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About this Course 
You are participating as a student in the U.S. Department of Agriculture (USDA), Forest Service, 
National Sawyer Training program. This course, “Developing Thinking Sawyers,” is intended for 
employees and volunteers who apply for certification as a sawyer. The use of saws on National 
Forest System (NFS) lands is prohibited unless an individual is trained, evaluated by a qualified 
sawyer evaluator, and has received a national sawyer certification card.  

This module-based training focuses on developing a thinking sawyer and emphasizes risk 
management, human factors, and sawyer safety. The evaluation process may be separate from 
this training to allow sawyers time to practice their skills under the supervision of an approved 
sawyer instructor. Completing the training program does not guarantee certification. 

Course Outline 

These training materials are intended for Forest Service employees, agency volunteers, 
cooperators, and training consultants who use chain saws or crosscut saws on NFS lands. The 
materials provide operational information for the safe and efficient use of chain saws or 
crosscut saws and companion tools.  

For the purposes of this training, the terms saw or saw program refer to both chain saws and 
crosscut saws, unless otherwise specified. 

 Module 1: Introduction to Saw Operations 

The “Introduction to Saw Operations” module covers National Saw Program policy and 
legal requirements, sawyer safety, situational awareness, identification of risk, risk 
management, and developing a standardized OHLEC (objective, hazards, leans/binds, 
escape path, cut plan) size-up process. 

 Module 2: Chain Saws 

The “Chain Saw” module contains three sections: “Chain Saw Basics,” “Bucking and 
Limbing,” and “Felling.” The section(s) you require will depend on the certification level 
you pursue. 

 Module 3: Crosscut Saws  

The “Crosscut Saw” module contains three sections: “Crosscut Saw Basics,” “Bucking and 
Limbing,” and “Felling.” The section(s) you require will depend on the certification level 
you pursue. 

 Module 4: Ax Basics, Maintenance, and Use 

The “Ax Basics, Maintenance, and Use” module covers ax basics, maintenance, safety, and 
use. 
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 Module 5: Fireline Operations 

The “Fireline Operations” module covers fireline safety, the sawyer/swamper team, 
cutting area control, saw team tasks and tactics, and terminology. 

 Module 6: Wedges 

The “Wedges” module covers wedge design and the mechanical advantage wedges 
provide, various wedge types, proper wedge placement and use, and how to calculate the 
amount of lift using tree diameter and height. 

 Module 7: Hung-up Trees  

The “Hung-up Trees” module defines the term “hung-up trees” and identifies the hazards 
associated with them, discusses avoiding hung-up trees, explains the OHLEC process for 
them, and provides techniques for mitigating or removing them. 

Purpose of Course 

The USDA Forest Service “National Sawyer Training: Developing Thinking Sawyers” course 
outlines and describes the operational procedures for the use of saws by Forest Service 
employees, volunteers, and cooperators. These operational procedures are considered best 
practices that are designed to protect sawyers from accidental injury or death during saw 
operations. 

All sawyers must be trained, evaluated, and certified through an approved training program 
and at a minimum been found to meet the intent of FSM 2358.03—Policy. To engage in sawing 
activities, sawyers must acquire and maintain a USDA Forest Service national sawyer 
certification card and first aid/cardiopulmonary resuscitation (CPR) certification. This national 
sawyer certification card has a 3-year expiration date and can be subject to review at any time 
before it expires. 

Course Goal 

The “Developing Thinking Sawyers” course is designed to provide employees, volunteers, and 
cooperators who are basic to intermediate chain saw and crosscut saw users with the technical 
knowledge to use these tools safely and effectively. 

At the completion of training, a qualified sawyer evaluator will conduct a field evaluation to 
determine whether a student demonstrates safe saw handling skills and a basic knowledge of 
course content. The field evaluation will identify the level of certification at which each student 
is authorized to perform saw work based on the student’s ability to apply learned knowledge 
and skill in front of an approved sawyer evaluator. 

Sawyer Certification Preparation 

Use the checklist in table 1.0.1 to ensure you complete everything you need to successfully 
become a certified sawyer. 
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Table 1.0.1—Certification checklist 

 Prior to Certification  

 Be at least 18 years old to operate a chain saw, 16 years old to operate a crosscut saw. 

 Receive first aid training and have current certification in cardiopulmonary resuscitation 
(CPR). 

 Complete an approved, nationally recognized sawyer training curriculum (NRSTC) from an 
authorized instructor. 

 Successfully complete a field evaluation. 

 Possess a national sawyer certification card signed by an authorized certifying official. 
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Module 1: Introduction to Saw Operations 
Welcome to the USDA Forest Service “National Sawyer Training: Developing Thinking Sawyers” 
course. This course will begin or continue your journey to becoming a “thinking sawyer.” This 
course is designed to provide the technical knowledge and skills that you need to safely use 
chain saws and/or crosscut saws and their associated tools. 

Introduction 

This training course outlines and describes the operational procedures for the use of saws by 
Forest Service employees, volunteers, and cooperators. These operational procedures are 
considered best practices that are designed to protect sawyers from accidental injury or death 
during saw operations. 

All sawyers must be trained, evaluated, and certified through an approved training program, in 
accordance with FSM 2358. To engage in sawing activities, sawyers must acquire and maintain 
a USDA Forest Service national sawyer certification card and first aid/cardiopulmonary 
resuscitation (CPR) certification. The national sawyer certification card has a 3-year expiration 
date and can be subject to review at any time before it expires. 

Prework Topics 

The prework packet covers: 

• Policy and regulations 
• Safety 
• Personal protective equipment 
• OHLEC: The five-step size-up process 

Objectives 

When you complete the full module during training, you will be able to: 

• Recall the guiding documents associated with the Forest Service National Saw Program 
and its policies. 

