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Harvesting Systems and Equipment

Part One
EQUIPMENT SELECTION

Examples, Pages 42 — 45

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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EXAMPLES

These examples demonstrate how information can be obtained from the handbook to
help match equipment to the site. The examples have been based on hypothetical sce-
narios that could be encountered by industrial or agency planners.

These examples illustrate that the handbook’s purpose is to identify issues and concerns,
and to evaluate the risks associated with combinations of site conditions and equipment.
The handbook is not meant to provide the single “correct” answer about what equip-
ment is suited to any particular site.

Example 1: Change Harvest Season

A cutblock has been planned and approved for winter harvesting, but corporate log-flow
requirements have made it important to advance the harvesting schedule, perhaps to late
summer or early fall. What are the important issues that must be addressed with har-
vesting the cutblock earlier in the season? Will the same equipment be suitable? If not,
what different equipment or operating techniques will achieve acceptable results?

The cutblock is proposed for clearcut harvesting, using typical roadside equipment
comprising a feller-buncher, grapple skidders, stroke delimbers, and butt ’n top loader.
The timber is small-diameter pine on rolling terrain, and the roads were laid out for a
maximum of 250 m skidding. The maximum sideslope is about 30% and the soils are
fine-textured. The proposed plan specifies harvesting under dry or frozen conditions.

Scan the column labelled “wheeled skidder - grapple” in Table 2 to determine what
impacts could result from the proposed change to the harvesting schedule. Wheeled
skidders require high soil strength, and have low to moderate ability to avoid ground
disturbance, especially when the soil moisture content is high.

Chart 1 confirms this —
operating on fine-textured
soils under wet conditions is
rated at risk level 6 (Table 6).
Clearly, soil disturbance will
be a significant concern.

The requirements and lim-
itations of the skidding
equipment will not be
changed under a different
harvesting schedule, so the
planner must evaluate the
risk of operating under non-

frozen conditions. What is the likelihood of experiencing a period of sustained dry
weather when the skidders may be able to operate successfully? If the likelihood of dry
weather is low, resulting in a high risk of soil disturbance, then changes to the operat-
ing techniques or equipment will be required. Information listed in the Index under “soil
disturbance - compaction - skidder” and “soil disturbance - rutting” describe wide tires
and devices to fit over the skidder tires to reduce their ground pressure. These devices
could reduce the risk of causing soil disturbance.

However, the rubber-tired skidder remains a high-risk option even with tracks or wide
tires, so alternative equipment should be considered. Clambunks, forwarders, loader-

Figure 1
Rubber-tired skidders

may be a high-risk
option for non-frozen

conditions unless
weather conditions

are favourable.
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forwarders, small-scale equipment, and horse logging are the ground-based options with
greater ability to avoid ground disturbance (Table 2). The latter two options are high risk
for this scenario because of their low productivity. Although the forwarder is less
susceptible to high soil moisture, it could be high risk because it requires specialized
trucks and mill configuration (Chart 5) that may not be available. Specialized falling and
loading equipment will also be required. Clambunks (Index: clambunk) may be better
suited to the soil conditions than the skidders. Loader-forwarding could be an option,
but the small timber size and long skidding distances increase the risk. Flex-track skidders
are also rated in Table 2 with a low–moderate ability to avoid ground disturbance, but
their risk on moist, fine-textured soils is rated slightly lower than skidders (Chart 3). They
may be worth considering.

Cable equipment may provide an alternative more suited to reducing soil disturbance,
but higher operating costs will increase the risk. Furthermore, the yarder must be suit-
able for roadside operations to fit with the processing and loading equipment,
eliminating highlead yarders from consideration. The small tree size eliminates large
equipment, although bunching could help to reduce the risk. Adequate deflection and
clearance will be critical to avoid soil disturbance (Chart 14). Rolling terrain with maxi-
mum 30% sideslopes over yarding distances of 250 m will make it difficult to achieve
adequate clearance with a short yarder. Multi-span skylines could be considered.

