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EXECUTIVE SUMMARY

Two-stage trucking describes a secondary extraction system between the primary extraction landing
and the secondary storage and loadout landing. This system is becoming more prevalent in steep
land harvesting operations in New Zealand. These operations face the challenge of providing road
access for heavier trucks to harvest areas that are on steep and erodible terrain. Harvest planners
are opting to ‘two-stage’ either stems or logs between the primary extraction landing and the storage
(loadout) landing using specialist trucks rather than providing access for High Productivity Motor
Vehicles (HPMV). This decision has been facilitated by the improved capability of off-highway log
trucks using 8x8 and 6x8 drive that enables trucks to transport logs across difficult terrain, on roads
that would be impassable for most HPMVs. The aim of this study is to investigate the productivity of
off-highway log truck configurations used in two-stage operations in New Zealand forest harvesting.

Elemental time studies were completed on four two-stage operations, each using either an Astra
HD9 8x8 or a Scania 6x8 off-highway log truck. In addition to timing all the elements of the cycle,
road lengths and grades were measured in segments, and payloads were estimated using on-truck
scales. Results included average travel loaded speeds ranging from 7.2—26.6km/h over haul
distances ranging from 530m to 5,440m. The productivity achieved (19—41 tonnes per productive
machine hour) suggested that the configuration was not the determinant of productivity, rather that
haul distance, load capacity and availability of loaders had the greatest impact on productivity.

In all four operations, harvest access for HPMVs could not be provided safely within acceptable risk
levels, making two-staging with a lighter, more capable truck necessary. However, the capability and
flexibility of these trucks suggest that providing such access by adding an extra machine and labour
unit, and more complexity to the logging system, may not impose either a financial or productivity
burden. In fact, well-integrated into the logging operation, two-stage trucks may reduce costs while
also reducing the safety and environmental risks of accessing wood in steepland forests.
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INTRODUCTION

The use of an intermediate trucking system between the primary extraction landing and the
secondary log storage (loadout) landing is becoming more common in New Zealand forest harvest
operations. Harvest planners facing either the constraints of logging on steep slopes or the cost of
rebuilding roads for heavier trucks are increasingly shifting towards two-stage extraction as an
alternative to current practices of single stage extraction. A comparison of annual contractor
benchmarking reports shows the proportion of logging operations using two-stage trucking tripled
between 2016 and 2024. The 2016 report stated that approximately 8% of all operations used some
form of two-staging (Visser, 2017). By the 2024 update, this had increased to 24% of all operations
(Visser, 2024). This increase includes all the dominant forms of two-stage trucking: transport of full-
length stems to the storage landing and log processing at that point, or processing on the extraction
landing and transporting cut-to-length logs to the truck loadout point. Two-staging trucking operations
are currently using either modified 6WD (six-wheeled drive) dump trucks or a 6x8 or 8x8 drive log
truck, sometimes towing a trailer.

The increase in the uptake of two-stage trucking among logging operations reflects its flexibility,
matching system configuration to specific logging conditions. The different demands of woodlot
logging, for example, have driven contractors to use different trucking systems in pursuit of the same
benefits. Schrider and Palmer (2021a) have investigated a system based on two modified 4x4
fertiliser trucks used in Northland woodlots, along with a system using farm tractors as forwarders
(Schrider & Palmer, 2021b). These studies suggest that forest owners, harvest planners and logging
contractors are seeing benefits from introducing this intermediate step into their logging operations
across a range of logging contexts. This implies that gains from two-staging may outweigh both the
costs of more equipment and labour costs and the increased system complexity.

The New Zealand experience with two-stage trucking

The experience to date with two-stage trucking in New Zealand logging operations is now well
documented (Bennett, 1996; Best et al., 2024; Hall, 1998). This experience points to several benefits.
Separating the extraction landing from the log storage landing has been shown to reduce the total
area required for landings and reduce total road length, thereby lowering environmental risks and
construction costs. Additionally, a larger storage landing capable of being used over a longer period
and servicing multiple harvest areas provides opportunities for improved value recovery by enabling
the production of a wider range of log grades.