• Recognize the levels of sawyer certification. 
• List the two key safety concepts. 
• Identify the required personal protective equipment (PPE) and its proper fit for both 

nonfire and fire use. 
• Identify and discuss how human factors affect sawyer operations. 
• Identify and discuss components of the objective, hazards, leans/binds, escape route, 

cut plan (OHLEC) size-up process. 
• Discuss operational complexity and its relationship to a sawyer’s knowledge and skill. 
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Policy and Regulations 

As a Forest Service sawyer, you must be aware that there are laws and standards that you must 
meet before you operate a chain saw or crosscut saw. Forest Service policy is made up of two 
main components—overarching Federal regulation and program policy. 

Overarching Federal Regulations  

The Occupational Safety and Health Act of 1970 is a United States law (Public Law 91-596) that 
enforces workplace standards to ensure that employees are protected from hazards that may 
compromise their safety and health. 

The USDA Forest Service National Sawyer Training course falls within the regulatory authority of 
the Occupational Safety and Health Administration (OSHA), under 29 Code of Federal 
Regulations (CFR) 1910.266—Logging Operations. 

Program Policy 

Forest Service Manual (FSM) 2358—Saw Program addresses program requirements and applies 
to all employees, volunteers, training consultants, and cooperators who use chain saws and/or 
crosscut saws on NFS lands. It does not apply to other Federal, State, Tribal or local government 
agencies, contractors, or those working under interagency fire management cooperative 
agreements. FSM 2358 defines administrative responsibilities for the program as well as sawyer 
responsibilities and requirements for safety, training, and proficiency evaluation and 
reevaluation. 
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Sawyer Certifications 

Each qualification requires a specific set of modules. The modules you complete will depend on 
your qualification goals. Refer to table 1.0.2 to determine which modules you require. 

Required Modules 

Table 1.0.2—Courses required for certification 
Required 
module 

Chain 
saw 
bucking 

Chain 
saw 
felling 

Crosscut 
saw 
bucking 

Crosscut 
saw 
felling 

Fireline qualified 

(S-212 equivalent) 

1 X X X X X 

2.1 X X   X 

2.2 X X   X 

2.3  X   X 

3.1   X X  

3.2   X X  

3.3    X  

4.0   X X  

5.0     X 

6.0      

7.0 X X X X X 
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Safety 

Safety is a critical concern in chain saw and crosscut saw operations. It should be a part of 
every plan you prepare and every action you take (figure 1.0.1). Careful study and practice of 
saw operations will improve your abilities and help you to identify your limitations. Sawyers are 
obligated to say "no" and to walk away from any situation they determine to be an 
unacceptable risk. 

Sawyer safety comes down to two key concepts: risk management and proper use and fit of 
PPE. 

  Figure 1.0.1—Sawyers doing a stump analysis. 
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Personal Protective Equipment 

It is important to understand that PPE has limitations. Though it will help reduce injuries in the 
event of a mishap, you should never view PPE as an alternative to employing good safety 
practices. The Forest Service requires all sawyers to wear the appropriate PPE outlined in FSM 
2358.06—Qualifications (tables 1.0.3 and 1.0.4). 

Table 1.0.3—Nonfire personal protective equipment (PPE) requirements (ANSI = American National 
Standards Institute, OSHA = Occupational Safety and Health Administration, dB = decibels) 

PPE Chain saw operations Crosscut saw operations 

Head protection A helmet that meets American ANSI 
Z89.1 

Same as chain saw 

Eye protection ANSI Z87.1 safety glasses or equivalent: 
mesh bug-eye type or mesh face shield 
(OSHA Note: 910.266(d)(1)(vii)(B) 

Same as chain saw 

Hearing protection Hearing protection (85 decibels and 
above) 

None required  

Hand protection Chain saw mitts or gloves appropriate 
for the weather conditions 

Gloves appropriate for 
the weather conditions 

Shirt Long sleeves required Long sleeves optional 

Pants Loose-fitting without a solid hem or 
with a hem you can tuck into your 
boots 

Same as chain saw 

Leg protection Chaps or cut-resistant pants that 
overlap your boots by at least 2 inches 

None required 

Foot protection/boots Cut-resistant, laced boots that provide 
ankle support and have nonskid soles 

Boots that provide ankle 
support and have nonskid 
soles 
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Table 1.0.4— Fire personal protective equipment (PPE) requirements (NFPA = National Fire Protection 
Association, ANSI = American National Standards Institute) 

PPE Chain saw operations Crosscut saw operations 

Head protection A helmet that meets NFPA 1977 Same as chain saw 

Eye protection ANSI Z87.1 safety glasses or equivalent 
(mesh bug-eye type) 

Same as chain saw 

Hearing protection Hearing protection required for gasoline-
powered chain saw use 

None required 

Hand protection Leather gloves Same as chain saw 

Shirt  Flame-resistant, long-sleeved shirt Same as chain saw 

Pants Flame-resistant, long pants Same as chain saw 

Leg protection Chaps that meet the requirements of 
Forest Service Specification 6170–4 and 
overlap your boots by at least 2 inches 

None required 

Boots Cut-resistant or leather, laced, 8-inch-high 
boots that provide ankle support and have 
nonskid soles 

Same as chain saw 
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Ensure Proper Fit 

Before performing any work, project, or activity that requires PPE, employees must 
demonstrate an understanding of its proper use and how to wear it. Accidents and injuries may 
result from misusing or failing to use required PPE. PPE should be clean and in good condition 
and should fit each individual sawyer properly (figure 1.0.2). Refer to the instructions included 
with the PPE for information about inspecting the equipment, fitting it properly, and cleaning it. 

 

 
Figure 1.0.2—Ensure that personal protective equipment fits properly. 

PPE guidelines: 

Head protection: All helmets should be designed to provide protection from 
impact and penetration hazards from falling objects. Inspect shells for dents, 
cracks, signs of penetration, or any other damage that might compromise 
protection. Also inspect suspension systems, headbands, sweatbands, and any 
accessories daily.  

Eye and face protection: All employees require appropriate protection (including 
side protection) when they are exposed to eye or face hazards, such as flying 
particles. 

