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PREFACE

In South Africa, as in other countries which draw their timber supplies largely from man-made forests, the
traditional forestry practices developed in the naturally forested countries of Europe and North America have had to
be modified to suit local conditions, and through the years local practices have been evolved in partically all spheres
of operation, based on research, evolved by trial and error] or sometimes arrived at merely by the application of
COmImnon sense.

Exploitation of the timber resource is one of the fields in wnich local practices have been established by
drawing on the most suitable techniques from established timber-growing countries and modifying them to suit local
conditions, and these local practices are set out in the Logging Reference Manual in a form which will enable a forest
manager with tittle or no previous experience of exploitation to apply well-tried principles and techniques to his own
particular conditions.

This Manual gives details of systems that have proved themselves at various stages in the development of
exploitation practices in South Africa. Brief mention is also made of certain systems that have been tried but found
impracticable or uneconomic under the conditions obtaining at State plantations.

Although some of the information is dated or even obsolete, the Manual with its comprehensive coverage is in
great demand in its present form. The Department is convinced that the South African logging fraternity would
prefer to have access to the Manual now rather than wait until it can be completely revised and updated. Apart from
minor alterations and mefrication of the imperial units used in the original edition, the imanuat is published as
compiled in 1965. This should be kept in mind, especially in so far as the cost figures are concemned.




INTRODUCTORY REMARKS

This manual was originally written as an aid to instruction at the College for Foresters at Saasveld, and is
aimed at acquainting students with the practical application of logging methods and equipment used in state
plantations for timber preparation, extraction and transportation, including the simplified methods of forestry road
planning and construction. The manual may also prove useful as a work of reference for practising foresters.

A considerable number of illustrations is included in the manual to serve the following purposes:

(i)  to shorten the written description by showing equipment or operations at a glance (There is a saying “A good
fllustration is worth a 000 words™)

(i) to illustrate the equipment and its application
(i) to minimise the boredom of reading a pootly #lustrated technical publication.

This manual differs from other publications in that the users of equipment are supplied also with information
on the accessories of logging units, the conditions under which the equipment can be most efficiently used, as well as
output, costs and labour requirements. The advantages and disadvantages of various types of equipment are also
discussed. In virtually every case drawings are given, illustrating the practical application of the equipment under
Departmental field conditions. Although much has previously been written concerning individual logging operations
or equipment, this manual is unique in that it covers the full sphere of logging activities from beginning to end in
sequence, and often in great detail.

In the absence of specific :costing research most of the data given in the manual were accumulated by the
Exploitation Section over a period of years. Since the establishment of a work study section, however, the matter has
been given more attention and the resultant.data and findings circulated with instructions that they be applied
throughout the Department. The efficiency figures and data referring to timber expioitation have been incorporated
in the manual.

With regard to the illustrations: some were taken or adapted from existing publications, others drawn from
photographs primarily taken by members of the Exploitation Section, and many are originals.

Asg regards the written part of the manual, a great amount of up-to-date professional literature was consulted
to supplement knowledge gained by experience angd practice,

Taken as a whole, some technical forestry personnel dealing with exploitation, althcugh having a general
knowledge of operations and equipment, are often ignoraat of the important finer details, or know little about the
use and functions of some of the more modem and up-to-date equipment used. The Logging Reference Manual is
designed to remedy this shortcoming,

W. ZAREMBA

PRETORIA
MARCH 1976
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GLOSSARY

CAMBIUM

A sheath of generative cells between the wood
(xylem) and the bark {phloemj}.
CONIFER

A tree belonging to the order Coniferae, usually
evergreen, with cones andneedle-shapadleaves and

producing wood c¢ommerciglly known as 'soft-
wood™,

CROOK

An abrupt bend in a pole or log, considered as
a defect.

FOREST

An  Indigenous,
{Refer plantation).

naturally established wood,

HARDWOOD

Timber derived from one of the botanical group
of {rees that have hroad leaves.

NORMS

The time or quantity which is statistically most
frequent.

PLANTATION

An artificially established wood, usually of
exotic gpecies in Africa.

PRESSURE WOOD
Wood that Is formed on the side of the tree

that is constantly under compressive forces, e.g.
lower side of branches, leaning and crooked trees.

RAKER
A tooth on a saw which cleans out the kerf,

SEASONING

The process of drying poles, logs or timber.

il

SNAG

A standing dead tree of 6 m or more. {If it is
ghorter than 6§ m, it is a stub).

SNIFE

(verb) Round an end off to prevent it from

foullng,

SNUBBING

A method of preveoting logs from rolling,

SPAR TREE

A tree that is debranched and topped, to be
rigged and used as a boom for highlead operation.

SPIRALITY

The tendency for the grain to run at an angle
to the loogltudinal axis of the pole, log or tree,

SWEEP

A gradual bend In & log or pole, considered
as a defect,

TASK WORK

A standard of production that is established by
ohservation over a periocd of time, the workers
no longer working to time, but working until the
set productlon is reached.

UNDERCUT

A notch cut in a tree to govern direction of
fall and to prevent splitting,

YARDING

Extract timber by means of wire rope (cables;}.
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GLOSSARY

BABBITT's METAL

A metal alloy containing a large proportion
of lead (= 509),

"BOXY" FOOT

When the inner part of the hoof (sole) is over-
grown and is level with the wall,

CHOKER

A chaln or cable so fastened that it tightens
on its load as it is pulled.

COQ=EFFICIENT OF ADHESION

A factor expressing the relationship between
the tractive force of the wheels or tracks and the
mass of the vehicle.
COLD-SHUT LINKS

An emergency repalr link for chain.
DOLLY ARCH

This is a frame-mounted fair leader on wheels,
attached to the tractor winch shaft, which, when

unleaded, can be lifted off the ground, and gives
a lift to logs when loaded.

DRAWBAR KILOWATT
Kllowatt available at the drawhar, after the

transmission trala, generator, water pump and
other accessories have used kilowatt to function,

DRAWBAR PULL

The tractive effort exerted, in given circum-
stances by & tractor towing another item,

DYNAMOMETER

A machine for measuring brake kilowatt of a
motor,

FAIR LEADER
A device containing sheaves or rollers, used to

gulde a moving cable so that it will be drummed
eventy.

FREE-SPOOLING DRUM
A drum that can be disengaged from the motor

by means of a cluich, and can then be freely
rotated in either direction.

GRAB HOQK

A book used with chain so designed that it can
fit over any link,

iv

GROUSERS

A ridge or cleat across a track shoe that Im-
proves its grip on the ground,

HANDSPARS :

A light, sturdy pole which s used as a lever
to rell logs,

HANG-UPS

1. To fell a tree so that it lodges against
another tree instead of falling to the ground.

2, In skidding, to get a log stuck behind an
obstruction.

HEARTWOOD

The inner core of the tree consisting of non-
living cells and usually darker in colour than the
sapwooad.

HIGELEAD
A systern of timber extraction by means of
winches and wire rope, the wire rope being pas-~

sed through a pulley on top of a spar tree or boom
to give a certain amount of lift to the logs,

INTEGRAL ARCH

A fair leader mounted on a frame fitted to the
tractor chassis or winch shaft, the winch cable
passing through it and being used to give a lift
to the logs.
LINE GUARD

An optional safety device on a block {o protect
and keep the cable passing over the sheave.

LINE HOOK

A hook attached to the loose end of a winch
cable. With a tractor - usually swivelling.

LOG SWINGING

Removal of skidded logs from landing (usually
highlead) to the roadslde or other depot.

LOGGING ARCH

Auxilliary equipment, eitber as s sulky drawn
by the tractor, or integral part of the tractor, to
give a certain amount of lift to the heads of the
towed logs,

LOGGING PAN

A steel plate with a curved up front used for
log skidding with towing tractor.




OVERWINDING DRUM

A rope or cable wound and attached {0 a drum
in such a way that it stretches from the top of a
drum to the load.
PEAVY HOOKS

A stout lever 1,5-=2,1 m long, fifted witha socket
and spike and a curved steel hook that works
on a bolt; used in handling (rolling) logs.
RACK TRACKS

Tracks or rails with suitably placed holes for

& sprocket or drive gear to engage, thus affording
better traction,

ROLLING RESISTANCE
The amount of pull required to overcodie a

mass to be moved and expressed in kilograms
per ton,

SAPWOOD

Living wood of pale colour.

SIDEWINDERS

Logs lying on a slope so that they roll easily
if knocked slightly.

SIWASH

To haul logs so that they scrape against or
sideswipe stumps and trees.

SKID SPARS

Logs or poles used to form a skidway for other
logs or poles.

SKYLINE

A cable suspended between the head spar tree
and the tail tree in cableway logging, on which
the trolley travels.

SLIP PATH
A path along which timber can be skidded with-

out obstruction. On steep slopes they may be ex-
cavated with suitable gradient.

SNATCH BLCCK

A pulley block with a hinged bridge (or shackle)
or side, to allow a ¢able to be placed in the pulley
groove,
SPLIT LINK

An emergency repair link used with chain,
SULKY

An arch with fair leader, mounted on wheels and
towed behind & fractor, to give logs = lift.

SWINGING
Refer "Log swinging'.
SWINGLES

The bar to which mule (horsea) traces are at-
tached,

TRACES

The twisted link chain that passes from the
collar or breast plate of a mule or horse harness
to the swingle,

TRACKS

One of a pair of roller chains used to support
and propel 2 machine (crawler tractor).

UNDERWINDING DRUM

A Tope or cable wound and attached to a drum
in such a way that it stretches from the bottom
of the drum to the load.

WHEELER

The back mule of a pair in tandem.
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INTRODUCTION

Logging in South Africa, prior to the turn-
of the century, was strictly limited to extracting
hardwood timber from the couniry's indigeoous
forests. The advent of the industrial age soon
showed, however, that the local timber rescurces
were hopelessly inadequate to meet the growing
need for timber products and the establishment

of man-made plantations became necessary;"-T_I_'l_é_'-_-‘l‘ "
limited usefulness of indigenous timbers for general -

purposes, coupled with an increasing demand for
protection of the country's natural resources,

caused logging operations in the forests to come ..

to a virtual standstill. At the same time the
afforestation of suitable areas withartificial plant-
ations created the need for a specialised approach
to logging in order to extract the timber from
the new plantations. The conventional European
or American logging methods had only a limited
application and had to be partly adapted to suit
local conditions, as the country is not well supplied
with natural waterways for timber transport or
a ground cover of firm snow during the winter
months to aid transportation or extraction oper-
ations by sled. Thus the lot fell tothe South African
forester to drag timber for extraction over the
rough, uneven ground by brute force.

GEOGRAPHICAL SITUATION OF THE PLANTED
AREA

By 1961 the planied area of State plantaticns
comprised some 273 568 hectares, of which ap-
proximately 105 218 hectares were located in the
Transvaal, i.e. the northern and north-eastern
pacts of thecountry. Approximately 24 280hectares
were located in the south-east, and the balance
along the southern coastal regions from Durban
to Cape Town.

Substantial groupsof plantations forming planted
biocks of substantial size can oanly be found in
the Eastern Transvaal and sululand, and to a
limited extent in Natal and the Northern Transvaal.
but for the remaining areas large gaps often occur
between groups of plantations, and even between
individual plantaiions themselves. This scattered
location of the planted area severely limits effective
planning, managemeni and exiensive use of
mechanical equipment.

SIZES OI' PLANTATIONS
At the time of writing the total planted area
was split into 198 area units rangwng In size

from 10 ha to over 4000 ha, with a distribution
4s shown in Table 1.

TABLE 1 -~ Plantation sizes (State and 8. A.B.T.)

Size hectares No. of plantations
10 - 40 3
4] - 80 4
81 - 200 10
201 - 400 29
401 - 2 000 B9
2001 - 4 000 a7
4 000 and over i}
Total: 198

AGE DISTRIBUTION OF TREES IN THE
PLANTED AREA

A 35 year rotation is commonly applied to
exotic species in South African plantations on
average sites. Table 2 (a) and (b show the
distribution of age classes in the planted aresa
(1961}, from which can be deduced that 12 years
is the average age, considering the planted area
as a whole.

TABLE 2 (2) - Age distribution (State and private)

Age class Total coniferous area
Percentage
vears hectares

0-95 122 242 27,4
6 -10 135 700 30,5
11 - 15 80 436 18,2
i6 - 20 23 192 5,2
21 and over 83 272 18,7
Total 445 392 100

TABLE 2 (b} - Age distribution (State and 3. A4.B.T.)

Age class Tolial Eucalypius
saligna areas Percentage
vears hectares
0- 5 66 974 57,1
6-10 37 715 32,2
11-15 7983 6,8
16 - 20 1 781 1,5
21 and over 2 811 2.4
Total 117 244 100

YIELD OF SPECIE: PLANTED

With regard 1o yield, the planted conifers can
be subdivided into three groups, viz fast-growing,
medium-fast-growing and slow-growing specles.

{a) Fast-growing species: Pinus patula, Pinus
radiata.

{b) Medium-fast-growing species: Pinus elliothii,
Pinus taeda, Pinus pinaster (Portuguese strain).

(c) Slow-growing species: Pinus pinaster, Pinus
palustris, Pinus canariensis.

Table 3 indicates the average yield per acre
for each group in addition to the subdivision into
log sizes per group.

TOPOGRAPHY

Topography varies considerably throughout the
planted area and ranges from flat {0 undulating
with occasional steep miountain slopes. Virtually
the whole area, with a few exceptions such as
excessively steep, Inaccessibleareasand marshes,
is nevertheless uccessible for log-towing means
such as tractors and animals. The most difficult,
rocky, inaccessible areas produce poor yields
and are costly to extract.

SURFACE

Terrain 15 generally firm throughout the country
with the exception of limited portions of Zululand




TABLE 3 - Yield of species planted

A. Fast-growing

Stems /hectare : | Volume per hectare
Age Before After Average Aviarage
. , DBH height 8-17¢cm 17-26cm 26em -+
thlnning thinning
yr cm m m3 m3 m3
¢ 1 31¢ -
6 1310 741 o
15 741 494 17,8 17,7 35 3
25 494 272 25,4 24,4 31 70 3
35 272 0 35,6 28,7 24 133 168
B. Medium-fast-growing species
0 1 310 -
7 1 310 741
i5 741 494 15,2 15,2 21
20 494 296 21,1 19,8 77 28
35 296 0 30,5 24,4 42 105 49
C. Stow-growing species
0 1310
8 1 31¢ 741
13 T41] 494 12,7 11,0 10
18 494 247 16,5 13,7 19
35 247 0 25,4 i9,8 45 56

where marshes gccur in places, The surface is
generally smooth angd free from undue obstructions,
but stony ground with scattered boulders and rocky
outcrops sometimes occurs on steep mountain
slopes.

CLIMATE

The climate is fairly temperate andall foresiry
operations can be contipued throughout the year.
Humidity is moderate except for the bot, humid
plains of Zululand, Temperatures vary from 2°
to 38C celsius for most of the area,

The Forestry Department plantations are situ-
ated inthreedistinct zones, differentiated according
to rainfall:

{a} Western Cape - winier rainfall.

{b} Cape Midlands - constant {all-year) rainfall,

{c} Remaining areas to the north and south-east -
sumivier rainfall.

The rainy sSeasocns do not affect logging
operaiions to any serious degree and logging
operations can continue uninterrupted throughout
the year with the exception of brief periods
when heavy downpours of rain occur. Wherever
possible logging cperations are concentrated along
all-weather roads and on areas where the surface
is less affected by rain during these periods
of heavy rainfall.

LABOUR 3

Labour is stilt fairly abundant in South Africa,
apart from the Western Cape, and in certain
cases this may tend to curb mechanisation for
economic reasons, High labour costs in the Cape
Midiands and the scarcity of labour in the Western

Cape do, however, tend to stimulate mechani-
sation.

The adaptability of Baniu labourers 1o new
techniques is slow, but not necessarily a retarding
factor in the use of mechanised operations,

EXPLOITATION

Logging presents problems not met with in
any other industry., It is the most costly factor
in forestry operaiions. Success depends mainly
{apart from road location and the espacement
of roads) on the proper selection of slipping or
skidding means and routes, and log disposal
along the roads in convenient places for loading.
A well-planned harvesting rcad system is so laid
out that the roads “tap' the timbered area and
keep skidding distances down to the practical
minimum.

A sound working knowledge of mathods and
equipment which can be employed in harvesting
operations is of vital importance. A study of
harvesting principles and praciices in forestry
is therefore, essential.

THE EARLY STAGES OF LOGGING

Prior to the inircduction of mechanisation in
logging, the timber harvested was generally of
small size und areas yielding mature timber
comparatively small. Trees were generally felled
by men using axes and cross-cul or bow saws,
dependent on the size of the trees. Ip order 1o
move timber from stump to the roadside, men
carried the smaller logs while teams of oxen or
nules were usually used to slip the lurger ones.
Yokes, simple harnesses and trek chains were
universally used with the animals for log slipping.



TABLE 4 - Timber yield and logging equipment distribution (1961)

L lippin, i
Region Pianted relme Pt Power Self r(ilianegn lor- Cn, loﬁlghle%ﬂn tract-
& area Thinning | Clearfelling| Total Gxen Mules Tractors saws P .
pelled ries ries ors
ha m3 m3 m3
N.Tvl, F.D, 13 678 52 723 75439 128 162 131 61 11 14 1 1 1
5.A.B.T. 4 160 7 782 1 330 5112
E.Tvl. F.D. 59 038 127 972 113 200 241 172 271 194 28 24 5 1 - 1
8. Tvl. F.D, 27 439 68 404 87 764 156 168 102 27 7 14 2
5.A.BT. 1 367 1132 4 245 5 377
W. Cape F.D. 18 3923 30 609 34 025 64 634 3 113 5 13 1 1
S. Cape F.D, 47 430 101 031 144 981 246 012 [ 262 25 15 1 J 2 2
E. Cape F,D, 15435 17 829 28 753 46 582 60 87 6 8
5.A.B.T, 8 242 - - -
Transkei F.D, 154 - - -
S.A.B. T. 22 035 45 195 4 047 49 242 94 26 3
Natal F.D. 13 383 15 bB5 97 635 113 200 24 886 10 13 2
S.A.B. T, 12 089 8 490 1415 9 905 82 4
Zululand F.D. 30 351 30 833 44 544 75 397 227 9 1
S.A.B.T. 6 733 - - -
Saasveld 1 342 - - -
Total 281 269 507 565 837 378 1144 943 1 000 849 92 102 11 3 4 4

F.D. = Forest Department
8. A.B.T. = South African Bantu Trust




For debarking, axes, draw-knives or vineyard
spades were commonly used. Roads were, as &
rule, constructed by hand labour.

FACTORS CAUSING THE PROMOTION OF
MECHANISATION

The following factors brought about the intro-
duction and increased use of mechbanisation in

logging:

(i) The increased size of timber.

(li) The larger areas of mature yield to be ex-
tracted.

(ili} Acceleration of all logging operaticns. Fires
particularly necessitated the speedy extraction
of burnt timber.

{iv) Mechanical equipment is less dependent on
terrain and surface conditions.

{v) Mechanical equipment is less dependent on
weather conditicas,

PRESENT CONDITIONS

At present mechanical and manual logging
methods are employed side by side, depending
on local conditions. Felling and log preparation
are only partially mechanised, power saws being
used in conjunction with hand-saws. The former
are mainly used where large volumes of timber
are to be exploited or for trees of large diameter.

Timber extraction from stump to roadside is
also partly mechanised, crawler tractors being
used in conjunction with mules and oxen. High-
lead units apd cableways are used primarily for
difficult, steep and inaccessible terrain, ir-
respective of the log sizes. Tractors aregenerally
employed on easier terrain for slipping largelogs.
Mules ang oxen are maionly used for slipping logs
of smaller diameter from thinnings, dependent
on the terrain, but teams of animals are some-
times used for extracting large logs on down-
grades in small, isolated ptantations.

Table 4 shows the timber yield for each region
as well as the tools used at present for log
preparation and exiraction.

The transportation of logs is fully mechanised,
chiefly 7000 - 10 000 kg lorries being used to
transport logs to the sawmills, Loadingis partially
mechanised, but in the majority of small, isolated
plantations logs are loaded manually,

FINAL REMARKS AND CONCLUSIONS

The mechanisation of logging operations has in
many ways affected the forestry ingustry and
working conditicns for the men involved, eg.:

1. Machines reducetheback-breaking strainof men
engaged in logging.

2. The work can he carried cut more expeditiously.

3. Labour has been considerably reduced.

4. The type of machine used demands more skilled
men as operafors,

5. Maintenance of the machines also requires
specially trained staff and workshop establish-
ments.

From the above it will be evident that due
to the introduction of advanced mechanisation in
logging, this important ¢peration now demands

a higher degree of skill and efficiency from
the persoanel employed than in the past,

FLOW PROCESS OF THE TIMBER-LOGGING
QOPERATIONS

The attached flow-process chart (Fig 1} il-
lustrates methods of exploitation employed depart-
mentally. The flow process in plantations is as
follows:

" Felling

Debranching

Cross-cutting at the stump

Load assembling {for small dimber)

Skidding or slipping the logs

Stacking at the roadside

Loading the trucks (lorries)

Transportation by road, rail or cableway

Off-loading at the destination

Debarking {where most convenient).

ROADS

Several attempts have already been made to
mechanise logging means in order to reduce the
length of roads to be constructed for timber
transportation, but it has been found that a well-
planned system of roads provides the best access
to the planted area, besides serving admirably
for fire protection purposes,

A general guide has been established for road
densities, to serve as & rough basis for road
planning where one-side skidding is to be done
to roads located on sleopes:

(1) First quality sites - 10 - 11 ha/km,
(2) Second guality sites - 12,5 - 15 ha/km.
(3} Third and poorer quality sites - 17,5 - 20 ha/km.

For {lat, mild or easily accessible country the
above figures may be as much as doubled, with a
maximum of twice the given area served per kile-
metre of road.

Table 5 shows the approximate area of eachre-
gion, the approximate length of existing roads (1961),
and their relationship to planted area.

TABLE 5 - Data of road length and areas served

=
Average area
Region Planted |Existing | served by
area roads one kilometre
of road
ha km ha
Northern Tvl, 18 900 1 160 15
Eastern Tvl. 28 000 2 760 21
Southern Tvl. 29 000 1155 25
Western Cape 18 000 740 24
Midlands 47 000 2 500 19
Saasveld 1 400 48 29
Eastern Cape 16 000 880 18
Natal 26 000 777 34
Zululand 37 000 820 45

Note: An estimated 2 780 km of road are still re-
quired to complete the road scheme for the
Department's present plantation areas
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1 GENERAL

A, ORGANISATION OF FELLING

The felling sequence of compariments is laid
down by the working plan, provided that this is
not upset by unexpected damage due to fire,
hail, windfalls, etc. A further factor which can
interfere with the planned order of felling is the
timber market, unfavourable markets often causing
thinnings to be carried forward fer several years.

The planning of felling in each compartment
will depend to a large extent on lecal conditions,
road location and slope. If more than one team
of labourers is at work in the same compartment
the teams should be so located as not to interfere
with each other, The area may then be divided
into strips and strip felling resorted to, each
team working a separate strip, In this case strips
should not be less than {wo tree lengths in width
for safety reasons. Trees should be felled for the
full width of the strip, starting from the road or
Wottom of the compariment If the latter is located
on z slope. If only one strip is worked at a time
alloperations, i.e. felling and cross-cutting, should
be compisted before another adjacent strip is
commenced, If more than one team is working,
another atrip can be cut simultaneously, provided
that a similar strip width of standing trees is left
as an interval between two worked strips.

If the above arrangement is found to be in-
convenient, (wo strips can be worked side by
side, provided that one team works at a safe
intexval of at least two tree lengths behind the
other for safety purposes, the area then belng
cleared In stepped stirips.

TWO NON-STANDARD METHODS

{a) STRIP FELLING METHOD FOR CLEARFEL-
LINGS

(1) One of the problems which occurs, particu-
larly in P, patula clearfellings, is that the crowns
and branches of felled trees considerably hinder
the skidding of sawlogs. Some boles are socovered
over with ¢rowns and branches that they must
virtually be chopped free. The tractor driver also
finds it necessary to climb over the litter with
his tractor, although he cannot be sure that he is
not climbing over stumps or rocks which could
damage the tractor.

(2) Tc eliminate this problem it is desirable
that logs be skidded through standing trees where
there is not yet an accumulation of branches from
felled trees, Although this may not always be
possible under all conditions, it should be prac-
ticable in most plantations,

(3} The method to he adopted is briefly as follows
and depends chiefly on most trees in the compart-
ment having the same felling direction. On slopes
trees are usually felled towards the lower side, and
on flats they are felled in the direction of the pre-
vailing winds, or in the direction of lean, if any,

(4) Compartments are divided ioto sections so
that there is more than one working front. Each
working front must be long enough so that two
rows of trees in the front provide at least suf-
ficient sawlogs to occupy the tractor for one day.
Felling in the compartment is commenced from
one flank and two rows of trees, with a width
of approximnately 6 m are felied. The trees fall
more or less over each other, with their boles
lying comparatively free so that ¢ross-cutting pre-
gents no difficulties, On the second day a sirip
is felled through the compartment, parallel to
the first, also 6 m in widih, with the crowns of
the trees in the same direction as those of the
first front. Tractors now skid logs felled during
the first day, skidding being done through the stan-
ding trees to the road, On the third day the fellers
again fell two rows of trees on the first front,
which has now had all the first day’s logs skidded
out, so that logs from the felied irees will agaln
be accessible to the tracter, without its having to
negotiate stacked litter, On the third day the tractor
skids from the strip which was felled on the
second day. This procedure is repeated, and the
fellers and skidders are never in each others’
way. Eventually it iz only the logs from trees
which stood where the 2nd day’s crowns fell which
have to be skidded through branches, Lorries
usually drive where the tractors are skidding,
and so they are also out of the way of falling trees.

NOTE : FLANK FELLING INCREASES THE SKID-
DING DISTANCE

(b) TWO-STAGE FELLING OPERATION

At times two-stage felling may be resorted
te in order to simplify timber extraction. During
the first stage, 50% of the trees is removed, and
after the felled timber has heen extracted the
balance of the trees is felled and extracted, This
procedure is adopted to keep debris on the forest
floor to the minimum and facilitate wheel tractor
movement, The debris {s stacked io heaps when the
first stage of the operation has been completed,
and approximately 150 stems per hectare are left
standing.

Only large logs are skidded by tractor, and the
balance is slipped by mules.

Timber preparation consists of the following:
felling, debranching, cross-cutting, and sometimes
pre-stacking for slipping in the compartment.

As soon as the felling area has been selected
and the necessary labour strength and equipment
have been ascertained and are svailable, the ope-
ration may commence.

Trees should be felled {n the direction of the
skidding operation so as to simplify the latter,
unless the configuration of the terrsin or surface
conditions make this impessible or undesirable.

The labourers usually work in teams and the
team strengths depend on local conditions and tools
used. The organisation of teams and their respective
duties are dealt with under the sections relating

to the axe, hand-saw and power chain saws.




If the felling and cross-cutting are dose by
separate teams, the cross~-cutters should work at
a aafe distance from the fellers, and if the opera-
tion is carried out on a steep slope, the cross-
cutters should work out of line of trees which
may slide down from the top. Skidding (by tractor
and animals) and hauling operations (by lorries)
gshould be so organised as not to be subject to
danger from felled trees or cross-cut logs which
may slide or roli down front above.

B. FELLING OF TREES

(a) DIRECTION OF FELLING

{1y Avold felling trees among obstacles which
can impede work and extraction. When felling, trees
should be so located as not to cause inconvenlence
or inaccessibility.

{2) Avoid causing “hang-ups" (lodging one tree
into another}).

(3) When selecting the direction of fall, the lean
of the tree and eccentricity of the crown must be
considered.

{(4) Felling against & considerable lean isimpos-
sible and only a siight deviation of the fall frem
the direction of lean can be achieved.

{6) Felling against a strong wind is dangerous,

{6) Felling trees up a steep slope is dangerous,
as they may shoot back or slide down,

(7) When felling = tree where the ground condi-
tions are rough and broken, the tree must be so
felled as to minimise breakages,

{8) Obstacles around the base of thetree must be
removed if possible, if they will in any way hinder
the work,

(9) The general rule with regard to the felling
direction is to fell Into an ares free of trees (fire-
belt, praviously clearfelled area, etc.) where pos-
sible, away from standing timber into which the
feller is advancing, This method has the advantage
of safety, io addition to shortening the skidding
distance,

(v) TIMBER LOSSES IN FELLING

A high percentage of timber wastage is incur-
red during exploitation and particularly during
clearfelling operations where the bigger trees
tend to break more easily than the small trees
felled when thinning,

() This matter has been investigated and the
following salient features have emerged. The
figures are expressed as percentages of the volume
of utilisable timber.

0,4%  lostdueto fitting in length specifications

0,5% lost due to tearing of butt logs

1,7%  lost due to breakage

1,5% lest due to 10 ¢m length tolerance
95,89%  actually utilised and invoiced

100,0%

10
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(2) Each of the "lost volume" items is dealt
with in turn.

(i) Length specification

This loss is probably unavoidable, parti-
cutarly near the thin end of the free, but
foresters are requested to engure that the
selection of the last few lengths is made in
such a way that the minimum loss accrues.

{ii) Butt log tear

This can be reduced by ensuring that the
correct felling technigue s applied at all
times. Apart from the loss to the plantations,
serious losges are incurred by sawmills
when butt logs with concealed tear damage
are SaWn.

(ill) Broken trees

The figure of 1,7% loss due to broken
trees is a serious matter and calls for urgent
attention, The following steps should, to a
large extent help to eliminate this difficulty:

s« (Care should be taken that trees, if not
felled in the same direction, should at least
not be allowed to fzll across trees already
on the ground.

¢ Instead of felling all trees from one side
of the compariment, to rather do a 50% thinning
and then to fell the remaining 50%.

Note : The Eastern Transvaal Reglon supplles
annually some 250 000 m3 of sawlogs from
clearfellings, If it is possible to reduce
losses from broken trees by 1% this could
represent a monetary gain of R16 900 per
annurm,

{{v} Length tolerance

The possibility of reducing the length
tolerance helow 10 cm is being further inves-
tigated by the Work Study section, particularly
in respect of sawlogs aupplied to State saw-
mills. If sawlogs are cut square with the axis
of the tree it is possible that the reduced
tolerance to be decided upon could involve
the plantztions concerned in a further gain of
some R6 000 per annum.

{¢) PRINCIPAL CAUSES OF TIMBER BREAKAGE
IN FELLING

{Fig. P 1 - refer to numbers).