Due to the increasing size of on-highway trucks to 50 tonnes Gross Combination Mass (GCM), the
cost-benefit of building spur roads to facilitate High Productivity Motor Vehicles (HPMV) has meant
that some steep land harvest areas are no longer accessible to on-highway trucks. Where the cost
of rebuilding existing spur roads exceeds the cost of using a smaller, more capable intermediate
two-staging system, two-stage trucking becomes the preferred option. That trade-off captures the
critical success factor behind the strategy of two-stage trucking: namely, that the increase in the crew
day cost associated with the additional truck and potentially an additional loader will be offset by
either the reduction in roading costs or an increase in crew productivity.

The increasing use of two-stage trucking in logging operations has been matched by an increased
investment in research aimed at understanding the benefits and costs of the system. The Forest
Growers Research Primary Growth Partnership programme, Te Mahi Ngahere i te Ao Hurihuri
(Forestry Work in the Modern Age), Project 5.6 Log Transport in the Age of Automation is aimed at
evaluating ways of improving log transportation logistics during harvesting and log delivery.

This project initially investigated the factors that influenced harvest planners’ decisions to use a two-
stage trucking system. This was then followed by gathering the data required to develop a decision-
support tool for harvest planners that would assist in determining the roading configuration
breakpoint between one- and two-stage hauling operations (Best et al., 2024). So far, the project
has gathered productivity data primarily on several different modified 6WD dump truck systems used
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in New Zealand forestry. These results to date are reported in Best et al. (2024) and Best and Visser
(2024). The goal of this study was to investigate the productivity of two-stage operations using log

trucks.

METHODS

Elemental time studies were conducted on four two-stage harvesting operations using an off-

highway logging truck to transport logs from the extraction landing to the storage landing. The data
collected in each of these operations consisted of:

1.
2.

3.
4.
5,

A description of the harvest system, including the two-stage truck being used.
Timing of the four elements of the production cycle: loading, travel loaded, unloading and
travel unloaded.

Delay sources and times.
Two-stage road distances, grades and surface quality.
Payload (weight) of logs carted.

The data was then analysed to determine the following:

1.

Average cycle time (minutes).

2. Average element time (within the cycle, in minutes).
3. Average speed (km/h) for travelling loaded and unloaded.

4.

Productivity (tonnes per Productive Machine Hour, PMH).
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RESULTS
Case Study 1: Tirohanga Forest, Waikato

The first case study took place in Tirohanga Forest, Waikato. This was a ground-based clearfelling
operation of 38-year-old Pinus radiata (P.rad). Two-staging was required because HPMVs could not
access the extraction landings safely due to the small landing size and lack of adequate turnarounds.
Production was also restricted due to having to “shovel log” around power lines. To transport the
wood from the extraction landing to the storage landing, an Astra HD9 8852 8x8 off-highway truck
was used (Figure 1).

¥ R B e
Figure 1: Astra HD9 operating in Tirohanga Forest.

The Astra HD9 is specifically built for off-road transport and commonly used in quarrying and mining
operations. The truck has a Gross Vehicle Mass (GVM) of 50 tonnes, with a tare weight of 16.5
tonnes, leaving a rated net load capacity of 33.5 tonnes. The truck is equipped with a CURSOR 13
turbo intercooler diesel-injected engine producing 520 HP (Horsepower) at 1900rpm (revolutions per
minute) and 2400Nm of torque between 1000 and 1400rpm. The truck was modified to meet the
requirements of this operation, to include a 7.1 long log deck with four bolsters on each side.

The harvesting system consisted of a Tigercat LS855C harvester with a Tigercat 610E skidder as
the extraction machine. Processing, fleeting and loading on the extraction landing was completed by
an Eltec excavator with a Southstar processing head and a Sumitomo SH300 log loader. On the
storage landing, offloading, fleeting and truck loading was completed by a Sany SY305H log loader.
The Astra HD9 travelled between the extraction landing and storage landing on an 883m formed and
metalled road (Figure 2). The road had an average grade (when travelling loaded) of 9% and was
relatively straight, allowing the truck to reverse down to the landings unloaded.
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Figure 2: Intermediate haul track, from extraction landing to storage landing, Tirohanga Forest.

The logs were sorted onto the truck in separate packets so that only five loads out of the 28 recorded
contained two grades. The cut plan consisted of pruned, mixed sawlog grades (A, K, Kl) and
domestic pulp and export KIS. Most loads carried two packets, as the longest log length carted was
5.9m, which could be transported safely in the rear bunk behind a packet of 3.7m despite the rear
overhang.

