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The handbook does not attempt to define a single “best” system for any site. Instead, it
presumes that readers need to be aware of the key factors that influence the probability of
achieving success with any given combination of equipment and site characteristics.
Readers will then use their own judgement to evaluate the merits of the various options.
The information in the handbook should be considered only as part of an overall process
for equipment selection which will vary from company to company.
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PRIMARY TRANSPORT EQUIPMENT

Harvesting timber consists
of several phases: falling the
trees, manufacturing them
into logs, and transporting
the logs from the stump to a
landing or roadside and then
to a conversion facility.
Many factors influence the
exact sequence and details
of these phases, but regard-
less of the details, the basic
concept remains the same:
harvesting timber consists of
cutting trees and transporting them from one
location to another. The operations are con-
ducted sequentially, and the output of one
phase becomes the input to the subsequent
phase.

The most common method for classifying har-
vesting systems is to consider the primary trans-
port phase; that is, from stump to the landing
or roadside. Although usually the second phase
in sequence, primary transport is discussed first
in the handbook because of its importance.

The three basic classes of primary transport are
ground-based, cable, and aerial. In ground-
based harvesting systems, the logs are dragged
or carried from the stump to the landing by a
machine that travels over the ground. In cable
systems, an overhead cable attached to a sta-
tionary machine is used to drag or carry the logs;
in aerial systems, the logs are lifted above the
ground by a machine that derives its lift from the
air. This section of the handbook describes the
defining features of these
three classes of primary
transport equipment.

The features described here
determine the generally ac-
cepted operating range of
the equipment, but not nec-
essarily the entire operating
range. Some makes or mod-
els may include unique fea-
tures used to extend the
normal operating range.
These unique design

Figure 4
A mid-sized skidder,
typical of many
ground-based
operations in the
Interior of British
Columbia, working on
a landing with a
dangle-head processor.

Figure 6
A heavy-lift helicopter
used in coastal areas.

Figure 5
A mid-sized
swing yarder.
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features, or even special operating techniques, allow equipment to be operated outside
of its normal operating range. While the handbook describes typical operating ranges,
every situation should be examined on its own merit to determine the risk of using the
proposed equipment under the expected site conditions.

Common Features of Ground-based Equipment

Ground-based equipment travels from the landing or roadside to the stump and returns
with a payload of logs. This process requires that roads be located within an acceptable
skidding distance of the felling site, and that the site have terrain that is not too steep or
broken and soils strong enough to support the machine.

Machines travel across the ground to the cutting site
Since they simply drive over the ground, ground-based equipment can be less complex
than either cable or aerial equipment. And since, by definition, they drive over the grow-
ing site, this equipment may affect the growing conditions.

OPERATIONAL

Less complex ground-based equipment is typically less costly to own and operate than
either cable or aerial systems.

ENVIRONMENTAL

There is an inherent risk of soil damage from machine traffic.

Soil damage typically occurs when the machines travel over the same route several times,
exceed the soil bearing strength (see soil bearing strength, following), and turn around
at the felling site, landing, or roadside. Design features or operating techniques that
reduce the risk of these occurrences are important to consider. For example, the turn-
ing action for tracked machines causes one track to skid over the ground which can cause
soil disturbance. Some tracked machines have proportional steering between the tracks

to reduce or eliminate the
skidding effect when turn-
ing. Two operating strategies
to reduce disturbance from
turning are (1) to turn the
machine only on debris,
or (2) to back the machine
from the landing to the fell-
ing site, and drive forward
on the return trip. The
latter strategy is commonly
used for forwarders and
clambunk skidders.

Ground-based machines can drive between the residual stems in a partial cutting pre-
scription. Unlike cable systems, a straight corridor is not required; however, a sufficient
number of trees must be cut to allow the machine and its payload to pass without binding
or breaking, or damaging residual trees.

Crossing streams with ground-based equipment may cause unacceptable disturbance,
and must be strictly controlled. Temporary bridge crossings may provide one method
for crossing the stream within allowable disturbance limits, and equipment such as for-
warders can carry the bridge to the site and place it in position with minimal disturbance.

