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FOREW ORD

Books on Work Study are legion but so far a publication dealing specifically 
with its application to forestry has been lacking. Obviously the papers here 
assembled are mainly aimed at those who practice work study in forestry 
and those in the industry who wish to become more familiar with a specialisa
tion which can affect their managerial or supervisory functions or their 
pay packets and methods of doing jobs. Nevertheless the techniques described 
herein will be recognisable to those involved in work study in other industries, 
whether like us they are normally exposed to wind and weather or enjoy 
the advantages and suffer the disadvantages of roofs and controlled (or 
theoretically controllable) factory conditions.

Method Study and Work Measurement apart, this book also deals with 
machinery research and development and forest testing of machinery. These 
latter tasks are part of the remit of the Work Study Branch of the Forestry 
Commission in recognition of a close relationship between method improve
ments and machinery research. Additionally there are papers on training 
since method improvements are a waste of time and money if they are not 
competently introduced as standard practices.

It is hoped that this book will go some way towards dispelling the mists 
of suspicion (and doubt), which tend to form around any specialisation and 
perhaps in particular Work Study. We hope that we have at least partly 
succeeded in exposing Work Study for what it is: substantially an attempt 
to use common-sense in an orderly and continuing fashion.

L. c. TROUP 
Chief Work Study Officer 

Forestry Commission 
July, 1971



EDITOR’S PREFACE

Under the auspices of the Food and Agriculture Organisation of the United 
Nations, the Economic Commission for Europe and the International Labour 
Organisation, the Third Session of the Study Group on Mechanisation of 
Forest Work (set up under the joint Committee on Forest Working Techniques 
and Training of Forest Workers) met at Geneva from 9-13 June 1969. Some 
of the delegates expressed the wish that in view of its importance, work study 
methods should again be taken up by the Study Group. The Study Group 
agreed that an international training course or seminar was the best way to 
deal with the subject and the representative of the United Kingdom (M r J. V. 
Crosland, then Deputy Chief Work Study Officer of the Forestry Commission) 
offered to explore the possibilities of organizing such a course in Great 
Britain.

On the 4th July 1971, delegates from ten European countries representing 
thirteen different organisations converged on Wymondham College, Norfolk, 
England. Some of the delegates were aided by grants from the International 
Labour Organisation. The course was resident at Wymondham College for 
a week and instruction concentrated on the theory and practice of method 
study and work measurement and allied subjects such as costing, incentive 
payment, mechanical and ergonomic considerations, and training. The 
viewpoints of the Trade Union representative and of management were put 
forward and a whole day exercise based on the production and supply of 
chipwood billets to the Thetford factory of Weyroc Limited took place at 
Thetford Forest.

For the second week, the course transferred some 230 miles north-west 
to the Cumberland and Westmorland College of Agriculture and Forestry 
at Newton Rigg. Here the flat lands of Norfolk gave way to distant views of 
the Pennines and the mountains of the Lake District. Instruction began 
with an exercise on Lowther Estate (by kind permission of Lord Lonsdale) 
at which the students had to identify the best of four methods of chemical 
weeding in grass. Classroom instruction continued with a consideration of 
the problems associated with forest testing of machinery, the development 
of hydrostatic transmission in connection with forest machines and a glimpse 
at the future of mechanical harvesting. Safety problems were dealt with and 
mention made of the information services associated with the Commission’s 
Work Study Branch and the managerial problems of labour employment. 
The history and likely future of training and education was the subject of a 
talk by Mr Alec Pyman, head of the College’s Forestry Department. A whole 
day visit to Kielder Forest gave the course an opportunity to inspect and try 
the Commission’s experimental 45 brake horse power hydrostatic skidder 
and see mechanised harvesting operations in the forest.

Such a wealth of instructional material was produced for this, the first 
international course of its kind combining work study with forestry to be 
held in Great Britain, that it has been decided to publish the lecturers’ notes, 
and the Forestry Commission is grateful to the authors for their ready co
operation. This Bulletin is in fact intended to be something of a forestry 
work study bible. Some lecturers based their talks on sections of the Forestry 
Commission Work Study Branch Code, a manual of instruction to Commission 
W ork Study Staff. Where necessary extracts from the Code have been repro
duced.
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Paper 1

IN T RO DUC TIO N  
by L. C. Troup

Summary:
The Forestry Commission of Great Britain 
introduced formal work study in 1956. The first 
tasks were to improve harvesting and weeding 
operations by way of method study and the 
selection, after testing, of the best hand tools; 
techniques for work measurement in forest 
conditions were also established. From the 
early 1960’s interest increasingly turned towards 
mechanisation and in 1966 the Work Study 
Branch became responsible for machinery 
research and development. The main concern 
is the development of improved methods but 
about 20% of our resources are spent in estab
lishing output standards in the form of either 
tables of standard times or output guides. The 
nett effect of method improvement has been 
that total productivity in the Commission has 
risen by 6£% compound annually in the period 
1960-1970. Over the same period costs have 
been held constant in real terms. These produc
tivity increases are by no means solely attri
butable to work study but are joint with 
Management, Research Division, Training 
Branch and men. We believe that this rate of 
productivity increase is sustainable for the next 
few years simply by installing the best and 
already known systems where they do not 
currently exist. Meanwhile we intend to turn 
our attention to highly mechanised harvesting 
systems and these should start to make a further 
impact on productivity in the mid 1970’s.

1. The object of this course is to show some
thing of the way in which Work Study has de
veloped and is used in the United Kingdom. We 
have not reached the end of the development stage, 
nor do we suggest that our ways are necessarily the 
best ways. All we would claim is that we have 
evolved an organisation which appears to work 
reasonably well in practice and that we have 
selected those study techiques which, at the 
present time, seem most likely to give results.

2. Speaking generally, it is quite obvious that 
the study of work is a human activity which 
preceded by several millenia what we now call 
“ Work Study” . As in other fields of human 
endeavour the formal recognition of a technique 
or discipline—call it what you will—was preceded 
by centuries of intuitive probing, enlightened now 
and again by flashes of detached reasoning. We

have progressed to the stage where work is ex
amined in accordance with certain principles. 
In other words the ways of studying work have 
themselves been studied and are, to a large degree, 
formalised. However, anyone who believes that 
this process has replaced, or is likely to replace, 
imaginative reasoning is deluding himself. Work 
Study is best regarded as a valuable aid to the 
inventive mind.

3. Before getting down to recognised fact it 
may be worth spending a little time considering, 
more controversially, the broad objectives of 
Work Study. The British Standard Definition1 
suggests that it aims “ to effect improvement” . 
This seemingly incontrovertible statement begs 
many questions; and to ask these questions is to 
enter the realms of philosophy. It would be 
tempting to do so but we have not the time. 
Perhaps we may grant pro tern that “ improvement” 
is something we think we recognise when we see it. 
Nevertheless one must beware of the secondary 
effects of “ improvement” . In particular, job 
satisfaction should only give way slowly—if at 
all—to the pressures of, say, enhanced productivity. 
It is easier for us in the forest industry to say that, 
than for our colleagues in the manufacturing 
industries. Our environment, though tougher than 
most, is fundamentally interesting and varied. 
The challenge is always there.

4. So much for generalities and turning now to 
the history of Work Study in this country; After 
appropriate Headquarters discussions the Forestry 
Commission of Great Britain set about recruiting 
and training a number of work study men in 1956. 
The initial investigations were undertaken jointly 
by Commission staff and a firm of consulting 
engineers. Their first aim was to establish which 
of the commonly used industrial work study 
techniques fitted our particular problems. From 
the outset it was accepted that method study came 
first and that work measurement was a valuable 
bonus. We have not changed our views about this. 
Only rarely have we been inveigled into doing time 
studies without preliminary method study and the 
results have been something less than impressive. 
This is not to say that we are able to up-end 
existing methods completely (those who wait for 
complete answers wait for a long time) but nearly 
always useful changes can be made, and until 
these are made there is no point in doing detailed 
time studies.

1
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5. Back in 1956-57 harvesting operations came 
first under scrutiny; this was in recognition of the 
ever-increasing quantities of wood becoming 
available from plantations reaching the thinning 
stage. Method improvements were largely con
cerned with the selection of better hand tools and 
their maintenance, together with work on horse 
extraction. Work measurement followed and 
tables of standard times were produced for a 
variety of felling and horse extraction situations. 
In the case of felling and branch removal the 
average volume of the trees in particular stands 
was demonstrated as the main parameter affecting 
the time for the job. This together with a tree 
shape factor (tariff number2) provided the best 
predictions of time for the job, but rarely did the 
data have the benefit of statistical analysis. Never
theless it took us forward a stage.

6. As the work study effort expanded attention 
was given to two important silvicultural opera
tions: weeding by hand and brashing (the removal 
of branches from standing trees up to about 2 m 
from the ground to give access to plantations). 
Again method study preceded work measurement 
and recommendations were made on tool selection 
and maintenance. Work measurement was tricky 
in both cases but, eventually, the important 
parameters were isolated and then used to provide 
numerical indices of difficulty; these, in turn, were 
associated with the time for the job.

7. At about this time the chainsaw began to enter 
our lives and, relatively slowly, replaced hand saws 
for the felling of larger trees. As the designers 
reduced the weight of chainsaws so their use 
spread to smaller and smaller trees, until today 
they are used everywhere. Snedding (debranching) 
by axe remained with us until the mid-sixties 
but then the light chainsaws began to replace axes. 
At the present time most snedding is by chainsaw.

8. Meanwhile the advent of double drum 
winches for ground skidding and cable cranes, 
resulted in major changes to harvesting systems. 
Associated with these changes were the develop
ments in tractors—particularly forwarders and 
frame-steering machines but also improved agri
cultural tractors.

9. On the silvicultural front hand weeding 
began to give way to chemical control over large 
areas; tubed seedlings began to show promise and 
drainage and cultivation ploughs were improved.

10. Thus by the mid-sixties we were grappling 
with technological change on all fronts. Mechanisa

tion became the order of the day and, whilst ad hoc 
improvements were not spurned, one thought 
more and more of total working systems.

11. In order not to be left behind by these 
changes the Commission decided to expand its 
work study branch. In 1964 there were four 
teams; by 1966 there were ten and, in recognition 
of the close association between method develop
ment and mechanisation, machinery research 
and development was placed under the control of 
the work study branch. We now feel that we have 
made substantial progress and require less staff 
to keep abreast of and initiate developments. 
Accordingly we are reducing our number of 
teams to five or six over the next year or two. 
Our present organisation is given in the charts 
appended to this paper.

12. Teams have been of two sorts: regional and 
special purpose. The former give a general service 
to a specific region but also have particular 
continuing lines of inquiry. Thus our Welsh team 
pays attention to deep drainage problems whilst 
giving a general service to Wales. Other teams 
have been recruited to answer specified problems 
and then disband. An example of this is our Roads 
team which has completed its work in about three 
years. The teams which remain are each located 
to cover a particular terrain type—and we have 
huge variations from flat, firm ground, through 
soft wet peats to mountains. The changes will 
result in the following approximate pattern:

Location Main Team Functions

Northern Scotland Mountain logging—especially 
cable cranes.

Cultivation ploughing. 
Planting.

Borders between 
England and 
Scotland

Non-mountain logging— 
especially tractors. 

Restocking after felling.

Wales Deep drainage. 
Mountain logging.

Southern England Weeding and cleaning. 
Lowland logging.

13. Additionally we have an Experimental team 
whose task, in close association with our Research 
and Development staff, is to evaluate and modify 
machinery and develop harvesting systems.
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14. The typical team consists of a leader who 
is normally a District Officer (forestry graduate) 
together with two to four team members who are 
usually Foresters. However officers from other 
disciplines have joined the branch in some numbers 
and have made most valuable contributions.

15. Potential team leaders now attend a ten- 
week course at a work study college and this is 
followed up by several months of practical work 
before they take charge of a team. Team members, 
who in the past had little more than internal

training, will have four-week courses at a work 
study college. Additionally we support and en
courage attendance at appropriate short courses 
and seminars during an officer’s work study 
career.

16. The effects on labour productivity of the 
work study effort are not easily separable from 
those of managers, research staff, economists and 
others but the following figures show what has 
happened3:—■

Index of Labour Productivity

Year: 1962 63 64 65 66 67 68 69-70
100 98-2 100-5 106-1 110-1 117-0 138-1 160-1

This averages at 6£% compound improvement 
in labour productivity over the period reviewed, 
with some particularly large increases in the last 
years. Meanwhile costs per unit of output have 
increased at almost exactly the same rate as prices 
in the British economy as a whole. Thus the real 
costs of Forestry Commission output have remained 
constant.

17. In considering increases in productivity one 
must attempt to make some allowances for changes 
in specification which themselves result in less 
work, eg. widening planting espacements3. 
Evidence to date suggests that such changes may 
account for about 1 % of the annual rise in produc
tivity, indicating that the really fundamental 
changes have been due to the application of new 
techniques.

18. So far as we are concerned we do not think 
we have yet had the full benefit of the recent im
provements. As they are increasingly applied by 
managers (aided by training officers) we feel that 
productivity will continue to rise at about the 
same rate for a few more years. At the same time

we hope to continue further to improve methods. 
In particular the virtually complete mechanisation 
of harvesting in fairly level terrain is a prospect 
which may come to pass over the next decade.

19. Not surprisingly the somewhat frantic 
period of change we have lived through has turned 
much of our thought towards the effect upon the 
worker of advancing mechanisation. In a word 
we have accepted the importance of ergonomics. 
You will read later about the ways in which we 
have tackled noise and vibration problems.

20. Finally in these days we are all very conscious 
of the environment. We believe that this is a matter 
of supreme importance but that, in most cases, 
forests are large enough and flexible enough to 
give multiple land use. Whilst nobody is ever 
likely to get all he thinks he wants, it seems that 
forests can fulfil commercial as well as recreational, 
amenity and conservation functions. It seems to us 
then by no means incompatible with environmental 
interests that we should continue to improve our 
operational efficiency.

References
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Paper 2

PROJECT P L A N N IN G  
by J. V. Crosland

Summary:
Formal planning of work study activities by 
means of projects each with its written approved 
plan is essential if effective control is to be 
maintained. Many individuals are involved in a 
project and responsibilities for each aspect of 
the work must be allocated. For control pur
poses, a register in the form of a Gantt chart is 
advocated. Adequate details of staff and resource 
costs are an essential part of planning as is an 
indication of the net savings likely to accrue at 
the successful termination of the project. 
Examples of plans are appended.

1. Due to modern pressures in the commercial 
world there is a need to instal a measure of formal 
planning in nearly all the highly complicated 
functions in an enterprise. The sophisticated 
techniques of work study have evolved in order 
to assist in these fundamental steps of planning. 
In this way it is a service to management and in 
order to be effective it too must plan its course 
of action.

2. A Work Study Branch has to be flexible in 
its planning for inevitably the need for certain

investigations arise at very short notice. Its main 
resource however is manpower skilled in the use 
of work study techniques and this is naturally 
expensive. The selection of projects for investiga
tion therefore requires careful consideration. There 
are two major criteria to be taken into account, 
and effort should be concentrated in the following 
way:

(a) On those activities where investigations 
will probably lead to the maximum 
increase in productivity coupled with 
maximum cost reduction.

(b) On those activities where the main ob
jective is to reduce the physical work load 
on the man with the hope that cost per 
unit will not necessarily increase.

3. When decisions have been reached after 
consideration of all facts relating to the above 
criteria, then more detailed planning can be 
achieved through the medium of individual project 
plans. The complication of the project plans in 
the Forestry Commission Work Study Branch is 
prescribed in the Work Study code, an extract 
from which follows:

Extract from Forestry Commission Work Study Code
Project Plans
Introduction

4. In Work Study investigations, careful plan
ning on defined lines is necessary in order to :—

(i) Co-ordinate the work of several Work Study 
teams working in the same field of inquiry.
(ii) Mount joint investigations with other 
branches etc (e.g. Research, Harvesting and 
Marketing, Forest and Estate Management).
(iii) Ensure adequate statistical practice and 
help.
(iv) Decide priorities.
(v) Make arrangements for data retrieval for use 
in synthetics. Project Plans and Project Registers 
are prepared in order to record this planning in a 
systematic form.

Definitions
5. There are problems in the interpretation of 

words but we can accept the following:

(i) A Project is an investigation into one specific 
aspect of an activity or operation.
(See Appendix II, page 9)
(ii) A Primary Project is the initial stage of any 
project or interlocking series of projects where 
consultation has to be undertaken before 
individual project plans can be written and 
finalised.
(See Appendix I, page 8).
(iii) Project Leader. The nominated individual 
who will write the plan, allocate responsibilities 
which arise and co-ordinate projects involving 
more than one team and/or other branches.

Scope of Work to be Covered by Project Plans
6. In some cases (e.g. quick one-day “ look-see” 

exercises) an informal Plan only is required and this 
may be no more than one sheet of paper.

In other cases a formal Plan is required. The 
dividing line between investigations requiring 
informal and formal project plans is not easy to

5
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define. Nevertheless, formal project plans are 
certainly needed in the following cases:—

(i) Where detailed method and work measure
ment studies are to be carried out.
(ii) Where more than one team and/or outside 
branches etc. are incorporated in the investigation.
(iii) Where statistical support is required (in
cluding synthesis).
(iv) Where results are likely to have more than 
local significance.

When in doubt about the appropriateness of 
formal project plans, the advice of the Chief 
Work Study Officer should be sought.

Responsibilities for Compilation, Approval and Issue 
of Plans

7. (i) Small, look-see projects of the type 
mentioned in para. 6 are the responsibility 
of team leaders who should, nevertheless, ensure 
that team members play their full part in form
ulation.
(ii) Formal project plans will be drafted by 
project leaders who should undertake any 
necessary local consultation with Conservancy 
staff's and secure the observations of the Statis
tician. When complete, the draft will be submit
ted to Chief Work Study Officer for his approval. 
Where plans affect other teams or branches, etc, 
the Chief Work Study Officer will initiate the 
necessary liaison including discussion with or 
instruction to the project leader.
(iii) Chief Work Study Officer will obtain any 
necessary further clearances from Headquarters 
staffs and, in particular, keep the Director of 
Management Services fully informed. The 
Director will undertake any necessary liaison 
with departmental heads.
(iv) After approval, plans will be typed at, and 
issued from, Work Study Headquarters.

Timing of Submission of Plans
8. It can be assumed that the necessary amend

ments and approvals may take up to two months to 
secure and that the approved plan should be in the 
hands of the team leader at least one month before 
the proposed starting date of the study. Therefore 
draft plans should, wherever possible, be sent to the 
Chief Work Study Officer not less than three months 
in advance of the proposed starting date. Even 
earlier submission will often be indicated, since 
the actual setting up of the studies is frequently a 
protracted affair. The employment of a simple 
critical path diagram will often help to clarify 
timings.

Project Register
9. A Register is maintained at Work Study 

Headquarters. This will consist of simple Gantt 
charts. Each Work Study team will have a series 
of charts by activities and they apply to any period 
of three years. At the end of each financial year 
the charts are extended by another year.

Copies of the form and instruction for its 
completion are shown in Appendix IV, page 11).

Resource Requirements
10. All plans will give the estimated cost of 

any investigation. For the present purpose the 
annual average cost of one field team member, 
whether he be District Officer, Head Forester, or 
Forester will be taken as £4,100. This figure 
includes a percentage for overheads. The duration 
of the investigation will always be shown on Form 
WS 22A (see Appendix IV, page 11), which will 
total both man-years and cost for the project. Cost 
will be split between “staff” i.e. salaries, and 
“ other” i.e. cost of machinery and its modification.

Evaluation of Benefits and Costs
11. (i) In order to calculate the benefits and 
costs it is necessary to determine and list re
sources annually applied by the Commission 
to the particular operation or activity under 
investigation. For this purpose the resources 
will normally be defined as labour + labour 
oncost + equipment and material where rele
vant. In the case of investigations of national 
import the national figures are applicable, but 
gradations are possible from forest(s), through 
Conservancy (rarely District) to region and 
country. Costs are not always readily obtainable 
in the breakdown we should like, but close esti
mates can usually be made and the Economist is 
available for advice.

(ii) The cost savings which are likely to follow 
the application of, as yet, undelineated methods 
are not easy to determine. In some cases, 
previous studies or documents from overseas 
may give convincing guides. Thus, a proposal 
to introduce Thetford production methods to 
similar pine forests could always be supported 
by data from Thetford and applied to the new 
situation; similarly, we have had good results 
in predicting the likely output and costs of 
harvesting equipment by studying and inter
preting study data from overseas. Where 
there is virtually no past data available and 
the study is based upon a series of informed 
“ hunches” , then these “ hunches” should be
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stated and some tentative cost reduction asso
ciated with them.
(iii) The primary project plan asks for an 
estimate of the cost/benefit ratio to be made. 
It is not always possible to calculate a figure 
in this way. In such a case the ratio between the 
estimated cost of the study and the cost of the 
activity within the Forestry Commission over a 
specified area should be stated.

(iv) The most effective final figure is the esti
mated cost/benefit ratio for a given period 
over a specified area, e.g. a large forest unit or 
Conservancy. An example is the figure derived 
from chain saw snedding work in East England. 
If a five-year life is given to the cost saving at 
Thetford, a figure of £23,000 (rounded down) 
emerges. Since total study cost was about £750, 
the estimated cost/benefit ratio over the five- 
year period is 1 to 30.

(v) Certain studies are aimed mainly at ergo
nomic and safety improvements rather than 
cost benefits—although comfort/safety and 
savings are by no means incompatible. Never

theless, there may be cases where, say, the 
mechanisation of lifting operations could tem
porarily increase the cost of that operation but 
be clearly desirable on grounds of safety and the 
easier recruitment of labour. These considera
tions should be stated fully. (Note that labour 
costs continue to increase more steeply than 
machine costs and an operation which increases 
somewhat in cost through mechanisation may 
well break even a year or two later and, after
wards, become cheaper than the muscular 
method).

Writing Up Completed Projects
12. (Not reproduced).

Layout of Plans
13. Appendix I (page 8) indicates the form which 

the Primary Project Plan takes.
Appendix II (page 9) indicates the form which the 

Project Plan takes.
Appendix III (page 10) gives an example of a Pro

ject Plan.
Appendix IV (page 11) includes a copy of Form 

WS 22A together with instructions on its comple
tion.
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PRIM ARY PROJECT PLAN—FORMAT
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Paper 2: Appendix I

Title. Give the title of the plan and reference 
number, the latter being allocated by W/S H.Q.

(1) Preamble. List the major historical facts 
leading up to the need for the enquiry. Description 
of the problem to be answered and its significance 
to the Forestry Commission.

(2) Cost Benefit
An estimate of the cost benefit ratio to be 

expected from the project(s).

(J) Objectives
A clear concise statement of the objectives.

(4) Discussion o f  Objectives
A statement outlining each objective together 

with the method of investigation to be used and the 
populations to be covered.

(5) List o f Project(s)
A list of projects to be carried out in the first 

two years, together with indications of any further 
requirements. Name the leader of the project(s). 
If a number of projects are to be carried out under 
the overall leadership ond co-ordination of one 
man he must be named, together with the leaders 
of the various individual projects.

An allocation of priorities should be made 
where one team is to be involved with more than 
one project.

(6) Work Study Considerations
Any points of technique not covered already in 

para. 4.

(7) Statistical Considerations
Give the general principles to be applied and 

the degree of statistical support likely to be re
quired for the Project Group as a whole.

(8) Results
State what sort of results it is hoped to obtain, 

and the stages when it is anticipated that Project 
results to date will be sufficient to merit writing up 
(e.g. in an assignment on weeding, results on 
hand weeding can be written up before work on 
chemical and mechanical weeding is complete).

(9) Effort, Timing and Maintenance
These will be assessed by using Form WS.22A.

(10) Responsibilities
The leader of a number of projects will already 

have been named in 5. The responsibilities for 
various operations within each project plan are 
named in that plan.

(11) Approval
(i) Primary Project plan drafted by

on......................................................

(ii) Approved b y ..................................
c.w.s.o..............................
on......................................................

(iii) Commissioned and Approved by

on.......................................

(12) Distribution
List of recipients of the Plan.
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PROJECT PLAN—FO R M AT
Paper 2 Appendix II

Activity
As for the contents sheet of Standard Times 

for Forestry Operations.

(1) Project 
Name of project.

(2) Purpose
List the various purposes of the project.

(3) Location
Outline where the work will take place.

(4) Responsibilities
There will be thirteen sub-headings to this 

paragraph. Written material under these headings 
should be kept to a minimum.

The sub-headings are:—
a. Project Leader
b. Mechanical development
c. Method study
d. Work Measurement
e. Statistical Considerations
f. Cost Benefit
g. Reports
h. Issue of Final Report

i. Progressing 
j. Distribution of Report 
k. D ata Retrieval
1. Installation 
m. Maintenance

Prepared b y ........................................  Date................

Agreed b y ............................................ Date.................

Work Commissioned and Approved by 
................................................................ Date................

(5) Distribution
List of recipients of Plan.

Notes:
(i) Definitions
Where projects are raised jointly with other 
Branches and/or Divisions it may be necessary 
for a time to define certain terms. This can be 
done at the foot of the responsibility list.
(ii) Progressing
The Gantt chart on Form WS. 22A will be used 
to monitor progress.
(iii)

An example of a Project Plan follows on the next 
page:
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Paper 2 Appendix III

PROJECT PL A N —E X A M PLE

File No. PP . 32 (26)

Activity
XXII—Extraction

Project:
Guarding of Light Agricultural Tractor for 
Extraction work.

Purpose:
(i) To investigate and develop an integrated 
system of guards. These guards to protect the 
operator and the tractor but they must not 
interfere with the function of either nor add 
to normal maintenance costs.
(ii) To produce drawings and manufacturing 
jig designs to enable guards to be made up by 
local Conservancy contractors.
(iii) To make up one set of jigs for the manufac
ture of guards for Thetford by a local black
smith or similar.

Location:
Initial design and manufacture of prototype 

guards to be carried out at Thetford using an 
MF 135 tractor. If similar work is required for 
other makes, this will be covered at a later date.

Responsibilities:
a. Project Leader: Mr R. B. Ross.

Mechanical Development: Mr F. B. W. Platt 
in close liaison with Mr G. O. Cook and 
Mr W. A. Rosher.
Method Study: Not applicable.
Work Measurement: Not applicable. 
Statistical Considerations: N ot applicable. 
Cost Benefit: Whilst it is difficult to assess a 
cost benefit in terms of increased output, it is 
apparent that time is frequently lost as a

b.

c.
d.
e.
f.

g.

h.

i.
j-

k.
1.

result of damage to tractors. Thus the 
benefit will be more in terms of increased 
availability and in reduction of tractor 
repair costs. The likely cost of the work is 
£400 made up as follows: design work, 
drawing etc £100; manufacture of prototype 
and manufacturing jigs £300. The likely cost 
of each set of guards after the prototype is 
about £50.
Reports: Interim reports are unlikely to be 
necessary.
Final Report: To be drafted by Mr Platt 
in co-operation with Mr Cook and Mr 
Rosher and submitted to the Project Leader. 
Progressing: Mr T. R. Sawyer.
Distribution o f  Report: By Mr R. D. Duncan 
via Chief Work Study Officer.
Data Retrieval: Not applicable.
Installation: Mr G. O. Cook.
Maintenance: Mr G. O. Cook.

Prepared by:
F. B. W. Platt

Agreed by:
L. C. Troup

Work Commissioned and Approved by:
B. D. Hughes

Distribution:
Director, Management Services
Chief Engineer
Conservator, East England
Conservator Harvesting and Marketing
Mr D. H. Wallace
Mr R. B. Ross
Mr F. B. W. Platt
Mr T. R. Sawyer
W ork Study Headquarters

19.5.71

19.5.71

24.5.71

1
1
4
1
1
1
1
1
4
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Paper 2 Appendix IV

(7) Progressing
All projects are progressed by means of a Gantt 

chart on WS. Form 22A.

(2) WS. 22A
This form is the project register. It has a re

stricted circulation outside the Branch. When the 
Register is to be updated Project Leaders will be 
required to enter projects under their control on 
separate forms by activity. The box will be filled 
in for each project in accordance with progress 
and the form returned to W/S H.Q.

W.S. Form 22A
P L A N N IN G  & PROGRESS CHART  

Activity: Team:

p
or
D

PROJECT
FINANCIAL YEAR REMARKS 

To include Project 
Leader

Man/-

Years

Cos (£’s)

Staff Other

B orm  continues for further projects.)



Paper 3

M ETHO D S T U D Y :  R E C O R D IN G  A N D  
E X A M I N IN G  THE FACTS  

by W. O. Wittering

Summary
One of the principal ways of collecting and 
recording data relating to a method is to use 
time study. Other techniques include photo
graphy and various forms of charting. Those 
described here are flow process charts, document 
flow charts, flow and string diagrams, flow 
matrix charts and multiple activity charts.