Hearing protection: To comply with 29 CFR 1910.95—Occupational Noise 
Exposure, employees must wear ear plugs, earmuffs, or both when working with 
equipment louder than 85 decibels. 
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Hand protection: Ensure that hand protection is appropriate for the weather 
conditions. Fireline work requires leather gloves. 

 

Shirt: Long-sleeved shirts are recommended for all saw operations. Fireline work 
requires flame-resistant shirts for both chain saw and crosscut saw operations. 

Pants: Pants are required for all sawyer operations. Pants should fit comfortably 
but not be too loose. Fire line work requires flame-resistant pants. 

Leg protection: You must properly adjust chain saw chaps/pants and wear them 
snug to keep them positioned correctly on your legs. Chaps should provide 
coverage 2 inches below your boot tops. Proper fit and length maximize 
protection. 

Boots: Chain saw use requires cut-resistant or leather boots with nonskid soles 
and adequate ankle support. 
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First Aid Kit 

Subsection 29 CFR 1910.266(d)(2)(i)—Logging 
Operations mandates a first aid kit in each 
employee transport vehicle and at each 
worksite where employees are cutting trees 
(e.g., felling, bucking, limbing) (figure 1.0.3). 
The number of first aid kits and the content 
of each kit must reflect the degree of 
isolation, the number of employees, and the 
hazards reasonably anticipated at the 
worksite. 

 

Figure 1.0.3—First aid kit. 
 

At a minimum (for small sites with two to three employees), each kit must contain: 

 Gauze pads at least 4 by 4 inches 
 Two large gauze pads at least 8 by 

10 inches 
 A box of adhesive bandages (Band-

Aids) 
 One gauze bandage roll at least 2 

inches wide 
 Two triangular bandages 
 Wound-cleaning agent, such as 

sealed, moistened towelettes 
 One blanket 

 

 Scissors 
 Tweezers 
 Adhesive tape 
 Latex gloves 
 Resuscitation equipment, such as a 

resuscitation bag, airway, or pocket 
mask 

 Two elastic wraps 
 Splint 
 Directions for requesting emergency 

assistance 
 

Other recommended items: 

• Tourniquet 
• Clotting agent 
• Trauma dressing 
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OHLEC: The Five-Step Size–up 

OHLEC is a systematic, five-step, size-up process during which you identify an objective, 
consider hazards related to the objective, determine leans or binds relative to the objective, 
develop an escape plan, and develop a cut plan. At any point during the process, your analysis 
may reveal conditions that cause you to reevaluate or change the objective. When the objective 
changes, you restart the process because a new objective may present different hazards and 
leans or binds, consequently requiring a different escape plan or cut plan. 

OHLEC: Objective  

The objective is a statement about the purpose of the operation; it conveys what you intend to 
do (figure 1.0.4). When analyzing the objective, determine where you want the cut piece to end 
up: 

• If felling, identify the intended lay of the tree. 
• If bucking, plan where you want the bucked log or round to land. 
• If limbing, determine the sequence for cutting large branches and directing their fall. 
• If brushing, particularly in thick brush, plan how you will remove the brush after you cut 

it. 
 

 

                                   Figure 1.0.4—A large, bucked log. 
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OHLEC: Hazards 

When implementing the OHLEC process during 
saw operations, identified hazards directly 
relate to the selected objective (i.e., where you 
will place the bucked log or where the tree will 
fall [lay] when cut). Although many hazardous 
conditions exist in the natural environment 
(figure 1.0.5.), this step in the OHLEC size-up 
process focuses only on those hazards that 
directly relate to achieving the objective of the 
cutting operation. 

 

Consider the following when identifying 
hazards: 

 What is overhead (fire, rotten top, 
widow makers, and loose bark)? 

 What is inside the wood you are 
cutting (fire, rot and hinge wood 
integrity, hollow, bar/saw length 
compared to diameter, bees, or 
poisonous plants)? 

 Are there buildings, equipment, or 
other trees you do not want to 
damage? 

 Are there any hazards associated 
with cutting area control? 

 

 
Figure 1.0.5—Hazards. 
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OHLEC: Leans/Binds 

You assess leans or binds to 
determine the type and sequence 
of cuts needed (figure 1.0.6). When 
felling, you assess the lean by the 
tilt of a tree away from its vertical 
position. In bucking, you identify 
and assess the binds based on the 
orientation of the log. Compression 
and tension are the two major 
components of a bind. Identifying 
the bind will help you determine 
your technique and procedure for 
bucking: 

• Project the fall based on the 
lean. 

• Predict binds based on 
bearing points and the lay 
of the log. 

• Determine the reactionary 
forces to expect when you 
cut the log. 

 
Figure 1.0.6—Determining lean. 

OHLEC: Escape Plan  

An escape plan has a minimum of two escape paths (identified as “primary” and “secondary”). 
To ensure your safety, you must clear both paths (to a reasonable degree) of obstructions. 

Escape paths are predetermined paths where you can escape once you commit the tree to fall 
or buck the log. 

OHLEC: Cut Plan  

The cut plan is the last stage of the OHLEC size-up process and determines the type and 
sequence of cuts that will ultimately guide the tree or log segment into the intended lay (figure 
1.0.7). The cut plan accounts for the objective, hazards, leans/binds, and escape plan. It is the 
final step in the OHLEC size-up process, and it ties the plan together.  

If the cut plan requires the use of wedges, you must develop a wedging plan before initiating 
the cut. 

The wedging plan, if needed, should include: 
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• Number, kind, and size of wedges needed 
• Sequence for setting wedges 

 

 
          Figure 1.0.7—Sawyers following a cut plan. 

Summary 

In this prework packet, you learned about policies and regulations related to the safe use of 
saws and the proper use of PPE. You were also introduced to the OHLEC five-step size-up 
process. This introductory information will provide background for you as you begin learning 
the material presented in module 1 of the “Developing Thinking Sawyers” course. 
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Module 3.1: Crosscut Saw Basics 
Overview 

Module 3.1 covers the basics of crosscut saws, how to care for them, and how to use them. This 
prework packet will introduce you to crosscut saws, their history, transportation, and 
maintenance. 

