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SUMMARY

A 75 kW skidder and five 100 cm
(43") wide tyres were imported for
trials in New Zealand. The
machine and tyres were evaluated
over a ten-month period in nine
forest locations throughout the
North Island.

The project was designed to
measure the difference between
wide and narrow tyres in con-
trolled experiments and in long-
term production studies. Tyre
wear and damage was also
monitored.

The controlled experimentals ex-

amined the effects of the two dif-

ferent tyre types on the soils,
and the effects of the tyres on
various machine activities, e.q.
climbing ability, traction, fuel

consumption etc.

Soil compaction studies were con-
ducted in Maramarua and Mangatu
forests. There was very little
difference between the compactive
effect of wide and narrow tyres in

the soil conditions experienced.

The machine passes done in the
compaction tests were also used to
measure surface rutting and wheel
slip. Other surface rutting tests
were set up in Tarawera Forest.
There was little difference in
rutting between wide and narrow
tyres on flat ground, but wide
tyres caused less disturbance when
travelling uphill. Wide tyres
also caused less rutting on scoria
soils with slopes up to 26% and on
highly erodible soils at Mangatu.
Test results were difficult to in-
terpret because soil moisture was
variable.

The wide tyres had less wheel slip
than narrow tyres in most circum-
stances. This would have in-
fluenced the degree of rutting
that occurred.

Tractive capacity tests were done
on a flat gravel surface at Man-
gatu forest. A crawler tractor,
connected to the skidder winch
rope through a load cell, was used
to apply a pre~determined load.
Two different tyre pressures were
tried in the wide tyres. The wide
tyres had less slippage than the
narrow tyres under all loaded con-

ditions. As the load increased,
the difference between wides and
narrows became greater. The wide

tyres inflated to 103 kPa had more
traction than they did at 69 kPa.

Climbing tests were set up in Kin-

leith, Kaingaroa, Matahina, Wood-
hill and Tarawera Forests. Other
extraction machines in the

vicinity were tested if available.
The wide tyred skidder could con-
sistently climb further up the
slopes than the other rubber tyred
skidders tested. The same skidder
on narrow tyres also performed
well in the climbing tests.
Tracked machines could climb fur-

ther than the rubber tyred skid-
ders.
The stability of the skidder on

side slopes was recorded in both a
structured test and in production
situations. The wide tyres made
the skidder very stable on steep
side slopes, even when travelling
over stumps and slash. Wider than
normal axles made the test skidder
more stable than other skidders of
similar capacity i.e., even when
on narrow tyres.
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Attempts were made to determine
the stopping ability of the skid-
der on the two different tyre
types. The wide tyres did not ap-
pear to offer any advantages over
the narrows.

In two forests, Tarawera and Man-

gatu, controlled fuel consumption
tests were run. The wide tyres
offered no advantage over narrow
tyres in the scoria soils at
Tarawera. Heavy rain between
tests at Mangatu rendered the

results there invalid.

Tests to determine functional dif-

ferences between the two tyre
types were also conducted. The
turning circle of the wide tyres
was 30 cm wider than the narrow

tyres. Spacers had been installed
in the skidder steering rams to
prevent the wide tyres from touch-
ing during turns. This would have
affected the turning circle.

Machine stability when winching
was tested and it was found that
the skidder was more stable on

wide tyres, although similar line
tensions could be achieved with
either set of tyres.

The
compared the performance
skidder on the two tyre types.
Data was collected 1in detailed
time studies and on a daily basis.

long term production studies
of the

The intention had been to compare
the relative productivity and fuel

consumption under similar condi-
tions in each forest. However in
most studies there was too much
variation 1Iin piece size between

the wide and narrow tyre studies
to make meaningful comparisons.
Overall the wide tyres were as
productive as the standard size,
with higher unloaded travel
speeds, particularly on steeper
slopes, reflecting improved
machine stability. However these
advantages were offset by reduced
manceuvreability and increased
bladework. The wide tyres showed

higher production on c¢lay soils,
whereas the narrow tyres performed
better on pumice and scoria seils.

Comparing fuel consumption for the
whole trial period, the skidder
with wide tyres used 8% less fuel
per productive machine hour than
it did with the narrow tyres.
When fuel consumption was related
to m* produced, the fuel saving
was 10%.

The wide tyred skidder was not
considered suitable for +thinning
on steep slopes because it was
difficult to control when travell-

ing over slash and loose tops.
Operator safety and damage to
residual stems were the main con-

cerns in this application.

Unusually dry weather conditions
had a detrimental effect on the
project. In most situations,
ground conditions were more stable
and soil was much firmer than ex-
pected, particularly in Ngaumu and
Mangatu forests. The net result
was that the wide tyres offered no
advantage over narrow tyres in
machine performance, and there was
little if any difference in soil
disturbance or compaction between
the two tyre types.

Wide tyres on skidders could have
application in New Zealand where
swampy or consistently wet areas
are being logged, e.g. West Coast
of the South island and some of
the forests in low lying clay
areas, such as North Auckland,
Masterton and parts of the East
Coast where flotation may be as
important as traction. Benefits
could also be realised using wide
tyres in sand forests such as
those found in the Northland and
Wanganui areas.

One of the most impressive fea-
tures of the wide tyres in the New
Zealand trials, was the stability
they gave the machine on side
slopes. Where an operation involv-
ing large amounts of cross slope
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travel is envisaged, wide tyres
could offer considerable advan-
tages. It must be remembered
however, that their climbing
ability, while being superior to
narrow tyres, was not as good as
track mounted machines, and could
be affected by the concentration
of slash on the ground.

Further trials under more adverse
conditions would be essential
before wider implementation of
wide tyres on skidders is con-
sidered. Recommendations are made

to narrow down the scope of future

trials to a smaller number of
forests and a more uniform tree
size. This would enable a machine

better suited to the requirements
of the job to be selected. It 1is
suggested that timetables should
be flexible to allow for abnormal
weather conditions, and that local

constraints likely to restrict
production be identified and
sorted out before the project
starts.

The concept of using a working

group to control the project, with
LIRA as the administrative agent,
worked successfully and is recom-
mended for other trials. Employing
one operator for the whole project
also proved successful in reducing
the amount of time lost through
training and familiarisation.
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INTRODUCTION

Wide tyres have been used on skid-
ders working in sensitive terrain
in the United States and Canada
since the late seventies. Con-
siderable research has gone into
the use of these tyres and
manufacturers have responded by
producing a range of different
sizes and constructions for a
variety of applications. Claims of
significant improvements in
productivity, combined with reduc-
tions in fuel consumption,
prompted interested companies in
New Zealand to investigate the use
of wide tyres in this country.

Three major companies (New Zealand
Forest Service, NZ Forest Products
Limited and Tasman Forestry
Limited) formed a Working Commit-
tee using the New Zealand Logging
Industry Research Association
(LIRA) as the coordinating body.
Two other companies, Henderson &
Pollard and Dunedin City Council
also made a financial contribution
towards the +trials. The Harvest
Planning Group of the Forest Re-
search Institute (FRI) was asked
to do the soil impact analysis and
the production =tudies.

A 75 kW (94hp) John Deere cable
skidder (equipped with standard 63
x 23.1-26 tyres), and five wide 66
x 43-25 tyres (see footnote) were
imported for the trials. Each com-
pany was responsible for arranging
suitable test sites and the neces-

sary crew and equipment to run
their trial. The machine was
evaluated in nine forests

throughout the North Island of New

Zealand with a wvariety of dif-
Footnote 1.

Tyre sizes expressed as : Outside
tyre diameter (in) x Width (in) -

Rim diameter (in) e.g. 66 x 43-25.

ferent ground conditions and soil
types. One skidder operator was
employed for the 1l0-month project.

The Project Manager liaised with
individual company coordinators to
control the day-to-day running of
the trials. Wherever possible the
wide tyred skidder was used to re-
place existing machinery in an es-
tablished operation. It worked in
both company and contract crews in
the following situations:

(i) Clearfelling radiata old
crop.

(i1} Clearfelling thinned Douglas
fir.

(iii) Thinning radiata.

{iv) Clearfelling radiata new
crop.

Detailed records of terrain types,

number of pieces extracted, fuel
consumption, tyre damage, hours
worked etc., were kept on a daily
basis. Where considered neces-

gsary, intensive production studies
were undertaken to closely monitor
performance. The machine was tried
on both wide +tyres and narrow
tyres in each area and in some in-
stances the regular extraction
machine was also studied, for com-
parison.

This Report describes the trials
and summarises the results.

BACKGROUND

of wide
back as

Research into the use
tyres in logging dates
early as the 1960's. But it was
not wuntil 1979 that any ©real
progress was made. The Forest En-~
gineering Research Institute of
Canada (FERIC) began an intensive



-2-

effort to improve the performance
of skidders on soft, sensitive
terrain and a four-year research

program was undertaken. Mellgren
and Heidersdorf (1984) reported on
the early trials with Rolligon 54
X 68-18 tyres at Kapuskasing, On-
tario. This area falls within the
Northern Ontario c¢lay belt which
is characterised by deep organic
soils, "black muck", overlaid with
a thin root mat.

The Rolligons were compared with a
set of 65 x 23.5-34 Trelleborg
tyres and a set of 68 x 34-26
United tyres. Even with a 24 - 32
cm diameter disadvantage, the Rol-
lingons (on the same machine)
still showed a 20 - 25% fuel
saving with no appreciable ground
disturbance. Practical skidding
comparisons set wup in the same
area recorded 61% higher produc-
tion per PMH, while fuel consump-
tion was 41% lower with the Rol-
ligon tyres fitted.

Morley (1982) reported on similar
experiments in Iroquois Falls, On-
tario, with United Super Muskeg
tyres. Productivity gains of up to
5.9 m* per PMH were recorded,
resulting in an overall saving of
$US4.34 per m*. At that stage,
(early 1580's), Goodyear and
Firestone were also developing
“over-width" tyres for logging.

FERIC continued their research
with comparisons of conventional
71 x 24.5-32 tyres, Firestone 66 x
43-25's, Rolligon 54 x 68-18’'s and
United’s "Swamper" 68 x 50-32
tyres. Once again the Rolligons
were superior to the other two.
The United tyres required modifi-
cation before they would perform
satisfactorily.

By 1983, FERIC were satisfied that
they had progressed as far as they
could with improving machine per-
formance in the black spruce
swamps, so they turned their at-
tention to other applications for
the tyres. Mellgren and
Heidersdorf (1984) reported on
trials with United "Super Muskeg"
68 x 50-32 tyres which were com-
pared with 67 x 23.1-26 tyres. A
16% increase in speed and as-

sociated 18% reduction in fuel
usage was recorded on slopes of up
to 24%. The soil was wet clay
loam, incorporating sand, silt and
clay.

Later in the evaluation, some
United "Super Swamper" tyres were
also tested. The results showed
that conventional tyres with
chains fitted lost traction when
trying to climb up slopes of 28%.
The "Super Muskeg" tyres could

climb slopes of between 28 and 34%
and the “Super Swampers" climbed
onto 40% slopes (Note: "Super Mus-
keg tyres have a shallow lug,
designed primarily for swamp
work) . Sideslope stability was
much greater with wide tyres. The
"Super Muskeg" and "Super Swamper"
tyres handled slopes of 40 and 44%
respectively compared to 30% with
conventional tyres.

About this time, Weyerhaeuser Com-
pany in the US, were trying wide
tyres in their operations. Jackson
(1982) described trials with
Firestone 66 x 43-25's in Arkansas
which returned 20% increases in
productivity on moderate to wet
soils and a 15% improvement on
slopes up to 20%. A second +trial
with United "Super Swampers" in
the Twin Harbours region recoxrded
a 31% increase in productivity in
wet conditions but a 5% decrease
in performance on slopes (up to
20%). Severe ground disturbance,
i.e. ruts deeper than 15 cm, was
reduced by between 18 and 50%.

Trials in Weyerhaeuser’s QOklahoma
operations found the Goodyear 66 x

43-25 tyres prone to excessive
wear and the evaluation was aban-
doned, but in North Carolina,
these tyres had a 58% higher
travel speed than 68 x 34-25's on

slopes of 15-26%. The recommenda-
tions from these trials were that
66 x 43-25 +tyres be used on wet
soils and ranging from 15 to 40%.

The impact of rubber tyred skid-
ders on soils has been recorded in
many sources, (Mace, 1571;
Campbell et al 1973; Dickerson,
1576; Hassan, 1977). These inves-
tigations have recorded physical
changes in soil properties, e.qg.



increases in bulk density and ex-
posed mineral soil, and decreases
in macrcopore space, infiltration
rates and organic matter. An in-
crease in bulk density increases
the strength of the soil causing
increased resistance to root
penetration. Studies have shown
that tree growth on skid trials is
slower than on undisturbed ground
(Moerhing and Rawls, 1970; Hatchel
et al, 1970; Froehlich, 1979; Mur-
phy, 1983; West and Thomas, 1981).

Field observations have shown that

tree root density is reduced in
compacted skid trials (Wronski,
1984; Jakobsen, 1983). Highest

compaction occurs in the top 30-40
cm of the soil profile which nor-
mally contains 70-90% of the root
mass of the forest (Wingate-Hill &
Jakobsen, 1982). It has been sug-
gested that root penetration can
be severely restricted when soil
is compacted above 3000 kPa
(approximately 30 kg/cm?) (Sands
et al, 1979). Tree growth can also
be affected by ground disturbance
and skidder operations have been
known to displace or remove be-
tween 11 and 30% of the organic
matter in a logging area (Murphy,
1982 & 1984). Organic matter is
important for maintaining
favourable soil structure in sandy
soils and it also affects the
water holding capacity and in-
filtration of soils.
&  reduction in soil infiltration
may increase water run-off and
result in poor aeration through
puddling and waterlogging. The top
30 cm of a so0il profile should
have a high hydraulic conductivity
and high water storage capacity to
minimise the effects of short
duration high intensity rainstorms
(Wingate-Hill & Jakobsen, 1982).

Increasing tyre width has the
potential to reduce wheel slip,
tyre sinkage and ground compaction

and increase travel speeds,
operator comfort and safety
(Wingate-~Hill & Jakobsen, 1982:

Radforth, 1978). Models are avail-
able to assist in making tyre
width versus performance com-
parisons (Olsen & Gibbons, 1983;
Iff et al, 1982; Hassler et al

-3=

1983). These models are based on
performance equations (Wismer &
Luth, 1972) and wheel sinkage pre-
dictive equations (Freitag &
Richardson, 1967). They all show
improved performances using wide
tyres on soft or steep ground.

Theoretical equations to calculate

the distribution of ground pres-
sure for skidders (Lysne & Bur-
ditt, 1983; Froehlich et al,
1380), show that +the maximum

ground pressure of a loaded skid-
der is the best indicator for pre-
dicting compaction. Other models
(Wronski, 1985; Pollock et al,
1984), concluded that the use of
wider tyres would help to reduce
soil compaction.

A series of studies were conducted
at the National Tillage Machinery
Laboratory, Alabama, to determine
the effects of tyre size, infla-
tion pressure, wheel slip and num-
ber of passes on soil compaction.
The facility allowed testing of
individual wheels in large bins
where soil type, moisture content,
wheel loads, inflation pressures
and wheel slippage could be con-
trolled. It was found that tyre
slippage had a greater influence
on soil compaction than tyre size
(Koger et al, 1982), although
higher ply ratings of the larger
tyres had influenced the bulk den-
sity readings. There was no sig-
nificant difference in rut depth.

Compaction was greatest at wheel
slips of 20-30% (Raghaven et al,
1978). Traction and performance of
oversize tyres was improved by
operating them at the minimum
recommended inflation pressures
(Burt et al, 1982), so tyre pres-
sures could be adjusted +to suit
the soil conditions (Bailey &
Burt, 1981). The largest change in
bulk density values were found to
occur in the first machine pass
(Koger et al, 1982), and clay
soils were the most susceptible to

bulk density increases, followed
by sandy loams and loamy sands.
Lowering tyre pressures and in-

Creasing tyre size (either width
or diameter), would decrease the
amount of change in bulk density.
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Comparisons made in the field have
generally recorded reductions in
the amount of disturbance to low
strength organic soils (Mellgren &
Heidersdorf, 1984). On silt loam
soil, tyre width and number of
passes had the most significant
effect on bulk density.

A study conducted in Floyd County,
Georgia, in the Southern Ap-
palachians, was set up to deter-
mine the effects of tyre width on
soil compaction (Green et al,
1983). The soil compaction of a
range of tyre configurations was
measured, i.e. 16.9-26 Firestones
to 68 x 34-26 United tyres. The
research was aimed at determining
what effect wider tyres with lower
ground pressure had. It was found
that in dry soils, only limited
compaction occurred in three to
ten passes and that tyre size had
little influence.

When the soils were wetter, i.e.
approaching their plastic limit,
significant compaction occurred in
the first three passes, but again
after that further compaction was
gradual. Three different machine
sizes were tried in this study and
it was found that even with a 12.1
kPa increase 1in ground pressure
(due to the heavier machine) no
significant difference was ap-
parent when using the same tyres.
Using larger width tyres on the
same machine did reduce soil com-
paction on moist soils.

Information Bul-
letin, Porter (1983) identified
the different applications for
wide tyres. The soft "Muskeg" type
tyre with minimal 1lug depth and
very flexible carcass was designed
for use 1in swamplands or where
minimum ground pressure was criti-
cal, e.g. Ontario clay belt. The
less flexible carcass with deeper,
more aggressive lug was Dbest
suited to situations where both
flotation and traction were neces-
sary, e.g. South Eastern US. It
had been found that on firm dry
ground, the wide tyres would take
more horsepower to drive than con-
ventional tyres.

In a Production

Skidder axles alsc have to be

beefed up to withstand the greaterx
stresses imposed on them when
using wide tyres. The additional
forces that are generated, occur
further out from the machine
centre which causes increased
bending on the axles. In sone
situations, operators have noticed
difficulty turning with wide tyres
on.

MacMillan Bloedel Limited carried
out some trials on Vancouver Is-
land with Goodyear 66 x 43-25 and
63 x 23.1-26 tyres and Firestone
66 x 43-26's and 66 x 50-26's
(Sauder, 1985). The tyres were
tested on John Deere 640 cable
skidders on four of the sites and
on a John Deere 540 in the fifth

site. The conditions ranged from
flat swampy ground, to slopes of
up to 35%. Stand stocking levels

varied from 150 to 753 m®*, and
skidding distances from 60 to 240
m. While performance differed
markedly from site to site, i.e.
9.7 m* per PMH to 30.2 m* per PMH,
predicted shift production was es-

timated at 125 m*, or 21 m® per
productive machine hour.
Tractive capacity tests were also

set up to measure the difference
in tractive efficiency between
wide and narrow tyres. Tyre pres-
sures were varied during these
tests to find out what effect tyre
pressure had on traction. The
results showed that the wide tyres
had greater traction than the naxr-
row tyres and that lower pressures

(69 kPa) resulted in less slip-
page. The 127 cm (50") tyres were
prone to Dbouncing and eventually

spinning out during the maximum
load tests. The Goodyear tyres
showed substantial signs of wear
after only 1100 hours and it ap-
peared that the 23 degree 1lug
angle of the Firestone tyres gave
better traction in slippery condi-
tions.

