36 '

32,33 and 34
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TABLE 35

Intensity of thinning

Study Basal area per acre - Basal area per acre
plot before thinning after thinning
number (square feet) ( square feet)
1 173 124
2 194 125
3 156 ’ 119
4 174 128
5 155 108
6 102 72
f 136 86
8. 130 90
9 123 57
10 193 104
11 187 134
12 162 126
13 ‘ 196 135
14 ' 172 ‘ 116
15 213 102
16 195 . 83
17 251 1124
18 181 120
19 146 ' 76
20 . 256 ' - 108
21 206 ' 116
22 - 139 100
23 ‘ _ 173 : 112

24 v 159 89
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TABLE 36

Measured stand variables

Study -~ Mean basal area Mean small end Predbminant " Mean
Plot per removed tree section area height merchantable
- number (square feet) (square feet) (feet) volume

(cubic feet)

1 1.01 0.24 115 31.4

2 0.98 0.22 120 32.3

3 1.02 0.28 124 33.5

4 1.34 0.32 121 45.3

5 1.73 0.37 111 55.8

6 1.07 0.30 99 28.8

7 1.38 0.27 130 51.8

8 1.10 0.28 114 34.2

9 . 0.83 0.31 121 23.7
10 1.56 0.47 122 49.3
11 1.16 0.36 126 37.9
12 1.29 0.33 129 45.9
13 1.19 0.38 106 32.7
14 . 1.34 0.35 128 . 47.5
15 0.64 0.37 110 : 12.4
16 * 0.75 0.38 111 16.4
17 0.85 1 0.26 131 27.6
18 1.91 0.53 117 | 61.2
19 0.89 - 0.30 111 24.5
20 - 0.94 0.34 105 24.2
21 0.95 0.28 107 26.5
22 1.50 0.28 110 48.9
23 1.79 0.37 113 61.4
24 1.13 0.21 103 34.4
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'TABLE 37

Measured stand variables

Study Number of trees  Number of trees = Ground Mean length
plot removed per acre slope of sawlogs cut
number  per acre before thinning (degrees) (feet)
1 49 157 14 13
2 70 159 131
3 36 127 7 10
4 34 | 101 | 4 11
5 27 81 2 15
6 28 79 12 18
7 36 87 14 14
8 36 101 11 21
s 79 127 2 22
10 57 101 1 15
11 46 131 3 15
12 - 28 | 101 5 15
13 51 | 157 8 15
14 a2 : 111 - 7 14
15 174 250 15 14
16 149 208 14 14
17 149 232 13 14
18 32 83 4 14
19 79 o 133 12 14
20 157 246 14 14
21 s 180 17 14
22 26 | 79 | 8 23
23 34 | 79 11 22

24 62 121 3 22
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APPENDIX H

DATA COLLECTED BY DETAILED TIME STUDY



TABLE 38

Mean element times

(in minutes per tree)

125

Element*

0.10

Study )

plot 1 2 3 4 5 6 7
1 0.32 0.27 0.05 0.70 0.00 0.19 0.34
2 0.01 0.24 0.04 0.43 0.00 0.03  0.56
3 0.0l 0.35 0.12 0.34 - 0.02 0.11 0.38
4  0.02° 0.32° 0.16 0.69 0.01 0.21 0.23
5 0.24 _p.46 0.19 1.01 0.06 0.26 0.32
6 0.27 0.21 0.14 0.53 0.0l 0.29 0.19
7 0.15 0.34 0.21 1.13 0.05 0.12 0.30
8 0.11 0.30 0.11 0.39 0.0l 0.19 0.28
9 0.21 0.29 0.19 0.65 0.01 0.27 0.21
10 0.78 0.30 0.27 1.56 0.02 0.22 0.38
11 0.17 0.28 0.16 0.5 0.04 0.13 0.22
12 0.13 0.31 0.18 0.47 0.01 0.23 0.34
13 0.05 0.28 0.23 0.99 0.00 0.19 0.17
14 0.00 0.43 0.35 0.84 0.07 0.00 0.36
15 0.05 0.20 0.10 0.29 0.00 0.12 0.12
16 = 0.03 0.20 0.13 0.40 0.00 0.07 0.14
17 0.16 0.29 0.34 0.54 0.00 0.19 0.22
18 0.00 0.28 0.30 1.22 0.08 0.12 0.23
19 0.00 0.18 0.24 0.34 0.00 0.06 0.13
20 0.24 0.15 0.15 0.39 0.00 0.11 0.08
21 0.00 0.24 0.19 0.47 0.00 0.18 0.17
22 0.00 0.50 0.21 0.57 0.02 0.03 0.4l
23 0.48 0.48 0.40 1.33 0.21 0.15 0.17
24 0.0l 0.22 0.07 0.52 0.00 0.37