Prework Topics 

 Saw history 
 Saw grinds 
 Transportation 
 Maintenance 

Objectives  

When you complete the full module during training, you will be able to: 

 Explain why agencies use crosscut saws on federally designated wilderness areas. 
 Describe the different types of saw grinds. 
 Explain the different parts of a crosscut saw and how they function together. 
 Describe the best saw transportation methods. 
 Describe basic care and maintenance for crosscut saws. 
 Describe how a crosscut saw cuts (removes wood). 
 Explain the arc of the saw. 
 Identify accompanying tools to a crosscut saw and describe their purposes. 

Introduction 

History 

While human progress and expansion accelerated across the west (both on and off Federal 
lands), there was also the recognition for a need to preserve and protect some landscapes from 
development and human influences. As early as 1910 to 1920, several agency advocates, 
including Arthur Carhart, Aldo Leopold, and Bob Marshall, began work to designate areas as 
wilderness on National Forest System lands. 

After eight years and 66 revisions, Congress passed the Wilderness Act in 1964. The act created 
the National Preservation System, setting aside landscapes and protecting them from 
development. The act limited the types of human influences that can occur within 
congressionally designated wilderness areas. 

The Wilderness Act legally mandates that we preserve the wilderness character of the 
landscape. Employees and partners of the agency who seek to understand why agency land 
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managers are legally required to use traditional tools like the crosscut saw should review the 
Wilderness Act of 1964. The basis for traditional tools is rooted in section 4 (c) of the act: 

“…no use of motor vehicles, motorized equipment or motorboats, no landing of 
aircraft, no other form of mechanical transport, and no structure or installation 
within any such area.” (Code of Federal Regulations, 1964). 

Today, there are 803 wilderness areas (111,687,310 acres) in 44 states and Puerto Rico. The 
Forest Service manages 448 of these wilderness areas—more than 36 million acres established 
under the Wilderness Act of 1964. If you are instructing or taking this class, you likely have 
management duties or on-the-ground responsibilities for a designated wilderness area. 

Saw Grinds 

Saw manufacturers ground the sides of vintage saws in three different ways—flat, straight 
taper, and crescent taper. Each method affects the thickness of the saw in a particular way and 
has major implications for the overall quality of the saw. 

Flat 

Sawyers consider flat-ground saws (figure 3.1.1) the least desirable. The main disadvantage is 
that the saw rubs against the wood on either side of the kerf because of its thickness. It also 
takes more set—the cutter tooth's offset from the plane of the saw—to enable the saw to clear 
the kerf. For flat-ground saws, the kerf must be wider and therefore requires more energy to 
use. 

 
Figure 3.1.1—Flat-ground saw. 
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Straight Taper 

The teeth of straight-taper-ground saws (figure 3.1.2) are thicker near the center of the saw 
than along either end. Straight-taper-ground saws require less set than flat-ground saws and 
pull through the kerf with less friction. 

 
Figure 3.1.2—Straight-taper-ground saw. 

Crescent Taper 

The difference between the straight taper and crescent taper (figure 3.1.3) is that the lines of 
equal thickness for the straight-taper-ground saw are straight, and those for the crescent-taper-
ground saw are concentric to the arc of the saw. This means that the teeth of the crescent-
taper-ground-saw are all the same thickness, whereas the teeth of the straight-taper-ground 
saw are thicker toward the center of the saw. 

 
Figure 3.1.3—Crescent-taper-ground saw. 

Crescent-taper-ground saws are no longer in production. These saws provide the maximum 
cutting efficiency with the least amount of human effort. These saws are the pinnacle of 
ergonomic design. While you should properly care for all the saws in your organization’s tool 
cache, you should care for these saws above all others. 

Saw manufacturing companies called crescent-taper-ground saws by many different names: 
crescent ground (Simonds), improved ground (Disston), and segment ground (Atkins). Other 
names included precision ground and arc ground. 

The thinnest part of a crescent-taper-ground saw is at the back center, which is often four or 
five gauges thinner than the teeth. If you hold one of these saws and sight down its back, you 
can see the taper. You can feel the change in thickness. Crescent-taper-ground saws offer the 
most clearance in the kerf of any of the grinds (figure 3.1.4). These saws have the least friction 
resistance in the kerf and require the least amount of set, allowing the narrowest kerf. 
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                     Figure 3.1.4—Taper depictions. 

Transportation 

Saws are difficult to transport because they are long and flexible. You must handle them in a 
manner that will not damage the saw. Always cover saws with a sheath when transporting 
them and take care to avoid damage to equipment and property or injury to people or 
livestock. 

You can bend a vintage saw to make it easier for hikers or pack stock to carry; however, do not 
bend a vintage saw that has a kink or nick. Modern crosscut saws are made from softer metal, 
and therefore you should not bend them. The softer metal will hold the bend and will require a 
filer to straighten the saw before you use it again. 

Saws may need several types of protection because crews may transport them on foot; or by 
boat, plane, helicopter, truck, dog sled, or pack stock; or even drop them by parachute during 
different legs of a journey. 

Boats 

Crews may carry crosscut saws by boat, particularly in Alaska. When a saw is carried as general 
cargo in large boats, you should sandwich the saw between plywood and lay it flat, if possible. 
On many boats, the saw may be kept out of the way if it is stored along the gunwales. 

In open skiffs, where space limitations preclude using a rigid plywood sheath, remove the saw 
handles and place the saw on top of other cargo with only the teeth sheathed. These boats can 
take on a lot of spray from the salty ocean water, which causes rust. Once the saw is on land, 
remove the sheath and rinse off any salt with fresh water. 