The only alternatives to the wheeled skidder that seem viable are the clambunk skidder
and the flex-track skidder. The forwarder may be viable if the corporate infrastructure
supports shortwood logging.

Clearly, any equipment changes required in this scenario will be short term, and there-
fore must be confined to equipment that is readily available for hire. Most of the alter-
native equipment is capital-intensive (Table 1), and is likely to be gainfully employed
and unavailable for a short-term rental. Furthermore, all the alternatives are more
expensive than the original proposal — the planner must evaluate the benefit of the
altered harvesting schedule with the added costs.

Example 2: Review Development Plan

As a Small Business forester for the British Columbia Ministry of Forests, you are respon-
sible for preparing forest development plans for the Small Business Forest Enterprise
Program. An area of your development plan includes a coastal cutblock where the lay-
out contractor has proposed skyline yarding over a creek. You are unfamiliar with
skyline systems, and want to ensure that the proposed harvesting will achieve all the
operational and environmental objectives. What are the issues that should be addressed
in your review? What alternatives should be considered?

The cutblock is located in an incised valley with sideslopes averaging about 70%, al-
though the sideslope reaches about 100% at the higher elevations. A road was con-
structed about 15 years ago to harvest the timber on one side of the creek using a grapple
yarder. The cutblock was reforested after harvesting, and now supports a stand of trees
about 5–7 m tall. The timber on the far side of the valley was not harvested
because of difficult terrain. It has numerous rock bluffs dispersed throughout the standing
timber, which would result in extremely expensive road construction. A narrow band
of trees left adjacent to the creek after the original harvesting has not sustained any sig-
nificant amount of windthrow. A similar buffer strip is proposed for the far side of the
creek. Two landings are proposed on the existing road for skyline yarding, and the maxi-
mum distance from the landings to the cutblock boundary is about 700 m.

Example 2: Review Development Plan
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Table 2 indicates that the proposed large, sin-
gle-span skyline will adequately address any
concerns about soil disturbance, but the cross-
stream yarding concerns you with the possibil-
ity of introducing debris into the stream. Will
the skyline be able to lift the logs clear of the
buffer strip? Chart 15 indicates that deflection
is a primary consideration for large skylines,
and the Index points to several areas with infor-
mation about deflection. Clearly, both deflec-
tion and clearance are important, so you make
a note to ask the layout contractor for repre-
sentative deflection lines. You will ask about the
amount of deflection, and the amount of clear-
ance below the carriage. You also note to ask
whether the trees will be yarded full-length, or
will they be bucked beforehand? This will affect
the required amount of clearance over the
standing trees. You learned from the information
under “hand-falling” and “hand-bucking” that

on-site bucking is difficult and dangerous in such steep terrain. If clearance is inadequate,
you will ask what plans have been made for corridors through the standing timber.

You also notice from Chart 15 that the landing chance and anchors are critical for suc-
cessful skyline operations, so you will ask about the landings (Index: landing - yarding).
The original harvesting was done by grapple yarders, which do not require landings, but
the skyline yarders will need landings. Will the landings encroach on the plantation, and
will they have adequate space to accommodate the yarding debris? What anchors are
available at the landing to hold the tower (Index: anchor - guyline), and what anchors
will be required at the tailholds? Will the anchors be located at the cutblock boundary,
or will they be extended above the cutblock boundary to increase deflection
(Index: anchor – backspar)?

You make another note to ask the layout contractor whether alternatives to cross-stream
yarding have been considered. Clearly, ground-based systems are impractical because
of the steep and difficult terrain (Table 2), but you want to ensure that all the options
have been considered. Alternative yarding systems would involve building a road on the
other side of the creek, so you make a note to ask whether a road survey was conducted
on the far side, and if so, why it was not chosen for construction. You know from Chart
10 that highlead systems are more tolerant of poor landings than large skylines, so you
will ask about potential landings on the alternative road location. You also know from
the Index information on “yarding - slope - downhill” that safety in the landing is a major
concern.