(1) The ldeal condition for felling is level,
spongy ground,

{2) Dropping trees squarsly on rocks or stumps,
unless relatively close to the stump of the falling
tree, will shatter the trunok at the point of contact
with the rock or stump, This particularly applles
to Eucalyptus species,

(3) Dropping the tree across a ridge about half
the tree length away from the stump, so that the
butt 1s not supported, will break the tree at the
ridge.,
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DAMAGE TO TIMBER DUE TO FAULTY UNDERCUTTING

OR NO UNDERCUTS
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{(4) Dropping the tree across a ridge or log 3 to
10 metres from the stump will generally not cause
breakages.,

(5) Dropping the tree acrossg a hollow and over
a ridge more than /3 the tree length from the
gitump will usually break the tree, both over the
hollow and at the ridge.

(6) A tree may be dropped over two ridges, the
first near the stump and the second as much as,
2/3 the tree length from the stump without it
breaking at the first ridge, but breaking at the
second,

(7N A tree, unless small, felled downhill onto
rocks or over a drop will usually suffer mul-
tiple breakage.

{8) A tree felled across a donga or stream-
bed approximately balfway along its length will
often break at the point of contact with the edges
of the depression and again at the middle if the
timber is large and soft. With small trees and
soft soil the break may only occur at the middle,

(9) Hanging trees on stumps or large rocksnear
the stump of the falling tree may be sufficient to
break the bole near the cenire of its length,

(10) Trees striking leaning trees or snags near
the ground, where their momentum is at its grea-
test, may break at the point of contact.

{11) Trees striking leaning trees or snags near
to the stump will usually have their butts deflec-
ted and suffer no breakages.

{12) Trees thrown uphill sometimes have their
butts hung up on their stumps, which may cause
breakages near the butt in large irees.

(13) ©On moderate or uniform slopes throwing trees
at an angle of 459 to the direct uphill falling direc-
tion appears to give the best results,

(14) Throwing trees downhill often causes
breakages near the tops, but the butts never hang
up on the stump, and so trunk breakages seldom
oceur.

(15} Large trees standing on the edges of dongas
or strgams may be broken at their middles and
near their tops if the gap which they have to bridge
is wide.

{16) Trees thrown downhlll, across a depression,
bsually break near the middle of their length,

Note : Large or tall trees are more subject to
breakages than small trees,

(d) FELLING OPERATION

The operation may be subdivided as follows:

(1) Approach to the tree

This involves gathering and carrying the tools
and walking to the tree,

(2} Preparatory steps to felling

The tcols are placed conveniently and the felling
direction decided. Obstacles around the base of
the tree which might interfere with felllpg are
cleared and any snags (dead trees withdry branches)
in the line of felling removed for safety reasons.

(3) Undercutting (first or {ront cut)

Undercuts are fully dealt with under the relevant
sections of the chapiers on the axe, hand-saw and
pOWer saw.

The uvndercut is often made by axe and as low
as possible. The lower surface of the undercut is
usually close to the horizental and the upper cut
siopes at an angle of 40 to 459,

Sometimes the horizontal surface of the undercut
ls made by saw (bow saw or felling saw) and the
sloping cut by axe. This is particularly effective
for inexperienced labourers. If power saws are
used the undercut is made by the saw alone.

Labourers working on task-worktrytoavoidthe
undercut entirely and simply fell the trees by sawling
right through, This is only practicable with trees
of small diameter, when one of the workers can
push the tree in the desired direction as the cut
nears its end. When this habit is extendedto larger
trees, however, it finally leads to damage to the
saw and splittlng of the tree, Fig. P 2 shows a
split butt log still attached to the stump, which
must be cut free with a hatchet, This type of
damage results when no undercut is made in medium
or large trees,

Correct undercutting is important as poor
undercutting habits cause damage and wastage Inthe
butt end logs. Fig. P 3 shows stump splinters which
were pulled from a high quality butt log, caused
by too shallow an undercut and a sloping back
cut which went below the undercut. Fig, P 4
shows a badly split tree due to incorrect under-
cutiing., Had the sawyers made the standard /5
to 1/3 diameter undercut instead of only two or
three light cuts with the axe, the wastage could
have been avoided,

{4) Felling cut (back or {inal cut)

Felling is completed by the felling cut, whichis
usually made from the opposite side to the undercut.
The felling ¢ut is sawn horizontally and should be
logated 1 to 2 cm higher than the undercut.

(5) Sawing

Sawing while felling the tree is usually done in
an uncomfortable stooped body position. When using
the bow saw the laboursr has to exert forward
pressure on the blade to keepthe frame in the right
position to the cui, besides exerting the normal
pull-and-push pressure on the saw. The demand
for low stumps necessgitates assuming a position
close to the ground, and it is obvious that no fully
convenient position is possible. With long felling
saws, however, the situation is not quite so bad,
as the sawyers can sway their bodies to assist
sawing,
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DIRECTING THE FALL OF A
TREE IN A DESIRED DIRECTION.

/)

SAWING.

-— _;,-';

Sp-rke

¥ ¢7/?

Collar

THE USE OF PUSH STICKS,
(MEDIUM YREES.)

THE USE OF WEDGES.
(LARGE TREES)

/2

|

x

FIG.PA4
SECURITY METHODS> OF DIRECTING THE ™ —

FALL BY MEANS OF A HAND WINCH.

(’.'p’i’f;% ,W% i uffé
e

o




A partial remedy is for the sawyers to stand
with their legs as far apart as possible, asg this
decreases the amount of bending redquired. In
South Africa, felllng is sometimes done in the
Imeeling or seated position, which is slower but
more comfortable.

(6) Use of the "bridge" in felling

The "bridge" is a narrow plece of wood leit
uncut betwgen the undercut and the felling cut,
which breaks off by itself when the iree begins
to fall. The bridge acts as a hinge to steer the
falling tree in the right direction. If the bridge
is of uniform width, the tree should fall at right
angles to the undercut line, but If one side of the
bridge is left wider than the other, (Fig. P 7)
it will serve to pull the tree towards the wider
side. This type of bridge is used for directing the
fall of leaning trees, If the bridge is too wide it
sometimes breaks off or tears out of the butt end
of the tree to form splinters or “whiskers", or
may even cause the tree to split.

(7) Forward lean

In order to avold splitting & tree with forward
iean when felling, the normal undercut is made
and side notches are cut in both sides of the tree
adjaceot to the undercut, as shown in Fig. P 6,
The hack cuts are then made diagonally, first
from the one side and then from the other, to
relieve pressure, leaving the hinge and a triangle
of uncut wood. If the triangle is cutthrough guickly,
the tree should fall without splintering,

{8) Preventing damage to the falling tree

Fig. P 5 and P 9 show how a tree can be felled
among obstacles so as to avoid damage, The tree
can be deviated from its normal direction of fall,
which would land it on one of the stumps, by the
unsymmetrical hinge (Fig. P 7) or side notching
{Fig. P 6), and as a safety precaution the left
hand stump can be "sniped" toallowthe falling tree
to slip over it, or it can be cushioned with sticks
and branches, as shown for the right hand stump
(Fig. P 9). These precautions would be taken only
when usually valuable logs were being felled.

(9) Pushing the tree over

Under normal conditions the tree will start to
lean to fzll as the felling cut nears completion
(Fig. P 10), When the mass of the tree is evenly
distributed above the stump or slightly to the op-
posite side of the intended direction of fill, the
tree may require a slight push to fell it in the right
direction.

Small trees can usually be pushed over by hand
(Fig. P 11) or by using a long push stick. A push
stick may be a sapling of 3 to 5 metres long with
a slight taper, having a top diameter of about 5 cm,
A sharpened, round firon spike (9 mm x 17 ¢m)
is fitted into the centre of the top end and secured
to prevent it from sinking into the wooden head by
a metal ‘collar! at its middle (Fig. P 12a), A steel
band may be fifted around the top end of the stick
to prevent splitting, and can be secured in place
by a nail driven into the stick, If a small hole is
drilled through the lower half of the iron spike,
the same nail can be used for securing this in
position,
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An alternative practice Is to use a short piece
of iron piping, 5 ¢m inner diameter and about
20 - 25 cm leng, which is fitted over the top end
of the stick, The top of the pipe above the end
of the stick should previously have been flaitened
and sharpened in the form of a three-pronged
spike, as illustrated in Fig, P 12b. This arrange-
ment is necessary to ensure 4 grip on the tree
while pushing.

The maximum pushing forces of a man of ave-
rage physique are as follows:

By hand:
By push stick:

50 kg
100 kg

In the case of a push stick, a stick of 4 m long
was used and the push was exerted at an angle of
450 to the trunk of the tree, The point of application
of the push stick was 3,3 m above the ground. Two
methods of holding the stickare shownin Fig., P 12.

Wedges are used to push overlarge-sizedtrees
in felling, as skown in Fig. P 13, Wedges serve the
following purposes:

(i) To free the saw blade from a pioched tree
or to prevent pinching. Saw pinching may be caused
by an unfavourable lean, eccentric crown, wind,
or by poor cutting.

(i) To *trigger" the Initial push to make the tree
fall in the desired direction.

(i1} Wedges may be used effectively in s combined
action with the "bridge™ for controlling the direc-
tion of fall.

For commercially grown trees under Depart-
mental conditions, wedges of 20 - 25 cm long by
8 cm wide and 4 ¢m thick at the head have proved
quite satisfactory,

Wooden wedges are generally preferred for
wedging but they are not always available due fto
lack of suitable material for their manufacture
on the spot; so many mild steel wedges are found
in use in the plantation3. Some regions use nylon
wedges with power saws with good effect, while
soft metal wedges are algso avallable for use mostly
with power saws.

Lifting jacks have recently beean introduced
for directing the fall of large trees with heavy
leans. The use of iting jacks is illustrated under
the section relating to felling by power saw.

Wire pullers or hand winches can also be used
for directing the fall of trees, as shown in Fig.
P 14, where a "Tirfor" puller is heing used to
direct the fall of a tree away from a fence,
telephone line or house.

(10) Signals

Fellers must be taught to give a signal when
a tree Is about to fall in order to warn other la-
bourers whe may be in the vicinity. The signal
usually takes the form of a shout of warning. In
the case of power saws, a signal must be used
which can be heard above the noise of the saw
engine, and it is advisable for sawyers to close
off the throttle of the machine well before the
tree falls, warn any workers in the vicinity (a
whistle with a piercing sound may be used), and
then complete the felling cut.
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- {11) Removal of the saw

When the final cut is completed and the tree
begins to lean the saw must be quickly removed
by the feller{s) in order to prevent damage to the
tool, The feller then steps back and to one side
of the stump for safety. As the tree falls it usually
moves & short distance off the stump in the direc-
tion of fzll,

If the falling tree strikes an obstacle, such
as another iree, or the undercut has been made too
high, or the felling cut too low or slopes out, the
tree may be pushed back. U the tree is felled up
a steep slope it is more likely to slide sharply
back as it strikes the grourd.

If any strzin exiats in the tres due to lean or
abnormsal development of the crown on cone side,
and this strain is not released when sawing, the
free can split at the butt when it is felled. As the
butt split is released it may cause serious injury
tc the feller(s), and it is thus essential that he
should plan an gscape route in advance (see frontis-
piece). He must be alert for any signs of splitting
50 that he can step back at any time,

(12) "Hang-ups"

The predetermined dirsction of fallcanhbe upset
by gusts of wind, irregularities of the crown, an
incarrect undercut or final cut, causing the tree to
swing aside and "hang-up" or lodge in another
tree, When this occurs the tree must be dislodged.
With small trees this can often be done by shaking
the tree by hand or by levering the built aside
with a hand spar (Fig. P 15), With larger trees the
butt can be levered aside with 4 peavy hook (Fig.
P 16}, If the size of the tree makes the use of these
methods impractical, animals can be used as shown
in Fig. P 17, or wire pullers {"Tirfor" type)
can be effectively employed for pulling the tree
free (Fig. P 18). Tractors can also be used, but
only in extreme c¢ases as the ¢osts do not justify
their use (Fig. P 1%). On no account should the
feller climb up a lodged tree in 2n attempt to dis-
lodge it.

As the final stage of felling, when the tree has
been felled, the cuiter must see that the buit is
completely disconnected from the stump and that
the shape of the butt is regular, If the butt is pointed,
it must be squared before the logs can be marked
for cross-cutting.

C. DEBRANCHING

Debranchbing is fully dealt with under "The Axe",
ag this is the tool used for the operation. It is
essential that the braoches should be cut off flush
with the trunk, cutting with the angle of **hang" of
the branch, and not against this angle. Debranching
usually proceeds from the hutt end of the tree
to the top, branches only being removed up to the
end of the merchantable timber,

The opportunity to knock off dead, brittle
branches by using the axe as a hammer seldom
gccurs in South Africa as pruning to maintain
& reasonably small knotty core involves removing
branches before they die,

If one team of labourers works in the fuli se-
quence of felling, debranching and cross-cutting,
they may be justified in leaving the debranching
of the underside of the tree until later. Cross-
cutting efficiency may be gained through the ele-
vation of the trunk supported onthe lower branches,
When cross-cutting has been completed the logscan
be rolled over and the underside branches easily
removed from above, This operation is sometimes
done at the roadside stacking deck, as the branches
assist choking for skidding.

No uniformity in the method of debranching can
be laid down due to the many variables involved,
such as the thickness of the branches, their brittle-
ness, attachment to the trunk, form and condition
of their bases, and their position in relation to the
dehrancher,

One safety precaution must be observed while
debranching - the cutter must stand on the side
of the trunk opposite to the branches that be is
cutting, Heavy branches must be cut with the axe
held firmly in both hands, while smail branches,
which may be held aside, may be cut while holding
the axe in one hand, although this method is
inaccurate.

The parts of the tree with unmerchantable
timber need not be debranched, unless they inter-
fare with access to the merchantable parts of the
boles.

Slashed branches derived from trees withheavy
crowns usually litter the felling area and must be
stacked at suifable intervals for access to the logs
by the log-towing equipment, Stacking of branches
1s usually done at the same time as debranching.
As the branches are cut off they are stacked by
the debranchers (Fig., P 20). In thinnings slash
should be stacked in rows along every alternate
row, with occasional intervals (Fig. P 21), but
it can be stacked in piles in clearielling {Fig,
P 22). Where skidding is done by highiead, orderly
stacking of slash will be unnecessary, as it does
not interfere with the skidding operation. Heavy
tree tops may be cut infto two or three sections
for easier stacking.

D. MARKING THE BOLES INTO LOGS

In Departmental plantations cross-cutting is
done at the stump, or more frequently tree-lengths
are slipped to the roadside and cross-cut
there. Marking the boles into logs is done by spe-
cially assigned men, as the cross-cutters are not
permitted to mark the boles intc logs themselves,

Log measuring is done with a marked stick or
lath 3 - 4 m long, with a markfor every 10 cm,
starting from 1 m. The lath is laid on the trunk
and the marker marks the logs as shown in Fig,
P 23. The mark itself is usually made witha
hatchet or pruning saw, When the bole bas been
marked it may be cross-cut (Fig. P 24),

Marking boles into logs is controlled by crooked-
ness (crook), spirality, rot, sweep, knots, etc., as
well as the market demand for specified timber
dimensions for certain species, Special Depart-
mental instructions have been issued on log-making,




The classification of logs is done according to De-
partmental instructions, whichaffect the sorting and
stacldng at the roadside, where logs are stacked
according to the dimensions required, and some-
times according to the species If certain timber is
to be directed to different destinations.

The Instructions for marking boles into logs
and poles are given below in an abbreviated form.

(a} SUMMARY OF SPECIFICATIONS FOR SAW-
LOGS

{1) Short sawlogs

Class a: 2,0 - 3,5 m long with thin end underbark
diameter 13,0 - 17,2 cm

Class bl: 2,0 - 3,5 m long with thin end underbark
diameter 18,0 - 25,9 ¢m

Class cl: 2,0 - 3,5 m long with thin end underbark
diameter 26,0 - 33,9 cm

Class d1: 2,0 - 3,5 m long with thin end underbark
diameter 34,0 cm and over

(2) Long sawlogs

Class bZ: 3,5 m and over with thin end underbark
diameter 18,0 ~ 25,9 cm

Clags ¢2: 3,5 m and over with thin end underbark
diamefer 26,0 - 33,2 cm

Class d2: 3,5 m and over with thin end underbark
diameter 34,0 ¢m and over

[. All Pinus species

(1) Short sawlogs
The following defects are not permissible:

{1y Sweep and crook more than:

For 13 - 15 em top under-bark diameter - 12 mm
For 17 - 20 ¢cm top under-bark diameter - 24 mm
For 23 - 25 ¢m top under-bark diameter - 38 mm
Fox 27 - 30 cm top under-bark diameter - 50 mm
For 532 - 35 cm top under-bark diameter - 63 mm
For 38 ¢mi and over top under-bark dia-

meter ..., ... - 76 mm

Sweep and crook are measured on the convex
side of the log, except when the tree falls with
its convex side towards the ground, in which case
the concave side is measured,

(ii) Short logs - knots

A knot cluster { a group of knots in any
38 c¢m of the stem length) of which the sum of
the diameters of knots 12 mm and over in
diameter is equal to or more thanthe over-
bark diameter of the stem just above the knot
cluster,

Note : Knot diameters are always measured at
right angles to the longitudinal axis of the
stem.

In 1,%0m and 2,20 m logs - two or more clusters
not allowed,

In 2,50 m and 2,80 m logs - three or moreclus-
ters not allowed,
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In Class b2 and

{iii) Large knots

In Class a + bl logs: any knot of 7,5 cm and
more in diameter is not allowed.

In Class cl+dl  logs:

(a) Any kmot ? cm and meore in diameter, or
(b) In any 38 cm of the trunk length:

{1y a 7,5 - 9 ¢cm knot plus anotherof 5 cm
Or more;

{ii) a 7,5 - 8 cmknot plus 3 or more others
of over 4 cm.

In P. pseudostrobus and P, montezumae spe-
cies with regular branch whorls of thick branches,
short logs may be prepared which are not per-
missible according to (ii) and (iii) mentioned above,
provided that there is at least 80 cm between any
two short log knot clusters, or between any defects
which are not permitted according to (iii}.

(2) Long sawlogs
The following defects are not allowed:

{i) Eccentricity

The shortest radius on the one side of the
pith may not be equal to or less than one
third of the longest diameter at either end
of the log,

(ii) Sweep and crook

For 18 - 22 cm top diameter under-bark - 20 mm
For 23 - 25 cm top diameter under-bark - 25 mm
For 26 - 30 ¢m top diameter under-bark - 40 mm
For 31 - 35 cm top diameter under-bark - 50 mm

For 36 - 40 cm top diameter under-bark - 60 mm
For 41 cm and over top diameter under-
bark ....... ... .. e - 76 mm

(iii) Any long sawlog knot cluster (a cluster
of knots within 38 cm of stem length) of which
the sum of knot diameters of knots of 12 mm
and over, is equal {0 or more than3/4(75%)
of the over-bark diameter of the stem just
above the cluster.

{iv) Large knots

o2 logs In Class d logs

a. Anylknot 6 cm
and more in
diameter

2. Any knot 8§ cm and more
in diameter

In any 38 cm of the stem length

b. 3 or more b (i) ABcmio 8 ¢m knot
knots 5-6 plus one of 5 em or
cm diameter more

{iiy A 6cm to 8 cm knot
plus 3 of more than
4,0 cm each

(iii} 4 or more knots each
of 5 - 6 cm or more




iI Cypress species

(1) Shori sawlogs
The following defects are not permitied:

{i) Bends and crooks - see a Il (i}
(ii) &, any knot of 5 cm or more in dlameter
b. 3 or more knots each of 4 cm or more in
diameter in any 30 cm of stem length,

(2) Long sawlogs

The following defects are not allowed:

{i) Ecceatricity: See a 1(2) (D).
(ii) Sweep and crook: See a I{2) {ii).
(iif) Any knots 3 cm and more in diameter.

(b} SUMMARY OF SPECIFICATIONS FOR POLES

(1}  Poles must be debarked,

(2) Poles must be debranched flush with the bole
surface,

{3) Inherent and post-impregnation defects.

(i) Sapwood - No pole shall have sapwood with a
radial width of less than 15 mm in the case of
hardwoods and 20 mm in the case of softwoods.
Sapwood shall not be removed to such an extent
that the depth of penetration of preservative or
strength of the pole is adversely influenced.

(i) Decay - Neither decay nor live fungal {ruiting
bodies shall be present in any pole,

(iii) Gum veins (kino} - A pole shall not contain
gum veins within the first 25 mm of its wood when
measured radially from the peripbery of the pole.

(iv) Gumand resinpockets and resin scars -

® No gum or resin pockets or scars shall be
present in the lower 2 metres of the pole.

* A maximum of 3 gum or resin pockets or scars
may be present in the portion of the pele 2 metres
away from the butt provided that the average dia-
meter of any gum or resin pocket or scar does
not exceed l/3 diameter of the pole measured at
the point where the gum or resin pocket or scar
oceurs, and provided that the penetration of pre-
servative is not impeded.

{v) Insect damage -

Poles shall be free from insect damage with
the following exceptions:

e Scoring and/or chanelling, uptoadepthof 3 mm,
of the surface of a pole shall not be classified as
insect damage.

e A maximum of 5 barkborer holes (Ceram-
bycidae) shall be allowed in any 1 metre length
of a pole provided that the holes shall be tightly
plugged with an acceptable creosote impregnated
wooden dowel after treatment,

* A maximum of 20 pinhole borer holes (ambrosia)
shall be allowed in any 1 metre length of a pole,

(vi} Ring shakes -
e Top: Tops of poles shall be free from ring
shakes.

e Butt: One complete ring shake at the butt of a
pole shall be allowed provided it is situated at
least 50 mm from the periphery of a pcle when
measured radially.

When a ring shake at the butt of a pole does
not extend across the diameter it will be allowed
provided that 1t is situated at least 40 mm from the
periphery of the pole when measured radially.

(vii) Spiral grain - Spirality of grain shall not ex-
ceed one complete turn in any 5 m length of pole
and pro rata for longer and shorter lengths except
that in pine species used for telephone carrier
rouies, spirality shall not exceed one turn in the
overall length of the pole.

{viii) Post-impregnation defects - Post-impreg-
nation defects shall not be present.

(ix} Maximum permissible defects

1 2
Descriptioa of defect Maximum
Checks
(a) End checks: Numbex (1} Top..... 3
{2y Butt ... 4
Length® (1) TOp ....ovvvinneents 4 x diam,
2y Butt ... ... 6 x diam,
Width (1) Inpolesof top diam, not
exceeding 13 em: Top
andbuit ........... 1/10 diam.
{2) lnpolesoftopdiam. ex~
ceeding 13 ¢m: Top ... 12 mm
Butt ... 20 mm
Sum of widths
(1} In polesoftopdiam, not
exceeding 13 cm: Top 256 mm
Butt 45 mm
{2} Inpolesoftopdiam. ex-
ceeding 13¢m: Top ... 30 mm
Butt . .. 70 mm
{t) Surface checks
Number+ .. .. .. i iireiens Not limited
Individuzl length* ... ... ....... 8 x diam,
Individuwal width .. ... ... ....... 20 mm
Crook ™ and sweep ¥
Telephone poles . ............. 12,5L% mm
Low voltage distribution poles 16, 7LEmm
Knots and knot holes
{1} Individual knots and knot holes 1/6 girth
(2} Clusters of knots in worst 150 mm
oflength ... ... .. ... ....... 1/3 girth

* The length of the check over the distance for
which its width is greater than 3 mm,but in the
lower third of the length of the pole, the length of
the check over the distance for which its width
is greater than 6 mm

+ No reverse crock shall be allowed

++ Provided that where 3 or morechecks occur to-
gether at any cross-section, the sum of their
lengths shall not exceed half the length of the pole

t Reverse sweep shall be allowed, providedthata
straight line conneciing the mid-point at the
ground line with the mid-point at the top does not
at any intermediate point pass through the face,




{(x) Ordinary sweep shall not exceed 12,45 L mm
between any two points L m apart along the same
line of the pole, where L is 2 m or more In length.

Example: 8ay L =2 m: 12,45mmx 2 m= 2,5 cm in
Z2m.

A L B
X

% = the deviation In cm from the straight line
between two points A and B, which are along
the same line of the pole P.

L= the distance in metres between points A and
B mentioned.

P-= The pole that has deviated from the straight.

{xi) In double or reverse sweep a straight lne
connecting the midpoint at the ground line with the
midpoint at the top shall not at any intermediate
points pass through the surface of the pole.

.II..1C.. LLERS LRSS ALl R L P L) ..‘.l.l.o...“.-l..:_lg

' . Midpoint at top.
Midpoiat at ground line,

{(xii} COcclusion swelling shall not he removed
from poles of the geaus Eucalyptus where such
removal will result in the exposure of cavities,
or of heartwood. In all bardwoods no sapwood shall
be removed from that portion of the pole which is
to be in the ground, or =along one fifth of the
overall length of the pole, as measured from its
butt end. Butt swelling shall be admissible in all
species.

(xiii) Standard dimensions of poles - Measure

the diameter, length, and squareness of ends of
poles as follows:

e« Diameter: Measure the diameter to the nearest
1 mm using a diamefer tape and to the nearest
3 mm using a measuring tape.

e Length: Measure the length to the nearest
10 mm,

e BSquareness of ends: Measure the sguareness
of ends to the nearest degree.

{xiv) Tolerances on dimensions - Length

¢ Telephone poles - When measured the length
of telephone poles shall be as given in Table P.1
or as specified by purchaser subject to atolerance
of + 75 mm,

» Low voltage distribution poles - When measured
the length of low voltage distribution poles shall
be as given in Table P.1oras agreed upon between
purchaser and supplier, subject to the following
tolerances:

TABLE P.1 - Standard dimeasions of creosoted
telephone and transmission poles

Top diamier, cm

Length, m i max
5,5 8,5 10,5
11,0 13,0

8,5 8,5 10,5
11,9 13,0

7,5 8.5 10,5
11,0 13,0

13,5 15,5

8,0 11,0 13,0
13,5 15,5

i6.0 18,0

8,5 11,0 13,0
12,5 15,5

16,0 18.0

9,25 11,0 13,0
13,5 15,5

16,0 18,0

10,75 11,0 13,0
13,5 15,5

16,0 18,0

18.5 20,5

12,25 11,0 13,0
13,5 15,5

16,0 18,0

18,5 20,5

21,0 23,0

13,75 13,5 15,5
16,0 18,0

18,5 20,5

21,0 23,0

14,75 13,5 15,5
16,0 18,0

18,5 20,5

21,0 23,0

15,25 13,5 15,5
18,0 18,0

18,5 20,5

16,75 13,5 15,9
16,0 18,0

18,5 20,5

18,25 13,95 13,5
16,0 18,0

18,5 20,5

21,50 13,5 15,5
16,0 18,0

18,5 20,5

Plus: 50 mm for every 3 m of pole and pro

rata for shorter lengths;
Minus: 75 mm on the total length of the pole,

Diameter - When measured using a diameter
tape, the top diameters of poles shall be as given
in Table P.1 or as specifiedby the purchaser, subject
to the following tolerances:

e« diameter class 8,5 cm to 10,5 cm: plus 25 mum.
No minus tolerance shall he allowed;

s diameter classes above 11,0 cm plus or minus
25 mm,

e e




FIG.P. 26.

CHECK FOR LEAN AND
HANG-UP LIMBS BEFORE
FELLING.

REMOVED BEFORE FELLING
5NAGS.,

FIG.P. 28

IT IS DANGEROUS TO SHAKE A

THE DANGER OF BUTT SPLIT IN LODGED TREE DOWN BY CLIMBING
TREES WITH A HEAVY LEAN OR ON IT.
STUMP ROT.

FIG.P.29

el Jh \
USING AN AXE IN

PLACE OF A PULP-
HOOK [S UNSAFE.

BE CAREFUL NOT TO GET
PULPHOOK IN LEG INSTEAD
OF LOG.

CUTTER’S HAND TOOQ CLOSE
TO SAW, AND LOG CAN DROP
ONTO FOOT WHEN CUT THROUGH.

(B) CORRECT, AND (A) INCORRECT WAY
TO LIFT HEAVY WOOD.

SAFETY IN FELLING, CROSS-CUTTING AND HANDLING TIMBER
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P, S

TRIED TO ROLL ON A STEEP SLOPE

DEBRANCHER KIiLLED WHEN HIS HEAD WAS CRUSHED BY A LARGE LOG THAT HE

WITH A PEAVY HOOK TO EXPOSE THE UNDERSIDE
FOR KNOTTING. HIS FEET SLIPPED AND THE LOG ROLLED OVER HIM.

FIG.P.34

**THE TOP LOG ROLLED, TRAPPING
AND SQUEEZING THE CROSSCUTTERS
LEFT FOOT. HE WAS WEARING

SAFETY SHOES AND SO ESCAPED
INJURY .

THE CROSSCUTTER HAD FINISHED
CROSSCUTTING A LOG, LYING ON A

15 ¢m SAPLING. HE LEANED OVER

TO GET HIs MEASURING STICK AND
SAW - - v

POINT OF
IMPACT.
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E, SEQUENCE OF THE LOG PREPARATION
QPERATION

(a) Because one man marks the boles into logs
for a number of teams working with bow or cross-
cut saws, he is not always available on the spot
for each working team. This in itself predetermines
the working method in felling, debranching and
cross-cuiting, and one of the following alternatives
can be followed:

(1) The felling crew fells the trees and
debranches them, stacking the branches which
they remove. In this case work proceeds
without interruption. When the boles have
been marked into logs they are cross-cui
by special teams,

(2) The felling crew fells the trees, debranches
them, and stacks the branches, then cross-
cuis the trees after they have been marked by
a marker. In this case it frequeotly occurs
that cutters are delayed before they can
start cross-cutting, as they have sometimes
to wait for the marker,

() When power saws are used, one man is
included in the team to mark the bole into logs
as soon as the tree has beenfelledand debranched,
Several procedures may be followed:

{1) One power saw working in the compartment

(i) Trees are felled by the power sawduringthe
whote day, then debranched and immediately
marked into logs, which are cross-cut on the
following day. This method is practicable when
only 220 - 250 trees are to be clearfelled
per hectare,

(if) A number of trees is felled and as scon
as they have been debranched their boles are
marked into logs, after which cross-cutting
proceeds immediately with the same saw,
This method is preferred if the stand is
dense.

{2y Two power saws work in the same compart-
ment

One saw is responsible for felling only, debran~
ching and marking being done by a special team,
while the second saw cross-cuts the marked boles
into logs.