When transporting a saw by canoe or kayak, remove its handles and place it in a rubber-lined 
hose sheath. Secure the saw by tying parachute cord through the handle holes and then tying it 
to the canoe or kayak. In kayaks, it is best to secure the saw to the bow, where you can see the 
saw. In canoes, carry saws in the center on the floor. 
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Aircraft 

In small aircraft, firehose sheaths provide the most flexibility and allow the saw to fit in tight 
quarters (figure 3.1.5). Cargo and passengers must be separated in small aircraft (typically with 
a nylon net). Therefore, the sheathed saw can sometimes lie flat; other times you may need to 
bend the saw into a loop. When you bend a saw, the handles are normally left on and tied 
together. However, in small aircraft, the handles often get in the way. To avoid this, remove the 
handles, bend the saw into a loop, and secure the ends of the saw with wire through the handle 
holes. 

When carrying saws aboard helicopters, crewmembers must exercise great care to ensure the 
saws do not stick up into the helicopter rotor. Saws can also be transported in external sling 
loads—cargo nets, bags, or slings—on helicopters. If other pieces of rigid cargo are long like a 
crosscut saw, you can sandwich the saw in plywood and secure it to the long, rigid cargo. 

 
        Figure 3.1.5—Sheathed saw on tarmac. 

 

Tying saws in a loop makes them prone to damage or breakage. Bending the saw around a solid 
object is better than bending it around a soft object, such as a duffel bag. One way to reduce 
breakage is to bend the saw around a box. Place the box in the middle of the sling bag with the 
saw ends down. Stack other materials around the saw but avoid stacking a box on top that 
could shift and apply pressure to the bend. The saw should be relatively safe unless the load 
tips over on landing. Parachutes are often used to deliver saws for firefighting. However, the 
bent saw is exposed during the landing and good vintage saws are occasionally broken. 

 NOTE: 
You should avoid 
bending saws into a loop 
as much as possible. If a 
saw has unseen damage, 
the added stress of 
looping for 
transportation may 
break the saw. In 
addition to the potential 
loss of a vintage saw, this 
technique poses a hazard 
to the saw packer as 
well, should the saw 
suddenly break. 
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Vehicles 

When transporting crosscut saws in a pickup truck, lay the sheathed saw flat on the bed of the 
truck, preferably on a truck bed liner rather than on the steel bed. Don’t place heavy tools on 
top of the saw. Do not carry saws in the passenger compartment of a vehicle. 

Packstock 

Be extra careful when carrying a crosscut saw 
on packstock (figure 3.1.6). Select the gentlest 
animal to carry the saw. Put that animal in the 
lead where you can easily see the saw. Leave 
the handles attached to a two-person saw. 
The heads of the rivet attachment pins should 
face up, not down, so the pins will not slide 
out and cause the handles to fall off. Check 
the tightness on the handle wingnuts as you 
check your cinches and cover both sides of the 
pins with strips of duct tape to further ensure 
the pins will not slide out. Sheathe the saw 
with a piece of firehose. 

 
 Figure 3.1.6—Crosscut saw on a pack animal. 

Some packers wrap the saw in a separate manty (canvas cover used to wrap loads) with the 
handles secure and exposed. Bend the saw and place it over the animal. Some pack the saw 
with the teeth facing the rear of the animal to minimize the likelihood of injury if the sheath 
falls off. Others pack the saw with the longest end of the handles pointing to the back, where 
they are less likely to get caught on trailside branches. Go with what works best for you, 
considering the trail conditions you will be facing. Tie the saw handles down to the latigo or 
cinch ring. Also tie the center of the bowed saw with a rope that goes to the front sawbuck or 
the D-ring of a decker saddle. It is important to secure the bowed saw to the packsaddle and 
not just to the load. With the saw fastened on top, it is more likely the saw will stay on top of 
the animal and not fall to the side if the rope on either side becomes untied. 

Finish the packing job by using the cinch lash to tie the saw to the rest of the load. That way, 
the saw is double tied and unlikely to come loose. 

Packers can transport one-person saws on riding stock in a leather or canvas sheath (like a rifle 
scabbard). A piece of hardwood inside the sheath protects the sheath from the teeth of the 
saw. Position the sheath so the saw will be pulled away from the animal’s head when removing 
the saw from the sheath. 
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Some packers prefer a fully enclosed sheath (figure 3.1.7) made of 3/16-inch high-density 
polyethylene (HDPE). This style of sheath attaches to the D-rings of a decker or onto a sawbuck 
saddle, and the packer places loads over it. This enables the packer to remove the saw with less 
effort than a saw that has been bowed over the top of an animal and tied on. 

 
                       Figure 3.1.7—Crosscut saw in rigid sheath with exposed handles. 

Hikers 

Place a sheath on saws when you are hiking to the 
jobsite (figure 3.1.8). The person carrying the saw 
should be the last person in line; if the person 
carrying the saw stops for any reason, a person 
hiking behind them could accidently walk into the 
back of the saw. 

Remove the rear handle on two-person saws. If the 
handle is left on, it can snag on branches. The weight 
of the handle weight also accentuates the bouncing 
motion of the saw. 

Crews that prefer the ridged, U-channel lattice cap 
sheath often place the saw through the shoulder 
strap on their backpack when transporting the saw. 
This makes the saw easier to transport as the hiker 
does not have to fully support the weight of the saw. 

At the jobsite, you can carry the unsheathed saw on 
your shoulder with the teeth facing outward or in 
both hands with the teeth facing away. Avoid 
carrying the saw with the teeth pointing inward. 
Carry the saw on your downhill shoulder so you can 
throw it off if you slip or fall. 

 
Figure 3.1.8—Hiker with crosscut saw in 
sheath and rear handle removed. 
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Maintenance  

A properly maintained crosscut saw is straight and sharp. The opposing cutting teeth are offset 
to the exact same degree, and the rakers are all precisely set slightly lower than the cutting 
teeth. These settings are measured to 1,000th of an inch and must match exactly from tooth to 
tooth, and raker to raker. 

Field maintenance is generally limited to not damaging the saw and keeping the saw clean and 
rust free. At the end of the day, wipe off the saw to remove dirt, grime, and wood pitch. 
Depending on the wood you have been cutting, you may be able to wipe off the saw with just a 
dry rag or you may need a solvent. Traditionally, sawyers used kerosene to clean and oil a 
crosscut saw. Today, WD-40 or a citrus-based cleaner are more readily available. If using citrus-
based cleaner to remove pitch, be sure to clean the all the citrus-based oil off the saw; the 
acidic nature of these products can cause rust. 