Figure 7
A large grapple

skidder operating
from a landing in

the Interior of
British Columbia.

Primary Transport Equipment
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Soil requires adequate load-bearing strength
Because the soil must support the machine and payload weight, inadequate soil strength
can result in soil degradation such as compaction or rutting. In general, coarse, well-
drained soils are stronger than fine-textured or moist soils. The soil’s strength may be
enhanced by frozen conditions, or the machine’s weight can be distributed over a wider
area by using wide tires, wide-track pads, flotation mats, woody debris, or deep snow
to prevent damage to the soil.

On sites that are highly sen-
sitive to soil compaction
and puddling, it is common
to schedule harvesting
operations when the soil
strength is greatest (i.e.,
under dry or frozen condi-
tions), or to select harvesting
systems other than ground-
based.

Operating in areas with soils
with low load-bearing cap-
acity may require different operating techniques such as operating only at certain times
of the year, using wide tires, or using particular skidding patterns. These techniques are
discussed later in the handbook.

OPERATIONAL

Operating on soils with low load-bearing capacity will increase the cycle times because
the machine may get stuck, its travel speed may be reduced, or its payload may be
reduced. Maintenance costs will be increased because of increased wear and tear on
the machine.

ENVIRONMENTAL

Soil compaction and rutting can result from operating ground-based equipment on soils
with low load-bearing capacity, which can lead to soil erosion or reduction in growing
site.

Suitable ground slope required
The ground slope must be within the safe operating range, which varies depending on
the type of equipment. Typical maximum favourable slope limits for wheeled skidders
are 35%, and tracked machines can work to about 50%. Some specialized tracked
machines can operate on slopes up to 60%. The upper limit for loaders working as for-
warders is about 25–35%.

Occupational safety rules may restrict the range of slopes for ground-based equipment.
Check for regulations that may apply in the particular operating area or jurisdiction.

OPERATIONAL

Ground-based equipment can become unstable on steep slopes, especially when turn-
ing. Small obstacles such as windfalls and stumps that can be negotiated safely on lesser
slopes may cause the machine to overturn. When skidding downhill with line skidders
on steep slopes, the logs may run ahead into the machine, thus presenting a safety
hazard. 

Figure 8
Wide tires reduce the
ground pressure of this
skidder.

Common Features of Ground-based Equipment
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Skidders can travel in random patterns on gentle slopes, but require trails to be con-
structed on steeper slopes. Constructing and deactivating trails increase costs. Cycle
times are increased on steep slopes.

ENVIRONMENTAL

Bladed skid trails are a potential source of sediment generation. Subsurface flow can be
intercepted and concentrated by bladed skid trails, and become a way to transport
sediment. Without site rehabilitation, skid trails may not become sufficiently restocked
with desirable species.

Roads required within skidding distance
The typical maximum skidding distance for wheeled equipment is approximately
200–300 m, although some machines can operate economically up to 800–1000 m.
Track-mounted machines are typically economical for shorter distances below 200 m.

Distances of 800 m cannot usually be obtained within a single cutblock; instead, they
often imply travel through “dead ground” that is not being harvested. An exception is
forwarding from small patches — long-distance skidding equipment can be used to cen-
tralize the processing and loading in a single location rather than in each of the patches.

OPERATIONAL

The maximum skidding distances are determined by economics, not by physical limi-
tations of the machines. Longer skid distances increase the cycle times and skidding
costs, while shorter skidding distances reduce the skidding costs and increase the road
density and the road-construction costs. Larger payloads can offset the effect of longer
skidding distances because fewer cycles are required to transport the same volume of
timber.

The relative effect of skidding distance on productivity varies according to the type of
equipment, and is a function of travel speed, payload, and hookup and unhook times.
Machines with fast hookup times and low payloads (e.g., grapple skidder) are most
effective at short skidding distances. Conversely, machines with large payloads and
longer loading and unloading times (e.g., line skidder) are more effective at longer dis-

tances. In Figure 9 (adap-
ted from Plamondon and
Favreau 1994), the produc-
tivity functions for grapple
and line skidders cross at
about 100 m skidding dis-
tance. The relative effective-
ness of the two machines
varies with distance.