The elemental time study was completed over two days, totalling 17 scheduled machine hours
(SMH). Operational delays totalled 3.8 hours, and repair and maintenance delays were 0.5 hours,
resulting in 12.7 PMH and utilisation of 75% of SMH. The operational delays were caused by waiting
for a loader at either the extraction landing or the storage landing. A total of 28 cycles (8 with a 193m
lead and 20 over the full 883m lead) were captured with an average cycle delay free cycle time of
35.7 minutes. The average payload per cycle was 23.8 tonnes, resulting in the weight carted per
PMH estimated to be 38 tonnes. The average loading time per cycle was 16.9 minutes, while the
average unloading time was 8.2 minutes. Travelling loaded between the extraction and storage
landings had an average speed of 10.4km/h. The first 193m of the road was relatively soft, reducing
the average speed to 6.5km/h for the 8 short-haul cycles. Driving unloaded was also slightly slower
at 10.1km/h, which may have been due to the operator reversing down to the extraction landing. A
summary of the results is given in Table 4.

Case Study 2: Kaharoa Block, Huanui Forest, Tairawhiti

Case study 2 was conducted in Huanui Forest, Gisborne. This was a P.rad hauler clearfell operation,
where two-stage trucking was required because the main access road for Kaharoa Block was
considered not safe for 50MAX trucks. The operation used a Scania XT G500 B8xHZ 8x6 truck to
transport logs from the extraction landing to the storage landing (Figure 3). The truck is rated to a
GVM of 48 tonnes and was powered by a Scania DC13 146 in-line six-cylinder EURO 5 engine that
delivers 368kW (500HP) at 1800rpm. The truck also had a 4-axle trailer configuration; however, due
to a difficult switch back on the steepest part of the haul road, it was not used.
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Figure 3: Images of Sania XT G500 B8xHZ operating in Kaharoa Block.

The harvesting system consisted of a Bellis BE70 yarder as prime mover (Figure 4), with a John
Deere harvester and a Hyundai 3230 shovel logger. Processing, fleeting and loading on the log
landing was completed by a Waratah HTH625 processor and a Hyundai 250 log loader loading the
truck. On the storage and uplift landing, offloading, fleeting and truck loading functions were
completed by a Hyundai 290 log loader. Logs were two-staged from the extraction landing to the
storage and uplift landing over a 5,440m formed and metalled intermediate haul road with loaded
grades ranging from +7% to -11% (Table 1).

Loading out demand at the storage landing required 50% more volume than was being supplied,
and since the trailer was unable to be used on the haul road, a second truck was added that worked
a half day to make up this shortage.

The elemental time study was carried out on the truck working over two full workdays. Of the 24
loads carted during the study period, 20 consisted of one grade from a cut plan of three sawlog
grades and three lengths. Both trucks doubled a trailer to the site in the morning and took a load
back to the port at the end of the day.
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Table 1: Kaharoa block intermediate haul road profile.
Element Travel Loaded Travel
Unloaded

Sector 1 2 3 4 5 6 Total

Distance 490 520 500 1000 1830 1100 5440

(m)

Slope 7.0 -1.0 7.0 91 -11.0 3.0

Loaded

(%)

Average 252 26.6 22.7 299 256 28.8 26.6 299
speed

(km/h)

Figure 4: Extraction and processing landing, Kaharoa Block.

The time study totalled 17 SMH (8.5 hours per day). Delays in the operation totalled 0.6 hours of
operational delays, and 0.1 hours lost due to repairs and maintenance. The 13 operational delays
comprised waiting for HPMV trucks to move off the storage landing. As the delays were short,
productive time was 16.3 PMH, resulting in utilisation of 96% (significantly higher compared to the
other case studies). Across the two days, 24 cycles were captured, carting a total of 316 tonnes for
an average payload of 13.2 tonnes. The average loading and unloading time per cycle was 10.8
minutes and 4.5 minutes, respectively. Travel loaded average time per cycle was 12.3 minutes, and
travel unloaded averaged 11.0 minutes per cycle, resulting in total delay free cycle time of 38.6
minutes, and weight carted per PMH of 19.3 tonnes.