If you have been cutting in wet conditions, be sure to wipe your saw dry and coat it with a light 
oil or WD-40. Do not use a cooking oil, such as canola, which can polymerize to a hard finish. 
Then the saw is in use, this hard finish heats up and becomes gummy, adding friction to the 
cutting operation. 

Use a razor scraper, fine-grit sandpaper, a pumice grill block stone, or an ax stone to remove 
rust on saws. Never use a dry stone on a saw; this will scratch the surface. Water is often a 
suitable lubricant for your pumice or ax stone. If there is pitch and rust, you may need to use a 
solvent instead of water. Do not apply pressure on the cutting teeth themselves as this can 
remove some of the tooth’s set, changing its cutting characteristics. 

When the saw is not in use, place it in a safe location to protect it from damage and to prevent 
injuring anyone. Sheath an unused saw or place it on the ground parallel to a downed log with 
the teeth pointing towards the log. 

For long-term or end-of-season storage, clean the saw and coat it with a lubricating oil. Hang 
the crosscut saw, unsheathed, in a safe location. Sheaths (especially rubber-lined firehose) can 
attract and trap moisture against the teeth and body of the saw, which can cause rust. 

Troubleshooting 

If your saw is not cutting smoothly, it could be because a single tooth or raker is not set the 
same as all the others or your saw is not filed properly for the type of wood you are cutting. 

Another common problem is a bend or kink in the body of the saw itself. Any type of bend or 
bow in the saw will drag in the kerf, causing friction like what the sawyer might experience 
when cutting wood under compression. 

Filing and straightening crosscut saws is not a field maintenance operation. Filing is a fine art 
and only someone with specialized training should file or straighten a crosscut saw. 

The amount of maintenance your saw requires depends entirely on how well you take care of 
your saw while in the field. A damaged saw requires shop maintenance—not field maintenance. 
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Crosscut saws are finely tuned instruments; they are a traditional tool, not a primitive one! If 
you treat your saws well, it is possible to spend a lifetime in the woods using them and not a 
single day running a misery whip. 

Summary 

In this prework packet, you learned about crosscut saws, their history, transportation, and 
maintenance. 

This knowledge will aid in learning the material presented in Module 3.1 of the “Developing 
Thinking Sawyers” course. 
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Module 3.2: Crosscut Saw Limbing and Bucking 
Introduction 
Module 3.2 covers limbing and bucking techniques using a crosscut saw. The instructor will first 
present concepts in the classroom and will follow up with demonstrations. You will then 
practice these techniques in the field under controlled and supervised conditions. 

Prework Topics 

 Saw team communication 
 Brushing 
 Limbing 
 Binds 

Objectives 

When you complete the full module during training, you will be able to: 

 Explain the importance of saw team communication. 
 Define brushing and limbing. 
 Identify proper limbing techniques. 
 Identify the different types of binds. 
 Describe a bucking plan and techniques. 

Saw Team Communication 
A hallmark of any good crosscut sawyer or saw team is fun, effective, and efficient 
communication. The saw team must understand the cut plan and associated hazards, and all 
members of the team must be on the same page to work efficiently and safely. If 
communication breaks down (from fatigue, dehydration, hunger, lack of understanding, 
disagreement, etc.), the saw team should cease all sawing operations until good 
communication and team can be restored. Accidents are most prone to happen in the 
afternoons when energy is low and decision making is strained. 

Brushing 
Brushing involves cutting material, whether it is light, grassy material or smaller, woody 
material, such as branches. In the context of crosscut bucking work, sawyers use brushing to 
clear around the base of the log where cutting happens. 

Nonmotorized tools that facilitate brushing often include lopping and pruning shears and brush 
hooks. In some cases, sawyers use clearing knives or Swedish brush axes. 

Lopping and pruning shears are similar in design and use, though lopping tools have longer 
handles designed to improve reach. Cutting edges also vary; one blade binds and cuts a stem 
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against an anvil or beveled hook. For smaller diameter limbs, lopping shears several branches 
cleanly and flush with the material the sawyer plans to cut. 

When brushing out an area with loppers, consider if the material is small enough in diameter to 
cut with the tool or if another implement, such as an ax, is more suitable for the job. While 
seemingly innocuous, do not underestimate proper body position and footing when cutting and 
moving materials. At times, other crew members may help remove cut brush. Stay cognizant of 
spacing when others are working in close proximity and stay in communication as you pull and 
remove material. 

Limbing 
Limbing is severing limbs from the main stem/bole of a tree. A sawyer may use limbing when 
the tree is standing vertically or lying on the ground. Removing limbs from trees that are not 
anchored may cause the tree to roll or move. 

Bucking 
Sawing longer logs into shorter lengths is known as bucking. The size of the cut pieces depends 
on the end use or task at hand. To safely and most effectively buck logs or limbs, you must 
understand binds. 

Binds 

A bind is a series of pressures in a felled tree resulting from objects (such as terrain or stumps) 
that prevent the tree from lying flat on the ground. The forces at the bearing points of the log 
create compression and tension. Understanding these forces is critical to a safe and successful 
bucking operation. 

These binds determine the bucking techniques and procedures you will use. Look for landforms, 
stumps, blowdown, and other obstacles that prevent a log from lying flat and causing binds. 
Different pressure areas result when a bind occurs. 

Tension is the physical force where the wood fibers are pulled apart (the kerf opens) that can 
result in a release of energy. Tension is opposite of compression in the log and contains the 
stored energy that, when released, can cause injury (figure 3.2.1). Here the wood fibers push 
together. In this portion of the log, the kerf closes as the sawyer makes the cut. It is extremely 
important to understand how fast and where the log may move when you cut it. The release of 
tension can often occur quickly, leaving you little time to react. 

You may not discover some compression and tension points until the process of cutting starts, 
or compression and tension points may change while you are cutting the log. This is one of the 
many reasons that risk management and situational awareness are so critical. 
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Figure 3.2.1—Compression versus tension. 