ENVIRONMENTAL

Short skidding distances
increase the road density,
which increases the potential

for siltation and reduces the net area for restocking. Longer skidding distances reduce the road
density, but can increase the soil compaction on skid trails. Longer skid distances can also
increase the amount of soil compaction near the road because of increased traffic.

Figure 9
The relative advantage

of different machines
changes depending on
the skidding distance.

Primary Transport Equipment
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Favourable travel surface required
Ground-based equipment requires that the ground surface be relatively uniform, and
free from large, impassable obstacles. For example, large boulders, gullies, or stumps
may hamper the machine’s
mobility.

However, broken ground
can also enhance the mobil-
ity if the ground is inter-
spersed with passable trails.
For example, steep ground
with benches can be har-
vested safely,  especially if
the timber can be felled to-
wards the benches within
the machine’s reach. Short
pitches of steep ground can
be traversed safely.

OPERATIONAL

Obstacles increase the cycle times and skidding costs, and can become hazards for
overturning the machines. Every part of the cutblock must be close enough to a safe travel
corridor for the machine to reach the logs.

ENVIRONMENTAL

The potential for soil disturbance, erosion, or mass wasting caused by channelling
water increases near gullies.

Downhill skidding preferred
Ground-based equipment can usually skid downhill better than uphill; therefore, the
truck road should be located in the lower portion of the cutblock. Short, steep pitches
or sustained, gentle adverse slopes are acceptable. The amount of adverse grade that is
acceptable depends on the type of machine.

OPERATIONAL

Skidding on adverse slopes reduces travel speed and decreases productivity, and may
require specialized equipment. The average skidding distance for a cutblock increases
for a given road spacing because most of the skidding is from one side of the road only,
instead of both sides as it would be for both adverse and favourable skidding. 

ENVIRONMENTAL

Spinning wheels or tracks on adverse skids can cause soil damage that can lead to
increased siltation.

Distinguishing Features of Ground-based Equipment

Three major features distinguish the various ground-based machines from one another:
the machine type or method for transporting the trees or logs, the tractive system, and
the machine size. An additional characteristic of skidders is the method used for hold-
ing the logs.

Figure 10Figure 10Figure 10Figure 10Figure 10
A forwarder
working under
nearly ideal
conditions: the
terrain is uniform,
with no obstacles,
and has only a slight
adverse grade.

Distinguishing Features of Ground-based Equipment
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Log transport method
Ground-based machines use several different methods for holding and transporting the
logs: the method used defines the type of machine. The most common ground-based
equipment is the skidder, which drags the logs behind itself while holding one end of
the logs off the ground. The clambunk, a variation of the skidder, holds the logs in an
inverted grapple. A second type is the forwarder, which carries the logs completely off
the ground. A third type is the loader-forwarder, a loader that picks up the logs to swing
or carry them a short distance. When log loaders are used from the haul road without
travelling into the cutblock, they are usually called cherry pickers.

Horse logging or small-scale equipment such as chainsaw-powered winches or all-
terrain vehicles are generally limited to smaller, niche operations.

Each of these types will be discussed in detail.

Skidder Skidders are used for a wide range of applications, from the smallest opera-
tions to large, fully mechanized systems — various sizes suit different purposes. Skidders
can be classified by their tractive system (rubber tires or tracks) and their method for hold-
ing the logs (chokers, grapple, or swing-boom grapple), as discussed later in detail.

In a typical work cycle,
skidders travel from the
landing or roadside to the
felling site, turn around to
hook the logs, and drag the
logs to the destination.
Depending on what other
equipment is working in the
system, the skidder may
push the logs into larger
piles to keep the landing
area clear. Log breakage
may result from rough han-
dling with the skidder.