The evaluation concluded that the
wide tyres offered considerable
advantages when climbing on slopes
and had good side slope stability
on slopes as high as 35%. Perfor-
mance in soft wet ground condi-
tions was far superior to the nar-
row tyres and the machines were



more
wide

stable when winching with
tyres on. One major disadvan-
tage noted was the loss of trac-
tion on slash and loose tops due
to the fact that the tyres could
not penetrate through to firmer
ground.

Generally, it was found that the
wide tyred machine was hampered by
stumps and wet debris on steeper
slopes. Where tracking was
required, it was necessary to put
in wider tracks. Soil bulk density
samples were taken during the
study, and only one site showed
any significant difference, i.e. a
2% increase after 20 passes and a
10% increase after 100 passes.

The Society of Automotive En-
gineers compared the advantages
and disadvantages of wide tyred

and dual tyred combinations on log
skidders (Jenson and Klaas, 1985).
The various tread designs were
identified for muskeg swamps, low
strength soils, general forestry,
and boggy areas where traction is
the most important consideration.
Dual tyres offer similar advan-
tages to wide tyres and are easier
to convert back to the narrow con-
figuration. They do have some
drawbacks, such as slash build-up
between tyres and the sidewall in-
teraction between the tyres if
they are close together. Effective
ground pressures for singles,

wides and duals had been listed
For 75 to 90 XW skidders, and a
scoresheet presented to give a

guide to optimum productivity and
cost according to tyre price,
flotation, traction, mobility,
requirements etc.

An article
Zellerbach’s tree farm
in Veronia, Oregon (Forest In-
dustries, 1985), reported on the
performance of a 518 Cat skidder
fitted with a swing-boom grapple
working in Douglas fir. The
machine had 67.7 X 41.4-26
Goodyear Terragrip tyres and could
extract up to 220 pieces in an
eight-hour day on wet soils.

Crown
operation

about
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A Grande Prairie contractor in Al-
berta had been using 44" tyres on
his Cat 518, and recorded reduc-
tions in fuel consumption of up to
20% per m* produced (Westergaard,
1985). The wusual logging season
was extended from just winter
months, when the ground was
frozen, to all year long. Even
with longer cycle times and
restricted manoeuvrability,
machine productivity with wide
tyres was still higher than con-
ventional tyres because the
machine could handle a larger
drag. Two disadvantages found were
the poor performance in snow and
the difficulty (and cost) of in-
stalling chains.

An unpublished report
perience with wide
Southern US (Simpson, 1985), docu-
mented some of the operational
problems users had come up against
there. The Firestone 66 x 43-25
12/1 tyres with the 23 degree lug
angle was recommended for the New
Zealand trials. These tyres were
generally used where traction was
a higher priority than flotation.
Rim slippage and operator abuse

on  ex-
tyres in the

were noted as the main cause of
failures.

By 1986, the Spruce Falls Power &
Paper Co. in Kapuskasing had over

40 units operating with wide (43"
plus) tyres (Heidersdorf, 1986).
The most recent comparison showed
that wide tyres on a machine with
5% less power, produced 15% less
wocd, but had a cost differential
of only 5% more, and a much lower
ground disturbance.

It was noted that Canada had over
400 wide tyres working on logging
machinery in 1986 and predicted
that the population would grow to
nearly 1600 by the end of 1987.
There was considerable application
for the wide tyres on slopes above
40% where they displayed better
gradeability than conventional
tyres, even with chains on. Slip-
page on slash was highlighted as a
problem.



OBJECTTVES

The objectives of the project. can

be divided into three categories;
Controlled Experiments, Long Term
Production Studies, and Tyre
Monitoring.

Controlled Experiments

These were designed to measure the
capabilities and effect of the
wide tyred skidder through con-
trolled tests. The following tests
were proposed.

1. Compaction tests: to deter-
mine the soil compaction
caused by the loaded machine.
Specific consideration was
given to;
~ Soil type;

-~ S0il moisture;
- Number of passes;

Direction of travel;

Slope.

2. Wheel rutting: to measure the
amount of ground disturbance
caused by successive machine
passes, again considering;

Soil type;

- Soil molsture;

- Number of passes;

- Slope.
3. Wheel slip: to compare wheel
slip under varying ground

conditions and gradients.

4, Stopping tests: to compare
the stopping ability of the
machine, recording the
following;

- Loaded and unloaded
condition;

- Total distance to stop;

- Amount of machine slide;

- Operator control.

5. Climbing ability (unloaded):
to determine the maximum
slope the machine can climb
in both forward and reverse

directions. The following
parameters to be measured;
- Soil type;
- S0il moisture;
- Slope; '
- Limiting factor.
6. Side slope stability: to
determine stability when

travelling loaded and unloaded
on side slopes of increasing
angles.

Long Term Production Studies

The objective in these studies was
to collect data on machine produc-
tivity and costs to determine
whether the wide tyres offered any
advantages over narrow tyres. The
information was to be collected in
two ways:

1. Daily Production monitoring:
recorded by the operator at
the end of each shift,
including;

- = Number of pieces;
- Number of cycles;
- Distance travelled;
- Ground conditions;
- S0il conditions;
- Weather conditions;
- Fuel used.

2. Detailed studies

recording;

Extracted piece

haul volume;

Average haul distance;

Cycle times;

Slope and ground conditions.

production

size and

Tyre Monitoring

Regular inspections for tyre wear
and damage, to establish the ex-
pected life of the wide tyres.
Parameters recorded were;

~ Tyre pressure;

- Rim slippage;

- Lug profiles;

- Tyre damage.



MACHTNE DESCRIPTIOCHN

In November 1984, +tenders were
called for the supply of a 67 to
75 kW skidder, fitted with 110 cm
wide tyres. This particular size
of machine was chosen because it
was anticipated that it would be
capable of handling the expected
tree size to be logged and yet
still have the wversatility to
operate in +thinnings. Four com-
panies responded with the follow-
ing machines:

- Timberjack 225A, 64 kW
(NZ Motor Holdings Limited)

- John Deere 540D, 75 kW
(Lees Industries Limited)

- Caterpillar (Cat) 518, 90 kW
{Gough Gough & Hamer Limited)

- Tree Farmer C7, 64 kW
(Cable Price Limited)

The John Deere 540D skidder was
selected and an order placed with
Lees Industries in April 1985. The
main reasons for choosing the John
Deere skidder were:

- Deere & Co had the most ex-
perience with wide tyres on
their machines;

- The 540D had heavy duty axles
fitted as a standard option;

- The machine could be imported
fully built up without incurring
heavy import tariffs (imposed by
the Government at the time);

- John Deere machines have a
manually operated differential
lock which is a big advantage
when turning with wide tyres on;

Fitting of the wide 66 x 43-25 tyres to the
John Deere skidder, Kinleith
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- The 540D model has a direct
drive, power shift drive
train which is known to offer
more efficient transmission
of engine power;

are inboard
the
in

- The planetaries
mounted which reduces
amount of heat build-up

the tyres, a common problem
with outboard mounted
planetaries;

- It was competitively priced.

540D is a 75 kW
turbo-charged
eight speed

The John Deere
four cylinder,
diesel skidder with
forward and four speed reverse
with power shift transmission.
Braking is achieved through a wet
disc system acting on the front
axles and being transferred to the
rear axles through the transmis-
sion. The machine ordered had 54
(loader type) heavy duty axles
fitted which were 300 mm wider
than the standard S3 axles.

Equipped with standard 63 x 23.1-
26 tyres, the skidder weighed 8.76
tonnes and was 2.93 m wide.

On the wide +tyres +the skidder
weighed 9.00 tonnes and was 3.74 m
wide. The winch has a line pull of
118 KN at bare drum, and can take
31 m of 19 mm rope.

One operator was employed for the
duration of the trial. He had been
driving a 70 kW skidder for the

previous three years in Dboth
clearfelling and thinning opera-
tions and held a Senior Loggers
Certificate. (NZ Logging & Forest

Industry Training Board Certifi-
cate Scheme).

The skidder was fitted with a 24
hour tachograph, and hubodometers
were installed on both front and
rear axles. A tank-mounted flow-
meter was used to monitor fuel
usage.

TYRES

Five Firestone 66 x 42-25 Flota-

mounted on
were oOr-

tion 23 logger tyres,
single piece Webco rims
dered with the skidder.

Figure 2 :

A Webco single piece rim
with bead, locking rim and cover plate

Figure 3 : One of the Firestone
66 x 43-25 tyres



The Firestone 66 x 43-25 is a 109
cm wide steel belted tyre with a
10 ply rating. It is a tubeless
tyre which has an overall height
of 167.6 cm and an inside rim
diameter of 63.5 cm. The lug angle
of the tyre is 23° and the tread
depth 50 mm.

The recommended operating pres-
sures were; 110 kPa (16 psi) mini-
mum, to 220 kPa (32 psi) maximum.

CONTROLLED

This section includes the
tion, wheel slip, wheel rutting,
stopping, c¢limbing and side slope
tests. For these tests, the skid-
der was taken out of the produc-
tion situation. The operator was
required to assist with the field
measurements and data recording.

compac-

For the compaction, rutting and
wheel slip tests, towing logs, as
in a normal extraction operation,
would have made identification of
the wheel ruts difficult. To simu-
late a loaded condition for the
skidder, concrete and steel
weights were constructed and
suspended beneath the fairlead,
(see Figure 4).

For most of the controlled tests,
the differential lock of the skid-
der was engaged and the ap-
propriate gear for the terrain and
conditions selected. Wherever pos-
sible, a rolling start was used to
begin the tests.

SOIL. COMPACTION

Introduction

The purpose of these tests was to
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Before the tyres were installed on
the skidder, each rim was marked
at the valve stem with a number
from one to five. This number was
used to note the location of the
tyres on the skidder i.e. front or
rear. Tyres two and three were
mounted on their rims for right
hand operation, and tyres one,
four and five were mounted for
left hand operation.

The cost of the five tyres was
$NZ43,495 (August 1985).

EXPERIMENTS

investigate the soil compaction
caused by wide and narrow tyres on

two different soil types. The
parameters considered were:

- Slcpe;

- Direction of travel;

- Number of passes;

- Soil moisture.

The two sites selected, in
Maramarua and Mangatu Forests,
were considered difficult to log

with skidders, mainly due to their
susceptibility to compaction
(Murphy & Robertson, 1984).

Site Description

The so0il type of Maramarua forest
is Mangawhean sandy clay loam hill
soll (44 <cH) (NZ Soil Bureau,
1984), derived from shattered
greywacke. The average annual
rainfall of 1271 mm (Anon, 1973)
contributes to the water-logged
conditions experienced for many
months of the year.

The Mangatu soil is Wanstead clay
loam hill soil (23 aH) (NZ Soil
Bureau, 1984), which has been

derived from interbedded marine
sediments and wvolcanic ash. The
presence of bentonitic clay crush
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Figure 4 :

The wide tyred skidder with weights attached,

on one of the plots at Maramarua Forest

zones increases the susceptibility
of this so0il to slumping, sheet
erosion and slipping. The annual
rainfall is 1320 mm.

devised the
categories for

Gage & Black (1979)
following terrain

Mangatu Forest, based on slope,
stability and geological and
geomorphic factors:

- Class 1; Stable surfaces on ter-
tiary rock.

- Class 2; Stable surfaces on
cretaceous-to-paleocene
rock.

- Class 3; Very deep slumps in
tertiary rock.

- Class 4; Older flows and
moderately deep slumps
in cretaceous-paleocene
rock.

- Class 5; Younger flows and

moderately deep slumps
in cretaceous-paleocene
rock.

Class 6; Active flows, slumps,

and eroding gullies.

Debris fans and flood-
plain accumulations.

Class 7;

i

Class 8; Stream terraces and

dissected fans.

of the forest
5 and 6 so
on those

Seventy percent
falls into classes 4,
the study concentrated
terrain categories.

Experimental Design

Individual test
selected on the
type or category, slope, direction
of run, accessibility, and proxi-
mity to other plots set up for the
particular tyre type being tested.

plots were
basis of; soil

The
long

plots were 6 m wide by 10 m

and were cleared of most
debris. All trees were direc-
tionally felled away from the
plots and winched c¢lear, causing
no disturbance prior to the test-
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Figure 5 :

ing. The remaining stumps were cut
off at ground level.

Both wide and narrow tyres were

tested at each site.

The plots in Maramarua were set up
for 21% upslope travel, 21%
downslope travel and flat, 0-3%.
The load applied was a fully
suspended, 2.2 tonne concrete
weight. Four replications were
used.

In Mangatu, the plot slopes ranged
from 4% to 11% on classes 4, 5 and
6. The load was a fully suspended,
1.5 tonne concrete weight. Three
replications were used.

Due to the difficulty in manoeuv-
ring the skidder between plots,

the tyre treatments were not ran-
domly assigned to the plots. This
led to difficulties in later in-

terpretation of the results.

S0il Resistance to Penetration

The skidder made multiple passes
over each plot. Soil resistance to
penetration was measured prior to
the first pass, then after 1, 3,
7, 13 and 21 passes. Twenty probes
per plot were collected in a 4 x 5
pattern (see Figure 5), using the
"Bush Self-recording Soil
Penetrometer". Fifteen readings at
3.5 cm intervals, to a depth of
52.5 cm, were taken at each point.

a p <= Wooden Pegs

Plot layout for soil resistance to penetration recordings

Figure 6 : Positioning the "Bush
self-recording soil penetrometer”
prior to making a probe

Soil Moisture

A Troxler Neutron Probe was
to monitor changes in soil mois-
ture during the experiment.
Aluminium access tubes were in-
stalled at each test site and

used
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Taking a probe reading with
the penetrometer

Figure 7 :

measurements taken daily. At
Maramarua, it was necessary to
cover plots with polythene to
prevent substantial changes in

moisture content occurring.

The moisture content of the scoil
influences the resistance to pene-

tration, therefore changes in
moisture occurring during the
study would affect results making

interpretation impossible.

Soil Bulk Density

Bulk density readings were taken

before and after the experiment
using a "Ronly Depth Density
Gauge". Post treatment measure-
ments were done in the ruts left

by the tyres.

Results
Soil Resistance to Penetration

An analysis of variance was per-

formed in the soil resistance to
penetration results from both
sites. They are summarised below.

(i) Maramarua

The soil resistance to penetration
results for a selection of treat-
ments are shown in graphical form
in Appendix 1.

(a) Soil resistance to penetra-
tion was significantly
higher on the flat than on
the slope before testing
began.

(b) After 21 passes there was no
significant difference in
resistance between the wide
and narrow tyre treatments
on either slope or flat
ground.

After 21 passes soil resis-
tance to penetration in-
creased by 50-100% in the
upper 21.0 cm for all treat-
ments.

(c)

(ii) Mangatu
Soil
results
ments are shown in graphical
in Appendix 2.

(a)

resistance to penetration
for a selection of treat-
form

Before testing there was a
significant difference in
soil resistance between
Class 4 and 5 and Class 6.
Classes 4 and 5 showed a
higher resistance to
penetration than Class 6
soils.

(b) There was no
difference
types after 21
cept at depth 1 (3.5 cm),
i.e. wide tyres did not
achieve significantly less
compaction than the narrow
tyres.

significant
between tyre
passes, ex-

There was a significant dif-
ference in soil resistance
after 21 passes at all
depths. Both tyre types
caused significant compac-
tion to the soils tested, to
a depth of 21.0 cm.

(<)
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Soil Moisture

(i) Maramarua
The soil moisture figures from
Maramarua showed a 2-3% increase

in soil moisture for the top 20 cm
of the soil on the slopes, and a
4-5% increase in soil moisture for
the top 20 cm of the soil on the
flat, over the six days that read-
ings were taken. These changes,
however, did not affect the
results of the study.

(ii) Mangatu

At Mangatu, there was a small
decrease in soil moisture content
between the two sets of measure-
ments. Again, these changes did
not influence the study results.

Soil Bulk Density

The results from the soil bulk
density readings are shown in the
following tables.

Table 1 : Bulk density measurements, Maramarua (g/cm® )

Depth After
(em)
Before Wides Narrow
10 1.06 1.09 1.10
20 1.23 1.34 1.20
30 1.33 1.39 1.19
40 1.35 1.38 1.17
50 1.34 I.41 1.17
Table 2 : Bulk density measurements, Mangatu (g/cm’®)
Depth After
(cm)
Before Wides Narrow
10 0.96 0.97 0.83
20 1.07 0.92 1.04
30 .20 1.22 1.33
40 1.30 1.34 1.36
50 1.29 1.33 1.41
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In both areas, changes in bulk
density were small and these dif-
ferences were not significant.

Conclusion
Maramarua

Even with a difference between
slopes and the flat before testing
there was no difference in soil
resistance between wide and narrow
tyre treatments after 21 passes.
The presence of litter and slash
may have prevented more compaction
on the flat as it remained during
the experiment.

Although s0il moisture conditions
were at a moderate level, only a
small amount of severe disturbance
occurred on the slope.

Mangatu

The large difference between Class
4 and 5 and Class 6 is mainly due
to moisture content and soil tex-
ture. The soil in Class 6 was very

swampy, therefore it had a lower
resistance to penetration before
testing.

The effect of 21 passes was sig-

nificant to a depth of 21.0 cm on
all terrain classes, indicating
that compaction occurs to a
greater depth than previously
measured on other soil types.

Again there was no difference to
soil resistance after 21 passes

between the tyre types.

The overall conclusion from the
soil compaction tests was that in
both Maramarua and Mangatu
Forests, there was very little
difference 1in compactive effect
between the wide and narrow tyres,
for the soil conditions ex-
perienced.

SURFACE RUTTING

Site Selection

The effects of wide and narrow

tyres on surface rutting was

measured on three sites :

- Mangawheau Sandy Clay Loam

Hill soil, (Maramarua Forest)

- Tarawera Gravel, (Tarawera
Forest)

- Wanstead Clay Loam, (Mangatu
Forest).

The Maramarua and Mangatu sites

were on the same plot used for the
compaction studies, described in
"Soil Compaction®". 1In Tarawera, 6
m x 10 m plots were established
on; flat ground and 12 to 26%, and
26 to 40% slopes. Machine passes
were made in both uphill and
downhill directions in the two
slope categories. The physical
properties of the soils and their
moisture content are contained in
Appendix 3.

Test Method

Each plot was divided into 5

up

transects and measurements taken
along these transects at 25 cm
intervals. A string line was

pulled taut between two reference
points at either end of the tran-
sects and this provided a common
height from which to measure the
profile. Measurements were taken
before any passes were made, then
after 1, 3, 7, 13 and 21 passes.
At Tarawera and Mangatu a 1.5
tonne weight was used as a load
and at Maramarua a 2.2 tonne
weight was used. Tyre pressures in
the wide tyres were 110 kPa at
Maramarua and Tarawera, and 96 kPa
at Mangatu. The narrow tyres were
inflated to 138 kPa for all tests.

The deepest points in each tyre
rut across the five transects were
used to calculate the mean rut
depth for each plot.

A study of wheel slippage was
carried out at the same time as
the surface rutting trials. The
number of wheel revolutions taken
to travel over the 10 m plots were
counted, and each run was recorded
on a video camera. Both front and
rear wheels were observed.
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Figure 8 :

Ground disturbance to two flat plots {end to end), at Maramarua.