You also consider helicopter logging. You know from Table 1 and Table 2 that helicop-
ter extraction is more expensive than skylines, but you want to ensure that all alterna-
tives have been explored. You know from the descriptions of helicopters (Index:
helicopter) that the helicopter must be matched in size to the timber resource and that
bucking the trees by weight rather than by length is important. Bucking on the steep,
broken ground may be difficult. Also, landing size and safety in the landing are major
concerns — you note to ask whether helicopter logging was considered, and if so, what
landing location would be used.

Figure 2
Large skyline towers
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Armed with your new knowledge about skylines, you feel more confident that you can
ask pertinent questions about the proposed system, and any alternatives that were
considered.

Example 3: Encounter New Operating Conditions

XYZ Forest Products had been operating in consistent timber and terrain types for more
than 10 years, but is now faced with new conditions as it moves into a different area.
Previously, the average cutblock had been laid out for clearcut logging with roadside
processing, but the planners for XYZ realize this system is unsuitable for the new oper-
ating area. The slopes are steeper, and visual-quality objectives make large clearcuts
unacceptable. Partial cutting will be required. The timber size is about the same, although
the soils are generally of finer texture.

XYZ has four contractors, each producing about 120 000 m3/yr in roadside operations
for a total of 480 000 m3/yr. The total cut for the operating division will be reduced to
about 450 000 m3/yr, with the new area comprising about 50 000 m3/yr. One option
among several being considered is to retain three contractors at their current levels, and
to reduce one of the contractors to 90 000 m3/yr, working in a combination of the new
and existing operating areas.

The company, and its contractors, must determine whether the equipment that was used
previously will be acceptable for the new operating area.

Three of the contractors have very similar equipment: two feller-bunchers, two grapple
skidders, two stroke delimbers, and one butt ’n top loader. Each of the contractors has
at least one levelling-cab feller-buncher, and all of the feller-bunchers are equipped with
high-speed disc saws. The fourth contractor has different equipment: two feller-bunchers,
but neither have levelling cabs, one grapple skidder that is used as required, one
clambunk skidder, two dangle-head processors, and a butt ’n top loader.

What is the best equipment allocation for the new area?

The new operating conditions have five critical differences: steeper terrain, finer-textured
soils, partial cutting, less operating volume, and the requirement for flexibility between
the new and old operating conditions. Taking these in order, Table 2 indicates that
wheeled skidders are best
suited to slopes less than
35%. Depending on the
amount of area over 35% or
over 50%, the wheeled
skidders may be marginally
suited or completely un-
suited to the new conditions
(Chart 1). Furthermore, the
requirement for partial cut-
ting makes grapple-based
equipment poorly suited be-
cause of its limited reach
(Index: skidder - grapple).
Will the clambunk skidder be any better suited? Table 2 indicates that clambunks can
work on steeper terrain and require less soil strength, but there are three major factors
that make clambunks poorly suited to this situation: they are grapple-based, they are

Figure 3
Clambunk skidders
may be able to work
on the steeper slopes
of the new operating
area.
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large, and difficult to maneuver within a partial cut (Index: clambunk - partial cutting),
and they require a large operating volume to make them cost-effective (Index: clambunk).

It appears that the present equipment fleet is not well suited to the new conditions. What
features should the company and contractor be looking for in replacement equipment?

The steep terrain, fine-textured soils, partial cutting, and low operating volume will all
be critical factors in the specification. Wheeled-based equipment may be unsuited,
depending on the steepness of the terrain, even if operations could be confined to
frozen or deep snowpack conditions to address the soil disturbance concerns. Track-
based equipment would have better stability for improved safety. For grapple-equipped
machines to work effectively, especially in partial cutting, they must be matched with
suitable felling equipment (Index: skidder - grapple), which means that a zero-clearance
feller-buncher with a levelling cab will likely be required (Index: feller-buncher –
partial cutting). Without the appropriate falling equipment, line skidders will be required
(Table 2).