Case Study 3: Rotoaira Forest, Taupo

The third case study conducted was a P.rad clearfell hauler operation in Rotoaira Forest, Taupo.
The operation used two-staging as the road from the extraction landing to the storage landing was
too steep for HPMVs. The truck used was a Scania G480 DC13 06 6x8 (Figure 5) with a three-axle
trailer, with a rated GCM of 44 tonnes (Figure 5).

The operation consisted of a John Deere 959MH harvester and a Hitachi 330LCH loader shovelling
with a Madill 124 swing yarder as the extractor (Figure 5). Processing, fleeting and loading on the
extraction landing (approximately 40m x 5m) was completed by a Waratah 625C processing head
and a Komatsu 270LC log loader. The cut plan consisted of a mix of pruned, sawlog (AA, A, K, Kl)
and pulp grades and logs were sorted when loading the truck and trailer. On the storage landing
offloading, fleeting and truck loading was completed by a Hitachi 330LCH log loader.
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Figure 5: Scania G480 at the storage proessing Ianding o)

The intermediate haul road was a 3,370m formed and metalled loop in which the loaded section
(1,370m) had grades ranging from 2% to -17%. The inline six-cylinder EUROS engine with 353kW
power (at 1900rpm) was able to generate loaded speeds of between 6.8 and 14.8km/h across the
haul road (Table 2).

Table 2: Rotoaira intermediate haul road profile.

Element Travel Loaded

Sector 1 2 3 4 5 6 Total
Distance 70 150 80 520 120 430 1370
(m)

Slope -5.0 0.0 -10.0 -17.0 2.0 -9.0

Loaded (%)

Average 6.8 115 8.6 9.7 14.8 10.4 9.7
speed

(km/h)

The elemental time study consisted of 11 cycles collected over 16 SMH. Of the study time, there
were 3.8 hours of delays (10 out of 11 cycles) due to waiting for the loader at the extraction landing.
This resulted in 12.2 PMH and utilisation of 76%, similar to Case Study 1. The average loading and
unloading times per cycle were 24.9 and 19.2 minutes, respectively. Travel times, loaded and
unloaded, averaged 8.1 and 6.5 minutes per cycle, respectively. Overall, the delay free cycle time
was 58.7 minutes. In terms of weight carted, over the 11 cycles captured, 446.4 tonnes were
transported, with average of 40.6 tonnes per cycle and productivity of 36.6 tonnes per PMH.
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Case Study 4: Wairoa View Forest, Wairoa

The fourth case study was conducted in Wairoa View Forest, Hawke’s Bay. The forest covers three
catchments that drain directly into the Wairoa River and has a high erosion susceptibility class with
limited access to roading metal. The risks of sedimentation and mass land movement, coupled with
the cost of constructing and maintaining roads, were considered too high for mid-slope roading to
allow access for HPMVs. The two-staging approach meant that secondary and spur roading could
be limited to ridge tops, reducing not only the environmental risk but also the roading cost.

There were two operations harvesting simultaneously within the forest, with the two-stage truck
transporting logs from both harvest areas to a shared storage landing. The main operation was a
clearfell swing yarder operation (Figure 6), and the second was a ground-based road lining crew
(Figure 7). Both crews were cutting 19-grades, a mix of pruned (both domestic and export), mill logs,
and a full range of export logs: A, K, Kl and KIS (in 3.95m and 5.95m lengths) plus pulp. Unlike the
previous studies, there was little sorting of loads onto the truck, as unloading and sorting was
completed by one loader at the storage landing (Figure 8), which also loaded on-highway trucks.

The truck used for two-staging was the same as in the Case Study 1, an Astra HD9 8852 8x8.
However, the bunk on this truck was modified differently, having a fixed tail gate and an 8.9m log
deck. This meant it could carry either two bunks of 4m logs, one bunk of 6m logs, or one bunk of a
mix of 4m and 6m logs.

'y g

iew Forest.
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Figure 6: Astra HD9 being loaded at hauler landing in Wa
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Figure 7: Road Ii;ring Iandin, iro View Forest.

Figure 8: Unloading at ‘super skid’, Wairoa View Forest.