Note the siring profiles, the unused plot covered with polythene on the
right, and the penetrometer readings being taken.

Results

Surface Rutting

The results of the rutting tests
are shown in the tables in Appen-
dix 4. To determine whether the
probability of the means were the
same, Analyses of Variance (ANOVA)
were conducted on the different
slope classes and directions of
travel (see Appendix 4.).

(1)

There was evidence of an overall
difference between tyres (signifi-
cant at the 5% level), on the
first pass and after 13 passes.

Maramarua

Narrow tyres had deeper ruts when
all slope and direction measure-
ments were combined.

Downhill travel resulted in the
deepest rutting, but there was no
difference between tyres.

Flat ground had the least rutting

and again there was
ference between wide and narrow
tyres. Both sets of tyres failed
to climb the 26~40% uphill plots.
Failure was rapid once the ruts
penetrated through to the mineral
soil and considerable soil distur-
bance resulted. Narrow tyres
caused deeper rutting than wide
tyres on uphill plots.

little dif-

(ii) Tarawera

In the scoria soils the wide tyres
caused less rutting than narrow
tyres. On uphill plots of 12-26%,
detectable differences were re-
corded after all passes. A large
difference between wide and narrow
tyres showed up after 13 passes.
Both sets of tyres failed to climb
the uphill plots of 26~40%. On the
12-26% downhill plots the wide
tyres caused less rutting. There
was also less rutting with wide
tyres after the first pass on the
26-40% downhill plots but there
was no noticeable difference after
successive passes.
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Mangatu

There was a significant difference
between the three terrain classes
at Mangatu. The narrow tyres
produced much deeper ruts on Class
6 terrain, which was evident from
the first pass. On class 5 there

(iii)

Wheelslip

(i) Maramarua

The results cf the wheelslip
measurements taken have been
averaged to give an overall wheel-
slip comparison.

was no difference between tyre
types. The wide tyres had less wheel
Table 3 : Wheelslip comparison - Maramarua
% Wheelslip
Plot Type Wide Tyres Narrow Tyres

All slopes 8.43 9.486

Flat 8.19 8.94

Uphill 14.60 23.70

Downhill -8.49 -5.90
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slippage than narrow tyres when
travelling uphill. On flat ground
and downhill plots there was

little difference between the two
tyre types. The negative wheelslip
shown in the downhill tests indi-
cates the wheels were sliding un-
der engine braking. There was no
difference between front and rear
wheelslip.

(ii) Mangatu

The table below shows the
wheelslip recorded in the Mangatu

tests. The average of both front
and rear wheel revolutions has
been used to give an overall

wheelslip figure.

All plots were approached from the
uphill side so direction of travel

was downhill. There was a slight
difference in wheelslip between
wide and narrow tyres on class 5
terrain. Wide tyres had less
wheelslip than narrow tyres on
class 6 terrain. The negative
value for the wides on class 6

terrain suggests that there was
some slippage with the direction
of travel on the plot. The slopes
were not steep (8-17%) Dbut the
wetness of the scoll in class 6
plots reduced the tractive ability
of the tyres.

Conclusion

Both sets of tyres caused surface
rutting in the plots. The depth of
rut using the wide tyres was

Table 4 :

signficantly less when travelling
uphill in most situations. Wide
tyres also caused less rutting on
loose scoria soils (up to 25%
slope) and on class 6 soils in
Mangatu. There was little or no
difference between the rutting
caused by wide and narrow tyres on
flat ground and when travelling
downhill. The trial results were
difficult to interpret because
soil moisture, which has a direct
bearing on soil strength, was
variable, particularly at Mangatu.

The wide tyres showed less wheel-~
slip than the narrow tyres under
most circumstances. When complete
failure did occur, damage to the
soil was considerable. The reduced
wheelslip with the wide tyres
would have influenced the degree
of surface rutting that occurred.

TRACTIVE CAPACITY

Introduction

To evaluate the tractive effi-
ciency of the wide tyres compared
to narrow tyres, a series of tests
were designed to measure the dif-
ference in performance under con-
trolled conditions.

A flat, compacted gravel surface
at the Mangatu Forest headquarters
was used for the tests. The area
was part of a vehicle compound,
and had a regular flow of forest
traffic over it.

Wheelslip caomparison - Mangatu

% Wheelslip

Plot Type

Wide Tyres

Narrow T'yres

All Classes
Clags 5
Class 6

4.29
5.92
-2.16

7.8¢4
8.46
4.15
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FPigure 10 :

Test Method

The length of each test track was
determined by measuring the cir-
cumference of the tyres and multi-
plying by ten. Start and finish
points were identified by two pegs
at each end of the track. Both
front and rear right hand tyres
were marked at the valve stems to
enable the revolutions to be
counted during the tests. A mini-
mum of two unloaded runs were done
with each set of tyres before any
loaded testing was done.

To apply the appropriate load, the
winchrope of the skidder was an-
chored to the drawbar of D4D Cat
tractor. The connection between
the skidder winchrope and tractor
drawbar was through a Daytronics
9000 series loadcell installed to
measure the load being pulled. By
applying his brakes, and reading
the loadcell printout, the tractor
operator could regulate the load
and skidder was pulling.

For each run, the skidder was
driven at maximum revs in second
gear, with the differential lock
engaged. When evaluating the wide

Counting wheel revolutions during
tractive capacity tests, Mangatu

tyres, two series of tests were
done, firstly with pressures set
at 103 kPa, and the second with
pressures at 69 kPa. The narrow
tyres were evaluated at 138 kPa.
(At these pressures, both tyre

types were below their recommended
minimum) .

When conducting the tests, two ob-
servers recorded the location of
the mark on the tyre at the start
peg, then counted the number of
revolutions completed before pass-
ing the finish peg. The percent
slippage was found by dividing the
number of loaded revolutions by
the number of unloaded revolutions

taken to run the 1length of the
test track.

Results

The results of the tractive

capacity tests are shown in Figure
11, and tables showing the re-
corded data are included in Appen-
dix 5.

Conclusions

The wide tyres had less
than the narrow tyres

slippage
under all
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Figure 11 :

locaded conditions. As the load in-
creased, the difference between
wides and narrows became greater.
The wide tyres inflated to 103 kPa
pressures had more tractive
capacity than they did at 69 kPa.

CLIMBING ABILITY

Introduction

Climbing tests were set up to
determine the climbing ability of
the skidder on both wide and nar-

Tractive capacity test results

row tyres. During the procedure at
least one other skidder was tested
on the same site. These tests were
done on a range of soil types
within the trial areas.

Test Method

The test track consisted of a 10 m
wide strip marked out on slopes of
increasing gradient, up to a point
beyond the predicted climbing
ability of the machines tested.
These strips were divided into 10
m sections with a slope change at
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Figure 12 :
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Using stumps for traction when climbing up a

45% slope with a D7 Cat tractor

each 10 m interval. All stumps
were cut off at ground level, and
any heavy slash likely to impede
traction was removed or cut up
with a chainsaw. The operator of
each machine was instructed to
climb as far up the slope as he
could in both forward and reverse
directions. He was encouraged to
select a different route with
every attempt to avoid previously
disturbed ground from affecting
the run.

The attempt was deemed to have
reached its maximum distance when
the forward momentum of the
machine had stopped and the wheels
or tracks were slipping. Operators
were allowed to articulate their
machines to gain additional trac-
tion, but once forward movement
ceased, the run was stopped be-
cause further slipping would have
disturbed the test track too much
for later runs. The distance
reached was measured at the centre
point o©f the uppermost axle when

climbing forwards. When the FMC
was evaluated, measurement was
taken from the uppermost sprocket.

Generally these tests were coin-
cided with a scheduled tyre change
so that ground conditions were
consistent for both con-
figurations. Once all machines had
been tested, (both wide and narrow
tyres), the operators were invited
to have further attempts at climb-
ing the slopes without being
restricted by the requirements of
the test procedures.

The c¢limbing tests were done at
four different forests, three of
them having a different soil type.
The forests were :

-  Kaingaroa : Otanewainuku
steep-land pumice derived from
Rhyolite ash and Rhyolite.

- Matahina : Tarawera scoria
gravel from Tarawera basalt
lapilli.
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Figure 13 :
upper =zection of the Raingaroa test track

- Woodhill : Podzolic soils
from Aeclian sand.
- Tarawera : Tarawera gravel

from Tarawera basalt lapilli.

The condition of the skidders
tested was varied. Basic machine
specifications and the condition
of each skidder tested are shown
in Appendix 6.

The machines tested were :
- The John Deere on wide tyres;

- The
tyres;

John Deere on narrow

- A Cat D7 tractor;

- A Timberjack 207 skidder,
fitted with tyre chains.

Example of the heavy slash concentration in the

Results
Kinleith

The Cat D7 tractor could climb
considerably further than the wide
tyred skidder. The cleared tracks
enabled the tractor to gain trac-

tion from slash and stumps
which were a hindrance to the rub-
ber tyred skidders. Heavy slash

had more of a detrimental effect
on the performance of wide tyres
than it did on the narrow tyres,
although the wides could still
climb further up the slope. When
partially filled with water, the
climbing ability of the narrow
tyres improved but the difference
in performance was not measured.

The John Deere 540 on wide tyres
could climb further than the Tim-
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berjack 207 in both directions.

The chains on the front tyres of
the Timberjack caused considerable

ground disturbance when the
nachine lost traction.

Kaingaroa

Three machines were tested at
Kaingaroa, the John Deere 540D, a

Cat 518 and a Clark 666C. The John
Deere was tested on wide tyres, on
narrow tyres and on narrow tyres
with water in them. The proportion
of water in the tyres was 25% in
the front and 75% in the rear. The

»
(@)
1

Clark 666 also had 75% water in
all of its tyres. The test track
had a 1light coverage of slash on
the easier slopes and a high con-
centration of undergrowth in the
top section. The results from the
tests are shown in Figure 14. '

Matahina

were tested at

John Deere 540D on
wide and narrow tyres, a Tree
Farmer C7, and an FMC 220CA. The
slash on the test track was medium
to heavy. Results from the climb-
ing tests are shown in Figure 16.

Three machines
Matahina, the

DISTANCE CLIMBED (m)
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Figure 14 : Results of forward (F) and reverse (R) climbing tests, Kaingaroa
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Woodhill

Two machines were tested at Wood-
hill, the John Deere on wide and
narrow tyres and a Clark Ranger

666C.

As a measure of the consis-

Figure 17 :

tency of the tests, the Clark was
tried on both occasions that the
tests were run. The soil type was
fine sand with a light grass
cover. Results from the Woodhill
tests are shown in Figure 18.

Testing the climbing ability of the wide tyres

on scoria soils, Matahina
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Figure 18 :

Results of climbing tests, Woodhill
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Tarawera tyres), in the Tarawera tests.
There was a very 1light ground

A Cat 518 was tested along with cover of pine needles and under-

the John Deere (on wide and narrow growth. Results from the Tarawera
tests are shown in Figure 20.

Figure 19 : Testing the narrow tyres for climbing ability in the
sandy soils at Woodhill
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Figure 20 : Results of climbing tests, Tarawera
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Figure 21 :

Conclusions

The wide tyred skidder could con-
sistently climb further up the
slopes, both forwards and reverse,
than the other rubber tyred skid-
ders tested. The John Deere on
narrow tyres also performed well
in the climbing tests, and on some
soil types, could out-climb the
wide tyres in reverse, e.g. Kain-
garoa. Tracked machines could
climb further than any of the rub-
ber tyred skidders tested.

SIDESLOPE STABILITY

Introduction

One of the advantages of wide
tyres noted in other reports
(Mellgren & Heildersdorf, 1984;
Porter, 1983; Heldersdorf, 1986;
Heidersdorf & Ryan, 1986; Sauder,
1985), has been the improved side

slope stability of the skidder. A
test was devised to measure the
difference between the wide and

Tracked machines could climb Further than the rubber tyred skidders

narrow tyres on side slopes.

Test Method

The test track was located along
the side of a short spur in Kin-
leith Forest. The side slope of
the spur increased from 19% at the
foot of the spur, to 55% where it
ran into an adjoining ridge. At
the very top of the spur, the side
slope was 60%. Access to the track
was from either the top or bottom
of the spur. The test track was 6
m wide and 20 m long and divided
into four 5 m sections (see Figure

22). The track was cleared of all
slash larger than 5 cm in
diameter.

The skidder operator was instruct-
ed to drive along the test track
in second gear. Researchers
visually assessed the effect of
the slope on the machine at each 5
m interval. Both wide and narrow
tyres were evaluated. A security
rope was available to prevent the
skidder from tipping over.
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19%

Figure 22 : Diagram of side slope test track

Figure 23 : Side slope stability tests with the wide tyred
skidder, Kinleith Forest
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Table 5 : Results from sideslope stability tests
Side Slope % Wide Tyres Narrow Tyres
19 Stable Stable
28 Stable Slight slippage
36 Slight slippage Slipped sideways
55 Slipped sideways Skidded off track
Periodic side slope measurements to exercise more caution on the

were taken during production runs
throughout the trials. Both loaded

and unloaded situations were ob-
served.
Results
The results from the side slope

stability tests are shown in Table
5.

The narrow tyres slipped at an
earlier stage along the test track
than the wide tyres did. At no
stage did either machine appear to
be unstable but the operator had

LB

Figure 24 :

narrow tyres.

Forest the wide tyred

observed travelling
loaded across a 53% side slope
with apparent ease. In Kaingaroa
the machine comfortably went un-
lcaded across a 48% side slope
over stumps and debris. At
Matahina the wide tyred skidder
successfully travelled empty
across a 60% side slope until the
rear of the machine slipped
downhill. The operator was able to
turn the skidder around on the
side slope.

In Ngaumu
skidder was

The wide tyred skidder operating on 40% side slopes, Ngaumu
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Figure 25 :

The John Deere parked alongside the Cat 518 at Kaingaroa Forest.

Note the additional width provided by the 54 axles.
The John Deere would normally be 20 mm narrower than the Cat.

In Tarawera Forest, the skidder
worked a steep, 60% slope by
climbing as far as it could up the
ridge, then turning sideways and
going across slope until it was
above the wood.

Even with narrow tyres fitted, the
John Deere 540D skidder was very
stable. It was observed working on

side slopes of wup to 42% with
relative ease.

Rollovers

In the hauler thinning area at
Kinleith, the wide tyred skidder

rolled over while trying to negow
tiate a 65% slcpe. The incident
occcurred when the front left hand
wheel came up against an old stump

which gave way, slewing the
machine sideways. At the same
time, the rear right hand wheel

rode up onto two logs in the out-
row. No injury resulted from the
rollover and the skidder was un-
damaged.

A second rollover happened in the
tractor thinning area with the
narrow tyres fitted. This time an
old rotting log caused the skidder
to slide into a standing tree on
the edge of the extraction strip.
The tree uprooted, tipping the
machine over with it. Again no
damage or injury resulted.

Conclusions

The John Deere 540D on narrow
tyres appeared to be more stable
on side slopes than other skidders
of similar capacity. It was
believed that the 300 mm wider sS4
axles contributed to this.
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The wide tyres made the skidder
very stable on steep side slopes,
even travelling over stumps and
slash. The machine tended to slip
sideways rather than tip up.

WARNING - While this report cites
examples of the wide tyred skidder
neqgotiating slopes in excess of
57%, it should not be interpreted
as an endorsement of working such
slopes with skidders.

STOPPING TESTS

Introduction

To determine whether the wide
tyres improved the control and the
performance of braking, stopping
tests were set up to measure the
difference between wide and narrow
tyres. The tests were to evaluate
controlled and lock-up braking
situations, both with and without
a load attached.

Test Method

The test tracks were located along

a well used extraction +track in
the Kinleith clearfell trial. The
beginning of each track was

marked, and the distance travelled
was measured from there. Two dif-
ferent slope classes were tested,
15% and 32%. The soil was a
pumice/clay combination and ground
conditions at the time of testing
were dry-.

skid-
revs.

All tests were done with the
der in fifth gear at maximum
When the machine reached the start
mark, the operator would start
braking. Visual observations were
made on the way in which the skid-
der stopped and the number of
wheel revolutions recorded. The
front axle was used as the machine
reference point.

Two methods of braking were tried,
one with full pressure being ap-
plied to the brake pedal, in a
lock up situation, and the other
in a controlled stop allowing the
wheels to turn. The operator was
asked to try and keep the pressure

on the brake pedal consistent for
all tests.

For the loaded tests a 2.19 tonne
log was towed behind the machine.

Results

The results of the stopping tests
are shown in Table 6. Due to the

difficulty in counting  wheel
revolutions, they were not re-
corded after the wide tyres test-

ing.

In almost all tests the wide tyres
travelled further under braking
than the narrow tyres did. Apart
from the controlled braking on 32%
slopes, the differences between
the two tyre types was not sig-
nificant.

Conclusions

the
ad-

in
and

The data collected showed that
wide tyres offered no apparent
vantages over narrow tyres
stopping ability on the slopes
soil types tested.

L3

FUEL. CONSUMPTION TESTS

Introduction

Two
designed

fuel consumption tests
specifically to measure
fuel usage were set up. Each test
involved towing a drag of logs of
known dimensions and weight,
around a measured circuit. The
results of the two tests are rep-
resented by forest, as both cir-
cuits were completely different.

Tarawera

Track Description

An old, unused road called Gully
Road was used as a test track in
Tarawera. The circuit was 2 km
long and had a range of adverse

and favourable grades from -30% to
+14%. The solil type was Tarawera
scoria gravel, and a short 150 m
section of the track was dissected
by deep ruts.
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Table 6 : Results of Stopping Test
Slope Type of Number of Distance
Tyres % Braking Wheel Revs I'ravelled Conment
Wides 15 controlled .75 3.4 m no slippage
Narrows 15 controlled - 3.0 m ne slippage
Wides 15 lock-up .25 1.3 m minor slippage
Narrows 15 lock-up - 1.2 m minor slippage
Wides 15 with log .50 2.6 m some slippage
Narrows 15 with log - 3.1m some slippage
Wides 32 controlled 1.25 4.3 m minor slippage
Narrows 32 controlled - 3.5 m some slippage
Wides 32 lock-up .75 2.0 m some slippage
Narrows 32 lock-up - 1.8 m slippage
Wides 32 with log 1.25 4.1 m some slippage
Narrows 32 with log - 3.6 m some slippage
Test Method Mangatu Forest
Three machines were tested in Zrack Description
Tarawera, the John Deere on wide
tyres, the John Deere on narrow The test track at Mangatu was on a

tyres and a Cat 518 skidder. The
regqular operator of the Cat drove
his machine during the tests. The
test drag consisted of four 1logs
with a total weight of 3.03 tonnes
and an average length of 5.94 m.

BEach test started from the start/
stop point on the skid. The
operators were instructed to tow
the logs with the butts suspended
for part of the circuit to avoid
excessive disturbance to the road
surface. For the remainder of the
circuit, the logs were dragged
with their full length on the
ground. Fach machine started with
a full fuel tank and did five cir-
cuits of the track before refuell-

ing. Immediately before the test
with the John Deere on narrow
tyres, 43 mm of rain fell.

no exit track adjacent to the log-
ging trial site. Total round trip
length was 1.75 km. The soil type
was Wanstead clay loam and
gradients ranged from 3% to 19%.