Forwarders may be an option, depending on the terrain steepness, but the mill and truck-
ing fleet must be configured to accept the different log specifications. Different felling
equipment would also be required to manufacture the short logs.

Cable equipment should also be considered, but only carriage-based yarders because
of the partial cutting (Table 2). With the projected volume (50 000 m3/yr), and typical
daily production rates, year-round operations will be required. Costs may be prohibi-
tive with the small trees unless feller-bunchers can be used. As before, a levelling cab
will be required, but the soils must be examined carefully to ascertain if a feller-buncher
can be used during the summer. Depending on the typical ground profiles and deflec-
tion, multi-span capabilities may be necessary (Chart 13, Chart 14, Index: deflection).

Processing and loading equipment must also be considered. The traditional operating
area used roadside processing, but the new area will likely use landings because of the
steeper terrain. The butt ’n top loaders will not be suited, although the processors can
be used in roadside or landing configurations.

Lastly, the company and contractor must consider the overall effect of annual produc-
tion levels. Under the scenario as presented, one contractor would be downsized to
90 000 m3  – 50 000 m3 from the new area and 40 000 m3 from the traditional operat-
ing areas. The previous equipment fleet was based on high-volume roadside logging,
and will no longer be cost-effective. What equipment will be used on that area? The
overall scenario seems unworkable, and should be reconsidered. The new operating area
requires different types of equipment, but changes cannot be made without consider-
ing the impacts on the traditional operating areas.

As stated before, the purpose of this handbook is not to identify the single “correct”
answer, but to identify issues that must be considered and how the characteristics of the
various types of equipment address those issues. The preceding examples illustrate how
to use the information in the handbook to improve equipment selection.