After a few days of this type of operation the
cross-cutters usually begin to lag behind the
fellers. If this is the case, the fellers must help
with cross-cutiing for a short while until all the
felled trees have been c¢rogs-cut before the ope-
ration can commence ip the usual manner again,

Note : The sawing teams, debranching team and
marker must all workat a safedistance from
each other so as not to be injured by
falling trees or rolling logs, if the slope
is steep. This method is used when the
preduction of a large volume of timber is
required

F. CROSS-CUTTING

(a) THE CROSS-CUTTING OPERATION

The cross-cutting operation consists of:

(1) nearing the tool (picking it up and preparing
for use);

{2) cross-cutting;
(3) occasional pinching of the saw;
(4)  squaring the buti if necessary; and

(5) walking between cuts or from hole to bole.
If spare saws or blades are kept handy sharpe-
ning delays can be minimised or avoided.

The stance of tbe labourer when cross-cutting
is easier and more convenient than is the case for
felling. Elevation of the boles above the ground
is of great importance for speedy cross-cutting.
Far this reason it {8 scmetimes convenient that
cross-cutting and debranching advance together.
If trees are not too heavy they may be felled
across other previously felled trees, or acrossthe
logs of previously cross-cut boles in order to give
some elevation for cross~cuiting. Stabilify of the
boles is another important fa¢tor in cross-cutting,
Sometimes boles are not adequately supported
from underneath., Small trees can be shifted to
a more convenient or firmer pesition or stabi-
lised by hand while sawing, while larger trees
can often be propped from bkeneath. Overhang
of ope end of the tree without support from below
may cause longitudinal splitting, which can be
avoided by propping this end.

Occasionally a tree is encountered with a
diameter larger than the space between the blade
and frame of the bow saw, which prevents cutting
the bele right through. This can be overcome by
chopping a notch with the axe to permit the saw
frame to pass below the surface of the hole, or
else the cut can be made partizlly from above
and partially from below if the bole is raised or
suspended. If large diameter trees predominate,
cross-cut or power saws must be used in preference
to bow saws.,

{b) SAW PINCHING IN CROSS-CUTTING

Hardpoint bow saw blades 1% mm wide, with
scriber and raker toothing, are used for cross-
cutting small and medium diameter trees in De-
partmental plantations, These thin and narrow
blades, if well set and tensloned, are hardly ever
subject to pinching. If a sagging tree is encountered,
which is a frequent cause of pinching, the bole
should ffrst be cross-cut elsewhere if possible,
leaving the sagging portion to be dealt with at the
end. This often solves the difficuity, as the sagging
portion often drops to the ground when other logs
are cut from the hole, If this does not solve the
problem, wedges must be used to keep the saw
from pinching.

{c) SAFETY IN TIMBER PREPARATION

Figures P 25 to P 34 illustrate hazards, acci-
dents, and safety precautions which should be taken
during timber preparation in felling, ¢ross-cufting
and handling timber.
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THE AXE

| The axe is used in logging operations for felling
trees in first thinnings, or for preparing the under-
cut when hand-saws are used for felling trees of
medium or large diameter, It is also used for
‘clearing the area sround the base of the trees to
‘be felled of branches and saplings, and for removing
bark from around the base of trees when hand-saws
are to be employed, Hatchets are used for marking
trees for thionings or logs for cross-cutting.

A, THE AXE HEAD

(a) MATERIAL

Axes can be made in two different ways. Pre-
.viously the most usual method was to insert a
piece of hard steel for the bit or edge and the main
body of the head was made from fairly soft steel
(Fig. A 1). Nowadays, however, axes are mainly
made out of good steel throughout, being shaped
from solid steel as shown in Fig. A 2,

The ideal steel for axe heads should have a
carbon content of about 0,8%, it should be malleahble
amenable to hardening, i.e. by heatingupto about
800°C and quenching and possibly tempering by re-~
heating to 200 or 300°C, the final product having
a good hardness in combination witha certain tough-
ness. The present tendency is to specially temper

_ the bit more thanthe rest of the head. Axe head steel
should be a3 evenas possible and hard without being
hrittle.

{b) MASS

Axe heads vary in mass from 1,1 kg to as much
as 3,2 kg. For pulpwood preparation of softwood
timber, heads of from 1,1 - 1,6kgare suitable; for
general preparation of medium-sized timber, heads
of from 1,6 - 2,3 kg and for the preparation of
hardwood timber or for large-sized trees, heads
with a greater mass are more suitable, Itis essen-
tial that the cuiter choose an axe most suited to
his own muscular forces and the timber that is to
be treated. An axe that is too large for the worker
causes unnecessary strain and spoils his aim and
efficiency.

{¢) SHAPE OF THE BIT AND GRINDING

The felling axe should bave a thin, sharp and
durable bit in order to cut efficiently into the wood,
As the felling axe musi also be designedas a chip-
producing tool, it must alse have a suitable thick-
ness behind the bit, making it capable of breaking
up the chips. A thin, sharp bit cuts well but is
easily blunted. For an efficient ¢hip hreaker and

S —

to avoid the axe getting stuck inthe wood, a certaln
rounding of the sides afthe bitis required, Through
this the bit will also be thicker and stronger. The
rounding should be less pronounced for softwood
than for hardwood, Fig. A 3 illustrates suitable
bit designs considering the bardness of the timber,

Felling axes are all manufactored with curved
edge lines, It is important that this curve line is
maintained unchanged when grindiog, The curve

b odlp?
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" line should coinclde with a circular bow with the

centre in or slightly outslde the ceafre of gravity
of the axe, through which the stability of the axe
{n various regards ls guaranteed, as well as the
chip-breaking quality at different hit polnts of the
edge (see Fig. A 4L

An ynsymmetrical, as well as a too sharply
curved edge line, means that the axe slides easily,
through which the risk of accidents is considerably
increased (see Fig. A 8).

(d) DESIGNS

Hundreds of designs for axe heads exist, {n many
cases different localitles having developed their
own designs. Two main types stand out, however,
the double-bitted axe and the single-bitted or
Upole-axe."

{ii DOUBLE-BITTED AXE

This axe has two cutting edges opposite each
other, both in line with the handle, and is the spe-
cialised tool that belongs only in the hands of a
professional axeman. It is, however, a dual purpose
axe, as it is actually twoaxesinone, the woodsman
grinding each of the two blades to different thick~
nesses for different purposes. One is thinly ground
for clean, fast chopping, the other ground thicker
for working round knots, roots or near the ground
where a slip may mean & nick.

The full-sized double-bitted axe has a 1,6 -
1,8 kg head and a 90 ¢m handle (Fig. A 6), but
most workers usually favour the lighter and smaller
veruiser” axe {Fig. A 7), which has all the advan-
tages of the larger double-bitted axe, but none of
ite unwieldiness. This axe has a 1,1 - 1,4 kg head
and 70 ¢m handle.

Of the various designs of double-bitted axes,
the Michigan and Pennsylvania or Western are pre-
ferred {Fig. A 8).

The disadvantages of the double-bitted axe are
that it cannot be used for hammering (driving
wedges) and it is dangerous to both handle and
carry. The head must be muzzled In a sheath
at all times when not in use. [n most parts of the
world this axe is being replaced by the pole-axe
and in South Africa it is hardly, if ever, encoun-
tered. All the remaining information inthis manual
will consequently only refer to pole-axes.

(i) THE POLE-AXE

The pole-axe is a general purpose axe which
can be used for chopping, splitting or hammering.
This axe has a hammer surface opposite the cutting
edge, the hammer surface being called the "butt"
or "pole", hence the name, Fig. A 9 illustrates
the head of a pole axe with the nomenclature of
the various parts.

In South Africa the conception of an axe, even
today, is a 2,3 - 2,5 kg pole-axe, due, no doubt,
to the demand that grew up before the days of
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FIG.A.[3a.
d o AXE HEAD.
; YANKEE _PATTERN.
SPECIAL ANALYSIS STEEL,
b PRETESTED FOR SHOCK.
! HEAT TREATED AND TEMPERED.
! CARBON CONTENT. £ 0,8%
|
cm
VASS MEASUREMENTS IN
kg o b- c o
1.4 11 18 8 3
1,6 il 19 8 3
1,8 12 20 8 3
2,0 i3 2% . 8 3
2.3 13 21 8 3
2,5 14 21 9 3
FIG. A.13. b,

AXE PATTERN — HATCHETS.
YANKEE PATTERN.

... SPECIAL ANALYSIS CAST STEEL.

PRETESTED FOR S5SHOCK.
HEAT TREATED AND TEMPERED.
CARBON CONTENT T 0,8%

MASS CF HEAD. kg 0,7 0,8 0,9 1,0
LENGTH OF HANDLE {cm) 38 39 43 44
LENGTH OF AXE (b) APPROX(cm] IS 155 | 159 | 155
LENGTH OF CUT (@) APPROX(em} 7.9 8,6 89 | 102

34




i i |
m 25 mm 22 mm 24mm25m’n_D.

TOP VIEW.

. —
PRI

!"-"g -
B

8
' B

SIDE VIEW,

508 mm

D

r—eee

38 mn
mm

91,5 cm

]

)

; o
—rle—102 mm-—y
' i

L)

1

FIG. A, 4 .

HICKORY AXE HANDLE FOR 2kg

AXE.
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AXE HANDLE FOR 2kg HEAD . —SQUTH

X ___>

AFRICAN TIMBER.
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AXE HANDLES
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SWELL END.
a. DOUBLE BITTED AXE HANDLE.

FIG. A.15. T
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— FAWNFOOT,

FRONT END. BELLY.
b. POLE—AXE HANDLE.

.
c. PULPWOOD AXE HANDLE. BLUNT END.

o
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d. SCROLL END.

FIG.A. 7.
SHAPING HANDLE TO FIG.A. 16
FIT HEAD. REINFORCED AXE HANDLES.
"‘<““"~=..:_:c__:-----—-——--—--------__________;__
] FIG.A.[9.
: ALIGNING THE AXE.
RIGHT WRONG.,
FIG. A, |8,

HEAD WELL DOWN.

FIG. A.20.
THE HANG OF THE AXE.

AXE HANDLES AND FITTING
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_exotice for an axe capable of chopping and splitting
. our clogse-grained hardwoods. Large pole-axes
e In mass from 1,4 - 2,3 kg, most woodsmen
preferring a 1,6 - 1,8 kg axe with a 90 cm handle,
which bas greal enough mass for most uses (Fig
A 10). Axes with a great mass are mainly used
for spHtting firewood or chopping big timber.

In the vast pulpwood areas of the United States
and Canada, where trees seldom run over 30cm
in diameter at tbe butt, no one thinks of using an
axe with a greater mass than 1,1 kg with a 70 cm
nandle (Fig. A 11), This class of axe is usually
catalogued by manufacturers as the pulpwood axe,
thres-quarter axe or boy's axe. Many woodsmen

| uge this axe in preference to the axe with a greater

mass, particularly for thinnings or small undercuts,
ag it is more versatile and lends greater
accuracy.

In pole-axes the Michigan pattern is the most

- widely used and is generally accepted in South

Africa, with the Dayton and Yankee patterns next

{ in demand, although a combination of these two

Lol

- used, Essential qualities

patterns is also popular {see Fig. A 12).

Fig. A 13a shows the “Yankee" axe head at
present used in the Department, with specifications
and masses indicated, while Fig, A 13b shows de-
tails of the hatchet head preferred for generaluse,

B. THE HANDLE

(a} DESCRIPTICN

Pole-axe handles aregenerally curved, whereas
those used on double-bitted axes are straight. The
shape of the handle plays an important role, pole-
axe handles being curved to ensure a convenient
and steady handgrip when cutting, which affects
swing and precision. Fig. A14a illustrates a hickory
pole-axe handle with specifications, and Fig. Al4b
an axe handle made from locally grown timber.
Fig. A 15 illustrates a straight handle, a handle
with a regular curve, and & handle with slightly
less curve favoured by the pulpwood workers in
England.

The bandle consists of three main parts: the
front end to which the head is fixed; the belly or
Curved maln portion of the handle, and the knob at
the end (Fig. A 15a). The knob is to prevent the
hand from sliding off the handle and should fit
conveniently inte the hand. The usual shape of the
knob is the “fawn foot" (Fig. A 15b) followed by
the less common "“seroll-end” (Fig. A )54d), "swell-
end” (Fig. A 15a) or even rounded or blunt knobs
(Fig. A 15¢),

The quality of an axe handle is important as
poor handles are difficult to control and are unot
dependable, Of the imported handles, white hickory
is the world’s favourite for axe handles. Tests
have shown that so long as the wood has the proper
density (not more than 16 growth rings per 2, 5 em)
it makes little difference if it 1s white or brown
(red) hickory. In the best bandles, the rings are
barallel to the blade and rum through the centre
lengths of the handle. White ash is also frequently
are that the fibres run
along the whole length of the handle and the wood
must be free of knots or any other defects, par-
ticularly in the upper half of the handle,

Of the South African grown timbers, none has
quite ashigh a shock strength mass ratio as hickory.
On the other hand, 1fcarefully gradedand selected,
several local woods are suitable for axe handles!

Hickory class Ash class

White ironwood E. maewlats Over 640 kg
perm3@ 15%
meisturecon-
tent

Assegali E. microcorys do

Black ironwoed E. diversicolor  Over 720 kg

- perm3@ 15%

moisturecon-
tent

Heartwood near the centre of the tree must be
avolded due to its brash charscteristics rendering
it useless as a handle.

Reinforced handles, as illustrated in Fig, A 186,
cannot be recommended for the following reasons:

Risk of breaks in the handle behind the
rivets.

Chips and twigs can collect between the rein-
forelng iron and wood.

(1)
(2)

Reinforcing adds mass to the axe and impairs
balance,

{3)

Reinforcements are used to protect the under-
side of the handle behind the head, but are cnly
necessary for unskilled workers. The able worker
can do more to protect his axe than can reinforce-
ments.,

(b) LENGTH OF THE HANDLE

The length of the handle must be adjusted to
suit the mass of the head and the physical abilities
of the axeman. The most suitable length is perhaps
838 mm, but to be perfect an axe handle must fit
the individual user, A rule which seems to work in
practice is that the length of the handle from the
grip to the shoulder should equal the length of the
user's arm from armpit to tip of fingers.

For different masses of head the following
lengths of handies are suitable:

0,8-1,1kg - 6 cm

11 -14kg - 86 - Tl om
1,4 -1,7 kg - 71 - 96 cm
1,8 -2,3kg - 76 - 81 cm
2,3 and over - 81 - 80 cm

An axe handle should be absclutely smooth so
that it will slip in the hand with the utmost ease,
A rough or "furred" handle can be smoothed by
soaking it in hot water until the grain stands out,
allowing {t to dry, and then sanding it down until
smoqth, After that it should be given repeated
coats of linseed oil. Warped or rough handles lead
to inaccuracy and increase the accident hazard,
To prevent a bandle from warping the axe should
be laid flat on its side when not in use,
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FIG. A, 21,

HANG FOR A LARGE POLE-~AXE.

FIG. A. 22,

HANG FOR PULPWOOD AXE.

&
¥

FIG.A.23 FIG.A. 24, { \ ’

l 2em SAWN OFF END

OF FAWNFOOT.

WORKING HEAD DOWN
ONTO HANDLE.

FIG. A, 26,

CUTTING WEDGE GROOVE.

o

. ;|

. @ AMERICAN
- A
FIG.A.27. FIG. A.28

STRAIGHT WEDGE DIAGONAL WEDGE

GROOVE GROOVE.

FIG. A, 25.

!r_:ﬂ

POSITION FOR POUNDING
ON UNCUT FAWNFOOT.

AXE. SWEDISH AXE.
FIG. A, 29,

ASSEMBLING THE AXE AND HANDLE




a. FLANGE

HANDLE WEDGE b. , c. SECURING
2 KNOBS.
"HANDLE WEDGE LOCK
A IRON WEDGE. I
18
F - '
=
= FIG. A.32.
DRIVING THE WEDGE.
"I
E FIG.A.34.

FIG.A.33.

L =i

SAW OFF EXCESS
WRONG. RIGHT. OF WEDGE.

DEPTH OF WEDGE.

a1
Il_,_l d .

FIG.A.35.

A GROOVED =~ HANDLE WEDGE. WEDGING WITH A GROOVED WEDGE.

1 WEDGING TEE HANDLE
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{c) FITTING OF HANDLE TO THE HEAD

The front end of the handle must first be shaped
to fit the eye of the blade, using a draw-knife and
wood rasp as illustrated in Fig. A 17. The number
of transverse fibres decide the durability of the
handle and care should be takennot to damage these
when shaping. The upper rough side of the handle
can be shaped with a knife, whereas the lower side,
with transverse fibres, must be left untouched.
Shaping on the side must be tapered off towards the
back of the handle, The common sharp edges and
steps near the rear mouth of the axe eye must be
carefully filed off so that shaping will be even
at all peoints, or else '"short" shaping will be the
beginning of breaks,

Fitting of the handle to the eye must be done
with precision. A fine trick to get the sharpened
handle end into the axe eye moreeasily is to grease
the wood with boiled potato, or similar,

When fitted the head must be well down on the
shoulder of the handle {Fig. A 18) and the head and
handle must be in a straight line (Fig. A 19).

() THE HANG OF THE AXE

The hang of an axe is a matter of axe pattern
and individual preference. The axe head should
generally be "hung'" at such aao angle that the ex-
tension of a stralght line from the cutting edge
passes through the free end of the handle as shown
in Fig. A 20, Most axemen who use the large pole
axe prefer the head so that when the axe is placed
on edge on a flat surface, contact with the flat
surface iz made about </3 of the way down the
blade when the end of the bandle touches the
same surface, as in Fig. A 21, This will give the
head a slight underposition. In this way the axe
gives the best possible response when cutting,
f.e. the moving lines of the cenire of gravity and
the hitting points, the middle of the edge, are
coinciding, in which way there will be no lateral
forces forcing the axe out of its original direction.
The pulpwood axe is usually hung scthat the middle
of the blade and the end of the handle touch the
flat surface (Fig. A 22),

fe) HANGING A NEW HANDLE

When assembling, the best way to get the head
well down on the handle is to hold the handle
upright, with the head on top. Then tap the handle
on some firm surface so that the head works down
under its own mass (Fig, A 23), Alternatively,
first saw off about 2 cm from the end of the fawn-
foot to provide a blunt surface (Fig, A 24), Split
the other end to receive a wedge, then drive the
split end into the eye of the axe by pounding on the
blunt end of the fewnfoot. Cufting off a section of
the fawnfoot can be avoided if pounding is done as
illustrated in Fig. A 25, When the handie has been
inserted the bhang and alignment must be checked,

The handle is secured in the correct position
in relation to the head by means of a wedge which
is driven into the front end of the handle.

40

Afy WEDGING

Before the handle s inserted into the head eye
a wedge slit moust first be made in its end, This
slit may be made with a thin bladed back saw
{Fig. A 26) or by careful splitting, which is pre-
ferable, as the wedge is gripped more filrmly.
Axe handles are often provided with a wedge groove.

Diagonal wedging has no particular advantages,
and there is a riskof warping if the wedge is driven
too deeply., Fig. A 27 iYlustrates a straight wedge
groove, even pressureé and an unchanged handle po-
sition, while Fig. A 28illustrates diagenal wedging,
uneven pressure, and the risk of warping. Con-
sequently axe handles with diagonal wedging should
be avoided,

Fig. A 2§ illustrates axe handle holds for Ame-
rican and Swedish axes. In American axes the
handle Is somewhat narrower in the middle of the
axe, being slightly broader at the end to secure
wedging.

Wedging must be done carefully to prevent ac-
cideuts, The wedge should be sawn from a piece
of seasoned, straight-grained bhardwood. Wooden
wedges fit more tightly and are safer than other
types. Fig. A 30 illustrates an lron wedge of the
so-called "handle-wedge-lock" type, while Fig.
A 31 shows a wooden wedge with,

(a) a flange over the wood,

(b} the handle wedge itself of wood, and

{c) knobs against the handle for secure wedging.
Small iron wedges with rifling are available which

partly hold the previously driven wooden wedge and
partly secure its wedging.,

Asserable the axe as previously described,

checking its hang and alignment, then drive the

wedge In using a wooden mallet (Fig. A 32). If
glue is avallable the wedge should be dipped in
glue before it is driven in. The wedge should stop
slightly behind the middle of the head (Fig. A 33},
and the excess be sawn off as shown in Fig. A 34,

A wedge will stick better if a groove is cut
round it when partially driven, asinFig. A 35 a and
b, Continue driving the wedge until the groove disap-

" pears in the end of the handle, When the wedge is

broken off it will break at the groove as in Fig.
A 35c. The handle can then be flattened over the
wedge by hammering with a mallet (Fig. A 35d) to
firmly secure it, or the handle can be soaked in
water so that the end swells over the wedge,

After fitting a new handle it should be smoothed
down with a piece of brokenglass or fine sandpaper
to suit the individual grip.

Every axe will need rewedging at some time,
This is merely a matter of picking out the old,
loose wedge and cutting and fitting a thicker one
in its place, Steel wedges can be pulled out by
means of tongs, narrow-nosed pliers, or a screw-
driver. Tests of hang and alignment should always
be applied when an axe has been rewedged.

A loose axe head can sometimes be temporarily
tightened by soaking the handle and bead in water,
or better still, in linseed oil,
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STRIKE HERE WITH HAMMER
TO REMOYE BROKEN MANDLE.
r

IRON PINS TO KEEP M
AXE FROM TILTING.

FIG. A.36.

IRON PLATE.

REMOVING A BROKEN
HANDL.E.

BURNING OUT A BROKEN
FIG.A.37. HANDLE.

DEVICE FOR REMOVING HANDLES .FOR
USE AT LARGE CENTRES.

FIG. A. 39

L

DEFCRMED AXE HEAD.

FIG.A.40 FIG.A. 4] FIG.A.42.
DAMAGE DUE TO USE FAULTY FAULTY
AS WEDGES- WORKMANSHIP, MANUFACTURE,

FiIG.A 43,

BREAKS [N THE CUTTING EDGE.

‘REMOVING BROKEN HANDLES, DAMAGE TO THE AXE #EAD AND BIT




FIG.A.44.

MOVE AXE BACK
AND FORTH,

FiG. A. 46,
HOLD BLADE CROSSWISE TO STONE.

FIG.A.47,

12,5 mm
FAN-SHAPED EFFECT.
‘ HONE WITH A CIRCULAR SR
MOTION OF THE WHET- ' 7
FIG. STONE. DON'T LET FINGERS OVER-
A.50. LAP END OF WHETSTONE

@ Too (b TOO
THIN. THICK.

AXE BIT GAUGE.
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(g) REMOVAL OF A BROKEN HANDLE

Saw off the stub of the bandle just below the
head with a hack-saw and drive it back witha
steel bar and hammer. Fig. A 36 illustrates a sul-
table way of removing a2 broken handle. Saw off
some pleces asbout 2 cm thick from the broken
handle with a somewhat similar section to the axe
eye. With some strong blows with a wooden mallet
on the wood pieces, even a very tight handle can be
driven cut.

A useful device for use at large centres
consists of a hardwood block with a great mass,
1 m long, which enables a full length bhandle to be
removed without damaging it (Fig, A 37), The
wedge for driving out the handle is made of mild
steel and shaped so that it Is slightly smaller than
the eye of the axe. It is about 10 ¢cm loog below the
handle.

A broken handle may also be burned out, but
this should only be resorted to if no other means
is available, as the cutiing edge may be annealed
or retempered, causing it to loose its strength and
sharpness, The handle stub may ounly be burned
out if the blade 1s buried in wet earth, as in Fig.
A 38.

C. DAMAGE TO THE AXE
{a} DAMAGE TO THE AXE HEAD

If axes are used for general purposes other
than cutting (e.g. as a wedge, sledge, turaiog hook,
etc,) they will sooner or later become deformed.
Fig. A 39 shows an axe that bas become generally.
deformed threugh misuse, while Fig. A 40 shows
an axe that has become damaged through being used
a8 a wedge,

The cutting edge of an axe often becorhes

deformed, either due to faulty manufacture or due
to faulty workmanship. Fig, A 41 shows anaxe which
has become deformed due to faulty workmanship,
while Fig, A 42 shows damage to a faulty axe, If
breaks in the cutting edge are sharpthey are gene-
rally due todefective materizl or manufacture, Such
breaks are caused by cracks resulting .{rom
shrinkage after the steel has hardened (cooléd),
and there is oiten a daxk part in the break surfice
showing the grains of ashes, where breaks or
unevenness have existed in the material. Any
manufacturer of warranted axes will replace an
axe that develops such breaks.Breaks in the cutting
edge with curved edges are due to careless appli-
cation or accidents. Sharp, wedge-shaped breaks
are often due to incorrect grinding or sharpening.
Fig. A 43 illustrates breaks in the hit caused by:

(1) faulty manufacture,
(2) careless treatment, and
{3} incorrect sharpening.

(b) SAFETY PRECAUTIONS

(1) Never let the edge touch the ground - even

a pebble may chip it. An axe i3 not a mattock or
a pick.

(2) Don't chop any kind of knot unnecessarily -
chop Tound it if possible.

(3) Never use a cold or frosted axe, as the steel
pecomes very brittle at low temperatures. First
warm It to blood heat by rubbing with a coat or
placing near a fire.

D. SHARPENING THE AXE

Dull axes are dangercus - instead of cutting they
tend to glance off. If the axe is in good shape It
will only be necessary to sharpen ithe cutting edge,
but it is generally advisable to trim the blade
down proportionallyor else the cutting edge will
eventually become stubby and dangerous,

The bits of axes as issued by the manufac-
turers are usually slightly too thick and
require some grinding by the axeman before
use

Note :

{a) POINTS TO REMEMBER

(1) Use a grinding stone and whetstone. Avold the
use of a file as this leaves marks which form the
beginning of breaks, from which pieces can easlly
be broken off.

(2) Avoid any heating of the head through friction,
as this may spoll the temper of the bit.

(3)
4

{5) Turo the grindstons towards the axe (Fig.
A 44) and move the latter back and forth while
grinding 80 &s to obtain a smoothly tapering edge
(Fig, A 45). If the grindstone is turned away
from the axe, the stone will cui more slowly
and create a bigger bheard on the cutting edge.

Never use an emery wheel or cloth.

Keep the grindstone wet and rotate it slowly.

{6) Hold the blade of the axe crosswise on the
stone so that the stone will stroke it gently at
right anglea to the cutting edge {(Fig. A 46).

{77 Be careful not to alter the original '"bow"
line of the bevel,

(b) SHARPENING PROCEDURE

(1) First grind the flat surface of the blade
from a point about 1 cm from the cutting edge and
for a distance of 8 cm from the culting edge at
its middle point. Aim at a fan-shaped effect (Fig.
A 47).

(2) Then grind the bit or cutting edge to a puint
1 ¢m back from it in such a mapner as to secure
a rounded finish, The aim should be to shape the
cutting edge like a long thin wedge - not chisel-
shaped,

{3) Hone the edge with a whetstons, using a
circular motion from the toe to the heel (Flg, A 48).
Start on the rough side of the stone to remove
the burr and finish with the fine side, Don't let
the fingers overlap the edge of the stone {Fig. A 49},
Make sure that all scratches are removed with the
whetstone,
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(4) Repeat for the other side.

(5) Give both sides the same attention so that the
edge will remain parallel with the shaft.

An axe can easily be ground foo thin, and, par-
ticularly if given a concave grind, it may break
ander ordinary conditions of chopplng, or may
tend to bindin the wood (Flg. A 50a). However, one
finds more frequently that the axe is too thick due
to the bevel of the cutting edge only having received
attention without the blade having been thinned
correspondingly (Fig. A 50b).

The taper of the blade will vary with the axe
pattern and purpose for which the axe is to be
used (Fig. A 3). The only safe method of main-
taining fthe correct taper is to use an axe bit
gauge, made from a sheet of scrap metal witha
slot 1n it to the exact thickness of the blade,
Fig. A 51 illustrates actual gauge sizes for hard-
woods and softwoods as well as showing the use
of the gauge. By slipping it over the edge of the
axe one can tell at a glance whether the bit is too
thin or teoo thick.

A goed axeman hones his axe with a whetstone
daily after use and griods it at least twice weekly,

(¢) GRINDING STONES

Grinding stones are reQuired when axes have
pecome badly blunted, Their advantage lies intheir
ability to cuickly restore the shape of the edge
with relatively good sharpness. The edge must, how-
aver, be fine-sharpened with a whetstone.

Grinding stones may either be cast from sand
with binding agents or cul from natural sandstones.
The present tendency with greater mechanisation
is to the former and atpresent the Department em-
ploys a "Norton A 46 M.Y.G." machine grinding
wheel cast from specially selected abrasives and
water cooled by means of a drip feed. This type of
wheel 1g generally used for sharpening precision
tools, but may also be used for axes, provided
that it is kept cool and rotated slowly. Natural
grinding stones are often preferred by the woodsman
if they are available. The latter stones are cut and
shaped {u the quarries, The quallties of a natural
stone cannot be standardised, but when ordering
it is usually sufficlent to state the use to which
the stone is to be put in order to get the correct
stone for the job.

(d) GRINDING CHARACTERISTICS OF A GOOD
GRINDING STONE

A rough stone has better abrasive qualities
than a fine one, but does not produce an goually
flne edge. For grinding forestry tools fine or
medium-rough sandstones of relatively soft con-
sistencies are recommended. One way to judge by
eye if the hardness of the stone is suitable is the

following:

Take a sample piece out of the side of the stone
- not larger than can be held between two fingers.
Rub it against a moistened axe blade. Astone of the
right composition will leave a bheavily muddied
grinding paste.

Grinding-stones should have a diameter of
approximately 50 ¢m and a width of between 8 and 10
cm, A larger width will, asa rule,not be used when
grinding, which means that the stone will become
uneven,

{&) MOUNTING AND MAINTENANCE

The grinding stone should be mounted on a
steady stand and preferably under a roof. If left
in the open it may weather until ithas an eccentric
shape which makes grinding impossible. The same
thing will apply if the stone is left to dry by remo-
ving the water from the trough, or it is left
standing in the water for teo long, The latter
problem can be solved by mounting the aasembly
so that either the stone cao be raised from the
trough or the trough can be lowered below the
stone, In any event the stone should be pericdically
moistened when not in use and should be 80 mounted
that it is kept wet when io use,

(f) STANDS

These may be made seither from wood or lron,
Hand or foot operated stands are available on the
market at a costof approximately R20, includlog the
stone, Foot operated zrinding stones demand less
space and have the additional advantage that they
can be operated by one man (Fig, A 52}. Stands
can either be fitted with water troughs (Fig, A 53)
or drip cups (Fig. A 52), although the former are
genarally preferred,

When mounting a grindstone it 1s essential io
see that the grinding axle is borne horlzontally
and passes through the centre of the stone {(Flg.
A 54), If wedging of the axle is necessary it should
be done with great care to preserve periectly
horizontal mounting.