Test Method
Both narrow and wide tyres were

evaluated at Mangatu. Four logs
with a total weight of 2.18 tonnes

and an average length of 8.28 m
were used as a test drag. The
machine started with a full tank
of fuel and was refuelled after
each run. The time taken and dis-
tance travelled were also re-
corded.

The evening before the tests with
the narrow tyres 46 mm of rain
fell, completely saturating the
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it difficult
between the

test track. This made
to draw comparisons
two tyre types.

Results
Tarawera

The results of the fuel comparison
done at Tarawera are shown in
Table 7.

The John Deere skidder operated in
third and fourth gears on the
uphill section of the track and up

for the test conditions that
prevailed. All machines suffered
some traction loss when nego-

tiating the section of the track
dissected with ruts.

Mangatu
The results from the Mangatu fuel
consumption tests are shown in
Table 8.
The ground conditions for the two

tests were vastly different.
Visual observations clearly showed

to sixth gear on the downhill sec- that site disturbance was much
tion. The Cat remained in second greater with the narrow tyres and
gear for most of the circuit. The more slippage was evident, hence
drag size was considered optimum the longer distance recorded by
the hubodometers (see Table 8).
Pable 7 : Fuel consumption tests - Tarawera
Machine Tyres Fuel Used
John Deere 5400 66 x 43-25 33.0 L
John Deere 540D 63 x 23.1-26 31.3 L
Ccat 518 63 x 23.1-26 29.0 L
Table 8 : Fuel consumption tests - Mangatu
Hubodometer Litres
Run No Tyres Time Distance Used
1 66 x 43-25 18.0 min 1.8 km 5.90 L
2 66 x 43-25 19.0 min 1.8 km 5.80 L
3 66 x 43-25 18.0 min 1.9 km 5.70 L
4 66 x 43-25 18.0 min 1.9 km 6.00 L
Average 18.5 min 1.9 km 5.85 L
1 63 x 23.1-26 21.0 min 2.1 km 7.60 L
2 63 x 23.1-26 21.0 min 2.1 km 7.80 L
3 63 x 23.1-26 22.0 min 2.1 km 7.80 L
Average 21.3 min 2.1 km 7.73 L
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Conclusions

The wide tyres offered no advan-
tage over narrow tyres in the con-
ditions at Tarawera. The rain that
fell on the loose Tarawera soils
did not appear to affect the test
with the narrow tyres. The higher
powered Cat machine used less fuel
under the test conditions.

No valid conclusions could be
drawn from +the tests at Mangatu,

due to the wide wvariation in
ground conditions.

OTHER MACHINE TESTS

A number of other tests were con-

ducted on the wide tyred skidder
to simply measure physical dif-
ferences, i.e. what effect the
larger width (and diameter) tyres
had on basic machine functions.
These tests are divided into sub-
sections for convenience.

Turning Circle Tests

Introduction

These tests were designed to
measure the difference in manoceuv-
rability between the wide and nar-
row tyres. Unfortunately the
centres of the Webco rims were 100
mm closer to the inner edge of the
rim than expected. This, when com-
bined with the wider S84 axles,
meant that it was necessary to in-
stall spacers in the steering rams
to stop the wide tyres from touch-

ing when turning on full lock.
These spacers remained in the Tams
for the whole trial.

Test Method

To measure turning circle, the
skidder was run onto an undis-
turbed skidsite and turned onto
full 1lock. Both 1left and right
hand locks were tested. All tests
were done in fifth gear with diff
lock engaged.

The imprint on the outside tyre
tread was used as a measure of
turning cycle and this was noted
for two circle diameters, perpen-
dicular to each other, across the
imprint left by the tyre.

Results
circle

The results of the turning
tests are shown in Table 9.

The difference in turning circle
was the same for both locks. The
turning circle of the machine on
narrow tyres, without spacers in
the rams, was not tested.

Conclusions

The larger turning circle of the
wide tyred skidder was not propor-
tional to the extra width of the
tyres. It is unlikely that alter-
ing the travel of the steering
rams would significantly change
this difference. Moving the rim
centres of the wide tyres further
in would change the difference be-
tween the two types of tyre.

Table 9 : Turning Circle Test Results
Turn Direction Wide Tyres Narrow Tyres Difference
Left hand turn 12.95 m 12.65 m .30 m
Right hand turn I13.15 m 12.85 m .30 m
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Table 10 =

Results from Blade Travel Tests

Wide Tyres

Narrow Tyres

Difference

170 mm

200 mm

30 mm

Blade Travel Measurement

Introduction

The larger diameter of the wide
tyres increased the height of the
skidder and consequently reduced
the effectiveness of the blade.
This test was set up to measure
the difference between wide and
narrow tyres.

Test Hethod

The difference in blade travel was
measured by running the skidder up
onto a concrete leoading ramp and
lowering the blade to its maximum
depth. A spirit level was used to
mark the location of the bottom of
the blade against the front of the

ramp. The distance between the
mark, and the top of the ramp was
recorded.

Results

The result of the blade travel

tests are shown in Table 10.

Conclusions

The depth of travel of the
skidder’s blade was reduced by 30
mm when the wide tyres were

fitted. This is equivalent to 42%
of the difference in tyre
diameter.

Winching Tests

Introduction

The purpose of this test was to
establish whether the wide tyres

offered any advantage over narrow
tyres when winching. These tests
were done at Mangatu at the same
time as the tractive capacity
tests.

Test Method

The skidder winchrope was anchored
to the D4 Cat tractor through a
loadcell. For each test, the skid-
der was positioned 8 m from the
tractor. To avoid shock loading,
the winchrope was tensioned to
about .5 tonne before the test
began. Two types of test were done
with each tyre configuration, one
with the skidder in a straight
line with the tractor, and the
other with the skidder at a 45
degree angle to the tractor (see
Figure 26).

At least three replications were
done with each test. Visual obser-
vations were made of how the skid-
der reacted when maximum tension
was reached. The ground conditions
were the same for each test, a
compacted gravel surface.

Results

Table 11 shows the results of the
winching tests.

For both tyre configurations, the
skidder reared up when winching in
a straight line with the tractor.
In the tests with the wide tyred
skidder at a 45 degree angle, the
rear tyre closest to the tractor
deformed and looked as though it
was going to peel off the rim but
the machine remained relatively
stable. When the narrow tyres were
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tested at a 45 degree angle, the
skidder 1lifted up onto one wheel
and would have tipped over had the
winching continued.

Conclusions

While the skidder on narrow tyres
appeared to have greater winchline

IN LINE

Skidder

Tractor

pull than it did on wide tyres, it
was a lot less stable when winch-
ing at a 45° angle. Both machines
had similar winching capabilities
in a straight line. This test pro-
cedure did not consider soft or
unstable ground conditions where
the flotation effect of the wide
tyres would have been an advan-
tage.

AT 45°

Figure 26 : Diagram of skidder location during winching tests

Table 11 :

Winching Test Results, Tonnes Tension

Machine Position

Wide Tyres Narrow Tyres

In line with tractor
At 45 ° angle to tractor

6.30 t
2.29 t
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PERFORMANCE

INTRODUCTION

At each forest, the John Deere
skidder was put into operation in
place of the logging crew's
reqular extraction machine. Apart
from Mangatu Forest, no attempts
were made to alter the logging
system although the method of ex-
traction was sometimes adjusted to
suit the wide tyres. Both wide and
narrow tyres were evaluated at
each site.

Detailed daily records of weather,
ground conditions, supplies used,
activity times and production data
were kept throughout the ten-month
trial. The operator was respon-
sible for collecting this informa-
tion.

Time studies were carried out at
each site once the operator had
established a working pattern with

the rest of the crew. Scaled log
volumes were used to measure
production.

DATA COLL.ECTION

Time Studies

Time studies were undertaken when
a reasonable flow of work could be
observed. A minimum sample size of
100 cycles was considered
desirable but not always obtain-
able. Each cycle was divided into
basic elements described in Appen-
dix 8.

Log volumes were derived from a
volume table constructed by the
study team for the specific site

being observed. Each piece ex-
tracted was measured for length
and diameter.

Each individual haul path was

measured for length and divided up

MONITORING

into slope categories as follows:

- 8% to + 8%
+ 10% to + 17%
+ 19% to + 26%

above + 28%
- 10% to - 17%
- 19% to - 26%

- 28% and below

Actual times for both loaded and
unloaded conditions were recorded
for these haul paths and the data
used to calculate travel times for
a constant 150 m distance. These

times were based on the following
assumptions :

45% unloaded travel on slope class
-8% to +8%

25% unloaded travel on slope class
+10% to +17%

25% unloaded travel on slope class
+19% to +26%

5% unloaded travel on slopes above
+28%

45% loaded travel on slope class
+8% to -8%

25% loaded travel on slope class
-10% to -17%

25% loaded travel on slope class
~19% to -26%

5% loaded travel on slope class
steeper than -28%

Hook on and unhook times were

standardised to a mean time per
piece for each study.

Daily Records

The method o©f collecting daily
records was based on the
"Evaluation Methods Data Manual"
(Sobhany 1984). This format is
being considered as a wuniversal
classification system for logging
studies by Bio-energy participants

of Task 3 in the IEA (Inter-
national Energy Agency). At the
end of each day the machine
operator filled in the seven forms
as shown in Appendix 7.
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Figure 27 : A production study of the skidder fitted with
narrow tyres at Woodhill

The ground and wind conditions
were generally based on a visual
assessment made during the day.
Temperature and rainfall were re-
corded from a portable weather
station set up on site.

Consumable supplies (excluding
wire rope) were measured at the
end of the shift, wusually the end
of the day.

Production was recorded by the
number of logs pulled per drag.
Log size was assessed by averaging
the volumes of the logs extracted
during the production studies.

Daily machine activities were re-
corded by the tachograph and the
distances travelled measured by
the hubodometers. The operator
marked on the recorder disks
reasons for delays and any extra-

ordinary activities he
required to do. Times for the ac-
tivities were measured from the
disks and transferred to the shift
record analysis form. The informa-
tion was stored in a computer data

was

base designed for the collection
manual.

The results of the performance
monitoring and the production

studies are summarised by forest.

EKINLEITH CLEARFELL

Trial Description

Kinleith forest is a privately
owned exotic forest located on the
western side of the Volcanic
Plateau in the central North Is-
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land. The trial site at Kinleith
was 1in a designated tractor area
on the corner of Duncan and

The soil type was
The terrain

Waioraka roads.
pumnice ash clay loam.

was flat to undulating at the
front of the setting c¢limbing up
to a 78% slope at the back. Some

tracking was necessary for access
to the logs from these areas. The
road leading in to the block was

bounded by a swamp which ran
across one corner of the logging
area.

The logging system was a hot deck

operation with tree length extrac-
tion in a downhill direction to
two separate landings. One or two
men assisted with the breaking out
on the steeper slopes. Five wire
rope strops were used on the
machine. The skidder was required
to do some fleeting on the skids.

The stand was 36 year old P.
radiata with some smaller 30-33
year old trees at one end.

A six-man crew (excluding the
skidder operator) did the logging
and an RB30 cable crane was used

as a loader.

Production Study Results

A total of 158 cycles of operation
on the wide tyres and 161 cycles
on the narrow tyres were recorded.
The study period was from August
to September, 1985. Table 12 sum-
marises the results.

situated on
and when

Both landings were
dried up watexrcourses

worked in the rain, they cut up
badly. A large hollow developed in
one of the skidsites which
restricted skidder access. The
wide tyres caused considerably
less disturbance to the skid sur-
face than the narrow tyres did.

The slower skid travel +times for
wide +tyres could be attributed to
the congested landing area and the
fact that the machine had less
manoeuvrability on wide tyres.

Table 12 : Production Study Results, Kinileith

Element Wide Tyres Narrow Tyres
Run Empty (Skid) 0.51 0.40

TRAVEL EMPTY (Bush) 1.41 (150 m) 1.5¢4 (150 m)
Blade logs 0.13 0.25
POSITION 0.62 0.80
Breakout 3.56 (3.57 pcs) 3.70 (3.71 pcs)
TRAVEL LOADED (Bush) 1.48 (150 m) 1.56 (150 m)
Run loaded skid) 0.81 0.60

Drop on skid 0.85 0.88

Other blade work 1.04 0.78

Total Cycle 10.47 10.51
Average piece size (nmf} 1.25 1.46
Average drag size (m’) 4.46 5.43
Production per PMH (m®) 25.7 31.8
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Figure 28 :

Heavy slash was a hindrance to the

wide tyres, particularly when
trying to c¢limb empty up the
slopes. A D7 Cat tractor was ob-
served climbing the same slopes
with relative ease.

Daily Records

The daily records at Kinleith
covered 14 days on wide tyres and

10 days on narrow tyres. Initially
the wide tyres were inflated to
172 kPa but after only a few hours
of operation, the pressures were
reduced to 124 XkPa. The narrow
tyres were kept at the recommended
172 kPa.

Water was added to the narrow
tyres to improve machine stability
when reversing. The proportions of
water were : 25% in the front, and
75% in the rear. A summary of the
daily information collected is
shown in Table 13.

The wide tyred skidder operating on

the badly cut up skid

Conclusions

The production study results
showed that the skidder on narrow
tyres was more productive than on
wide tyres. Daily records,
however, indicated that there was
no significant difference between
the two tyre types. Average haul
distances from the daily records
show that the wide tyred skidder
was hauling over longer distances.

Productivity and fuel consumption
may have been influenced by these
differences. Both tyre configura-
tions spent a similar amount of
time on each slope class except on
the steeper slopes.

Heavy slash and
the performance

stumps hindered
of the skidder on
wide tyres. The efficiency of the
machine on wides was also affected
by tyre inflation pressures.
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Table 13 :

Summary of Daily Records, Kinleith

Productive Machine Hours
Machine availability

Total Cycles
Pieces per cycle
Average Piece Size* (m)

Average haul distance (m)

S5laope classes 0-10%
11-20%
21-32%
32-50%

Rainfall recorded (mm)
Fuel used per PMH (1it)
Fuel used per m* (lit}
Production per PMH (nd)

Wide Tyres Narrow Tyres
79.10 63.10
93.1% 83.2%

471.0 ¢13.0
3.08 2.73
1.36 1.36

103.0 64.0

14.0% 30.0%
56.0% 40.0%
14.0% 30.0%
14.0% -
0.0 25.0
11.4 11.2
0.46 0.45
32.1 31.3

* Weighted average from Production studies

NGAUMO CLEARFELT.

Trial Description

the
the

Ngaumu forest is located in
lower South Eastern region of
North Island. The trial site was
in Compartment 13 which had been
planned for a fast-track skidder.
The soll type was fine sandy loam
and hill soil derived from
sandstone. In wet conditions, it
turned to mud, making it difficult
for rubber tyred machines to
operate. Part of the area had pre-
viously been post thinned off
tracks with an agricultural trac-
tor. The site spanned two catch-
ment areas drained by seasonally
flowing streams in the gullies.

Slopes in the lower reaches of the
settings were variable with some
short steep side slopes around the
dry streams. Towards the back of
both settings the slope exceeded
62%. Two landings were used and
one had an access track formed
through a stand of young trees to
the logging area.

The normal operation was based on
a five man crew with an FMC 220 CA
extraction machine pulling tree
length logs to a Hitachi UHO083
hydraulic loader in a hot deck
situation. Five strops were used
on the John Deere skidder and the
operator did his own breaking out.

The stand was a 40 year old block
of P. radiata, stocked at 227
stems per hectare. The recoverable
tree size was estimated to be 2.45
mé .

Production Study Results

The study at Ngaumu took place in
September and October of 1985 and
included 108 cycles with the wide

tyres and 71 cycles with the nar-
row tyres. The results are sum-
marised in Table 14.

When travelling empty, the wide
tyred skidder was faster than the
narrow tyred skidder. This was
particularly evident when nego-

tiating slopes between -10% and
+26%. Actual gains were as
follows:
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Table 14 : Production Study Results, Ngaumu

Element Wide Tyres Narrow Tyres

Run empty (skid) 0.39 0.26

TRAVEL EMPTY (Bush) .00 (150 m) 1.85 (150 m)

Blade logs 0.18 0.23

POSITION 0.77 0.45

Breakout 3.48 (2.62 pcs) 3.47 (2.61 pcs)

TRAVEL LOADED (Bush) 1.65 (150 m) 1.43 (150 m)

Run loaded skid) 0.63 0.4%

Drop on skid 0.44 0.44

Other blade work 0.16 0.10

Total Cycle 8.65 8.80

Average piece size (m*) 2.16 2.14

Average drag size (m®) 5.66 5.59

Production per PMH (m®) 39.3 38.1
~8% to +39% - wides were 59% Conclusions
faster;
+10% to +17% - wides were 103% The difference between wide and
faster; narrow tyres in Ngaumu was mar-
+18% to +27% - wides were 104% ginal. The machine on narrow tyres
faster. used more fuel per PMH than it did

on the wide tyres, but it was
The Ngaumu trial was stopped hauling over longer distances, and
prematurely because .of an over actually used less fuel per m?
supply of wood and the unseason- produced.
ally dry conditions.
The production studies showed the

On one occasion the skidder on
wide tyres slid into a standing
tree, wedging the tree between the

front and rear wheels. The tree
had to be felled to release the
skidder.

Performance Monitoring

Seventeen days of operation on
wide tyres and two days on the
narrow tyres were recorded at
Ngaumu. The wide tyres were in-
flated to 110 kPa during this

period and the narrows remained
the same as they were at Kinleith.
The water was still in the narrow
tyres. A summary of the daily
records collected at Ngaumu is
contained in Table 15.

wide tyres to be more productive
than the narrow tyres which is a
contradiction to the results from
the daily records. Note though
that the sample of daily records
on the narrow tyres was small.

Travel empty times were signifi-
cantly less for the wide tyres and
there could be significant gains
made with using wide tyres over
longer haul distances.

The wide tyres could be a disad-

vantage when operating on side
slopes amongst standing trees.
The unusually dry weather condi-

tions had a detrimental effect
the trial result.

on
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Pable 15 : Summary of Daily Records, Ngaumu

Wide Tyres Narrow Tyres

Productive Machine Hours 110.80 13.48
Machine availability 93.7% 94.7%
Total Cycles 519.0 71.0
Pieces per cycle 3.17 3.22
Average Piece Size* (m®) 2.15 2.15
Average haul distance (m) 182.0 225.0
Slope classes 11-20% 23.5% -

21-32% 23.5% 50.0%

32-50% 53.0% 50.0%
Rainfall recorded (mm) 5.0 5.0
Fuel used per PMH (lit) 1z2.2 13.6
Fuel used per m* (1it) 0.38 0.37
Production per EMH (m®) 31.9 36.5

* Weighted average from Production studies

Figure 29 : Significant gains could be made with using
the wide tyres over longer haul distances.
The skidder on a formed skid trial at Ngaumu.
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EATNGAROA CLEARFELL

Trial Description

Kaingaroa is the largest planta-

tion of exotic trees in New
Zealand. It is a State owned
forest, 1located on the Volcanic

Plateau in the centre of the North
Island. The trial was in Compart-
ment 1123, which had been pre-
viously thinned using a crawler
tractor working contour tracks.
Heavy understory and native shrubs
covered the ground. The soil type
was Otanewainuku steepland soil
derived from Rhyolite ash and
Rhyolite.

