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Figure A.12
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Figure A.10

A. Angle X = 15°. Pull required to debog machine:
10.4 t. Winch rated at 4 t. Force exerted on anchor
tree 8 t. Force exerted on bogged vehicle through
winch set-up = (T cos 2X) + (2TcosX) = 3.1 t + 7.5 t =
10.6 t B. Angles between wire rope sections so small so
as to be considered negligible. Thus: Winch rated 4 t.
Force exerted on bogged vehicle through winch set-up
= 4 t x 3 = 12 t

Figure A.9

Angle X = 18°. Pull required to debog machine: 10.4
t. Winch rated at 3 t. Force exerted on anchor tree 9 t.
Force exerted on bogged vehicle through winch set-
up = (T cos 3X) + (3TcosX) = 1.8 t + 8.6 = 10.4 t

Figure A.11

In these examples the multiple blocks used in the set-ups introduce multiple angles of force exerted upon the
load. Owing to the complexity of these set-ups, the calculations involved are so lengthy that an operator is best to
apply the general rule of thumb: calculating the maximum forces that could be at work within the system. Hence:
Figure A.11: Force exerted on bogged vehicle = 4 x 4 t = 16 t
Figure A.12: Force exerted on bogged vehicle = 4 x 4 t = 16 t



Rolling resistance : ground factors 
Smooth road 25
Grass 7
Gravel and wet sand 5
Soft clay/Peat/Mud 2

Gradient
Divisor 60 is a constant

Damage resistance
Multiplication factor (R)

No wheels locked 0
1/2 wheels locked 1
All wheels locked 2

Divisor 3 is a constant
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Calculation for determining the force required to debog machine (Figure A.7).

A.  Rolling resistance = = = 2 t

B.  Gradient resistance =  = = 0 t

C. Damage resistance = = = 1.3 t

D.  Safety factor = (A. + B. + C.) x 25% = 3.3 x 0.25 = 0.825 t

Force required = (A. + B. + C. + D.) = 4.125 t

Calculation for determining the force required to debog machine (Figures A.8–A.10).

A.  Rolling resistance = = = 5 t

B.  Gradient resistance =  = = 0 t

C. Damage resistance = = = 3.3 t

D.  Safety factor = (A. + B. + C.) x 25% = 8.3 x 0.25 = 2.1 t

Force required = (A. + B. + C. + D.) = 10.4 t

Calculation for determining the force required to debog machine (Figures A.11 and A.12).

A.  Rolling resistance = = = 5 t

B.  Gradient resistance =  = = 0 t

C. Damage resistance = = = 6.7 t

D.  Safety factor = (A. + B. + C.) x 25% = 11.6 x 0.25 = 2.9 t

Force required = (A. + B. + C. + D.) = 14.6 t

Weight of vehicle
Ground factor

Weight of vehicle x Degree of slope
60

R x Weight of vehicle (assume 1/2 wheels locked)
3

Weight of vehicle
Ground factor

Weight of vehicle x Degree of slope
60

R x Weight of vehicle (assume 1/2 wheels locked)
3

Weight of vehicle
Ground factor

Weight of vehicle x Degree of slope
60

R x Weight of vehicle (assume 1/2 wheels locked)
3

4 t
2 (soft clay peat)

4 t x 0 (level ground)
60
4 t
3

10 t
2 (soft clay peat)

10 t x 0 (level ground)
60

10 t
3

10 t
2 (soft clay peat)

10 t x 0 (level ground)
60

20 t
3

Table A.1 Factors to be used in calculations

Table A.2 Examples of the calculation of forces required
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Publications

AFAG Guides
The following Arboriculture and Forestry

Advisory Group (AFAG) safety guides are

relevant to winching operations and should be

read in conjunction with this report:

310: Uses of winches in directional felling and

takedown

501: Tractors in tree work

502: Extraction by skidder

504: Extraction by cable crane

502 and 504: Cover wider operational safety

aspects regarding the use of components

common to winch systems.

AFAG guides are printed and published by the

Health and Safety Executive.

Forestry Commission
ANON (1974).

Health and Safety at Work etc. Act 1974.

HMSO, London.

FORESTRY COMMISSION AND

TECHNICAL DEVELOPMENT (1994). 

Cableway rope discard criteria. 

Technical Note 8/94. 

Technical Development, Ae, Dumfries.

FORESTRY COMMISSION AND

TECHNICAL DEVELOPMENT (1998). 

The Grizedale debogging equipment trailer.

Information Note 4/98. 

Technical Development, Ae, Dumfries.

Other
HEALTH AND SAFETY EXECUTIVE (1999). 

PUWER 98: How the Regulations apply to

agriculture and forestry. AIS 27

Health and Safety Executive Books, Sudbury,

Suffolk.

HEALTH AND SAFETY EXECUTIVE (2000). 

LOLER: How the Regulations apply to

forestry. AIS 29

Health and Safety Executive Books, Sudbury,

Suffolk.

SAMSET, I. (1985). 

Winch and cable systems. 

Martinus Nijhoff, Dordrecht, Netherlands.

Contacts

Forestry Training Services Headquarters
Ae Management Training Centre

Ae Village

Parkgate

Dumfries

DG1 1QB

Tel. 01387 860637

Technical Development Branch
Forest Research

Ae Village

Parkgate

Dumfries

DG1 1QB

Tel. 01387 860264

Appendix 3

References and useful sources of information
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