Wedging can be avoided if the grinding-~stone
is centred and mounted as illusirated in Fig. A 55.
The size of the centre board should be in proportion
to that of the stone, and the measurements of the
pin according to the axle of the grinding stone.
The pin must stand at right angles to the board.
Place the stone on the board with the pin through
the centre hole. Aftach a string to thenail fastened
to the centre of the pin and centre ihe stone with
the ald of this device as shown in Fig. A 55, The
empty space between the pin and the sione Is filled
with cement mortar. Let the stone lie untouched for
a few days, after which it canbe mounted and should
fit exactly on the axle.

E. SAFETY FIRST

A number of accidents is caused by stumbling
over or falling on a carelessly placed axe. The
woodsman should be careful where he lays his
axe down and remember where it is. A pole-axe
can be safely "masked" by sticking it Into a log
or stump as in Fig, A 56, The woodsman should
never lay his axe down or lean it in the woods as
a falling butt or branch striking the axe may send
it flying through the air.
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{  Fig. A 57 lllustrates an easy-to-make safety
\guard which protects the cutting edge of the axe
‘and prevents accidents, The guard is cut from an
old machine belt, partially split to accommodate
'the edge of the axe, and fastened wlth harness
‘rivets. A loop is fashioned froma stripof 0ld inner
‘tube about 4 - 5 cm wide and Its two ends are
rivetted to the two sides of the guard. When finished
the distance from the top of the guard to the top of
the loop should be from 5 - 7 cm shorter than the
ilength of the axe head for which it is to be used.
Flg. A 57¢, d and e shows how the guard is fitted
onto the axe and the loop secured behind the axe head
against the handle.

If an axe istobe left indoors, it should be placed
in a corner, either standing or lyinp down, with the
edge facing inwards (Fig. A 58).

It is safer to carry the axe in one hand at
its polnt of balance near the head with the cutting
edge towards the outside (Fig. A 58), than over
the shoulder, especially in rough country. I the
worker strips or stumbles the axe can be thrown
away easily and peturally. I carried over the
shoulder it may be dangerous to other workers
(Fig. A 60).

F, USE OF THE AXE

. Axemenuse their axes for approximately 309,
(less with mechanical means) of the actual working
stime. Half of the work with an axe is debranching
time, the remainder being for undercutting and
removing obstacles.

&P b= i o] Nl
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To become an expert at chopping takes time and
‘experience, but the fundamentals are clear,
Efficiency is achieved by using the correct grips,
accuracy of aim, proper allocation of force,
adequate swinging space, proper tempo of work and
'by having a reasonably good footing.

i PV
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(8) GRIP

(1) _Holding the axe (Fig. A 61}

=L Grasp the axe with the left hand just above the
f knob at the end of the handle and support it with
i the right hand about three-quarters of the way up
% the handle, With the axe held this way, crosswise
b in front of the body, one is ready to start chopping,

] : {2) Upward swing

s The axe is ralsed up behind the shoulder with

] the hands in the position described in{l}), Fig. A 62
=) shows the changing grip if the axe is to be swung
o up from helow, with the right hand sliding down
= the handle towards the axe head.

< afi==ijig 2
|

(3) Downward swing (Fig. A 63)

il

On the downward stroke, which is performed with
4 natural easy swinging motion, the right hand
slides along the handle until both bands are together
.at the end of the handle when the stroke ends. The
‘left hand always remains stationary while the right
band slides back and forth, guiding the axe in its
stroke. Grips (2) and (3) require the maximum
working space,

(4)  Two hand swing (Fig. A 64)

Both hands are kept near the knob at all times.
Less accurate, less safe, and more strenuous than
the previous grips,

{5} Two~handed choked grip (Fig. A 85)

For careful and delicate work such as notching
logs or some debranching, the two-handed choked
grip is used with both hands near the centre of the
handle. Considerably less powerful but well con-
trolled strokes. Practical when working space is
Umited.

{6) One-handed end swing (Fig. A 68)

One hand is held on the handle pear the end,
the other being free. Poor aim and control, and
dangerous.

(7)  One-handed full swing (Fig. A 67)

One hand only, near the middle of the handle,
Less powerful sirockes than with the preceding
grip, but more accurate and safe. This pgrip is
used for splittlng wood, cutting coppice and
sharpening pegs.,

(8) One-handed choked grip (Fig, A 68)

One hand held close to the axe head, For very
light work only.

(b) CHOPPING

A good axeman at work 1s loose and relaxed
in every muscle. Every blow lands where if is
intended and with the proper force, There Is no
shock on the bands and muscles, The axe should
not he forced, but should cut with its own mass.

No axeman is worthy of the name uvntll he can
make left and right handed cuts with equal accuracy.
Should the werker not be able te do this, however,
be must make use of the backhand swing to sup-
plement the forehand swing (Fig, A 69), In this
case the axe is raised over the right shoulder as
before, but the body is leaned well over to the left,
as shown in Fig. A 70,

When chopping a log, the best positionis to stand
on {t, provided that the log is large enough to
furnish a footing. If it Is slippery, footholds must
be roughed up on It. A log is chopped by cutting a
V on opposite sides s0 that the two ultimately
meet, Of course, if the log is small enough to be
rolled over the chopper can stand on one side and
chop a V in the top of it, then roll it over and
finish the other side, If it cannot be rolled he has
no choice but to mount the log as described.

The sequence for good chopping 1s first three
forehand strokes and then three backhand strokes,
following the sequence as in Fig, A 71, high, low
and in the middle, There is & goed reason for this:
not until the wood has beencutatthe top and bottom
can the big centre chip be thrown out. If the middle
stroke is made first the axe will bind and freeze in
the solid wood., The top and bottom strckes should
be made so that the top and bottom corpers of the
axe respectively extend above and below the log.
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NOTCHING FROM A KNEELING POSITION.

BRIDGE.
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This is to prevent the -axe from binding, After
the wood hag been cut at the top and bottom, the
middle blow will loosen the chip easily and the axe
will be freed, It is the last stroke of the series, No,
6 in the drawing, that throws the chip to the ground,
In practice several strokes may be needed inaddi-
tion, but the high-low sequence should be followed
regardless until the notch is completed,

When chopping logs, the axe should always strike
at an angle of 450, Sriking at a greater angle is
ineffective and striking at toc small an angle is
dabgerous as the axe may glance off (Fig. A 72),

The width of the V should be the same as the
width of the log. This is slighily wider than neces-
sary, but it is an easy rule to remember, Actually
a 30 cm log requires only a 25 cm V width (Fig,
A 73), For 2 log over 30 cm, commence by chopping
the 25 cm V as for a 30 cm log and enlarge by
knocking off chips from the side. A large log will
require knocking off chips from both sides. See
Fig, A 74 and 75 for detalls,

{c) FELLING BY AXE

Never start felling until you are sure that there
are no branches or undergrowth which can be
struck as the axe is swung. Fig. A 76 illusirates
& method of being sure that the area is free from
obstructions, Many bad cuts are received from an
axe which has been deflected by some small
branch or twig. (Fig. A 77).

Decide in which direction the tree musti fall.
If the tree has a slight lean, the direction of the
lean can be determined by using an axe as a plumb
as shown in Fig. A 78, First cut the front notch
or undercut on the fall-direction side of the tree,
Fig. A 75 shows the correct stance to be adopted for
felling, In notching a tree three basic strokes are
used: the upstroke, the downstroke and the low
horizontal cut, the former two having heen pre-
viously described. The latter cut 1s the most diffi-
cult to master. For it the legs should be spaced
well apart and the axe swung S0 that the hand at
the grip is broughi down to a point between the
legs and the cui, as shown in Fig. A 80. A popu-
lar rule Is that the back of the hand should be "low
enough to brush the bootlaces.” The guiding hand
is used to ensure that at the moment of impact
the axe is neither deflected up or down from the
level. Fig. A 81 and 82 show anaxemsn completing
g low undercut stroke and ralsing the axe before
a top downward stroke,

When notching the undercut the axeman may
also assume a kneeling position as in Fig. A 83,
This is a useful position Ii the tree is to be felled
at or close to the ground level,

The downward axe stroke should strike thetree
at a 45° angle, while the lower cut is horizonial.
The undercut should be more or less halfthe width
of the tree in depth, if the tree is to be felled with
the axe alene (Fig, A 84).

Next cut the back notch directly opposite the
first and a few centimetres higher, This is the
felling notch shown in Fig, A 85, The small
section between the undercut and the felling notch
is known as the bridge, which serves as a hinge
to direct the fall of the tree (Fig. A 886).

In chopping ootches ihe sequence is '"near, far
and in the middle" (Fig. A 87). The first stroke is
on the near side, the second on the far side and
the third, or as many as may be necessary, in
the middle, always working from the sides inwards,
First chop the top edge of the notch in this way
and then the bottom. It is the hottom strokes
that remove the chips and so the axe should be
twisted with each stroke to locsen the chips,

Fig. A 88 illustrates how a particularly large
tree can be noiched. Two small notches are
first made and the plece marked "X" is knocked
out, The main notch is then completed,

Trees should always be felled as low as pos-~

gible,

As the tree staris to fall, step back and to
one side at an angle of approximately 459 oppesite
to the direction of fall, Do not stand directly
behind a falling tree as it may kick back, and
don't run away. If the tree swings it is far easler
to keep clear of it by moving round the stump,

Fig, A 89 and 20 illustrate a two-man team
felling by axe, cne making the undesrcut while the
other prepares the felling cut simultaneously. This
method 1s no longer in general usse, except in
felling competitions,

(d) DEBRANCHING BY AXE

Debranching requires the greatest percentage
of time of all the operations for which the axe
is employed, and is at the same time responsible
for about 30% of all accidents associated with
cutting. Efficient debranching willnot only increase
the workers' output but also decrease the accident
ratlo for axe work, and the following poinis should
be observed and followed:

(1) Work from the butt end of the log, cutting
off branches as shown in Fig., A 91. For heavy
branches hanging down it is better to proceed in
the oppasite direction,

{2y  Always debranch from the far side of the log
as in Fig. A 92, Fig. A 93 and 94 show the dangers
of debranching from the near side of the log or
standing astride the lpg.

{3) I the log is large, trim off the top branches
first and then clean the sides. U the log ¢ap then
be rolled, remove the remalning branches. With
smaller logs it Is advisable to debranch the whole
bole, working from one end,

{4) The whole tree should preferably be de-
branched before ¢ross-cutting commences, parti-
cularly if heavily branched.

{5}  Only debranch merchantable timher and do not
waste time debranching the top end beyond the
merchantable timber mark,

{6) Branches should be cut off cleanly at their
base to e¢liminate the need for subsequent knotting
(Fig. A 895). Axe strokes musi be with the angle
of the branch and not against it, as in Fig. 86.
Avoid repetition of blows and waste of effort through
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poor planuing, Inaccuracy of aim and improper
force of strokes. One proper axe blowper2 - 3 em
usually suffices for most cases.

{7y  Avolid wide sweeps of the axe along the trunk
to cut off several branches at a time, unless the
branches are very small and close together. A
full force axe stroke should only he used when the
resistance of the branches requires it and safety
permits,

{8) Use hoth hands with the axe at all times.
One-handed grips may be used, provided that they
are only used for very light debranching. It is
dangerous fo grip the axe in one hand while holding
back a branchwith the other, or holding a measuring
stick or saw,

(%) Dead branches of evergreens may be knocked
off with the butt end of the axe, but must be knocked
off ¢leanly, Hard, brittle branches may dull the axe
if chopped.

(10) Fallen branches which may be in the way.

of cross-cutters must be removed. If heavy tops
raust be moved, they must be cut in two,

G. WEDGES

(a) USE OF THE WEDGE FOR FELLING

{1) Only wooden wedges may be driven by using
the back of an axe,

{2) Never use an axe as a wedge.
(3) Never drive an axe with anothar axe,

{4) It is preferable to use a wooden wedge of
seasoned hardwood,

{(5) Wedges should be 10 - 13 ¢m long, but in
certain cases wedges up to 30 cm long are used.

{b) WEDGES AND THEIR USES

The primary function of a wedge is to force
timber apart. Wedges serve three main functions
in logging.

(1) In felling trees (Fig, A 97). Awedgeis forced
into the cut behind the saw to prevent the tree
pinching the saw; to throw the tree in the desired
direction agpd to hasten the fali, With the skilful
use of wedges, it Is possible to throwa tree having
a lean of up to 3 or 4 degrees, in the opposite
direction to the lean, If the lean i3 greater it
is.possible to throw such trees gither to the right
or the lefi of the direction of lean,

(2) Incross-cuiting trees.It will often occur that
the log rests con both ends with no suppori under
the point where the cut is to be made, As the saw
cuts deeper, the tree will sag and force the iwo
sides of the cut together, pinching the saw. By
driving in a wedge or two, it is possible to hold
the cut open until the tree is cut in two,

(3) In splitting logs {Fig. A 898). Wedges are
@griven in to start the split and force It open.

Special wedges are avallable for each of the
above uses but the splitting wedge can serve for
all purposes (Fig., A 99}, Wooden or polythens
wedges are, however, preferred for timber prepa-
ration as they are light to carry and can be driven
by an axe. A steel wedge is heavy apd must be
driven by a sledge, which ls alsc heavy anda
further burden to carry.

Of the felling wedges, the Michigan wooded
type iliustrated in Fig, A 100 is the most popular.
This is a hollow steel wedge with a pilece of hard-
wood inserted in the ceontre. It 1s the only steel
wedge which may be driven with an axe, Weoden
wedges canbe made on the spot from dry hardwood.
They should be made from a limb of suitable
thickness, at least 10 c¢m long, and must taper
evenly on both sides {Fig. A 101). Green wedges
can be hardened by heating them over a fire to
dry them, being cautious not to char them. Woodsmen
can carry their wedges ina belt sheath (Fig. A 102).
It is better to drive a wooden wedge with a wooden
maul than with a sledge hammer. Wooden wedges
that are sawn appear to hold betier than wedges

- which are hewn.

Metal wedges should be made of untempered

‘\.Slfateel. Although the metal wedge is a sturdy article
it ‘does mwushroom. A wedge in this condition is

highly dangerous. Many eyes bave been lost from
flying particles of steel. Steel wedges should be
diven with sledges, or steel mauls. Heavy matal
wedges should never be used with power chain saws,
Fig., A 103, 104, 105 show three types of wedges
for use with power chain saws, one a wooden wedge
with anirenband around the head (A 103) the second
a ight metal (aluminivm) wedge (A 104) and the
third a nylon wedge {A 105). The best wedge to use
with power chain saws s a polythene or wooden
wedge, 12 - 15 ¢mlong, sothat it will not be neces-
sary to get the fingers near the moving chaio at
any time when the wedge is being driven into the
cut, The {rent edge of the chain saw wedge should
be thick enough to engage the sides of the kerf
just as soon as it iz inserted,

Cross-cutting wedges can alsobeof polythene,
nylon, wood or steel, but are usually shorter than
felling wedges.

{(¢) DRIVING THE WEDGE

(1) Never drive a steel wedge with an axe and
never drive an axe with another axe or sledge. An
axe should never be used as a wedge -itisa
cutting tool, but may be used for driving wooden
wedges,

{(2) A wooden maul as shown in Flg. A 108
iz best suited for driving wedges. It should be
made of a suitably tough plece of hardwood, Find
a sapling 12 - 15 cm through at butt and cut it
off at ground level or a little below, for the wood
s toughest there, This butt end is to be used for
the big end of the maul,

(3) For regular use a steel maul is preferable
hecause the wooden ones get battered quickly. &
blacksmith's sledge will do, buia wood-chopper’s
maul is ideal, as it is & combination of a wedge
and maul {Fig. A 107).
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H., SAFETY IN CUTTING

{a) SOME PERSONAL FAULTS WHICH HAVE
CAUSED ACCIDENTS TO AXEMEN

Cutting accldents represent approximately 45
of all wood accidents, of which the axe causes
almost 25%. Of these, 30% of the accidents ocour
during debranching. The following are some faults
which have caused accidents:

(1) Failure to observe dead limbs or stubs
while felling,

{(2) Neglecting to remove brush suificlently when
preparing to fell a tree. The axe catches in it and
is gdeflected onto the axeman's feet or legs (Fig.
A 108),

{3) Leaving axe carelessly lying about while
working nearby with other tools,

(4) Using the axe to push over partially cut small
trees,

{(5) Using the axe as a hook to pull the butt of a

lodged tree from the stump. The axe slipa and
cuts the knee or leg.

(6 In culting small trees or rotten legs {(ob-
stacles), striking toc hard with the axe which goes
clear through and strikes the foot.

(7Y Lack of care when cutting small brush or
branches held in one hand while using the axe with
the other, Handle of axe catches, deflecting blade
onto wrist or fingers {Fig. A 110}.

(8) Chopping of llmbs with feet in poor posi-
tions where glancing axe may strike them (Fig.
A 110).

(9) Careless bandling of measuring pole when
using axe with one band to mark log for cross-
cutting, Axe descends on thumb extended at the end
of the pole.

(10) Failure to anticipate and protect self against
sudden upward movement of bent limb or "sprin-
gers" when cutiing.

{11} Using axedrivenintoendof poleasa means of
pulling it to plle or stack, Sudden freeing of axe
causes man to fall, or axe strikes his foot or leg.
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(12) Failure to observe overhanging branches
when swinging the axe,

(13) Trimming upright log or pole with hand on top
end, allowing axe to strike bhand (Fig. A 1113,

{14) Carrying axe carelessly while walking where
footing is insecure (Flg. A 112).

(b) BRANCHING (Fig, A 109, 110)

{1) When the branches are thick and the woods-
man not sufficiently careful, the axe will be deflec-
ted and strike him on the knee or leg.

(2) Where the branches are light, a heavy blow
will cause the axe to go through the branch and cut
him on the knee if he is standing behind the branch.

(3) The practice of holding a branch in one hand
and swinging the axe with the other is dangerous.
Accidents from this source are due to the fact
that the worker has Improper conirol over the axe,
which catches hia clothing orina branch, is deflec-
ted, and hits him on the hand or leg.

(4) In knoiting it is dangerous to hold an axe
at the end of the handle with one hand, to expose
fingers of the other bhand, and to try to reach on
the inside instead ef turning the pole (Fig. A 111),

{c) CAUSES OF ACCIDENTS DUE TO THE AXE

(1} An improperly sharpened axe, causing the

~ axe to glance.

{2} A badly hung axe with the head out of line.
(3) A loose head.
(4)  Poor quality or shape of the axe handle.

(5) The use of the axe to replace a screwdriver
when tightening saw blades.

(6} Lack of care in carrying the axe through the
bush,

{7) In cold weather an axe bandle covered with
gum tends fo become slippery, causing the axe to
fly out of the axeman's bands whilé working,
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A, INTRODUCTION

The saw is a cutiing tocl used for the pre-
paration of timber, i.e. felling, cross-cutting,
topping and (seldom) debranching. The following
are the maln types of saws used In Departmental
plantaticns:

(i} Bow saw
(ii) Two-man cross-cut saw
(ill) One~man cross-cut saw

Besides their basic blade shape, saws are usugl-
ly distinguished by their tooth pattern, many various
types of tooth pattern being used.

B. SAW TOOTHING

The task of the saw teeth during the sawing
process is as follows:

1. To cut off the fibres

2. To break away the fibres that have been cut off

3. Te carry the sawdust or cut-off fibres out of
the kerf

Two main types of toothing are distingulshable,
viz 'peg" toothing and "raker" tocthing, as il-
lustrated in Fig. 3.1 and S.2. Each tooth of the
peg-toothed saw performs all three of the tasks
ligted above, and the saw is suitable for green
or dry wood, The peg toothing is symmetrical
and the teeth are sometimes placed in groups of
varying tooth distance to reduce vibration and pro-
vide more space between the teeth for sawdust re-
moval, The chips {rom peg-toothed saws are roughly
granulated in shape as illustrated in Fig. 8.9.

Raker-toothed saws, on the other hand, have two
types of teeth; the cutters, which cut off the fibres,
and the rakers, which break up the fibresand carry
them out of the kerf. {See Fig. $.8).

Raker tcothing is most sultable for green wood
cutting. Fig. S.6 illustrates how the saw should be
rocked slightly while sawing to accelerate cutting,
and at the same time working fewer teeth into the
wood, which makes sawing easier. The chips pro-
duced by the raker saws are in the form of long
shavings, as in Fig. 8.10.

Fig. 3. 7 illusirates the various component
parts of the peg-toothed saws, while Fig,S. 8
shows the detailed parts of 2 raker-toothed saw,

Apart from raker and peg toothing, "tiger"
peg-tocothed saws are also available, as shown in
Fig, S. 4. In this case Lhe front edges of the
teeth are almost at right angles to the back of the
saw blade, and feed themselves into the wood.
"Tiger” toothing is usually assoclated with one-
man cross-cut saws,
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1. DESCRIPTION AND SHARPENING

C. DESCRIPTION OF SAW._

{a) BOW SAWS

(1) Toothing

Conventional bow saws may have
raker-toothed blades, as shown |
ning bow saw blades, particulscly
blades, has always been a probl=m _
cision and accuracy required inodjusting the heil
of the rakers in relation to the ‘uiting tee
This problem has heea overcoms to a ceriz|
extent by the inventlon and intreduciionof a special
ly designed blade with so-called "hard-point" teeth
This saw because of its cheapness, can be throw!
away when it becomes blented, and replaced with
a new one, The manufacturers claim that by a
special process of hardening the resistance of the
tooth points te wear is increased to more than
three times the norrmal, when compared with the
ordinary bow saw blade i.e. the hard-point blade
will cut about three timesas muchwood as the con-
ventional blade, without refiling, This leads to the
conclusion that it will pay the user to swiich over
to the razor blade principle - use a new blade in-
stead of refiling the old one.

vither peg-or
2. 5,3, Sharpe-
Ker~toothed

lue te the pre-~

After a  prolonged period of observation of
felling and cross-cutiing tests, Sandvik No, 21
and No. 99 bow saw blades were selected for use
in plantations for cutting trees of up to 25-30 cm
diameter. Finally, however, the Sandvik No, 21
hardpoint raker-toothed saw blade was selected ex~
clusively for felling and cross-cuiting small or
medium-sized trees. (See Fig. 3.5},

The following information is of value regarding
the use of the hardpoint saw:

There are two main forces which make the
saw cut - the push-pull force and the feeding force,
which presses the blade into the wood, The feeding
force is concentrate(d on only two cutters in the
hardpoint blade saw, and these are consequently
pressed deeper into the wood, resulting in faster
cutting.

The distance between the rakers is small, con-
sequently there is a large number of them on the
blade, Sawdust is efficiently removed from the kerf
with reduced friction.

(2) Blades

In general the development of hand saw blades
proceeded gradually all over the world, but the in-
vention and introduction of the hardpoint blade can
be considered a remarkable step forward.

In sawing, the power used depends to a large
extent on the quantity of wood {(sawdust) removed
and the friction of the blade sides within the kerf,
Bow saws are used, where possible, as their blades
are thin and narrow, and therefore have the great
advantage over other types of saws, that they are
less subject to pinching,

Bow-saw blades may be thin and narrow he-
cause of the tension given by the frame, but the



PEG-TOOTHED CROSSCUT SAWS.
FIG.8.2.
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RAKER-TOOTHED CROSSCUT SaAwWs.

FIG.S.3.

PEG - TOOTHED. RAKER - TOOTHED.

CONVENTIONAL BOW~SAW BLADES.

FIG.S.4.

"TIGER PEG-TOOTHED ONE — MAN
CROSSCUT SAW.

FiG.5.5,

FIGS.6. ROCKING SAWING MOVEMENT fOR RAKER-TOOTHED SAWS.

VARIOUS TYPES OF SAW TEETH
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tooth line must, of necessity, be straight, Acurved
tooth line is advantageous as fewer teeth are en-
gaged in sawlng, but this effect can be obtained
with the bow saw by gently rocking the saw while
sawing, as previously described. The narrow width
of the saw, 19 to 25 mm, reduces friction and
eliminates binding, Hardpoint saws in the 19 mm
width are available in lengths of 91, 100 and
107 em. For heavier work, hardpoint saws are
available in 25 mm widths In lengths of 107 and
122 cm,

{3) Maintenance tocls for the hardpoint blade

The blades are delivered with a set for medium-
hard wood, so the setting must be adjusted, i.e.
increasedfor softwood and reduced for hardwood.

Saw-set pliers, for hardpoint saws {Fig. 5. 25)
are specially designed for bow-saw blades. They
are applied from the back of the hlade and will

.thus not damage the sharp tooth points.

After adjusting the set, the blade may cut a
little c¢rookedly. This can be corrected by honing
the side that pulls cut. Any hard and fine-grained
whetstone (Flg. S, 26) with a smooth, flat surface
wili do. The same stone may be used for touching
up the bardpoint blade, when it begins to dull. The
blade must be uniformly honed on both sides. This
will reduce the setting slightly and the blade must
be reset.

Sawyers should be given a few spare blades to
keep handy in the event of one becoming blunt
or damaged during the day.

{4) Frames

The main part of the bow-saw frame consists
of & single piece of seamless tube, or else of two
pieces telescoping one into the other, thus making
the saw adjustable, A blade-fastening device is fitted
to each end of the frame (Fig, S.11). Blade holders
must be in line and clamped tight and flat to prevent
the blade from twisting.

One end of the frame is equipped with a ten-
sioning lever by means of which tenslon canbe ap-
plied to the blade after it has been secured in
the frame. (Fig. 5. 11a,¢). :

Bow-saw frames must comply with the following
requirements:

(i) High tensioning ability in order to stiffen the
blade, which is thin and narrow.

(1i) Good balance and low mass to facilitate easy
baodling while sawing.

(lii} They mustbe easily adjustable to keep the blade
flat and straight, thus preventing crooked cut-
ting,

Frame design with wide bends, made fromoval
section seamless tubing of high quality steel solves
the problems of saw mass, It has a small mass
and 1s easy to handle with comfortable grips; thus
reducing fatigue.

Tensloning of the sawblade is achieved by a
lever with an ecceotric fitting, having a large
movement, which enables the strength and elasticity
of the frame to .be fuily utilised.
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Three types of frames are available:
{}) Unsymmetrical and non-adjustable
(li) Symmetrical and non-adjustable
(iii) Symmetrical and adjustable

Non-adjustable frames are made from a single
plece of tubing and have a smaller mass than the ad-
justable frames. There are two types of non-
adjustable frames:

{2) With an unsymmetrical shape, the lower bend
being near the handle, as in Fig., S, 18. The
maximum cutting depth at the handle is ap-
proximately 22 cm up to the 91 cm length,
25 cm for the 100 ¢m length and 30 cm for the
107 ¢m length,

{b) With symmetrical bends, as in Fig., 5.19.
These frames are available in lengths of 76,
91; 100, 107, and 122 cm, with a cutting depth
of 30 cm for all lengths.

.~ The adjustable frame is made in two halves,
the middle ends of which telescope into eachother,
These frames are avallable in two sizes, one for
91 to 107 cm blades and the other for 107 to 122 ¢m
blades with cutting depths of 27,5 and 30 cm.

Adjustable frames havethe following advantages
over non-adjustable frames:

(i) They permit the use of blades of different
lengths

_(Ii') They give greater tension due to the double
tubes at the point of telescoping, which prevent
. - the frame from arching.

" The locking device at theframetelescopic joint
consists of a wedge principle lock, shown in Fig.
S.12, in the shape of a conical ring around the
thinner inner tube, When the frame is to be locked
in position, this ring is pushed over the larger
tube, thus locking the two tubes as illustrated.
The leck can easily be loosened at any time by
giving it a light blow with the back of an axe.

{(b) TWO-MAN CROSS-CUT SAWS

The two-man cross-cut saw has a wide, thick
blade, to the ends of which two handles are rigidly
attached to pull the sawback and forth when sawing.
This saw is used for the felling and cross-cuiting

..of large and medium-sized trees, and is avallable

“in lengths 1,36;1,5; 1,68;1,8:;2,1 and 2,4 m. The
saws are heavily ‘taper ground with a uniform
thickness along the tooth line. The tooth line is
curved, making the saw cut faster, The back of
the saw (opposite the tooth line) may be flat (Fig.
5.15), hollow (Fig. $S.186) or "salmon-backed'
(arched) (Fig. S. 17).

Hollow-backed cross-cut saws have the ad-
vantage that the saw has a smaller mass and is
narrower, This greatly reduces the risk of binding
and makes it possible to use the felling wedge
at an early stage of sawing.

© Cross-cut saws may have either peg or raker
toothing. Peg-toothed cross-cul saws range in
length from 1,4 to 3,1 m. Raker-tocthed saws
commonly have four cutters to each raker.




FIG.5. 11

TENSION LEVER AND BLADE
HOLDERS ON BOW-SAW FRAMES.

REAR
HANDLE
HOLDER.

THE FRONT END BLADE
HOLDER CLAMPS THE
BLADE.

FiG.5.12.

TELESCOPIC CONNECTION AND CONICAL LOCK
FOR ADJUSTABLE BOW-SAW FRAME.

FIG.5.13,

REVERSIBLE CROSSCUT
SAW HANDLE.

FIG.5.14.

22-30 ¢

‘CROSSCUT saw HANDLE
HOLDER WITH TWO BOLTS
AND WING NUTS.

e

SAW HANDLES
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FIG.S.15. FLAT- BACKED 'CROSSCUT  SAW.
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FI1G.5.17. SALMON - BACKED CROSSCUT
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FIG. $.i8.
BOW-SAW —UNSYMMETRICAL FRAME
NON — ADJUSTABLE.

FIG.S.i9.
BOW-SAW - sYMMETRICAL FRAME.
NON=-ADJUSTABLE.

FIG.5.20, ONE-MAN CROSSCUT SAW.
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VARIOUS TYPES OF HAND SAWS
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FIG.$.28. STEPS OF TRIMMING A PEG-TOOTHED SAW.

N
I

JOINTING OR STRIPPRING.

LOWERING THE GULLETS.

SHAPING THE TEETH,

REMOVING BURRS BEFORE SETTING.

SETTING.

FILING THE FIRST BEVEL.

REMOVING THE BURRS.

FILING THE SECOND BEVEL.

REMOVING BURRS.

ADJUSTING THE SETTING.




FIG.5.29 STEPS IN TRIMMING A RAKER-TOOTHED SAW.

I. JOINTING OR

9. SWAGING THE
STRIPPING.

RAKERS.

2. ADJUSTING THE

10. FILING THE FfIRST
RAKER HEIGHT.

BEVEL.

3. FILING THE
GULLETS.

Il. REMOVING THE
BURRS.

4.FILING AWAY THE
WEB BETWEEN THE

CUTTERS.
2. FILING THE SECOND
5.REMOVING BURR G

s BEVEL.
BEFORE SETTING.

[3. REMOVING THE
BURRS.

6. SETTING.

f4. ADJUSTING THE
SETTING.