The trial area comprised two set-
tings, each with a separate land-
ing. One was located in the bottom
of a dry gully and the other was

in the foot of a basin. Slopes
ranged from moderate to flat
around the landing areas to over

55% towards the back of each
ting.

set-

Table 16 :

Extraction was predominantly down-
hill although a corner of one unit
had to be pulled uphill. It had
been planned as a hot deck tree-
length operation based on a Cat

518. The normal crew size was five
men with a rubber tyred Cat 950
front end loader to fleet the

logs. The skidder was fitted with
five strops, and a breaker-out as-
sisted the operator during
breakout. Occasional fleeting was
necessary with the skidder at the
landing.

The stand was 64 year old Douglas
fir stocked at 158 stems per hec-
tare. The calculated recoverable
piece size was 2.82 m®.

Production Study Results

The skidder was observed for 50
cycles on wide tyres and 41 cycles
on narrow tyres. There was a large
variation in piece size between
the two study areas. The study
period was October to November
1985. The results from the studies
are shown in Table 16.

Production Study Results, Raingarca

Element Wide Tyres Narrow Tyres
Run empty (skid) .37 0.37

TRAVEL EMPTY (Bush) .09 (150 m) 1.36 (150 mj
Blade logs .33 .10
POSITION .52 0.46
Breakout .82 (4.30 pcs) 3.32 (2.%0 pcs)
TRAVEL LOADED (Bush) .04 (150 m) 2.07 (150 m)
Run loaded skid) .29 0.30

Drop on skid .96 0.65

Other blade work .09 o.00

Total Cycle 10.61 8.63
Average piece size (m’) .41 2.77
Average drag size (m®) .06 8.03
Production per PMH (m®) 34.3 55.8
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The average drag size for the nar-
row tyres was much larger than for
the wide tyres. With the smaller
piece size in the wide tyred area,
the operator spent much more time
blading logs.

A small sample of travel times on
a formed road with a 7% downhill

slope indicated that the wide
tyres were 57% faster. A second
incident where the skidder got

stuck with a tree lodged between
the front and rear wide tyres, oc-
curred in Kaingaroa.

The (89Kw) Cat 518 skidder was
also studied in this operation.
The travel empty times for the Cat
were slower (over the 150 m haul),

but travelling loaded it was
faster. Overall productivity was
measured at 38.9 m* per PMH.

Performance Monitoring

The daily records collected in the
Kaingaroa trial covered 13 days on
the wide tyres and four days on

narrow tyres. Tyre pressures were
kept the same as for Ngaumu al-
though the water was removed from
the narrow tyres after climbing
tests had been done. The informa-
tion is summarised in Table 17.

Conclusions

The
garoa

logging conditions in Kain-

were too variable for
realistic comparisons to be made.
The larger piece size and
unusually short haul distances in
the narrow tyred area resulted in
artificially high production
figures.

The
was
the

fuel consumption on wide tyres
less per machine hour but when
larger piece size in the nar-
row tyred area is taken into ac-
count, fuel used per m* was less
than the narrows.

The wide tyred skidder proved to
be very stable on side slopes and
when crossing over unused contour
tracks.

Table 17 : Daily Records, Kaingaroa

Productive Machine Hours
Machine availability

Total Cycles
Pieces per cycle
Average Piece Size* (m)

Average haul distance (m)
S5lope classes 11-20%
21-32%

Rainfall recorded (mm)
Fuel used per PMH (1it)
Fuel used per m® (1lit)
Production per PMH (m)

Wide Tyres Narrow Tyres
77.25 21.96
87.9% 83.5%

465.0 138.0
4.10 3.50
1.61 2.29

101.0 85.0

53.9% 75.0%
46.1% 25.0%
2.0 0.0
10.9 11.7
0.27 0.23
38.7 50.4

*Note : The two production studies were carried out in separate parts of

the compartment.

Average piece sizes were derived from the means of the

studies done in the respective areas.
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MATAHTNA CLEARFELL

Trial Description

Matahina Forest 1is a privately-
owned plantation forest located in
the Eastern Bay of Plenty. The
John Deere was put into a double
skidder operation, replacing a 668
Clark Ranger. The logging area was
in a forked gully system at the
end of Tutu Road. The soil type
was Tarawera Gravel from Tarawera
basalt Lapilli. Slopes in the
gully were easy with short steep
pitches (over 60%) in the heads of
the forks and along the ridges.

A Treefarmer C7 skidder was the
other extraction machine being
used. Most 1logs on the slopes
could be reached from the gullies,
but to make breaking out easier,

The logging system was tree length

to a hot deck situation. Crew
size, excluding the John Deere
operator, was seven men. A Volvo

rubber tyred front end loader was
used to fleet and load the logs.
Three strops were used with each
tyre configuration and the
operator did his own breaking out.
The stand was 37 year old P.
radiata with an average extracted
piece size of 1.73 m*.

of the
John Deere
an area that

For the 1last four days
Matahina trial, the
skidder was put into
was being logged with an FMC skid-
der. No studies were carried out
but visual observations of machine
performance were made.

Production Study Results

A total of 42 cycles on wide tyres

both skidder operators preferred and 62 cycles on narrow tyres were
to ¢limb up the ridge and come studied at Matahina in November
down over the top of the logs. 1985. The results are shown in
Table 18.
Table 18 : Production Study Results, Matahina

Element Wide Tyres Narrow Tyres

Run empty (skid) 0.27 0.31

TRAVEL EMPTY (Bush) 1.11 (150 m) 1.24 (150 m)

Blade logs 0.23 0.32

POSITION 0.47 0.58

Breakout 3.32 (2.60 pcs) 3.96 (3.10 pos)

TRAVEL LOADED (Bush) 1.46 (150 m) 1.52 (150 m)

Run loaded skid) 0.46 0.47

Drop on skid .77 0.52

Other blade work 0.67 0.47

Total Cycle 8.76 9.86

Average piece size (m®) 1.83 1.68

Average drag size (m) 4.75 5.21

Production per PMH (m®) 32.5 31.7
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Table 19 : Paily Records, Matahina

Productive Machine Hours
Machine availability

Total Cycles
Pieces per cycle
Average Piece Size* (mP )

Average haul distance {(m)
Slope classes 0-10%
21-32%

Rainfall recorded (mm)
Fuel used per PMH (1lit)
Fuel used per m* (1it)
Production per PMH (m®)

Wide Tyres Narrow Tyres
39.84 11.25
96.0% 53.1%

245.0 58.0
2.51 3.26
1.76 1.76

143.0 202.0

17.0% -
83.0% 100.0%
0.0 .0
10.1 11.0
0.37 0.37
27.6 29.6

* Weighted average from production studies

The John Deere on narrow tyres and
the Treefarmer C7 could both climb
the ridges quicker than the wide
tyres because it was harder to
manoeuvre between the stumps on
the ridge with the wides on. All
the machines could handle the
short steep slopes provided the
direction of travel was straight
down the slope. In this situation,
the longer wheelbase of the
Treefarmer made it more stable
than the John Deere on either set
of tyres. Travel speeds were again
higher with wide tyres on and the
position element was shorter.
There was also less log blading
done prior to breakout.

In the FMC area the wide tyres did
not perform well after heavy rain
(not recorded by the weather
station). The machine was limited
to about 20% slopes because the
combination of wet soils and
moderate slash cover caused exces-
sive wheelslip. Access tracking
was necessary to keep the machine
working. The FMC had little dif-
ficulty working the same area in
similar conditions.

Performance Monitoring

Six days of operation on wide

tyres and two days on narrow tyres
were recorded. Tyre pressures were
the same as for Kaingaroa. The in-
formation collected at Matahina is
summarised in Table 19.

Conclusions

Production study results showed
that the wide tyres were more
productive than the narrow, but

this is not reflected in the daily
records. The extra width of the
wides was sometimes a hindrance,
particularly when trying to nego-
tiate a path along the top of a
ridge. Both tyre configurations
were capable of working on the
steeper slopes, but more caution
was necessary when golng across
the slope with narrow tyres on.

The wet scoria appeared to have
more effect on the performance of
the wide tyres than it did on the
narrow tyres. The FMC had a far
greater capacity to climb up the
scoria slopes but it lacked the
stability of the wide tyres on
side slopes.

Only a small sample
records were collected
tyres.

of daily
on narrow
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KINLETTH THINNING

The wide tyred skidder was tri-
alled in both hauler thinning and
tractor +thinning areas 1in Kin-
leith.

Hauler Thinning

The hauler thinning area was in
the Waikato block along Jack Henry
Road. The soil type was pumice ash
on clay. The setting was on a
steep hillside with flat areas at
the top and bottom. Slopes on the
hillside were consistently around
60-65%.

The trial was arranged to assess
outrow extraction using the skid-
der on both wide and narrow tyres.
Five corridors were marked in and
the following systems tried:

1. Trees in the corridors only
were felled and extracted.
2. Bay trees in the same cor-

ridors were felled and ex-
tracted in a second series of

machine passes.

3. Corridor and bay trees'were
felled and extracted concur-
rently.

The theory was that the wide tyred
skidder would reverse up the cor-
ridors and get the bulk of the
wood from the bottom. Slope length
was between 80 and 140 m. The flat
area at the top was extracted down
a 182 m long, 23% track, which was
also used for access to the top of
the block.

The operation was based on a four
man crew (excluding the skidder
operator) with the fallers assist-
ing in the breakout phase. The
skidder was required to fleet the
logs on the landing. The stand was
15 year old P. radiata with an
average piece size of .26 m®.

Production Study Results

The wide tyres were studied for 42
cycles and the narrow tyres for 30
cycles during December of 1985.
The results are shown in Table 20.

Table 20 : Results fram Studies in Hauler Thinning Area
Element Wide Tyres Narrow Tyres
Run empty (skid) 0.31 0.29
TRAVEL EMPTY (Bush) 1.86 (150 m) 1.77 (150 m)
Blade lIogs 0.15 0.17
POSITION 0.74 0.98
Breakout 6.7¢ (7.60 pcs) 7.00 (7.90 pcs)
TRAVEL LOADED (Bush) 1.59 (150 m) 1.20 (150 m)
Run locaded skid) 0.31 0.30
Drop on skid 1.51 1.57
Other blade work 0.35 .55
Total Cycle 13.56 13.83
Average pilece size (m?) 0.28 0.25
Average drag size (m’) 2.13 1.98
Production per PMH (nt) 9.4 8.6
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Figure 30 :

i~

The wide tyred skidder was difficult to control

on the steep slopes in the hauler thinnings area

The skidder on wide tyres was vir-
tually uncontrollable when
travelling over logs on the steep
slopes. Occasionally it would lose
traction on top of the slash and
spin a complete circle.

The
the

operator found the blade of
wide tyred skidder of 1little
use when trying to position 1logs
for breakout, or as a means of
support on steep descents.

The narrow tyres penetrated
through the slash and logs lying
in the outrow which gave better

traction and stability.

Performance Monitoring

A total of three days of operation
on wide tyres and two days on nar-

row tyres were documented in the
hauvler thinning area. No changes
were made to tyre inflation pres-
sures from the Matahina trail. The
information collected is sum-
marised in Table 21.

The corridors in the Hauler thin-
ning area were widened from four
metres to five to six metres for
the wide tyres. Some large gaps
were created when the machine
skidded off the outrow into stand-
ing trees. Residual stocking was
kept at the prescribed 1level by
leaving extra trees in the bays.

Bark damage on the slopes was high
along the edges of the corridors
(5-10%). Irregular slopes and logs
lying in the outrow would cause
the skidder on wide tyres to slide
sideways into standing trees.
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Table 21 : Daily Records in the Hauler Thinning Area

Wide Tyres Narrow Tyres

Productive Machine Hours 15.85 8.92
Machine availability 91.9% 96.0%
Total Cycles 55.0 35.0
Pieces per cycle 6.83 7.7¢4
Average Piece Size* (mP) 0.27 0.27
Average haul distance (m) 300.0 233.0
Slope classes 0-10% 33.3% 50.0%

21-32% 66.7% 50.0%
Rainfall recorded (mm} 0.0 c.0
Fuel used per PMH (1it) 8.2 11.0
Fuel used per m* (lit) 1.19 1.34
Production per PMH (m’ ) 6.9 8.2

* Weighted average Ffrom production studies

Conclusions

The wide tyres showed a marginal
advantage over the narrow tyres in
the production studies but not in
the daily records. The daily
records however, were considered a
truer indication of machine
productivity in this situation.
Because of +the difficulties in
controlling the machine when
travelling over slash on steep
slopes, the wide tyres were con-
sidered to be unsuitable in the
hauler thinning area. The flota-
tion effect of the wides would not
aliow the wheels to penetrate
through the slash and logs in the
outrows. This resulted in uncon-
trollable manoceuvres and a roll-
over.

The larger diameter of the wides
combined with their flotation ef-
fect rendered the blade useless
when working on top of logs and
slash.

Tractor Thinning

The tractor thinning area was
along Barnett Road on a Taupo ash
soil type. The setting was
designed for downhill extraction
of tree length logs in a selective

thinning operation. Slopes in the
block ranged from 19% at the foot
of the hill to between 46% and 65%
above that. The stand was 17 year
old P. radiata.

The regular extraction machine for
this operation was a Cat D4 trac-
tor which also did the fleeting at
the landing. The crew size was
four men (excluding the John Deere
operator), and two were assigned
to breaking out during the study.
The logging system was a cold deck
operation with intermittent load
out.

Production Studvy Results

Due to problems with dirty fuel,
only 29 cycles on the wide tyres
were studied in the tractor thin-
ning area. The narrow tyres were
studied for 75 cycles. Study
period was late December 1985. The
results are shown in Table 22.

No extra tracking was necessary to
operate the wide tyred skidder in
the selection thinning although
the machine did use a «c¢limbing
track on both wide and narrow
tyres. Once again control of the
skidder was difficult when operat-
ing on wide tyres. A second roll
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Table 22 : Time Study Results in Tractor Thinning Area

Element Wide Tyres Narrow Tyres
Run empty (skid) 0.31 0.29

TRAVEL EMPTY (Bush) 2.07 (150 m) 1.64 (150 m)
Blade logs g.10 0.13
POSITION 0.87 0.77
Breakout 5.16 (6.31 pos) 5.34 (6.52 pcs)
TRAVEL LOADED (Bush) 1.53 (150 m) 1.81 (150 m)
Run loaded skid) 0.46 0.63

Drop on skid .12 I.16

Other blade work 0.48 1.66

Total Cycle 12.10 13.43
Average piece size (m) 0.37 0.41
Average drag size (m®)} 2.33 2.67
Production per PMH (nP) i1.6 11.9

over incident occurred 1in the thinnings and this was reflected
tractor thinning area, this time in his operation of the machine.

on the narrow tyres.
The wide tyres

were not suited to

The skidder had fuel problems the thinning operation. Slopes of

during the trials with the wide 60%+ were cons
tyres and consequently the study safe skidder
was cut short. tyres were mor

idered too steep for
operation. Narrow
e controllable than

wide tyres when travelling over
Performance Monitoring logs and slash, but that did not

prevent a second roll over acci-
Only two days of operation on wide dent from occurring.

tyres and three days of operation

on the narrow tyres were recorded. Travel empty
Tyre pressures remain at 110 kPa slopes were
for the wide tyres and 172 kPa for with the wide
the narrow tyres. A summary of the tyred machine
daily records for the tractor machine hour
thinning area is shown in Table wide tyred mac
23.

Conclusions

times on the steep
significantly longer
tyres. The narrow
used more fuel per
and per m* than the
hine.

WOODHILL CLEARFELTL

The narrow tyres again proved to
be more productive in the tractor

thinning area. No extra tracking Trial Description

was necessary to operate the
wides. The operator had lost some Woodhill fores
confidence in the wide tyres in stabilisation

t is a sand dune
forest on the north
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Table 23 : Daily Records for Tractor Thinning Area — Kinleith Forest '

Productive Machine Hours
Machine availability

Total Cycles
Pieces per cycle
Average Piece Size* (m?)

Average haul distance (m}
Slope classes 0-10%
21-32%

Rainfall recorded (mm)
Fuel used per PMH (1it)
Fuel used per m* (1it)
Production per PMH (nf )

Wide Tyres Narrow I'yres
5.76 15.37
84.2% 90.1%
27.0 74.0
5.92 6.0¢4
0.39 0.39
119.0 134.0
100.0% 33.3%
0.0 8.0
10.4 9.0
0.96 0.79
10.8 11.3

* Weighted average from production studies

western coast of the North Island.
The soil type in Compartment 71
was of Podzolic origin from
Aeclian sand.

Terrain in the area was typical of
sand dune type forests with un-
dulating hills and gradual slopes.
The logging crew was six men with
a Clark Ranger 666C skidder and a
Clark Michigan 55B rubber tyred
front end loader.

The system used was tree length
extraction to a hot deck landing.
A certain amount of uphill travel
loaded was necessary for most of
the trial area. It was common
practice for the skidder to butt
the logs up at the end of each
cycle. Logs were dropped onto run-
ner logs at the landing. The
weather prior to the study had
been unusually wet for that time

of the year. Some light showers
fell during the trial.

The stand was 43 year old P.
radiata stocked at 280 stems per

hectare. The recoverable tree size
was estimated to be 2.15 md.

Production Study Results

A total of 99 cycles on wide tyres
and 88 cycles on narrow tyres were
studied at Woodhill in January
1986. Results from the study are
summarised in Table 24.

On some occasions, congestion at
the skid resulted in a smaller
than optimum drag being extracted.

A 40 m section of 12% uphill grade
in the travel loaded element en-
ticed the operator to attach one
less log per drag to avoid having
to winch. This applied to both
tyre types.

On the abovementioned incline, no
winching was necessary with the
wide tyres in 99 cycles. In the
study with narrow tyres, the
operator had to winch in five out
of 88 cycles. Overall travel
speed for that section, including
winching, was 10% faster with nar-
row tyres.

Daily Records

Eight days of data on the wide
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Table 24 : Production Study Results, Woodhill

Element Wide Tyres Narrow Tyres
Run empty (skid) 0.31 0.29

TRAVEL EMPTY (Bush) 2.07 (150 m) 1.6¢ (150 m)
Blade logs 0.10 0.13
POSITION 0.87 0.77
Breakout 5.16 (6.31 pecs) 5.34 (6.52 pes)
TRAVEL LOADED (Bush) 1.53 (150 m) 1.81 (150 m)
Run loaded skid) 0.46 0.63

Drop on skid 1.12 1.16

Other blade work 0.48 1.66

Total Cycle 12.10 13.43
Average piece size (mP) 0.37 0.41
Average drag size (m*) 2.33 2.67
Production per PMH (m®) 11.6 11.9

N BEERE

Figure 31 : The skidder on narrow tyres hauling up the +12%
incline to the skid at Woodhill




-53-

Table 25 :

Summary of Paily Records, Woodhill

Productive Machine Hours
Machine availability

Total Cycles
Pieces per cycle
Average Piece Size* (m?)