The use of scale models is advocated in certain 
circumstances. When examining the facts col
lected, a routine discipline is advised. The 
techniques of method study employed by the 
Forestry Commission Work Study Branch are 
prescribed by the Work Study Code, an extract 
from which comprises the main substance of this 
paper.

Extract from Forestry Commission Work Study Code
METHOD STUDY

Introduction
Description

1. Method study is the first step in carrying out 
a work study investigation. It is essentially con
cerned with finding better ways of doing things, 
and it contributes to improved efficiency by getting 
rid of unnecessary work, avoidable delays, and 
other forms of waste. This is achieved through:

(i) Improved organisation and planning.
(ii) Improved working techniques.
(iii) Improved use of manpower, material and 
equipment.
(iv) Improved working conditions.
(v) Improved design or specification of the 
product.

Procedure
2. The procedure can be summarised as follows:
(i) Select the work to be studied.
(ii) Collect the facts.
(iii) Record the facts.
(iv) Examine the facts.
(v) Develop a better method.
(vi) Install the new method.
(vii) Check results to ensure that the new stan
dard practice is maintained.

This procedure means that Work Measurement, 
usually detailed time study, must be used from the 
start. Only in this way can facts be systematically 
collected. Experience shows that any attempt to do 
method studies without a work measurement basis 
will invariably lead to wasted effort.

Selecting the Work to be Studied
3. In most cases the choice of work to be 

studied is agreed between Conservancy staff and

Work Study Branch, either after request by Con
servancy or on suggestion from Work Study. The 
object will usually be to reduce costs or increase 
output or both. Priority will be given to those 
activities which are likely to yield the quickest and 
best results for the effort expended in investigation.

4. he following defects indicate where method 
improvement may be required:

(i) Low labour productivity.
(ii) Poor machine utilisation.
(iii) Excessive movement of men, machines, 
or materials.
(iv) Poor quality of work.
(v) Excessive overtime.
(vi) Employee discontent without logical reason 
(work may be highly fatiguing or monotonous).
(vii) Rectification work; waste of material.
(viii) Production bottlenecks.
(ix) Excessive work in progress.

5. Once investigations begin, teams must keep 
in mind the possibility that the work selected for 
study may be strongly influenced by other activity, 
and that this may require investigation as well as 
(or even instead of) the original choice. Project 
plans must be deliberately reviewed to make sure 
this aspect is not overlooked.

Collecting Facts
6. The principal source of facts is time study 

data. Its value in Method Study lies in the follow
ing:—

(i) It imposes a discipline on the study man and 
compels him to break the job down to elements 
immediately, concentrate on reasons for variable 
elements, and highlights ineffective time straight 
away.

12
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(ii) A time base for method recording is essential; 
method improvement without it becomes more 
un-coordinated “ bright ideas” .
(iii) A time-study man may in some circum
stances be more acceptable to the operators 
than a mere watcher, apparently doing very little 
work.

7. As well as normal time study data, informa
tion on methods can be recorded in chart form 
in the field. This is desirable in any case, and 
obligatory where more than one operator is 
involved, or where the operation is at all complex. 
Charting methods are given in detail in paras. 
11-18.

Photographic Recording
8. This can collect data in several ways. The 

following have been found to be of most use in 
forestry:—

(i) Still photographs, preferably in black and 
white, give an invaluable record of machinery, 
job layout, working conditions and topography. 
Record photographs before and after method 
improvement should be obtained wherever 
possible. Still photographs are less suitable 
for recording methods or other dynamic subjects, 
though with a carefully taken series of photo
graphs it is possible to illustrate uncomplicated 
methods where work elements are fairly long.
(ii) Memomotion cine photography records at 
film speeds of 50 to 100 frames per minute, 
using a 16 mm cine camera operated on “ single 
frame” by an electric timing device. This can 
record a long sequence of operations on a 
relatively short length of film, and is therefore 
cheap. It can be used for method recording 
before and after study, and the operation can be 
analysed from the film into normal time study 
elements (at 100 frames per minute, 1 frame =
1 centiminute). It is most appropriate for Iong- 
cycle operations, complicated team organisation, 
and operations with a random pattern (e.g. 
transport in and out of a depot).
(iii) Micro-motion cine photography records at 
film speeds of 16 frames per second, and pro
vides a normal film record of the operation. 
Ordinary 8 or 16 mm cameras are used, in the 
normal way.
The record provided by 16 frames per second 

photography is much more expensive in terms of 
film cost. The resulting film is much more detailed, 
and can be analysed into very small job elements, 
each frame being approximately 0-1 centiminutes. 
A conversion table of frames to centiminutes 
follows. Analysis can be done on a film editor 
or analysing projector, and the film record con

verted into chart form. Alternatively the analysis 
can be into basic motions for application of 
P.M.T.S. data.

Micro-motion photography is very well suited 
to short-cycle work with quick, deft movements 
which may be extremely difficult to study by 
stop-watch. Planting is a good example. It is too 
expensive for long-cycle work but it does have the 
advantage that it can be readily understood by 
workers and management alike. For putting a 
new method over, it is unequalled.

CONVERSION TABLE, FILM FRAMES TO 
CENTIMINUTES FOR FILM SPEED OF 

1 6  FRAMES PER SECOND

No. of Frames Centiminutes

1 0 104
2 0-208
3 0-312
4 0-415
5 0-520
6 0-625
7 0-728
8 0-832
9 0-936

10 1-040
20 2-080
30 3-120
40 4-150
50 5-200

100 10-400
200 20-800
300 31-200

N.B. If there is any doubt about the exact filming 
speed of any camera, take a shot of about 10 centi
minutes of a running stopwatch. This will provide a 
series of time-based frames which can be used to check 
the filming speed. Allow camera several dummy runs 
without film to loosen mechanism, and be particularly 
careful to guard against the effects of cold. Reduced oil 
viscosity slows down the filming speed.

Mechanical Recording
9. This may use Servis recorders or similar 

devices; it is still in the testing stage in the Forestry 
Commission. It appears to offer scope for use 
in method study of complex organisations, e.g. 
ploughing circuses, vehicle fleets.

Activity Sampling
10. This has been used to a limited extent in 

forestry for method study, but its potential should 
not be overlooked in certain special circumstances 
such as nursery work and in the study of super
visory and office work. Its advantages are cheap
ness and the possibility of studying a large number 
of operators simultaneously.
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Recording and Display of Facts
General

11. The orderly presentation of collected in
formation is valuable both in assisting clear 
thinking and in making explanations to manage
ment. This is done in the form of charts or dia
grams which are detailed below. Before the chart 
or diagram can be compiled, the basic information 
must be analysed systematically, and this in itself 
is a valuable aid to understanding and improving 
the method.

Process Charts
12. These are charts on which symbols portray 

the sequence of events, to assist a person to visualise 
the process. There are two types:—

Flow process charts record the flow of materials 
as they are processed (material type) or the 
activities of a person (man-type).
Two-handed process charts record the activities 
of a person’s hands or limbs in relation to each 
other (see 18).
Symbols are based on Gilbreth’s original six. 
The standard ones in use in Great Britain are:

Operation Indicates the main steps 
which produce or further 
the process. An operation 
is an activity which 
changes the size, shape or 
finish of the product.

□

 Inspection A check for quality or 
quantity.

Transport Indicates movement of 
workers, material or 
equipment to another 
place.

Storage A controlled storage in
which material goes in and 
out of store under some 
form of authorisation. 
Also depicts filing of 
documents.

Delay A delay in the sequence of

D
events such as work 
waiting between con
secutive operations, or laid 
aside temporarily without 
record until required.

Combined events are indicated by a combined 
symbol, thus

□  —

Outline Process Charts record only operations 
and inspections, and are used to give a general 
impression of the process. They may indicate 
that scope exists for improvement, but this 
is better revealed by a full process chart.

Draw all but the simplest charts on double 
foolscap paper, for clarity. An example of a 
materials flow process chart is given in Figure 1 
(page IS) and an outline process chart in Figure 2 
(page 16). It should be noted that individual opera
tions, transports, delays etc. can refer to details of 
the process without ambiguity. Numbering also 
draws attention to the totals of each symbol. 
Numbers may be omitted in simple diagrams when 
references in the accompanying text are already 
clear.
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Figure 1. F low  Process Chart (materials).
Operation : Felling conifers and converting to pulpw ood, 
saw n boarding and creosoted fencing material.
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Figure 2. Outline Process Chart.
Operation: Felling conifers and converting to pu lpw ood, 
saw n  boarding and creosoted fencing material.
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Document Flow Charts
13. These use a different set of symbols, as 

follows:—

I

A 2

A.N.

Document: 3 copies: originating at that point 
(black corner); initials identify form title (e.g. 
Advice Note).

> G P O

An example of a document flow chart is given in 
Figure 3 (see page 18).

Flow and String Diagrams
14. The flow diagram is a drawing to scale, of 

the working area, showing the location of the 
various activities identified by their numbered 
symbols, and is usually associated with a particular

Direction and means of movement.

Comparison of information.

Transfer of information.

File.

Destroy.

flow process chart. Routes followed in “ transport” 
are shown by joining the symbols in sequence by 
a line which represents as nearly as possible the 
paths of movement. Direction is shown by num
bered “ transport” symbols.

An example of a flow diagram is given in 
Figure 4 (see page 19).



FORESTR Y  C O M M ISSIO N  BU LLETIN  No. 47

a. Existing method

b. Proposed method

Figure 3. D ocum ent flo w  chart.
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String diagrams are used for a similar purpose, 
especially where there is a lot of movement in a 
complex pattern. A study of movements is made 
to record the details of movement in sequence. 
A scale drawing is mounted on a board, and pins 
driven into it at points associated with the process 
and where direction of movement changes. A 
length of thread (preferably plastic thread, being 
easier to handle) is used to represent the path of 
movement followed by the subject, by winding it 
round the pins in the sequence of movements. 
Different colours of thread should be used to 
trace the path of different items. The completed 
diagram will show clearly areas of congestion, 
indicating the need for investigation. Total distance 
travelled is found by measuring the length of 
thread used. It is therefore important to use a 
thread which will not stretch.

String diagrams are particularly useful:
(i) When a team of operators is being studied.
(ii) When one operator tends several machines.
(iii) When several sub-assemblies have to be
moved to another assembly.
(iv) Where the process obliges the operator to
move from one workplace to another.
(v) For testing the relative values of different
layouts.
Both flow and string diagrams have more 

application in sawmill, nursery and workshop 
investigations than in plantation work.

Scale Models
15. These take time to construct, and there will 

be few cases where scale models show advantages 
over flow or string diagrams. There are two 
exceptions:

(i) True plant layout problems, e.g. office, 
depot, workshop or sawmill, where a model 
will allow easier consideration of alternative 
possibilities than a series of diagrams.
(ii) Where a new layout or procedure has to be 
“ sold” to a large number of people; a model is 
easier for the layman to  understand than a 
diagram.

Flow Matrix Charts

16. Sometimes called a “Travel Chart” , a 
flow matrix chart is defined as “ a tabular record 
for presenting quantitative data about the move
ment of workers, materials or equipment between 
any number of places over any given period of 
time” . It is very useful where large numbers of 
different products or materials are involved, or 
deployment of labour from different centres over 
a  number of work sites. Other recording tech
niques are generally unsuited for this. The chart 
is compiled as shown in Figure 5 below.

Figure 5. Flow matrix chart.
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If the areas can be set out in order of nearness 
to one another, the best combination of journeys 
is when most journeys fall in squares adjacent 
to the diagonal. The merits of each solution are 
fully assessed by multiplying the number of 
journeys in each combination by the journey 
distance, and comparing total distance travelled 
on the old and new methods.

Multiple Activity Charts
17. These are used to show graphically the 

activities of more than one subject against a 
common time scale. Separate columns represent 
the activities of each operator or machine, and 
the chart shows clearly the operations, move
ments, machine time, and all idle or delay time. 
The chart allows examination of each part of the 
job in relation to the other operations, with the 
object of changing the process so as to reduce 
the overall time by reducing ineffective time.

This chart is extremely useful in team work 
investigation. It should contain the following 
information:

(i) Description of the activities of the method.
(ii) Whether present or proposed method.
(iii) Time scale used.
(iv) Legend of any abbreviations used.
(v) Summary of present and proposed methods
showing the times and percentage use of all
subjects.
The example in Figure 6 (page 22) shows existing 

and proposed methods of take-down and set up for 
the Isachsen No. 3 highlead cable crane.
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(A) Original Method

Choker Man
Dismantle 

tower guys

Wait

Haul in 
ropes

Move to next 
rack

Rig tower guys

Prepare 
stacking site

Wait

m 0 p
10

i 20 m

30

M

Dismantle tail 
block at spar tree

Carry gear to next 
rack, return 
Assist hauling 
in wire ropes 
Wait
Haul out wire ropes 
in next rack

Rig tail block 
on spar tree

Walk to start

Time (Minutes) 

(B) Improved Method

Winch Operator

Dismantle 
tower guys

Haul in rope
Move to 

next rack

Rig tower 
guys

Haul out 
rope

Walk to start 
Prepare stacking 

site

t O

■10

Choker Man

20

Dismantle tail 
block

Carry gear to 
next rack

Rig tail block

Walk to start 
Prepare stacking 
site

J-30
Time (Minutes)

Figure 6. M u ltip le  activity chart.
O p e ra tio n : Take d o w n  and set up Isachsen  No. 3  h igh  lead cable  
crane. Based  on m ethod study  at Barcald ine Forest, J u ly  1964.
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Two-Handed Charts
18. These are used to show the sequence of 

activities of the operator’s hands. Extra columns 
can show what the feet do as well, if they are used. 
The two-handed process chart shows activities 
in terms of process chart symbols. The Simo chart 
or simultaneous motion cycle chart records the 
activities of both hands on a common time scale, 
in the manner of a Multiple Activity Chart.

The record is often based on frame-by-frame 
analysis of a cine film of the operation.

Two handed charts have so far had only a very 
limited application in work study in the Forestry 
Commission.

An example of a two-handed process chart is 
given in Figure 7 below and a Simo chart in 
Figure 8 (see page 24).

Position plant I 2

Insert plant ( 4

To plants in 

right hand

Select plant C 1

Right hand

Hold spade and plants 

Raise spade

1 ) Drive spade

2  ) Turn spade

>Spade sideways 

Hold plug on spade

Hold spade and plants

’End of cycle

Figure 7. Two-handed process chart. 
Operation: planting with semi-circular spade
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0

Film frames 
(16 frames 

per second)

1 0

2 0

30

40

50 *

6 0

Centi
minutes

Left
foot

Walk

■4

Rest

Walk

Rest

Firm

plant

Left
hand

Select
plant

Raise
spade

Spade
strchg

Drive 
spade, 
turn, 
and 
spade 

sideways

Stoop
to
plant

Insert
plant

Straighten 
up and 
select 
next 
plant

Right
hand

Hold 
spade & 

j)lants_

Raise'
spade

Spade
_gtroke_

Drive 
spade, 
turn, 
and 
spade 

sideways

Hold
plug
on
spade

Spade
aside

Hold
spade
and
plants

Right
foot

Rest

Walk

Rest

Figure 8. Simo chart for the Operation:
Planting on double mouldboard Cuthbertson ploughed 
peat, on top of turf, with semi-circular spade. Based 
on a Work Study Film on a planting method study at 
Wark Forest (Cairnsyke) in March 1967.
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Examination
19. Once the data is recorded, examine critically 

every aspect of the job. Any extra information 
which examination shows to be necessary should 
be collected and recorded before proceeding 
further.

Every event should be challenged, as follows:

Question Object

Purpose
What is 

achieved?
Is it necessary? 
Why?

What else 
could be 
done?

What should be 
done?

Elimination of 
activity

Place
Where is it 

done?
Why there? Where else 

could it be 
done?

Where should it 
be done?

to combine or 
^re-arrange 
’the workSequence

When is it 
done?

Why then? When else 
could it be 
done?

When should it 
be done?

Person
Who does it? Why that 

person ?
Who else could 

do it?
Who should do 

it?

Means
How is it 

done?
Why that way ? How else could 

it be done?
How should it 

be done?
To simplify the 

job

20. It cannot be too strongly emphasised that 
the above examination must be carried out in a 
disciplined and conscientious manner. It is not 
merely a set of useful lines of approach which the 
study man might like to bear in mind, but an 
obligatory drill which must be followed at this 
stage in investigation. It is best carried out by 
more than one team member, individually first 
to avoid following only one line of thought; then 
in concert, to thrash out ideas.

21. Final write-up of a method study should con- 
:ain a summary of reasoning on main activities, 
on the lines of the Twenty Questions.

22. Always—
Treat facts on their own merits, as they are.

Verify facts if other people have supplied them.
Challenge every facet of the problem.
Eliminate all unnecessary operations and 

inspections.
Pay attention to detail.

Never—
Judge hastily.
Consider new methods until old ones have 

been systematically examined and faults 
exposed.

Interpret data to suit personal prejudices or 
pre-conceived ideas.

“ Play a hunch” ; give all your ideas the same 
critical scrutiny you gave the original 
method.



Paper 4

WORK M E A S U R E M E N T : OBSERVED TIME TO 
S T A N D A R D  TIME  

by A. H. Scott

Summary
The position of work measurement in the work 
study armoury is explained together with the 
objectives. The intricacies of the stop watch 
and its use in time study and activity sampling 
are explained. Elements and breakpoints are 
examined and stop watch time, i.e. observed 
time, is taken via rating through to basic time.

Allowances for contingencies and relaxation 
are added to bring basic to standard time. The 
techniques of work measurement employed 
by the Forestry Commission Work Study 
Branch are prescribed in the Work Study Code, 
an extract from which forms the basis of this 
paper.

Extract from Forestry Commission Work Study Code
WORK MEASUREM ENT

Purpose and Techniques
1. The objective of work measurement is to 

establish the time for a qualified worker to carry 
out a specified job at a defined level of performance.

This is used:—

(i) to assist in method study by comparison of 
times for other methods and for allocating 
labour to tasks in proportion to the work 
involved so that the labour on a task is properly 
balanced,
(ii) to enable realistic schedules of work to be 
prepared,
(iii) to form a basis for realistic and fair in
centive schemes,
(iv) to judge productivity of labour by com
parison between actual times and target times,
(v) to form a basis for budgeting and budgetary 
control systems,
(vi) to enable estimates to be made of future 
labour requirements and costs.

2. The limitations of work measurement should 
not be overlooked. It is not an exact science 
because the time taken to perform a task depends 
on certain components which may be difficult to 
define or measure. These components are:

(i) the specification of exactly what has to be
done,
(ii) the skill of the worker,
(iii) the speed at which he works,
(iv) the effects of fatigue.

Nevertheless, properly applied work measure
ment enables time standards to be set which are 
sufficiently accurate for all practical purposes. 
The need for great care cannot be over-emphasised. 
Inaccurate or inconsistent standards not only 
provide a false picture for costing and control 
purposes, but are a major factor in promoting 
discontent and restrictive practices.

3. The relationship of the principal techniques 
of work measurement is as follows:

Work Study

Work
Measurement Method Study

Time Study
I

Synthesis
I

P.M.T.S. Activity
Sampling

Estimating

Analytical
Estimating

Gross Data 
Analysis

4. The distinction between Time Study and 
Synthesis is somewhat arbitrary as both are 
based on stop-watch studies of workers actually 
engaged on the jobs being studied. When there is a

large diversity of operations carried out, Time 
Study is used to determine the work content of 
individual jobs, treating each as a separate study 
project. Where there is a broad similarity between

26
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operations carried out, Synthesis will probably be 
more economical. This aims at producing tables 
of element-times which can then be used to build 
up work content values for various jobs supple
mented by time study of any non-repetition ele
ments.

In Synthesis the tables of element times are 
applicable only to a particular class of work, and 
are of a comparatively broad nature.

P.M .T.S. (Predetermined Motion Time Standards)
5. This is also a form of Synthesis, but the 

elements are exceedingly small, and it is claimed 
that these can be applied to nearly all kinds of 
human work.

Activity Sampling
6. This technique is quite distinct. It involves 

intermittent observations, without stop-watch study 
and can be used economically in various fields of 
investigation, e.g. work measurement, determining 
utilisation of machines, and the incidence of 
delays. While Time Study can provide all the in
formation on which to base standard time, Activity 
Sampling usually needs supplementing by time 
study or Synthesis.

Estimating and Analytical Estimating
7. These are comparatively crude methods, 

the latter being rather more exact. The estimator 
makes an estimate of the standard time for each 
element on the basis of his practical experience, 
and is quite subjective. Compare it with Time 
Study, which does the same thing but is objective 
in character. Estimating needs considerable prac
tical experience and is used with advantage in work 
which is both non-repetitive and highly skilled or 
specialised. It is very often used in combination 
with time study and/or synthesis, where occasional 
variations from standard are estimated rather than 
go to unjustifiable expense of special time study. 
In Forestry Commission practice a certain amount 
of analytical estimating is done by beat foresters 
using standard time tables. The foresters are 
required to estimate the degree to which their local 
conditions vary from standard, this estimate 
being broken down to factors of terrain, crop, etc. 
and subject to guide limits specified in the standard 
time tables.

Gross Data Analysis
8. This is comparatively little used by the 

Forestry Commission. This technique makes use of 
data on time spent on an operation and resulting 
production, the data being the normal operating 
records kept by management. Provided conditions

are uniform or can be identified, and provided 
data is in a form which is suitable for analysis, 
information can be collected at no extra cost and 
in large quantities. This method of assessing work 
content is a favourite with line management 
because of the ease of data collection, though 
results are usually disappointing: this is because 
the above conditions are not observed, and/or 
the processing is inadequate. When properly 
conducted, as in investigation into accidents and 
fires, results are accurate and cheap. This tech
nique seems likely to be of more value in the 
future, with improvement in data processing 
facilities.

Time Study Equipment
9. Standard equipment in use in the Forestry 

Commission Work Study Branch is a stop-watch 
mounted on a study board by means of a Terry 
watch clip; papers are gripped on the board by a 
“ Bulldog” clip, and a Terry pencil clip holds ball
point pens or pencils. An additional Terry spring 
clip for holding felt-tipped markers is optional.

Stop-Watches
10. These are the fly-back decimal-minute type, 

with fly-back on the central winding knob and a 
side brake. It may be necessary to apply adhesive 
tape to the rim of the watch to prevent it sliding 
round in the watch clip and so applying the brake. 
For the same reason it is usual to mount the watch 
with the clip lugs to the right of the winder.

It is important to check stop-watches for 
accuracy. The best way is to time the interval 
between the last “pip” on B.B.C. time signals 
several hours apart, the longer the better. Wrist 
watches used for recording elapsed time should be 
checked in the same way, and any errors allowed 
for in calculations. Stop-watches should not be 
left wound up with the brake on: after use they 
should be allowed to run out, not remain under 
tension. Stop-watches should be checked by a 
competent watch-maker at intervals not exceeding 
two years.

Paper
11. Paper for field use should be surfaced to 

take ball-point pens. Unsurfaced paper, such as is 
used for duplicating purposes, is unsuitable, as 
it becomes unusable in wet conditions.

Time Study Procedure
12. The following is the procedure in outline:—
(i) Ensure the operator is at ease and knows 
what you are likely to be doing. Let him know 
how long the study will last.
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(ii) Observe the work and decide on elements and 
breakpoints if these are not standardised.

(iii) Write element description, if necessary, 
on Study Summary Sheet, together with details 
of tools, etc. Make a sketch on the back of the 
Sheet if need be.

(iv) Start stop-watch against wrist watch. Note 
in “ Element” column of the study sheet the 
time of starting preceded by the letters “ W .R.” 
The 24 hour system should be used—see para.
14.

(v) Commence timing at the start of the first 
full cycle of work. The time that has elapsed 
between starting the stop-watch against the 
wrist watch and the commencement of timing of 
cyclic work should be read and entered in the 
“ Time” column of the study sheet opposite the 
“ W .R.” entry already made in the “ Element” 
column.

(vi) Proceed with study, recording observed 
times and ratings.

(vii) At the end of last cycle of work, stop 
stop-watch on a convenient whole minute on 
wrist watch. Use the brake. Read closing 
check time on stop-watch. Record as for check 
time at the beginning of the study 12 (iv) and (v). 
Release the brake.

(viii) Take any necessary measurements of 
work produced, terrain factors, etc. Record on 
appropriate sheets.

Data is then ready for processing.

TIMING

Recording the Time
13. Show dates as 24.6.71.
Wrist watch times should be on a 24 hour system, 

e.g. 0930-1751. If confusion is likely, use six 
figures—093000. Hours and minutes should be 
shown as 2 :50. Minutes and decimal minutes 
should be shown with a single decimal point, e.g. 
2-50, and will always refer to stop-watch readings 
in centiminutes. Later calculations in centiminutes 
of basic time, etc. should make this clear by the 
suffix “ C/min.” Centiminute recording on field 
sheets should omit the decimal point and always 
record to two decimal places.

For example—
08 = 8 centiminutes = 0-08 minute
24 = 24 centiminutes = 0-24 minute

276 = 276 centiminutes = 2-76 minutes

Summarised times on jobs where elements are 
ill-defined may be rounded off to the nearest 
0-1 minute, with 5 going to the nearest even figure, 
e.g. 0-15= 0-2: 0-45 = 0-4. The same rule will 
be used in averaging when the answer comes to a 5, 
e.g. 7-645 = 7-64.

Checking
14. Elapsed time is recorded from wrist watches 

taking wrist watch readings at whole minutes at 
the start and finish of a study. Stop-watches should 
run continuously through the study, and running 
checks can be made in two ways. The time of day 
to the nearest minute can be noted at the foot of 
each study page as it is completed or every two 
hours or so a running check can be made, counting 
down from the wrist watch and snapping back the 
stop-watch and recording e.g. W.R. 124000 263.. 
The particular element under study then proceeds. 
This break-up of the day isolates errors. If you 
suspect a mistake, make a running check as soon 
as possible to isolate that part of the study. The 
most frequent source of error is in reading the 
minute hand of the stop-watch when the centi
minute hand approaches 100. Thus a reading of 2 
minutes 95 centiminutes has the minute hand 
pointing at 3, and it may be misread as 3-95.

Where two study men work together they should 
if possible synchronise wrist watches at the start, 
to the minute if not to the second, and each keep 
his own time checks.

Checking will usually be done on the total of all 
element times posted and summarised, and 
starting and finishing check times, against total 
elapsed time. These should not differ by more than 
1 %. Accuracy of ±0-5%  is generally attainable. 
If differences exceed 1 %, check that totals of 
study sheets agree with summarised study totals. 
This will reveal a posting error. If running checks 
have been made it should be possible to isolate 
the portion of the study containing the error 
and discard it. There may be circumstances 
which justify using a study with an error of over 1 %, 
for example, an unrepeatable study of special 
importance. Any conclusions drawn from it 
should be firmly qualified accordingly, and it is 
nearly always best to discard it. A 2 % error is the 
absolute maximum acceptable error.

Elements and Breakpoints
15. Breaking the job into elements is done to:
(i) Allow comparison between elemental basic 
time for one operation with basic times obtained 
for similar elements in another operation. This 
allows greater consistency, and avoids the need 
for taking studies of every new job.
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(ii) Workers may work at varying speeds at 
different parts of the cycle. It is possible to rate 
each element separately.

(iii) Some parts of the job are invariable, while 
others vary considerably with a variety of 
factors. Breakdown into elements allows the 
effect of these factors to be studied in detail, 
(e.g. for calculation of rest factors).

Constant Elements
16. These are not influenced by variations in 

work produced or working conditions. Forestry 
has few true constants, but a number can be 
regarded as such for practical purposes, e.g. 
“ Prepare to Move Off” in tractor operation.

Variable Elements
17. These are influenced by variations in work 

being produced or in working conditions. Once the 
relationship between the parameter and time is 
established, the one can be used to predict the 
other. But this relationship may be complex and 
hard to find.

Breakpoints
18. The start and finish of an element is defined 

by a breakpoint which should be clearly recog
nised. Breakpoints with an audible indication 
are preferable to purely visual ones. As far as 
possible, elements should be either constant or 
variable, and variable ones should vary in accor
dance with as few factors as possible. But it is 
better to select elements with clear breakpoints, 
even if these involve a little bit of constant creeping 
into a variable. Avoid elements of less than 0-10 
minute, and break up elements of over 1 minute if 
possible.

19. Elements with very indistinct breakpoints 
are better grouped together, e.g. “ Walk and 
prepare to saw” . Note that if the distance walked 
is known, it is possible to separate the two elements 
by plotting a graph of combined element time 
against distance, in the form y  =  m x  +  c. “ Pre
pare” time, not being affected by distance, is 
represented by the value c.

20. Elements should, therefore, be:—

(i) Clearly and fully described in study sheets 
or study instructions.
(ii) Selected so that breakpoints are clearly 
defined and easily recognised.
(iii) Selected so that manual and machine work 
is distinct.