The weight of the logs is usually distributed unevenly between the front and rear of the
machine, with the rear usually carrying a larger portion of the load. This results in
increased ground pressure on the rear of the machine and adversely affects the machine’s
ability to skid uphill. Some skidders are specially designed to distribute the weight more
evenly, thus improving their adverse skidding and ground pressure characteristics.

OPERATIONAL

Many contractors choose
skidders because they are
less expensive to own and
operate, are versatile, and
are well understood. Skid-
ders are best suited to short
to medium skidding dis-
tances. At longer distances
(over 300–400 m), skidders
become less economical to
operate.The economically

Figure 12
A tracked skidder

with a swing-boom
grapple. The track
frame is extended

towards the rear
of the machine to

improve the balance.

Figure 11
The skidder pushes the
logs into a pile to keep

the landing clear.

Primary Transport Equipment
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operable distance depends
on travel speed and turn vol-
umes — machines with
faster cycle times  or larger
turn volumes can operate
economically at longer
distances.

Turning the machine around
at the felling site on a steep
sideslope is one of the most
hazardous phases of the
work cycle because skidders
are unstable when posi-
tioned crossways on the slope. One technique to address this problem is to construct a
trail to the top of the hill for returning to the work site. This allows the skidders to travel
straight downhill over the steep ground. On broken ground, the skidders can turn on
the benches and back up the hill for a short distance.

ENVIRONMENTAL

Because of their low payloads, skidders require many trips over the same ground to har-
vest all the volume.  This travel can lead to soil compaction on sensitive sites. Skidders
may require bladed skid trails on steep ground, which can result in the loss of produc-
tive growing sites. In addition, skid trails may require rehabilitation after harvesting to
restore the original ground slope and natural drainage patterns to reclaim the growing
site and reduce the potential for soil erosion. On steep ground, the tracks caused by drag-
ging the logs on the ground can become pathways for water to accumulate and flow.

Clambunk A clambunk
resembles a large skidder
with a log loader and grap-
ple mounted on the rear of
the machine. The grapple,
which is mounted with
the opening facing up-
wards, opens like a clam-
shell, thus deriving the
machine’s name.

In a typical work cycle, the
clambunk travels in reverse
from the roadside to the
backline, eliminating the need to turn the machine around at either end of its cycle.
Operators face the rear of the machine, looking over their shoulder when the machine
travels forwards; the low travel speed makes this practical.

The butt ends of the logs are lifted into the grapple with the loader; when all the nearby
logs have been loaded, the grapple is closed to secure the load. The machine travels
forward to the next loading site, and the process is repeated until the grapple is full. Then
the clambunk travels to the roadside to unload the logs, either by opening the grapple
and driving out from under the load, or by using the log loader. The former technique
is faster, but leaves the logs somewhat tangled for subsequent processing.

Figure 13
A rubber-tired
grapple skidder
about to hook
up a turn before
starting to the
landing. 

Figure 14
A clambunk skidder.
Note the large,
inverted grapple
(“clambunk”) and  the
tracks over the tires.

Distinguishing Features of Ground-based Equipment
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Clambunks usually have more axles than conventional skidders, and have a tire-and-
track tractive system, so they can work on weaker soils.

OPERATIONAL

Clambunks are large, slow-moving, and highly productive machines with large payloads
and high ownership costs. Therefore, to minimize production costs, they are best suited
to working with other high-production equipment such as feller-bunchers and mechani-

cal processors in a highly
mechanized, roadside sys-
tem. The high capital cost
means that the operating
season must be extended as
long as possible to help am-
ortize the ownership costs.

Clambunks usually build
their payloads from several
smaller piles over a rela-
tively long distance during
which time they must travel
more-or-less straight ahead.

They require a fairly deep cutblock to use their full payload capacity. With their long
loading times, clambunks are better suited for long skidding distances than for short
distances. Backline distances of 400–500 m are reasonable for clambunk skidding, and
distances up to 800 m are feasible, especially if the clambunk is paired with a conven-
tional skidder. The skidder works on the front portion of the cutblock, while the clambunk
works on the back end.