* gee Table 15 (page 51).



TABLE 39

Mean eleinent times
(in minutes per tree)
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Study Element*
plot 8 10 11 12 13 14
1 3.92 0.20 0.30 0.77 0.25 0.89  0.84
2 4.22 0.00 0.05 0.69 0.02 0.86 1.63
3 3.00 0.09 0.08 0.69 0.22 0.48 0.82
4 3.90 0.31 0.18 1.00 0.51 0.67 .1.09
5 5.59 0.00 0.28 0.98 0.07 0.62 1.58
6 3.45 .0.20 0.18 .0.60 0.31 0.45  0.58
7 3.39 0.00 0.00 1.23 0.08 0.64 1.64
8§ 3.31 0.20 0.00 0.79 0.10 0.51 0.42
9 2.06 0.14 0.24 0.64 .0.29 0.40 0.71
10 4.15 0.39 0.24 .1.54 0.84 1.08 2.6l
11 2.50 0.14 0.24 0.6 0.19 = 0.59  0.63
12 3.62 0.12 0.36 0.76 0.18 0.80 0.73
13 3.67 0.23  0.29 0.62 0.19 0.57  0.68
14 3.82 0.05 0.38 0.77 0.0l 0.74 .0.86
15 0.76 0.11 0.19 0.25 0.09 0.31 0.24
16 0.99 0.05 0.24 0.27 0.04 0.32  0.32
17 3.29 0.20 0.31 1.05 0.13 0.88 0.63
18 4.13 0.17 0.38 0.84 0.11 0.82 1.28
19 2.16 0.07 0.21 0.46 0.07 0.43  0.37
20 2.06 0.09 0.15 0.33 0.17 0.29  0.39
21 2.60 0.26 0.34 0.82 0.24 0.65 0.59
22 4.16 0.07 0.32 0.90 0.04  0.64 0.5l
23 5.86  0.20 0.28 0.96 -0.19 = 0.45  0.95
24 4,81 0.02 0.47 0.95 0.16 0.85 O

»33

* see Table 15 (page 51

).



TABLE 40

- Mean element times
(in minutes per trees)
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Study - Element*
plot 15 16 17 18 19
1 0.00 0.28 0.46 0.42  0.45
2 0.00 0.00 0.44 0.12 0.36
3 0.00 0.09 0.00  0.17 0.69
4 0.01 0.26 0.46 0.33 2.73
5 0.29 . 0.26 0.83 0.33 4.11
6 0.23 0.09 0.20 0.08  4.05
7 0.16 0.13 0.97 0.48 6.38
8 0.08 10.08 0.46 0.05 3.85
9 7 0.03 0.29 0.14 0.17 1.50
10 0.14 0.13 1.24 2.81 6.45
11 0.28 0.29 0.31 0.07 2.37
12 0.11 0.23 0.37 0.00 2.54
13 0.08  0.38 0.45 0.56 3.56
14 10.32 1.24 1.03 1 0.00 3.29
15 0.04 0.19 0.18 0.03 1.10
16 0.07 0.27 0.37 0.24 - 2.29
17 0.12 0.48 0.52 0.03 5.76
18 0.22 0.43 1.06 0.26 1.45
19 0.05 0.68 0.65 0.00 0.79
20 0.09 0.49 0.32 0.09 1.46
21 0.06  0.40 0.55 0.25 -2.12
22 0.00 0.02 0.00 0.57 7.01
23 0.00 10.26 0.66 0.44 4.05
24 0.00 - 0.01 0.57 0.22 2.65