(iv) Composed entirely of constant or variable 
work.
(v) Composed of one type of work to which one 
relaxation allowance can apply.
(vi) Consistent so that common elements of 
different jobs can be compared.

Rating
21. Even when apparently using the same 

method, different men produce different outputs, 
and most men’s rate of output will vary at different 
times of the day. In carrying out time studies we 
must allow for changes which are due to the 
operator as well as those due to the method. This 
is done by means of Rating.

22. When a worker starts on work he has never 
done before, his actions are clumsy, his planning of 
the job is poor, and in all probability his rate of 
working is slow. He can only reach an acceptable 
rate of output by improving his control over his 
actions (increase of skill) better planning for the 
job (good method) and increasing his rate of work
ing (speed of motions).

23. Standard Times are set for skilled and ac
customed workers using the right method and 
motivated to apply themselves to their work. 
It follows that time studies are not carried out 
on workers unless they have become skilled in 
the job under review and are working on some 
satisfactory incentive scheme.

24. This reduces the range of variation con
siderably but variations in output are still found. 
These variations can be due to :—

(i) Variation in methods
In this context it includes all changes in motion 
pattern including number of motions, distance 
moved etc. Variations in motion pattern are 
frequent in forestry where local conditions 
vary so much that each tree presents a different 
set of problems. In this situation variations 
in the time taken for successive repetitions of 
the same element may well be explained entirely 
by variation in motion pattern.

(ii) Differing Degrees o f  Control Over Actions 
The selection of men for study eliminates the 
unskilful, and it is extemely difficult to recognise 
and put a value to the sort of variations in skill 
which are met in most men studied. Occasionally 
a “ super-skilled” man is encountered, but this 
is likely to be exceptional.
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(iii) Different rate o f  working 
When studying skilled workers this will be the 
main criterion and in most cases the only one. 
It is the easiest to  recognise and allows for both 
differences between men and differences in 
tempo by one man over the day.

Rating Scales
25. The British Standard Scale is used, giving a 

standard rating of 100. Assessments are to the 
nearest five on the scale.

Rating and Effort
26. Rating will be done on speed of movement, 

but assessment should be made in the light of what 
the speed would be at 100 rating. This will depend 
on weight, etc. carried, and is therefore not always 
the same velocity.

Rating and Fatigue
27. It is important to appreciate the inter

dependence of rating and the relaxation allowance. 
If the study man bases his conception of 100 rating 
on a pace which the operator can maintain all 
day, this rating assessment will embody at least 
part of the relaxation allowance.

Forestry Commission practice is to rate the 
operator on the basis that he does not need to 
limit his pace in order to  maintain a consistent 
output over long periods, and to allow for the 
full effects of fatigue in the relaxation allowance.

If an operator being studied takes “ distributed 
rest” by working more slowly during some elements, 
the rating assessment should be lowered ac
cordingly.

Rating Standards
28. The following exercises enable reliable 

rating standards to be established. Plot results, 
observed time against 1/Rating to check for flat 
or steep rating.

(i) Walking 1 linear chain (20 metres) with a pace 
of 30 inches (0-76 m) (assuming an operator of 
average height and physique, unladen, walking 
in a straight line on smooth level surface free 
of obstructions). Standard performance 0-19 
minute.

(ii) Transporting 20 marbles simultaneously 
with both hands, two at a time, from small 
ramps to a box immediately in front of the 
operator. Standard performance 0 1 9  minute.

Levels of performance have been defined as 
follows:—

Comparable 
walking speed

Rating ----------------------
in in 

m.p.h. km.p.h.

50 Very slow: clumsy, fum
bling movements: opera
tor appears half-asleep, 
with no interest in the job 2 

75 Time-work performance.
Steady, deliberate, un
hurried, as a worker not 
on piece work but under 
proper supervision: looks 
slow, but time is not 
being intentionally 
wasted while under ob
servation. 3

100 Piecework performance.
Brisk, business-like, as 
of an average trained 
pieceworker putting his 
back into the job : speed 
will be maintained during 
a normal working day 
provided he takes correct 
rest. 4

125 Very fast. Operator going 
at a speed that will tire 
him before the end of 
the day. 5

150 Operator going flat out 
at a speed at which work 
quality suffers and opera
tor as well, if he keeps it 
up. 6

Rating Procedure
29. In most forest operations the operator settles 

down to a steady tempo which does not vary 
from one element to the next. In these circum
stances, an overall rating is assessed after the 
first ten minutes or so, and repeated at intervals of 
15 minutes or so. Making a rating assessment at 
the start of a new study page is a satisfactory 
interval. The rating should be noted whenever 
any change from the previous assessment is 
observed.

Wherever there is a noticeable change in speed 
from one element to the next, rating must be 
done separately for each element.

4-8

6-4

8 0

9-6

(iii) Dealing a pack of 52 cards into four neat Basic Time
piles. Standard performance 0-375 minute. 30. This is calculated from Observed time as
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recorded from the stop-watch during studies 
and the Rating:

„  . _  . . Rating
Basic Time = Observed time x __

100

Observed times and ratings are entered on the 
Summary Sheets and basic time is calculated by 
computer.

Other Work and Contingency Allowances
31. On W ork Study Summary sheets, time is 

broken into four major categories:—

(i) Work.
(ii) Travelling.
(iii) Delays.
(iv) Breaks.

Division of Working Time
32. Working time is divided into:
(i) Work on measured products, the time can 
be related to one particular tree, for example: 
A sub-category of this time relates to work on 
measurable products which were not in fact 
measured during the study. This time is denoted 
as P.N.S. time (Products Not Studied).
(ii) Work other than on measured products is 
grouped as “ other work” . In plantation work 
it is very seldom that this occurs at regular 
intervals, and it is dealt with by finding the 
relationship between other work and work on 
measured products. This is expressed as a 
percentage of work on measured products.

Other Work % =
Time on Other Work

—--------------------- -------------- x 100
Time on measured products

(including P.N.S.)

Note that the time on Measured Products in
cludes P.N.S. It is most important to record P.N.S. 
time accurately, and not include portions of other 
work, travelling, delays, or breaks. P.N.S. is not 
a rag-bag of undifferentiated time, but a measure 
of time on measurable products which for one 
reason or another you have not been able to 
measure.

It is also important that P.N.S. and other work 
be accurately rated, and all calculations using 
them done on Basic time.

Other Work Summaries
33. These bring together other work into broad 

categories of activity so that the incidence of

these can be compared. Detailed method studies 
may require finer sub-divisions, but studies for 
establishing time standards on established methods 
use the following categories:

Category Work Included

General preparation Clearing brash, scrub, lop and 
top, rubbish, etc. Cutting scrub, 
small trees, dead trees, rub
bish, etc. Access brashing, 
during studies other than on 
brashing.
Preparing bearers.
Preparing levers for take-down.

Tool Maintenance 
(Hand tools to be 
separated from 
Powered tools)

Servicing, sharpening saws, ad
justing, refuelling saws. Re
placing saw chains. All tool 
sharpening, re-shafting.

Other work on 
powered tools

Engine starting, test running, 
etc. This is kept separate from 
maintenance because this is 
time during which an engine is 
running.

Fetching tools Fetching tools or supplies of 
all descriptions, including fuel, 
stump treatment liquid, empty 
containers, etc. Includes putting 
tools, etc. away at end of day.

To/from camp Moving to new work site. 
Walking to and from camp.

Inspect All inspections which cannot 
be related to a specific mea
sured product. Includes all 
considering next course of 
action.

Unavoidable delays Receiving instructions from 
forester.

Travelling
34. Travelling time is summarised separately, 

but movement between work sites (e.g. moving 
to the next rack) and walking to and from “camp” ,
i.e. the place where the workers leave their food, 
spare clothes, etc. is classed as Other Work. 
Travelling to and from the work site at the start 
and end of the day is not included. It may be 
necessary to classify some walking to and from 
“camp” as avoidable delay in those cases where 
men prefer to do a long walk back to a shed, 
roadside, or van to eat, when it would be reason
able to expect them to carry their food with them 
into the wood. Walks to and from camp of over 
100 metres should be suspect in most conditions.
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Delays
35. Where delays are an integral part of the 

work cycle e.g. where the winch operator has a 
short wait while the chokerman attaches the load, 
they should be included in the time on measured 
products and not in “ Other” time. Unavoidable 
non-cyclic delays should be included in “ Other” 
time, observed time being taken as basic time in 
all cases. An example is the time spent receiving 
instructions from supervisors. Care should be 
taken to see that the unavoidable delay does not 
extend into avoidable delay (which is not included 
in “ Other” work) or rest. For example, when the 
forester gives instructions and follows up with 
chatter immediately after.

Avoidable delays should include all delays 
caused by searching for lost tools, and having to 
wait while the man’s mate gets out of the way. 
In fact, any delay caused by the worker’s in
attention to the job which would not have occurred 
had he been concentrating. In addition, all delays 
caused by the Study man (answering workers’ 
questions, asking questions, hold-ups while mea
surement is completed, etc.) are avoidable delays. 
Talking should take place during rest periods, to 
cut this delay time to a minimum.

Contingency Allowance
36. Contingency Allowance is an addition which 

is intended to cover work which is necessary 
but which has not been adequately covered in 
studies. It includes such eventualities as tool 
breakages, requiring replacement rather than 
on-site maintenance; moving equipment to let 
vehicles pass along the road; bogging of tractors, 
etc. Much of this will have been seen during 
studies, but the occurrence is so rare or erratic 
that precise assessment is not possible.

37. It follows that provisional time standards 
for jobs not studied in quantity will carry a larger 
contingency allowance. 3% is the maximum level

for manual work, 5%  for machine operations. 
As further studies proceed, more precise assess
ment of this work will be possible, and allowance 
made for it under “ other work” . The contingency 
allowance on jobs with a long study history 
(e.g. felling) should rarely exceed 1 % or 2 %.

38. This percentage is a percentage of Total 
Work, i.e. work on measured products + Other 
work.

Relaxation Allowances
39. Defined as “ an addition to the basic time 

intended to provide the worker with the oppor
tunity to recover from the physiological and 
psychological effects of carrying out specified 
work under specified conditions and to allow 
attention to personal needs. The amount of the 
allowance will depend on the nature of the job .”

40. The “ Relaxation Allowance” is the amount 
of time in minutes which is added to the Basic 
Time. For convenience this is calculated as a 
percentage of the basic time, and this percentage 
is called the “ Rest Factor” .

41. The allowances recommended by I.L.O. 
and the British Institute of Management are not 
readily applicable to forest operations, but the 
underlying principles allow them to be amended 
suitably. The tables given below show the allow
ances which should be applied, and must be 
accepted as standard to ensure that all teams 
assess relaxation allowances on the same lines. 
Allowances must be approved by the Chief Work 
Study Officer before Standard Times are issued.

Calculation of Rest Factors
42. Rest Factors should be calculated for each 

element of an operation, the factor for the whole 
job being calculated by multiplying these “ element 
Rest Factors” by the percentage each element 
bears to the whole job.
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Example
Job: Fell and Sned Corsican Pine. Average tree 

size 0-20 m° by Chainsaw. (Axe Sned).
(i) Allocate rest factors to the various elements, 
from the Table of Approved Forestry Com
mission Relaxation Allowances which follows 
this example.

Element
Walk and 
Prepare Axe Saw

Take
Down Sned

A.
1.

Constant Factors 
Personal and Basic Fatigue 9 9 9 9 9

B.
1.

Variable Factors 
Energy Output 5 10 10 5 7

2. Posture 2 2 4 2 2
3. Motions — 3 3 2 2
4. Other —• — 5* — —

Total 16 24 31 18 20
* For noise and vibration of saw.

(ii) Work out the percentage time of each ele
ment in the total cycle (tree) time. Multiply 
the Rest Factor, from the table above, by the 
element percentage. Add the results to give the 
rest factor for the job.

Element Basic Time
Percentage 

Element 
is of job

Element 
Rest Factor

Element 
Percentage x 
Rest Factor

Walk and Prepare 0-68 20 16 3-2
Axe 0-23 7 24 1-7
Saw 012 4 31 1-2
Take Down 011 3 18 0-5
Sned 2-20 66 20 13-2

Total 3-34 100 — 19-8
Rest Factor for the job, say: 20%

Relaxation Allowance on Other Work
43. It will usually be satisfactory to multiply 

the basic time plus other work by the rest factor 
calculated for the main elements to give the stan
dard time for the job. Where “ Other work” is 
much more or less arduous than the main elements 
it may be necessary to calculate a separate rest 
factor for it. This should always be done when 
other work exceeds 15% of the main elements.
Checking Rest Factor Tables

44. The tables should be the subject of con
tinuous checking by comparing the calculated 
rest factors with rest actually taken and recorded 
during studies. Studies should be whole-day, if 
possible, for this calculation, and must be long 
enough to allow meaningful calculations.

Comparisons should be on the lines of:
Total Breaks (less Unpaid meal breaks) x lQQ =  percentage Rest Taken 
Total Basic Time on measured products 

and P.N.S. and Other Work
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Tables of Approved 
Forestry Commission Rest Factors

A. CONSTANT FACTORS

Rest Factor %

(1) Personal and Basic Fatigue Men Women
Personal allowance 5 1
Basic fatigue 4 4

Total 9 11
This is the minimum Rest Factor which can be 

given for any job

B. VARIABLE FACTORS

(1). Energy Output
Most work can be related to a calculable 

weight. In some cases energy output may vary 
within an element (e.g. heavy lifting may not 
occupy all the element time) and the rest factor 
should be adjusted accordingly.

Energy Output! Weight

Weights
Rest Factor

%
Cubic metres

Kg Green Seasoned

2 2
4 4
6 0 007 0 008 5
8 0 009 0011 7

10 0011 0014 9
15 0016 0 021 13
20 0 022 0 028 17
25 0 027 0 035 22
30 0 033 0 042 26
35 0 038 0 049 30
40 0 044 0 056 34
45 0 049 0 063 39

1 cubic metre of freshly felled conifer timber = 1000 kg 
1 cubic metre of seasoned conifer timber = 670 kg 
1 cubic metre of creosoted conifer timber = 730 kg

Examples:

(2). Posture

Rest 
Factor %

Sitting (e.g. tractor or lorry driving) 0-1
Standing on both feet (e.g. brashing, etc.) 1-2*
Standing on one foot (e.g. pendulum saw) 2£-4
Lying down (e.g. mechanic under lorry) 2J-4
Crouching, kneeling (e.g. sawing tree down) 4-10

(3). Motions

Rest 
Factor %

Normal—e.g. free swing of axe 0
Limited—e.g. weeding 0-5
Awkward—e.g. bending as in felling 0-5
Confined—limbs only, e.g. pruning 5-10
Confined—whole body, e.g. under vehicle 10-15

(4). Other

Rest 
Factor %

Rest 
Factor %

Wielding 1 • 1-1 -4 kg axe for laying in 10 Complete absence of company during day:
Wielding 1 • 1-1 -4 kg axe for snedding 7 Men 1
Walking with chainsaw and other tools 5 Women 2
Driving tractor on rough ground 5 Excessive noise/vibration (e.g. peelers,
Weeding with hand tools or brushcutter 5 chainsaws, sawmills) 0-5
Brashing 5 Din, toxic fumes, etc. (e.g. spraying,
Pruning 5-8 chemicals, creosoting) 5-15
Wielding pick, as in draining 20 Visual fatigue (e.g. driving lorry on public
Shovelling peat 15-16 road, tractors working among trees,
Shovelling mineral soil 17-18 winch work in poor light) 0-5
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Examples of Rest Factor Calculations

(ii) Weeding, hand tools

35

Element Travelling

Load,
Unload,
Adjust

Other
Work

A.
1. Personal and 

Basic Fatigue 9 9 9

B.
1. Energy output 5 5 3
2. Posture 0 2 2
3. Motions 0 5 0
4. Other: 

Visual 3 3 0
Noise and 
Vibration 3 3 0

Total 20 27 14

(iv) Drains Maintenance

Element Weeding

A.
1. Personal and Basic Fatigue 9
B.
1. Energy output 8
2. Posture 1
3. Motions 2
4. Other 0

Total 20

(iii) Brashing and Pruning Pine

Element Brash
Prune

2-4m 2-6m 4-6 m 6-8m

A.
1. Personal and 

Basic fatigue 9 9 9 9 9

B.
1. Energy output 5 5 8 8 8
2. Posture 1 1 1 1 1
3. Motions 0 3 5 5 7
4. Other 0 0 0 0 0

Total 15 18 23 23 25

Shovel Peat Shovel Soil

Element Cut Drag Pick up to 
15 cm 15 cm+

up to 
15 cm 15 cm+

A.
1 Personal and Basic

9fatigue
B.

9 9 9 9 9 9

1 Energy output 9 9 20 15 16 17 18
2 Posture 1 1 1 1 1 1 1
3 Motions 1 1 0 0 0 0 0
4 Other 0 0 0 0 0 0 0

Total 20 20 30 25 26 27 28 a

Standard Time
45. The steps in the calculation of Standard Time are as follows:

Rating
Observed Time x __ — = Basic Time

100
Basic Time + Other Work + Contingency =  Total Work 

Total Work + Relaxation Allowance (or x Rest Factor) =  Standard Time 
Standard Time is expressed in Standard Minutes (S.M.’s).

The Standard Time value of a piece of work, expressed in Standard Minutes, is its Work Content.
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ACTIVITY SAMPLING

Description and Purpose
46. This is the process of collecting information 

about machine or human activity by making a 
large number of instantaneous observations of 
the subject instead of by continuous timing as in 
time study.

If the state of activity or inactivity only is 
recorded the process is called “ activity sampling” 
and this may be used to obtain estimates of

(i) Utilisation of plant or labour and the reasons 
for losses in utilisation.
(ii) The proportion of a given period that 
machines or persons are occupied by specified 
activities.
If the rating of the worker is also recorded at 

the time of observation, the technique becomes 
“ rated activity sampling” and may be used for

(iii) Setting standard times
(iv) Checking the overall validity of existing 
time.
Activity sampling has the advantage that one 

observer can keep a larger number of operators 
or machines under observation than is possible 
with time study. The results obtained may give a 
truer overall picture of the situation than contin
uous study of a relatively small number of opera
tors. It is also possible to use relatively inexperienced 
staff for activity sampling, though rated activity 
sampling demands competent observers. In Forestry 
Commission work, rated activity sampling should 
be used exclusively.

true value lies between these limits. In forest 
work the generally accepted 95 % level of confi
dence is satisfactory. This means that there is 
only one chance in twenty that the true value 
lies outside the specified limits of accuracy.

To calculate the number of observations re
quired, the formula is

_  4P(100 -  P)
L 2

Where N  =  number of observations
P  =  percentage occurrence of a particular 

activity or element 
L  =  required percentage sampling error

N  is thus the number of observations which 
must be made to be 95% certain that the results 
of the study will be within ± L %  o f the actual 
value. Note that L  is a percentage not of P  but 
of the total time. (The chart at Diagram 1 gives 
a simple method of applying this formula).

The best way of obtaining the number of 
observations required is to do a short pilot study, 
to get an approximate value of P for the various 
activities concerned. At the same time do a 
brief time study to get an idea of cycle time in 
repetitive work.

Example'. A certain activity amounts to 20% of 
the total time.
If we want the error to be limited to ±2% ,

Classifying Activities
47. Before observations can be made, the 

activities are classified on the following lines:
Activity A

(Active—

Observations-

Udle-

Activity B 
Activity C

(Reason X 
Reason Y 
Reason Z

It is preferable to use as the code letter the 
initial letter of the activity or reason for inactivity. 
This makes memorising easier.

Number of Observations
48. The number of observations required is 

controlled by the limits of error which can be 
permitted, and the degree of certainty that the

Number of 
Observations N

= 4 x 20 x 80 
22

= 1600

This number of observations would ensure that 
there was only one chance in twenty that results 
fall outside the range 18-22%.

The above formula is based on the assumption 
that observations are done at random intervals. 
In practice it hardly matters because the activities 
have a good deal of variation and are very seldom 
strictly periodic.

For non-repetitive work, the above formula 
can be used for systematic sampling. For repetitive 
work a modification is required.

(i) Where the sampling interval is longer than 
the average time for the shortest activity/ 
element in a repetitive cycle.

Use the Random Sampling formula above, 
but take P = percentage occurrence of the 
longest activity/element time which is shorter 
than the sampling interval.
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Example:
A pilot study showed the following results:

Activity Minutes % Occurrence
A 3-2 34-4
B 2-6 28-0
C 2-2 23-7
D 1-3 14-0

Total 9-3 100-0

If the minimum practicable time between 
observations were 2-5 minutes then the sampling 
interval time would be longer than the time for 
the shortest activity which is D =  1-3 minutes. 
The longest activity time shorter than the 
sampling interval is C — 2-2 minutes. So 
calculate JV onP  = 23-7%.

N
4 x 23-7 x 76-3

Z*
7233 
L2

If L = ±5% , N  = 290.

(ii) When the sampling interval is shorter than 
the average time for the shortest activity/ 
element in the repetitive cycle, the following 
procedure should be adopted:

For 95% Confidence limits, N  =
3,330

Where K  
the ratio

KLa

The nearest whole number less than

Average time for shortest activity/element in cycle. 
Sampling interval time

Example:
A pilot study gave the following results:

Activity Minutes % Occurrence
A 4-6 14-6
B 6-7 21-2
C 7-5 23-7
D 12-8 40-5

Total 31 -6 100

The chosen sampling interval is 2 minutes. 
The shortest activity is A = 4-6 minutes. 
R atio :

Shortest Activity _  4 • 6 
Sampling interval 2

= 2-3

K  is therefore 2. 
therefore:

xr 3,330 1,665
= Y iJ  =

When L  = ±5% , N  =  67.

Note that in this example the Random 
Sampling formula for the same sampling error 
gives a value of

4 x 14-6 x 85-4
N  = ---------—----------- = 200

Systematic sampling in this situation is more 
economical than random sampling for the 
same sampling error, or alternatively will have 
an improved sampling error for an equal number 
of observations. When studying repetitive work 
it is important to ensure that the study period 
should cover a whole number of cycles especially 
if the cycle time is long.

Conventions of Experimental Accuracy
49. When quoting the accuracy of element 

times obtained from time study it is understood 
that the limits will be “ relative” to these times 
irrespective of the total time within which they 
may occur.
Example:

Element A = 15-3 ± 5% centiminutes at 95% 
confidence limits. This indicates that A can have 
a “ relative” error of ±5%  of 15-3 and there is 
therefore a 95% certainty that the true value 
lies between 14-54 and 16-07 centiminutes. 
Activity Sampling uses a different convention 

and it is accepted practice to express the limits of 
sampling error as “absolute” , or relative to the 
total time or total number of observations. 
Example:

Activity B is assessed at 10% ± 2 + %  at 95% 
confidence limits. The error is 2£% of 100% so 
there is a 95% certainty that the “ true” per
centage occurrence lies between 1 \%  and 12^%. 
(If this were expressed as “ relative” error, it 
would have to be 10% ± 25%, i.e. 25% o/10% ).

Duration of Study
50. In most forest operations there is a good 

deal of day to day variation, and study duration 
should normally be of a week for plantation work. 
Information on this is negligible at present and 
Team Leaders are recommended to set up control 
charts to keep progress of studies under close 
review. See R. M. Barnes Work Sampling, Chapter 
4, and Figure 9.
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95 %  Confidence Level Number of
Observations

Figure 9. Activity Sampling Alignment Chart.
Example:
Desired relative accuracy of an element is ±  5 %  
Estimated percentage occurrence p is 40%
Absolute desired accuracy is therefore 5 %  of 40 %  =  2 %

Draw straight line through 40%  on the left-hand 
scale and 2%  on the centre scale: read off the 
number of observations required on right-hand scale 
— 2400 in this case.
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Table o f Number o f Observations for 
Given degree o f Accuracy and P 

at 95 % confidence level

p

Total No. of Observations 
( =N)

P

Absolute accuracy of P 
(= £ % )

±1% ±2% ±3% ±5%

1 396 99 44 17 99
3 1,164 291 129 37 97
5 1,900 475 211 76 95
8 2,944 736 327 120 92

10 3,600 900 400 142 90
20 6,400 1,600 711 260 80
30 8,400 2,100 935 335 70
40 9,600 2,400 1,067 385 60
50 10,000 2,500 1,111 400 50

N.B. 2 % can be calculated from the formula

L =2 l PA  
V N

If n persons or machines are being observed, 
N

then — rounds of observations are needed. 
n

Activity Sampling Procedure
51. The necessary steps are:
(i) D o a pilot study by stop-watch to determine 
the elements to be encountered, and the approxi
mate percentage occurrence of each. It may be 
sufficient to consult previous study sheets for 
this information.
(ii) Decide the degree of accuracy required.
(iii) Using the table in para. 50, calculate total 
number of observations required, N.
(iv) Ascertain how many men or machines 
can be observed in each round of observations.

N
If n are observed, calculate — = number of

n
rounds of observations.
(v) Decide sampling interval. This should be as 
short as conveniently possible, and will depend 
on how quickly one can make a complete round 
of observations. More than one observer may 
be needed.

(vi) Work out how many days will be required 
to complete the observations. Select the time 
of the first observation by selecting at random 
a minute within the sampling interval; e.g. if 
the sampling interval is 10 minutes, select a 
number between 1 and 10. This gives the minute 
on which to make the first observation.
(vii) Make out a sheet with operators/machines 
along top of columns, and observation times 
down the left-hand column. Write in the time 
of the first observation selected above, followed 
by successive times at the chosen sampling 
interval.
(viii) Decide on code letters of elements to be 
used. Enter them at the top or bottom of the 
sheet.
(ix) Take observations, entering element code 
letter and rating under each operator at each 
round of observations.
(x) Summarise number of observations by 
elements. Calculate percentage occurrence of 
each element.
(xi) Use this percentage occurrence to check 
that sufficient observations have been taken 
to give the required degree of accuracy (using 
the table in para. 50. Take further observations 
as necessary.
(xii) Using rating values on the observations 
sheet, calculate basic time for each element 
as follows:

Total Observed time for each element =
No. of observations in which element occurs x 
Sampling interval

Average rating =
Total of rating values 
No. of observations 

for each element

. . ■ RatingBasic Time - Observed time x ———
100

Sampling interval x Total Rating values 
= 100

(xiii) Calculate basic time per unit of output, 
from measurement of work produced in the 
study period.
(xiv) Calculate Standard Time per unit of 
output, in the same way as for stop-watch studies.
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STATISTICAL A N A L Y S IS  
by I. D. Mobbs

Summary
In the majority of industrial situations the 
activities subjected to time study contain cycles 
and elements which are repetitive and concerned 
with easily defined and similar items. There is 
usually therefore a simple correlation between 
the time taken to do a particular job and the 
variables within the job itself. In forests, 
work elements though repeated are much more 
variable for we are dealing with populations of 
trees within which there is usually a great 
variety of parameters. No two trees are exactly 
alike either in shape or size.

The end result of a work measurement 
exercise is advice to management on what levels 
of output they can expect from workers under 
certain specified conditions. It is therefore 
necessary to ensure that the importance of the 
various parameters which affect output are 
known and can be explained.

In some instances hand analysis is sufficient 
to verify the report, but usually analysis by 
computer is required. If it is, then the statistician 
should be involved not only when the data is 
about to be worked up, but when the plan is 
first formulated. It is his job to ensure that the 
questions to be asked can be answered ade
quately from the data collected, and that the 
data is presented in a form suitable for swift 
processing and computer analysis.

In work study, the most usual analysis method 
is by multiple regression, a process that forms 
a mathematical model from which basic times 
may be predicted. The model includes only 
those parameters (measured factors) that have the 
greatest effect in reducing the residual variation 
about the fitted “ surface” .

1. The Statistician may be involved in a Work 
Study project before it starts at the design stage, 
and when the data have been collected, at the 
analysis stage.

Design
2. At the design stage the statistician must have 

a clear idea of the objects of the studies under 
consideration, and he will suggest methods of 
data recording that will ensure that each para
meter under investigation can be adequately 
assessed.

3. Most parameters can be quantified e.g. the 
volume, length, number of whorls (groups of 
branches on a conifer stem) or diameter of a 
tree, but some exist that are less easy to associate 
with a numerical value e.g. the method of stacking 
produce, or soil trafficability. These parameters 
require special attention and may require separate 
analyses.

4. Unfortunately very few studies can be “ de
signed” in the true statistical sense, because 
work study staff are usually only able to study the 
“ best” method used by the local staff, in the area 
where work is already in progress. In this situation 
it is easy to produce Standard Time tables appli
cable to that method, worked under one particular 
set of conditions. However, each region has its 
own “ best” method of working, often dictated 
by conditions and circumstances, and the table 
produced is not strictly applicable anywhere else.

5. The aim is to produce national tables as 
far as possible and to quantify the time differences 
between methods where regional differences exist.