PR\ ' '
= 7. FILING THE CENTRE
GROOVE OF THE N

N
RAKERS. IS.FILING AWAY THE BEVEL

RIDGE.
i ? 8. FILING THE RAKERS.
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Cross-cut saws like bow saws, are supplied
already sharpened and set. This does not mean,
however, that the setting and height difference be-
tween the raker and cutting teeth is suitable for
any kind of wood. The user hastoadjust the setting,
height difference and bevel filing to suit the saw
to the specific kinds of wood,

Fig. S5.13 fllustrates the handle and handle
fitting for cross-cut saws. Handles which can be
bolted onto the saw may be used, as in Fig, S. 14,
but reversible handles are preferred, particularly
as they can be quickly detached, which may be
necessary if the saw is to Dbe pulled through a
zerf or cut instead of heing withdrawn {o the usual
Tazner,

fr) ONE-MAN CROSS-CUT SAW

The one-man raker-toothed cross-cut saw (Fig.
3,20} is a felling saw, heavily taper ground and
with a2 curved tooth line. The saw used in De-
partmental plantations isgenerally short, being
80 t0 110 ¢m In length. In the Department these
saws are primarily used for "topping' spar trees,
or for other odd jobs.

Apart from raker-toothed blades, the saws are
also available with "tiger"-toothed blades (Fig.
3. 4). The “tiger'” saw is 116 cm long, has a curved
tooth line, and is comparatively wide.

The one-man saw usually has a typical "car-
penters saw' handle at one end, but a supplemen-
tary handle, called a "point" handle, may be at=-
tached at the other end of the saw, to make it a
two-man saw if necessary,

In the early days of logging this saw was used
largely for cross-cutting logs, but in present day
logging it has been replaced with the more versatile
bow gaw,

D. SHARPENING THE SAW TEETH

After continual use the saw blade blunts and must
be resharpened, which requiresa skilled technique.
Only a few of the many men employed in sawing are
sufficiently trained to do resharpening more or less
correctly. The problem is solved to a certain ex-
tent by establishing a workshop where the saws can
be "doctored" by a man experienced in the trade.
This is, of course, only posaible if the aperation
Is large enough to warrant the expense of 2 special-
ly trained man to do the job.

The introduction of the hardpoint bow-saw blade
bas virtually eliminated sharpening of bow-saw
blades, but where conventional blades are still used
the appropriate sharpening procedure for the parti-
cular type of toothing must be followed.

(a) MAINTENANCE HINTS

{1}  Place for filing: The light should be goodand
even,

(2) Clean the saw with soft steel wool dipped in
paraffin,

(3} The saw blade must be straight, flat and with-
out any defects. Defects must be corrected or ad-
justed.

(4)  Steady filing is essential, The blade should be
held firmly without wvibration or wobble, A saw
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holder or weooden filing vice as shown in Fig.5.27
should be used.

When a saw holder is used in the woods, & con-
venient working place can be provided by cutting off
a free at about breast height above the groung, A
natch ls cut into the top of the stump with the saw,
and the holder is wedged into the kerf,

(3} The saw holder should be piaced at a conve-
nient height ~ at the level of the filer's elbow, or
slightly higher.

(6) The files should be kept clean - use & wire
brush or piece of charcoal for rubbing (rubling).
(7) Make a couple of cuts in softwood before
starting the refiled saw in hardwood,

{8) Rub the saw blade lightly with an oily cloth
to prevent rusting and reduce frietion against the
wood when sawing.

(b) SHARPENING PROCEDURE

It is not within the scope of this manual to give
a full description ofthe sharpening and maintenance
of the saw, as any saw distributor will willingly
supply the buyer with a detailed instructionbooklet
on the sharpening and maintenance of the saw.

The process of sharpening peg and raker toothing
is shown graphically in Fig.5.28 and 5.29 respec-
tively. Brief explanations of the various sharpening
terms are given below.

{c) TOOLS USED FCR RESHARPENING

Twenty centimetre single cut, smooth, flat file;
setting pliers, (Fig.3.25) or setting iron (Fig.8.22);
setting indicator (Fig.S.21); setting anvil and ham-
mer (Fig.5.23,24); whetstone (Fig.5.26); fine,
smooth, flat file,

{d) EXPLANATION OF TERMS

(1} Peg-toothed saw

Joloting (Stripping) - All the tooth points must
lie on the same line. A tooth which 1s too long will
make the saw jump, a tooth which is too short will
not reach into the cut,

Deepening the gullets - The gulists must be
deepened fo give the teeth correct and uniform
length and width,

Shaping the teeth - Shaping is requiredtoobtain
the correct tooth angle. When shaping, the jointing
flats must be adjusted to uniform size for bevel
filing,

Removing burrs - When the file is used, burrs
or "wire edge" are formed. Light use of the whet-
stone is sufficient to remove burrs, This is paril-
cularly important before setting is done.

Setting - The teeth are bent alternately to the
right and left, This is done to provide a saw kerf
wider than the saw width, to prevent the saw from
binding or running heavily,

Filing the bevels - Oblique bevel filing sheould
be used. The first bevel should be filed on that side
of the tooth which you find most difficult, filing




the second bevel on the easiest side to bring the
tooth to a sharp point, The second bevel should be
as similar in shape to the first as possible.

(2) Raker-toothed saws

Jointing - Jointing should take off the points of
the teeth at right angles to the surfazce of the saw,
so that the teeth set on the one side have the same
height as those on the other. All cutter points
should lie on the same line, as for peg toothing.

Adjusting raker height - A cutter group of &
raker-toothed saw has only to cut off the fibres,
whereas the raker will ioosen them and remove
them from the kerf. To prevent the raker from
striking fibres which are not yet cut, they must
be slightly shorter than the cutters. Softwood re-
quires a larger height difference between the rakers
and cutters, For adjusting the difference In height
a Sandvik 120 gauge is used.

Height difference:
Approximately 0,2 mm hardwood
Approximately 0,4 mm softwood.

The height difference is correct if,with cross-cut
saws, the chips are from 10to15 cm long, with
the edges cleanly cut.

Filing the gullets - If the gullets at the rakers
are too shallow the sawdust will clog them, making
the saw run heavily and cut badly. When required
the gullets must be deepened to prevent the chips
packing and msake them fall out automatically
when sawing, Larger gulleis are needed for soft-
wood than for hardwood.

Filing away the web between the cutters - When
the cutters hecome toco short they are difficult
to set. The web between the cutters should then be
filed away. The reason for having the webat aill is to
stiffen the cutters while they are still long.

Note: This does not apply to some types of saw
blades.

Removing burrs - As for peg-toothed saws.

Setting - The saw should be set as previously
described. The last group of cuiters in the row
should not be set. Raker teeth are not set. The
setting hammer, setting anvil and setting indicator
are used, Pliers or setting irons cannot be used
for setting,

Setting for hardwoods:

At the most 0,2 mm to each side
Setting for softwoods:

At the most 0,3 mm to each side

Filing the centre groove of the rakers - The
groove in the centre of the middle of the raker is
filed down tc make both wings of equal width, By
making the groove about 5 mm deep the operation
need not be repeated at the next three or four
trimmings. A 20 cm single-cut, smooth, flat
file with round edges is used for filing the centre
groove, -

Note: This does not apply to some types of blades

Filing the rakers - The raker adges must be
filed at right angles to the saw blade and with
sufficient clearance, The wings arehest filed witha
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slope of about 30 to 40 degrees (tooth point angle
50-60 degreses).

Swaging the rakers - The raker wings are bent
slightly outward {longitudinally) by gently tapping
with the hammer as illustrated. The rakers are
swaged to work more like chisels, and not merely
scrape off the chips, The saw will then cut more
easily and smoothly, Swaging should be just suf-
ficient for the "hent edge" to be felt by the finger
run up the edge of the raker.

Normal swaging will shorten the rakers about
0,1 mm, This fact is to be remembered when the
hetght of the rakers is adjusted.

Filing bevels ~ The task of the cutters is to
cut off the fibres, but not to remove the sawdust,
The cutters are filed with full bevels, which should
be as wlde as possible. The bevel width 1s limited
by the tooth points becoming thin and hrittle in
hardwood. The 20 ¢m file 1s used,

When flling wide bevels, large burrs will form
at the tooth point, and these may be tapped off
with the flle handle between strokes, -

The tooth point angle should be about 75 degrees
for softwood and 80 degrees for hardwood.

The second bevel should bring the tooth to a
sharp point, which should lle just at the original
level of the jointing figt. The individual cutting depth
of the teeth is less than 3 to 0,8 mm below the
tooth point.

E., DEFECTIVE SAWING

Despite a saw having been resharpeped or
trimmed, its performance may not be satisfactory,
When examined the following defects may be found:

(a) THE SAW CUTS CROOKEDLY

(1) Larger setting on one side (the saw runs to
this side).

{2) Teeth are higher on one side of the blade
because of incorrect jointing or filing (the saw
pulls to this side).

(3) Point angle or bevel width may not be the same
on both sides of the blade.

(4) The frame is twisted or gives insuificient ten-
slon,

{(b) SAWING IS HEAVY

(1) Teo little set for softwood or too much set for
hardwood.

(2) The saw is rusty or ¢oated with resin.

{3) Too beavy honing has been applied to correct
crooked cutting and has resulted in a marked
loss of ability.

(4¢) Large burrs are left on the tooth points,

(5} The saw ls badly straightened and tensioned. (If
the filing and setting are correct the saw
should be turned over to an expert for ad-
Justment.)
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(¢) THE SAW RUNS EASILY BUT CUTS BADLY

(1) The testh are too blunt (too narrow bevels or
toc large point angles).

{2) The gullets are too small, making the saw-
dust clog,

(3) The teeth are not filed to a sharp point,

(4) (Tiger toothing). The front edges of the teeth
lean too far backwards.

(d} THE SAW CUTS ROUGHLY ANDJUMPSIN THE
KERF

(1) Occasional teeth are tco high.
{2} The setting is uneven,

{3) (Tiger toothing). The front edges of the teeth
are 1oo upright or even lean forward,

' (4) The raker teeth are too high.

Note: If some of the blades or frames prove de-
fective upon delivery,they should be returned 'to
the distributor for replacement

2, USE OF HAND-SAWS

Efficient sawing requires the use of long,
powerful and properly timed strokes, Where pos~
sible the working position should be comfortable
and there should be reascnable freedom from ob-
stacles,

Saw strokes should preferably be the full lengtih
of the blade, particularly with short saws. This is
desirable both from the point of view of the mus-
cular effort employed and the fact that long
strokes keep the saw in good working condition
much longer, With short strokes the section of the
blade most used dulls quickly and the sei of the
teeth on that section becomes less than the rest
of the blade, which increases the saw resistance,

Muscular exertion need not be strenuous but
should be reasonably steady throughout both forward
and backward strokes, if somewhat greater on the
first,- and more relaxed when the stroke is about
to be reversed. Not only the arms, but also the
swing of the body should be used, movements being
even and not jerky.

The saw should be "rocked" oneachsiroke, that
is, he so directed that on a forward stroke its
free end gradually dips down to come 2 {0 4 cm
below the level on which it would have been without
the reocking movement. Sawdust clears easier with
this methed, less teeth being engaged In the wood,
and sawing Is also easier. Less downward pressure
is negded on the saw. Similar to this Is "sawing
continually at a corner": sawing with straight
strokes, but slightly changing at frequent intervals
the angle at which they are directed. In sawing
large-sized wood thls practice can be advantageocus—
1y combined with rocking of the saw,

It is vital that the blade is not bent or deflected,
and should be kept as straight as possible. Bending
the saw leads to greater sawing resistance and
often pinching,

79

The best tempo of work for a cutter of average
physique making long strokes with a 90 to 100 em
bow saw is about 60 to 65 double strokes per
minute, With cross-cut saws the tempo is slightly
slower,

A. CROSS-CUTTING WITH THE TWO-MAN CROSS=-
CUT SAW (Fig. S. 30, 31, 32).

(1) Elevate the log if possible so that the end
is free, by placing a prop slighily back from
where the cut is to be made {Flg. §,30). This will
prevent pinching. If the log is large, pinching can
be prevented by driving a wedge lnto the kerf as
sawing proceeds.

(2) Remove thick bark from the point where the
eut Is to be made. Thick bark is hard and dulls
the saw.

{3) Squirt paraffin on the saw for lubrication.
(4) Take a good stance with the feet well apart.

(5) Pull the saw towards you with long, even
strokes. Do not push itback - that is your partner's
job, and pushing buckles the blade. On the back-
ward stroke relax your grip and thrust out your
arms in the rhythm of the sawing.

(6) Do not wrestle the saw to force it dowl?—
wards - use just encugh force to keep the saw in
the wood,

{7) Keep the saw straight, to cut a straight,
even kerf,

(8) When the saw hegins to pinch, drive io a
wedge. When the cut is nearly through the saw
will pinch anyway, so long strokes become im-
possible. Then take short, quick strokes, 30 em
or $0 In length, until the log drops.

B, FELLING WITH A SAW

{1} First chop a notch or undercut by axe, ap-
proximately one third the width of the tree, and as
low as possible. The bottom of the undercut may
be sawn and the tep cut away with the axe.

(2) Start sawing directly opposite the undercut
and 2 to 5 cm higher than its lower surface, Hold
the saw level with the ground. This will ensure
a flat stump.

(3) Keep the cutting edge of the saw even with
the undercut. When two men are sawing, this can
be accomplished by each man calling out as the
sawing progresses, the number of centimetres be-
tween the saw and the undercut on his side, When
one calls his number the other answers with his,
and if one is further away than the other the saw
must be adjusted,

{4) To avoid pinching the saw must beabsolutely
straight. In big or leaning trees whbere pinching
can be expected, a wedge should be driven into
the kerf as soon as possible,

(5) Just as the tree starts to fall, the saw must
be withdrawn {rom. the kerf.
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FELLING BY TWO MAN BOW SAW

Fig.s. 34.

SEATED POSITION.
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C. POSITION FOR FELLING .

(1) With two-man cross-cut saws, the sawyers
ghould stand facing away from the direction in
which the saw is cutting, far enough back so that
the saw can be pulled across in front of the saw-
yer's body. In this position the saw ls forced
into the tree as it is pulled. One of the logger's
hands grips the saw handle, the other is placed
loosely in the corner between the handle and the
saw to force It into the tree (Fig. 5. 33).

(2) I the above positlor is assumed, cne can
bend down so as to cut the tree low, or, for relief,
can drop on one knee,

{3)  An alternative position 1s for the two sawyers
to assume a seated position, facing each other, or
half facing the direction of the cut,asin Fig. 5. 34.
In this position a half-kneeling stance may also be
assumed. Such a position permita the sawyers to
cut the tree cloger to the ground, but limits the
stroks length of the saw to a certain extent. It is,
however, most effective for use with bow saws or
short cross-cut saws, as it ls more comfortable
and results in less strain on the sawyers,

3. PREPARATION OF SOFTWOOD SAWLOGS BY
: © HAND-SAWS

A, TASK-WORK NORMS

Task-work has been introduced in order to
achieve a uniform system for controlling timber
production, and Is based on zilowed time norms
{tabulated), especially drawn up for that purpose,

- The number of labourers and their duties are
detailed. Taskwork norms in timber preparation
are based on the dlameter of the tree or log
actually cut, conseguently one is unable to trace
the timber volume of converted boles and logs

from this .table, unless the number of logs and

their leagth for each dlameter.class is known. The
specles covered by the task norms chart {table)

aré the following: (For prepardtion with bow, felling

and cross-cut saw).

Pinus canariensis, P. elllottii, P. patula, P,
palustris, P, pinaster, P. pseudostrobus, P. radiata,
P. roxhurghii and P. taeda.

TABLE 8. 1: Allowed times for felling and debranching of treés

Allowed tlmes in minutes for two labourers per tree

Thick end 5ot

diameter P, pin T, f; P, oll P, pseud | P P, rad P. pal

ist IOg{CIB} = pin 2. lae . &l = Seu . FoX . rac . pal

P. can
13,5 3 2 2 3 a 3 1

15 3 3 2 3 4 3 2
17 4 3 3 4 4 4 2
19 4 4 4 4 5 4 3
21 5 5 4 5 7 5 3
23 6 6 5 6 8 6 4
25 7 8 6 7 9 7 4
27 8 9 7 8 11 8 5
29 9 10 7 8 12 9 5
31 10 11 8 9 13 10 ]
33 11 11 9 10 15 12 6
35 13 12 10 11 16 13 7
37 14 13 11 12 17 14 7
39 15 14 11 12 18 18 8
41 i7 14 12 13 19 18 3
43 18 15 12 13 1% 19 8
45 20 16 13 14 20 21 9
47 29 6 13 14 21 23 9
49 24 17 14 15 22 25 10
51 26 18 15 16 24 21 10
53 28 20 16 18 26 29 11
55 29 22 17 20 28 31 12
57 31 24 19 22 32 33 13
59 34 28 22 25 36 36 15
81 36 31 25 28 41 38 16
63 38 4 27 32 47 40 18
65 41 37 30 36 53 43 21
67 43 490 32 40 59 46 24
69 46 43 34 43 - 48 -
71 48 46 38 46 - 51 -
73 51 50 39 50 - 54 -
75 54 53 42 53 - 57 -

The following allowances must be made for slope:
0 - 159 Thelabourers must start on 0 minutes;
16 -20° Thelabourers must start on 27 minutes;
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21 - 30° Thelabourers must start on 54 minutes; .

31 - 40° Thelabourers must start{ on 81 minutes;
over 40° The labourers must start on 108 minutes.

]




Two types of tables are given for hand-gaws:

5. 1. For felling and debranching trees
S. 2, For croas-cutting boles Into logs

The given tasks were achleved under the fol-
lowing conditions:

(1) Bow saws were used for felling trees of up
to 60 cm diameter, and for cross-cutting logs of
up to 33 cm diameter. The felling saw was used
for larger trees. Saws were sharpened by a trained

branched and the branches removed in order notto
interfere with the work of the cross-cutters,

{3) Peavy hooks were used by the cross-cufters
for rolling togs.

(4) Marking of boles into logs was done in ad-
vance 50 as not to keep the cross-cutters waliting.

() Fellers and cross-cutiers were allotted to
various parts of the compartment s0 as not to
hinder each other, whether individually or in the

man every day, and axes once every three days. group.

Axes were used for the inltial undercut.
Note: Changed log classifications or crooked trees
did not influence the labourers! tasks

This method can be used to simplify the over-
time system if so desfred.

(2) Stumps of felled trees were left not higher
than 15 ¢cm above the ground. Forest litter and
siash were removed from around the tree before
felling commenced. Boles, when felled, were de-

TABLE 8. 2: Allowed times for cross-cutting of logs

Allowed time in minutes for two labourers per cut

Thin end

diameter of P. tae

logs (cm) P, rox P. pat P, ell P. rad P. can P, pin

- P, pseud e I -
P i
13,8 1,0 0,9 0,9 1,3 1,4 1,2

15 1,1 1,0 0,9 1,5 1,6 1,3
17 1,2 1,1 1,0 1,7 1,8 1,4
19 1,3 1,2 1,1 2,0 2,1 1,6
21 1,6 1,4 1,2 2,3 2,8 1,8
23 1,8 1,8 1,4 2,7 3,0 2,2
25 2,0 1,8 1,6 3,2 3,4 2,4
27 2,4 2,0 1,8 3,8 4,0 2,8
29 2,6 2,3 2,1 4,2 4,8 3,3
31 3,2 2,6 2,4 5,0 5,5 3,8
33 3,8 3,1 2,8 5,8 8,6 4,4
35 4,7 3,6 3,3 6,8 7.8 5,2
37 5,5 4,2 3,8 8,0 9,0 8,2
39 6,8 4,8 4,4 9,2 10, 7 7,0
41 7,6 5,5 5,1 10,8 12,3 7,9
43 8,0 6,4 3,9 12,3 14,8 9,0
45 10,3 7,4 8,8 14,2 17,0 10,3
47 11,9 8,4 7,8 18, 4 18,9 11,9
49 13, 8 9,7 8,8 17,4 23,0 18,6
51 15,2 10,8 9,9 18,4 25,8 15,2
53 16,9 12,1 11,0 20, 7 28,9 16,9
55 18,6 13,5 12,2 22,2 32,1 18,6
57 20,8 15,2 13,86 26,1 35,7 20,8
59 23,3 17,2 15,4 29, 2 - 23,3
61 26,2 19,2 17,2 32,0 - 26,2
63 29,5 21,1 19,1 35, 4 - 29,5
65 - 23, 3 - 39,2 - -
67 - 25,4 - 43,0 - -
89 - 27,5 - 46, 7 - -
71 - - - 50,0 - -
73 - - - 54,4 - -
75 - - - 58,8 - -

The following allowances must be made for slope:
0 - 15© The labourers must start on 0 minutes:
16 - 20° Thelabourers must start on 27 minutes;

21 - 30° Thelabourers must start on 54 minutes;
31 - 40° The labourers must start on 81 minutes;
over 40° The labourers must start on 108 micutes.
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B. TEAMS AND THEIR DUTIES

{8) Two alternative methods of team organisation
were considered. In the first, felling and cross-
cuiting are dene by the same labourers, who earn
allowed times for both felling and cross-cutting.
The second alternative is for felling and debranching
to be done by one ieam and cross-cutting by another,

{b) Allowed times are applled to sawyers,asitls
believed that the work of the other feams will
aqual that of the sawyers if the work is properly
organised.

Table 5.3 shows the average number of men
required to prepare various volumes of timber per
day in P. patula, P. elliottil, and P, taeda:

TABLE $. 3; Man-power required to prepare various

volumes

Number of men required for the
Timber deri- preparation of:
ved from: 184 | 147 [ 117 ] 88 59

m}/ m?/ my mﬁ/ my

day | day | day day day
Clearfellings | 21 17 15 11 7
3rd thinnings | 30 25 21 15 10
2nd thionings | 55 47 35 27 18

Note: For costing purposes the foreman's wages
ang the cost of marking for thinnings must be
added to the labour costs for bow or cross-cui
saw,

(1) DUTIES OF THE TEAMS

Men per team: Teams 1 to 2 : one or 2 men
Teams 3 to 7 : one man

(i) Team

No. 1 Fell and debranch: Fell tree and cut butt end
square, debraach to 13 em at thin end and re-
move branches,

Equipment:

1 how saw or two-man cross-cut saw per two
labourers

2 axes - 2 kg each

Lumber crayons

No.2 Cross-cutting: Cross-cut the logs and roll
them over to exposebranches underneath in such
positionas to be accessible for final debranching,

Equipment:

1 how saw or two-man eross-cut saw
1 large axe

Luinber crayons

No, 3 Marking the hole for ¢ross-cutting: Mark
according to local specifications.

Equipment:
Measuring stick

Hatchet or pruning saw

No.4 Tally for cross-cutters: (Tellers). Tally all
the cross-cut logs for daily production sheets
{form for felling and cross-cutting).
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Equipment:
1 tally board with production sheels

1 pencil
1 steel rule
Lumber crayons

No,5 Tally for felling and debranching: Completion
_of daily production sheets for felling and cross-
" cutting,

Equipment:
As for Team No. 4

No.6 Removal of remainder of knots after cross-
cutting: -

Equipment:
~1-axe - 2 kg

Nea,7. Transport of equipment: Transport all saws,
axes, etc., for sharpening, and to assist Team
No, 8.

{i1) Dutlies of the foreman

The foreman will supervise all labourers in
their duties.

Equipment:
Hardpoint how-saw blades

Axes - 2 kg recommended
C. CONTROL OF THE SCHEME

(a) FELLING AND DEBRANCHING

The thick end diameter of the bole i{s recorded,
as the allowed time is based on this. Tellers, be-
fore recording, inspect the tree to see If it is
correctly cut and debranched,

Each team of fellers is alletted a number which
they must write on the thick end of the tree which
they fell, The tellers cancel these numbers with
a stroke while tallying.

The foreman must check the work of at least
one team of two labourers each week. He should
compare his production sheet with that ofthe teller
at the end of the day.

(b} CROSS-CUTTING

Allowed times are based on the thin ends of
logs, which must betallied by the teller, The cross-
cutters write their numbers on the thick ends of
the logs, and these numbers mustbe crossed by the
teller as hetallies the logs. The foreman must exer-
¢lse a check in the same way as for felling and
debranching.

(¢) ALLOWED IDLE TIME

Idle time is allowed at a rate of 12 minutes
per kilometre for moving from compartment to
compartment, and when work is stopped for rain,
the actual time not worked is permissible ldle
time, Idle time must be checked and approved hy
the forester before being granted.
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D. TABLES FOR THE NOEMS OF ALLOWED
TIMES3 AND THEIR USE

Tables of allowed times for felling and cross-
cutting to be applied as follows: All times were
normalised and 20% rest tlme was allowed for
sawing and chopping, while 123% rest time was
allowed for walking. An allowance of 10 per cent
was made in the cross-cutting norms for cuts not
yvlelding logs.

{a} USE OF THE TABLES

The production sheet data are completed and the
logs listed in centlmetre classes, after which the
table for the required species ls selected. The
number of logs in each diameter class must then
be multiplied by the allewed time, and the earned
time for the various classes added together. The
daily task is completed when the day time of
540 minutes has been earned.

{b) DAILY PRODUCTION SHEETS
Examples of daily production sheets for felling

and debranching: cross-cutting; and felling, de-
branching anrd cross-cufting are given below:

Dally production sheet - felling and debranching

Dally production sheets are completed by the tel-
ler and foreman, The slope is determined by the
foresater, which should be the approximate average
if the area Is broken. H areas with different
slopes are worked, with substantial volumes oneach
slope, the volumes should be listed separately ac-
cording to the slope.

The field forman must determine the time earned
and ensure that the workers earn the time in the
day, The completed production sheets are sent to
the forester, who, If satisfled, books the labourers
for the day. The foreman's calculation will be ac-
cepted If correct to 5%.

E. APPLICATION OF EFFICIENCY DATA

PREPARATION QF SAWLOGS

The following method must be applied:

{a) A combination method of sawlog preparation

One pair of labourers will fell, debranch and
crosg-cut the stem into logs, then roll the logs
to remove knots.,

Date Compt. No. Species Slope
Thick end Team No. Team No, Team No.
diameter Labourer 1. Labourer 1. Labourer 1.
of stem {cm}) 2. 2. 2.

Allowznces for slope '
13,5
15
17
73
75
Total Total Tatal
Teller Foreman

Daily production sheet - cross-cutting

Date Compt.No. Species Slope
Thick end Team No, Team No, Team No.
diameter Labourer 1. Labourer 1. Labourer 1.
of log {(cm) 2. 2, 2.

Allowances for slope
13,5
15
17
73
75
Total Total Total
Teller Foreman




Daily production sheet : fell, debranch and cross-cut

Date: Compt. No.

Slope

Species

Team No.
Diameter of log

Labourer 1

2

Labourer 1
2

Team No.

or stem (cm}

No. of trees | Time| No. of trees

Time | No. of trees | Time | No. of trees| Time

13,5
15
17

73
75

Total Total

Total Total

Time for felling and debranching

Allowance for slope

Total time earned

Time for felling and debranching
Allowance for slope
Total time earned

TELLER FOREMAN
Idle time sheet
Section Date:
Time Time
Details of idle time
From to From to

SIGNATURE OF FOREMAN

(b} Task-work based on allowed time per tree and
tasks to be glven in number of trees per day

The task is determined as follows:

{1) The trees felled on the first day in 2 new
compartment are recorded on a "task determining
chart",

{2) The data are converted into allowed times,
using the tables.

(3) The total allowed time divided by the number
of trees for which the time was earned gives
the average time per tree.

{4) The average time per tree divided into the
avallable time per day gives the number of trees
to be felled per day.
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SIGNATURE OF FORESTER

(c) Work performance of labourers

There are 540 minutes in the working day, and
the labourers must earn this time to earn 100%
work performance, The work performance of
a labourer must be expressed in a percentage of
540 minutes, This should not be less than BO%,
No plantation should try to exceed 100% work
performance,

(d) Contrel of work

1) Each pair of labourers must recelve a
number, which they write on all the logs which
they prepare.

(2)  Actual measuring is done as in E (b) above,.
every second day the work is recorded on a task-
determining chart and calculated. Taskadjustments
may be made if necessary,




(3)  The forester must check the sheets and make propsrly done.
them available for inspection if necessary,

Note: The above applies to the Eastern, Southern
(4} The foreman must check each palr of labour- and Northern Transveal Regions, Natal, Zulu-
ers' work daily and satlsfy himself that {thas been land and the Eastern Cape.

F, MEASUREMENT FOR THE DETERMINATION OF TASK WORK

The following table gives the work measurement for the determination of task work

Date: 5.8.60 Team No. 2. P. roxburghii Compt. A.18 Slope 20,
Diameter .
of trees Time | Allowed Time gic;wed
or logs Number of trees per | time Number of logs 11’:; Total
(cm) {ree | min, win. | min,
13,5 E B B B I 25) 1,0 25,0
15 T HE B B B
B3 H35 3EE 1 411 1,1 43,1
17 1 4 5 16,0 |33 B33 88 33
. E HE Be-n 42| 1,2 50,4
19 11 4 G 20,0 (395 B3P 3 B B
W 331 1,3 42,9
21 ESTEERL L iE Ry | 11 8 77,0 |H83 1 7] 1,6 | 11,2
23 HiE MM 23 1 18 10 128,0 |11 4] 1,8 7,2
25 ML 5 11 45,0
27 il 2 13 22,0
29 1 1 15 12,0
31
71
73
75
Total felling and debranching time: 3520,0 Total cross-cutting 181.8
Total fell and debranch. 3z20,0
Allowances for slope
Allowed time for 43 trees 501,8
Average time per tree 501,88 + 43 11,7

Number of trees per task 540 + 11,7 46
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APPENDIX S. 1

Tender specifications for bow-saw blades: Steel analysis: Item 1

Brand or | Type of Steel analysis - Price
make | steel Carbon | Silicon| hat®®| Chrome| Nickel Ph/s 3f0°0r0
% % % % % % % % R
Sandvik Cold rolled | 1,0 0,25 | 0,32 0,26 0,05 1 431
Hardened
Tempered
Jack Tempered 1,0 0,25 0,32 0,26 0,05 891
Spear
and Tempered 1,0 0,25 | 0,32 0,26 0,05 1 280
Jackson
Grorud Swedish 1,02 0,20 | 0,40 0,03 | 0,02 834
alloy
spring
steel
Gustav - 0, 75 0,35 0,30 0,03 952
Doehl.
Abaca Special 0,80 0,25 | 0,60 810
crucible 0,40 | 0,75
Eia
Pinetool Raker instead of peg tooth g45
APPENDIX 8, 2
SPECIFICATIONS
ADJUSTABLE BOW-SAW FRAMES SUITABLE FOR
107 con BLADES
1. Frame to be manufactured from high tensile 4, When fitted with 2 35 mm blade the cutting

seamless oval tubing.