The study was conducted over two days (20 SMH), capturing 28 cycles. The hauler crew (13 cycles)
was accessed via a 530m formed and part metal / part shredded wood surfaced road with loaded
grades ranging from -9% to +13% (Table 3). The truck’s speeds across this road ranged from 5.4—
10.6km/h. Travel on the first 230m away from the hauler crew, the truck was hampered by soft
ground, resulting in a low travel speed (5.4km/h).

The road lining crew (15 cycles) was accessed via a 1,630m formed road and part metal/part
shredded wood surfaced road, with loaded grades ranging from -12% to +16% and truck speeds
ranging from 8.6—19.8km/h (Table 3).
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The operational delays totalled 3.0 hours and consisted of seven events, which were mostly waiting
while a highway truck was being loaded at the storage landing. Another 1.2 hours of delays were
caused by repairs and maintenance, where the truck driver was required to fix another machine.
Therefore, the total productive time of the truck was 15.8 PMH, resulting in a utilisation of 79%.

For the hauler crew, the delay-free cycle time was 28.6 minutes. The loading and unloading average
time per cycle was 14.8 and 7.1 minutes, respectively. The average loaded travel time per cycle was
4.3 minutes, whereas travelling unloaded was almost half that at 2.4 minutes.

The road lining crew had a slightly higher delay-free cycle time of 33.9 minutes. The average loading
and unloading time was 13.5 and 8.2 minutes, respectively. For travel time, loaded travel averaged
6.8 minutes per cycle, while unloaded travel was 5.4 minutes per cycle.

Total weight carted from both operations over the two days was 650.2 tonnes. The average load,
therefore, was 23.2 tonnes, and the productivity averaged 41.1 tonnes transported per PMH.

Table 3: Wairoa View Forest haul road profiles and truck speeds.

Element Travel Loaded
Road Lining Crew: Skid 603/15 to 602/6 Total

Sector 1 2 3 4a 5 6
Distance (m) 210 190 300 630 50 250 1630
Max slope 14% 0% | -12% 16% -9% 13%
loaded (%)
Average speed 8.6 14.0 15.1 19.8 12.9 12.0 14.4
(km/h)

Hauler Crew: Skid 603/13 to 602/6

Sector 4b 5 6

Distance (m) 230 50 250 530
Max slope 9% -9% 13%

loaded (%)

Average speed 5.4 10.6 9.9 7.2
(km/h)
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DISCUSSION

Table 4 compares the conditions and the delay-free element times for the four case studies.

Table 4: Comparative delay-free elements and conditions.

Case Study Loading Travel Loaded Un- Travel Total
loading Unloaded
(mins) Dist. Max Time  Speed Avg (mins) (mins) (mins)

(m) Slope (mins) (km/h) Payload
(%) (t)

1 (Tirohanga) 16.9 883 9 5.3 10.4 23.8 8.2 5.3 35.7
2 (Kaharoa) 10.8 5440 -11 12.3 26.6 13.2 4.5 11.0 38.6
3 (Rotoaira) 249 1370 -17 8.1 9.7 40.6 19.2 6.5 58.7
4 (Wairoa - 14.8 530 13 43 7.2 23.2 7.1 24 28.6
Hauler)

4 (Wairoa - 13.5 1630 16 6.8 14.4 23.2 8.2 5.4 33.9
Road lining)

Table 5 compares truck utilisation (%) and productivity (t/PMH) for the four case studies.

Table 5: Comparison of truck utilisation and productivity.

Case Study Truck Utilisation (%)  Productivity (t/PMH)

1 (Tirohanga) 8x8 75 38
2 (Kaharoa) 6x8 96 19
3 (Rotoaira) 6x8 76 37
4 (Wairoa View) 8x8 79 41

The comparison of the four case studies suggests there are three key factors affecting the
productivity of two-stage trucking: haul distance, load capacity (payload), and loading / unloading
time elements.

The effects of haul distance and payload are clearly highlighted in Case Study 2. This operation had
the longest haul distance (5,440m), over three times longer than the second-longest haul distance
(Wairoa road lining). While the truck travelled significantly faster (26.6km/h), the long distance,
coupled with the low average payload (13.2 tonnes, compared with 23.2—40.6 tonnes), resulted in
productivity of only 19 t/PMH, half that of the other three operations.