6. There are four main points to be considered 
in the “ design” of a series of time studies.

(i) The method of working to be studied must 
be clearly identified.
(ii) There should be adequate coverage of the 
range of values of the parameters of greatest 
importance, preferably with a number of small 
studies rather than one or two large studies.
(iii) There should be adequate replication over 
a number of site conditions and regional areas.
(iv) The data should be presented in a standard 
form, suitable for analysis.

7. The desired end result is a Standard Time 
table, from which managers are able to predict 
output under certain specified conditions and 
set piece work rates.

8. Parameters for investigation are chosen on a 
logical basis by the Work Study staff, and recorded 
with the relevant time elements, on a form designed 
for ease of punching on to computer cards or paper 
tape.

9. The present aim is to evolve a standard layout 
for each type of operation. It will then be possible

40
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to store the raw data on computer disk or magnetic 
tape for future access.

Analysis
10. Occasionally, the object is to detect differ

ences of one working method from another to 
find the best, but in most circumstances we wish 
to find the relationship of one or more parameters 
and the time taken to do the job. To find this 
relationship regression techniques are generally 
used.

Regression Analysis
11. Approximate methods of regression analysis 

involving only two variables are available. These 
methods are somewhat limited and will not cope 
easily with more than two variables. Statisticians 
use more accurate mathematical methods based 
on minimising the squares of the differences

between the observations and the fitted line or 
surface.

12. Geometrically it is only possible to visualise 
what is happening in two or three dimensions, 
but the multiple regression technique can cope 
with a large number of “ independent” variables 
and test each for its contribution to the percent 
of variation accounted for by the overall re
gression.

13. Multiple regressions require a considerable 
amount of computation and it is in this type of 
analysis that the electronic computer makes its 
greatest contribution and by far exceeds the 
capabilities of hand analysis.

14. Two types of multiple regression program 
are used by the Forestry Commission. One selects 
from a large number of regression variables

2 0  

Basic 
Time 

(Y)

10

2  4
Volume (X)

8 10

Figure 10. Regression of Y  on X
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(parameters) those that have the greatest ex
planatory power of the dependent (time) variable. 
This program is used when no information is 
available from previous studies.

15. The second program carries out an analysis 
based only on the parameters specified. This 
program is used when Standard times are already 
available and the differences in time due to “ drift” 
are to be investigated.

Some General Basic Principles of Linear Re
gression Analysis

16. Consider the effect of tree volume on the 
basic time taken to fell and sned a tree. A scatter 
diagram may be drawn of the individual tree 
observations of volume and basic time taken from 
a time study. The diagram above, (Figure 10) is

simplified to demonstrate only the principle of 
regression.

17. It is assumed that the volume measurements 
are without error, therefore the line of best fit 
is the line which minimises the sum of squares 
of all the deviations d  in the diagram.

18. This line can only be used to predict time 
from volume. It is not logical to use it to predict 
volume from time. Were the situation such that it 
is logical to predict the value of a variable on the 
x  axis from one on the y  axis, a different line 
must be calculated, because deviations are mini
mised in a different direction. The two lines will 
correspond only when both variables are perfectly 
correlated, i.e. they all lie exactly on the line. 
(See Figure 11).

2 0

Basic 
Time

(Y)

10

2  4
Volume (X)

8 10

Figure 11. Regression of X  on Y
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(volume)

Figure 12. Regression line: M X  +  C

19. The regression line obtained in the first 
diagram may be expressed as a formula:

y  =m x  +  c
or

Time =  m(volume) + c

where m is the slope or coefficient of the line, and 
c is the constant as shown in Figure 12.

20. The slope m  =
a increase in y
b increase in x

The constant may be obtained at the point where
* ■= 0.

y  =  m(O) + c
therefore

y  <= c.

21. The equation may be subject to two types of 
error, the magnitude of which will depend on the 
number of trees studied.

(i) Assuming the coefficient m  to be without 
error, there is a band of error associated with 
the constant c. See Figure 13.

The value of c is the best estimate of its true 
value that has been obtained from the available 
data. The true value may in fact be marginally 
higher or lower.
(ii) Similarly the coefficient m is only estimated 
from the data available. However, the line must 
pass through the point representing the mean of 
x  and the mean of y, so the two errors super
imposed on top of each other give an overall 
effect. (See Figure 14).

It can be seen that the error is least at the mean 
of x, and increases towards the extremes.

22. The error bands for curves and multiple 
regression “surfaces” are less easy to demonstrate,
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Figure 13. Band of error.

but the same principle applies that the error is 
greater as the extremes of the data values are 
reached.

Forestry Commission is to use the line only within 
the limits of plus or minus one Standard Deviation 
from the mean volume.

Application to Work Study
23. Consider the case of a sample of 200 trees 

to be studied for felling, all the trees being from 
the same crop. If the mean volume of the sample 
is 0-5 m3, then a 0-8 m3 tree felled in this environ
ment, will not take the same time as a similar 
tree felled in the environment of a crop with an 
average volume approximately 0-8 m3, i.e. it will 
probably have fewer whorls, hence it should not 
be used to predict the time for the other circum
stance.

25. The Standard Deviation is a measure of 
dispersion or spread which can be calculated or 
alternatively approximately obtained by dividing 
the total range (largest volume minus smallest vol
ume) by 4 in small studies involving about 30 trees 
or by 6 in large studies with 200 or more trees. Ap
proximately 68% of trees in a study will fall 
within the range of plus and minus one Standard 
Deviation from the mean volume and approxi
mately 95 % of trees within the range of plus and 
minus two Standard Deviations.

24. In the situation of only one study of 200 
trees, a line may be calculated, but should not be 
used for prediction purposes near the minimum 
and maximum volume values for the study. The 
usual convention used for Work Study in the

26. If, instead of a single large study of 200 
trees, ten studies were carried out of 20 trees 
each, but each study at a different mean volume, 
attempting to cover the whole volume scale for 
which predictions are required, then a longer
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portion of the line can be used for prediction 
purposes. (Figure 15).

27. It can be seen from these diagrams that the 
line is better supported by study means in diagram 
B than in diagram A. Thus when the tabulated 
values are used for prediction these values are 
adequately supported at each point by a study, 
the mean of which was not very different from the 
mean of the stand for which a time estimate is 
required. This is the reason for the second main 
point considered at the design stage (6(ii)).

Interpretation
28. The two main dangers associated with the 

interpretation of regression results are:

(i) Extrapolation— See Figure 16.

The upper portion of the straight line is guess
work only. The line should not be drawn or used 
beyond the limits of the data. It is quite possible 
that the broken line is in fact the true continuation.

(ii) Fitting the wrong model—See Figure 17.

If a straight line is not appropriate to the data 
but a curve of the form shown is, then a straight 
line if fitted, would overestimate time at the volume 
extremes and underestimate time at the volume 
mean.

The Quadratic Equation
29. The curve B  may be expressed in the form:

Time =  /n(Volume) + n(Volume2) + c

The straight line is a special case of this equation 
where n = 0, then

Time = /w(VoIume) + 0(Volume2) + c 
therefore

Time = m(Volume) + c

This is the straight line equation obtained 
before.

Parameters and Tabulation
30. In practice the main parameters are tested 

to find the power of the variable that should be

included in the equation before these are used in 
the Multiple Regression analysis.

31. It is possible for instance that in a thinning 
or felling situation, the volume and volume2 terms 
are found to be important, but the number of 
whorls on a tree also influences the work content. 
Usually the volume adequately reflects the number 
of whorls since the two parameters are highly 
related. As the tree grows, both the volume and the 
number of whorls will increase. It is often found, 
however, that the equation may be marginally 
improved in its precision if the number of whorls 
is included as a parameter.

32. The equation would then take the form: 
Time = ///(Volume) + //(Volume2) +

p(No. of whorls) + c

Each number of whorls will generate a separate 
graph line, separated only by the constant p  
from the next consecutive number. See Figure 18.

33. If the volume, volume2 line is also plotted 
on the same graph, the line will cross each of those 
above. See Figure 19.

34. In this situation (shown in Figure 19) the 
time values tabulated will be those appropriate to 
volume and volume.2 The mean number of whorls 
appropriate to each volume point on the X  axis 
may be estimated from the graph, or calculated 
from a curvilinear regression of the number of 
whorls on volume.

35. Thus a table may be produced of Basic 
Times, from which a Standard Time table similar 
to Table XVIII/14 (see page 50, Paper 6, Appendix 
1) may be calculated. If no whorl count is available, 
it is still possible to use the tabulated values without 
making the additional adjustment.

36. The choice of parameters to include in a 
Standard Time table is not a purely statistical 
matter. Tables must be kept simple to use, and 
should not involve a manager in an excessive 
amount of measurement work, in order to quantify 
a large number of parameters. However, the few 
parameters chosen must adequately reflect the 
work content to give reasonable predictions.



Paper 6

S T A N D A R D  TIME TABLES A N D  THEIR USES  
by W. O. Wittering

Summary
Tables of standard times are statistically vali
dated before being presented to management. 
A standard format is used for uniformity and 
each of the seven paragraph headings is examined 
in turn. Tables have uses other than as a basis 
for a piece-work payment system, they can be 
used to calculate output, assess performance and 
to calculate labour and machine requirements. 
Where a table is not statistically validated, an 
output guide can frequently be provided. 
Examples of a standard time table and an output 
guide are appended.

1. We have seen how standard times are pro
duced; the purpose of this paper is to show how 
they are presented to management and workers 
and the uses to which they can be put.

2. All standard time tables have the same basic 
layout; the seven sections appear in a constant 
order:

(1) Conditions.
(2) Job Specification.
(3) Tools and Equipment.
(4) Allowances.
(5) Method of selecting the standard time.
(6) Tables of standard times.
(7) Modification and variations to the standard 

times.
Each of these is now considered in tu rn :

Conditions (Para. 1)
3. The physical conditions under which a 

particular job is carried out will affect the time 
taken. In industry, working conditions are usually 
controlled and to some extent can be modified. 
Certain conditions in forestry cannot be altered, 
e.g. the slope of the ground; others can be affected 
by Management’s earlier decisions, e.g. the amount 
of brashing and the timeliness of a thinning. Hence 
in every case a broad classification of conditions 
to which the standard times are applicable is given, 
drawing attention to likely variations. The con
ditions are not necessarily constant for a given 
operation e.g. thinning times for spruce presume 
drains at fairly close spacing and mound planting, 
but those for pine do not.

4. If all the conditions described are not present 
then either:

(a) some modification to the times may be 
necessary as given in para. 7 of the booklet.

or:
(b) the times may not apply to the job proposed. 

In this instance, the supervisor would refer 
to the local work study officer for advice.

Job Specification (Para. 2)
5. Quality standards must be laid down and 

adhered to. It is just as important to see that 
excessively high, and thus expensive, standards 
are not set, as to see that lower standards do not 
creep in unnoticed. The inspection of work is a 
prime function of junior supervisors and they 
should receive guidance as to the correct standard.

6. The job  specification frequently becomes a 
condition for the next operation, e.g. “ poles must 
be extracted and piled with their butts mainly 
together” to ensure efficient crosscutting. The 
balancing of these tasks to give the lowest overall 
cost is an important part of the original method 
study.

7. A supervisor may well decide that a worker 
who has failed to meet the required job specification 
may not be due the full rate for the job until the 
required standard has been met.

Tools and Equipment (Para. 3)
8. It is essential that the correct equipment be 

available, including both gear which is required 
occasionally and those items of maintenance 
equipment needed daily. It is also essential that a 
high standard of tool maintenance be achieved 
and maintained.

Allowances (Para. 4)
9. In the standard times, allowances are made for 

ancillary tasks such as tool maintenance, walking 
from one site to another and counting or checking 
work etc. These, together with a small allowance 
for contingencies, are usually expressed as a 
percentage of the basic time for the particular job. 
This other work allowance is stated in para. 4(a). 
Rest allowed is shown in 4(b). Para. 4(c) is a 
reminder to management that an incentive allow
ance must be included in the price per standard 
minute. With jobs involving the use of a chainsaw, 
para. 4(d) gives the percentage of the day that the
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saw will be in use. This is to assist management in 
agreeing a rate for a worker-owned saw.

Selecting the Standard Time (Para. 5)
10. The purpose of this paragraph is to tell 

users how to gain entry to the tables in para. 6 
and what measurements they will need to take 
beforehand.

Tables of Standard Times (Para. 6)
11. These form the central feature of each 

scheme but are only valid within the conditions, 
job specification, working methods, and method 
of evaluation set out in para. 1-4.

Modifications and Variations to the Standard 
Times (Para. 7)

12. Having found the main variables and pro
duced a table of standard times for the whole 
range, it is generally possible to predict what 
will happen if certain other subsidiary factors 
change, e.g. if there is coppice in a stand to be 
thinned, or if the plants to be weeded are very 
small. Such differences can be allowed for as 
fixed or percentage alterations to standard times. 
Naturally the accuracy of these derived times is 
less than that for the defined jobs but in making a 
whole series of time studies one or two examples 
of each change will have been observed. These 
variations are applied at the supervisor’s dis
cretion using his judgement of the appropriateness 
of the conditions.

13. As an example, Standard Time Table 
XVIII/14—Thinning CP/SP. is appended (Ap
pendix 1).

Uses of Standard Time Tables
14. Standard Time tables can be used for the 

following purposes:—
(i) As a direct basis for a piecework scheme.
(ii) As a basis for producing an output guide.
(iii) To calculate output and assess performance.
(iv) To calculate labour requirements.
(v) To calculate machine requirements.

Standard Time Booklets
15. We shall be looking more closely at the 

method of converting time into money in Paper 7 
hence I’ll not deal further here with the use of 
Standard Times as a direct basis for piecework 
payment.

Output Guides
16. Output guides are similar to Standard 

Time Booklets but para. 6 takes a different

form. It does not give the standard time (validated 
statistically) for a job but gives either “ time” 
(implying “ not statistically validated” ) or output 
in terms of quantity of work achievable. An output 
guide is therefore a guide to managers but leaves 
them with the full responsibility for negotiating 
the piecework rate.

17. They are produced:
(i) Where insufficient data has been collected 
to produce a full Standard Time Booklet.
(ii) Where guidance is required by management 
quickly, i.e. before the full studies are complete.
(iii) Where data collected in one area (and 
perhaps published as a Standard Time Booklet) 
is modified for use in another area.
(iv) Where the expense of producing a full 
Standard Time Booklet is not justified because 
of the local nature of the work concerned.

18. Output guides are nevertheless as useful to 
management as are Standard Time Booklets, the 
only proviso being that they are likely to be less 
accurate. As an example the output guide for 
step and notch planting is reproduced at Appendix
II.

Output and Performance
19. If the standard time for a job—say felling 

and snedding a tree—is 10 standard minutes 
(usually expressed as 10 SMs) then the output for 
an 8 hour day at standard performance is:

Minutes at work daily _
Standard Minutes for job

8 hrs. x 60 mins 
 1 0 S M ^  = 48 trees/day

20. It should be noted that a man will not in fact 
take 10 minutes to fell and sned a tree at standard 
performance but perhaps 7 or 8; the balance 
being other work and rest that occurs at other 
times of the day.

21. The output as calculated above is for one 
man; if as part of the specified conditions of the 
job, two or more men are obliged to work together 
as on some machines, e.g. sawbench or peeler, 
then the output for that machine is:

Minutes at work daily
 ------— —— r— —  x No. of operators
Standard Minutes for job

22. Obviously the actual output of a less skilled 
or day worker and a highly skilled piece worker 
will vary considerably and might range from say
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36 to 60 units/day. Standard performance, (i.e. 
that achieved by a skilled worker under incentive 
conditions) is expressed as 100. The output given 
above can be expressed relative to this and the 
performance calculated:

Output

36

60

Output at 
100

48

48

36
48

Performance 

x 100 = 75

60
-  x 100 = 125

Output expressed in standard time 
Time on job

x 100

60 units x 10 SMs x 100 
8 hours x 60 mins

= a performance of 125

Therefore the time for the stand is 12-66 x
4,000 = 50,640 minutes.

As there are 2,400 minutes per man per week 
available, the number of men required is:

50,640
2,400

= 21 men

23. Combining the two calculations in 19 and 
22 above into general terms, Performance can be 
defined:

e.g. with an output of 60 units of 10 SMs in an 
8 hour day is:

For reasons of safety, it might be as well to use 
six men and take a month to do the job!

Machine Requirements
26. The calculation is similar to that for labour: 

Example. To peel 11,500 m3 of poles averaging 
0-09 m3 each and 8 metres long per annum using 
a Cambio 35 peeler. Can the machine cope with 
this throughput in a year of 200 days or must 
overtime or shift working be resorted to ?

Using Standard Time Table XX/7, the standard 
time of 18-57 minutes per 100 metres peeled is 
selected, but this is the time for 2 men. It must be 
divided by 2 to find the time the machine will take:

Machine time per 100 m = 18-57 9-29 min.

24. In forestry, more than in manufacturing 
industries, performance over short periods may 
appear to vary widely when in fact it is local 
variation in conditions that is responsible. How
ever, performances over periods of more than a 
few days which consistently fall outside the limits 
of 70-130 need investigation, because the job 
or conditions may have changed or the standard 
data been incorrectly applied. It should be noted 
that a performance of 75 represents, approximately, 
day work output whilst a performance of 130 is 
not seen very often during studies and is regarded 
as exceptional. Management, is of course, free 
to investigate lesser variations.

Calculation of Labour Requirements
25. Example. To fell and sned a stand of 4,000 

Douglas fir average volume 0-55 m3 a week 
(5 days), how many men are needed? Using 
Standard Time Table XVIII/19, the time for 1 
tree is 12-66 standard minutes.

Total length of poles to be peeled =

11,500 „
- - -  - x 8 metres = 1,022,222 metres 
0-09

therefore no. of days required =

1,022,222 x 9-29 
100 x 480 = 198 days

or 1 working year almost exactly!

Hence the machine can cope.

In practice however, half a day per week (4 hours) 
must be allowed for machine maintenance, hence 
4 hours overtime working per week must be intro
duced to that the machine can peel the required 
quantity in the time allowed.
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Paper 6 Appendix I

Section XVIII. No. 14. Date 1968/69.

S T A N D A R D  TIM ES FO R  T H IN N IN G  C O R SIC A N  A N D  

S C O T S  P IN E  U S IN G  A C H A IN S A W
(Chainsaw Snedding)

1. Conditions
The Standard Times apply to stands thinned

under the following conditions:
a. The volume of the average tree is determined 

by the Tariff system.
b. The brashing percentage is at least 90 %.
c. Forest floor conditions are average i.e. 

generally flat or with a slope of not more than 
10% and with some decayed brash and 
undergrowth. For worse conditions see 
para. 7.

d. Racks are 40 m apart.
e. Supplies of chainsaw fuel and oil, stump 

treatment solution are readily available at 
convenient places.

2. Job Specification
The Standard Times are for the following work:
a. Trees to be felled in the direction as in

structed by the supervisor.
b. Trees to be cut low, stumps not more than 

0-025 m above ground level.
c. Branches and prominent knots to be cut off 

flush with the wood so that no snags remain. 
Snedding to be by chainsaw.

d. Felling and other cuts to be made squarely 
across the tree. Butts must be trimmed 
square if necessary.

e. Lop and top to be cleared from racks and 
rides unless otherwise directed by the 
supervisor.

f. Cut stumps to be treated immediately after 
felling. (This work attracts extra standard 
time—see para. 7b).

3. Tools and Equipment
a. Lightweight self oiling chainsaw of a type 

suitable for snedding, with spares and 
maintenance tools.

b. A 0-13 m plastic felling wedge.
c. A pulp hook.
d. A cant hook.
e. Protective clothing and equipment.
f. A Spencer (or similar) logger’s tape and 

logger’s belt with hooks and pockets for 
small tools.

4. Allowances
Included in the Standard Times

a. For contingencies and work other than that 
performed on individual trees, e.g. refuelling 
and day to day maintenance of the saw,

clearing brash from rides etc. 20 % of the time 
spent on actual thinning.

b. For personal needs and rest: 20% of the 
total working time.

To be included in the price per Standard Minute
c. The appropriate incentive allowance.
d. Chainsaw usage when thinning and chainsaw 

snedding is 60%.
5. Method of Selecting Standard Time

a. The trees shall be tariffed according to the 
method specified in the F.C. Forest Record 
No. 31. At the same time the number of 
whorls of branches to be cut off between 
butt and the 0-07 m top diameter over 
bark point on the felled sample trees shall 
be recorded. Where the felled sample tree 
has been pruned, only the whorls remaining 
to be cut off shall be counted.

b. To select the standard time from Table 6A 
(Scots pine) or 6B (Corsican pine) select 
the appropriate average volume for the stand 
(rounding up or down to the nearest) and 
read off the standard time from col. (ii). 
This time is for the average number of 
whorls shown in col. (iii). If the number of 
whorls is greater or less than this figure, 
add/subtract the standard minutes per whorl 
as shown at the foot of the table. If the 
average number of whorls is outside the 
range shown in col. (iv), consult the Work 
Study Officer.

6A. Standard Times for Thinning in Scots Pine 
(Chainsaw Snedding)

Average
Tree

(Cubic
Metres)

(0

Standard 
Mins, per 

Tree

(ii)

Average 
No. of 
whorls

(iii)

Range 
of whorls

(iv)

0-036 2-95 10 7-14
•045 3-23 11 7-15
■065 3-55 12 8-16
•080 3-71 12 8-16
•100 4 0 4 13 9-17
■115 4-29 14 10-18
■145 4-62 14 10-18
■170 4-98 15 11-19
•190 5-27 15 11-19
•225 5-75 16 12-20
■250 607 17 13-21
•280 6-52 18 14-21
•315 708 19 15-22
•350 7-56 20 16-23
•395 8-24 22 18-25
■440 8-86 23 19-26
•470 9-33 24 20-28

Add/Subtract: 0-13 SMs per whorl if different from 
average value given in col. (iii) but do not go beyond 
range given in col. (iv).
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6B. Standard Times for Thinning in Corsican Pine 
(Chainsaw Snedding)

Average
Tree

(Cubic
Metres)

(i)

Standard 
Mins, per 

Tree

(ii)

Average 
No. of 
whorls

(iii)

Range 
of whorls

(iv)

0110 5 77 16 11-21
•130 6 00 16 11-22
•160 6 26 17 12-22
•180 6 45 17 12-22
•220 6 79 18 13-23
•250 7 12 18 13-23
•305 7 47 18 13-23
•350 7 85 19 14-24
•395 8 26 19 14-24
•460 8 96 20 15-25
•540 9 68 21 15-25
•575 9 91 21 16-26
•620 10 34 22 17-27
•665 10 82 22 17-27
•720 11 24 22 17-27

Add/Subtract: 0-25 SMs per whorl if different from 
the average value given in col. (iii) but do not go beyond 
the range given in col. (iv).

7. Modifications and Variations to the Standard 
Times for Thinning in Pine.
N.B. These modifications should be applied at 

the Forester's discretion using his judgement as to 
the appropriateness o f  the conditions.

a. Presence o f  Bramble
Where conditions are more difficult because of 
the presence of bramble, an addition may be 
necessary. The average height of the bramble 
throughout the area for which the rate is being 
calculated should be assessed and the additions 
shown below added to all trees. (Parts of the 
area may have no bramble and must be allowed 
for.)

b. Stump Treatment
The Standard Times include:
Preparation (making up the suspension in the 
case of Peniophora); filling the container, 
applying the liquid to cover completely all the 
exposed wood of the stumps that result from 
felling the tree immediately after felling, and an 
allowance for working with the dye. The 
following standard times may be added to 
Tables 6A or 6B or paid separately as a price 
per stump.

Stump Diameter Standard 
Minutes 

per Stump

metres

Up to 0-15 010
Over 0-15 and up to 0-28 0-20
Over 0-28 and up to 0-40 0-32
Over 0-40 and up to 0-53 0-42
Over 0-53 and up to 0-66 0-52
Over 0-66andupto0-79 0-62
Over 0-79 and up to 0-91 0-72

c. Tops
When trees are snedded beyond the 0-07 m 
top diameter (over-bark) point, additions to 
the standard times are necessary as shown in 
the table below. The extra time for the average 
cut-off diameter should be added to all trees.

Top Diameter over bark Add Per Tree

metres Standard Minutes

0 0 6 0-55
005 0-67
0 0 4 0-82
003 0-96
002 110

Mean Bramble Height Add per tree

metres Standard Minutes

0-3 0-41
0-6 0-49
0-9 0-58
1-2 0-66
1-5 0-74
1-8 0-82
2 1 0-90
2-4 0-99
2-7 1-07
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Section XIV. No. G l. Date April 1971.

O U T P U T  G U ID E . ST E P  A N D  N O T C H  P L A N T IN G

1. Conditions
a. The outputs apply to planting by the step 

and notch method on single or double 
mouldboard ploughing in upland areas. 
They apply equally to tine or turf (Cuthbert- 
son) ploughing; shallow and deep peat; 
regular and broken ground. See para. 5.

b. Planting of Pines and Spruces.
c. Slopes up to 21°, but see para. 7b.
d. Sheughs laid out less than 150 m average 

walking distance from the planting area, 
but see para. 7a.

2. Job Specification
The guide applies to the following work:
a. Collecting bundles of plants from sheughs, 

opening bundles and culling as necessary.
b. Walking to and from sheugh to planting site 

and within the planting site between furrows, 
but not major moves between sites.

c. Cutting a step in the turf so as to provide 
shelter and to enable the roots to reach the 
sandwich layer—as directed by the forester.

d. Planting the tree using a single notch, 
firming the tree and meeting the silvicultural 
requirements laid down.

3. Tools and Equipment
a. Small planting spade—Spear and Jackson 

No. 1153 28 in. PY.
b. Planting bag.
c. File for sharpening spade—essential in peat 

areas.

4. Allowances
a. Work other than actually cutting step and 

planting is 19% of stepping and planting.
b. Rest varies from 12%-19% between Other 

Work and Cyclic Work.

5. Selecting the Output
a. Decide into which classification the site 

falls as follows:
A. Shallow peat, peat and mineral mixture, 

usually associated with tine ploughing. 
Somewhat broken ground conditions. 
Slopes variable up to 21°. Turf thickness 
less than 250 mm. Minority of plants 
planted in a step.

B. Deep peat usually associated with Cuth- 
bertson ploughing. Reasonably uniform 
conditions. Slight slope up to 5°. Turf 
thickness over 250 mm. Majority of plants 
planted in a step.

b. On site A measure the average slope.
c. Look up the outputs in para. 6 below.

Paper 6 Appendix II

6. Outputs

Site Slope 
(degrees)

Output
Trees/Hour

A 0-5 235
6-10 220

11-16 206
17-21 194

B 167

7. Modifications and Variations to Outputs
a. If sheughs are spaced at a distance of more 

than 150 m from the planting area; they 
generally contain over 2,500-3,000 plants 
and under these conditions,

REDUCE OUTPUT B Y  10%

b. There is very little evidence of outputs on 
slopes over 21° but what little there is 
suggests that for every 5° increase in slope,

REDUCE OUTPUT B Y  6%



Paper 7

CO ST IN G  A N D  OTHER M O N EY M ATTERS  
by W. O. Wittering

Summary
Several related matters are dealt with; incentive 
payment, payment for worker-owned equipment, 
overheads with particular reference to labour 
oncost, machinery costs and costing an opera
tion. High earnings sometimes cause raised 
eyebrows; this problem is put into its correct 
perspective, and the relative costs of day work 
and piecework compared. Future trends in costs 
c f labour and machinery are propounded.

Incentive Schemes
1. Before I launch into incentive payment, 

I must emphasise that the Work Study man’s job 
stops when he has produced a sound standard time. 
If he is to remain impartial, he must not dabble 
in matters of paying the men. But he can of course 
be called upon for advice by men or management.

2. The object of incentive schemes is to reduce 
costs and increase earnings. It is therefore to the 
benefit of both workers and management that 
payment for work should be based on sound 
incentive schemes. A sound incentive scheme 
from which the worker benefits in proportion to his 
output has long been recognised as a valuable aid 
to increased productivity. It is particularly relevant 
in forestry where much hard manual work still 
remains in spite of modem tools and equipment.

3. Forestry Commission policy may be stated 
as follows:—

“As a result of increasing mechanisation and the 
rationalisation of forest operations through work 
study, forestry is becoming an increasingly 
skilled occupation. It is the Commission’s 
objective to continue to maintain a well-trained 
permanent labour force, able to earn a good 
income through piece-work or other incentive 
schemes” .
(Quoted from the Forty-fourth Annual Report 
o f the Forestry Commissioners for the year 
ending 30 September 1963. Para. 14 page 9(1). 
(HMSO 35p).