Average haul distance (m)
Slope classes 0-10%
21-32%

Rainfall recorded (mm)}
Fuel used per PMH (l1it)
Fuel used per m® (1it)
Production per BPMH (m®)

Wide Tyres Narrow Tyres
39.17 18.21
88.6% 81.0%

281.0 124.0
2.46 2.40
1.52 1.52

133.0 166.0

12.5% -
87.5% 100.0%
g.0 -
2.5 14.9
0.46 0.60
26.8 24.8

* Weighted average from production studies

tyres and four days of data on the
narrow tyres was collected. The
pressures 1in the wide tyres were
reduced to 103 kPa during the
Woodhill trial. The narrow tyres
were left at 172 kPa. A summary
of the daily records are shown in
Table 25.

The wide tyres appeared to have
more traction than the narrow
tyres in the sand. Disturbance to
the extraction track was consider-
ably less with the wide tyres.
The sand was relatively wet under
the top 10 cm of the surface.

A sample of cycles with the Clark
Ranger were observed but no times
collected. Drag sizes were smal-
ler with the Clark and it seemed
to have more difficulty with trac-
tion when travelling loaded up the
12% grade to the skid.

Conclusions

The estimated production from both
sets of tyres was almost the same.

Fuel wusage on narrow tyres was
higher per machine hour and per
cubic metre produced, but average

haul distance was longer for the
narrow tyres.

The difference in performance be-
tween the two sets of tyres may
have been greater if the sand had
been drier.

TARAWERA CLEARFELIL

Trial Description

Tarawera Forest is located on the
eastern edge of the Volcanic
Plateau 1in the central North Is-
land. The soil type was a scoria
type gravel from Tarawera basalt
lapilli. The trial was the first
clearfelling operation undertaken
in the forest. A six-man crew
with a Cat 518 skidder and Cat 950
rubber tyred loader were imported
from Kaingaroa to do the logging.

The setting was bounded by a ridge
on one side and a road in the
gully bottom on the other. Two
landings had been established for
the operation. Slopes on the side
of the ridge ranged from 42 to 65%
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Table 26

Production Study Results, Tarawera

Element

Run empty (skid)
TRAVEL EMPTY (Bush}
Blade logs
POSITION

Breakout

TRAVEL LOADED (Bush)
Run loaded skid)

Drop on skid
Other blade work
Total Cycle

Average piece size (md)
Average drag size (m®)

Production per PMH (m? )

I
7]
o
3

Wide Tyres Narrow Tyres
37 0.35
.37 (150 m) 1.61 (150 m)
.49 0.47
.39 0.32
.48 (3.96 pcs) 4.61 (5.24 pcs)
85 (150 m) 2.01 (150 m)
36 0.56
.50 0.71
46 .26
!
27 10.90 |
.98 0.86 |
88 4.51 §
.1 24.8

with intermediate ridges dissect-
ing the main ridge.

The basic logging system was
downhill, +tree length extraction
with the operator breaking out his
own wood and a minimal amount of
fleeting on the landing. Six
chain strops were used in place of
the normal wire rope strops.

The stand was 23 vyear old
P. radiata stocked at 376 stems
per hectare with a recoverable

piece size of 1.24 md.

Production Study Results

A total of 83 cycles on wide tyres
and 93 cycles on narrow tyres were

studied. The study period was be-
tween February and April. The
results are shown in Table 26.

The Cat 518 was also studied
during the Tarawera trial. It had
a gquicker cycle time of 9.21
minutes and a smaller piece size
of 0.84 m* but production per PMH
was higher at 26.9 ms. The Cat

was head-pulling 100% of the time,

whereas the wide tyres were head-
pulling only 30% of the time and
the narrow 55% of the time.

Daily Recoxds

Daily records were kept for 12
days of operation on wide tyres
and 10 days on narrow tyres. Part

trial with wide
tyre pressures

way through the
tyres in Tarawera,

were reduced from 103 kPa to 83
kPa. The narrow tyres were also
reduced in pressure from 172 kPa
to 138 kPa. A summary of the
records are shown in Table 27.
Six days of machine-related

downtime have not been included in
these records.

ad-
was
top

to
and

On one intermediate hill a 42%
verse grade access track

planned to get to wood on the
of the main ridge. Attempts
climb the ridge on both wide
narrow tyres and with the Cat 518
were unsuccessful. By lowering
pressures from 103 kPa to 83 kPa
in the wide tyres, the John Deere
was able to climb most of the way
up the ridge but not to the top.
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Table 27 :

FOREST RESEARCH INSTITUTE
' LIERARY.
PRIVATE BAG. ROTORUA.

e A

Summary of Daily Records, Tarawera

Productive Machine Hours

Machine availability

Total Cycles

Pieces per cycle

Average Piece Size* (m? )

Average haul distance (m)

Slope classes 0-10%
11-20%
21-32%
33-50%

Rainfall recorded (mm)
Fuel used per PMH (1lit)
Fuel used per m* (lit)
Production per PMH (m®)

Wide Tyres Narrow I'yres
58.26 52 .44
B7.7% 92.1%

410.0 277.0
4.27 5.29
0.89 0.89

100.0 162.0
9.0% 10.0%

36.0% 20.0%
27.5% 20.0%
27.5% 50.0%
51.0 -
9.1 11.3
0.34 0.45
26.7 24.9

* Weighted average from production studies

Logs on the slope were picked up
by the skidder turning and driving
across a 60% side slope and coming
down over the top of the logs.
Eventually, access to logs at the
back of the setting was gained via
a track running the length of the
maln ridge. Lowering the pressures
in the narrow tyres did not appear
to improve the skidder’s perfor-
mance when climbing on the loose

scoria.

Conclusions

There was little difference in
productivity between the wide and

narrow tyres. Variations in the
extracted piece size made it dif-
ficult to draw comparisons between
the three machines. The wide
tyres again proved to be very
stable when travelling across
steep side slopes.

Reducing tyre pressures improved
the climbing ability of the wide
tyred skidder in the scoria soils.

Production was highexr when the
machines were head-pulling 1i.e.
the more head-pulling the skidders

were doing,
they were.

the more productive

The wide tyred skidder used less
fuel per PMH and per m* produced
but the narrow tyred machine was
hauling over longer distances.

MANGATU CLEARFELL

Trial Description

Mangatu is a protection forest
situated on unstable, erosion
prone terrain on the East Coast of
the North Island. The soil type
was Gisborne sandy loam derived
from Gisborne ash. Slopes ranged
from flat to 23% with some pitches
of over 44%. The logging area was
located on either side of Whetarau
Road.

As there was no regular logging
being done at Mangatu, a seven-man
crew and a Mitsubishi MS 180
hydraulic loader were brought in
from Patunamu forest. The logging
system was experimental with short
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Figure 32 :

and long log length extraction to
the road edge in a hot deck opera-
tion. Both uphill and downhill ex-
traction was tried on the wide
tyres, and only a brief spell of
uphill extraction tried with the
narrow tyres on. An FMC 220 CA
tracked skidder was also studied
in the same area.

At the beginning of the trial, the
short logs were cut to actual
sawlog specifications (2.4 m to
6.3 m) in the bush. Due to opera-
tional difficulties in extracting
this wood the pattern was changed
to a semi-random cut approximately
midway up the stem. A breaker-out
assisted the skidder operator
during the log attachment phase.

The stand was 35 year old P,
radiata stocked at 285 stems per
hectare. The recoverable tree

size was 1.87 m3.

Production Study Results

A total of 79 cycles of wide tyre
operations were studied at Man-
gatu, 20 when extracting short
logs and 5% when extracting semi-

The skidder on wide tyres havipng difficulty
negotiating a greasy track during the Mangatu trial

processed wood. The narrow tyres
were not studied at Mangatu. The
study period was April-May 1986.
Results are shown in Table 28.

Weather prior to the study had
been dry and ground conditions
were described as unusually firm.
Some rain did fall when the skid-
der was extracting uphill and the
tread on the wide tyres quickly
became clogged, resulting in vir-
tually no traction. The rain was
insufficient to saturate the soil.

Some bunching of the short logs
had been done before the study. A
brief evaluation of the FMC showed
that it was much more productive
than the rubber tyred skidder,
especially pulling logs uphill.

Daily Records

Daily records were kept for 27
days of operation on the wide
tyres and two days on the narrow

tyres. The pressures in the wide
tyres were left at 83 kPa and the
narrow tyres remained at 138 kPa.
Five days of machine downtime has
been disregarded in these records
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Tahle 28 : Production Study Results, Mangatu

Element Short Logs Long Logs Combined

Run empty (skid) 0.21 0.35 0.24

TRAVEL EMPTY (Bush) 1.37 (150 m) 1.43 (150 m) 1.42 (150 m)
Blade logs - 0.07 0.05
POSITION 0.31 0.26 0.27
Breakout 2.68 (5.10 pes) 2.36 (3.82 pcs) 2.41 (4.22 pos)
TRAVEL LOADED (Bush) 1.92 (150 m) 2.05 (150 m) 2.00 (150 m)
Run loaded (skid) 0.36 0.49 0.46

Drop on skid 0.75 0.61 0.65

Other blade work 0.25 0.47 0.41

Potal Cycle 7.86 §.00 7.01
Average piece size (m’) 0.96 1.21 1.13
Average drag size (m®) 4.90 4.74 4.78
Production per PMH (m*) 37.4 35.6 36.3

as it was not related to either daily records from Mangatu are
set of tyres. A summary of the shown in Table 29.

Table 29 : Daily Records, Mangatu

Wide Tyres Narrow Tyres
Productive Machine Hours 130.00 6.58
Machine availability 86.2% 98.2%
Total Cycles 881.0 50.0
Pieces per cycle 3.71 2.50
Average Piece Size* (m?) 1.08 1.21
Average haul distance (m) 141.0 103.0
Slope classes 11-20% 100.0% 100.0%
Rainfall recorded (mm} 34.0 41.0
Fuel used per PMH (1it) 11.4 12.5
Fuel used per m® (lit} 0.42 0.54
Production per PMH (m) 27 .4 23.0

* Weighted average from production studies
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Heavy rain fell on the last two
days of the trial. At that stage
the wide tyres were having con-
siderable difficulty climbing up

the 16% incline. The tyres were
changed and performance improved
immediately. It was noticeable

that the narrow tyres were biting
through the soft surface to firmer
ground underneath, whereas the
wide tyres were not penetrating
through the surface and the treads
were clogging up.

In the initial stages of the
trial, the skidder was travelling
through standing trees to get to
the road edge. This limited the
choice of haul paths that could be

taken and meant that when it
rained and the track got muddy,
the operator could not easily

select a new route.

Conclusions

Dry weather conditions before and
during the trial at Mangatu had a
large bearing on the somewhat
doubtful results. Even with the
rain falling at the end of the
trial, ground conditions were not
considered normal.

The system of extracting logs to
the road edge worked successfully
although the skidder had some dif-
ficulty with the uphill extrac-
tion. Efficient truck scheduling
was essential where there was
limited room +to stockpile the
logs.

The FMC tracked skidder could
handle the logging conditions much

better than the rubber tyred
machine. Considering the power
difference, though, no realistic
comparison c¢ould be drawn. It is
unlikely that a larger rubber
tyred skidder would have matched
the performance of the tracked
skidder.

MARAMARUA CLEARFELL

Maramarua forest is a State-owned
forest situated South-east of
Auckland. The logging was normally

cable systems because in
conditions were un-
for ground-based
machines. The Maramarua soils were
Mangawheau sandy loam and clay
derived from shattered greywacke.
Generally, the terrain was flat to
gently rolling, but dissected by
two small drainages between two
and three metres deep. In one part
of the setting, the slopes were up
to 25%. A local crew, selected
from the forest workforce, made up
the logging gang.

done by
wet weather
suitable

The logging system was tree length
extraction to a hot deck situation
at the landing. Runner logs were
laid out across the skid to drop
the logs on and at the end of each
cycle the skidder butted the logs
up. A Fiat Allis 645 rubber tyred
front end loader was used for
fleeting and loading. Five strops
were used on the machine and the
operator had an assistant for
breaking out.

The stand was a 34 year old block
of P. radiata stocked at 368 stems
per hectare. The recoverable tree
size was calculated fto he 1.53 m?.

Because of the abnormally dry
weather conditions, part of the
logging area was artificially dam-
pened with a sprinkler system. A
total of 44 mm of rain fell during
the study period.

Production Study Results

A total of 80 cycles on wide tyres
and 72 cycles on narrow tyres were
studied at Maramarua during May
and June of 1986. The results are
shown in Table 30.

Two different tyre pressures were
tried in the wide tyres at
Maramarua - 69 kPa and 55 kPa. The
travel loaded speeds appeared to
be 10% higher with the lower pres-
sures on slopes ranging from +8%
to -17%. 1Insufficient data was
collected however to substantiate
this indication.

Performance Monitoring

Seven days of operations on wide
tyres and four days on narrow
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Table 30 :

Production Study Results, Maramarua

Element

Run empty (skid)
TRAVEL EMPTY (Bush)

Blade lIogs
POSITION

Breakout

TRAVEL LOADED (Bush)
Run loaded skid)

Drop on skid
Other blade work
Total Cycle

Average piece size (m*)
Average drag size (mP)

Production per PMH (md)

wide Tyres Narrow Tyres
0.25 0.24

1.15 (150 m) 1.21 (150 m)
0.58 0.89

0.25 0.26

2.89 (3.26 pcs) 2.65 (2.89 pes)
1.68 (150 m) 1.73 (150 m)
0.40 0.49

0.46 0.42

0.26 0.21

7.92 8.10

1.71 1.70

5.57 5.08
42.2 37.6

tyres, were recorded at Maramarua.
The pressures in the narrow tyres
were left at 138 kPa. The infor-
mation from the daily recording is
summarised in Table 31.

Conclusions

There was virtually no difference
between the performance of wide
and narrow tyres at Maramarua. On

Table 31 :

a PMH basis the narrow tyres ac-
tually used less fuel but average
haul distances were shorter. The

production studies indicated that
there was more of an advantage
using the wide tyres but the long
term monitoring did not support
this. The wide tyres did not sink
as far into the soft ground as the
narrow tyres did when crossing the
drainages.

Daily Records, Maramarua

Productive Machine Hours
Machine availability

Total Cycles
Pieces per cycle
Average Piece Size* (m*)

Average haul distance (m)
Slope classes 0-10%

Rainfall recorded (mm}
Fuel used per PMH (1lit)
Fuel used per m® (lit)
Production per PMH (m®)

Wide Tyres Narrow Tyres
31.36 14.43
79.7% 21.6%

210.0 109.0
3.24 2.91
1.71 1.71

135.0 108.0

100.0% 100.0%

44.0 -
10.9 0.5
0.29 0.28

37.1 37.6
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SUMMARY OF PERFORMANCE MONITORIKNG
RESULTS

Table 32 summarises the production

study results from the clearfell-
ing trials, by forest.
In most forests, paired com-

Table 32 =

parisons of wide tyres versus nar-
row tyres were not possible be-
cause of variations in piece size
and number of pieces hooked on.

Figures 33 and 34 summarise
productivity versus piece size and
drag volume.

Summary of Production Study Results for Clearfell Trials

Wide Tyres Narrow Tyres
Av. Cycle Av. Drag  Production Av. Cycle Av. Drag Production

Forest Time, Volume, Per PMH, Time, Volume, Per PMH,

minsg m? m mins m m
Kinleith 10.41 4.46 25.7 10.51 5.43 31.8
Ngaumu 8.65 5.66 39.3 8.80 5.59 38.1
Kaingaroa 10.61 6.06 34.3 8.63 8.03 55.8
Matahina 8.76 4.75 32.5 9.86 5.21 31.7
Woodhill §.24 3.67 26.7 7.72 3.49 27.1
Tarawera 9.27 3.88 25.1 10.90 4.51 24.8
Mangatu¥* 7.01 £4.78 36.3 - - -
Maramarua 7.92 5.57 42.2 8.10 5.08 37.6

* No production studies were done on the narrow tyres at Mangatu
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Figure 34 : Productivity versus drag volume
Figure 33 suggests that, for a Woodhill (by 13%) although
given tree size, productivity on drag sizes were larger. In

wide tyres was higher than on nar-
row tyres but when this is related

to average drag size (see Figure
34) the difference is not sig-
nificant.

The following are conclusions

drawn from comparing the different
element times between the trials.
(1) Manoeuvrability on the
landing: The wide tyres were
generally slower to manoceu-
vre, loaded or unloaded, on
the landings. Congestion
was an influencing factor -
especially on smaller narrow
landings. In some cases the
skidder on wide tyres had to
do a 3-point turn to
manoeuvre off the landing
after unhooking.

(ii) Travel speeds: In all but
two forests (Ngaumu and
Woodhill) the travel loaded
speeds were up to 8% higher
with the wide tyres. In
Ngaumu forest the wide tyres

were 15% slower with a
similar drag size. Travel
loaded was also slower in

(iii)

all forests the wide tyres
were faster unloaded than
the narrow tyres. Differ-
ences ranged from 5% quicker
in Maramarua to 46% quicker
in Ngaumu.

Figures 35 and 36 illustrate

travel speeds, loaded and
unloaded, versus slope.
Travel speeds were affected

by the increases in slope,
both favourable and adverse.

The generally higher un-
loaded speeds on wide tyres
reflect their relative

stability on steeper
and improved traction.

slopes

Blading logs: Blading logs
in preparation for break-out
is common practise in New
Zealand skidder operations.
Apart from two forests,
Kaingaroca and Tarawera, the
wide tyred skidder spent
less time blading logs prior
to breakout. The main
reason was that precise
blade control was more dif-
ficult on the wide tyres
because:
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their larger diameter
reduced effective blade
travel

their extra width extended
beyond the outside edge of

the
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- their flotation effect made
it hard to get the machine
level.

When using wide tyres the
operator was consistently
doing more blade work either
on the skids or along the haul
path to remove obstacles.
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Figure 36 : Travel Loaded

-5 to +5 +6 to +19

Speeds versus Siope
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Table 33 : Fuel Consumption and Production Levels Recorded from Daily Records
Wide Tyres Narrow Tyres
Fuel Used Litres Production Fuel Used Litres Production
Forest per PMH per m per PMH, m per PMA per m? per PMH, m’
Kinleith 11.4 0.46 32.1 11.2 0.45 31.3
Ngaumu 12.2 0.38 31.9 13.6 0.37 36.5
Kaingaroa 10.9 0.27 39.7 11.7 0.23 50.5%
Matahina 10.1 0.37 27.6 11.0 0.37 29.6
Woodhill 12.4 0.46 26.8 i¢.9 0.60 24.8
Tarawera 5.1 0.34 26.7 11.3 0.45 24.9
Mangatu 11.¢ 0.42 27 .4 12.5 0.54 23.0
Maramarua 10.9 0.29 37.1 10.5 0.28 37.6
* There was such a large difference in piece size between the two areas logged in
Kaingaroa that a weighted average per piece could not be used.
Daily Records Using the LIRA Costing Format
(Wells, 198l) the cost of owning
Information from the daily records and operating the two different
are summarised in Table 33. tyre configurations can be com-

Production per PMH is calcunlated
by taking the weighted average of
piece size recorded in the produc-
tion studies, multiplying it by
the number of pieces pulled and
dividing by PMH. Fuel usage is

calculated by dividing fuel used
by PMH and by cubic metres
produced.