*gsee Table 15 (page 51 ).
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APPENDIX 1

SPECIAL STUDIES OF TRIMMING

Since trimmihg means cutting off branches with an axe as close
to the.stem as possible, it might be enalegous to sawing. If so,
then the time spent on trimming depends on the surface area cut.

To test this hypothesis, a regression of time per tree for the eiement.
"trim branches"” on the sum of squared diameters of branch knots
sampled on that tree was calculated from the data on each cutter. Of
thirty such regressions (Table 41), twenty five were significant at the
95 per cent level of probability.

The' coefficient of each regression in Table 41 was piotted
against the mean sum of squared diameters of safnpled branch knots.
per tree >for the study plot (Figure 9). Values of 'vthe regression
coefficient tended to decrease as branchiness increased implying
that the time spent on trimming depended on the aggregate thickness
of branches trimmed rather th_an their section area. Regressions of the -
time per tree speﬁt on the element "trim branches",oﬁ the sum of
diameters of sa}bmpled branch knots were calcuiated from the same
data. Twenty seven of the regressions (Table 42) were Signifieant at
the 95 per cent level of probability. Regressions of time per tree
spent on the element "trim branches" on the number of sampled branch

knots were also calci.llated but it was found that this measure of



~ TABLE 41
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Regression equations for effects of branchiness on
trimming times in minutes per tree

Coefficient in Il

Plot Cutter Constant - Number of
observations
1 1 2.94 0.068 (+0.020) 35
1 2 2.34 0.068 (+0.025) 15
2. 4 2.13 0.127 (+0.025) 63
3 5 2.25 0.069 (+0.012) 68:
4 7 3.14 0.038 (+0.014) 37
4 8 1.45 0.139 (+0.035) 18
5 9 ~2.80 0.091 (+0.094) 52
6 10 - 1.93 0.093. (+0.016) 59
6 11 2.45 0.088 (+0.023) 18
7 12 2.05 0.086 (+0.016) 60
8 13 2.01 0.120 (+0.016) 50
9 14 1.15 0.117 (+0.018) 64
10 15 2.81 0.088 (+0.028) 35
11 16 0.88 0.052 (+0.016) 11
11 17 1.15 0.078 (+0.009) 52
12 18 1.47 0.105 (+0.015) 53
13 19 2.27 0.079 (+0.011) 58
14 20 2.24 0.057 (+0.011) 51
15 21 0.89 0.021 (+0.010) 59
16 22 0.39  0.086 (+0.010) 58
17 23 2.10 0.081 (+0.01B) 59
18 24 2.18 0.068 (+0.012) 54
19 25 0.83 0.100 (+0.010) 60
20 26 0.92 0.077 (+0.010) 56
21 27 1.74  0.080 (+0.028) 56
22 28 3.92 -0.006 (+0.005) - 12
22 29 2.77 0.028 (+0.027) 23
23 30 2.69 0.047 (+0.010) 25
23 31 4.87 0.033 (+0.026) 25
24 132 2.60 0.085 (+0.040) = 18
24 33 1.82 0.057 (+0.041) 21
24 34 4.89 -0.002 16

(+0.043)

1 ' : :
where J is the surface area of sampled branch knots
per tree in square inches. ‘ ,



COE?FICIENT OF TRIMMING TIME REGRESSION
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TABLE 42

Regression equations for effects of branchiness on

trimming times in minutes per tree
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Cutter