4. Two basic types of incentive scheme may be 
recognised:—

(i) Piecework, where the payment is directly 
proportional to output as a measured quantity 
(e.g. numbers of pieces, area, weight, volume, 
etc).
(ii) Bonus, where the relationship is not direct 
but either varies by some function of quantity,

or savings in time, or in the form of “ Half a day’s
pay plus so much per unit” .
I am concentrating on piecework because at 

present it is considered more suitable for forestry 
which is still largely manual or controlled by the 
man rather than the machine. There are however 
a few bonus schemes in operation in the Forestry 
Commission. Other systems of piecework payment 
are described in Report No. 65 entitled Payments 
by Results Systems, of the National Board for 
Prices and Incomes (HMSO, 1968. 42£p).

5. The satisfactory working of an incentive 
scheme depends on certain basic requirements 
all of which have been well confirmed by Forestry 
Commission experience:—

(a) The assessment of work content must be 
accurate and consistent.

(b) The worker’s earnings should be directly 
related to the effectiveness with which he 
performs his job.

(c) Incentive is greatest when earnings depend 
on individual effort.

(d) The scheme must be fair as between employer 
and employee, and between one worker and 
another.

(e) Earnings should be related to the worker’s 
basic rate, or approximately so.

(f)  Schemes must be simple and easily under
stood.

(g) Co-operation with Unions and workers’ 
representatives is essential, particularly in 
launching incentive schemes for a new 
operation. Degree of co-operation will 
depend on the past history of employer- 
worker relations, and in some cases it is 
necessary to overcome mutual distrust which 
has its origin in the nineteen-thirties.

(h) External factors such as local wage levels 
for other industries must be considered.

(i) There must be no limits on earnings, open 
or concealed.

(j) It is important that incentive schemes should 
follow improvement wherever possible. It 
is much easier to introduce changes at an 
early stage than to adjust rates for better 
methods once a scheme is under way.

6. The procedure of Time Study and the 
Standard Times derived from it are considered the 
most suitable basis on which a sound piecework
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scheme can be based in the present circumstances 
confronting the Forestry Commission.

7. We have seen how the standard times are 
calculated and how they are presented in a standard 
fashion (the Standard Time Table) to the local 
Supervisor to give him guidance on the time re
quired to do the job in given circumstances. But 
how does one pay for the time?

In its simplest terms:

Time x money =  piecework rate.
/£ | C

8. If we take day pay — ------  = £3-136) and

divide it by the number of minutes in a day (480), 
we get the value of one minute of work:—

£3-136
480 = £0-0065 or 0-65p.

Wheeled Tractor 
Driver £15-95 0-86p

Lorry Driver:
6-10 tons + 

crane £16-24 0-88p
Over 10 tons + 

crane £16-44 0-89p

Payment for Worker-owned Equipment
13. In the Forestry Commission it is usual to 

agree with the men (via their Trade Unions) a 
price per hour in use for equipment which they 
supply and use at work. For example, an agreed 
hourly rate for a chainsaw might be 25p. It is 
possible to convert this rate to so much per stan
dard minute and add it to the price for the worker 
concerned.

9. If we paid a worker 0-65p for each minute 
of work done (and he were an average skilled man), 
he would earn exactly £15-68 per week but he 
would not give us high output because there is no 
incentive for him to do so.

10. The Commission has negotiated with the 
Trade Unions an agreement which says:—

“ The piecework rate for any job shall be such 
that a Skilled Forest Worker is able to earn on 
piecework in the ordinary weekly hours not less 
than 30% above his normal time rate for the 
period he is employed on piecework” .
Agreement on Wages and Conditions o f  Service 
o f Forest Workers in the Forestry Commission— 
Forestry Commission Industrial and Trade 
Council, 1970.
11. Here then is a guide as to how to proceed; 

we can increase our daywork price per minute 
by 30% to meet our obligations to the Unions.

Expressed as a formula, we get:__

Day pay in pence 130 _  piece rate price per

e.g. 25 p 
60 mins.

=  0-42p per minute

480 100 standard minute

14. If the worker is employed on felling and 
chainsaw snedding where the usage (by time study) 
has been determined as 60% (of the working day), 
the formula becomes:—

25p 60
—— :—  x —- = 0-25p per minute 
60 mms. 100 H y

15. Hence the worker using a Commission- 
owned saw on felling and chainsaw snedding 
might be paid 0-85p/SM while his mate using his 
own saw on the same job would be paid 0-85p + 
0-25p = l-10p/SM. This method of compensating 
a worker allows for the greater usage of a saw in 
the hands of a man who rates, for example, 120 
because it is linked directly to the number of units 
of work produced.

16. The same method of payment can be adopted 
for other equipment owned by the worker such as 
horses or tractors.

313-6p 130 „
"480" x -foo = 0 ‘85P/SM

12. Different grades of workers have different 
rates of pay and hence different prices per standard 
minute.

Examples are (July 1971):—
Price per 

Weekly rate S M  30 % 
Grade o f  Pay incentive

Skilled Forest 
Worker £15-68 0-85p

Labour Oncost
17. Labour oncost is the collective term used 

in the Forestry Commission for expenditure in
curred as a direct result of employing a worker and 
includes such items as National Insurance, holidays, 
sick leave, wet time, transport and training of 
workers and provision for pensions. The total sum 
in the Commission for its 7,487 workers is 
£2,745,860 per annum (1969-70). Assuming a 200 
day working year (to allow for holidays, sickness 
and wet time, etc), this figure may be expressed as 
£1-80 per man day.



Plate 1. Photograph of participants

Back row (left to right): Mr T. Hallam (Great Britain), Mr A. Whayman* (Great Britain), Mr A. H. Scott* (Great 
Britain), Mr D. J. Howard (Great Britain), Mr E. Ollikainen (Finland), Mr W. Johnston (Northern [reland), Mr H. 
Petz (Austria).

Centre row: Mr W. Schepp (West Germany), Mr I. D. Mobbs (Great Britain), Mr P. Clarke (Great Britain), Mr A. 
Sandqvist (Sweden), Mr A Schleicher (West Germany), Mr R. Brown (Great Britain), Mr E. J. Kassai (Hungary), 
Mr A. Guild (Great Britain).

Front row: Mr J. Ude (Jugoslavia), Mr W. Hallf (slightly to rear) (Great Britain), Mr D. A. Bardy* (Great Britain) 
Mr J. V. Crosland* (Great Britain), Mr W. O. Wittering* (Great Britain), Mr A. Schiafsma (Netherlands), Mr T. R. 
Sawyer* (Great Britain), Miss E. Sandor (Hungary), Mr S. J. Marek (Poland), Mr A. A. Rowan* (Great Britain),

Notes:

* Course staff and lecturers.
f  Head Forester at Thornthwaite Forest—not participating.



Plate 2. Method study exercise on thinning 44-ycar-old Scots pine at Thcllbrd Forest (Didlinglon Beat).



Plate 3. A spring-loaded measuring tape being used by a worker at Kidder Forest, Northumber
land, when cross-cutting tree lengths. See also Plates 4 and I I.

Plate 4. Students studying a worker cross-cutting a tree, at stump, into a sawlog and a pole length. 
Thelford Forest, Norfolk-







Plate 9. Loading sawlogs onto a customer’s lorry using a BM-Yolvo LM 640 front-end loader.

Plate 10. The producl reaches the buyer—unloading two-mcirc chipwood billcis at the Weyroc 
factory, Thctford by Petti bone loader.



Plate 11. Crosscutting Scots pine poles at Thelford Forest to produce two-metre chipwood billets. 
Sec also plates 3 and 4.

Plate 12, A discussion group at Kielder Forest considering a prototype 45 brake liorsc power 
hydrostatic skidder, designed and built in the Commission’s research and development workshop, 
Alice Holt.



Plate 14. During the second week, the course was based at the Cumberland and Westmorland 
College of Agriculture and Forestry, Newton Rigg, near Penrith.
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18. It may also be expressed as so much per 
minute, e.g.

180p
480 mins.

= 0-38p per minute.

This method of calculation is useful when costing 
an operation (see paras. 23-25).

Costing of Machinery
19. All Conservancies in the Commission have 

what are known as PDC (Predetermined charge) 
rates for different classes of machine which are 
charged per hour, or per mile, or per month, 
while that machine is in use. But these are historical 
charges; they are a means of distributing this 
year’s costs over this year’s work on the basis of 
what happened last' year. They are reasonably 
accurate for accounting purposes but may not be 
sufficiently accurate for costing. They vary con
siderably from one Conservancy to another because 
of the varying degrees of usage. PDC rates also 
have the major disadvantage in that they are of no 
value whatever when a machine of a type never 
before used is purchased. For example, they would 
be of no use in costing a feller/buncher because the 
Commission has never owned one before and 
therefore has no historical costs to call upon.

20. To overcome these disadvantages, we use 
the following formula which is sufficiently accurate 
for most costing purposes:

_ , Capital Cost of Machine x 3
Rate per hour = -----=—;------- . . . .  .—r----------Estimated life m hours

Experience has shown that a reasonable life 
expectation is 8,000 hours but this figure can be 
varied according to circumstances.

21. Therefore if we take our feller/buncher at 
£15,000 capital cost, its hourly charge rate would 
be of the order o f:—

£15,000 x 3
8,000 hrs

= £5-625 per hour

22. In practice, therefore, one can say, that 
with a factor of 3 and a life of 8,000 hours, each 
£1,000 of capital value = 37-5p per hour, and 
this too can be converted to a price per minute,
e.g. each £,1000 of capital value = 0-625p per min
ute. This formula gives a working approximation 
only; more refined costing methods are available.

Costing an Operation
23. When producing costs of an operation, it is 

wise to state the items which have been included. 
These are usually:—

Labour
Labour Oncost
Machine cost
Materials and other (e.g. chemicals, fencing
materials, plants, etc).

24. If we compare hand weeding with using a 
portable brushcutter and take labour costs only, 
we obtain the following costs (assuming D3 weeds,
i.e. heavy woody weeds, 2-1 m spacing).

Hand: Standard Time Table XV/1 3,350 SM’s 
xO-85p =  £28-47 per ha.

Machine: Standard Time Table XV/1A 2,030 
SM’s x 0-85p = £17-25 per ha.

There is therefore an apparent saving of £11-22 
per ha by weeding with a portable brushcutter.

Let us now look at this costing bringing in the 
otherrelevant factors, labouroncost and machinery:

Hand:
Labour 3,350 SM’s x 0-85p =  £28-47
Labour oncost 3,350 SM’s x 

0-38p =  12-73

Total cost of hand weeding =  £41 -20 per ha

Machine:
Labour 2,030 SM’s x 0-85p =  £17-25 
Labour oncost 2,030 SM’s

x 0-38p =  7-71
Machine cost 2,030 SM’s

x 0-50p =  10-15

Total cost of machine weeding ■= £35-11 per ha

The true saving by using a portable brushcutter 
is therefore only £6-09 per ha.

25. If the costs of hand and machine weeding 
were almost the same, say £1 per hectare, one 
would not attempt to refine the calculation but 
make the choice on non-financial grounds, e.g. 
machine chosen if suitable labour for hand weeding 
is likely to be scarce, or hand methods chosen if it 
is desirable to avoid redundancy or employ extra 
workers to relieve unemployment.

26. One can also use this type of costing to 
estimate the price one could reasonably expect a 
contractor to put forward if the work is to be done 
by non-Commission labour. In addition to the 
items shown in para. 23, we need to add another, 
“ profit margin” , and make an intelligent guess as 
to what the contractor requires.

Earnings Levels
27. Fear is sometimes expressed over the high 

earnings of certain workers while employed on
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piece-work as it is a prerequisite of piecework 
schemes based on standard times that there shall 
be no upper limit to earnings. Let us have a look 
at different situations to see how they affect a man’s 
earnings:

Earnings % o f
per week Day Pay

(i) Day Pay £15-68 100
(ii) Piecework pay (30%
incentive) £20-38 130
(iii) As (ii) but 125
rater £25-48 162
(iv) As (iii) but man
takes 10% less rest
(his earnings go up by
12%) £28-54 182

28. Earnings above the levels shown might 
cause one to consider:—

(i) That the job  specification (para. 2 of the
ST booklet is not being met).
(ii) That the method or tools may have changed.
(iii) That modifications in para. 7 of the ST
booklet may have been applied too liberally.
(iv) That “ drift” may be occurring. See Paper 12

29. It is just as important of course to investi
gate low earnings. A man unable to make his 
money on piecework may require further training 
or management may be at fault in not having met 
job conditions (para. 1 of the ST booklet).

Overheads
30. It may be generally assumed that the level 

of expenditure by supervisory and administrative 
staff is unaffected by the techniques used in field 
operations. It is possible that some effects on 
these overheads will occur as a result of large 
scale changes in operational techniques, but it 
will always be difficult to identify such changes.

31. The forester can control some of the labour 
oncost charges, hence these are shown in costing 
calculations (paras. 23-25).

Day Work versus Piecework
32. The main advantage of piecework over day 

work is that while the overheads remain the same, 
more units of work are performed and the unit 
costs therefore come down.

33. Let us compare the operation of weeding by 
hand carried out on day work with the same 
operation on piecework:—

(i) Day Work
Output, say, 0-2 hectares per day or 1 hectare per
week.

Day pay =  £15-68
Labour oncost at £1-80 per day ■= 9-00

Total cost per week =  £24-68

Therefore cost per hectare ■= £24-68.

(ii) Piecework
Day pay ■= £15-68
30% incentive ■= 4-70

Labour oncost a t £1-80 per day =  9-00

Total cost per week =  £29-38

Output 30% above day work =  1-3 hectares 
per week.
Therefore cost per hectare = £22-60

(iii) If the pieceworker rates 125, the situation 
becomes:—

Day pay =  £15-68
30 % incentive =  4-70

£20-38
+ 25% for 125 rater = 5-10

£25-48
+ Labour oncost at £1 ■ 80 per day =  9-00

Total cost per week <= £34-48

But now the output is of the order of 1-63 
hectares.
Therefore cost per hectare =  £21-15

Trends in Costs of Labour and Machines
34. Between 1939 and 1956, the Swedes found 

that the cost of labour had risen much more 
rapidly than that of machines, viz:

1939 1956
Labour 100 476
Farm Tractors 100 172
(Farm tractors were rising at only 36% of 
the rate of labour).

We have recently carried out the same exercise 
over the period 1949 to 1971 in the UK, viz:

1949 1971
Labour 100 388
Farm Tractors 100 261
(Farm tractors have been rising at 67% of 
the rate of labour).

35. This gives a pointer therefore to greater 
mechanisation as time passes.



Paper 8
D E V E L O PM E N T  OF NEW  METHODS:  

MECHANICAL CONSIDERATIONS INVOLVED IN BUILDING  
F R O N T -M O U N T E D  W EEDING  MACHINE  

by K. A. Kernahan
Summary
One of the most arduous and labour resource 
consuming forest tasks is the weeding of newly 
planted areas by hand. In view of the rapidly 
rising labour cost in comparison with machine 
cost the development of a mechanical weeding 
machine was considered necessary. This de
velopment has to go through numerous stages 
and there are many difficulties. Perhaps the 
major one is the problem of designing a machine 
to cope with all the differing espacements used 
in planting. Coupled with this is the vital need 
to ensure that the driver of any machine can 
see exactly where the cutting parts are and 
what they are doing.

The choice of the tractor to be used is not 
easy. Its shape, size and capabilities must be 
right and large advantages could for example 
be gained by hydraulic steering which leads to 
an adjustable steering wheel position.

1. Over the past few years spacing in plantations 
has varied between 1-3 m and 2-1 m between the 
rows. Where this variation occurs in areas of 
severe grass competition and heavy woody re- 
growth, it is difficult to mechanise the weeding 
operation. Machines such as the Playle weeder 
which passed over the rows of trees cutting a 
band on each side were unsuccessful due to:

(a) damaging the taller tree tops, 
or:

(b) tree damage due to swinging from side to 
side on uneven ground.

2. Machines which cut between the rows were 
also liable to damage trees in the rows due to 
swinging from side to side, unless adequately 
stabilised and considerably narrower in width 
than the row spacing. Also machines which could 
cut grass could not cope adequately with heavy 
woody weed growth.

Early Developments
3. A Massey Ferguson 135 Vineyard tractor 

was chosen to power a variable width weeding 
machine which was cutting with rotating knives. 
Width variation of the cutter frame was obtained 
by moving the “ L” shaped sides in or out and 
blades of differing lengths altered the cutter head

width. Widths could thus be varied between 1-3 
and 1-8 m. The M F 135 Vineyard tractor was, at 
45 brake horse power, able to cope with 1-3 m 
width as regards power requirements. However 
at the widest setting the power available at the 
Tractor PTO was insufficient to drive the cutter. 
A larger tractor was needed for this cutting width 
The machine had however two limitations:

(i) with the cutter behind the driver the machine 
was ergonomically incorrect.
(ii) Locating small trees was difficult, as for
ward vision was poor. Powering a rotating 
knife cutter by shaft drive from a tractor PTO 
can lead to extensive gear box damage. As 
modification of the existing machine would not 
help, a new type of weeding machine was 
designed.

Choice of Tractor
4. It was decided that a reverse tractor would 

be the cheapest practical answer for the prime 
mover of the new machine. (The drive on a 
tractor can be reversed by inverting the crown 
wheel assembly within the axle housing). An 
International Harvester 523 tractor was chosen 
because it was comparatively easy to reverse the 
drive and as the tractor was equipped with fully 
hydraulic steering there were no limitations on 
steering wheel position. A heavy duty rotating 
knife cutter was attached to the tractor 3 point 
linkage in the normal way.

Design of Cutter
5. A heavy duty hydraulic motor was mounted 

on a base plate, and drove the cutting blades 
through a flexible coupling. The hydraulic motor 
base plate and cutting blades were attached to the 
cutter chassis by twenty rubber mounts in the 
horizontal plane and five rubber mounts in the 
vertical plane. A gear pump was chain driven 
from the tractor PTO to power the hydraulic 
motor. A pressure relief valve, accumulator, oil 
cooler, and hydraulic tank completed the circuit. 
The pressure relief valve was set at the designed 
system pressure, and prevented overload of the 
circuit. The function of the accumulator was to 
prevent pump and gear box damage due to violent 
pressure fluctuations caused by the cutting action.
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Scrub Cutting
6. Due to the robustness of the cutter, the 

machine was able to deal with light scrub, and 
with the cutter preceding the tractor, tractor 
protective plating was kept to a minimum.

Working Method
7. Since the cutting blades revolved clockwise, 

cut material was thrown out to the left side of

the tractor. To ensure that cut material was thrown 
clear, the tractor always turned right at the end 
of the rows. As the top link connection between 
the cutter and the tractor could be lengthened 
by a hydraulic ram, the cutting angle of the blades 
could be varied. For minimum power consumption, 
the cutter should have a nose down angle. For 
maximum pulverisation the cutter should have a 
nose up angle.



Paper 9

DE V E L O PM E N T  OF NEW  M ET H O DS:  
ERGONOMIC ASPECTS 

by J. D. Matthews

Summary
When developing a new method very careful 
consideration must be given to the ERGO
NOM IC aspect. The International Labour 
Office has defined ergonomics in the following 
way: “ The application of the human biological 
sciences in conjunction with the engineering 
sciences to achieve the optimum mutual ad
justment of man and his work, the benefits 
being measured in terms of human efficiency 
and well-being.”

From this definition it can be seen that many 
and varied factors require consideration. In fac
tory or workshop conditions sight, lighting, ven
tilation and heating spring immediately to mind. 
In forestry, noise and vibration are important 
in the use of chainsaws, the comfort of tractor 
drivers in having sprung seats and these being 
in such a position that no undue strain is 
involved in getting to the controls.

The National Institute of Agricultural Engin
eering commenced its work as a Department of 
Oxford University in 1924. Later, after the 
Second World War, it became the responsibility 
of the Minister of Agriculture via the Agri
cultural Research Council. They are responsible 
for a considerable part of the design and testing 
of agricultural machinery. In particular they 
have studied the effects of this machinery not 
only on the agricultural crops and land, but 
on the farm workers themselves.

The Institute has given considerable assistance 
to the Forestry Commission with regard to the 
question of chainsaw noise and vibration, 
the construction and testing of safety cabs and 
the testing of tractor seats. The outcome of the 
work has been of great value to the Work 
Study Branch and therefore to both management 
and men in the Forestry Commission.

Introduction
1. Ergonomics may be defined as a scientific 

study of the factors affecting a man at work. 
The terms human factors or human engineering 
are often used particularly in the United States of 
America to describe a very similar area of interest. 
The subject of ergonomics developed during the 
last World War when equipment for military use 
had become much more sophisticated and needed 
to be operated efficiently within an environment

which was both physically and mentally extremely 
taxing. To help ensure this efficient operation, 
teams of specialists in different scientific disciplines 
including engineers, medical personnel, physiolo
gists and psychologists were drawn together and it 
is this marriage of the engineering, physics and 
mathematics on the one hand and the human 
biological sciences on the other hand from which 
the technology of ergonomics has sprung. How
ever, although this wartime period undoubtedly 
saw the organisation of the technology and a very 
great increase in the rate of staffing and the rate of 
acceptance of the area it is correct to point out that 
as early as the 1930’s formal studies were being 
made, notably in Germany, of the arrangement of 
certain agricultural equipment in order that it should 
best suit the physical characteristics of the operator.

2. Nowadays the majority of technological 
countries employ small numbers of researchers 
to deal with aspects of ergonomics in relation to 
agricultural or forestry equipment. Ergonomists 
are being trained in graduate and post-graduate 
courses at universities in many countries although 
it is probably still the convert to ergonomics from 
an original training in some other subject who is 
carrying out the greatest amount of ergonomics 
research in these fields.

3. At the National Institute of Agricultural 
Engineering we have been carrying out research 
into noise and vibration on agricultural equipment 
for approximately a decade and for the last five 
or six years have had an ergonomics research 
section with a wide programme of research into a 
variety of subjects dealing with the environment, 
the design of an operator’s workplace, the effi
ciency of work, particularly in repetitive tasks 
such as fruit picking or inspection, and safety. This 
paper will describe some of the studies only which 
appear to have significance to forestry work.

4. The relationship between ergonomics and 
work study has unfortunately seldom been suffi
ciently close. Clearly the aims of designing a task 
which can be efficiently carried out with an 
adequate provision for the welfare of the worker is 
common to the two subjects. The knowledge which 
the ergonomist has about the methods of measuring 
the workload on the operator and his knowledge 
of the factors affecting working efficiency clearly 
must be borne in mind by the work study specialist 
whereas the latter’s methods of analysing the task
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and the way in which it is being carried out should 
be of great use to the ergonomist in detecting and 
quantifying such aspects as fatigue, the effect of 
stresses on performance and the effect of many 
equipment design variables on performance. A 
paper describing physiological and psychological 
methods which might be employed by work study 
specialists to measure work has recently been 
prepared by Tomlinson.1

Handle Vibration
5. Mechanical vibration is generated in most 

equipment which incorporates a power unit due 
to either unbalance of rotating parts, inertia 
forces of reciprocating parts, mechanism impacts 
or friction, or reactive forces between the powered 
equipment and materials on which it is being used. 
An example of such a piece of equipment is clearly 
the power saw and the vibration of chain saws 
driven by internal combustion engines is well- 
known. Vibration of a mechanism is likely ulti
mately to have a damaging effect on the mechanism 
itself but in many cases including the power saw, 
the vibration is also transferred to a human 
operator and can be a source of physiological 
damage, discomfort or annoyance to the operator. 
On chain saws, this vibration which arises mainly 
from unbalance within the rotating and recipro
cating members of the engine, is transmitted to 
the hands of the operator where it has been 
identified as the cause of neuro-vascular diseases 
commonly called Reynaud’s Phenomenon. This 
group of diseases have long been recognised in 
connection with power tools used in shipbuilding 
and engineering industries3 but surveys over the 
last decade and more have shown the complaint 
to be common among regular chain saw operators.3 
The symptoms of the disease are numbness of the 
fingers, blanching, and, particularly in cold 
weather, pain. Considerable medical attention has 
been and is being focused on this complaint 
within the United Kingdom by the University of 
Dundee and the Forestry Commission, although 
N .I.A.E. work has generally been limited to the 
measurement and analysis of handle vibration on 
chain saws and as well as on many other tools 
and to support of the Commission in their attempts 
to persuade manufacturers to produce saws with 
decreased vibration of the handles. We remain 
convinced that the incorporation of anti-vibration 
m ounts on the handles is the most practicable 
and acceptable solution at this stage, but it is 
probable that in many individual cases there is 
still scope for improving the amount of vibration 
reduction by a correct choice of anti-vibration 
mount type, its stiffness and inherent damping.

SUMMARY OF VIBRATION AMPLITUDES 
OF THE HANDLES OF “ TRADITIONAL”  (FIXED) 

A N D  “ A N TI-VIBRA TIO N ”  CHAIN SAWS

Table 1

Type of Handle

Vibration Amplitude 
in Microns

Front
Handle

Rear
Handle

Traditional (Fixed) 290 700
rt 330 580

360 440
420 490

> p 440 490
530 580

p» 810 530

Anti-vibration mounted 95 210
»» »> >» 107 230
it a a 110 290
a a ii 150 170
It Pi ii 160 390
ti t) ii 160 150
it »► tl 300 560

Table 1 shows the comparative magnitudes of 
vibration of the front and rear handles of saws 
available up to two or three years ago where the 
handles are rigidly mounted and more recent 
models fitted with resilient mounts. Clearly the 
resilient mounts have greatly reduced the vibration 
level which in this case is given as the assumed 
vector value calculated from the root mean square 
magnitude of the amplitude of each of the three 
mutually perpendicular components. The principal 
frequency component of the vibration normally 
corresponds with the rotational speed of the engine 
and is likely therefore to be up to 150 Hz at the 
highest engine speeds and perhaps as low as 
20-30 Hz when the engine is idling. For maximum 
vibration attenuation the natural frequency of the 
mounts should be as low as practical and preferably 
not greater than half of the frequency of any 
principal component of vibration present.

In practice the very large range of vibration 
frequency due to the large range of engine speed 
makes this extremely difficult but we find that a 
mount having a natural frequency on the saw of 
15-20 Hz gives a good attenuation. Although coil 
springs have been successfully used in this service, 
rubber mounts have the advantage that there is 
some inherent damping which avoids serious 
resonance problems when the incident vibration 
happens to correspond with the natural frequency 
of the mount.
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Noise
6. By far the greater proportion of our researches 

into the effects and the abatement of noise has 
been concentrated on the agricultural tractor. To a 
large degree, however, these effects and the solu
tions of the problem investigated are applicable 
to other equipment, particularly to other types 
of vehicle and applications of the combustion 
engine. More limited studies have been carried 
out on noise from chain saws, including brief 
investigation of optimum engine silencing arrange
ments and on noise from plant and animals housed 
in farmstead buildings in relation both to the 
workers within those buildings and the nearby 
residents.

7. The terminology used in the analysis of 
noise could occupy a paper in itself'1 and will only 
be very briefly dealt with here. Whether one is 
considering the effect of noise on hearing, on 
personal comfort, on communication between 
individuals, or as a stress affecting the work of a 
person, since the intensity of noise varies over such 
a wide range with that likely to cause permanent 
immediate hearing damage for example being 
approximately 107 times that just audible, it is 
most usual to describe the magnitude of noise 
intensity on a logarithmic scale using units of 
decibels (dB). The most important relationships 
to bear in mind are that a difference of 10 dB 
represents a ratio of ten times the noise intensity 
or that the addition of two separate noise com
ponents of equal intensity will result in a total 
noise having an intensity 3 dB higher than either 
of them. As with most human sense organs the 
subjective sensation of noise loudness is not 
linearly related to the intensity but is in itself of 
a logarithmic nature, and from experiments with 
large panels of listeners it has been concluded 
that a difference of 10 dB in intensity is normally 
rated as a loudness ratio of 2 : 1.

8. It is well-known that the ear is not uniformly 
sensitive to different sound frequencies or tones 
and this therefore requires that the spectrum of the 
noise be known at least crudely if a proper assess
ment is to be made of noise loudness. Similarly 
each of the other factors, hearing damage, speech 
interference or annoyance are also affected to a 
different degree by different sound tones. In 
describing the tone content of a noise it is usual 
to analyse the total noise into octave or 1/3 octave 
frequency components although for more rapid 
analysis a form of electrical filtering, which can be 
incorporated in measuring instruments has been 
derived enabling the frequency components to 
be weighted in proportion to their effect on the ear. 
Noise measurements made with an instrument 
including this filter would commonly be reported

as decibel A (dBA) units. Decibel A has par
ticularly been found to give a good measure of 
the loudness of combustion engine noises and other 
noises having a similar spectrum; it also appears 
likely at this stage to be adopted as the commonly 
used noise unit to describe the hearing damage 
potential of a noise. However it must be borne in 
mind that a degree of approximation is present in 
dBA measures and that for a more detailed and 
accurate assessment of a noise it may be thought 
desirable to use many other more specific criteria 
to describe the noise such as the decibel B or 
decibel C, Sone, Phon, Noy or Noise Rating 
Number.