The skidder on wide tyres used an

average of 8% less fuel per PMH
and 10% less fuel per m* produced.

Total hours worked and mechanical

availability are summarised in
Table 34.
Note that the lower availability

of the machine on wide tyres was
not due to the tyres.

pared. These costs are based
1986 machine, tyre and fuel costs
and use actual fuel and oil con-
sumption figures, a predicted
tyre life of 4000 hours and 50% of
depreciation for repairs and main-
tenance. Table 35 shows the cost
per hour and relates it to the
production figures from the daily
records (excluding Kaingaroa).

on

The skidder on wide tyres cost
$6.32 per hour more than it did on
narrow tyres. Data from the
production studies and performance
monitoring indicated that this ad-
ditional cost is not offset by the

reduced fuel consumption in these
studies.
Table 35 : Cost Camparison of Wide

Tyres vs Narrow Tyres

Wide Narrow
Table 34 : Hours Worked and Tyres Tyres
Mechanical Availability
$ s
Owning costs/hr 23.92 22.54
Wide  Narrow Operating costs/hr 29.05 24,11
Tyres Tyres Total cost/hr 52.97 46.65
Cost/m* (based on
Hours worked 565.9 201.5 30 m® /hr) 1.78 1.56
Mechanical
availability 89.1% 93.4% Production Increase required
for break-even 3.6 m*/hr (+13%)
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TYRE DAMAGE AND WEAR

INTRODUCTION

Overseas experience (Simpson,
1985) indicated that tyre failures
were usually the result of
operator abuse, e.g. running over
loader stabilisers, incorrect
pressures, staking etc. To monitor
and record the wear and damage oc-
curring to the tyres used in the
New Zealand trials, periodic in-

spections were carried out. The
procedures and results were docu-
mented under the following
headings; Tyre Wear and Tyre
Damage.

TYRE WEAR

An assesSsment form was devised to
record tyre wear (see Appendix
10). A hardboard template, (made
up when the tyres were new), was
used to measure the lug profile in
three places along the length of

N Figure 37 :

the lug (see Fig 37). The outer
and inner lug closest to the valve

stem on all tyres was measured
each time. The location of the
tyre on the machine was also re-~
corded.

RESULTS

The results of the tyre wear
assessment are shown in Fig 38.
More detailed summaries of in-

dividual wear in relation to use
are shown in Appendix 10.

The variation in operating hours
for tyres one, four and five was a
function of the tyre rotation pro-
cedure being used. The number of
hours worked and position on the
machine for each forest is sum-
marised in Table 36.

The amount of time each tyre spent
on the front or rear of the
machine is shown in Table 37.

Location of lug profile measurements
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Figure 38 : Tyre wear according to hours worked
Table 36 : Hours worked and tyre position on skidder for
each forest
Tyre No.
i (LHS)} 2 (RHS) 3 (RHS) 4 {LHS)
Forest Front Back Front Back Front Back Front Back
)
Kinleith 79.2 - 79.2 - - 79.2 - 79.2
Ngaumu - 110.8 - 110.8 110.8 - Spare
Kaingaraa 7.3 - 77.3 - - 7.3 - 77.3
Matahina Spare - 33.8 39.8 - 39.8 -
Kinleith (thn) Spare - 21.6 21.56 - 21.4 -
Woodhill - 39.2 39.2 - - jo.z2 Spare
Tarawera 58.3 - - 48.3 48.3 - Spare
Mangatu - 130.0 - 130.0 130.0 - 130.0 -
Maramarua 31.4 - 31.4 - - 31.4 - 31.4
Totals 266.2  280.0 227.1  360.5 360.5  227.1 i91.4 187.9
Total Tyre Hrs 526.2 587.6 587.6 379.3

269.3
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Table 37 :

The percentage of time spent on the front

and rear of the skidder

Tyre No Side Front Rear
1 LHS 47% 53%
2 RHS 39% 61%
3 RHS 61% 39%
4 LHS 51% 49%
5 LHS 56% 44%
By relating the tyre use from A total of 29 tyre changes were

Table 35
Figure 34,
ferent soil types can be
In the earlier stages of the
trial, wear was greater in the
pumice/clay and pumice/ash type
soils of the Volcanic Plateaun than
it was in the clay at Ngaumu. The
rate of wear, however, tapered off
as the number of hours increased.
This could be due to the shape of
the lugs and the fact that 1lug

to the wear patterns in
tyre wear for the dif-
traced.

width increases as height
decreases.

The tyres were inspected Dby a
specialist from Firestone Tyre

Company Limited at the end of the
trials. The specialist considered
that wear was normal for the use
they had been put to. It was noted
that physical damage such as
chunks torn out and other
deterioration was possibly higher
than would be expected on conven-
tional tyres but this could be re-
lated to the area of tyre ac-
tually in contact with the ground.

Some signs of heat stress were
evident on the inside of one of
the tyres inspected by Firestone.

This was attributed to running
them at lower than recommended
pressures but the damage was not
considered serious. With tyre
pressures set at 62 kPa,

(Maramarua Forest), the rear wide
tyres deformed considerably during
breakout and when winching off to
one side. This deformation was not
so evident when travelling loaded
over stumps or logs (see Fig. 39).

completed during the course of the

trials. These changes were done
either in the field or at a
workshop.

The field changes usually took two
to three hours provided a suitable
loader was available to 1ift the
wheels into place. It was easiest
to sling the tyres in a loop of
chain when +trying to locate them
on the rims.

Removable alignment studs were
necessary because the John Deere
did not have fixed studs on the
wheel hubs. The thread in the hubs
on the front axle stripped after
23 tyre changes.

wWith the availability of air guns
and an overhead gantry, workshop
changes could be done in less than
an hour.

CONCLUSTONS

The wide tyres did not appear to
wear any quicker than conventional
tyres according to specialist
opinion. The increased width of
the wides could have been the
reason for the larger number of
cuts and chunks torn out of the
lugs and outer casing.

Tyre changes were relatively
to perform in the
the necessary support equipment
was available. Using air guns to
tighten the wheel bolts could have
contributed to the stripping of
the front wheel studs.

easy
field provided
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Figure 39 =«
when travelling loaded. The photo shows the RHS rear tyre
(with a load on), passing over a stump at Maramarua.
Pressures were set at 62 kPa

TYRE DAMAGE

A separate form was designed to
collect information on tyre damage
(see Appendix 11). It was part of
the operators daily routine to in-
spect for tyre damage to remove
any debris from between the tyres
and rims. Initially it was easy to

The wide tyres did not deform as much as expected

record the nature and location of
the damage but as the tyres aged,
it became increasingly difficult
to determine whether a cut or rip
was old or new. The tyre damage
records were therefore discarded
in favour of photography.

A sequence of figures to show tyre
damage follows.



Figure 40 : Usipg a Ffropt end loader to suspend the tyres
during a change

SERE R )
o

Figure 41 : Barly damage to tyre Iug, noted during the
Kinleith clearfell trial



Figure 42 : A deeply incised rip in the outer edge of a lug.
This damage was noticed at Hgavmu Forest and it did not
deteriorate any furither throughout the rest of the trials.

e R

Figure 43 : A gplit zlong the seaw between the tyre casing and
the tread cap. Imspection by Firestome reps revealed that it
was a common occurrence apnd appeared on most tyres.
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Figure 44 : The outer casing (between the lugs) was penetrated by a sharp stick.
The damage was confined to the outer surface layer of the tyre and did
not cause any loss or pressure. Eventwally the stick worked its way
out but several other instances of sticks penetrating the tyre
occurred and on at Ieast one of them, the stick remained
in the tyre for a long period.
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Figure 45 : In the Douglas fir in Raingaroa, slivers of wood
and bark were forced between the tyre and rim when the
wheel ran up agairnst a stump.

Tyre pressures at that stage were 110 kPa.

This meparation of the tyre from the rim caused 2 loss
of pressure and the tyre had to be deflated to remove the debris.
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Figure 46 : After the thinnings trials in Kinleith,
a fairly deep cut was noticed in two of the
tyres sidewalls. Again the cuts did
not cause any problems with
pressure loss.

Figure 47 : On one forest, the tyres were shifted with a forklift
and three of the lugs on one tyre were damaged.
Eventually the strips of torn rubber were ripped off.
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Figure 48 :

After the Kaingarca trial, all the

wide tyres were deflated by
specialists from Firestone Tyre
Company, and the debris between

tyre and rim removed.

With progressive reductions in
tyre operating pressures, the
amount of wood and bark that got
between the tyres and their rims
increased. Apart from the occa-
sion described in Fig 3%, no in-
stances of pressure loss were re-

corded.

Removing this debris was often
difficult and sometimes impos-
sible. Normally, +the slivers of

wood would work their way out over
a period of time as the tyres were
being used. On other occasions
the slivers would simply be

In the Woodhill trial, a large chunk 3 - 5 wide and
2 — 4 cm deep was torm out of a Iug on one of the front tyres.
No explanation could be Ffound for the damage and it did not
deteriorate any further during the rest of the trials.

sheared off with part of them
remaining between the tyre and
rim.

CONCLUSIONS

The damage occurring to the tyres
during the trials did not appear
to deteriorate beyond the original
injury. Deep cuts and penetrating
sticks did not cause any loss of
tyre pressure.

The only loss of pressure was
caused by slivers of wood and bark
being forced between the tyre and

its rim. Generally the build-up
of debris between tyres and rims
increased as tyre pressures
decreased.
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MARAMARUA WIDE TYRE SKIDDER STUDY
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APPENDIX 3

SOIL MOISTURE AT SITES AND PHYSICAL PROPERTIES OF SELECTED SOILS

TABLE § - Soil moisture at sites

Site MC % Procter

‘ optimur MC
Maramarua A 37 20
B8 28 25
Tarawera _ Dry . -

Mangatu _

Class 5 - 25° o 24
Class 6 45 10

TABLE 2 — Physical properties of selected soils

Site Textural % sand % silt % clay Loss on
class ignition
- x
Maramarua A Sandy 28.0 " 34.0. 38.0 8.2 (1)
Clay Loam
B 11.0 29.0 60.0 7.1
Tarawera Coarse
Sand
Mangatu
Class 5 A Sandy 60.4 26.6 13.0 -13.7
toam - -
B Clay 47.7 24.3 28.0 2.9
Loam
Class 6 Clay 39.7 23.5 35.8 9.1
Loam

(1) Robertson (19683)
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AVERAGE RUT DEPTHS AND ANOVA ANALYSIS FOR RUTTING TESTS

TABLE 1 - Average rut (cm) depths on Maramarua clay

Wides Narrows

Flat ground

Pass 1 -0.1 3.0
Pass 3 1.1 1.9
Pass 7 2.0 1.4
Pass 13 0.4 2.4
Pass 21 1.4 0.9
Uphill
Pass 1 2.1 6.3
Pass 3 3.0 5.2
Pass 7 4.2 8.4
Pass 13 7.5 6.6
Pass 21 6.3 10.4
Downhill
Pass 1 4.9 3.2
Pass 3 5.9 6.8
Pass 7 8.6 10.0
Pass 13 12.0 14.1
Pass 21 13.2 19.0

TABLE 2 - Results of ANOVA of rutting depth main effects at

Maramarua
Effect Tyre - Direction Tyre x Direction
Pass 1 0.0310 0.0021 0.0004
Pass 3 0.0744 N.S. 0.0001 1.0000 N.S
Pass 7 0.0854 N.S. 0.0001 0.1546 N.S
Pass 13 0.0073 0.0001 1.0000 N.S3
Pass 21 0.0001 0.0001 1.0000 N.S
N.S. = ©No significant difference
TABLE 3 - Duncan's multiple range test between tyres
(all slopes combined) Maramarua
Wides Narrows
(Rut depth cm)

Pass 1 2.3 3.7

B A
Pass 3 3.3 4.7

A A
Pass 7 5.2 6.6

A iy
Pass 13 5.6 8.4

B A
Pass 21 5.7 10.8

B A

Means with the same letter are not different
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TABLE 4 -~ Average rut depths on Tarawera scoria (cm)

Wides . Narrows

Flat ground

Pass 1 3.2 6.7
Pass 3 5.2 8.8
Pass 7 6.3 10.9
Pass 13 6.7 11.9
Pass 21 4.9 12.8
Uphill (12-27%)
Pass 1 4.0 2.8
Pass 3 5.4 3.8
Pass 7 5.2 6.8
Pass 13 5.9 11.0
Pass 21 5.9 12.2
Uphill (27-40%)
Both failed to climb these plots.
Downhill {(12-27%)
Pass 1 3.6 11.2
Pass 3 4.8 11.5
Pass 7 5.9 14.0
Pass 13 7.0 14.4
Pass 21 4.1 14.6
Downhill (27-40%)
Pass 1 5.0 10.5
Pass 3 9.5 12.4
Pass 7 13.7 15.6
Pass 13 12.9 13.9
Pass 21 10.9 15.2
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TABLE 5 - Average rut depths on Mangatu clay (cm)

Wides Narrows
Class 5 £flat
Pass 1 2.0 2.0
Pass 3 1.2 0.8
Pass 7 1.1 1.5
Pass 13 1.3 2.4
Pass 21 1.5 2.8
Class 5 down
Pass 1 1.9 2.0
Pass 3 2.2 1.8
Pass 7 2.8 2.5
Pass 13 2.3 2.9
Pass 21 3.2 3.4
Class 6
Pass 1 2.0 2.0
Pass 3 2.8 5.5
Pass 7 4.2 7.5
Pass 13 3.8 10.1
Pass 21 4.6 13.3
N.85. = ©No significant difiference between tyres

TABLE 6 - ANOVA of rutting depth main effects at Mangatu

Effect Tyre Class Tyre X class
Pass 1 0.3242 N.S. 0.0002 0.0503
Pass 3 0.1082 N.S. 0.0001 0.0772 N.S.
Pass 7 0.0004 0.0001 0.0028
Pass 13 0.0002 0.0001 0.0006
Pass 21 0.0001 0.0001 0.0006
N.S. = No significant difference
TABLE 7 - Duncan's multiple range test bstween tyres
{all classes combined)
Wides Narrows
(Rut depth cm)
Pass 1 2.1 2.7
A A
Pass 3 2.7 3.8
A A
2ass 7 2.5 5.1
B A
2ass 13 3.1 5.9
B A
Pass 21 3.1 6.8
B A

ieans with the same letter are not different
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APPENDIX 5

RESULTS OF TRACTIVE CAPACITY TESTING

TABLE 1 - Test Results with Wide Tyres set at 103 kPa.
Test Track Length - 52.5 m

Run No. No. Revs. Noeminal Load Actual Load Slippage

0 10.56 0.00t 0.00¢t N/A
1 16.79 2.00t 2.35¢ 2.1%
4 10.70 2.00t l.66t 1.3%
7 18.75 2.00t 2.02¢ 1.8%
3 11.00 3.50t 3.11t 4.,2%
6 il.04 3.50¢ 2.85t 4.5%
8 11.08 3.50t 3.19t 4.9%
2 11.75 5.00t 5.21t 11.3%
5 11.67 5.00t 4.83t 10.5%
9 L1.75 5.00t 4,64t 11.3%

10 * 7.00¢t 6.70t 11.3%

* = Run failed
TABLE 2 - Test Results with Wide Tyres set at 69 kPa.

Test Track Lengih - 52.5 m

Run No. No. Revs. Nominal Load Actual Load Slippage
0 10.56 0.00¢t 0.00t N/A
1 10.83 2.00t 1.94¢ 2.6%
4 14.83 2.00¢ 2.00¢t 2.6%
7 10.88 2.00t 2.13¢ 3.0%
2 11.16 3.50t 3.35¢t 5.7%
5 11.16 3.50t 3.06t 5.7%
8 11.29 3.50t 3.32¢ 6.9%
3 12.08 5.00t 5.09t 14.45%
5 11.98 5.00¢t 4,85t 12.9%
9 11.96 5.00t 4,71t 13.3%

10 13.04 65.00t 5.93t 23.5%
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TABLE 3 -~ Test Results with Narrow Tyres set at 138 kPa.
' Test Track Length - 50.5 m

Run No. No. Revs. Nominal Load Actual Load Slippage
0 ... 10.54 0.00t D.00¢t N/Aa
4, 11.00 2.00t 1.91t 4.4%
7 11.17 2.00t 1.98¢t 6.0%
3 11.67 3.50t * % 10.7%
6 11.75 3.50t 3.65¢t 11.5%
9 11.75 3.50t 3.50¢ 11.5%
10 11.75 3.50¢% 3.63¢t 11.5%
5 13.42 5.00t 5.34¢ 27.3%
3 13.17 5.00t 5.10t 25.0%
11 15.58 6.00t 6.03t ' 47 .8%
** = Load Measurement illegible
TABLE 4 - Summary of Results
Tyre Config. Pressure Average Load Slippage
66x43-25 103 kPa 2.0%t 1.8%
3.05¢t 4.5%
4.8%t 11.0%
6.70t *
66x43-25 65 kPa 2.02¢t 2.7%
3.24¢ 5.1%
4.88¢t 13.5%
5.93t 23.5%
63x23.1-26 138 kPa 1.95¢t 5.2%
3.59t 11.5%
5.22t 26.1%
6.03t 47 .8%

* = Run Failed
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APPENDIX 6

DESCRIPTION OF MACHINES TESTED FOR CLIMBING ABILITY

Kinleith
Machine Power Width Wheelbase Age Tyres Tread
John Deere 540D 75Kw 2.93m 2.69m 48h N 100%
John Deere 540D 75Kw 3.74m 2.69m 27h W 100%
Caterpillar D7 200Kw NR NA NR NA NR
Timberjack 207 50Kw NR NR NR * 10%
* Tyre chains fitted to the front wheels
NR = Not Recorded
NA = Noit Applicable
Kaingaroa
Machine Power Width Wheelbase Age Tyres Tread
John Deexe 540D 75Kw 2.93m 2.69m 426h N 100%
John Deere 540D 75Kw 3.74m 2.69m 425h W 94%
Cat 518 90Kw 2.65m 2.89m 2448h N 51%
Clark 666C 8 4Kw 2.71lm 2.64m 4702h N 62%
Matahina
Machine Power Width Wheelbase Age Tyres Tread
John Deere 540D 75Kw 2.93m 2.69m 465h N 100%
John Deere 540D 75Kw 3.74m 2.69m 472h W 949%
Treefarmer C7 91Kw 2.72m 3.21m 1817h N 70%
FMC 220CA 149 Kw NA NA NR NA NA

NA
NR

Not Applicable
Not Recorded
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Woodhill
Machine Power width Wheelbase Age Tyres Tread
John Deere 540D 75Kw 2.93m 2.69m 593h N 97%
John Deere 540D 75Kw 3.74m 2.69m 592h W 93%
Clark 666C 8§4Kw 2.71m 2.64m 7309h N 89%
Tarawera
Machine Power Width Wheelbase Age Tyres Tread
John Deere 540D 75Kw 2.93m 2.69m 752h N 97%
John Deere 540D 75Kw 3.74m 2.69m 740h W 92%
Cat 518 90Kw 2.65m 2.89m 3971h N 57%




306.1

.101

.102
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APPENDIX 7

FORMS USED FOR DAILY DATA COLLECTION

a. no wind or still
b. 1light wind

c. moderate wind

d. high wind
.101.22  Wind Direction
.101.23 Wind Consistency

2. Constant
n. Airrsgular
c. occasicnal

.101.3
.101.4 Precipitaticn
-101.41 Tvoe

nons

. drizzle
rain
hail

. sleet
Shcw
cthe

h L0 O

wy

.101.43

Accumulation (mm)

Study ID

Environment Description Dates

Weather Conditions

.101.1 Temperature {celsiucg)

L101.11  Maximum

L101.12 Mipimum

.101.13  _ Average

.101.21  wWipd velocity

(<2 km/hr)
{220 km/hr}
{20+~40 km/hr)
(>40 km/hr)

Relative humidity s

.
b=
<
b
NES
]

(very light rain)

.101.5 Atmospheric ccnditions

Continuocus

clear

bn

it

Duraticn

hrs

nrs

hrs

hrs

hrs

hrs
3

hr

Mid shifc

zné

shirt:

Zog

cloudy

[STRE T & '}

overcaste

Average skid or forwarding distancs

nete

5.
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306 . 201

a.
b.
c.
d.
e.