However, in Case Study 2, long travel times meant that loading and unloading times, as well as
access to a loader, particularly at the storage landing, had less impact on the utilisation of the truck,
where loading and unloading times were significantly faster, comprising only 40% of the cycle time
compared to 70+% for the other operations. Similarly, loading delays were limited to 0.6 hours
compared to between 3.0-3.8 hours at the other operations. This resulted in the highest utilisation
of the four case studies at 96%. As haul distance increases, delays between loading highway trucks
and unloading the two-staging truck can be detrimental to overall productivity.

Conversely, the relatively similar productivities of the Tirohanga and Rotoaira operations highlight
how the impact of haul distance can be overcome. The Rotoaira operation achieved a similar level
of productivity as Tirohanga, despite an almost 500m greater haul distance and a more challenging
road profile. This was done by adding a trailer, allowing the truck to carry almost 17 tonnes more per
trip. The Wairoa View operation also overcame the impact of long-haul distances by using a shorter
lead (to the hauler crew) to balance out the longer lead to the road lining crew, thus reducing the
maximum haul distance of 1,630m to a weighted average of 1,119m.
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Another key factor to increasing two-stage truck productivity was having unsorted loads. This gave
the Wairoa View operation a slight advantage over the other operations in the speed of loading (0.6
minutes per tonne vs 0.7-0.8 minutes per tonne for the other operations). Consequently, the
productivity at Wairoa View was 3—4 tonnes/PMH higher than that achieved at either Tirohanga or
Rotoaira. However, this did increase the workload on the loader at the storage landing, as it was
required to sort the loads. It is important to note that in all four case studies, no additional loading
capacity was added to the crew.

In the Kaharoa Block and Wairoa View Forest case studies, the two-stage truck was the bottleneck
in the logging operation. In both cases, keeping up with the extraction machine (hauler or skidder)
meant increasing the scheduled hours (SMH) of the truck. At Kaharoa, this was achieved by another
truck being brought in for half a day. As these were both trucks that were normally in the region’s
trucking roster, utilisation of the partially used truck was maintained by moving back into the roster
for the latter half of the day. At Wairoa View, the truck worked two to three hours longer than the rest
of the crew; this was possible as the driver was capable of operating the loader. There is an
opportunity for future research to investigate the disruption to the crew that occurs when the two-
stage truck becomes the bottleneck. Future research could also examine whether there are
alternative solutions to overcome this issue.

In all four case studies, two-stage trucking was required to overcome the difficulty of getting HPMVs
to the extraction landing. This was due to either the existing roading network being unsuitable or
because building the mid-slope roads required considerable environmental risks. The roads used in
the case studies had been formed, surfaced and maintained to a level required for access specifically
for two-stage trucks. While that standard is less than what would be required by HPMVs, the major
savings have been in the reduction of road distance. Best et al. (2024) further highlight the cost-
benefit of two-staging, suggesting that there is a clear reduction in roading and landing costs. The
authors propose that these savings are mainly due to the reduction in new road construction,
however, these benefits would be offset by the operating cost of the truck itself.

Off-highway truck configurations are much more flexible than other two-staging truck configurations
(such as modified 6WD dump trucks). Therefore, there must be intentional planning when choosing
the best configuration for an operation. For example, the modified 6WD dump trucks with 3 axles,
that could have been used in these case studies, are likely to impose higher stresses on the road
surface than the 4-axle off-highway trucks, which spread the load more, and therefore would result
in less road maintenance.

13
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CONCLUSION

This study aimed to investigate the productivity of off-highway log truck configurations being used
for two-staging in New Zealand forest harvesting operations. In the four case studies conducted,
two-staging was used to provide access to harvest areas in steep terrain that would otherwise require
considerable expenditure on either new roads or upgrading existing roads to facilitate access for
HPMVs. Two truck configurations (the Astra HD9 8x8 and the Scania 6x8) were compared using
elemental time studies. The data collected suggests that the different trucking configurations had
minimal impact on productivity. Instead, the key factors found to influence productivity were haul
distance, load capacity and delays in loading / unloading operations. While not directly studied in
this report, based on the reduced roading network requirements, two-staging using off-highway log
trucks may not increase the cost of the operation but could facilitate harvesting such areas at a
reduced cost.
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