9. In measuring and analysing a noise it is 
common to use a sound level meter, which consists 
essentially of a microphone fitted with various 
devices to improve the omnidirectional sensitivity 
or to reduce the wind effects, coupled to filtering 
networks to enable dBA or other measures to be 
directly indicated and a meter which typically 
covers the range 0-140 decibels. Where a frequency 
analysis of the noise is required this meter may be 
coupled to octave, 1/3 octave or narrower band 
filters, whilst more sophisticated equipment is 
likely to include automatic graph plotters and 
automatic filter switching arrangements to enable 
these analyses to be carried out automatically. 
A simple portable sound source is usually available 
for caiita-ation of the equipment. Where the noise 
is not continuous as in the case of a chain saw 
cutting logs, a burst of sound may be recorded on a 
precision tape recorder and replayed into the 
filtering and measuring equipment either contin
uously by making a loop of the tape holding the 
noise record or on repeated occasions to allow 
values to be determined for each octave of 1/3 
octave band frequency.

Table 2

NOISE-IN D UCED  HEARING DAMAGE 
INDICATED BY AN AUDIOM ETRIC SURVEY OF 

TRACTOR DRIVERS

Age range 
of tractor 
operators

Proportion of 
men with 

defective hearing

Proportion of 
men with speech 

frequencies 
affected

18-24 years 5/11 0/11
25-34 years 6/14 3/14
35-44 years 14/26 7/26
45-54 years 5/11 2/11
55-64 years 6/8 4/8

Total 36/70 Total 16/70
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10. On tractors we have, from a survey carried 
out in the area surrounding the N.I.A.E., shown 
that noise-induced hearing loss is a serious problem. 
(Table 2).6

It is probably significant also that at the time 
this survey was carried out in 1967 and the majority 
of tractors were not fitted with any form of cab 
whereas since then cabs have become very much 
more common and our very extensive measure
ments in connection with tests of safety cabs 
suggest that in the large majority of cases noise 
levels will have been increased by the presence of 
the cab.6 Our studies of possible solutions to the 
noise problem on the tractor indicate that because 
of the multiplicity of primary and secondary 
sources including the engine exhaust outlet, the 
engine walls, the engine air intake, the transmission 
casing, the cab structure, the auxiliaries such as 
the fuel tank and fenders and in some cases the 
implement, several separate measures are re
quired in order to achieve a satisfactory noise level 
for the operator.7 6

Despite earlier remarks about the effect of 
cabs, we conclude that an acoustically designed 
cab can reduce the noise level very significantly 
below that with no cab fitted and moreover on the 
majority of tractors could probably be designed 
to reduce the level below 90 dBA which we would 
propose ought to be the aim if 95 % of users are 
to be protected from some damage to the hearing 
over a lifetime of use of the tractor.9 We consider 
that the more important treatments to the cab are:

(a) to include sufficient acoustic absorbent 
material as lining to the roof, sides and the 
doors to reduce the reverberation of the cab 
and subsequent build-up of noise.

(b) to effect a good seal particularly on the front 
walls of cabs in order to reduce the ingress 
of noise from the engine walls and other 
components surrounding the engine.

(c) to isolate the cab structure from the vibra
tion of the engine transmission unit to which 
it is normally attached by the use of resilient 
mounts.

(d) to include a floor to the cab to reduce the 
entry of noise from the transmission housing.

In addition further attention needs to be given 
to the siting of the exhaust outlet and air intake 
and in some tractors to the design of the fan blades. 
Table 3 shows the progressive effect of various 
treatments carried out in our research work and 
indicates the practicability of achieving 90 dBA 
at least on some vehicles. However, we are con
cerned that on smaller tractors in particular where 
the operator sits virtually astride the transmission 
housing, some more revolutionary changes to the

design may be necessary in order to achieve this 
level.

Table 3

SUMMARY OF NOISE REDUCTIONS 
ACHIEVED BY PROGRESSIVE TREATMENTS 

OF A TRACTOR A ND CAB

Treatment
Typical Reduction*

dBA Sones NR

Absorber in roof, on 
doors and mudguards 5 12 3

Sheet metal bulkhead 
and floor 4 30 3

Anti-vibration mounts 
fitted to safety frame 2 30 2

Safety frame filled with 
sand 1 • 5 20 3

Bonnet Treatments 1 14 3-5

* Original levels typically 101 dBA, 160 Sones, NR 98.

Seating and Ride Vibration
11. There are two main aspects to the design of 

seating on vehicles, the anthropometric design 
in providing a secure and anatomically correct 
support for the body and the control of vibration 
induced by motion of the vehicle over often very 
rough terrain to reduce the discomfort and the 
damage to health both known to be caused by 
ride vibration particularly from off-the-road 
vehicles.10

12. The optimum shape of vehicle seating and 
its positioning in relation to principal controls has 
been the subject of study for many years and 
Table 4 shows recommended dimensions for 
agricultural tractor seating. That the provision 
of a correct seating arrangement to allow opti
mum posture can be important in determining 
working efficiency has been shown by experiments 
which we have carried out on a transplanter.11 
Relative positions of seat and footrests to the 
planting wheel and hence to the hand positions, 
were varied on a commercial machine and whilst 
this was being used in a simulated laboratory task, 
recordings were made of the electrical activity 
in the lumbar muscles of the back. These recordings 
indicated the posture on the machine as originally 
provided by the manufacturer to be inferior to 
others which could be arranged and in subsequent 
field trials, in which the original machine and one 
modified to provide the posture indicated to be 
best by the electromyogram recordings were 
operated side by side, the performance of operators
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Dimension
Recommended Value

Min. Max.

Horizontal distance from front edge of seat pan to the seat reference point (S)
Width of seat pan measured on seat surface
Width of seat pan measured at a point 8 cm above and 15 cm forward of the seat 

reference point (S)
Height of lumbar support
Downwards angle of tilt of seat pan to rear

34 cm 
43 cm

45 cm 
24 cm

3°

42 cm 

10°

Range of seat suspension bodyweight adjustment
Horizontal adjustment of seat with pedals operating in a predominantly horizontal 

direction
Horizontal adjustment of seat with pedals operating in a predominantly vertical direction
Forward horizontal component of motion of seat reference point (S) for full suspension 

travel
Rearward horizontal component of motion of seat reference point (S) for full suspension 

travel

50 kg

15 cm 
10 cm

125 kg

2-5 cm 

1 -5 cm

Transverse tilt for a load of 100 kg applied alternately 15 cm either side of the longitudinal 
median plane of the seat 20 cm forward of the seat reference point (S)

Height of seat reference point (S) above the normal resting place for the feet 
Vertical distance, lowest part of steering wheel to front of seat pan surface 
Horizontal adjustment, seat reference point (S) to central transverse axis of the steering 

wheel
Square root of the sum of the squares of the horizontal and vertical distances from the seat 

reference point (S) to the fully depressed pedals with the vertical plane of the seat 
reference point (S) not less than 40 cm from the rearmost part of the steering wheel

38 cm 
20 cm

5°
48 cm

55 cm

100 cm

was compared by recording the number of errors 
made by the operators as a result of which plants 
were inadequately rooted in the ground. Table 5 
shows that the modified machine gave rise to 
fewer errors than that as originally provided.

13. There is evidence from more than one 
country of a relationship between spinal and stomach 
health and tractor driving and it would certainly 
appear likely that in forestry where terrain is 
extremely uneven and the operators are likely 
during extraction and other work to frequently 
turn the body to the side or rearward that a similar 
risk to health could exist. There is much evidence 
that the incidence of these complaints is related 
to vibration level and certainly the vibration 
severity we have measured on agricultural tractors 
is in excess of that considered acceptable in an 
I.S.O. recommendation proposal, probably soon 
to be published. Suspension seating may reduce the 
vertical vibration level by about a half and one 
section of our research has been directed to the 
development of a British Standard11 and latterly 
an international (OECD) test procedure for 
tractor suspension seats. As with the resilient 
mounts for chain saw handles, the correct choice 
of suspension stiffness and damping is vital if

good vibration reduction is to be achieved. Table 6 
summarises the vibration performance of some of 
the seats tested at N.I.A.E. and demonstrates 
the large range of performance with the absorption 
of vibration being about 50% on the best seats, 
but changing to a significant amplification of 
vibration on poorly designed models.

14. Suspension seats show two limitations which 
suggest a more fundamental approach will be 
needed to deal with the ride problem in the future. 
They do not absorb horizontal or pitch and roll 
components of vibration and they do lead to a 
relative motion between the partially stabilised 
man and his controls which move with the vehicle. 
A vehicle cabin mounted on a suspension designed 
for vertical and horizontal ride vibration attenua
tion is one solution which is being studied.13 
The use of wheel suspension also warrants re
search if the problem of variable weight distri
bution of the tractor can be overcome.

Conclusions
15. It has only been possible to deal with a few 

examples of the application of ergonomics and 
because of the nature of our organisation these
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Table 5

COMPARISON OF PLA NTING  ERRORS 
ON O RIGIN A L AND ANTHROPOM ETRICALLY 

IMPROVED TRANSPLANTERS

Trial details
Duration 

of run 
(min.)

Errors—
original
machine

Errors— 
modified 
machine

Inexperienced
operators — 4 2

3-5 6 3
3-7 7 1
4 0 7 3

(Mean number of 
plants per run
= 85) 4 0 4 4

3-7 5 2
4 0 3 1
3-8 3 2

MEAN 4-8 2-2

Experienced
1operators 18 2

17 1 9
15 10 3
16 2 8
19 3 4

(Mean number of 17 8 4
plants per run 16 11 5
= 540) 14 15 6

MEAN 6-5 5 0

Table 6

VIBRATION TRANSM ISSION OF SOME 
SUSPENSION SEATS FOR TRACTORS 

TESTED AT N .I.A .E . 
(Vertical component only)

Seat
Smoother surface 

(15 Km/h)
Rougher surface 

(5 Km/h)

A 0-45 0-70
B 0-50 0-65
C 0-65 0-75
D 0-70 —
E 0-80 0-90

F 0-90 100
G 0-90 105
H 0-95 0-95
1 0-95 0-75
J 100 0-95

K
L

110 
! -25

105
110

have been mainly connected with research into in
dividual and relatively narrow problems connected 
with welfare or working efficiency. However, in 
agriculture and probably also in forestry the 
greater improvement at this stage is likely to 
result from a much greater application of known 
information rather than from further research. 
Because of this we have devoted some of our time 
to the production of a handbook for the designers 
o f equipment.13 It is to be hoped that in addition 
to being read and used by these people, sufficient 
notice will be taken by advisory staff and by other 
research scientists including work study specialists 
with the effect that we representatives of various 
specialisations may draw somewhat more closely 
together. A difficulty which both ergonomists and 
work study specialists will have recognised at a 
very early stage in their career is the great variability 
from person to person in rates of work, in re
quirements for workplace or environment, or in 
motivation. Although inevitably, this limits the 
precision with which we may quantify requirements 
and effects, it should not limit the enthusiasm 
or the throughness with which we approach our 
subjects since by allowing for this variability 
and harnessing its effects the relative improvements 
we achieve may be all the greater.
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Paper 10

D EV E L O PM E N T  OF NEW  M ETHO DS:  
THE T R A IN IN G  ASPECT  

by A. L. James

Summary
One of the most important aspects of training 
concerns not the actual training of the men in 
any method but the need for managers to assess 
the training requirements for their own staff. 
There is a need for advance planning in consulta
tion with the training officers. Some of the 
problems facing these trainers will be demon
strated by course participation.

The great majority of work study projects 
are not undertaken unless there is a strong 
probability that distinct advantages will accrue 
at all staff levels, and it is important that the 
training officers keep closely in touch with all such 
projects from the earliest possible date. By 
this means the trainer can carry out advance 
planning of his own programme and staff 
resources.

On completion of a project by work study the 
training branch, having kept closely in touch 
with the developments will be in a position to 
mount a training exercise without delay.

Introduction
1. One of the most important aspects of a 

Training Officer’s work is maintaining close 
liaison with both Line Managers and the specialist 
sections such as Work Study. Only by doing so 
can he organise and mount a successful training 
programme.

If we take as a simple example the introduction 
o f chain saw snedding, it is possible to illustrate 
in diagrammatic form where the responsibilities 
for the various requirements lie, and show how 
liaison will lead to the mounting of a successful 
training programme. This is shown in the chart 
reproduced here as Figure 20, on the following 
page.

The following points should be noted with 
reference to this chart:

Job Analysis
2. By maintaining close liaison with Work 

Study at the evolvement of method stage, the

training officer can offer valuable advice and assis' 
tance as to which is the safest method to adopt. 
It also enables him to carry out his job  analysis 
tasks whereby he breaks down the job in to :

(i) Knowledge elements, e.g. the importance of 
supporting the weight o f the saw as much as 
possible on tree or thigh throughout the working 
sequence.
(ii) Skills elements, e.g. manoeuvring the saw 
into the correct positions and in the correct

sequence to cut each branch.
It is this analysis which subsequently assists 

him to prepare a training programme.

Identification of Training Needs
3. The chart clearly shows this as a Line 

Management responsibility. The training officer 
is always willing to help and advise with this 
task as it is important that training needs be 
identified correctly and as far in advance of actual 
training requirements as possible. The amount of 
labour which is needed to meet an annual pro
gramme of work and additional (or new) equip
ment which is necessary, is normally forecast at 
budgeting time. Training requirements if linked 
to these forecasts should obviate the possibility 
of either over or under training. In addition, only 
if the training need is correctly identified by Line 
Management, (in the example, the snedding aspect 
of chain saw usage) can the training officer prepare 
the correct training objectives which Line Manage
ment would require him to meet, and subsequently 
formulate his course programmes accordingly.

Mounting of Training Programme
4. With the introduction of a new technique 

such as chain saw snedding, Work Study assistance 
is needed in order to teach training staff, also to 
advise, and sometimes assist, with the initial 
training programme when Line Managers have 
indicated priorities.
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Figure 20. Training: Introduction of chain saw snedding



W ORK STU D  Y IN  FORESTR Y 71

Identify training 
needs for supervisors 
& operators

Prepare training I
Objectives & Course L  
Programmes, hand-out]
Material & training aids |
Equip staff |

I J
I noi-irlc giro nt I

courses

PROGRAMME TRAINING

Indicate training 
priorities

| Advise all staff &TU |

Selection of saw. Effects on operator safety
Practical demonstrations of method. Details of cost benefits

Explanation demonstration 
& practice

Assess size of 
training demand

Training
involvement

Agreement with 
trade unions

Decision on 
introduction

Job analysis 
identification of 
skills & knowledge

Course modification 
& improvements

Continue training 
both supervisors 
& operators

Equip

Line Managers
Consider implications 
cost benefits 
effects on staff 
equipment

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15



Paper 11

IN S T A L L A T IO N  OF NEW M ET H O DS FRO M  U N I O N  
A N D  M A N A G E M E N T  VIEW POINTS  

by C. G. Soames & D. J. Perry

Summary
Full consultation with men and their repre
sentatives is an essential prerequisite of the 
successful introduction of a new method. The 
trade unions are concerned with the effect on 
their members especially the problem of re
dundancy. There is a need for full training in 
new techniques and an adequate explanation 
of the need for work study. The work study 
staff must be adequately trained and well-known 
to the workers. New methods need a “ running- 
in” period.

The responsibilities and aims of management 
do not differ appreciably from those of the 
trade unions. Management needs a quick 
“ results service” and appreciates the need for 
adequate records to identify “ drift” and the 
need for restudy.

Trade Union Position by C. G. Soames
1. The installation of a Work Study Incentive 

Scheme frequently means that there must be prior 
discussion between management and the trade 
union representative.

2. The trade union has a responsibility to its 
membership and their safeguard must at all times 
be the trade union’s first consideration. It is 
important, therefore, that we seek an assurance 
on the question of redundancy. We accept that 
unless there is room for expansion of production 
there can be a problem from management’s point 
of view. Therefore, something should be done to 
stop recruitment and let the labour run down by 
natural wastage. If early retirement is to be con
sidered, then there must be a very generous 
severance scheme. Security of employment is a 
very strong consideration, especially with mounting 
unemployment figures.

3. The trade union will also want some assurance 
that with method study the job is not going to be 
enriched without a compensatory payment. We 
would say, therefore, that with the thought of 
incentive schemes should go the question of a 
job  evaluation scheme and an assurance given 
that any improvement should have a corresponding 
improvement in the evaluation.

4. If the installation is to be successful, then 
there must be, above all, a  feeling of confidence 
and understanding. Some managements will say

that it is the job of the Unions to train their 
members, but I do not accept this point of view. 
Work Study is a tool of management and to this 
end it is to their advantage that it is understood. 
If  the workers do not understand they will naturally 
be cautious and there can be a reluctance to accept.
I say, therefore, that there should be a decision 
made to at least train the men’s representatives.

5. Before a study is commenced, an undertaking 
must be made by Management to ensure that there 
is a full disclosure of all information and that the 
workers’ representative will have a right at all 
times to check on the facts.

6. Whilst negotiations will at all times be be
tween them and the Management, it is important 
the men are satisfied that the Work Study Officer 
is known to them not for his good looks but for 
his competence. Workers will only have confidence 
if he is known to know his job  and that the facts 
displayed can be relied upon for fairness and 
accuracy. A work study officer is not management 
and he should never be called upon to act as such; 
his reports must be factual and presented without 
bias. Both sides of the negotiations should, and 
must, have all the facts and, therefore, we would 
advocate a full discussion with the operatives.

7. Before a scheme is presented and, indeed, 
before a study is started, there should be a general 
understanding about the kind of scheme envisaged; 
straight piecework, a bonus or, indeed, measured 
day-work. The trade union, as I have said, must 
at all times watch the interests of its members. It 
will want assurance as to the level of payments and 
a guarantee that the value of the standard minute 
will always be adjusted when there is an alteration 
in the standard rate.

8. Before any scheme is finally adopted, there 
should be a running-in period of up to three 
months to enable both sides to iron out differences, 
and then there must be an assurance on both sides 
that no alteration in rates will be made other than 
when there are alterations in the details of the 
work being performed. It is, however, equally 
important that when changes are made in the work 
pattern, that there should be an immediate review. 
We call it “ drift” and “ drift” is dangerous to good 
relations. Good relations is the most important 
element as far as installation is concerned. 
n o t e : Drift is defined in Paper 12, para. 7.
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Management Position by D. J. Perry
9. Changes brought about by either minor or 

major alterations in tools or work method will 
result in the need for study or restudy to define 
the method and the relevant Standard Times. 
The studies will be carried out by Work Study 
personnel and it is important from the managers’ 
point of view that they should have the confidence 
of workers if good labour relations are to be 
maintained and the study successful. To this end 
it is best if the Work Study man is not a line 
manager but an independent advisor who is and 
can be seen to be impartial to both management and 
worker. Both management and labour are free 
to disagree with his findings if necessary.

10. Clearly studies must be made by a trained 
Work Study Officer and if he or the purpose of the 
study is not known to the workers there must be an 
introductory stage. This can best take the form of 
a preliminary meeting between management, 
work study and labour to explain the purpose and 
object o f the study. Where a change of method is 
involved workers will often have many suggestions 
and this preliminary to a Method Study will 
frequently provide an ideal introductory stage to 
the Method Study itself and eventual Time 
Study.

11. Where changes involve method or tools 
it will be necessary to involve training staff at an 
early stage so that supervisor and worker training 
can be implemented in good time. It will be an aid 
to both men and management at this stage, and 
subsequently, if the men’s representatives are 
familiar with work study concepts and principles. 
In the Forestry Commission at present it is felt 
that any training in this respect should be the 
responsibility of the Trade Union side but these 
men have the sometimes difficult job  of inter
preting the results of a study to their colleagues 
and as such play an important part in labour 
relations.

12. It is to be hoped that the time taken for the 
study and preparation of the results is as short 
as possible and the question of time is important. 
Drift resulting from the summation of minor 
changes may be identified by management and a 
study arranged and carried out. If the time scale 
is considerable the cut on implementation of the 
revised Standard Times may be high enough to 
cause hardship and this is a situation which should 
be avoided wherever possible by restudying as 
necessary in good time.

13. Full worker participation in Method Study 
will aid co-operation in respect of Time Studies. 
When the results of these are available the manager 
and the workers’ representatives should come 
together to discuss the recommendations and the 
new tables. It is essential that full tables and 
relevant supporting data be available and an 
assessment prepared by management indicating 
any likely cuts or changes resulting from the 
implementation of the study. At this stage workers’ 
representatives should have the opportunity of 
taking data away and studying it before queries 
are resolved at a meeting between representatives 
and management. Subject to agreement the actual 
moment of installation will now arise and an 
operative date should be chosen far enough ahead 
to enable representatives to advise their colleagues 
and for supervisors to be informed and supplied 
with the revised tables. At this stage it is accepted 
that the tables are provisional and will be used for a 
trial period in which neither side is committed. 
The effects of the revised tables can be assessed 
but not guaranteed and this trial period allows 
for the unforeseen. After a reasonable period the 
tables become definitive.

14. The previous paper made the point that the 
Trade Union side would expect an assurance that 
no redundancy would arise as a result of work study 
and that any surplus should be taken care of by 
natural wastage or early retirement with generous 
severance payment. With regard to the first point 
work study itself is not necessarily the agency 
bringing about redundancy which may be due to a 
variety of reasons in forestry; the cyclic nature of 
the work coupled with the long growing cycle, 
changes in markets outside the growers control 
and increasing productivity due to improved 
methods or mechanisation to name a few. The 
occurrence and treatment of surplus labour may 
be dependent on policy. Where forestry forms an 
important source of employment in thinly popu
lated hill country it may be deliberate policy 
to retain labour-intensive practices at the cost of 
the apparently most economic working. Elsewhere 
the manager may be under pressure to achieve 
maximum productivity within the scope of the 
other objects of management. I can only speak of 
the situation as it exists but locally within the 
latitude permitted the manager endeavours to use 
natural wastage as effectively as possible in re
ducing a forest labour force where steady im
provements in efficiency, tools and personal skills 
have resulted in a rise in productivity.
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by J. Y. Crosland

Paper 12

Summary
Installation of a new method is not the end of 
the method study process; constant vigilance, 
known as “ maintenance” is necessary to 
identify changes, desirable or undesirable, which 
may creep in and create “ drift” . Changes can be 
brought about by men as well as management. 
Adequate records should be kept to identify 
“ drift” .

1. When a new method has been introduced 
perhaps with its associated standard time table 
or output guide, there is a constant need for 
vigilance to ensure that changes, desirable or 
otherwise, do not come about without the know
ledge of management.

2. The prime need is therefore to keep adequate 
records of earnings patterns and output achieved. 
This can be achieved by use of the Job Book 
(see Form  F.C.30, opposite) which now forms 
part of the Forestry Commission’s Budgetary 
Control System. The first indications of trouble 
will usually lie in the high level of earning. It is 
therefore a most important part of a manager’s 
duties to ensure that the warning light is first 
seen, via the job book, and then to initiate the 
necessary consultation to allow investigation to 
take place.

3. Minor method improvements, however ori
ginated, mean that output, will gradually rise and 
standard time tables will “ drift” .

4. Changes in the workers can also have an 
effect and will manifest themselves in the following 
m anner:—

(i) Workers may have become more skilled 
than they were when the original studies were 
done. They may have produced a higher pro
portion of super-skilled men. This really implies

very small method improvements by the indi
viduals concerned.
(ii) The composition of the squads may have 
changed; the old time-worker type being re
placed by more highly-motivated men.
(iii) The men may be physically fitter, e.g. men 
on production throughout the year are fitter 
for this task than intermittent workers.
(iv) With improved earnings, the men may be 
better fed than hitherto.
(v) With improved transport, either Forestry 
Commission or private, the man may arrive 
on the job fresher for work, and may be working 
slightly longer.
(vi) There may be a slight improvement all 
round in rating; possibly aggravated by a slight 
depression of rating (conscious or not) at the 
time of the original studies. This is to be ex
pected, as men gain confidence in the fairness 
of work studied rates.
5. Management too can contribute to “ drift” 

by making minor changes such as introducing a 
new make of saw of lighter weight, a lighter 
sprayer with larger capacity, reducing super
vision and, in some circumstances lowering speci
fication standards.

6. The resulting increased output cannot there
fore be claimed as solely the extra effort of the 
worker. It is Commission policy to restudy its 
major tables of standard times at intervals not 
exceeding three years to guard against this sort 
of drift. Restudies will be carried out sooner if 
management or unions demonstrate the need for 
this course of action.

7. Drift may therefore be defined as the constant 
slow erosion of the time value of a specific job 
brought about by minor changes in methods, 
organisation of the job, tools, product specification, 
location of work, and working conditions generally.
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F O R M  FC 30—J O B  B O O K
WORK TYPE: EXTRACT FROM CLEAR FELL AREA LOCATION: PINEWOOD DATE: 30/7/71

STANDARD TIME TABLES USED: 
PLACE AND DATE OF ORIGIN 

HOLDER A 20 TRACTOR AND WINCH 
XXIII15 BORDERS 196S

UNIT OF PAYMENT:—
LOAD

S.M.
PER

UNIT

PRICE 
PER S.M. 
(CONS / 
MATH- 
MATL.)

CALCULATED RATE

CALCULATION OF STANDARD TIME:— 
CROP, TERRAIN AND PRIVATELY 
OWNED EQUIPMENT

A VERAGE TREE SIZE 0-36 M 3 
A VERAGE LOAD SIZE 0-80 M 3 
TERMINAL TIME {STANDARD MINUTES 

PER LOAD)
STACKING (ADD 45% TO TERMINAL TIME) 
MO VEMENT TIME—500 m 
UPHILL EXTRACTION (ADD 30% TO 

MO VEMENT TIME)
TOTAL PER LOAD

LABOUR OTHER TOTAL

4-44
2-00

14-60

4-38
25-42 0-93p 23-64p 23•64p

REMARKS:— TOTAL RATE PER UNIT OF 
PAYMENT

AGREED RATE

23■64p 

24 00p

ESTIMATE

WAGES: P.W. 2,500 LOADS at 24p per LOAD 

T.W.

£

600

V.M.E.
750 HOURS AT £ I per HOUR 750

OTHER

QUANTITY 2000 M 3 TOTAL COST 

BUDGETED COST 65p UNIT COST

1350

PER M 367-5p

LABOUR ONLY—30 Op per M 3
ACTUAL

WEEK
ENDED M A N /D  

(P W  o r
A Y S
T W )

QUAN.
M 3

|

w a g e s ! V.M.E.
(P W o rT W V

OTHER
TOTAL

TO
DATE

QUAN.
TO

DATE

UNIT
COST

TO
DATE

NOTES

27/8 7 120 38 1 56 94 120 78p

319 10 200 64 | 79
..... 1.................

237 320 74p

1019 10 210 65 | 80 382 530 72P |

1719 10 230 69 78 529
................

760
................

80p

24/9 15 350 103 120 752 | 1110 | 68p

m o 15 340 102 118 972 \ 1450 1 67p j
................ 1................ .............................

8/10 15 350 104 118 1194 j 1800 j 66p

15110 10 200 61 80 1335 i 2000 67p \1 !

TOTALS
CAR
RIED
BACK

92 2000 606 729 1335 2000 j 67p !
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Paper 13

FOREST T E S T IN G  OF M A C H IN E R Y  
by A. Whayman

Summary
No machine can be considered in isolation from 
the working system in which it is to play a part. 
The ability of a machine to play any part is 
usually determined by the improvement that 
will result within the system if that machine is 
used. These improvements may lie in the field 
of economics, ergonomics or safety; or any 
combination of all three aspects. In other 
instances a shortage of labour may demand that 
mechanisation be carried out and this may lead 
to an increase in the cost per unit of output 
rather than a decrease.

When the need for a machine has been es
tablished and it is decided that a possibly 
suitable piece of equipment is available then a 
quick feasibility study can be carried out. Any 
testing at this stage must be of a flexible nature 
in order to accord with the realities of any 
situation and the ever present need for im
mediate action. The approach must always be 
based on common sense.

General
1. No machine can be considered in isolation 

from the working system in which it is to play a 
part and the ability of a machine to play a part 
in any system is generally determined by the im
provement that will result within the system by the 
use of such a machine. The improvement may be 
in costs that can be quantified immediately or can 
be expected. As the cost of labour increases 
relative to machine costs, other improvements 
may be apparent on ergonomic or safety grounds. 
It may well be that shortage of labour demands 
mechanisation and consequently the operation 
may only be able to be carried out at all by the 
use of machines. A premium may have to be paid 
initially in order to obtain long term benefits. 
The need for a machine can be suggested by a 
close study of the existing system or stimulated 
by machinery advances elsewhere.

2. Once the need for a machine has been 
established and it is considered that such a piece of 
equipment is available a quick feasibility study 
can be carried out. The study, when completed, 
can be conclusive or suggest further modifications 
either to the machine or system. Any testing must 
be flexible to accord with realities which are met 
with in the course of the test particularly as in
formation about the machine is often required

“yesterday” . It is therefore important that any 
testing is carried out by experienced people who 
can use their common sense and are not totally 
bound by written procedures.