Determining Binds  

There are four types of binds—top, bottom, side, and end. Normally, logs have a combination 
of two or more binds. 

In a top bind, the tension is on the bottom of the log, and the compression is on the top (figure 
3.2.2). 

 
             Figure 3.2.2—Top bind. 

In a bottom bind, the tension is on the top of the log, and the compression is on the bottom 
(figure 3.2.3). 
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                Figure 3.2.3—Bottom bind. 

 

In a side bind, tension is exerted sideways on the log (figure 3.2.4). This often creates a 
dangerous situation. The side-bound log has tremendous potential to move fast with great 
force toward the tension side of the log when severed. It is very important to cut side-bound 
logs from the safe (or good) side of the tree. 

 

 

                 Figure 3.2.4—Side bind. 



USDA Forest Service National Sawyer Training: 
Developing Thinking Sawyers 

Module 3.2: Crosscut Saw Limbing and Bucking 

Student Guide: Prework  5 

In an end bind, weight compresses the entire cross section of the log (figure 3.2.5). Here, there 
is potential for the kerf to close with any cut you select. Wedges are imperative. Always be 
aware that the uphill side of the log could move or roll as the sawyer makes the cut. Consider 
finishing the cut with only one sawyer on the good side of the log. If the log does not have a 
clear good side, consider bucking with a slight angle cut to create a “good side” where the top 
section cannot roll. 

 

 
                Figure 3.2.5—End bind. 

Summary 
In this prework packet, you learned about saw team communication, limbing, and binds. 

This knowledge will aid in learning the material presented in Module 3.2: Crosscut Saw Limbing 
and Bucking of the “Developing Thinking Sawyers” course. 
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Module 4: Ax Basics, Maintenance and Use 
Introduction 
This module is an introduction to selecting and properly using an ax. The instructor will present 
concepts in the classroom and will follow up with demonstrations. You will then practice these 
techniques in the field under controlled and supervised conditions. 

Prework Topics 

 Ax history 
 Choosing an ax 
 How an ax works 
 Chopping plan 

Objectives 

When you complete the full module during training, you will be able to: 

 Describe how an ax works. 
 Identify the parts of an ax. 
 Describe the importance of the 45-degree angle. 
 Select appropriate personal protective equipment (PPE) when using an ax. 
 Describe a chopping plan. 
 Demonstrate proper chopping techniques. 
 Describe how to maintain an ax. 

Ax History 
During the 19th century, America's agrarian society was not as mobile as our society is today. 
People lived their lives in small geographic areas. The individual skills of local blacksmiths and 
their view of what an ax needed were important factors in the development of ax-head 
patterns. Ax-head patterns became a matter of regional preference. This resulted in hundreds 
of ax-head patterns over the last 150 years. 

Around the turn of the 19th century, ax manufacturers produced more than 300 different ax-
head patterns in the United States; many of these were nearly identical. To simplify 
identification and eliminate unnecessary or duplicate patterns, the Ax Manufacturers' 
Association agreed to set a standard, which resulted in a standard chart of ax patterns. 

For basic wood operations, there are three types of axes: double-bit axes, single-bit axes, and 
boys’ axes (figure 4.0.1). 
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The benefit of the double-bit ax is that it has two differently tuned chopping edges. One edge of 
the bit is typically razor sharp and thinner and chops through green, knot-free wood. The other 
edge is thicker, yet still sharp, and chops through knots, near the ground, and through dead 
hardwood that has the potential to roll the thinner side. 

Historically, the double-bit ax was designed and used as a tool for logging—where felling and 
limbing were the primary purpose. The longer handle facilitated chopping from a springboard, 
and two bits was advantageous for limbing while walking down a large log. 

Modern Axes 

Today, the primary task of an ax is bucking. For this task the single-bit ax is considered superior. 
Not only can you use the poll for driving wedges, but the shape of a single-bit ax allows a more 
balanced transfer of energy from head to bevel; a single-bit ax therefore cuts more aggressively 
than a double-bit ax. This is the reason competition choppers exclusively use single-bit axes 
even in the absence of wedging. 

The boy’s ax is a smaller version of the full-sized, single-bit ax. The smaller dimensions and 
lighter weight of this ax make it desirable for less demanding tasks such as pruning trees, 
splitting kindling, and log carpentry. It is called a boy’s ax because these tasks were typically 
assigned to boys, while grown men handled the more physically demanding jobs that required a 
full-sized ax.

Although some sawyers still carry a double-bit ax, they also need to carry a single-
bit ax for driving wedges. Therefore, the double-bit ax is not the most common 
or practical tool to accompany a crosscut saw. 
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Ax Types 

 
Figure 4.0.1—Ax types. 

 Double-bit ax 
 3 to 4 pounds 
 Cannot pound wedges 
 Typically has a 36-inch handle 
 Not safe when swung and left in a tree 

 Single-bit ax 
 3 to 6 pounds 
 Chops well and pounds wedges 
 Handle length varies from 26 to 36 inches 

 Boy’s ax 
 2 to 3 pounds 
 Good for limbing and pounding wedges 
 Typically has a 28-inch handle 
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Ax Anatomy 

The double-bit ax became popular in the mid-1800s. Figure 4.0.2 shows the parts of an ax. 

 
Figure 4.0.2—Ax anatomy. 
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Choosing an Ax 
Matching the weight of the head and the length of the handle to the specific ax user is 
paramount to the functionality of the ax. The head weight must be heavy enough to carry 
sufficient energy into the wood to sever and split the log, and the handle size must be the 
appropriate length for the user to drive the cutting edge powerfully and accurately into the 
wood fiber (figure 4.0.3). 

Sizing 

Newer and smaller ax users will find that a 3½-pound head is a good starting point. As you 
become more proficient in swinging the tool, you may want to move to a heavier head. 
Competition choppers typically use a 5½- to 7-pound head. For day-in-and-day-out woods work, 
an ax this heavy is unwieldly and too heavy. A 4- to 4½-pound ax head is a great size for 
chopping undercuts, bucking logs, limbing, and wedging. 