06.202

a.
b.
c.
d.
e.

6.203

06.205

a.
b.
c.
c.
a.

06.208

(=

b.

C.
08,207

06,207,

.207.

06- 20 Ground Conditions - General

Greound Strength

Coarse sand, gravel

medium coarse sand, sandy loams
fine sands, sandy silt, clay loam

gilt, clay, and sandy clay
organic > .bm

Ground Roughness

very even
slightly uneven
uneven

" rough

very rough

Slope

level 0-10%
gentle 11-20%
moderate 21-32%
steep 33-30%

very steep 50%

Averzge depth of humus layer

< 10cm
10-30 cm
30-50 am
50-1C0 cm
> Im

Slope Relation Lo access

lavel

uphill

downhill

on contour
rolling or broken

Soil Moisture

frozen d. wet

dry e. saturated
fresh £. underwatser
Snow

1 Snow depth averace
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APPENDIX 7

Study ID

Cont.

Date

New update date

CPPA Class

(U EECR W S Ul B N
1

b L

2 Surtface

a. locse-powdery
h. loose-wet

c. light crust

a. moderate crust
e. heavy crustc



306_34 strip road/skid trail conditions

306. 340
306 - 341
306.342

306. 243

i66. 344

e, 345

06,349

106.348

No trail
Slope class 1 3
Slope relation to access

2

&

-91-—

Cate

New

4 S
(direction of loaded travel)

a. lewvel
L. uphill
c. downhill
d. rolling or broken
Roughness
L very eaven 4 rough
2 slighzly uneven 5 wvery rough
3. uneven
Origin
a. no preparation e. Dbladed and ditche
b. el=aring only f. bladed, ditched 2
c. clearing and humus removed g. Otker
d. bladed
SurZace Composition
a. orsanic £. gravel
h. clay g. stere
c. silt h. rocx
d. fine zand/lc=m L. suow
8. cozrse sand j. ice
k. slash
Surface moisture
a. frozen a. wet
b. dry e. sSaturated
c. fresh
Surface Ccocndition
a. smooth d. corrugations
b. Tutted e. other
c. ‘holes ané protrusions
Alignment
a. straicht d. crocked
5. slightly curved e, very crocked

-~
Lo

winding

APPENDIX 7

Study ID

Cont.

Revised
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306.35 Landing or roadside conditions _ Study ID
Date
306.350 No landings New Revised

306.351 Slope Class 1 2 3 4 5

306.352 Ground roughness
1 vwvery even 4 reough
2 slightly uneven g very rougn
3 uneven

306.353 Origin

a. no preparation 2. bladed and ditched

b. ¢learing only £. bladed, ditched and surifaced
¢. e¢learing and humus layer removed g. other

d. bladed

306.354 Surface compasition

a. organic f. gravel

b. clay g. stene

c. silt h. rock

d. fine sand/locam i. snow

e. coarse sand j. ice
k. slash

306.355 Surface moisture
a. frozen d. wet
b. dry e. saturated

¢. fresh

306.356 HManagement

2. excellent &a. poor
b. very good g. Vvery poor
c. geod



e 352.20 shift Reccrder Analysis

210

211

30 T

31
231

231
231

231

234

Period

Start time

Stop time

Operating time
Productive
Non Productive

ther

Mechanical

.1 Service: Active
.2 Repairx Active
.4 Modificaticen

.5 Other

Ncn Mechanical

.1 Perscnnel

~93~

.2C1 Date
. 203 Machine

APPENDIX 7 <Cont.
Study ID

.202 Shift

.204 Operator

Shift

.213 Start time

-214 Stop time

Describe

Describe

walting

waiting

Describe

.2 Cper host

Inventory

3
.4 Weather
S

descrike

No work
& Moving
.7 ther
Comments
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?1352.7 Repalr Report Study ID

pine No. Date
¢

4.71 Nature of repair

352.711 Machine component or assembly involved

352.712 Repair type

352.713 Materials used

352.714 Crew time involwved

352.714.1 operator

352,714.2 mechanic
352.714.3 other

72 Cause of repair
352.721 accident, abuse, wear, fatigue, other

352.722 other components arffectsd as a result of the failure or accident

352.723 Cculd down time have heen raduced
a. by replacement before failure

n. by mailntaining largeron site parts and tool inventory

c. by better cecmmunications/scheduling of mechanic

.73 Corrective action taken

‘Y Repair is considerad permansnt - temporary
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seriodic Expense Report (individual machine)

352.11 Consumable supplies
352.111 Machine ID

352.112 Period from date

shift to date

352.113  352.114 352.115

352.116

APPENDIX 7 Cont. .

Study ID

Date

shift

352.117 352.11%

Service Puel
shift interval {liters)}

0il {liters)

Hydx

lubricant other
¥G Specify]

1

Engine | Drive txain

2

10

11

12

13

14

15

16

17

13

15

20

21




Cont.
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APPENDIX 8

TIME STUDY ELEMENT DESCRIPTIONS

RUN EMPTY

Skidder moves unloaded to the landing edge after dropping
logs on the landing.

START : When skidder moves off after freeing strops from logs.
END : When fairlead roller crosses a predetermined boundary
line between landing and haul track.

TRAVEL EMPTY

Skidder travels unloaded from predetermined boundary of
landing to breaking out site in the bush. This element can
be interrupted for bladework.

START : When fairlead roller crosses the predetermined
boundary line.

END : (1) When skidder stops at breakout site.
(2) When skidder moves off track to position for
breakout.

BLADEWORK
All work where the skidder blade is used.

BLADE LOGS - Bladework associated with pushing or lifting of
logs in the bush to assist breakout.

OTHER - All other work done using the blade, e.g.
fleeting, pushing trees, clear landing, tracking.

START : When machine moves forward to commence blading.
END : When machine has completed blading and lifted blade.

POSITION

Skidder arrives at breakout site and manoeuvres into place
ready to hreakout. This element may be interrupted by
breakout.

START : When skidder moves off track to turn.
END : Skidder stops and is ready to breakout.

BREAKOUT

Breakerout (can be skidder operator) takes main rope and
strops to logs and attaches them.

START : (1)} When breakerout takes hold of strops or mainrope.
(2) When skidder operator begins te get off machine.
END : When logs are completely broken free of any
entanglement and are winched up under the fairlead.
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TRAVEL LOADED

skidder travels with load from breakout site to skid edge.
This element can be interrupted with winching and bladework.

START : When skidder is free to move towards landing from
breakout.
END : When fairlead crosses predetermined point at bush/
landing boundary.

RUN LOADED

skidder travels loaded from bush edge across landing to drop
zone.

START : When fairlead crosses predetermined pdint at bush/
landing boundary.
END : Skidder releases winch to drop logs from fairlead.

DROP

Involves the uncoupling of strops from logs at the drop zone.

START : When logs are released from skidder onto landing.
END : When all strops are pulled free from logs.
WINCH

Allows time for the skidder to winch the load when minor
obstacles occur on haul tracks. This element interrupts the
travel loaded element.

When skidder drops load.
When skidder moves forward with the load in position

under the fairlead.



HOURLY MACHINE COSTS FOR WIDE AND NARROW TYRES ON THE

APPENDIX 9

SAME SKIDDER

(1) JOHN DEERE 540 ~ NARROW TYRES
cost of Machine = $126,560 Resale Value $31,500
Life of Machine in Years = 5
prod. Hrs/Yr = 1530 Prod. Hrs/Day = 6.5
Rate on Invest. = 18% Insurance = 2%
ruel Consump. = 11.7 Fuel Cost = 3$.58¢
0il Consump. = 2 0il Cost = $2.65
R & M Factor = 50%
strop Cost = $3490 Strop Life = 130
Mainrope Cost = $220 Mainrope Life = 195
JOHN DEERE 540 - NARROW TYRES
own Cost/Hr Operating Cost/Hr
Depreciation = 10.9621 Fuel = 6.786
Return Inv. = 10.416 Cil = 5.3
Insurance = 1.15733 Tyres = 2.8
Mainrope = 1.12821
Strops = 2.61538
R a2 M = 5.48105
TOT OWN $/HR = 22.5354 TOTAL OP $/HR 24.1106
TOTAL COST PER HOUR = $46.65
{ii) JOHN DEERE 540 - WIDE TYRES
Cost of Machine = $150,160 Resale Value $37,400
Life of Machine in Years = 5
Prod. Hrs/Yr = 1530 Prod. Hrs/Day = 6.5
Rate on Invest. = 18% Insurance = 2%
Fuel Consump. = 10.7 Fuel Cost = $.58¢
0il Consump. = 2 0il Cost = $2.65
R & M Factor = 50%
Strop Cost = $340 Strop Life = 130
Mainrope Cost = $220 Mainrope Life = 195
JOHN DEERE 540 ~ WIDE TYRES
Own Cost/Hr Operating Cost/Hr
Depreciation = 10.1909 Fuel = 6.206
Return Inv. = 12.3585 0il = 5.3
Insurance = 1.37328 Tyres = 8.7
Mainrope = 1.12821
Strops = 2.61538
R &M = 5.09543
TOT OWN $/HR = 23.9237 TOTAL OP $/HR 29.045

TOTAL COST PER HOUR-= $52.97
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TYRE WEAR ASSESSMENT FORM

Date TS TaF-1 31+ 2 NP

NOTES

(1}  Inspection of tyre wear is to be dane two weekly.

(2} All measurements are to be taken at the lug closest to the valve stem.
The inside lug measured should be the one immediately behind the
outside lug next to the valve stem.

(3)  The hardboard template must be used to assess wear on each lug. The
height of the tread is the most important measurement,

(#)  The outer edge of each lug should be measured 5 cm in from the
centre of the lug end. ]

{5)  The mid-point of each lug should be measured at 28.7 ¢m from either
end of the lug.

{6)  The inner lug edge should be measured at the widest point where
the face of the lug chamfers towards the centre.

(7)  All lug wear measurements are to be expressed in millimetres.

{8)  Note any other wear patterns In the comments section.

YRE NO. |

ocation on machine : Pressure  ......... creesaec. P.S.i

ditbdsecenssnennensenan wessrrae

Jutside edge of tyre
Inside edge of tyre

YRE NO. 2

*tation on machine : Pressure .oooiociveeininnns D.5.0.

fide edge of tyre Outside edge of tyre
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TYRE NO. 3
TYeRe N 2

rocation on machine: Pressure ...ceeievieieeees 0.5.0.

LaiesREREATESIIASINATE AT IR
'

Qutside edge of tyre

nside edge of tyre

TYRE NO. 4

Location on machine : Pressure .vecceeeececssss p.S.i.

Qutside
edge of
tyre

Inside edge of tyre

IYRE NO. 5

Location on machine:

TrassmsrsassssANasvesesns e

Pressure ..icieceececiesne. paSid.

Jutside
dge of
yre Inside edge of tyre

COMMENTS :

“‘-...-..-.'.....ll‘..".....II.--‘.-I. ----------- AAddBasiBIIAaFUASACIRRETOTD X R R R R R R L L L N L R N R N AR A R R AR R R R R ke
i

..."---..-.-.-I--.."I.'...-.-‘.--‘--.-.--.. ---------- FEESTERIEE R RS AR LA i i AT ARAN RSV ARSES Nsmsebdvartbedba bt d LSRRI AP ISR ASNEREERUOERERS XL EX R
Mtasnaspanssussensy IR L R L A L R L L R [EEEEE R LR LA LR At merebAtASAEININNIARSas tssssssaEasusenany Awrddd GdFIVSSEISSLIRRIOREY LA XL LR
1

}.". ---------- CXEX XA A R] Abd b Shd bbb iesasevaew XA XYY REREEL LR RS ] ZEETEEI R L AR ERE RN L) IR L T P PR R PR R R N R N E RN RS L dimddBF SIS USSCGIRRSS LR XA}
l‘-.--.. ........ T e Y T P P T ddrbsraagassscene AAkPARsasvecsasrEsseErEERERRR TR R swstaEsEFATAREYERCAG BN R MkdsssEEITERITINSRITIOS
i epesasarasnssnbttsrssudabbtdnsanssnssansnsenne asssvnsanansenen SAASAEFIUSIEE NGRS sONANSRARERENRE P L LT I T T TR Y Y
L LT L L R Y YT YY) adssvsmssacensEen wddsanEIEsssYasasaRsRaRERERREER RS P L L L LY YT YY) AR EAA RSP EANE Y.



Left Hand Tyres
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INDIVIDUAL TYRE WEAR MEASUREMENTS

Tyre No 1
&
5,_ PLd e S
> -—— S ~ ~~=519-08
- 4 - -- <z R -_— - 481-81
E "I ‘,’ﬁ -._‘ -~
. - - —- 37112
E - ” S
-3 - — - . -w—312-86
= ‘f’ - S~ 4':.’ DS w
u s ’f ”o -~ “— W 1=
- . Y
3 iy ~ S W -—25221 T
1 0/ e -~ AR —=190-
s, . W 190-56
L - k!
S W -—-~152-08
o 4 w1 7916
Edge Mid Innar Inner o Mmid Edge S e 49-95
Outer Lug Inner Lug
Tyre No 4
7T -
6_
5_' P “\ ‘/ \\\
— .- ~ - LY
E 44 - LY
E - " \\ —---372-22
- ™~ - W ~
» 3 C - —_— = < N -~ 30259
o - — 4 . 1--212:10 w
2 24 . . L\ N1s56-41 5
-~ -~ AN “n Q
Py N - 140-71 X
1+ Py . AN
Jria 4 N
e . T 16
- ALY
o . ~—ns849.95
Edgae Mmid Innar Inner Mid £dge
Quter Lug Inner Lug
Tyre No 5
54
—
£
£ 5 —
e "\._ "” ~ 2 9.68
- I S o I % “a
Q@ \\\ "
2 . -=-210.93 =
N, b=
1~ ) .. > - --u2165-99 D
s = = o \\"\ ---110-80 F
o ook e L -—— 7292
Edge Mid Inner Inner Mmid Edge
Quter Lu inner Lu
g g
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right Hand Tyres
Tyra No2
~7
- -6
P .
58045+ el 5
517.30\ ] -7 .
AR < s - ~~ . ey
426-811 S\ L -7, - 4 E
A68-55 .\:\ N /,’/' /- \._\ . E
2 32360\ N rs ~3 3 .
2 267-91~ 2y, 2 > - - '
. - S - ‘2 L)
T BIN-77 b < ~ - \ L2 3
" 190-66~ y > % \
15208 -~~~ -~ -1
7916 -~ | - \\\{
49.95--"
. o]
Edge Mmid Ianer Inner’ MIid Edge
Inner Lug Quter Lug
Tyre No 3 -8
- - -7
S
-} ~
- ~6
A Y
- -_ v
580-45—-—- p AN 5
S 7’ AN —
// ’ 1’ NN E
517:3 ~—- /- - - ~\ 4 g
426:81~ i d amal > =
~ oy -~ -~
w  368.55--- 7, - . —— Lq .
L 32360~ P - —— - b4
0 267-91~-— - - N L2 2
L a2s2.21-"7 4 iy - .
'{" V4 NN
190- 66~~~ 4 . 1
152-08 =~~~ " /7 -,
7916 ~=a 0
49-95 -7 Edge Mid Inner inner Mid Edge

Inner Lug Outer Lug
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TYRE DAMAGE ASSESSMENT FORM
| N = MacChing ceeeevvrrirriarscassassssrescsnsessaccrsssnanns
LOCALION  teeeuceeniccnncnnireereiuimanecnnresans OPEerator siveeeeceecssscsniessisiesvesnsensesnesscsssaans
Operating pressure  ...ccceeseeseesessensress psi

(1) Operation being carried out - (i) Clearfell  (ii) Thinning (iii) Other

(2) Extraction direction ~ (i) Uphill {ii) Level (iii) Downhill

(3). Part of Cycle - (i) Travelling empty (ii) Positioning (iii) Breaking out
(iv) Travelling loaded (v} Winching (vi) On the landing

{vii) Other (Specify} .cccccecrsrcreciesrerarerssrsanesmasonnoas

(4) Type of damage

(1) Cut or slash made by sharp object '
(i) Puncture - by some agent penetrating the tyre
(ifi)  Rip or tear in the outer casing

{iv) Rupture - failure of the outer casing

(v).  Lugls) or part of Lug(s) torn off

(vi)  Bead damage caused by wood or rim slippage
(vii)  Bulge - unusual protrusion in tyre casing

(viii) Valve stem damage

(ix) Unknown - flat tyre but no apparent damage

(5) Cause 0f damage (If KNOWN) weeieececeeeerereeeereeeeeeeermsnnseesesnmnssassasssssessasssssssssnnsssnsnnas
{6} Amount of rim SliPPAZe teveceeerreieceeniemmneerenacennenennes mm
(7) Location of damage (mark on diagram)

RHS

fe
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LHS

— JREwNd
oy
-]
| o
.
\ \
-
- _ﬁ)\
-
- - ”
l“'- """ ;fl' ' (::::)
L 7t T \ o
H ‘;"‘ - . ’ E

o Yaa %
VLt ..J t’l
. P

(8) Time the tyre damage was NOtiCed .......oolimrreseesaresersesnessenan @M/ PmM

(9) Distance machine was from skid .iivieiesrssesscrreeninecnssenecnnee.. Metres

(10) Action taken - what was done when damage was noticed

e e T T R T PR YRR ER SRR SRS LR LR At bttt
R e T T e R T AR R LA LA S b bbbl dd
e S L L L e T T T R L R A R R R L AR Rl bl S

-----...o.-..oano-—--’--..--co.-c-o-.-o-.------------o-o.oooc..---.--------.-..copn-q---.------..o.oooo--ooo---

P e Y AL L T e T R AL L S AL L AR SRR LS S S bbbt

(11}  What in your opinidn, could be done to prevent future failures of
this nature? ,

e S P e L AL bl bbb
c---op-oo-oq-.---------.....¢.¢.g.--..-oo.n-----c-.----------------.--o.....o.-..o.o.......q-------------co-oo--

TP P PR T T T R i e St bl S Lt bt bbbl

IR e ey P R A e L R L L bt bbb bbb