Appendix
3. The Appendix which follows, headed “ Ma

chine Evaluation” shows the suggested stages, 
but in this paper we are considering only the 
initial trial which will lead to the decision as to 
whether the particular machine is a “ runner” .

Report of the Trial
4. The report of the trial should consist of the 

following parts:—
(i) General. A short history of the machine, a 
general description and object of trial.
(ii) Description and Cost o f  machine.

Description o f  machine. To include all relevant 
features, dimensions, weights, etc. divided if 
necessary into the constituent parts of the 
machine.
Modifications carried out. These are generally 
of a minor nature and are those considered 
essential to enable the machine to be operated 
efficiently.

Cost o f  machine and modifications
(iii) Site and Crop details, (of area and materials 
used during trial).

Site Description. A full description of the 
sites on which the studies took place.
Crop Details. Details of crop on area and 
produce.

(iv) Working Methods. To include presentation 
of produce, layout of racks, etc. and method of 
working for each operation studied.
(v) Results o f  Trial. These should be expressed 
in “ Basic Time” per unit and show constituent 
parts of the operation, i.e. terminal times, 
movement times, etc.
(vi) Calculations to Give Costs.

The basis of the calculations to determine the 
machine and labour costs should be explained. 
In order that the “ basic times” can be con
verted to “ standard times” the relative “ other 
work” and “ rest factor” should be set out.

(vii) Estimated Costs. The relative costs for 
the operation should be displayed together with 
the “Standard Times” in order that both an 
estimated cost and “ output guide” can be 
deduced.
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(viii) Comments on Performance o f  Machine. To 
include operational experience, suggested modi
fications required for mechanical, ergonomic 
or safety reasons together with such limitations 
as have been experienced during the trial.

(ix) Conclusions. To indicate how far the object 
of the trial has been successful, is it a runner, and 
to highlight any limitations of the machine 
within the system.
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MACHINE EVALUATION

Paper 13 Appendix

Primary evaluation 
Modifications (Mechanical, 
Ergonomical and safety) 
Terrain Limitations 
Method Study to establish 
working system

DECISION
Is machine a runner?

Yes No

Write Training Paper

I
Training Foresters ac
quainted with methods on 

existing machines

Take delivery of new 
machines

Operator Training

Maintenance



Paper 14

APPLICA TIO NS OF H YDR O STATIC T R A N S M IS SIO N  
TO FOREST M ACH INES  

by R. B. Ross

Summary
The principles or hydrostatic transmission are 
are described together with its advantages and 
disadvantages. The specific application to the 
forest in the form of a frame steered skidder and 
factors influencing the design and construction 
are highlighted and the more recent phase of 
field testing.

Principles
1. Hydrostatic transmission is usually composed 

of a variable flow pump which converts input 
mechanical energy into pressure energy. This 
pressure energy is then piped to one or more 
hydraulic motors which convert the pressure energy 
back into mechanical energy. The fact that the 
pump output can be varied in order to give either 
a low flow at high pressure or a high flow at low 
pressure, within the horse power limitation of the 
input, gives an infinitely variable “gear ratio” 
between input engine driving speed and output 
shaft speed.

2. In the past one of the main disadvantages of 
this system has been the cost of hydrostatic 
transmissions compared with conventional mech
anical ones. In recent years however the intro
duction of a low-speed high-torque free-ball or 
ball/piston motor has overcome this disadvantage.

3. There are significant advantages in using 
hydrostatics on specialised forest equipment. 
A machine designer has great flexibility with for 
example a forest tractor where the ground clearance

can be anything within reason as axles across the 
vehicle are not required, the hydraulic motors 
being built into the wheel hubs. The engine can be 
mounted anywhere on the machines without 
having to worry about the location of shafts or 
drives. With proper hydraulic relief valve settings 
the machines cannot be overloaded and the driving 
is very easy. The auxilliaries such as winches, 
log rolling blades are easily incorporated, again all 
the controls are simple with inbuilt overload 
protection. Remote control too can be employed 
for example we use radio controlled winches on a 
forest tractor simply by using standard production 
solenoid operated valves which in turn are operated 
via a relay for a standard ultra-high-frequency 
radio unit.

4. The possibilities and potential of hydrostatics 
are so great that I think in less than a decade we 
will come to accept it as a conventional means of 
power transmission.

The Hydrostatic Forest Tractor
5. Experience, trials and work study have shown 

the need for a compact, robust, articulated frame 
steering forest tractor to extract timber in Great 
Britain. Converted agricultural tractors can fill 
the bill on easier ground but something more 
suitable was required to cope with the more 
difficult terrain. As we could not find a machine to 
meet the specification we require, our research and 
development workshops were commissioned to 
design and construct a suitable machine.
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Paper 15

F U T U R E  DEV E LO PM ENTS IN H A R V E ST IN G  TIM BER  
by A. A. Rowan

Summary
The pattern of change has been an initial 
improvement in the traditional (usually hand) 
methods of working followed by mechanisation. 
This pattern is traced in felling equipment, 
extraction and peeling. The next phase, complete 
mechanisation and automation is only now 
beginning. The manager needs to know where 
to gain information about new systems, how 
to make the choice and when to introduce. 
He needs to keep a careful check on new systems 
paying attention to output and non-productive 
time. Eventually, re-organisation of the “ pro
ductive unit” may be inescapable.

1. Despite the advances in mechanisation, a 
large proportion of harvesting operations is 
manual. The improvement of hand tools has been a 
continuous process, starting with the replacement 
of the traditional hand crosscut saws by bow saws 
with “ hard-point” blades which were lighter, 
faster, and easier to maintain. They were replaced 
in time by power saws for which new working 
techniques were evolved. A similar improvement 
sequence occurred with axes; the traditional 
heavy axe, weighing 2-3 to 3-2 kg was replaced 
by lighter axes with shorter shafts, with a general 
weight range of 1 to 1-6 kg. The development of 
lightweight chainsaws with automatic oiling has 
now reached the stage when their use in branch 
removal seems likely to make the axe virtually 
obsolete. All these developments have been the 
subject of intensive study and training effort.

2. Similar trends are discernible in extraction 
equipment. Horse extraction by ground tushing 
or skidding was traditional in most parts of the 
country. Early improvements were the introduction 
of Swedish harness, specifically designed for 
forest use, and the development of simple sledges 
for peat conditions and the “ Skidding arch” for 
steep rougher country. The most widely-used 
sledge is the “ Border sledge” , drawn by chains 
and on which the load is placed entirely clear of 
the ground. This results in less damage to ex
traction routes on peaty ground, even with loads 
of up to 1 m 3. The Skidding arch on the other 
hand is a light, robust arch mounted directly on 
shafts, so enabling the horse to achieve better 
braking control on steep ground. It combines the 
best features of several similar Scandinavian 
devices, including a ratchet lifting device which 
enables the load to be attached easily, without

each piece having to be handled individually 
Working loads for the skidding arch average 
0-4 m3 when extracting 3 m pulpwood and logs.

3. Development of tractors for extraction began 
with modifications to and accessories for standard 
agricultural tractors. These included sump and 
radiator guards, wheel-valve protectors, and 
simple lifting devices using the hydraulic lifting 
system on the tractor, such as the “ Thetford 
Tongs” and the “Alice Holt Drawbar” . In 1964 
the first frame-steering tractors were used, and it 
soon became apparent that the excellent cross 
country performance of these machines would 
allow tractor extraction over terrain hitherto 
considered much too difficult for wheeled equip
ment.

4. Up to the early I960’s, no satisfactory 
alternative to expensive horse extraction had been 
found for the most difficult mountain country. 
In some cases thinning had not been attempted 
because of extreme ruggedness and steepness. 
Between 1960 and 1963 the Work Study Branch 
were responsible for the development of the 
technique of cable-crane extraction by double
drum winches, using the Norwegian Isachsen 
No. 3 winch. This system has enabled economic 
extraction to be carried out over very difficult 
ground, and current work in this field is concen
trated on developing methods of using the Isachsen 
and other winches as skylines, with intermediate 
supports.

The combined effect of more versatile tractors 
and double-drum winches has been to relegate 
horse extraction to a minor role, which can be 
expected to decrease still further.

5. The improvements to methods of peeling or 
barking have followed a similar pattern. Hand 
methods were improved first, with the introduction 
of Swedish peeling tools. Then small mobile 
peeling machines such as the Cundey and similar 
models, manually controlled and fed, became 
widely used. Full mechanisation has been achieved 
with the introduction of a high-capacity Cambio 
peeler at Brandon Depot, Thetford Chase Forest, 
Norfolk, capable of processing about 100 m3 
per day. As with felling and extraction, the sequence 
has been one of initial improvements to traditional 
methods which can be introduced cheaply and 
quickly, followed by radical method changes after 
mechanisation by specialised machines produced 
for forest use.
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6. Each stage of development has made the job 
less onerous, though forest work is still among the 
most physically severe. In some instances the 
improvement has been dramatic, as in the loading 
of lorries. This was formerly done by hand, with 
the occasional use of sheer-leg devices for heavy 
timber; but is now largely done by lorry- or tractor- 
mounted hydraulic cranes.

7. The pattern of development has usually been:
a. The replacement of traditional tools by new 
improved versions which make the task easier, 
together with improvement of the working 
motions, e.g. “ hard-point blades” , horse sledges.
b. The replacement of muscles (human or 
animal) as the power source by engines, though 
control of the tools remains muscular, e.g. 
power saws, small mobile peelers, tractors 
instead of horses.
c. The replacement of muscular control by an 
increasing number of mechanical devices, 
working to pre-set limits, e.g. pre-set relief 
valves on hydraulic equipment, automatic 
devices on Cambio peelers and large harvesting 
machines.
The last phase has only begun in forestry, and it 

is clear that complete automation is a long way off. 
The main reason for machine control is the high 
operating speeds of many of the new machines. 
These require the operator to make fast decisions, 
and the higher the machine output, the more 
mechanical functions must be put under automatic 
control.

8. One of the problems facing any forest manager 
is to decide whether to change the working method 
in the light of new developments, new machines, etc. 
Much depends on how efficient the existing method 
is, what degree of improvement can be expected, and 
how difficult the new method is going to be to instal. 
It may be better to introduce minor method changes 
which will give a 10% improvement in output quickly 
and easily, rather than a radical change in tech
nique which, though offering the promise of 
much greater improvements, may take months 
or even years to reach full efficiency. There are 
always “ change-over costs” , and any major 
technical change which promises a 10% saving or 
less should always be weighed up very carefully 
beforehand. Sometimes the efficiency of new 
methods will be reduced by the resistance to change 
of workers and supervisors; they may not like 
the idea that what they have been doing for years 
is not as efficient as it might be.

9. Having decided to adopt a new method, 
introduce a new machine, or otherwise make a 
change, the manager should keep a close check 
on performance, to find out if the results are what

one expects. In the case of machinery, the key 
figures are:

a. output per effective hour;
b. analysis of unproductive time.

Output per Effective Hour
10. This can be checked against expected output, 

if work measurement has been done previously. 
Field managers must record output in detail, with 
sufficient information on factors such as tree size, 
extraction distance, etc. to enable the question 
“ What should the machine have done?” to be 
answered. The working efficiency of the machine 
can be calculated:

Output achieved 100Efficiency % = — —---------------   x - - -
Output expected 1

If efficiency remains low, check that your
“ output expected” calculations are correct. Then
examine the job to make sure that workmanship 
at earlier stages is adequate, that working method 
is correct, that organisation of the job by the 
supervisors is satisfactory, and that there are no 
problems of resistance or lack of motivation.

Analysis of Unproductive Time
11. This should distinguish:
(a) Repair Time. If this is consistently high, it 
may indicate that the machine is too light for 
the work being done, or inadequately designed. 
It may also indicate a poor standard of driving 
by the operator; inadequate maintenance; lack 
of knowledge by the supervisors, who demand 
that it be used in unsuitable condition. In
vestigate the details of high repair time: is much 
time lost waiting for spares? Consider holding 
larger spare stocks. Are repairs recurrent, 
perhaps badly carried out? More training of 
repair men may be necessary, particularly on 
new, unfamiliar machines.
(b) Service and Maintenance. This must be 
neither too much nor too little. Make sure that 
operators and supervisors know exactly what 
they must do, and when to do it.
(c) Moving between Jobs. Excessive moving time 
is a clear indication of poor organisation by the 
supervisors.
(d) Weather Delays. Usually unavoidable, but 
check that they are in line with the general level 
for the region. Consider weather protection for 
the operator.
(e) Other Delays. It is the job of supervisors 
to make sure that these do not happen. Delays 
caused by no work available, no driver, etc. 
reflect poor organisation.
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12. Good management aims at a combination of 
high output per hour, and a high number of working 
hours per year. Output per hour shows the basic 
capability of the machine, given trained operator 
and reasonable working conditions. The availability 
of the machine, that is, the hours it could have 
worked (total time, less time on repairs, mainten
ance and servicing) together with output per hour, 
gives an indication of its potential capability, and 
is a good guide when comparing one type of 
machine with another.

13. Forest Managers must keep their harvesting 
methods under review, and make assessments 
(even if rather crude) of the methods likely to be 
most economical in the next few years in their 
particular conditions, so as to be prepared for 
change. It is often very difficult to obtain reliable 
information on the outputs of new machines. 
There are five main sources of such data.

(a) Manufacturers. Probably the least reliable, 
partly because they are optimistic and partly 
because manufacturers have to provide some 
data for machines which have not had much 
field use.
(b) Technical Press Articles. Many useful articles 
appear in publications such as “ World W ood” , 
“ Skogen” , “ Canadian Forest Industries” and 
many more. Often limited to one particular set 
of conditions, however, but data from this 
source may be used to check information 
obtained elsewhere.
(c) Theoretical Studies o f  Machines. Two useful 
sources are Hedbring and Akesson’s “Analysis of 
Highly Mechanised Logging Systems of possible 
use in 1970” . (Report No. 4, 1966, Skogsarbeten, 
Sweden) and McCraw and Silversides “Analysis 
of tree harvesting machines and systems— 
a methodology” (Canadian Forestry Service, 
Forest Management Institute, Information Re
port FM R-X -27, July 1970). These describe 
how to construct mathematical models of 
machines and systems, and the predicted outputs 
can be checked from other sources.
(d) Reports o f  Logging Research Institutes. The 
publications of Skogsarbeten (the Swedish 
Logging Research Foundation, Stockholm); 
the Norwegian Forest Research Institute, Volle- 
bekk; Metsateho, the Forest Work Study 
Section of the Central Association of Finnish 
Woodworking Industries; and the reports of the 
Pulp and Paper Research Institute of Canada 
are examples of reports of high quality. These 
publications and reports from other institutes of 
comparable standing, may be used with confi
dence.

(e) FAOjECE/ILO Joint Committee Papers. 
Papers published through the working groups 
of the Joint Committee on forest working 
techniques and training of forest workers often 
contain useful summaries of operating ex
perience, but may be rather generalised for 
practical use. Their chief value is in indicating 
the trends and direction of development in 
various countries.

14. Given some indication of output, the next 
task is to estimate the operating cost of the machine. 
There are several methods of doing this, but all 
depend on an estimate of the working life of the 
machine, and the cost of maintenance and repairs. 
A simple approach is to multiply the original 
capital cost by a factor to obtain the entire cost 
of the machine over its life. (See Paper 7, paras. 
19-22).

15. More sophisticated versions of this approach 
take into account such things as interest on in
vested capital. A paper by Professor Ivar Samset 
in Driftsteknisk Rapport No. 7. (Report on Forest 
Operations Research) of the Norwegian Forest 
Research Institute, 1969 gives details of these 
calculations and several nomograms.

16. The expected cost per cubic metre, derived 
from output and machine cost, can seldom be 
considered in isolation. In most cases the new 
machine can be compared with present methods 
only by comparing several operations in sequence, 
and perhaps the entire system from stump to 
factory gate.

17. The choices are seldom clear cut. The 
conclusions are obviously dependent on earlier 
assumptions on machine usage, etc. But this sort 
of calculation is extremely useful in helping to 
eliminate some of the possible machines and 
systems; in indicating which are heavily influenced 
by tree size, for example. It is also possible to test 
the effects of likely increases in labour costs in 
relation to machine costs, and this may reveal 
that a highly mechanised system, at present too 
costly, may become competitive in a few years’ 
time.

18. Indications of this sort, however rough, are 
of first importance in considering the wider 
aspects of harvesting. How big shall the “ pro
duction units” be? How many men, how many 
supervisors will be required? How will they be 
trained? How much capital will be required, 
and when ? Managers find themselves making 
forecasts on these lines, with never as much 
information as they would like. At the very least, 
cost comparisons as described above, can make 
the range of choices less bewildering.



Paper 16

SAFETY  
by D. A. Bardy

Summary
An integral part of the whole range of forest 
operations is the question of SAFETY and 
this relates in turn to working techniques and 
methods with which the application of work, 
study is concerned.

The definition of safety in forest work does 
depend on a very close and detailed investigation 
of all operations. This leads to the necessary 
collation of all facts relating to any particular 
activity; a time-consuming job. When the facts 
have been assembled they need to be tested in 
“ actual work” situations. Then instructors 
manuals have to be written, usually coupled 
with teaching aids of various forms.

In addition to these manuals there is also a 
need to prepare Safety Rules or Codes of 
Practice for the actual operators of various 
items of equipment. The method of operation is 
indeed of major importance but the need for 
suitable clothing is also very vital in some 
activities, particularly where chemicals are 
being used or weather conditions are adverse. 
Propaganda and general publicity also have a 
part to play in improving safety.

Any employer or manager must comply with 
the statutory laws regarding safety, but it is 
the good employer who assesses safety in the 
light of a contented labour force; thereby 
gaining not only loyalty but increased produc
tivity as well.

Introduction
1. This paper is intended to foster and stimulate 

the concept that safety is an integral part of 
method study throughout the sequence of events 
which have already been identified during earlier 
sessions. It will also show, by consideration of case 
studies, how urgent training demands which call 
for instruction in safety matters, can be quickly 
fulfilled by the analysis and validation of work 
carried out in apparently similar situations outside 
Great Britain.

Selection of Projects
2. One of the major criteria which is taken into 

account during the process of selecting a project 
for study is the possibility of reduction in the 
physical effort required in the performance of the 
task. It is a well established fact that a tired 
worker constitutes a safety hazard both to himself

and others who may be working alongside him. 
It is also statistically correct that many injuries 
sustained in the forest are of the sprain and strain 
variety. It can readily be seen then that even at the 
selection stage of a study, the needs of the worker 
in terms of reduced effort and by logic, reduced 
fatigue will, if brought to a successful conclusion, 
reduce injuries of this nature by removing one of the 
prime causes. Paradoxically, the removal of one 
cause of injury (in the physical sense) may admil 
some other cause in the physiological sense. 
Such was the case when, in order to reduce the 
physical effort required in the use of an axe 
for debranching, a project was selected which 
would, if successful, replace the axe with a chain 
saw to carry out this task. The project was success
ful and fulfilled its objectives but, due to increased 
chain saw usage, further and urgent work was 
necessary to combat the ill-effects of the increased 
usage upon operator physiology, particularly 
with regard to hearing and vibration damage in 
the hands.

3. Action was rapidly taken to test various 
types of ear protection devices and all operators 
are now issued with ear plugs or fibre glass down 
according to their own preference. Progress has 
not been so rapid in the sphere of prevention of 
vibration damage but all operators were warned 
of the dangers arising from extensive saw usage 
and the worsening effect which faulty maintenance 
can have on the inherent vibration characteristics 
of chain saws.

4. Due to the co-operation of manufacturers 
and the vibration test programme carried out by 
the National Institute of Agricultural Engineering, 
it has recently been possible to state a policy 
within the Forestry Commission, that only those 
saws which are fitted with effective vibration 
damping will be issued to operators.

5. It is important that problems of this nature 
can be foreseen during the early part of the Work 
Study sequence so that the aim shall always be to 
solve the problems in advance of the installation 
of the method.

Record and Examine
6. During these two stages, not only is un

necessary or wasteful effort identified but also 
elements of work which place the operative at risk 
to an unacceptable level. It therefore follows that 
when recorded data is being critically examined,
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safety problems associated with such things as 
work design, choice of tools and equipment and 
protective clothing can be isolated. I believe it is 
also correct to say that if the work being done 
is not recorded and examined then the approach 
to safety will be most unsystematic and safety 
rules, if drawn up without the necessary detailed 
examination of each work element, would be 
largely disregarded or thought to be disreputable 
because the rules would attempt to obviate all 
possible risk and hazard and would therefore 
be conceptual rather than practical.

7. This systematic approach to safety at this 
stage can be readily exemplified. In 1966, following 
upon information gained from overseas, the 
Forestry Commission decided to test a small, 
articulated skidder for the extraction of poles 
from early thinnings in dense crops. Information 
was available which indicated an inherent lack of 
stability in articulated skidders when traversing 
side slopes. Based upon this information, it would 
have been easy, although impractical, to rule that 
operators of such machines will not drive in this 
situation. However, a more detailed examination 
of the problem was instigated and it was discovered 
that instability could be largely overcome by use 
of a particular driving technique.

Develop the Method
8. At this stage in the study, all unnecessary 

work has been deleted and safety hazards either 
dealt with or at least, identified. Techniques 
within the method are developed and appraised 
from both the efficiency and safety angles. Tech
niques which can be validated in the single criteria 
of production efficiency may have to be rejected 
because they do not meet the requirements of the 
safe working criteria.

9. It is at this stage that the Forestry Com
mission's Education and Training Branch be
comes more and more involved in the project 
being studied. This is not to say that in the earlier 
stages of the study, involvement does not occur; 
on the contrary, both the Training Branch and 
line management are kept informed of phases 
within the project from both productivity and 
safety view points. This enables the Training 
Branch to offer suggestions, based upon experience 
gained in other activities, which may assist Work 
Study in subsequent method developments.

10. A case which serves to illustrate this oc
curred during the early studies in chain saw 
de-branching. Two distinct techniques were being 
evaluated by trials in which various machines 
were used to de-branch in differing species, 
branch habit and branch diameter. From the 
purely productivity viewpoint, it was established

by Work Study, that on poles having very light 
branches, the cutter could use the saw in a scything 
action with the engine continuously running at 
high revs. However, by taking into account the 
following factors, this technique was subsequently 
not recommended:

(i) The technique of scything causes rapid 
fatigue due to the operator’s inability to support 
the saw other than by the wrist, arm and shoulder 
muscles.
(ii) The need to operate the saw at continuous 
high engine speeds aggravates an already 
identified problem in physiological terms.
(iii) The bulk of the training need consists of 
operators only recently skilled in basic con
version and felling techniques.
(iv) The alternative “ lever” technique is adap
table over a wide range of branch habit and 
size and is relatively easy to teach.
11. I believe that the vindication of this approach 

is found in the following summary of accidents 
since chain saw de-branching was introduced in the 
Forestry Commission.

No. of 
Serious 

Accidents*

No. of 
Operators 

at Risk

Accidents 
per 1,000 
Operators 

at Risk

1966 2 100 2 0 0
1967 5 250 2 0 0
1968 12 600 2 0 0
1969 15 900 16-7
1970 18 1,100 16-4

* “Serious” in this context indicates an injury leading 
to an absence from work exceeding three days.

12. At the later stages in development, it is 
possible to forecast the geographical application 
of the method, the consequential size and location 
of the training need and the training of instructors.

13. It is intended that future instructor training 
shall be based upon Training Manuals which 
will, in turn, be used by the instructors during the 
training of operatives. The manuals record the 
working situation which dictates the choice of 
working technique. The correct technique is 
described and certain points are stressed. These 
key points are often associated with safety and also 
reflect the training objectives which are based 
upon the productivity and safety requirements of 
the job.

14. An extract from the Training Manual 
pertinent to chain saw use reinforces the stated 
policy of systematic integration between Method 
Study, Efficiency and Safety:
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Trainee must know.

1. The correct sawing technique to use 
for trees of all size classes.

2. The correct stance and positioning 
of the saw for each technique.

3. When to use an alternative technique 
based on felling direction and degree 
of slope.

4. When aid tools are necessary.

5. The safety rules relevant to chain saw 
felling of conifers.

Trainee must be able to :—

1. Assess the diameter of the tree relative to the effective guide 
bar length.

2. Use the correct technique to make the sink cut so that the tree 
will fall in the required direction.

3. Use the correct technique to make the main felling cut com
mensurate with diameter class and terrain considerations.

4. Use the recommended aid tools effectively.

5. Work to a prescribed quality standard agreed between Local 
Management and Instructor.

6. Work to a prescribed quantity standard based on either—
a. Traditional Piecework Rate

OR
b. Standard Times
Agreement regarding a. or b. to be reached between Local 
Management and Instructor.

7. Achieve both quality and quantity standards prescribed whilst 
observing the safety rules for chain saw felling of conifers.

15. Having decided upon the training objectives 
based upon an analysis of the knowledge and 
skills embodied within the job to be performed,

the next step is to record the situation which will 
face the man in a production environment and to 
detail the techniques to be used:

TH E W O RK IN G  TECHNIQUES

WORK SITUATION EQUIPMENT WORK SEQUENCE

Trees of small diameter 
(i.e. less than effective 
guide bar length). Trees 
able to fall freely in re
quired direction.

1. ChainSaw.

2. Saw maintenance equipment

3. Fuel and oil containers.

4. Loggers Belt.

5. Safety Helmet.

6. Ear Protector.

7. Gloves.

1. Decide felling direction.

2. Stand with tree to your left.

3. Decide line of sink.

4. Hold saw in position to make lop cut 
of sink.

5. Make top cut of sink with pulling 
chain as in Fig. 21.
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Attention Point
Ensure that top cut is sufficiently deep 
that it extends to where the bottom cut 
will subsequently be made.

6. Turn saw over so that guide bar is level 
and horizontal.

7. Position feet so that body weight is 
immediately behind the line of the guide 
bar to reduce risk of kick-back whilst 
using a pushing chain.

8. Make bottom cut of sink with pushing 
chain as in Fig. 22.

CP
Figure 22.

Attention Point
Both cuts of the sink should meet 
exactly. Any overcutting which does 
occur must be on the top cut otherwise 
the hinge will be cut into and thereby 
weakened.

9. Position saw ready to make main felling 
cut with pulling chain. Place bark grips 
so that guide bar is level or slightly 
above bottom cut of sink.

10. Commence main cut with line of guide 
bar approximately at right angles to 
line of sink and allow saw to pivot on 
bark grips as in Fig. 23.

CO

Figure 23.
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11. Continue pivot action. Keep guide bar 
level so that height of main cut in 
relation to sink is maintained right 
round the tree. Visual attention to 
tip of guide bar to ensure that hinge 
on far side of tree is not cut.

12. Cut is complete when guide bar is 
parallel to sink cut as in Fig. 24.

CP
Figure 24.

Attention Point
If a tree is being felled in direction of 
lean or weighting, withdraw saw as 
kerf starts to open. To withdraw saw, 
step back and pull saw backwards in a 
line parallel with sink cut.
If tree is being felled against lean or 
weighting the saw guide bar is likely 
to become jammed. When this happens, 
push the tree over and complete felling 
cut with pulling chain, at a point behind 
the tip of the bar, commencing at the 
right side of the hinge and travelling 
across to the left as in Fig. 25.

Figure 25.

16. At this stage, it is possible to write Safety 
Rules as part of the job knowledge content. These 
are usually of the kind applicable to a wide range 
of conditions and therefore appropriate irrespective

of the sawing techniques. Rules appropriate to 
individual techniques are covered by the “ atten
tion” or “ key” points.
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Description of Hazard Do’s and Don’ts

Falling branch. i. The vibration of the saw can cause branches which are brittle 
becoming dislodged and falling.

The noise which the saw makes means that the falling branch 
will not be heard.
DO wear your safety helmet when working on the felling area.

Falling tree. ii. Remember that if the hinge is cut into, then the control over 
felling direction is lost.

DO make all sink cuts and felling cuts carefully and accurately.

iii. Even if care is taken, the tree may still fall the wrong way. 

DO have an escape route which is free of obstacles.

iv. Be concerned for the safety of others. Before starting the main 
cut DO ensure that there is no one within two tree lengths of 
the tree being felled.

Saw kicking back. v. Should the moving chain come into contact with branches or 
debris which are lying around the base of the tree, then the 
saw can kick-back.

DO always clear away any such obstacles before commencing 
the felling sequence.

vi. When using a pushing chain, remember that the weight of the 
saw will be thrown towards the body so DO keep the full 
weight of the body in direct line with the guide bar.

vii. If the saw gets jammed in the kerf and the tree is one which 
can be pushed over in the required direction, DON'T attempt 
to withdraw the saw with one hand whilst pushing with the 
other hand.

DO switch off the engine first in these circumstances. Remember 
that the saw has a centrifugal clutch and the chain can be 
activated by accidental pressure on the throttle control.