 

 

Person’s height Appropriate 
handle length 

5 foot, 5 inches 27 inches 

5 foot, 7 inches 29 inches 

5 foot, 9 inches 30 inches 

5 foot, 11 inches 31 inches 

6-foot, 1 inch 32 inches 

6 foot, 8 inches 36 inches 

 

 

The shape and thickness of the ax handle is also important. A thinner, elliptical-shaped handle 
affords the ax user better control. Manufacturers make most stock handles too thick, and it is 
recommended that the user plane or rasp the handle material down to fit the user’s hand size. 
A properly thinned ax handle will allow the ax user’s thumb to overlap the end of the user’s 
index finger (figure 4.0.4). 

Figure 4.0.3—Check for appropriate handle length 
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Figure 4.0.4—An ax handle with a proper fit for the user. 

Handle Purchasing 

The wood grain of many mass-produced ax handles often runs at an angle or even 
perpendicular to the cutting edge of the ax head (figure 4.0.5). The grain should run parallel to 
the ax head for added strength and durability. A handle with wood grain that runs 
perpendicular to the direction of the ax head is more likely to break. When selecting a handle, 
ensure that the grain runs parallel to the ax head and inspect the grain throughout the length of 
the handle. 

 
Figure 4.0.5—Wood grain examples. 
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Depending on how the manufacturer cut the handle, it may contain sections where the grain 
does not run the full length of the handle. This is known as runout grain. Areas where the grain 
runs short have an increased chance of splitting or separating. Runout on the belly or back of a 
handle is a clear indication that the grain of the handle is wrong. 

When purchasing handles in a hardware store, it is important to look at all handles for knots, 
kinks, bows, bends, grain runout, and misoriented grain. Often, it is not possible to find a 
handle that is acceptable for professional use in a hardware store. When using an online dealer, 
it is often possible to spend $2 or $3 extra per handle to request “straight grain, hand-selected, 
non-lacquered handles.” This small amount of extra money upfront will save you from 
purchasing one dozen ax handles that are destined to be hickory or ash fire pokers before long. 

How an Ax Works 
A saw cuts on a two-dimensional plane, but when using an ax, the task becomes three-
dimensional as the ax removes wood chips in volume. 

Ax Profile 

Having a sharp ax is very important for functionality. Equally, if not more important to 
chopping, is the ax shape. When you swing an ax, the sharpness of the bit severs wood fibers, 
and the shape of the cheeks pop out the chips. A sharp ax with cheeks that are too thick will not 
penetrate into the log and pop out chips, whereas a sharp ax with cheeks that are too thin will 
slice into a log and get stuck because the cheeks are too thin to pop out chips. 

Figure 4.0.6 shows three axes, which are all sharp, but only one is shaped correctly. 

The ax on the left has too thin of a profile. This ax will sever fibers, but chips will not pop out. 
Swinging this ax is like swinging a 4-pound fillet knife. Although this ax will enter the log and cut 
fibers, it will get stuck in the log. 

The ax in the middle is not functional and is dangerous because it has too thick of a profile. This 
ax is very likely to bounce off of the log. When this happens, the ax user may lose grip of the 
tool and send the ax through the air, thus creating a very dangerous situation. 

The ax on the right has a correct profile. This ax will sever fibers and split the log along its grain, 
chips will pop out, and it will not get stuck in the log. 
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Figure 4.0.6—Ax profiles. 

Chopping Plan 
Ax work incorporates three elements: having a properly tuned ax that fits your body, swinging 
an ax with power and accuracy, and deciding how and where to chop. This decision is known as 
the chopping plan, or the mental portion of the task of chopping. 

 

Swing, shape, and sharpness: the three Ss of ax work 

Safety and efficiency go hand-in-hand with ax work. 

Swing: The first thing to master is your swing. Placing blows in the correct place and correct angle is the 
most important aspect of ax work. 

Shape: The shape of the ax in relation to the cheeks comes in second. A properly profiled ax (figure 
4.0.7) will penetrate wood and remove chips. 

Sharpness: The third, most important, “S” of ax work is the sharpness. A sharp ax is very important to 
ax work, but the ax will not function if the ax user does not swing and shape the ax properly. 
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Figure 4.0.7—A cheek gauge showing a correctly profiled ax. 

Removing Wood by Volume 

A saw cuts on a two-dimensional plane, but when using an ax, the task becomes three-
dimensional as the ax removes wood chips in volume. For an ax to remove wood chips, the bit 
of the ax slices through wood fibers, splitting the wood along the grain and allowing chips to 
pop out from the log. If you construct a free face, the log will split to that free face and a chip 
will pop out. 

Wood Fibers and Lignin 

A piece of wood is really a bundle of individual cellulose fibers held together by lignin, which 
acts as a glue. Think of the wood fibers as a series of individual straws held tightly together. 

In hardwood species, the fibers are densely packed. In softwood species, the fibers are less 
densely packed. The lignin that holds the fibers together is less dense than the fibers and 
creates an avenue for splits in the wood to propagate. 

The 45-Degree Angle 

The bit of the ax slices through wood fibers, and correctly shaped cheeks split the wood along 
the grain allowing chips to pop out from the log. Proper delivery of the bit into the wood makes 
an ax a very efficient tool. Figure 4.0.8 below shows how a 45-degree angle is the optimum 
angle for severing fibers and removing chips. Swinging an ax at a 45-degree angle slices and 
splits wood along its grain. An angle shallower that 45-degrees will glance off the log in a 
dangerous manner. An angle steeper than 45-degrees will not slice and split the wood and 
would be a very inefficient use of an ax. 
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Figure 4.0.8—Importance of the 45-degree angle. 

Summary 
In this prework packet you learned about ax basics, maintenance, and use. This knowledge will 
aid in learning the material presented in Module 4: Ax Basics, Maintenance, and Use of the 
“Developing Thinking Sawyers” course.
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