Examples


	Front Matter.pdf
	Introduction  
	About This Handbook 
	Background 
	Organization 
	Intended audience 
	Background to Equipment Selection 
	Context for equipment selection 
	Planning horizon for equipment selection 
	What constitutes successful harvesting operations? 
	What Equipment To Consider? 
	Equipment Characteristics Summarized by Phase 
	Risk-level Assessment 
	Risk levels 
	Key factors 
	Key Factors for Primary Transport Equipment 
	Chart 1. Wheeled skidders 
	Chart 2. Crawler skidders 
	Chart 3. Flex-track skidders 
	Chart 4. Clambunk skidders 
	Chart 5. Forwarders 
	Chart 6. Loader-forwarders 
	Chart 7. Cherry pickers and super snorkels 
	Chart 8. Horses 
	Chart 9. Small-scale equipment 
	Chart 10. Highlead yarders 
	Chart 11. Swing yarders - grapple 
	Chart 12. Swing yarders - slackpulling carriage and chokers 
	Chart 13. Multi-span skylines 
	Chart 14. Small, single-span skylines 
	Chart 15. Large, single-span skylines 
	Chart 16. Helicopters 
	Key Factors for Falling Equipment 
	Chart 17. Hand-fallers 
	Chart 18. Feller-bunchers and feller-directors. 
	Chart 19. Feller-processors 
	Key Factors for Processing Equipment 
	Chart 20. Hand-buckers 
	Chart 21. Dangle-head processors 
	Chart 22. Stroke delimbers 
	Key Factors for Loading Equipment 
	Chart 23. Front-end loaders 
	Chart 24. Hydraulic loaders 
	Chart 25. Butt 'n top loaders 
	Chart 26. Line loaders 
	Examples  
	Example 1: Change Harvest Season 
	Example 2: Review Development Plan 
	Example 3: Encounter New Operating Conditions 
	Primary Transport Equipment  
	Common Features of Ground-based Equipment 
	Machines travel across the ground to the cutting site 
	Soil requires adequate load-bearing strength 
	Suitable ground slope required 
	Roads required within skidding distance 
	Favourable travel surface required 
	Downhill skidding preferred 
	Distinguishing Features of Ground-based Equipment 
	Log transport method 
	Tractive system 
	Method used by skidders to hold logs 
	Size 
	Common Features of Cable Equipment 
	Cable should hang free and clear of the ground 
	Traffic over the ground is reduced 
	The yarder and cable are anchored when operating 
	Roads required within yarding distance 
	Uphill or downhill yarding is feasible 
	Moving cables pose a safety hazard 
	Distinguishing Features of Cable Equipment 
	Highlead and skyline configurations 
	Yarder mobility 
	Method used to hold logs 
	Size 
	Number of drums on the yarder  
	Interlocked winch 
	Slackpulling carriage 
	Common Features of Aerial Systems 
	Roads can be far from the cutting site 
	Logs are lifted clear of the ground and obstacles 
	Equipment is expensive 
	Equipment capacity must closely match resource 
	Landing is busy 
	Weather and climate affect operations 
	Distinguishing Features of Aerial Systems 
	Size 
	Falling Equipment  
	Hand-falling 
	Hand-falling is dangerous 
	Can work on difficult terrain 
	Not limited by tree size 
	Falling and bucking can be done concurrently 
	Capital costs, operating costs, and productivity are low 
	Affected by weather  
	Stump height must be controlled 
	Can work in clearcut or partial cut  
	Mechanical Falling 
	Common Features of Mechanized Falling Equipment 
	Large machine travels to each tree 
	Can move the tree after cutting 
	Operator is enclosed in a cab 
	Can work in clearcut or partial cut 
	Capital costs, operating costs, and productivity are high 
	Distinguishing Features of Mechanized Falling Equipment 
	Boom-mounted and drive-to-tree 
	Carriers for boom-mounted felling heads 
	Felling head 
	Levelling cab 
	Zero-clearance tail swing 
	Size 
	High-rotation head 
	Rigid attachment to boom 
	Processing Equipment  
	Hand-bucking 
	Bucking can occur in various locations 
	Bucker can view the logs at close range 
	Capital costs and productivity are low 
	Mechanical Processing 
	Common Features of Mechanized Processing Equipment 
	Faster, safer, and more capital intensive than hand-bucking 
	Processor can move logs for sorting 
	Mechanical aids are available for length and diameter measurements 
	Distinguishing Features of Mechanized Processing Equipment 
	Processor type 
	Pull-through stationary delimbers 
	Other processors 
	Log-measurement methods 
	Feeding mechanisms 
	Size 
	Carrier 
	Common Features of Loading Equipment 
	Distinguishing Features of Loading Equipment 
	Machine mobility 
	Carrier 
	Size 
	Ground-based Primary Transport 
	Roadside versus landing systems 
	Skidding pattern 
	Operating period 
	Method of trail construction 
	Protection of the residual stand 
	Cable Primary Transport 
	Roadside versus landing 
	Full or partial suspension 
	Tailhold anchors 
	Operating period 
	Protection of the residual stand 
	Aerial Primary Transport 
	Destination 
	Falling 
	Tree orientation 
	Site for bucking 
	Sorting 
	Hours of operation 
	Travel direction 
	Processing 
	Sorting 
	Mechanical processing in low-productivity situations 
	Loading 
	Landing versus roadside 
	Working on several sites simultaneously 
	Loading direction 
	Combined Systems 
	Harvesting system descriptions 
	Between-phase interactions 
	Terrain 
	Slope 
	Ground profile 
	Riparian areas 
	Gullies 
	Roughness 
	Soil 
	Texture and moisture content 
	Seasonal impact 
	Timber Characteristics 
	Tree size 
	Volume per hectare and total cutblock volume 
	Quality 
	Weather and Climate 
	Forest Management Considerations 
	Silvicultural system 
	Utilization standards 
	Soil disturbance guidelines 
	Corporate Policies and Business Practices 
	Operating season 
	Timber flow 
	Mill specifications 
	Amount of work available 
	Unique methods 
	Labour availability and training 
	Equipment availability and service 
	Equipment transportation 
	Layout and Development 
	Road location 
	Landing location 