Tree rearing upwards or kicking backwards 
after felling

viii. This can happen even in a harmless looking situation. It 
can even be caused by heavy branches on the side of the tree 
which is in line with the felling direction.

DO remember to use the correct technique for withdrawing 
the guide bar as the tree falls.

17. We are now at a stage when the ability of 
the operative to perform the task efficiently and 
safely must be measured objectively. To do this, 
the training manuals will contain a series of care
fully devised skills tests which will measure ability 
against the pre-determined standard of performance. 
Again, safety is not measured in isolation but 
integrated into the technique at test. The need 
to observe safety measures whilst achieving satis
factory productivity requirements are catered for

by conducting the test against measured time 
and an easily identified starting and finishing point. 
These skills tests are still in the development stage 
but their objectives are d ear although further 
refinement of the marking system and m arking 
sheet is desirable.

An example Skills Test based upon the training 
manual content already referred to, follows as an 
example opposite:
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Install the Method
18. So far we have seen how the method is 

evolved in such a way that safety requirements 
are incorporated. We have also established that 
the facts can be transposed into an Instructional 
Manual which is supported by teaching aids and 
skills tests and that safety within the correct work 
technique is recognised and taught.

19. It is a necessary feature of installation that 
the requirements of the law shall be complied with. 
In brief, the law demands of the employer that 
he shall permit only safe methods of work and that 
this work shall only be carried out by competent 
operatives who are aware of the safety require
ments. To fulfil his obligations, the employer 
(in this context, the local supervisor assumes the 
employers’ responsibilities at law) must be trained 
in the method up to the point where he can lay 
down and reinforce the inbuilt safety requirements 
for each task. He must be able to identify practices 
which are unsafe, but he must also be able to go one 
important stage further and direct an effective 
alternative which satisfies the needs of economic 
productivity.

20. An extract from a programme of training 
designed to equip Supervisors for this important 
role is reproduced below. This is part of a course 
on Logging with Skidders and within the training 
content, safety is incorporated thus:

Day 2 Maintenance and Adjustments to Tractor 
and Winch
The hazards associated with bad or neglected 
maintenance is stressed and correct techniques 
and checking systems are demonstrated. 
Demonstration o f  Skidders 
Part of the demonstration covers details of 
crop and terrain conditions which are within 
the safe working limitations of particular 
machines.

Days 3, 4 and 5 Practical Work 
The correct and safe methods of skidding 
are covered along with such things as handling 
and repairing wire ropes and recognition of 
undue wear and tear in the chokering and 
winching equipment which could ultimately 
become a hazard.

Day 6 Safety with Tractors 
This session covers the legal aspects of tractor 
safety and also identifies the factors which 
cause tractors to tip over.

Days 7 and 8 Field Exercise in Rack way 
Layout
Having been told the terrain limitations of 
machines and the factors which affect stability, 
the Supervisor must specify a system of 
extraction routes which are safe to use whilst 
maximising machine effectiveness. This exer
cise ensures that the Supervisor is able to  
deal with the responsibilities imposed by 
the law upon employers.
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Day 2
Tractor and 
Winch main
tenance and 
adjustments

Tools and 
equipment 

supplied for 
each skidder

Demonstration 
of extraction by 

Holder & 
Ploughmaster

Demonstration 
of extraction by 

Highland 
County

Two course 
members with 
Holder extrac
ting thinnings

Day 3

Two course 
members with 
Ploughmaster 
on clear fell

Two course 
members with 

Highland 
County on clear 

fell
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Day 5
As Day 3 with 

course members
Pi
o
2

—1 Discussion on 
Safety with 

Tractors—Film
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£
changing skid
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<

Day 6
As Day 3 with 
course members 
changing skid

ders

Discussion on 
the three days 

of practical use 
of skidders

An illustrated 
talk on Skid
der design and 
the effect this 
can have on 

Felling Patterns

Day 7
Briefing for 

Rackand Felling 
Pattern layout 

exercise

Field Exercise I

An illustrated 
talk on the 

review of future 
trends in 
extraction 
machinery

An illustrated 
talk on the 
factors that 

affect the choice 
of Harvesting 

machines

Day 8 Field Exercise 
I continued

Field Exercise 11

21. So far as safety is concerned, the mainten
ance of work method rests quite clearly with 
Line Management. Unfortunately, but inevitably, 
industrial labour and supervision are not static 
forces. Problems occur due to labour turnover 
and wastage and are further aggravated by staff 
changes at Supervisor level. The effect of this is 
to dilute the impact of the training effort at the 
stage of installation because people to whom that 
effort was directed are no longer part of the situa
tion. This can lead to a position wherein an 
untrained supervisor is responsible for the activities 
of an untrained crew. This in turn leads to drift 
away from the installed method and consequently 
loss of control in safe working.

Safety in Unforeseen Situations
22. Situations can arise which call for im

mediate training action, before method study can 
be done. Such a situation was the windblow in 
January 1968 in West and Central Scotland with 
consequent immediate demands for training of 
fellers. Many aspects of safe working in windblown 
timber were unknown, but we were able to draw 
on German experience in the identification of 
hazards. Subsequent training incorporated these 
findings, and it is worth recording that in the 
harvesting of approximately 1-6 million cubic 
metres of timber from the windblown areas, 
injuries to Forestry Commission workers were 
limited to one man who suffered a broken leg.
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FOR ESTR Y W O RK ERS: C O N D IT IO N S  OF SERVICE  
by P. J. Clarke

Summary
The paper describes the conditions of service 
of manual workers in the Forestry Commission. 
It does not deal with employment in private 
forestry. Mention is made of the total number 
of industrial workers employed by the Commis
sion and how and why the labour force has 
dropped over the past few years. The question of 
redundancy is touched upon. Reference is 
made to the age imbalance amongst the Forestry 
Commission’s industrial staff and to the im
plications of establishment. The composition 
and functions of the Forestry Commission 
Industrial and Trade Council, pay, hours of 
work, overtime, piecework, time lost due to 
bad weather, annual leave and holidays with 
pay, special leave with pay, payment of wages 
during sickness, and travelling are also covered.

1. This paper is concerned with the conditions 
of service of the manual workers employed by the 
Forestry Commission. The conditions of service 
of forestry workers employed on the estates of 
private landowners are not the concern of the 
Commission.

2. The Forestry Commission at present employs 
about 6,900 manual workers (more usually 
termed “ industrial” workers) in its forests, depots, 
workshops etc. In addition there are some 2,480 
non-industrial staff, such as foresters, district 
officers, Conservancy and Headquarters staff. 
The number of industrials employed by the Com
mission has been steadily dropping over the past 
few years because of increased mechanisation and 
new and improved management techniques. The 
highest total of workers in the Commission’s 
employ was 13,620 in 1954; the total had dropped 
to 10,850 by 1965 and, as stated above, had fallen 
to about 6,900 by the middle of 1971. Most of the 
reduction has been achieved by what we call 
“ natural wastage” (that is by the non-replacement 
of men who retire or move of their own volition 
to other jobs etc.) but just over 300 workers have 
had to be discharged on grounds of redundancy 
since 1965. The discharge of workers because of 
redundancy, even when on a small scale, is always 
an unpleasant task, of course, and tends to cause 
a souring of labour relations at any forest at 
which it takes place. The Commission has a 
redundancy procedure agreed with the Trade 
Unions which follows the general principle of 
“ last in—first out” , an equitable system from the

point of view of the workers but one which does 
not always allow the Commission to retain its 
most efficient employees. With the exception of 
those with less than two years’ continuous service, 
workers who are discharged on redundancy 
receive a compensatory payment which varies 
according to their length of service and their age.

3. As a result of the rundown in the labour 
force the Commission is faced with the problem of 
an age inbalance amongst its industrial staff, over 
60% of whom are now aged over 40. Corrective 
action in the form of higher recruitment of young 
men will not be possible, however, until such time 
as the size of the labour force stabilises and the 
Commission can start recruiting workers again on a 
reasonable scale.

4. About one-third of the Commission’s in
dustrial employees are “ established” , that is 
they have been accepted as permanent staff who 
will normally be expected to stay with the Com
mission until 60, at which age they will be entitled 
to retire with an annual pension and a single 
lump sum retirement gratuity. The pension is 
calculated at the rate of one eightieth of the em
ployee’s average pay at plain time rates over the 
last 3 years for each completed year of reckonable 
service (subject to a maximum of forty eightieths 
by age 60 and forty-five eightieths by age 65) 
and the lump sum payment is equal to three times 
the amount of the annual pension. Pensions are 
reviewed every two years and adjusted as necessary 
to take account of their loss in value due to 
inflation. Although the minimum age of retirement 
is 60, most of the Commission’s industrial staff 
are allowed to extend their service until age 65 
subject to their continuing to remain fit and 
efficient. In return for established status, workers 
are required to accept an obligation to work 
wherever the Forestry Commission directs them 
to, but in practice this has only ever been invoked 
by the Commission in redundancy situations.

(New rules have been introduced since this was 
written, in accordance with which an established 
worker can only be required to move permanently 
to another place of work if it is within reasonable 
travelling distance of his home).

5. The majority of the Commission’s workers 
are unestablished, i.e. they are not permanent 
members of the staff and do not receive a pension 
on retirement. They do, however, receive a gratuity 
payment if they leave the Commission’s employ, 
for any reason other than a disciplinary offence,

92
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after not less than five years’ service. This is 
calculated at the rate of one week’s pay at plain 
time rate for each year of reckonable service up 
to 5 years, two weeks’ pay for each of the next 
5 years and four weeks’ pay for each year of 
reckonable service over 10 years, subject to a total 
o f one year’s pay.

6. Except for purely local matters which are 
the subject of negotiation between foresters and 
workers (such as the time and the place men 
should report for work each day, piecework 
rates, etc) conditions of service are negotiated 
nationally on the Forestry Commission Industrial 
and Trade Council and are common to all workers 
throughout Great Britain. The Industrial and 
Trade Council consists of seven officials from the 
Forestry Commission and one from the Depart
ment of Employment, making up the “ Official 
Side” , and three representatives from each of the 
three constituent Trade Unions making up the 
“ Trade Union Side” . The Trade Unions rep
resented on the Council are the National Union 
of Agricultural and Allied Workers, the National 
Union of General and Municipal Workers and 
the Transport and General Workers Union. 
Some of the more important conditions of service 
agreed by the Council are briefly summarised in 
the following paragraphs. Those indicated with 
an asterisk (*) are the same as those applying 
in the industrial Civil Service as a whole.

Pay
7. Just over 80% of the Commission’s in

dustrial staff have their pay negotiated on the 
Industrial and Trade Council. The staff concerned 
(generally known as forest workers) are those who 
are in the main doing jobs solely connected with 
forestry operations, such as felling, extraction, etc. 
The remaining 20%, who are employed on work 
more often associated with a larger industry 
outside, follow the rates of pay laid down for 
that industry (e.g. the Commission’s road con
struction workers have their pay based upon the 
rates laid down for the Civil Engineering industry). 
In this way the Council ensures that their pay 
keeps in line with the generally accepted rates for 
the job. The basic weekly wage of an adult male 
forest worker, as agreed on the Council is currently 
£15-13. Juveniles (those under 20) and females 
receive set percentages of this rate. Progress is 
being made towards equal pay for female workers 
in accordance with the Equal Pay Act 1970 which 
comes into force at the end of 1975. Additions to 
the basic weekly wage are granted for skills: 
these additions (generally known as “ leads”) 
range from £0-27 to £1-60. Most workers are 
able to increase their earnings by means of piece

work or overtime, however, and the average 
weekly earnings of the Commission’s industrial 
staff for the financial year 1970/71, during the 
greater part of which the basic pay stood at 
£13-48, was £19-80. During holidays and annual 
leave a worker is restricted to his plain time pay 
(i.e. his basic pay plus lead, if any). Pension and 
gratuity entitlements and sick pay are also based 
upon pay at plain time rates.

Hours of Work
8. Forest workers are at present conditioned to a 

40 hour week (Monday to Friday) exclusive of. 
meal times and overtime. Workers whose pay is 
linked to outside trade rates follow the weekly 
hours laid down for the industry concerned— 
these are all set at 40 hours at present.

Overtime
9. Forest workers receive the following rates 

of pay for work done in excess of their agreed 
daily working hours:

Monday to Friday —First two hours at
time-and-a-third; 
thereafter at time- 
and-a-half.

Saturday 
(before 1400 hours) 
(after 1400 hours) 

Sunday

—as above.
—Time-and-a-half. 
—Double time.

Special rules apply for work done on public 
holidays (e.g. Christmas Day) and privilege 
holidays (i.e. extra holidays granted to Civil 
Servants in addition to the normal public holidays).

Overtime rates for “ trade-rated” employees 
vary according to the industry concerned.

Piecework
10. It has been agreed on the Council that when 

piecework is desirable, piecework rates and any 
subsequent changes in those rates shall be agreed 
locally. It has also been agreed that the piecework 
rates for any job  shall be such that a Skilled Forest 
Worker (that is a worker whose time pay consists 
at present of £15-13 basic pay plus a lead of £0-55) 
is able to earn on piecework in the ordinary weekly 
hours not less than 30% above his normal time 
rate for the period he is employed on piecework.

Time Lost due to Bad Weather
11. Workers who attend for work but are 

prevented from working on account of bad weather 
are paid at plain time rate for the time they are 
idle, except that pieceworkers receive no payment
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for any idle period of less than two hours aggre
gated over a day.

Annual Leave and Holidays with Pay
12. Full-time employees are allowed 3 weeks’ 

annual leave with pay at plain time rate. Part-time 
employees are allowed annual leave on a propor
tionate basis. In addition to annual leave a further 
8J days are granted as holidays with pay (e.g. 
Christmas Day).

Special Leave with Pay
13. Employees may be allowed special leave 

with pay at plain time rate in certain circumstances 
(e.g. on marriage, for the purpose of public work, 
etc.). Applications for time off without pay are 
also considered for good and genuine reasons.

Payment of Wages during Sickness
14. Employees who work regularly for the 

Commission for not less than 18 hours a week and 
who have completed 26 weeks’ reckonable service 
may receive full pay based upon their normal

plain time rate, less any National Insurance 
sickness or injury benefits to which they may be 
entitled, for sick or injury absences, up to a total 
of 13 weeks in any period of 12 months’ reckonable 
service. After five years’ reckonable service an 
employee who has exhausted his entitlement to 
sick leave on full pay may be granted a further 
period of up to 13 weeks on half pay. Sick leave 
(paid or unpaid) may not exceed a total of 52 
weeks in any period of four years or less. The 
qualifying period of 26 weeks’ service referred to 
above is waived in the case of an employee who 
is absent as a result of suffering an injury during 
the normal course of his employment.

Travelling
15. It is the employee’s responsibility to get to 

and from the official reporting point at his home 
forest in his own time and at his own expense. 
If this reporting point is varied by the forester 
assistance towards extra travelling costs may be 
granted in certain circumstances. Where an em
ployee is authorised to use his private vehicle on 
official business, a mileage allowance is payable.
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IN F O R M A T I O N  SERVICES W ITHIN THE WORK  
S T U D Y  B R A N C H  

by T. R. Sawyer

Summary
There are many ways in which information can 
be passed on, ranging from an impromptu chat 
to  a massive document. Ail methods have 
disadvantages; the spoken word is notorious 
for being open to misunderstanding and the 
written word difficult to unearth from a mass of 
publications that may or may not be of value.

The Work Study Branch now uses a system 
under which staff are made aware of publica
tions that may be of interest to them by main
taining a small, up to date library and issuing 
a monthly information note.

Increasing use is being made of cine film in an 
attempt to record the maximum detail possible 
with the minimum of effort and expense.

There are various ways in which information 
can be disseminated, some of them more reliable 
than others.

The Spoken Word
1. Probably the easiest way of passing on 

information is during the course of day-to-day 
conversation or at meetings between interested 
parties. Clearly this method has a major dis
advantage in that only a limited audience can be 
reached and that it is not always possible or 
practical for interested parties to meet.

2. The holding of formal lecture or study sessions 
is only a short step from day-to-day conversation 
and is widely practised. The great advantage of this 
method is that questions can be raised and an
swered at once and opinions can be sought. Its 
disadvantages are that the spoken word is open 
to misunderstanding, wrong interpretation, is 
not suited to the passing on of lengthy facts and 
figures and is probably the most expensive method 
that there is.

The Written Word
3. We make great use of the written word in the 

passing of information, however there are major 
drawbacks to the system. A vast quantity of 
literature on forestry, work study and allied 
subjects is published each year, some of it useful 
but quite a lot of it not. It is not possible for a 
busy work study officer to be aware of more than a 
scattering of the items that would be of interest 
and value to him. It is the task of work study

headquarters to review as much of the literature 
available as possible and to ensure that staff are 
made aware of publications that are likely to be 
of interest to them.

4. This difficult task is made very much easier 
by a subscription to the Forestry Abstracts 
Service of the Commonwealth Forestry Bureau at 
Oxford together with a subscription to their 
Weekly Card Title Service. These two services 
provide details of some 8,500 items of forestry 
interest annually. If an abstract shows that a 
publication would be of value a copy is obtained 
from one of the National Lending Libraries or 
from the C.F.B. itself and circulated. If the 
publication proves to be of exceptional value as a 
reference work it is purchased and incorporated 
into the small library maintained at Work Study 
Headquarters.

5. A considerable number of items are obtained 
in this way together with a selection from other 
forestry organisations, notably Metsateho and 
Skogsarbeten but with many other sources. These 
publications are classified using the Oxford 
System of Decimal Classification for Forestry 
which together with an author index proves to be 
an efficient method of retrieving either an indi
vidual item or a selection of items dealing with a 
particular subject.

Obviously a library is of little value if its contents 
are not readily apparent to all potential seekers of 
information. In order to achieve this end a list, 
together with an abstract, of all publications 
acquired within the previous month or so is 
circulated to all members of the branch.

Photographs, Slides and Filins
6. A photograph or slide of a machine is worth 

a good many words and an extensive collection is 
maintained at Work Study Headquarters. This 
collection is drawn on for providing illustrations 
to reports etc. and for providing a record of modi
fications and developments carried out during the 
course of a project.

7. Each team leader is charged with the task of 
submitting photographs or slides of new machines, 
equipment, etc. to Headquarters and the collection 
is kept up to date in this way.

8. Clearly if a mere photograph or slide is worth 
a lot of words then a cine film showing a complete 
work sequence is worth even more. Work Study
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films are produced on a very limited budget using 
Super 8 mm film without sound track and work 
study staff as camera men, producers etc. This is 
important as the use of professional photographers 
seldom justifies the additional cost in relation to 
the standard of film required.

9. At the present time a library of some 30 
films is maintained at Work Study Headquarters 
and their uses have proved to be extremely varied;

from illustrating break points and elements to work 
study staff to showing forest workers the capabilities 
of a particular machine.

10. It is hoped that this part of our information 
service will eventually be expanded to include a 
record of approved working methods for most 
operations. This would prove invaluable when the 
time came to produce new standard times for a 
given operation.



Paper 19 
N EW TO N R l G G : 

A CENTRE OF FURTH ER EDUCATIO N A N D  TRA INING  
IN FORESTRY  
by A. G. Pyman

Summary
The origin of what is now the Cumberland and 
Westmorland College of Agriculture and Forestry 
at Newton Rigg, near Penrith, Cumberland, 
as a centre of forest training in 1896, is described 
The effects of the Lampard-Vachell Committee 
(1961) on forestry education is dealt with and 
the beginning of formal forestry courses in 
1963. Ninety courses have been held at Newton 
Rigg since then and details are given of the 
Ordinary National Diploma in Forestry. The 
requirements of the forester of the future 
are considered and the paper ends with a 
speculatory glance into the future organisation 
of forestry education in Great Britain.

1. Forestry education, which is today promoted 
by the Cumberland and Westmorland College of 
Agriculture and Forestry, at Newton Rigg, near 
Penrith has a deep foundation in Cumberland. 
The first Quarterly Journal o f  Forestry published 
by the Royal English Arboricultural Society in 
1907 noted the members of its publication com
mittee. Amongst famous names in British forestry 
it stated that forestry education was in the hands of 
Mr J. Smith-Hill, Principal of the Agricultural 
College at Aspatria in Cumberland. This gentleman 
noted in the first edition “ . .  . and after all is 
said and done, there is as yet little inducement for 
an able-bodied youth of average intelligence to 
learn more than the routine which was followed 
on an average estate and which is much the same, 
apart from minor details, as was followed a 
hundred years back.”

2. When the Technical Instruction Act of 1889 
was passed, giving opportunity for systematic 
agricultural education, there were only four 
centres providing courses for instruction in 
agriculture: Cirencester, Downton, Aspatria and 
Hollesley Bay. Aspatria, established in 1874, 
drawing students from all over the world, pre
pared them for the Forestry Certificate and 
Diploma Examinations of the Highland and 
Agricultural Society of Scotland, as well as many 
other Agricultural Certificates and Diplomas.

3. In 1890, a special fund known as “ whisky 
money” was made available to Local Education 
Authorities for technical education and of this 
fund, 10% was apportioned to agricultural 
education. A quote from the Technical Education

Committee’s Minutes during this period reads 
“ The fund for the disposal of the County Councils 
for promotion of technical education is not 
derived from rates but consists entirely of a 
grant paid from the Imperial Exchequer out of the 
proceeds of the Customs and Excise Duties." 
At this time both Cumberland and Westmorland 
each had a full-time lecturer in agriculture, and, 
no doubt inspired by the success of Aspatria, 
they opened the Newton Rigg Farm School in 
1896.

4. The College at Aspatria closed in 1914, never 
to re-open, whilst Newton Rigg has prospered from 
the eight students who formed the first course 
75 years ago, to well over a hundred students who 
are currently in residence. In 1896 only the prin
cipal was bearded!

5. So much for the history of the College; let us 
go forward some 60 years to 1961. Compared with 
the agricultural industry, forestry had for a long 
time lacked an educational provision, and in this 
year the situation was reviewed by the Advisory 
Sub-committee on Further Education for Agri
culture of the National Advisory Council on 
Education for Industry and Commerce. Little 
wonder that with a title like that it is usually 
referred to as the Lampard-Vachell Committee. 
This committee recommended that the Ministry 
of Education shoud select one centre, initially, 
preferably a farm institute working in conjunction 
with a technical college to develop courses for 
forestry workers and foresters and this training 
should be provided for employees of the Forestry 
Commission and Private Woodland Owners.

6. They suggested that schemes and courses 
should be developed as a result of collaboration 
between the Forestry Commission, other em
ployers and local education authorities. In view 
of the scattered nature of employment, block 
release was recommended. Block-release means 
short full-time courses which the students attend 
for periods of a few weeks, away from their place 
of employment.

7. It was as a result of this report that the 
Cumberland and Westmorland Joint Agricultural 
Education Committee was invited to provide the 
first national centre for forestry education at this 
level.

8. Formal forestry courses were started in 
January 1963, based on the recommendations of
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the Lampard-Vachell Committee. That is, an 
Introductory Course for Young Forest Workers, 
for young people up to the age of 18 who had 
entered the industry about six months previously. 
A W oodman’s Certificate Course for more ex
perienced workers, following the syllabus of the 
Royal Forestry Society’s Examination, and a 
pre-Forester Training School Course for trainees 
selected for entry to the Forester Training Schools 
of the Forestry Commission. All these courses 
were based on six weeks block-release, and with the 
exception of the Woodman’s Certificate Course, 
followed the Committee’s suggestion that young 
men from both sectors of the industry, public and 
private, should meet on common educational 
ground.

9. In order to give you some idea of the forestry 
work of the College may we just glance back over 
the last eight years.

10. During this time we have run some 90 
courses, mainly of 6 weeks’ duration but including 
some very short courses of only a few days. 
They have ranged from forestry “ tasting” courses 
for school leavers, to forestry appreciation courses 
for Rural Studies Teachers; from Introductory 
Courses to Refresher Courses for study for the 
National Diploma, and management courses for 
Woodland Owners and their Land Agents and 
Factors.

11. At present each year there are some 18 
courses still displaying a similar diversity, and at 
the end of last term we had given forestry instruc
tion to over 1,600 students.

12. The changes in the last decade have been 
brought about by great technological development 
in forestry. These have needed a new approach to 
business organisation, marketing skills and the 
uses of science and engineering. The forester of 
tomorrow must appreciate the role of science and 
technology, sound business judgement and ac
counting to play his part in this development.

13. To meet a similar change in agriculture, the 
report of the Advisory Committee on Agricultural 
Education, published in 1966, suggested a new 
pattern of courses, one of which was to be called 
the Ordinary National Diploma. This course, 
it was suggested, should be a sandwich course 
aiming to equip students with a more reliable 
approach to the problems of the industry, en
suring a closer integration between teaching and 
practice. In addition, it would give students an 
opportunity to adjust to the atmosphere of their 
role in industry as their education progressed. 
This would be similar to and equivalent to courses 
and qualifications in other technologies.

14. An Ordinary National Diploma has been 
introduced at Newton Rigg. It has been designed

to cover a period of three years, providing suitable 
education and associated training for work in the 
forestry industry at supervisory level. The needs of 
both the State and private sectors have been 
considered in planning the course, as well as the 
career prospects of young people coming into the 
forestry industry.

15. Once the student has acquired skill, know
ledge and the confidence to accept supervisory 
responsibilities with authority and understanding, 
he should be able to make a more positive contri
bution in forestry. He should have an improved 
career prospect and be able, eventually to under
take management responsibilities.

16. The course is college-based, but normally 
the students will have undertaken from one to two 
years’ practical work in forestry prior to attendance 
at the college. After the first year in college, the 
second year will be spent in practical work in the 
forestry industry, and the final year will be back 
at college. The three years will be integrated 
to ensure that knowledge and the ability to apply 
it will be developed progressively throughout the 
whole period. In short, the aim will be to educate 
a man to be a sound practical forester with modern 
knowledge, a broad view of land use, and an 
ability in management.

17. It is of the greatest importance that the 
college should maintain a close liaison with the 
industry and the industry training boards, both 
in pre-college and the sandwich periods, and 
indeed over the whole period of learning.

18. There has been a great deal of consultation 
with the industry before this course was designed 
and it appears that the forester of the future 
should have these qualities:

(i) the craft skills of a forest worker
(ii) understanding of the importance of good 
labour relationships
(iii) the ability to communicate effectively with 
both forest workers and managers
(iv) leadership qualities and the ability to 
organise and control labour
(v) ability to plan short-term work programmes
(vi) ability to supervise the use of and mainten
ance of forest machinery
(vii) ability to understand and interpret manage
ment plans
(viii) ability to train his staff in the rudiments 
of their crafts
(ix) knowledge of operation costs and business 
management.

19. To equip a young man with these qualities, 
the sandwich year in the industry is most im
portant with co-operation required between the
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employer, the student and the college. The em
ployer will be asked to co-operate by employing 
the student as an integral member of his forest 
staff and to allow him, as far as possible, to widen 
his practical experience to stimulate interest. It is 
hoped that some employers would think of these 
men as permanent employees, since they would be 
able to be replaced annually, and one would like 
to think that they would be so effective that they 
would be an acquisition for any enterprise.

20. Let me turn now to Industrial Training 
and mention the Industrial Training Act of 1964 
which established the idea that each industry 
should be responsible for its own industrial 
training and laid down the levy-grant principle, 
sometimes rudely referred to as the “ stick and 
carrot principle” . However, the idea was technical 
training for all.

21. Unfortunately, for a small industry like 
forestry, with only about 16,000 employees, 
half the industry was not within the scope of an 
Industry Training Board since the Forestry 
Commission was responsible for itself in industrial 
training. Other quite large employers in forestry
e.g. Crown Lands and National Trust were also 
out of the compass of a Board. Added to this 
difficulty was the fact that employers whose 
main occupation was harvesting timber belonged 
to another Industry Training Board. Further 
difficulties were encountered by the A.H.F.I.T.B. 
when the farming fraternity obtained permission

for the training levy to be deducted at source 
from Agricultural subsidies.

22. Forestry found itself in a difficult position 
as part of the industry was having to supply a 
levy which cost a good deal in overheads to 
collect.

23. The present position is that ways are being 
considered to obtain industrial training by other 
means providing the essential requirements of the 
Industrial Training Act are still maintained.

N o t e :
By The Forestry Commission's Chief Education 

and Training Officer
A Forest Industry Training Council has now 

been established and has met once under its 
chairman Professor J. D. Matthews of the Forestry 
Department, University of Aberdeen. The Council 
draws its members from both State and Private 
interests and has representatives of the Trade 
Unions, Education Authorities, Forestry Societies 
and Colleges of Further Education giving courses 
in forestry. Levies are no longer raised from the 
employers and grants for training are no longer 
given. The identification of the training need, 
the provision of adequate facilities to meet the 
demands of the whole industry at an acceptable 
cost and the development of a pattern of education 
and training to meet the requirements of all 
forest workers in the industry are all matters of 
urgency pressing for the new Council’s attention.
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