2, Length of each half not less than 82,5 cm,
measured as the actual pipe length,

3, When a 107 ¢m blade is fitted and properly
tengsioned the back overlap on the bow frame should
not be less than 14 cm.
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depth should be less than 28 cm.

5, Each end to be fitted with a link type blade
holder, and one end also to be fitted with a ten-
sioning device.

6, The locking device on the bowframe should be
of the wedge type, consisting of two conical rings.
The outer ring to fit over the inner ring, which
should be split. The inner ring should be clamped
onto the front half of the bow by the outer ring.



APPENDIX 8,3

Ao

SOME EXAMPLES OF LOG PREPARATION
OPERATIONS USING HAND-SAWS

QUTPUT AND COSTS

COSTS OF CLEARFELLING AND DELIVERY QF
SAW TIMBER ON THE ROADSIDE

The following data regarding the output and coat
in clearfellings are availablefrom Jesslevale plan-
tation:

Perlod of observation: Financial year 1962/3.
Volume of sawlogs: 24 179 m3

Speciles: P, patula, P. taeda, P. pseudostrobus
Nature of terraim: 2 652 m3 were exploited
on slopes of 15-200; 21 527 m3 were ex-
ploited on slopes of 0-15°.

The average age of the stands was 37 years
and ail the timher was delivered to the roadside.

Two-man ¢ross-cut and bow-saws were used.
Timber was extracted by muies and manuval labour.

:I‘he work was done as prescribed b;( the work
study sectlon for clearfellings and thinnings, using

bow saws and mules.

The followlng volumes of timber were extracted,
according to log classes:

Class 8. 518 mS>
n bl 1 861 m3

v b2 3 810 m3
nooa, 1 1 89% l'n3
noe 2 7 213 m3

v 4.1 2431 m3

n d. 2 6 64T m3
24 179 m3

COSTS
Felling and log preparation costs

325 foreman units of supervision Rl 264,14
5 880 units of labour 3 560,22
Ration of 5 880 labourers

@14c per unit 823,20
Purchase of saws (x) 19,30
Purchase of axes (x) 177,56
Transporting equipment to the

field 24,44
Railage charges of saws and axes 7,81

Hire charges, mules {for pulling
down hang-ups)
Total e

73,64

R5 850,41

Note: 24 178 m3 : 6205 = 3,9 m3 per unit or
41 m3 per unit if the foreman is excluded.
{x) Still in use after the perlod covering the
observation

This operation included felling, debranching,
cross-cutting, marking, tallylng and stacking of
branches, Nioety per ceat of the stem was de-
branched to facilitate extraction of the remaining

putpwood.

Costs of clearfelling and preparation:

24,36 ¢/m3,
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1. DESCRIPTION AND MAINTENANCE

\ A. INTRODUCTION

Power chain saws can no longer be considered
an lnnovation in logging. TPeir performance, dis-
regarding costs, is spectacular, and whether we

'approve of them or not, they are here to stay.

As long as a saw proves to have a small enough
mass to handle and tough enough to do the job,
it will be in demand by the woodcutters.

There are many makes of power saws on the
market, most of which have proved themselves
in use, but apart from the mechanical finish of
the product, maintenance is the most important
single factor involved. Efficient maintenance can
only be achieved by a good distributioa of agencies
for 4 particular make of saw throughout the country,
with a ready stock of spare parts and servicing
tools, and the availability of assistance from the
distributor's trained mechanics,

After numercous trials, the Forestry Department
has finally selected two makes of power saws
for use in plantations, the inteption being to
standardise on these makes for simplification of
maintenance and operating techniqueuntil suchtime
as & significantly better make becomes available.

B. DESCRIPTION (Fig. P.S. 1)

The power saw is a portable, mechanised tool
for cutting wood by means of a driven saw chain.
The saw itself is an endless chain held rigidly by
a steel guide bar, with the teeth projecting [rom
the cuter side. The bar guides the chain by means
of a groove along its outer edge, in which lugs
{tangs) protruding from the ianer sida of the
chain, run. The chain is driven by means of a
sprocket geared to the engine. The saw is used
in plantations for felling and cross-cutting trees,
and oo limited occasions for topping and de-
branching.

The complete unit counsists of a case to which
is attached the guide bar, around which the chain
rotates. The case hoasestheengine, gears, starter,
¢lutch and fuel and lubrication tanks, A modern
power chain saw should answer to the following
requirements:

(a) THE ENGINE

(i) The engine to be not less than 5 kW with
& high torque. The machine must be able to work
in a humid atmosphere with temperalures up to
380C and at altitudes up to 1 800m above sea
level,

(i)  The engine must be air cooled.

{iif) The engine should be provided with re-
Placeadle cylinders or liners,

{(iv)  The carburetior to be so arranged as to
Permit the engine to work in any pesition without
changing the blade position in relation to the engine
housing,

(v)  Exhaust well positioned from the fire hazard
point of view, s¢ located as to direct fumes away
from the operator's face or the ground, at the
same time decreasing the sound of the working
engine.

{(vi) Oil mixed with the fuel to lubricate all
bearings.

(vii) Igaition system to be well protected and
able to withstand severe vibratioa.

{viii) Engine to be staried by a recoil-type
rope starter,

(ix) Cage-itype needle roller bearings on crank-
shaft are desirable.

{x} Vibration or noise which could affect the
operator, to be reduced to 8 minimum.

(v} CLUTCH

The unit should be fitted with an automatic
centrifugal clutch which engages automatically
when the engine reaches operating speed,

(¢} GEAR30X

If a gear drive is specified, the engine is to
be fitted with a reduction gearbox to increase
the torque available on the teeth of the chain.

(d) GUIDE BAR

A guide bar and chain are included in ths
power-saw assembly. (Fig. P.5. 1 and 6}.

{1y The function of the bar is to guide and
support the chain.

(i)  The length of the bar depends on thepurpose
for which the saw is intended. Seventy one centi-
metre bars are usually used for one-man chain-
saw operation, being suitable both for felling and
cross-cutling plantation-size timber. Direct drive
chain-saws with 61 c¢m loag bars can be used
for pulp and small-sized timber, while geared
saws with 71 ¢m bars are suitable for felling and
cross-cutling large-sized tiraber.

{iii) The guide bar is mamifactured from the
best quality steel, and the nose and rails are
specially hardened to resist wear.

{ivy The bar should be adjustable to facilitaie
altering the chain tension as required.

(v A 'roller-nose" saw bar (Fig. P.S5. 1) has
been introduced which virtually eliminates the re-
placement of bar noses, and reduces drag of
the chain on the bar by over 30%. Friction re-
duction causes the chain to slip over the bar
surface with increased speed,

{e} SPROCKETS (Fig. P.S. 7)

{i) The sprocket drives the saw chain, and it
is essential that the chain and sprocketbecorrect-
ly matched. The tip of the sprocket teoth fits
into the notch of the cutter and side link,




¥6

FIG.P.5S .|

POWER DRIVEN CHAIN SAW

(Mc CULLOCH TYPE)

l@mn PADDED PETOL m@m&ﬁrﬁmam@rgfﬁcw AUTOMATIC (ZHCONMICTING ROD AOLLEN
(DFsTor™ oA THROTTLL {B)CHAIN DIL AEMAVOIA SPARK AARESTOR MUPPLER.

@gtr{\‘m. OAERRIDE CHAM (IGMIULATIO Pl Tank  (ID)PHENOLIC REED VALVES AUTOMAC BAA AMG CHAIN.

(AIFINGEATIP Pramen. (Druee mee-ve mLTER. @mebzgmL ALdmmaum @w OILING

@mmgrzﬁ smARK @mmnm HANDLERAR G‘m o sTeeL o @m&m AR TR
Ourmiare rewo Ourune - Sgamse s T nowe
®=h.%=.“"'““" A @rﬂw CHAM ORLER @mm TIOW BALL @w “MOUTIR® TYPE




PART NAMES FOR SAW CHAIN AND GUIDE BAR.

—- BY 2 FOR PITCH

FIG.P.5.2 CHIPPER-TYPE SAW CHAIN.
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CHAIN SPROCKET AND BAR ENTRY.

CORRECTLY MATCHED CHAIN, SPROCKET
AND BAR COMBINATION.

NOTE POINTS CF DRIVING CONTACT.
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BAR ENTRY
WIDTH.

PITCH CIRCLE DIAMETER
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ENTRY ONTO BAR.
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(if} A pitch of 13 mm is preferred for gear-
driven machines and 10,3 mm for dirkct drive

fween two adjacent teeth (Fig. P.5. 8), measured
along the pitch circle.

(1il) The sprocket must have the correct diameter

in a circular path. At this point it maust, how-
ever, straighten out and flow inio the bar rails.
For gear-driven saws a sprocket diameter of
up i0 3 mm less than the bar entry width is per-

 moitied. For directdrive saws the sprocket diameter

must be slightly larger (up to 19 mm) than the
bar entry width (Fig. P.5. 8 and 9).

{f)y CHAINS

{ij Deparimentally the preferred cutting chainis
of the "chipper" design, with specially hardened
cutting edges. (Fig. P.3, 2).

(i) Fig. P.5. 3, 4 and 5 {llustrate the various

. component parts of a saw chain, with a descrip-

tion of the teeth and links. The basis of the chain
consists of a series of centre links, to each
side of which are rivetted cutters (at alternate
intervals) and side {or spacer) links, The ad-
vantage of the chipper chain is simplicity in
construction, as the number of links is reduced
to the necessary minimum, and it is guickly and
easily sharpened. ’

keep and guide the chain in the bar groove, while
at the same time their "tapngs™ which travel in
the groove, keep the groove clear of sawdust or
dirt, and carry oil around the groove.

(ivy The cutter (Fig. P.S. 4) consists of the
tooth itself, which actually cuts the wood, and
the "depth gauge", which controls the 'bite! which
the tooth takes.

{v) The chain pitch should be the same as the-
" sprocket pitch, given in (i) for sprockets. The

chain pitch is the distance between two like rivets
on like links, divided by two (Fig. P.5. 2).

(g2) LUBRICATION

Chain lubrication is effected either manually
or automatically from the tank (mounted on the
saw case) and fed to the chain by way of the
guide bar. A sight glass is provided on the oll
tank.

(h) HANDLES (Fig. P.S. 1)

Handlies are usually provided so as to he

sujtable for two positions of the machine (felling
and cross-cutting).
-

(i) GENERAL

(i)  No bolts or screws tapped into aluminium,
°¢r other non-ferrous alloy, are permitted any-
where on the saw,

(il) A tool kit with spares is provided with
each saw,

to suit the saw chain and guide bar. The sprocket
¢ diameter is the distance between iwo opposite .
|+ teeth (Fig. P.5. 8). As the chain flows off the

{ - sprocket it has a tendency to continue moving

{(lil} The centre links (Fig. P.8. 5) serve to’

C. DIRECT-DRIVE AND GEARED SAWS

Direct-drive saws are lighter, safer and easier
to operate than gear-driven saws, resulting in
less operator fatigue andgreater cutting efficiency,
Direct-drive saws bave, however, greater wear
and replacement costs due to the high operating
speeds. Chains on direct-drive saws require more
accurate sharpening and maintenance and better
trained operaters than do the chains of geared
saws,

Geared saws are preferred by the Department
for cutting large trees, while direct-drive saws
appear better for smaller-sized timber, Skilled
operators cano use direct-drive saws for both
small and large trees, however.

D. INSTALLING A NEW CHAIN

Correct installation prolongs the useful life
of the chain, and the following procedure should
be followed:

{t} Soak the chain thoroughly in clean, SAE 30
oil for at least 5 minutes. -

{(2) The oil tank of the saw must be full and
the oil pump in working condition.

(3) Make sure that the bar is straight with
no cracks; that the bar groove is deep enough
and clean, and that the bar rails are not pinched,
spread or uneven.

(4) The sprocket must be of the correct size
and design to fit the chain and in a good condition,
It is advisable to fit a new sprocket with a new
chain and a new sprocket should not be used with
an old chain.

(5} Installation of the chain on the bar must
be done strictly according to the manufacturer's
instructions.

(6) Give the chain a moderate tension. Ideally
there should be a distance of & - 12 mm from the
bottom of the side links or cutter to the rail at
the middle of the bottom half of the blade, for
short pars. For long bars this distance can be
from 12 - 19 mm. A practical rule is "loose
enough to be pulled round by hand ...... tight
enough to keep from jumping off the bar."

{(7) Pull the chain round by hand, oiling with
the oil pump.

{8 A new chain must be "broken in" before
being put on the job. Run the saw atlp throttle
for two or three minutes oiling frequently. After
a short stop, it should be run for a further 3
minutes at half throttle, the oil being pumped
every 20 seconds or so.

(9) Stop the motor and re-tension the saw chain
to the correct tightness. The chain wears ang
stretches in use and the greatest wear occurs
during the first half hour of the operation, s0
irequent checking is required.




FIG.PS.I0. CHAIN SHARPENING PROCEDURE.
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SPECIAL DEVICES FOR USE
WITH POWER CHAIN SAWS.

FIG.PS.IL

CHAIN BREAKER AND SPINNER
FOR USE IN THE FIELD.

FILING DEVICE FOR
SHARPENING ON THE
JOB WITHOUT REMOVING
THE CHAIN FROM THE
BAR.

FIG.P.5.13
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HORIZONTAL CONTROL.

FOR CHAIN S5HARPENING.
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(10) Make 5 or § light cuts in a log, oiling the
chaln between each cut and in the middle of the
cut. Gradually increase the depth of the cut until
the log is cut through. After about 10 minutes or
so of this procedure the chain will be ready for
service. Avoid accelerating to full speed. '

E. CHAIN SHARPENING (Fig. P.8. 10y

(a) GENERAL

The “chipper chaln” is simply constructed and
is gquick and easy to sharpen.

The saw chain must be correctly filed to do
the sawing quickly and aceurately. Blunt chain
operatlon causes vibration and operator fatigue,
as wetl as damage to the clutch drum, bearings,
clutch shoes, bars and sprockets. :

(1) Use the correct file of the right diameter
according to the manufacturer's instructions. When
filing, the flle must be held at the correct angle
to sult the bevel of the cutfing link, One fifth
to 140 of the file diameter should extend above
the top of the tooth {item 1), to give the correct hook.

{2) Hold the file level with the top culting plate
(item 2),

(3) The bevel angle of the cutting edge should
be 3590 for most types of cutting (iiern 3). ¥ this
proves unsatisiactory for certain cases and the
chaino begins to bind, this angle may be increased
to 45%.

{(4) The vertical cutting edge (itern 4) should be
909 whenb all the rules set out abhove are observed.

(6) [Ii possible the chain should only he sharpened
when securely held in a vice (item 5), the latter
being fastened to a work bench and set at walst
height, If sharpening has to be dome in the woods,
the chain saw has to be cut into a stump {item §)
for about half the depth of the bar and the chaln
tightened to keep the cuiter from swaylng.

Note: Sharpening the chain oan the bar, witbh the
bar cut into a stump is not recommended,
except in emergencies, as steet filings pene-
trate between the links of the chain and into
the bar groove, causing rapld wear.

(6) A speclal chain-saw file, together with a
holder guide, is used for sharpening the saw.
Numerous makes of filing devices are available,
two of which are shown in Fig. P.S. 12 and 13.
The filing devices facilitate the. correct positioning
of the flle in relation to the tooth being filed.

Apart from major sharpening, the teeth should
be touched up after every few hours of sawing.
The period between sharpenings will depend on
the hardness of the wood being cut.

(b) PROCEDURE

{1) Use the correct file and hold ii in the
correct manner as set out above.

{2) Hold the file against the cuiting face of the
footh, do not press down towards the gullet of
the tooth (item 7).
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(3) File slowly, applying pressure g st
cutting edge of the tooth. gulnst the

{4) Do not touch the cutting edge of the tooth
on your return stroke or you will dull it.

{5) Repeat the forward stroke until the tooth
i3 sharp.

(6) Compare the shape of a new cutter and
correct the shape of the sharpened tooth if necesa-

- ary. Make sure that there is a 90° cutting edge.

() File all the teeth on one side of the chain
flrst.

(8) When finished, compare all the teeth you
bave filed to see that they are all of the same

length,

(9) If filed with rapid strokes the teeth will
bave hard, brittle edges and dull the file. If you
drag the file across the cutting edge on the return
stroke you will dull the fine edge you have just
made. H the file is not held horizontal, the bevel
will be incorrect.

Rotate your flle to make it last longer.
{c) DEPTH GAUGES

Depth-gauge setting is the distance between the
top of the tooth and the top of the depth gauge.
For all general work with the average power chain
saw, 4 clearance of from 0,6 - 0,9mm is correct
{item B). Lower powered or diresci-drive saws
need less clearance, while higher powered or
geared saws can do with greater clearance. Hard-
woods require less clearance than do softwoods.
Clearance can be measured with & siraightedge
or ruler and a set of feeler gauges (item 8,
Fig. P.S, 10},

{d) SETTING DEPTH GAUGES

The correct height difference betweern the top
of the cuiter tooth and the top of the depth gauge
must be maintained. This is donpe by filing the
depth gauge with a flat file (item 9). Round off
the angle with a flat file (item 10).

(¢) CORRECTING A HOOK

The chain will cut roughly and dull guickly
if the hook of the tooth is incorrectly filed.
The hook can be corrected by either filing with
the file handle held down slightly, or by using the
next larger size file in place of the correct one,

Check the filing to make sure that a correct
vertical cutting edge is obtained.

(i} AFTER SHARPENING

Clean the chain after filing with a solvent
of paraffin to remove all filings, and soak in oil
after cleaning to prevent rust forming and damaging
the chain.



FIG.P.S.14. REPLACING DAMAGED CUTTERS.
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F. REPAIR OF THE CHAIN

A well-repaired chain is as strong as a new
chain if the correct repairing procedure is followed.
Rivets may be removed with a chain breaker (Fig.
P.5. 11) or filed off with a flat file. If the rivets
are filed off, the side and cutter links can easily
be pried  away from the centre links. The chain
breaker usually punches the rivets through the
side and centre links,

(a) REPLACING DAMAGED CUTTERS (Fig.
P.S. 14) '

() Remove the rivets and old cutter with jts
link. If a new cutter is installed, 8 new link with
rivets is fitted. -

{2) The bottoms of the cutter and side link are
filed in order to correspond with the rest of the
chain, if the latter is much used,

{3 If the preset side links are not used, care
should be taken that the stamped sides ofthe new
links face towards the outside of the chain, other-
wise the joint will be teo tight. The rivet spinner
15 used to form the rivet heads. When a new cuiter
has been installed in the chain, the tooth must
be filed back to match the old teeth and the depth
gauge lowered to the proper height.

(b) REPLACING DAMAGED SIDE LINKS (Fig.
P.S, 15)

(1) Remove the rivets and side link.

{2) Rejoin the chain, using a preset and plaio
side link.

(3) The stamped side of the plain link {if used)
must face towards the outside of the chain,

{(4) Spin or lightly peen the rivets to form
heads.

{¢) REPLACING DAMAGED CENTRE LINKS (Fig.
P.S. 16}

(1) Remove all four of the links attached to
the damaged cenire link. .

{2) Install new centre link with preset side
links and a plain side link and cutter.

{3) Hold the chain tightly together and spin
or lightly peen the rivets to form heads.

{d) REPAIRING DAMAGED CENTRE LINKS (Fig.
P.5.17)

(1) Centre link tangs can be damaged by the
bar and sprocket, and the first essential is to
correct the cause of the damage.

(2) The tang must be kept sharp in order to
keep the groove clean. A §mm diameter file
is used for this purpose.

(3) The sides of the tang must be smoothed
with a flat file to remove burrs.
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(&) REPLACING DAMAGED MASTER LINK (Fig.

P.S. 18}

These links are replaced in pairs. The larger
of the two holes, the master pin hole, raust face
towards the rear of the chain to prevent damage
to this hole by the sprocket teeth,

(f) DAMAGE FROM ABRASION (Fig. P.8. 19)

Cutting in sandy areas may cause wear or
damage to the chain. In this case the teeth have
to be filed back until the damaged pari has been
removed. All the teeth must be filed to the same
length and the depth gauges properly lowered.

G. SAW MAINTENANCE

Eighty per cent of saw trouble can be traced to
iocorrect sharpening and insufficient maintenance,
consequently correct saw-chain maintenance canbe
2 major factor in reducing logging costs. The last
half of the saw-chain cutter is the best balf, and
correct maintenance preserves the chain to utilise
this cutting edge. Efficient maintenance reduces the
replacement costs of motors, bars and sprockets to
the minimum, and also reduces operator fatigue,
while increasing the output,

Improved saw-chainmaintenancepractices have
the following direct results:

(1) Wear and tear is reduced.

{ii) Sprockets last longer.

{iii) The life of the saw bar is exiended.

(iv) More wood is cut with less fuel mixture,
(v} Chain problems are reduced.

Present day saws with their high ruoning speeds
of up to 69 km/hr, (1 160 m/minute or 19m/second)
must be run tighter and checked more frequently
than was previously necessary,

The time factor greatly hinders effeciive saw
maintenance, but by reducing chaiter and vibration
to the minimum operator fatigue is also reduced,
safety increased, and output and efficiency notably
improved.

{a) GENERAL PREVENTIVE MAINTENANCE OF
SAWS

{1) Follow the instructior manual for the ope-
ration and maintenance of the saw.

{2) Clean apd inspect the saw regularly, paying
particular attention to all controls.

{3) Be sure the air cleaner is clean at all
times.

(4) Use the correct oil, ensure that the tank
is clean and filled to the correct level.

{5) Keep the engine cooling system clean.

(6) Be sure that the exhaust muffler is in good

condition and the exhaust ports are clean.

{7) Sharpen the chain to the manufacturer’'s
specifications. Lubricate the chain well.
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_l{8) Ensure that the petrol/oil is well mixed
apd that storage containers do not contain water

| 'which has condensed in the container.

(o) STRETCH

During sawing, friction causes wear and chain

* stretch. Siretch is a result of wear in the rivet

moles and link rivets while the chaintravels around
the bar (Fig. P.S. 20). As there is a number of
Irivets and holes, even & small amouni of wear
in each can produce a substantial chain siretch
with the result that the chain becomes 'out of
pitch" with the sprocket. This causes the chain
to jerk and pound while moving around the bar.
Preventive malntenance in this case consists of

- proper olling and tensioning of the cutter chain.

{c} LUBRICATION (Fig. P.5. 20}

The correct oil for lubricating the chain is
also important. The objectives of efficient lu-
brication are:

(iy To preserve the initial strength of the chain.
{ii) To prevent chain stretch.
{1ii) To reduce wear and tear.

By applying oil the chain rivets and. rails
of the bars are lubricated. Frequent ciling may
ensure adequate lubrication of the bar rails,
but this does not necessarily mean that the chaip
rivets have sufficient protection.

(1) A large percentage of the oil is thrown off
the end of the bar at high speeds,

{2) Sawdust accumulation im and around the

- bar may absorb much of the oil.

(3) The oll may be too heavy to flow into
the chain paris, or too light to stick to the bear-
ings.

Use SAE 30 oi! for really hot weather.
Use SAE 20 oil for moederate temperatures.
Use SAE 10 oil for cold weather.

(d) EFFICIENT OILING METHODS

{1} Pump the chain oiler often while running
at low speeds.

(2) Qil once per hour while pulling the chain
through by hand.

{3) Keep sawdust from accumoulating in the bar
groove,

(4}  Soak the chain in oil overnight.

Note: Running the chain at high speeds while

pumping the oiler is bothineffective and waste-
ful

When sawing timber full of resin a solution
of 50% oil and 50% paraffin should be used, and
the oiler pumped twice as often as usual.

The cutting of wood full of sand is to be
avoided, but if one is compelled to do so, the oil
must be pumped onte the chain every two or three
seconds, but even this will not entirely prevent
the chain from wearing,
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When sawing trees with heavy, tough bark,
especially if the bark is full of sand, it is advisable
to remove a strip of bark around the portion to
be sawn. This can be done by axe.

{¢) DIRTY CHAIN (Fig. P.S. 22}

A dirty chain wears faster and reguires more
power than z clean chain. A fibre brush, soaked
in paraffin solvent, can be used to brush the
chain and keep it clean. If .the chain is covered
with resin or pitch, it should be soaked ina
solution of hot water and detergent or ammonia
until the resin is softened and can be removed
with the fibre brush. After cleaning, the chain
should be soaked in oil to prevent rust and to
lubricate it thoroughly.

if) GUIDE BAR

Normal bar wear occurs zlong the nose and
rails (Fig. P.S. 23 and 27). Such bars need tc be
re-tipped, re-grocved, and have their rails re-
jointed. Re-tipping involves the application of
hard surfacing material by welding and must
be done by an expert, Bar wear conditions can
be detected either by inspection of the bar or
through analysis of the wear paftern of the chain.
Fig. P.5. 25 shows the wear paitern of centre
links, which can be used to determine the causes
of wedar.

Abnormal bar wear is due to poor maintenance
or operating conditions of the saw chain. Regular
inspection and maintenance of the cbain will extend
the life of the bar.

Application of the following suggestions will
prolong the life of both bar and chain:
(1)  ©Oil the chain frequently while cuiting,
{2 Flle according to the manufacturer's spe-
cifications, removing as little metal as possible.

(3) Touch up the cutters often to keep them
sharp.

(4) Tension the chain correctly and check it
frequently.

(3  Turn the bar over after aboui gvery 40 hours
of cperation.

(8) Correct the bar entry periodically by
fupnelling it with a double bevel file In order to
facilitate a smooth chain entry onto the bar (Fig.
P.S. 26},

{7y Check the level of the bar rails with a
carpeater's square. (Fig. P.S. 24f)

(8 By pulling a spare ceatre link around the
bar one can determine whether the rails are cor-
rect or pinched. If there is no friction between
the tang and the rails then the groove is usuzlly
wide enough.

{9) Spread bar rails can be checked by holdipng
a straightedge across the bar and cutter, as ilius-
trated in Fig. P.S. 24a. If there is no clearance
between the straightedge and the bar, the bar
rails are flared, or too wide apart. Normal clear-
ance should be between 1,5 mm and 3 mm.



FIG.PS.28. SPROGCKETS.
' FIG.P.5.29

%O.ZSmm WEAR -
TOO MUCH,

TP

FACE TIP AND FACE GROOVE

GROOVE GROOVE

GROOVED SPROCKET

TEETH. FIG.PS.3I

UNDERSIZED SPROCKET v,
BENDS UP TANGS, CHAIN FLOW PATTERN OF A
CORRECTLY MATCHED CHAIN, BAR
AND SPROCKET COMBINATION.

EIG.PS 32 FIG.P. 533

SPROCKET DIAMETER WIDER SPROCKET DIAMETER NARROWER
THAN BAR ENTRY. THAN BAR ENTRY.

FIG.P.5.35

DRIVING CONDITION WHEN SPROCKET
PITCH I® TOO SMALL FOR CHAIN DRIVING CONDITION WHEN SPROCKET

PITCH IS TOCO LARGE FOR CHAIN

PITCH. PITCH.
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{10) Check the depth of the bar groove perio-
dically. When mated with a new bar, the drive
tinks of the saw chain c¢lear the bottom of the
groove by about 1,5 mm.

(11) Keep the blade and groove clean (Fig.
P.S, 21).
(12) Avoild undercutting or boring with the

chain, unless necessary.

{13) For roller nose bars, grease the roller
hourly if possible.

{g) SPROCKETS

with a well-maintained saw the chain will
retain its match with the sprocket until the cutters

are entirely used up.

After the chain and sprocket have been used
for some time, they will begin io show wear
(Fig. P.S. 28); the chain pitch increases while
the sprocket pitch decreases, The tips of worn
sprocket teeth begin to show a groove (Fig. P.S,
29), which reduces the height of the iooth. Tooth
height s measured from the bottom of the groove,

For correct preventive maintenance of sprock-
ets the operator 18 recommended to:

(1) Adjust the chain tension frequently to keep
it correct. Pcor.chain iension ruins sprockets.

(2) Install a new sprocket with a new chain,
Do not run a new chain on a worn sprocket.

- {3) Yse a matched bar, chain and sprocket

combination,
{h) SAW CHAIN TENSION

Correct tensioning practices will do much to
prolong the life of the bar, chain and sprocket.
Recommended procedure for tensioning:

{1 Check and adjust the tension only when the
bar and chain are cold, In operation the chain
will heat, causing it to grow longer and looser.

{(2) Loosen the bar adjusting nuts, holding the
tip of the bar up.

(3) Adjust the tightener unti} the chain is fully
tight. Back off the tightener screw 14 of a turn.

{4y Tighten the bar-agdjusting nuts, squirt chain
oiler three times.

(5) The operator should be able to pull the
¢hain through by hand.

H. CAUSES OF WEAR AND DAMAGE

() BAR GROOVE

(1) Groove not deep enough (Fig P.S. 23)

The centre link tangs will ride on the bottom
of the groove and the side links and cutters will
not be properly supported on the bar rails, This
will make the chain wobble and chatter.
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(2) Groove is too deep {(Points worn off tangs)

The tangs won't be able to keep the bar groove
clean anod the groove will fill up with a mixture
of sawdust, resin and oil. This mixture will force
the tangs away from the bottom of the groove,
causing the chain to wobble and begin to tighten
up. Its tension will have to be adjusted frequently.

(b) BAR RAILS

(1) Rails uwneven (Fig. P.S. 24b)

Uneven rails will cause one side of the chain
to ride higher than the other, causing the chain
to lean cover and bind in the cut, The rails will
wear the centre link tang.

{2) Rails are spread (Fig. P.S. 24¢)

Spread rails cause the chain to wobble from
side to side and wear away the bottems of the
cutters and side links (Fig. P.S. 25a). The chain
tension will slacken and need frequent adjusting.

(3) Pinched rails (Fig. P.S. 24d)

Pinched rails rub the sides of the centre link
tangs, reducing the cutting power as the sides of
the tangs wear away with the friction and finally
break off,

(4) Rails not of the same thickness (Fig. P.5. 24e)

If one rail is narrower than the other a shelf
will be worn intc the bottoms of the side links
and cutters and the chain will begin to lean to
this side aad bind in the cuf.

{5) Rails on the bar nose damaged \\

I

Under use the rails on the bar nose wear down
and the groove becomes$ shallow, causing the chain
to be supported on the c¢enire link tangs (Flg.
P.S. 23b). The chain cuts roughly and heavy
strain is placed on the drive links. Breakages
generally cccur. This condition will also cause
the bar rails to spread, which will result in rough,
uneven and "out of square" log ends.