Coefficient on Kl

Plot Constant Number of
observations
1 1 1.91 0.129 (+0.031) 35
1 2 1.98 0.094 (+0.045) 15
2 4 1.58 0.148 (+0.035) 63
3 5 1.76 0.103 (+0.016) 68
4 7 1.94 0.120 (+0.032) 37
4 8 0.84 0.173 (+0.063) 18
5 9 0.47 0.246 (+0.027) 52
6 10 0.88 0.171 (+0.025) 59
6 11 0.82 0.207 (+0.046) 18
7 12 0.97 0.142 (+0.019) 60
8 13 1.20 0.154 (+0.019) 50
9 14 0.61 0.185 (+0.021) 64
10 15 0.59 0.214 (+0.041) 35
10 16 0.18 0.109 (+0.023) 11
11 17 0.80 0.102 (+0.014) 52
12 18 0.86  0.152 (+0.021) 53
13 19 1.03 0.180 (+0.022) 58
14 20 0.80 0.147 (+0.023) 51
15 21 0.25 0.141 (+0.018) 59
16 22 0.24 0.124 (+0.012) 58
17 23 1.48 0.114 (+0.020) 59
18 24 1.49 ~ 0.126 (+0.025) 54
19 25 0.13 0.169 (+0.017) 60
20 26 0.34 0.162 (+0.018) 56
21 27 1.27 0.124 (+0.031) 56
22 28 1.91 0.076 (+0.034) 12
22 29 1.45 0.083 (+0.049) 23
23 30 0.70 0.155 (+0.027) 25
23 31 2.80 0.132 (+0.053) 25
24 32 1.96 ©0.121 (+0.080) 18
24 33 1743 .0.122 (+0.068) 21
24 34 3.65 0.050 (+0.113) 16

where K is the sum of sampled branch knot diameters

per tree in inches .
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branchiness did not affect trimming time as much as the sum of
diameters of éampled branch knots.

Having established that the aggregate thickness of branches
affected trimming time, a test was made to determine whether
differences in hardness or brittleness between dead and live
branches affected the time spent on trimming. The data on each
tree on which both kinds of branch were trimmed during the study
was used. If the majority of bran'ch knots in a sample were "live"
all branches in that whorl were classed as "live". The time spent on
trimming dead branches on a given tree was divided by the sum of
diameters of sampled dead branch knots. The mean difference between
these values for éll trees trimmed by a given cutter was divided by its
standard error and compared with tabulated values of Student's t-
statistic to test a null hypothesis. Twenty three of thirty such tests
listed in Table 43 showed significant differences at the: 95 per cent
level of probability. It was concluded that the rate of trimming dead
branches was the same as the rate of trimming live branches for
- radiata pine.

A regression of mean time per tree for the element "trim branches"
and associated unavoidable delays (ake sharpening aﬁd throwing aside
‘branches) on the mean sum of diameters of sampled branch knots was
calculated. The regression, based on 24 observations, was significant

at the 95 per cent probability level:- |



TABLE 43
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Differences in trimming dead and live branches of radiata pine
(difference in trimming time in minutes per inch of
sampled branch diameters along the merchantable

stem)

Plot Cutter Mean difference Standard Number of
per tree _error observations
2 4 0.002 (+0.046) 51
3 5 0.017 (+0.024) 62
4 7 -0.030 (+0.036) 29
4 8 0.018 (+0.035) 12
5 9 -0.028 (+0.032) 43
6 10 -0.081 (+0.035) 49
6 11 -0.142 (+0.058) 15
7 12 0.020 (+0.025) 48
8 13 0.014 (+0.026) 45
9 14 -0.001 (+0.053) 6
10 15 -0.130 (+0.111) 10
10 16 -0.128 (+0.104) 4
11 17 -0.101 (+0.036) 39
12 18 -0.039 (+0.039) 49
18 19 -0.137 (+0.046) 32
14 20 0.147 (+0.038) 40
15 21 -0.003 (+0.067) 8
16 22 -0.142 (+0.164) 13
17 23 0.004 (+0.074) 32
18 24 ~-0.022 (+0.050) 50
19 25 0.071 (+0.084) 25
20 26 0.070 (+0.042) 23
21 27 -0.015 (+0.036) 38
22 28 -0.101 (+0.035) 11
22 29 -0.025 (+0.024) 21
23 30 -0.098 (+0.028) 24
23 31 -0.187 (+0.041) 23
24 32 -0.165 (+0.050) 16
24 33 -0.072 (+0.047) 12
24 34 -0.099 (+0.055)