However, too deep a cutblock can be detrimental if the volume of timber becomes so
large that it cannot all be piled easily at roadside.  One method to deal with large vol-
ume is to skid, process, and load a portion of the timber at a time. This technique
requires extra travel for the processing and loading equipment, and more coordination
between phases. Alternatively, the clambunk can offload the logs with its loader to pile
them higher, or a secondary loader can be used.

Because the ground bearing area is larger for clambunks than for skidders, the clambunks
may be able to operate on softer ground without causing excessive soil disturbance.
Therefore, the operating season for clambunks can be longer than for skidders (e.g., can
operate when the soil moisture content may be too high for conventional skidders). 

Clambunks do very little turning compared with conventional skidders, so they are not
limited by the same slope constraints. Furthermore, the weight of the load bears down
on the machines which helps them from overturning. Clambunks can be operated safely
on slopes up to 60%.

ENVIRONMENTAL

Clambunks can operate on weaker soils than skidders because of their track and wheel
systems (see “Tractive systems” section). Furthermore, their loading sequence requires
them to travel over a portion of the skidding distance with only a partial payload. With
proper planning and supervision, the partly loaded portion of the cycle could coincide
with the weaker soils, thus reducing the ground impact.

Their large size and limited maneuverability make clambunks poorly suited to partial
cutting operations. Their wide trails compared with conventional skidders’ make it

Figure 15
A clambunk skidder

operating on flat
ground on the

Interior Plateau.

Primary Transport Equipment
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harder to protect advance
regeneration.

Forwarder Forwarders are
highly specialized ma-
chines used in cut-to-length
(CTL) systems with equip-
ment such as feller-proces-
sors and shortwood loaders
and trucks. A key feature of
the CTL system is the work
done by the feller-proces-
sor; it fells and delimbs the
trees, cuts the stems into
lengths up to 8 m long, and
sorts and piles the logs for
the forwarder. As the feller-
processor works, it creates a
debris mat from limbs and
tops to distribute the weight
of the machinery. After the
feller-processor cuts the
logs, the forwarder travels
over the same debris mat to
retrieve the logs. See the
“Operating Techniques”
section later in the hand-
book for additional infor-
mation about the CTL
system.

Forwarders are built on
articulated chassis with two,
three, or four axles and
large rubber tires.  On for-
warders with two rear axles,
the rear tires are usually
equipped with tracks over
the tires; the front axles may
or may not have tracks. The
rear of the forwarder con-
sists of bunks to hold logs,
and a log loader mounted behind the cab.

The logs are loaded onto the forwarder using its log loader, and then carried to the road-
side where they are unloaded.

For sorting logs, forwarders can pick individual logs from the piles created by the fel-
ler-processor to produce loads of a single type. Once a homogenous load has been
moved to the roadside,  it can be unloaded into its own area with little additional
effort. Different sorts can also be kept separate in the machine’s bunk if required.

Forwarders travel equally well forward or backward, and the operator’s seat is revers-
ible and comfortable for travelling in either direction. Depending on the layout of the

Figure 18
A two-axle forwarder.
This configuration is
uncommon in British
Columbia.

Figure 17
A three-axle forwarder.
Note the larger tire on
the single front axle.

Figure 16
A four-axle forwarder.
Note that neither the
front nor rear axles
have tracks over the
tires; such equipment
is optional, although
commonly used.

Distinguishing Features of Ground-based Equipment
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particular cutblock, the forwarder may travel backward from the roadside to the fell-
ing site so that the machine is not required to turn at either end of the cycle. Forward-
ers can travel quite quickly over bladed trails, especially when empty. They travel more
slowly over the debris mat trails, and even more slowly when loaded.

OPERATIONAL

Economics are an important consideration in the decision to use a CTL system because
they are typically more expensive in the stump-to-truck phase than other ground-based
systems. The equipment is generally more expensive and less productive than other
mechanical systems. However, the stump-to-truck costs should not be considered in iso-

lation of benefits that may
accrue to other phases.
Some of these benefits
include reduced soil distur-
bance, lengthened operat-
ing season, more stable
work force, increased fibre
recovery from the stand, less
breakage, improved log
quality, cleaner logs, better
sorting, better ability to har-
vest short trees, and more
suitability to partial cuts.