{¢) BAR ENTRY (Flg. P.S. 28)

The bar entry must be funnel shaped, or else
the chain coming off the sprocket will strike
the bar rails with the side links or cutters,
breaking off their corners and ultimately causing
the chain to break., If the tangs strike the bottom
of the groove, their points will be broken off
or blunted and the groove will fill up with resin,
sawdust and oil.

(d) SPROCKETS

{1} The chain and sprockef{s wear, causiog the
chain to become over pitched, and the sprocket
underpitched. The chain starts i{o chatter, re-
ducing the cutting effect and requiring more power
from the engine, which causes vibration,
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;2) The sprocket is worn and grooves appear
in the tips of the sprocket teeth, (Fig. P.S. 28).
I grooves exceed 0,25ram in depth, the sprocket
and chain shouwld be replaced (Fig. P.85. 29). A
groove on the face of the sprocket is less im-
portant as it does not affect the pitch of the
sprocket,

(3) A face groove can burr the back edges of
the centre link tangs and gouge some of the metal
away, which can: eventually lead to breakage.

(4} A poorly mated sprocket (Fig. P.S. 34, 35)
causes breakages in the chain. Worn sprockets
are detected by observing the wear pattern de-
veloped in the drive tinks, or the extremely
battered condition of the cutter and side link
notches, :

(5)  An undersized sprocket (Fig. P.S. 30) with
a pitch less than the chain pitch, will bend up the
points of the centre link tangs because the tangs
will bottom on the sprocket between the teeth,

(6) When the sprocket diameter is wider than
the bar entry the chain will elimb onto the guide-
bar too high up on the guide rails where there is
no funnel fo guide the tangs into the bar groove
(Fig. P.S. 32), The chain is inclined to jump
off the bar, or "dive'" into the bar, causing joints
to tigbten due to peening of the boitoms of the
cutters and side links.

{(7) When the sprocket diameter is smaller than
the bar entry width (Fig. P.S. 33) the chain dips
too much and must climb over the rear corners
of the bar rail, damaging the rail and the front
corners of the side links, cutters and tangs.

(8 Damage is similar to that caused when the
bar is not of the correct slze, and the right sprocket
must be purchased to suit both the chain and the
bar.

{2) TENSIONING

Poor tensioning causes:

(i) Rapid wear in the sprockets.
{ii) Excessive peening and bottom wear oncutters
and side links,
(iii) Rough cperation of the chaio.
(ivy Loose chain peens the bar entry and rails,

If a chain is poorly tensioned and has dull
cutters and low depth gauges, the cutiers will
only take small chips and there is excessive
wear on the cutter heels. The cutiing action is
rough and there is extreme vibration, causing the
cutters to dull even more.

If the chain is poorly tensioned with a high .
depth-gauge setiing, the culters move forwardwith
little or no chips at all. There is rapid wear
on the toe of the cutters and on the bar rails,
as the chain snakes over the groove. This action
spreads the bar rails.

I. HANDY TOOLS FOR USE WITH THE
CHAIN SAW

{(a) CHAIN BREAKER AND SPINNER (Fig. P.5.11)
This tool is used for chain repair in the field.
It iz small, and easy to carry. The instrument

punches out old rivets and spins or peens new
rivet heads.

—

(b} THE FILE GUIDE (Fig. P.S. 12 and 13)

The file guide is used to file teeth with the
correct angle and setting and correct depth-gauge
height. It also indicates if the bar is deep encugh
for the saw chain. ;

{¢) THE Mc CULLOCH DEPTH-GAUGE TOQL

This tool is used for setting the depth-gauge
heights evenly throughout the entire chain, andalso
for checking the height of the cutter teeth and the
correctness of the top filing angle.

J. ATTACHMENTS FOR POWER SAWS

{a) PLUNGE-CUT BOW SAW

Instead of the regular guide bar, this saw
has a bow-type of blade. The plunge-cut bow is
designed for pinchless cutting of small timber
and may profitably be used for cross-cutiing
logs up to 25¢m,

(b} CLEARING ATTACHMENT

This attachment is similar to the regular
saw with the puide bar, except that the regular
bar is replaced with a much longer frame-type
of bar. It is primarily designed f[or cutting small
timber which normally requires much stooping
or squatting. The long blade permiis the operator
to do most jobs in.a standing position. The
attachment has been found unsuitable for debranch-
ing purposes as the axe s more convenient
and cheaper.

{¢c) BUSHCUTTER ATTACHMENT

With this saw the regular blade is replaced
by a 1,5m long arm, to the end of which is fitted
a circular saw. The attachment is designed for
clearing saplings and brush, making it easy for
the operator to get under overhanging branches,
A special harness, worn by the operator, evenly
distributes the mass of the unit on both shoulders.
In tests conducted by the Department, the Bush-
datter was found to be dangerous and not as
efficient as the axe.

Note: Althought the above attachments were found
to be generally unsuitable for Departmental
use, they may prove very useful where the
conditions occur for which they were designed.

2. USE OF THE POWER CHAIN SAW

A. OPERATING THE SAW

The cutting movement with the straight-bladed
saw, called the “pivot action", is as follows:

Place the spikes of the saw against{ the wood
and open the engine throttle. When the saw reaches
full speed pivot the saw on its spikes by pulling
on the pistol grip until the chain engages wood
{Fig. P.S. 36). Keep pulling on the pistol grip to
pivot the blade through the wood, I the saw jams




CPERATION OF POWER CHAIN SAW.

FIG.P.5.36 FIG.PS.37

BEGINNING OF PVOT CUT, PULL ON PISTOL GRIP TO
PIVOT BLADE THROUGH
THE WOOD.

FIG.P.5.38

: AFTER FIRST CUT RE -
ENGAGE SPIKES IN
POSITION FOR SECOND
PIVOT CuUT.

FIG.P.5 .39

A. COMMONLY USED UNDERCUT FOR SMALL TREES.
B. BUTT END OF LOG (S CUT SQUARE ACROSS,

C. VARIATION OF TYPE A.

P. HORIZONTAL CUT WITH BLOCK SPLIT OUT.

E. STEP TYPE FOR UBSE WITH LARGE TREES.

{l

FiG.P.5.40
HUMBOLTD
UNDERCUT

il e pun—
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FELLING BY CHMAIN SAW.

FIG.P.5.42

SIDE VIEW.
PIVOT CUT FOR "
{| 4

mm OR-

FELLING FIG.P5.43,

¥ LINE OF FALL SIZE

OF NOTCH SHOULD
BE ABOUT ¥3 OF THE
TRUNK DIAMETER.

HINGE WOOD LEFT
T UNCUT TO CONTROL
)

FALLING DIRECTION.

- FIG.P.5.45

FELLING TREE LARGER
KICKBACK. THAN BLADE LENGTH.

RS

/

PRE‘V[DUS
CUT. KEEP BOTH HANDS

FIRMLY ON THE SAW,

AVOID LETTING TOP OR TIP OF BLADE HIT BOTTOM OR
SIDES OF PREVIOUS KERF WHEN INSERTING.
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FIG.PSA6 | ' FIG.P5.48 |

CARRYING THE SAW.

DROPPING THE TREE.

FIG.RS.47 |

STARTING THE ENGINE, GATHERING THE
TOOL,NEARING. THE TREE AND SAWING.
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in the cut, release the throttle, pull the saw free
and re-engage in the cut, Stop pivoting before the
blade hits the ground {cross-cutting) or when you
can no longer pivot and cut wood (Fig. P.S. 37).
Keep the chain running in the cut, but pull out the
spikes from the wood. Push down on the englne
end to reach a new pivot point, re-engage the
spikes and continue to cut, using the same pivot
action (Fig. P.8. 38).

B. FELLING

() GENERAL

Dangerous trees or snags within reach of
working areas, roads or rigging should be felied
before regular operations hegin. Fellers should be
50 positioned that they will not endanger themseives
or others from falling or rolling trees or logs.
Fellers should not work in strong winds. Infetling,
adjacent brush should be cleared away to provide
room to use the saw and axe, and permit a quick
getaway. Before the tree is felled an escape route
should be selected (Fig. P.S. 41). The point of
escape should be at least 8m back and to one side,
Fellers should give timely warning to other persons
in the vicinity of a tree which is being felled.

(b} SELECTION QF A SAW

Small or medivm size timber can be felled
with 8 one-man power chain saw, but large timber
of 1,5m or more in diameter can best be felled
with a two-man saw. The size of the timber and
the steepness of theslopeare usually the deciding
factors. -On fairly smooth ground one man fells
the trees and then cross-cuts them as he fells
them, This is & good method as it avoids covering
with limbs and brush the trees already felied
but not yet cross-cut. The size of timber to be
cut will determine the length of the cufter bar
to be used.

{¢) WHERE TO BEGIN

Select a "lead'' (the direction most trees will
lay when felled), considering such things ss saving
timber from breakages, yarding logs to the roador
spar tree, cross-culting, and other trees to be
felled,

(@) FELLING THE TREE

If brushy around the tree, first clear a working
space for safety, then determine the direction of
fall of the tree. Select a lay where there will be
little or no damage due to breakage when the tree
strikes the ground.

Proceed with feiling In the same way as if
you were using the ordinary hand-saw. If the cut
is obstructed by earth, remove the earth and saw
off any protruding roots if necessary.

Notch the tree on the side towards which you
want it to fall. In order to get a low stump make

- the noteh as low as possible. Several types of

undercuts are used, as illustrated in Fig, P.S. 38.
Chocse the one bast suited io your needs as ex-
plained under the diagrams. The most popularly

used notch is that shown in A, B and C of the
diagrams, having a wedge-shaped form. Fig. P.8, 40
shows the Humboldt undercut, which is the same
as B in the diagram, The notch should be about
14 to 14 through the tree (Fig. P.S. 43). Re-
move the wedge—shaped segment when the cut is
compiete:

Begin the back cut, or felling cut, atthe correct
helght in relation to the undercut as shown by the

dofted.lines in Fig, P.5. 39, Keep the felling cut

. ‘HoFizéntal, otherwise the tree may not fall in the
" desired direction,
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If ‘the tree is small, felling can be completed
from the same side where you began, but with a
large tree, however, you should saw from each
side. The laiter method is generally used. Do not
cut right through to the notch, but leave a section
of wood parallel ‘to the notch to act asa binge
for the tree to tlp over (Fig. P.S. 42). The width
of the hinge depends oo the diameter of the tree.
As you make the felling cui, keep glancing at the
top of the tree for signs of movement. Stop
before the tree ls ready to fall and give warning,
Be sure that no one is in the danger area before
completing the back cut. When the tree begins to
fall, pull the saw from the cui and retreatioa
safe position. The safest place for you is behind
another tree to the rear and to one side. PFig.
P.S. 46, 47 and 48 show the sequence of operations
for felling a tree by power saw, while Fig. P.S. 45
shows a fypical felling operation, with the as-
sistant saw operator looking on.

{e) DIFFICULT SITUATIONS

(1) Felling trees larger than the bar length

First notch the tree in the usual way for
directional felling. After notching the felling is
accomplished by making a series of pivot cuts as
Mustrated in Fig. P.5. 44, Make sure that the
first cut is made in the right position in relation
to the notch., The last cut must be made cutting
towards the noich to be sure that the tree falls
in .the right direction. Use a wedge fo keep the
felling cut open when there is a danger of pinching.
If the centre of the tree cannot be reached, side
notching must be resorted to. Avoid letting the
nosebar of the blade hit the bottom or sides of
the kerf when inserting the saw into previcus
cuts, or the saw may kick back, as shown in
Fig. P.S. 45.

i2) Heavy forward lean

When cutting inclined trees, there is a danger
that the log will get broken apd splintered as
the crown of the iree holds the trunk in tensiom.
In order to avold splintering the log, make the
notch smaller and make two small cuts or side
notches (Fig. P.5. 50a, b) at right angles to the
notch, on both sides of the trunk if necessary.
Then make the usual felling cut towards the notch.
Diagonal cutting of the felling cut, as illustrated,
helps to relleve tension, and some of the centre
can be quickly cut as the tree hbegins to fall.

(3) Heavy side lean

There are two methods commonly used inover-
coming side lean when felling a tree: holding more



FIG.P.5.50. CONTROLLING THE FALL.

SIDE NOTCHING ONE SIDE NOTCHING MQORE WOOD HELD

SIDE. BOTH SIDES. ON ONE SIDE TO
: CONTROL LEAN. LEAN.

FIG.RS.51.

I'DIRECTING THE
FALL OF A TREE
WITH "ADVERSE
LEAN BY MEANS
‘| oF A LIFTING
JACK.

UNDERCUT RESULTANT STUMP.
THE OTHER TREE
MAY BE FELLED .IN
THE USUAL MANNER.

SNAG FELLING.
A GOOD UNDERCUT FOR A SNAG.
TIP OF ARROW SHOWS APPROXIMATE
CENTRE OF BALANCE.
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FIG.P.5.55

IST CUT ~ If3-WAY.
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A .~ Note small

A triangle of
solid wood that

keeps the saw

from binding.
It will finally

@ break away as its

areg diminishes.
Technique developed at Bloedel, Stewart & Welch Ltd.,
for the bucking of timber with one—man power saws.

Note how the tree lies across two other logs, with

the butt and top overhanging. Figure 1 shows how the
pointof the saw is driven through the log & '

slightly above the centre line, %eaving agsugégaggiﬁ
portion of the wood above to prevent binding of the saw.
Figures 2 and 3 show the progress of the saw toward th
lower side., Pigures 4 and 5 show how the upper portiom
ig then attacked. Figure & shows small triangle of wood,
that lets go and breaks cleanly.

CROSS-CUTTING TECHNIQUE WITH ONE-MAN POWER CHAIN 3AW
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wood on the side away from the lean (Fig., P.S.
50c) or by using a "Dutchman" (Fig. P.3. 50d).
The latter is simply a section of the undercut
block placed back for use as a fulcrum in lifting
the tree over to where you want it. The heavier
the lean the larger the block of wood which
must be inserted to offset it.

{4) Backward lean

When you have sawn far encugh into the hack
to insert wedges, do scheforethetree has a chance
to settle back and tighten up on your bar and chain.
Wedge at this early stage just emough to beld the
tree as it is and then saw up to where it can be
wedged over without having to break too great an
amount of wood. If considerable lifting is reguired,
it is well to have wedge plates inserted iatoc the
kerf and then place the wedzes between them, Wedge
plates glve greater lifting power to the wedge and
greater height to the lift.

Drive the wedges deeper into the felling cut
as the free is about to go over.

For larger trees a lifting jack can be used
instead of wedges, as shown in Fig. P.S. 51.

(5) Snag felling

A snag is a tree which has been dead for some
time and has dry branches andloose bark. Over-
head bark is one of the worst potential dangers
in soag felling. If the bark does not extend far
up the snag, pry it loose, if possible, with a long
pole.

When wedging is to be done and one i8 working

with a pariper, one should keep a sharp lookout

overhead while the other is hammering in the
wedges,

Felling proceeds in the usual fashion, except
that an uodercut of larger size than normal is
reqguired to fell the tree (Fig. P.S. 52).

{6) Twin trees

If two trees have grown together and lean in
opposite directions {Fig. P.S. 53), they must be
felled separately. With a one-man saw youcanmake
the undercut in the usual manner and then bore in
between them to get the back cut started. When
one iree is felled and out of the way, no difficulty
will be experienced with the remaining one.

C. CROSS-CUTTING

{a) GENERAL

Cross-cutting operations should be arranged
to keep the cutiers uphill from previously cut
logs, and cutiers should always stand on the up-
hill side of logs they are busy cutiing., Cross-
cuiters should give timely warning toocther persons
in the vicinity of any log which may have a ten-
dency to roll after having heen cut.

Unlike felling, cross-cuiting operatiens vary
considerably, In cross-cuiting the lay of the tree
can be either on the ground, or over previously

felled trees, stumps, rocks etc. Sometimes it may
be necessary to take off the top logs first, some-
times the buit logs. Sometimes the cuts must be
made {rom underneath, sometimes from the top,
sides and then bottom. Footing conditions also vary
considerably.

On steep slopes every tree will present a pro-
blem. Carefully consider the sitwation so that you
will pot make a mistake and get the cutter bar
and"chain caught fast in the kerf.

{b) CROSS-CUTTING A TREE

On level groundcross-cutting is a simple matter
(Fig. P.5. 54). Bring the machine into the cross-
cutting position, with thehottom spike of the burmper
placed against the wood, and the guide bar pointing
upwards so that the chain cannot cut into the wood.
Make sure that the spike is set firmly against
the wood before stariing the cut. Open the throttle
and start cutting, and pivoi the saw on its spikes
by pulling on the pistol grip and exerting pressure
on the handle bar. Continue with pivoting and re-
engage as previously described (Fig. P.S8. 36, 37
38) until the cut is finished. When thecut is alwost
completed, bold the saw firmly with both hands to
avoid cutting into the ground and damaging the chain.

When the cut is likely to close up, inserta
soft wedge made of wood, metal with a small
mass or plastic infto the cut, or raise the trunk,
In small timber where wedging is impractical, it
is best to use a V-shaped lncision,

When it is necessary to cut with the top or
tip of the blade, brace the engine against your hip
or thigh, because the saw may kick backwards
if the chain binds. Logs flat on the ground should
be cut from the top; but when a log is supported
only at the ends, it should he cut ounly one third
through at the top, then the cut is finished from
the bottom, (Fig. P.S. 55). Experience will teach
that cutting a suspended log all the way through
from one side may result in either pinching or
splitting. Whenever you are unsure whether thecut
will open or close on the blade, use soft wedges
to keep the cut open.

{c) DIFFICULT SITUATIONS

(1) Tree supported only at the ends

A tree may be lying across a depression or
on other logs with only the butt and top touching,
Such a tree when being cress-cut quickly binds
at the top and opens wide ai the kerf helow and
splitsunderneath if given the opportunity. It must
therefore be cub as illustrated in Fig. P.S.55.

With large logs side cuis angled from the
vertical should first be made in each side, over-
lapping at the top, so as 1o relieve pressure
gradually, and then the final cut can be made from
below. This will drop the log without splitiing or
damage.

Large logs can also be cut by first boring, then
cutting through to the bottom, and finally angle-
cutting the top, as illustrated ic Fig. P.8. 56.

——




SAEETR L. 5

Fia. Ps. 37
HOW TO DROP OFF A LARGE LOG.

IN BUCKING OFF A LARGE LOG THAT EXTENDS OUT INTO THE AR AND NEEDS
UNDERCUTTING, GET ON TOP OF IT WITH YOUR CHAIN SAW AND MAKE THE SIDE CUTS,
A AND B. THESE KERFS OVERLAP UNDERNEATH TO PREVENT SPLITTING OR CHMECKING
WHEN PORTION C. 15 CUT FROM A POSITION ON THE GROUND. THE V- SHAPED.
CENTRE. wWiLL BREAK CLEANLY wiTHOUT ANY CAMAGE 'TO EITHER LQG.

Fig. P 2D
STEPS IN THE BOMING PROCESS

FIG. P8 59,
AVOIDING A LOG TRAP . RIGHT AND WRONG WAY
MARK FOR cur. B

BORING iS5 NECESSARY WHEN THE CROSS
CUTTING MUST BE DONE OVER A ROCK
STUMP, QR OTHER OBSTRUCTION WHEN
ONE WOULD NOT BE ABLE TO GET
THE BAR UNDER THE LOG TO MAKE
A BEGINNING AND WHEN ACUT FROM
ABOVE CANNOT BE MADE WITHMOUT
DAMAGE TO THE LOG OR - CHAIN .
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FIG. P.S.60
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(2) Underbind - log extended in the air (Fig. P.S.
57)

A tree fouching only at the mid section, per-
haps lying over a ridge or over another fallen
tree, presents another problem, the reverse of the
one described above. The log to he cross-cut
may have its full length extended in the air with
pothing to hold it up. The sides and much of the
underpart are sawn first as shown in the diagram
{Fig. P.5 57), with overlapping kerfs underneath,
The top part is left to the last.

(3) Side bind S

B

o
A tree lying horizontally across a steep slope,
held there by a stump, standing iree or stone, will
bind on the lower side and the log will roll when
it is cut loose, The lower side should be partially
cut through first, then the top cut made by the
cutter standing above the iree.

{4) Log traps

A cutter too often makes himself a irap (as
shown in Fig. P.5. 59) by makingacut at the wrong
angle. This is especially true where one log will
drop and the other will not move when the cut is
made, If at the wrong angle as shown by logs (c)
and {d) the bar and chain will get caught,

When cut at the angle shown by logs (&) and
if), () drops away from the end of (e) and the bar
and chain are left free.

Lateral movements of a log can likewise calch
a bar and chain. Before commencing a cut, size
up the situation and determine what movements
the log will make when cut, Use the mass of the log
to your advantage.

Another precaution when cross-cutting a log
at a point marked between {a)and (b) in the diagram
{P.5. 59) is: do not saw straight through from the
top uatil log (b) drops. If you do it will drop be-
fore the cut is completed, resulting in a slab
splitting from the log (a) and the tension being
all the tighter on the bar and chain.

{5) Jamined bar and chain

If the bar and chain are jammed in a cut, they
must be freedby chopping with an axe, or cutling
free with another saw if one is available, Some-
times when caught you can free the bar but not
the chain. Then if you have another chain to fit
the bar you can rig up again and cut yoursell free.
In small timber the logs may be wedged apart
to free the bar and chain.

{6) Boring or plunge cutting

Sometimes boring into a log is necessary and
at other times it is the easiest way of doing the
preliminary cross-cutling n order 10 prevent
splitting, as in Fig. P.S. 55. When you bore into
a log you can either saw up or down, whichever
is necessary. Plunge cutting may also be employed
to fell forked or twin trees (Fig. P.S. 53). Inex-
perienced cutters have difficulty in getling started
ag the end of the bar will not stay put where they
want it. It will want to climb or kick away from
the beginning point. A good way to overcome this

is by starting well under the lower quarter of the
log (Fig. P.S. 58) wiith the tip of the blade, then
sawing a short distance upwards before commencing
boring. At this poini the saw may be brought into
position by applying gentle pressure andthe cutcan
be finished. When making a plunge cut, work with
full throttle to avoid chaitering of the saw chain.

L. DEBRANCHING

The power chain saw can be used for debranch-
ing very large trees, as showp in Fig. P.S5, 80.
Both hands must be kept firmly on the saw at
all times. If the tree is small enough the cutter
should stand oo the opposite side of the tree to
the branches he is removing., Debranching small
or medium-sized trees with the power saw is
dangerous. On such trees debranching can be
carried out faster and more efficienily by axe.

3. PRODUCTION AND COS3TS

A, FELLING AND CROSS-CUTTING NORMS

The expected cutput achievemnent of power chain
saws was determined and norms based on the cut
diameter were tabulated for felling and cross-
cutting, based on a daily workiog time of 540
rminutes.

TABLE P.S. 1 - Allowed times for debranching

Time in minutes per labourer per tree

A (B-22 5 o [P+ [P ppin|=. |5 | E

ern | P-Rat| = |rad |pal = *%|pseud Tox | can
13,5 3,0| 2,8 - - = - - -
15 3,9 2,9 - - 1,0 - - -
17 4,5 3,3 - - 1,4 - - =
19 5.4 3,6| - - 2,0 - | 4,4 1,7
21 6,2 3,8 -~ 2,0 2.7 - 5,8 2,5
23 7,00 4,2| 3,5/2,5| 3,4 - | 7.4 3,3
25 7.8 4,6/ 5,5(3,0| 4,2 - | 8.6/ 4,0
27 8,6| 4,9| 7,3/3,5| s5,1| - | 9.6] 4,8
29 9,2 5,2( 8,5/4.0| 6,0 - [10,4] 5,6
31 10,0 5,5] 9,8(4,4 6,8 8,5(11,3] 6,3
33 10,6/ 5,9|10,8(4,8 7.4 9,41(12,2| 7,0
35 11,2| 6,2|11,8,/5,2 8,0/10,2 113, 0| 7,8
37 | 11,8 6,5/12,5|5.6| s8,7[10,8(23,8 8.6
39 | 12,4| 6,8|/13,4|5,91 9,2[11,4] - -
41 | 13,0 7,1|14,0(6,2| 10,0[12,0| - -
43 | 13,4 7.5{14,6|6,4| 11,512,6]| - -
45 | 13,8| 7,9|15,2(6,7| 12,3/13,1| - -
47 14,2| 8,2|16,0|7,0, 13,1(13,6 - -
20 | 14,5 8,5/16,9,7,2| 12,8/14,1| - -

51 14,8 8,8118,017,41 14,5/14,6 - -
53 | 15,1 9,1|19,2| - | 15,0(15,0| - -
55 | 15,4| 9.,4/21,0] - | 15,4[15,4]| - -
57 | 15,8 9,7|23.5| - | 16,0[15,8| - -

59 15,8/10,1|25,5| - 16,4 - - -

61 | 16.0/10.4|28,0| - | 16,8 - | - -
63 | 16,2710,7(31,0| - - - - -
65 | 16,3{11,1| - - - - - -
67 | 16,4]11,4] - - - - - -
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B. TEAMS AND THEIR DUTIES

The norms listed in the tables are based on
third thionings and clearfellings under the foliowing
conditions: N
1. One mechanieal saw and 4 labourers, trees
being felled and cross-cut by the same team

Team| No. of Duties
No, labourers

1 1 Removal of obstacles around
tree base (+ 14 of days work).
Asslsts team 3 with debrasch-
in

2 2 Responsible for saw, felling
and cress-cutting. The 2 men
take turns with the saw, the
man oot sawing to assist the
sawyer if necessary

3 1 Debranching. The labourer

under team 1 to assist. Note:
The above 4 labourers must
earn 540 allowed minutes per
day as set out in the table

2. One mechanical saw and 5 or 6 labourers,
where trees are felled and debranched, but not
cross-cut, by the same team

Team| No, of

No, | labourers Dutles

1 1 Removal of obstacles around
tree base (+ 1/3 of day’s
work). After this he must
assist team No, 3 with de-
branching.

2 2 Responsible for saw and fel-
ling the number of trees
which will give an allowed
time of 540 minutes per day.

3 | P oell 3| Responsible for debranching

P. pin. 3| trees felled by team No. 1.
P. tae, 4 When all the felled trees are
P. pat, 4 debranched their daily task
P. rad 3| is completed.
P. pal. 2
P. pseud. 4

|B. rex, 5
P. can 2

3. One mechanical saw and three labourers -
cross-cutiing

Team| No. of

Y
No. labourers Dutles

Responsible for cross-cutting
trees into logs. They must
earn 540 allowed minutes per
day according to tables, One
labourer provided with axe to
remove branches below the
logs. Al cross-cut logs must
be rolled over to check for
knots,

1 3

C. APPLICATION OF THE SCHEME
{2) FELLING AND DEBRANCHING TREES

The allowed times in the tabhles are based on
the large end diameter of the first log (stump
log), which must be cut cleanly, Diamsters are
measured by talllers for the daily production sheet,

Allowed times are bhased on the trees felleg,
and debranchers are allotted accordingly, thus all
trees felled daily must be debranched by the de-
branching teams. If the debranchers cannot com-
plete iheir task, individual tasks must be given
to each labourer.

{b) CROSS-CUTTING

Allowed times are based on the large end dia-
meter of logs.

(c) MARKING OF FELLED TREES AND CROSS-
CUT LOGS

Fellers and cross-cutters are given individual
numbers which they write on the butt end of trees
or the large end of logs immediately after felling
or cross-cutting is completed, Talliers cross these
mumpers out when they noie the logs on the daily
production sheets.

{d) ALTERNATIVE WORK FOR LABOURERS IF
SAWS BECOME DEFECTIVE

If the power saws become defective during
the day and cannot be repaired within 20 minutes,
and no spare is available, the labourers must
complete their task using bow saws, Theprocedure
is as follows:

{1y The sawyers recelve one bow saw and
commence work immediately,

{2) The foreman deiermines the iime already
earned and adds 20 minutes for idle time.

{3) The logs or trees sawn by bow saws are
recorded on & separate production sheet and
allowed times are determined as for felling by
bow saws, using the bow saw norms. Allowediimes
for mechanical ang bow saws added together should
total 540 minutes before the task is completed.

{4) If the saw is repaired or replaced, it must
again be taken into use until the task is completed.

{e) DUTIES OF THE FOREMAN

The foreman must train sawyers and supervise
the teams. He must determine the zliowed times
daily and see thai the teams complete their tasks,
and he must also complete the idle time sheets if
necessary. He must ensure that petrol and oil are
received from fhe store {n time,

The fereman is responsible for power saw
maintenance, and his duties in this respect are
those set out in I. Description and mainténance,
but may be suromed up as follows:




Daily production sheet: Cross-cuiting

Date . Compt. No.

Species Slope

Thin end
diameter
of logs (cm) | Labourers: 1.

Team No,

2,

Allowances made for slope

Total

Teller

Daily production sheet - felling and debranching

Date Compt. No.

Foreman

Species Slope

Thick end
diameter of
1st log Labourers: 1.

{crm) 4, 9,

Team No.

6. 7.

cm Allowances made for slope

13,5
15
17

Toial

Teller

124

Foreman




(1) Fuel and oil

(i) The fuel tank and its mount must be kept
free of dirt. '
(ii) Funnels must be kept clean.
(tii) Fuel must be well shaken before fueling.
{iv} Spilling and overflow must be avoided.
{v) The fuel must be kept watertight.
(vl) The oil level must be kept exactly on the
mark.

{2) The chain

He must check to see that the chain 18 correct-
ly tensioned. When running the tension is often too
high. Before adjusting tension he must check to
see that the oil ducts are not blocked.

Chains that chatier are faulty and the fore-
man must be able to ascertain the cause of the
trouble. He must check sharpening and repair
operations to ensure that the work is being proper-
ly done. The foreman mustbe acquainted with the
causes of chaitering, crooked cutting, chains
"jumping” the bars, efc., so that he can correct
faults and maintain the saw in good condition.
Short sawdust of 5Smm long or less indicates a
blunt saw, while sawdust of 25mm long indicates
a sharp saw,

A saw which does not cut into the ground will
only require sharpening twice per day.

Note: The average life of a chain is from 1 000
m3 to 1500 m3 of softwood sawlogs in felling
and cross-cuiting combined

{3) Filters

Fuel filters must be replaced immediately they
become dirty. Air filters must be washed regularly
as indicated in the handbook.

(4) Nuts and bolis

The foreman should examine the machine for
loose nuts and bolts at least twice a day.

{{y PERMISSIBLE IDLE TIME

Idle time is granted when work is stopped by
rain, the actual clock time being recorded. When
moving from compartment to compartment 12
minutes are allowed per kilometre. Justification
for idle time must, however, be confirmed by the
forester.