14
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T = 0.40 + 0.19 K
(+0.02)

where T denotes mean trimming time per tree in minutes
K denotes the mean sum of diameters of sampled
branch knots per tree in inches

Figure 10 shows the relationship and the data on which it
is based. Two investigafions have been made into relationships
between branchiness and tree dimensiqns of plantation grown
radiata pine in Australia. Both investigations used data from
young sfands in which initial spacing trials had been established.

From measurements of branch diameters on 36 eight year
old trees over a period of three years, Jacobs (1 938) found a
linear relationship between the section area of the stem at any
point in the live crown and the total section area of branches
abqve that point. The sample trees were equally distributed
arhong plots of three different spacings and though significant
differences were found between regressions for individual trees
‘in the same spacing, for pract'ical p_urposes'they could be replaced
by single regressions €xpressing an average for trees in the given
spacing. The regression for average branching in a 12 by 12 feet
spacing differed from the regressions for 9 ‘by 9 and 6 by 6 feet

spacings.
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During an assessment of 18 plots equally distributed among
six initial spacing treatments in 15 year old plantations, Cromer and
Pawsey (1957) measured the diameter of each branch between 8 and
15 feet above ground level on the northern side of nine tfees in each
plot. They found thaft meén branch diameter wés linearly relate(i to
breast height diameter and that whereas mean branch di.améter was
affected by épacing only to the extent that breast height diameter
was affected by spacing, the regression of 'mean branch diameter |
on breast he,ight'diameter was affected .by site, finer branching |
occurring on low »quality sites.

- The tf/vo results suggested ‘the éggregéte thickness of
branches on the merchant.;ible ste'm_m'ight be related to mean breast

height diameter and mean taper.



Element*

Element*

7
8
9
10
11
12
13
14
15
16
17
18
19

COVARIANCES AND VARIANCES OF ELEMENT TIMES

1

0.0345
0.0017
0.0018
0.0226
0.0005
0.0067
-0.0004
0.0291
0.0089
-0.0009
0.0151
0.0213
0.0079

0.0360

-0.0080
0.0021
0.0098
0.0725
0.0827

7

0.0114
0.0136
-0.0028
~0.0007
0.0107
-0.0001
0.0104
0.0240
-0.0065
0.0019
0.0034
0.0137
©0.0050
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0.0049
0.0024
0.0025
0.0007
-0.0012
0.0014

0.0038

-0.0007

0.0015 -

0.0029
-0.0017
-0.0008

0.0003

0.0040
-0.0002
-0.0003

0.0059

0.0369

8

0.2959
0.0107
0.0147
0.0125
0.0158

~ 0.0395

0.0495
-0.0055
0.0171
-0.0070
0.0405
-0.1367

|
OO OO0 0OO OO

[ L
OO O0OO0OO0OO0OO0OO

OO OO0 O0ODO0OOO0OOOoO

.0066
.0059
.0011
.0004
.0029
.0002
.0017
.0022
.0013
.0004
.0034
.0042
.0129
.0016
.0060
.0006
.0432

.0104
.0011
.0078
.0139
.0052
.0075
.0009
.0022
.0009
.0284
.0249

1

OO0 000000 ODOODOOOO O

ocoooOoO0OOOCOOO

.0481
.0010
.0040
.0003
.0299
.0083
.0005
.0201
.0174
.0058
.0544
.0060
.0009
.0321
.0692
.0936

10

.0145
.0021
.0001
.0100
.0206
.0104
.0018
.0017
.0018
.0177

0.0013
-0.0004
-0.0009

0.0020
-0.0005
-0.0006
-0.0018
-0.0016
-0.0038
-0.0027

0.0019
-0.0005
-0.0002
-0.0065
-0.0090

11

0.0548
0.0200
0.0211
0.0585
-0.0133
0.0220
-0.0305
0.0642
0.2118

O OO O0ODOOOOoO

0.
0.
0.
0.