The true worth of the CTL system can be determined only by accounting for all costs
and benefits for the particular company and location. For additional information about
CTL, see the discussion about “Combined Systems” in the “Operating Techniques” sec-
tion later in the handbook.

Forwarders are less efficient at short skidding distances than at medium to long distances
because of their comparatively long loading and unloading times. Also, short distances
may provide less opportunity to make complete loads of a single sort.

Forwarders can travel up adverse pitches that could stop a conventional wheeled skidder.

Forwarders operate within fully mechanized harvesting systems in which all workers are
enclosed in protective cabs; therefore, the safety hazard is low compared to non-mecha-
nized systems. Furthermore, forwarders travel slowly compared with skidders, which
further decreases the safety hazard.

However, the forwarder pay-
load is carried high on the
machine as compared with
skidders or clambunks
which raises the centre of
gravity and introduces some
instability. The travel routes
for the forwarders should
be straight down slopes to
eliminate the possibility
of becoming turned cross-
slope and tipping over.

Figure 19
A forwarder unloading

the logs at roadside.
Sawlogs and pulp logs

are piled separately.

Figure 20
The large load raises
the centre of gravity

which may cause
instability.

Primary Transport Equipment
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ENVIRONMENTAL

By travelling on a debris mat, rutting and compaction is limited to the forwarder trails.
Under some conditions (e.g., soft ground or large amounts of traffic), the debris mat may
become beaten into the ground, making it difficult to establish regeneration. Rehabili-
tating the trails may be required.

With at-the-stump processing, all the limbs and tops remain on the cutblock, which
eliminates roadside accumulations and may benefit nutrient recycling on some sites.

One of the benefits of CTL systems is the ease with which the equipment can maneuver
between the residual trees in a partial cutting prescription.  The logs are cut short, so
winding travel routes can be used to avoid damaging the residual trees. Operating suc-
cessfully in a partial cut depends on the residual tree spacing and the machine size.

Lo a d e r - f o r wa r d e r Th e
loader-forwarder, commonly
called “hoe-chucker,” is a
log loader used to move logs
from the stump to the road-
side. Most loader-forwarders
are hydraulic loaders modi-
fied with high-clearance
undercarriages, although
line loaders can be used as
loader-forwarders.

Starting from the cutblock
backline, the loader-for-
warder moves the logs closer to the road one step at a time by the length of its reach.
The number of logs in the pile increases with each successive pass, until every log from
the cutblock is piled at the roadside. 

Depending on the timber type, falling system, and processing system, the loader-
forwarder may travel parallel to or perpendicular to the road. Regardless of the pattern
chosen, the objective is to minimize the number of times the machine travels over each
section of ground to minimize soil disturbance and operating cost.

Loader-forwarders can be outfitted with tongs for hooking logs beyond the reach of the
grapple. When used with a free-spooling winch and operated by an experienced worker,
the tongs can be cast up to 100 m, thus covering a substantial area. This system requires
a second worker to hook the logs, and close communication between the two workers
to ensure safe operations.

OPERATIONAL

The loader-forwarder is the most economical method of harvesting for gentle terrain in
coastal conditions; for many operations, it has replaced the grapple yarder as the pre-
ferred harvesting system. The labour costs are low because only one worker is required.

However, loader-forwarders must handle each log several times before it reaches the road-
side, so the maximum distance for moving logs is short compared with other ground-based
equipment. Four or five passes with the machine is considered normal, although examples
of up to 10 passes are not uncommon for special circumstances. The distance covered with
each pass varies with the machine size, but for large coastal equipment, 30–35 m per pass
is common, which equates to a maximum backline distance of about 150 m.

Figure 21
A loader-forwarder
working in a second-
growth forest on
Vancouver Island.

Distinguishing Features of Ground-based Equipment
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