0

0.
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0062
0026
0101
0042

0046

0L 0073

0.
0.
-0.
0.
-0.
0.
0.

0011
0054
0056
0010
0020
0080
0178

12

.0219
.0110
.0376
.0096
.0065
.0013
.0728
. 0447
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Element* 13
13 0.0387
14 0.0239
15 ~-0.0066
16 0.0154
17 0.0007
18 0.0493
19 0.0224

Element* 19
19 3.2050

OO O OO Oo

14

.2187
.0219
.0557
.0006
.1432
.0971

15

0.0103
0.0114
0.0313
-0.0317
-0.0689

~*see Table 15 (page 51)

16

0.0695

0.0086

0.0189

17

0.0754
0.0458
0.0259

137a

18

0.3115
0.3245
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APPENDIX K

VARIANCES OF PRODUCTS AND QUOTIENTS

The following derivations were suggested by Dr.I.S.Ferguson

of the Department of Forestry, Australian National University:

Given a product V = M x N f M,N),

the Taylor expansion about its mean V is

= L df df
V + dv = f(M, N) + dM dM + dN dN + ¢ e e 000

Ignoring squares of small moments in M and N,

dv = dM N + dN M.
"Now 0_\2] = E(V -'\‘7)2

= E(dv)*

= E(dM N - dN M)2

= E(dMZNZ + dN°M

2

2 2 dMdN N M)

2

= EM-MEN +EN-NPME-2E(M-M) (N-N) N M

_ 2 2 2 2 ¢
_Q-MN +0'NM _2¢MN~NM
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Given a quotient P = lT/- = f(V,T),

the Taylor expansion about.its mean P is

’S _ df daf
P + dp = f£(V,T) + dv v + 4T a7 S U .
Ignoring the squares of small moments in V and T
dP = dv L -: dT ;\',:
T 2
T
Now c)'IzJ =-E(P —-l;)2
= E@p)”
_ 2
= E@ s - dar L)
‘ T 20
2 1 2 v? v
= E(dv™ — + 47" =, - 2dvdTrT —-))
e =, 4 3
T - T T
' , . 2 .
= Ev-9? L +er-D? L, -2BW-V) @-D
o T T T
BT "
Vsz B T T4 X “NT T3
2 2 2 .2
) O;I T + O‘T vV - Z%T VT
A

2 2 2 .2
‘0-2= 0{] T + c-T \Y
P T4

This relationship is reliable for samples greater than 30 individuals

and for and 5 0.01

il o1
LA T
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-APPENDIX L

COSTS OF CHAIN SAWS

TABLE : 44

Chain saw costs varying with purchase price

Item o Purchase price

$200 $300 $400

Resale value $ 0 $ 0 $§ 0
- Expected life (machine hours) o 1,000 1,000 1, 006
Annual insurance : , .8 26 $ 40 $ 54
Fuel price (cents per. pint) 6 6 6
Fuel consumption (pints per .
machine hour) 23 3 31
0il price (cents per pint) 15 15 15
0il consumption (pints per -
 machine hour) ' 13 13 13
Initial éutlay 1 $» 10 §$11 $ 13

~ The initial outlay is the cost of a supply of fuel and oil
which a cutter must outlay before he can commence to earn.money
- with his chain saw.. It is taken into account when calculating the cost
of interest on invested capital. The interest rate is 8 per cent per
annum. : . : : -
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TABLE 45

Chain saw costs varying with the length of cutter bar

Item Cutter bar length

20 inches 30 inches

Price of a chain and sprocket -$§ 25 $ 31

Total cost of chains and‘ sprocketsl. : :
during the expected life of the saw ' $400 $500

Cost of files during the expected life _
of the saw $ 25 $ 25

The cost of repairs Emd'maint'enance other than chains, sprockets
and files is 20 per cent of the depreciation costs.