D. TABLES OF ALLOWED TIMES AND
THEIR USES

Tables have been compiled for the following
species:

P. canariensis, P. elllottii, P. patula, P.pinas~-
ter, P. palustris, P. pseudostrobus, P. radiata,
P. roxburghii, P. taeda,

(8) ALLOWANCES MADE

{1) All times were normalised.
(2) 10% allowance was made for refueling.

(3) 20% rest allowance was made for debranch-
ing.

(4) 10% allowance was made for cuis not yielding
logs, in cross-cutting only.

{(3) No rest allowances were made for sawyers,
as they work in turas,

(b) USE OF TABLES

The production sheet data must be filled in
and the npumber of trees {elled or cross-cut
must be indicated for each diameter class. The
applicable table is then used to determine the
allowed times, aad the number of trees or logs
is multiplied by the zllowed time. The allowed
times for the various diameter classes are added
together, and the daily task is completed when the
pumber ¢f minuies in the day bave been earned.

(¢) DAILY PRODUCTION SHEETS (see exarples)

Daily production sheets arecompletedby tellers
and foremen. The forester shall determine the
slope, Where definite divisions of slope occur,
they should be treated separately and each of the
separate divisions listed on the production sheet,

The field foreman must determine the time
earned so that the labourers earn the time allowed
in the day. The completed production sheetsshould
be checked by the forester, who books the labourers
for the day if he is satisfied. The foreman’s
calculations must be correct to 5y.

E. TEAM STRENGTH FOR THE
PREPARATION OF SAWLOGS

Table P.8. 4 gives the team stirength for the
preparation of sawlogs {mechanical saws},

TABLE P.8. 4 - Team strength for the preparation of sawlogs - mechanical saws

Number of labourers required per day for annual timber
team No. Work done by volume production jn_m3
the team 43 000 35 000 28 000 21 000 13 goo
00
No. of saws 3 3 3 2 0
1 Fell and debranch 7 7 7 4 Use bow saws
2 Cross-cut 3 3 3 -
3 Markers for (2) 2 2 2 2
4 Log tellers 1 1 1 1
5 Tree tetlers 1 1 1
6 Transport equipment
to and from store 1 1 1 1




NQOTES (to Table P.S. 4)

{i) The table is based on P. patula and P. taeda,
3rd apd 4th thinnings, slope; 0 - 159,

(ii) ~The rumber of labourers is the average
per day for the year.

(iii)  In team 1 for 43 000 m3 the fellers will
assist the cross-cutters every fifth day.

{iv)  For columns of 35 000 and 28 000 m3,
the labourers should be able to prepare more
than the required volumes.

(v The saws indicated are oily those ngcessary
for the operation. It is desirable to have spare
saws in stock,

F. POWER CHAINSAWS: OUTPUT AND
COSTS

Four power saws were placed under strict
observation while working in Berlin plantation and
the following data were obtained:

{a) 2 pMcCULLOCH 1-70 DIRECT-DRIVE POWER
SAWS

(D.B. 111/92 and D.B. 111/93)
Full operation period: 4.5.62 - 28.2,83
Saws withdrawn from service on 28.2.63

R
Hiring cost: 115 days @ 167¢c/day .. ...... 182,05
Fuel . e 63,44
Iabour: Foreman : 115 days @ R3,62 ..., 417,45
Labourers: 460 days @ RC,67 .. .. 308,20
Total cost for the two saws . ... .. 981,14
Volume sawn: 7 906m3
Cost per m3 12,4lcents

i.e. 49,4 m? daily per saw 13,7m% per labour
unit.
Total power $aw; {Average): 3953 m®

(b) 2 HOMELITE 707 G: GEAR DRIVEN

(D.B. 111/80 and D.B. 111/81)
Period of operation: 21.5.62 - 30.6.63 (Saws
still in operation}

R
Hire costs: 180 days @ 167c/day 300, 60
Fuel ... e 166,175
Labour: Fereman : 180 days @R3,62 .. 651,60
Labourers: 720 days @ 0,67c . _ 482,40
Total for the two saws......... 1601,35
Volumea sawn: 12 587m3

Cost per m3 12,67cents/m3
f.e. 46,1 rd daily per saw 14m3 per unit.
Volume per saw: 6299 m3 (average).

NOTE:

{1) The above cosis cover felling, debranching,
and the preparation of sawlegs.

(2) Labour costs are those of the foreman

and the team operating the saws and preparing
sawlogs.

{3%3 Average for ecach of the four saws: 5 12g
me,

{4) The saws were used in third and fourth
thinnings and clearfelling operations, Clearfellings
included felling in P. roxburghii compartments,

Saws
D.B. 111/82 Thinnings 3332 m3
D.B. 111/93 Clearfellings 4 574 m°
Total : 7 806 m°
D, B. 111/80 Thinnings 2 980 m3
D.B. 111/81 Clearfellings 9 617 m3
Total 12 5§97 m3

4, POWER-SAW SAFETY MANUAL
A. TRAINING

(a) NEED FOR TRAINING POWER-SAW OPERA-
TORS

(1} To provide healthier, more stable and more
contented workers.

{2y To achieve more production per unit.
(3) To lower production costs.

{(4) To facilitate the introduction of new me-
thods.

(5) To facihitate the iotroduction of operators

to new and varied topographies,

{6) To prevent careless habits.

{b) HOW TRAINING SHOULD BE DONE

The worker's interest in the job must first
be aroused and then he must be shown the correct
way of doing his job. The trainee should be fre-
quently tested while in training, 1o see if he fully
understands what he is being taught, and when
trained be musl be checked and rechecked at in-
tervals to ensure that be is using his machine
correctly.

{c) VARIOUS TYPES OF TRAINING

(1) Apprentice: new worker trained by a master
worker for a set period uatil qualified.

(2) Group or class teaching, using the lecture
and practice method.

{3 Discussion: Trained men answer questions
and demonstrate varjious operating techniques.

{4y "On the job" trainingz: The learner works
with an experienced man, learning each stage of
the job until proficient.




FIG.PS.62.

SAFE AND UNSAFE METHODS
OF STARTING A CHAIN SAW.

THE CHAIN SAW MUST BE
CARRIED WITH THE BLADE
TO THE REAR AND MUST
NOT BE CARRIED WITH THE
MOTOR RUNNING.

FIG.P.S.64.

WHEN UNDERCUTTING A LOG HOLD
THE $AW FIRMLY AND KEEP THE
LEGS AWAY FROM THE SAW.

CHAIN SAW SAFETY
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(d) WHO SHOULD DO THE TRAINING

Training should be done by a qualified field
official, preferably the foreman, who will be able
to check 0o the work from time to time after
training, aod who is responsible or partially re-
sponsible for obtaining results.

(e) DEPARTMENTAL TRAINING OF OPERATORS

A training team consists of 3 labourers, their
training commencing with cross-cutting. They
should bhandle the saw in turn, progressing to
felling when the foreman is satisfied with their
progress. The teams should be in training for no
less than three weeks, during which period the
foreman should instruct them in every aspect of
the use and maintenance of the saw, as previously
set out in Chapter I. After.three weeks the fore-
man may commence training a further three men,
provided that he is salisfied with his original
training ieam,

() TRAINING AIDS

The most popular training aids are writien
materials such as instruction manuals, etc., and
visual alds in the form of slides, motion pictures
or safety posters,

B. SAFETY

{a) IMPORTANCE OF SAFETY

The importance of safety should bedrivenhome
to zach trainee. The untrained man must be made
to realise that his worst enemy is himself, be-
sides which he is a constant source of danger to
others,

() WOODCUTTING SAFETY PROGRAMMIE

{1y The forester or foreman must be respon-
sible for safety.

{2) Workers must be made safety conscious,
both during training and during the actual cpera-
tion,

{3) Workers musi wear safety clothing, such as
safety hats, shoes, etc.

(4) Workers should be given basic training io
first aid, particularly foremen and operators, and
a first aid kit should always be at hand.

(3) Training sessions and refresher courses
should be conducted periodically.

{(6) Unsafe working conditions must be removed
and avoided.

{c) SAFETY RULES IN THE OPERATION OF
THE POWER CHAIN SAW

(1) Wear safety clothing.

{2) Stop the saw when moving any distance,
carrying it by the handle with the guide bar to
the rear (Fig. P.S. 63).

{3)  When fueling follow the fireprecaution rules.

4) Place the saw firmly on the ground to stapt
it (Fig. P.S. 62},

(5) Before starting make sure that the saw blade
or chain is not fouching anything (Fig. P.S. 62).

(6) No one else should be near when starting
the saw. Never ask anyong to hold the saw while
starting it.

(7) Before starting the cut make sure that youy
have a path of safe retreat to use when the iree
begins to fall.

(8) Keep both hands on the saw when working.

{9]- When starting the cut, place the spikes
against the wood before engaging the saw,

{10y Be sure that the proper noich or undercut
is made.

(11} Warn other people in the vicinity well before
the tree falls.

(12) When removing the saw from a cut, shut
off the motor, before the chain leaves the tree.

(13) Step aside, not back frora a falling tree and
beware of falling branches.

{14) Carry the saw with the blade to the rear,
and never carry a saw with the molor running
{Fig. P.5. 83).

{(15) Use a power saw with caution when Cutting
heavy brenches. Limb from the side of the tree
away from ._c orauches if possible.

{16) When cross-cuiting always sitand on the
high side of the log, keeping the saw carefully
under control.

{17) When uadercutiing a log in cross-cutting,
hold the saw [irruly and keep ithe legs away from
the saw (Fig. P.5. 64},

{18) Keep the body clear of the e¢xhaust system
at all times.

(19) Use only wedges of wood, metal with a
small mass or plastics - pever steel.

(20) Never touch or try to stop 2 moviog chain.

2L Nevér attempt to sharpen the chainor check
the tension while the motor is runmng.

(22) Keep the chain bar away {rom stones, dirt,
ate.

. FIRE

{a) FIRE PRECAUTIONS

{1} Allow the hol saw to cool before refueling.

(2) Place the saw on bare ground before adding
the fuel.

{3) Avoid spilling. Do not fill the tank to the top.




FIG. P.S.65.|

F|G.P.S.66l

TIMBER FELLER KILLED BY FALLING LIMB

FROM A STANDING TREE,

THAT KICKED BACK.
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FELLER KILLED BY TOP OF
FALLING SNAG.
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FIG.PS.69.

THE TIMBER FELLER WAS INSTANTLY KILLED WHEN CRUSHED BENEATH THE
BUTT OF Al4s5cm DIAMETER TREE AS HE WAS TRYING TO SAVE THE SAW AFTER

CUTTING THROUGH THE HOLDING WOOD, LETTING THE TREE FALL SIDEWAYS,
PINCHING THE CUTTER BAR.
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(4) Remove a)1 traces of fu

OuLside of the saw before spapyirg ™ O from the
(3 st i :
fueling, art engine at least gy, from the place of

(6) Use the Proper mixture ap,

fuel to minimj d grade of o} and

se carbon formation.

(7) Do not wajt for the e

before refueling. PgIne 1o run out of fuel

(8)  Check fuel lines periodically for leaks.

z(iQLeekI.{emove carbon from mwuffler at least once

{10) Check insulation of the spark-plug wire
regularly,

(11) Do nof use a saw that back-fires or misses -
have it repaired.

(12) Do not leave a hot saw on dry litter or
slash.

(13) When moving from a cut, check sawdust
and litter for sparks.

(14) Keep an approved fire extinguisher handy,
but not on the saw.

(15) Do not leave the saw standing idling
unattended,

{18} Do not leave the cutting area earher than
15 minutes after stopping the saw.

{17) Do not leave emply fuel cans in the bush.

{18) Remember the ember.

{b) FIRE FIGHTING TOOLS

(1) Keep an approved fire extinguisher close at
hand.

{2} Keep a shovel and packpump pearby.

{(3) A piece of canvas kept handy is usefull to
cover the saw as it will smother a small flame.

D. ACCIDENTS IN THE USE OF POWER
CHAIN SAWS

The illusirations included in this section are
published by courtesy of the Oregon State Accident
Commission of the U.S.A.; and illustrate aciual
accidents whichoccurredduringlogging operations.

{a) TIMBER FELLER KILLED BY FALLING LIME
(Fig. P.S. 65)

A timber feller was instantly killed when struck
on the head by a limb (dm long and 13 ¢m in
diameter} that was broken oif and thrown back
as the falling tree brushed against another tree.

Preventive measures:

(1} Fell trees away from standing trees.

(2)  Fell trees fj
. first tha ;
[eﬂxug of other trees, tmay interfere With the

{3)  Move a safe di
€ distan
tree starts to fail, keepin,

ce from the stump ag the
for falling branches,

€ a watchful gye Overheag

The feller was instantly killed when Crusheq

beneath the butt ofatree that split
and then fell on him, phLup, kicked back

Preventive measures

(1) Look each tree over carefull i

) . ¥ to determi
the direction of fall, then make an adequate unde?f
cut. If the tree leans, relieve pressure gradually
by angled cuts,

(2) Plan your way of escape in advance - to
the back and to one side of the tree.

(¢) FELLER KILLED BY TOP OF FALLING
SNAG (Fig. P.S. 67)

The feller was instantly killed when the top
of a soag brushed a standing tree, broke and
spapped back, striking him on the head and shoul-
ders as he attempted to leave the area with his
pOWer Saw.

Preventive measures

(1) Fell all snags into the open.

{2y When the tree starts to fall, get clear as
quickly as possible, and leave the saw if there is
immediate danger.

(d) FELLER KILLED BY FALLING SNAG (Fig.
P.S. 68)

The timber feller was instantly killed when
struck on the head by a falling snag. He had
tried to fell the snag but when it setiled back,
he felled another tree to knock it over. This
caused the snag tc twist off the stump and fall
back towards him.

Preventive measures

(1) Never leave a cut snag standing. Wedge it
over if necessary.

{2) Move to a safe place, bebind another tree
if possible, when the felled iree starts to move.

{3y Plan and clear a predetermined route of
escape to a safe place.

(¢) FELLER KILLED BY SIDEWAYS FALLING
TREE (Fig. P.S. 69)

The timber feller was instantly killed when
crushed beneath the butt of a 45 ¢m tree as he
was trying to save the saw after cutting through the
holding wood, leiting the tree fall sideways, pinch-
ing the cutting bar.




A FELLER - CROSSCUTTER WAS
INSTANTLY KILLED WHEN STRUCK
\ BY THE BUTT OF A TREE THAT
A KICKED BACK AS IT FELL INTO
WTHE CROTCH OF ANOTHER
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' ED BY A FELLOW WORK -
LLER -CROSSCUTTER KILLED WMEN S$TRUCK BY A TREE FELL
FEAALNRWHO HAD CUT THE HOLDING WOOD ON ONE SIDE OF THE TREE, LETTING IT
FALL AT AN ANGLE TO THE _UNDERCUT.
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FIG.P.S.72.

A FELLER -CROSSCUTTER WAS INSTANTLY KILLED WHEN STRUCK BY A SNAG
THAT BROKE 5MEIRSE6 ABOVE THE GROUND AND FELL BACKWARDS AS A |
TREE WAS FELLED INTO IT TO KNOCK IT DOWN.
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INSTANTLY KILLED BY A FALLING LIMB.
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AS THE CROSSCUTTER COMPLETED A CUT A LOG PIVOTED OVER AN OLD WINDFALL,
DISLODGING A LOG FROM ABOVE, WHICH ROLLED ONTO HIM, CRUSHING HIM. ]




g CROSSCUTTER KILLED WHEN A LOG ROLLED
ONTO HIM FROM A PREVIOUSLY CROSSCUT TREE

ON THE SLOPE ABOVE AND BEMIND HIM.

FIG.P.5.78

AR®

_ SLUOS,
LOG ON WHICH

A CROSSCUTTER AT THE LANDING DECK WAS KILLED WHEN THE
HE WAS STANDING ROLLED’ THROWING HIM OFF BALANCE AND [NTO THE

PATH OF THE SAME LOG, WHICH STRUCK HIM,
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Preventive measures

(1) Make ap adequate undercut and retain suffi-

E:ient poldjng wood to conirol and guide the tree
in the intended direction of fall.

(2) In all cases, clear the undercui and do not
leave any excess wood that may cause the holding
wood to break prematurely.

{f) FELLER KILLED WHEN STRUCK BY BUTT
OF TREE (Fig. P.S. 70)

The feller was instantly killed when he was
sFruck and crushed by the butt of a tree that
l:;cked back as it fell into the crotch of another

ee.

Preventive measures

&)

(1) Trees that are likely to be brushed by a
falling tree must be felled first.

(2) Fell trees into the open whenever possible.

(3) Plan and prepare a way of escape before
felling trees.

(g} FELLER-CROSSCUTTER STRUCK BY TREE
FELLED BY FELLOW WORKMAN (Fig. P.S. T1)

The feller-crosscutter was dead on arrival at
the hospital as the result of injuries received
when he was struck by the top of a tree felied by
a fellow workman, who had cuf the holding wood
through on one side of a small tree, letting it fall
at an angle to the undercut.

Preventive measures

(1) Retain adequate holding wood to guide the
tree in the desired direction of {all.

{2) Fellers should warn all other workmen in
the vicinity well in advance of the fall of the tree,

-

Plan ahead and locate fellers so that they
will not endanger other workmen.

(h} FELLER-CROSSCUTTER KILLED BY FAL-
LING SNAG (Fig. P.S. 72)

The feller was instantly killed when he was
struck by a snag that broke bm above the ground
and fell backwards as a tree was felled onto it

to knock it down.

Preventive measures

(1) Fell irees into the open whenever pessible.
{2) Dangerous trees and snags which are likely
to be brushed by a falling tree shall be the first

to be felled.

(3) Plan a safe route of escape, preferably be-
hind another tree to the rear and side of the

tree being felled.

(i) CROSS-CUTTER KILLED BY FALLING

BRANCH (Fig. P.S. 73)

The cross-cutter was killed when struck on the
head by a limb that fell from a standing tree while
he was cross-cutting s top directly beneath it.
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The limb was one of several that were broken
and left hanging after being brushed by a large
tree that a feller had let fall sidewayb, when 1t
settied back op the stump,

Preveptive measures

(1) Retain enough holding wood to control the
fall of trees and feil them into the open.

(2) Use wedges, when necessary, to tip a iree
in the desired direction of fall,

{3) Avoid werking under hanging limbs, but if
necessary, ask a fellow workman to keep a wateh
overhead while sawing.

{j) CROSS-CUTTER KILLED BY SLIDING TREE
(Fig. P.S. 74)

The cross-cutter died en route to hospital
from ipjuries received when he was struck by the
top of a tree that suddenly whipped downhill,
striking him in the back as he was preparing to
cross-cut a tree that lay below the last felled
tree.

Preventive measures

(1} Cross-cut each tree after felling when
working on hillsides and stay above the tree being
cross-cut, and above previously cross-cut boles.

(2) Look the tree over carefully to determine
the safe way to cross-cut jt, then proceed accord-

ingly.

) CROSS-CUTTER CRUSHED BY SwINGING
TREE (Fig. P.S. 75)

The cross-cutter died five days later as the
result of injuries received when the tree from
which he cut the root-wad pivofed around a small
snag, Struck bhim in the chest and crushed him
against another wind-blown iree.

Preventive measures

{1y Carefully examine windfall irees to determine
the safest way to cut them, then proceed accord-
ingly by the safest method. Preferably stand on
the clear side of a tree if the slopa permils.

(1} CROSS-CUTTER KILLED BY DISLODGED LOG
(Fig. P.S. 76)

As the cross-cutier completed a cut, a log
from the bole pivoted over an old windfall, gis-
lodging a log from above, which rolled on him,

crushing him.

Preventive measures

{1} Look the tree over to find the safest way
to cross-cut it

(2) Take the greatest care when standing be-
low loose or unstable logs.

(m) CROSS-CUTTER KILLED BY ROLLING LOG
(Fig. P.S. 77)

The cross-cutter was cross-cutling four trees,
just beloew one that was cross-cut the previous
day, when a log 10m long and 90c¢m in diameter
rolled from the tree above him, crushing and

killing him instantly.
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POWER-DRIVEN CIRCULAR SAW.
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CROSSCUTTING OF SHORT LOGS BY PORTABLE n__u.ﬂcr_)m
CROSSCUT SAW, SHOWING MOUNTING AND HINGED TABLE.




Preventive measures

(1)  Arrange the work so that workmen will not
be working below previously cross-cut logs,

{2) Make dangerous logs secure by blocking or
snubbing if working below them is unavoidable.

(n} CROSS-CUTTER KILLED BY LOG ROLLING
ON HIM FROM STACK (Fig. P.S. 78)

The cross-cutter was killed when a log in
the landing deck that he was standing on suddenly
rolled, throwing bim off balance and into the
path of the same log, which struck him.

Preventive measures:

(1) Workmen should be required to stay in the
clear of operations where they are not assigned
to wortk.

(2)  Stay in the clear of logs that show a ten-
dency to roll or slide.

(o) TWO FELLERS INSTANTLY KILLED BY
ROLLING SECTION OF TREE (Fig.P.5. 79)
.

Two timber fellers were instantly killed when
they were crushed by a 20m section of a tree that
rolled down the hilllside, crushing them beneath
it as it came to rest in a roadside ditch. They
were walking below the section of the iree as they
were leaving the area after felling the last tree.

Preventive measures

No rigid preventive measures can be pre-
scribed. When leaving thearea justfelled, however,
the feller should walk on the opposite side of the
road from the uphill slope and be alert for rolling
logs or stones.

5. PORTABLE POWER CIRCULAR SAW

The power circular saw is usually chassis
mounted, belt driven and eguipped with two rubber-
tyred wheels. It is powered by a petrol engine of
about 5,2 kW. The unit may be self propelled,
with one wheel being driven, or it may require
to be pushed by the operator when moving from
place to place. For logging purposes a 10 gauge
blade with a diameter of 105cm is suitable for
felling trees of small or medium diameter.

The saw may be used for felling, cross-
cutting, or cutting firewood, as the blade may
be positioned horizontally or vertically.

A, OPERATION

When felling trees the blade is positioned hori-
Zonially, as shownin Fig,.C.5. 3 and 5. When nearing
the iree (Fig. C.5. 3) the saw must be positioned
with the middle of the blade diameter towards
the girth mid-point of the free, i.e. the centre
of both the saw and the tree are in a line at right
angles to the saw arm. The saw must be engaged
at full throttle, and the operator pushes the saw
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th.Fough the tree by acting side-ways onthe handles
(Fig. C.3. 5). Trees with large diameters are
usually .felled with fwo cuts from opposite sides
by the standard method, but small trees (up to
40cm) may be felled with one cut, with the tean
{if any), provided that a man with a push stick
as8sists in directing the fall of the tree.

For cross-cutting (Fig. C.S. 4} the blade is
positioned vertically, with its diameter mid-point
over the mid-point of the log diameter. By lifting
the handles the cperator engages the saw in the
log at full throttle. I necessary, assistance must
be provided to prevent the saw from pinching, as
wedging is obviously impossible. In this case the
log must be propped up by push sticks on both
sides of the saw,

The limitations of the saw become evident when
it bas to move from cuttocut, as the saw is mount-
ed on wheels and cannot be carried. Under ideal
conditions its speed of movementis that of a walking
man. In felling, generally speaking, if the ground
is flat and no surface obstacles are encountered,
movement is easy and efficient, and self propelled
units can move under their own power. If surface
conditions are unfavourable, however (slope,
litiered with slash, branches, etc.), the operator's
assistance will be required to move the saw, If
pushing is not sufficient, the assistant operator
shouid assist movement by acting on the rim of
the wheel which is not mechanically driven. Under
such conditions movement is considerably limited.
Non-self-propelled units would cbviously require
more manpower for their movement. In cross-
cuiting in the compartment fallen trees provide
added obstiruction to hinder the movement of the
saw, while at cross-cutting decks logs of previous-
ly cross-cut boles are usuvally a hindrance to move-
ment, untess they are swiftly removed.

B, USE OF THE SAW

Ideal conditions for usiog the saw in felling
occur in flat country with little or no surface
obstacles, where small or medium trees of up to
40cm diameter are to be felled. Forcross-cutting,
flat, spacious log decks are the ideal. In condi-
tions other than these the saw i3 an encumbrance
rather than an asset owing to difficulties éx-
perienced in moving the saw from cut to cut.

The saw may also be used for cuiting poles
to length or for cutting firewood. No attempt
should he made to cut poles, light logs or fire-
wood on the ground, as the saw will violently
throw the cut section aside. Fig. C.5. 1 and 2
llustrate a method of cutting firewood, using a
simple stump 'bench" with a pre-cut fork. Fig.
C.5. 6 shows the saw mounted in a rigid posi-
tion on a portable base with the saw positioned
in a hinged log bench. The logs are pushed against
the saw by means of the hinged part of the bench,
as illusirated.

C. CREW REQUIRED
(2) FELLING

One operator, 1 assistant operator, 1 man with
a push stick to direct the fall of the tree, and 1
man (o clear a route of access for the machine
to the trees to be felled. If the operator is skil-
ful and access to trees presents no problems,
two men would probably suffice.
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(o) CROSS-CUTTING

For cross-cutting, which should preferably
be done at the log deck: 1 operator, 1 assistant
operator, and 3 or 4 men with push sticks to
prop or stabilise the log while it is being cut.

D. POWER CIRCULAR SAW UNIT TESTED
DEPARTMENTALLY

The seld~propelled uanit tested Departmentally
proved to be atiractively fast as far as the actual
cutting was concerned, but this asset was offset
toc a large extent by the difficulties experienced
in moving the saw. The number of labourers re-
quired to move the saw, or to steady logs for
cross-cutting, was out of proportion from an eco-
nomic point of view.

The main disadvaniage of the unit for iree
felling was that the minimum cutting height above
the ground was 20cm, while for easy access of
logging equipment a stump height of from 10 -
16em, is required.

E. DETAILS OF CROSS-CUTTING TEST

The saw was tesied in cross-cuiting irees at
a fairly flat, firm highlead landing, where tree
lengths were skidded, cross-cut by the power cir-
cular saw, and the cross-cut logs removegd to the
stacking deck by two teams of animals.

The test was observed for 2 hours 2 minutes,
during which time the saw was in operation for 1
hour 12 minutes, being idle for 50 minutes while
logs were removed from the cross-cutiing to the
stackiog decks by the animal teams,

Average tree volume 0,36m° - 2,8 logs
Average log ¢ 0,13m*° - 20cm x 3,3m
Maximum diameter cut: 28¢m '

F. OUTPUT

30 trees ~ 85 logs - 86 cuts - 10,9m3in1
hour 12 minutes, i.e. 9,1m3 per working hour, or
5,4m? per working hour if the delay for log
removal is included.

G. COSTS

Costs are bhased on 6§ men eroployed with the
saw and the hourly cost of the unit, which cost
K1 000 to purchase.

Costperhour: 57 cents
Cost per m3 ; 6, 3c or 10, Z¢ if the delay is Inclu-
ded

DEBARKING

A. GENERAL INTRODUCTION

Debarking is the process of removing bark from
logs, this applies mainly to poles, but the debark-
ing of logs and pulpwood will also be dealt with
in this section on timber preparation.

In Departmental plantations debarking is done
either manually or mecbapically. The mechani-
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sation of debarking has recently taken on addeq
importance due to the increasing shortage of man-
power, coupled with the rapid development of
Industry in the country. During the past decade
the Department has witnessed the development of
the debarking process znd the-evolution of debark.
ing machinery, The greatest advance has beep
made in developing debarking machines for round
timber. ;

Recent evidence indicates that debarking timber
in the plantations (at the foadside) in close proxi-
mity to the timber felling area is a considerable
advantage. Bark peed not be transported, and the
problem of disposing of bark concentrated at the
sawmill i§ eliminated, which reduces costs pro-
portiopately. Consequently the Department has
shown an Increased iaterest in machines which
are capable of working in the compariments and
are as mobile as possible, so that concentra-
tions of poles and loose hark can be avoided to
a large extent. Such mobile debarking machines
must be compact enough to be able {0 move aleng
the parrow, twisting roads in the compartments,

There is no such thing at present as & univer-
sal timber debarker which will suit all cases, so
the machine most suited t& local conditions must
be chosen. '

It i3 not within the scope of this manual to
deal with all the types of debarking machines
available on the market, and the information given
will apply only to methods and machines employed
Departmentally, together with their costs. Some
information will alsc be given with regard to the
possible future employment of more advanced
methods and machines.

A pumber of mechanical debarkers have heen
tested, but the rnachines available at the time did
not prove satisfactory for plantation conditicns,
consequently manual debarking still plays a big
part in operations, and culy a few machines have
been employed.

B. MANUAL DEBARKING

(a) DEBARKING BY VINEYARD SPADE {Fig. D.1,
2,38 :

Thé vineyard spade (Fig. D. 1) has been al-
most universally adopted for hand debarkingin De-
partmental plantations. The front side of the blade
is concave, so when the spade is turned with the
concave side to the log or pole it removes a
greater area of bark than any other hand tool with
a straight blade. As the vineyard spade has a long
handle, the worker need not work in a low bend-
ing position, which ¢onsiderabiy eases the strain
of work. Working with both hends he can exert
considerable pressure, and in the standing positicn
he can add the mass of bis body to the siroke. In
agdition, when standing he can achieve a longer
stroke by using the swing of his body as well as
the push of his arms. For further convenience a
portable bench in the form of a simple tripod
with itz flared ends protruding at the top, may
be used to elevate one end of the pole for de-
barking, while the other end rests on the ground
(Fig. D. 8). When ope half of the pole bas been
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debarked its position is reversed on the tripod
and the second haif is done. This process may
only be applied to logs or poles which can easily
be lifted or handled. Large-sizetimber is debarked
when lying on the ground {Fig. D. 3). When one
side of the pole has been debarked from end to
end the pole is turned over by means of peavy
hooks or hand spars. Cross-sticks under large
poles make turning over much easier. Large poles
may be turned 4 times during the debarking pro-
cess.

Debarking by vineyard spade does not give
a perfect result as a lot of cambium remains
attached to the wood, but itshows when it peels
off during seasoning. Al times it is difficult to
differentiate between fresh cambium and wood
surface, which is coften the reason for imperfect
debarking. Patches of cambium that are not re-
moved may interfere with the timber ireating pro-
cess.

Noie: As the vineyard spade is sguare in shape
and has sharp corners, it is handy for removing
bark around knots or other irregularities in
the timber shape.

Output and costs

The following data give some idea of the output
and cost of a debarking operation using the vine-
yard spade. The timber was freshly sawn. The
iables below show figures of output for one day.

Long poles

Measurerment

Leogth 3,60m - 7,3m

Thin diameter 7,6cm - 13,9cm
No. of poles 501

Volumme - 65m

Predominani: - 7,3 x 13cm

Average pole: 0,13m3
Labour: 1 foreman and 36 labourers

Costs: - R41,40
Cost per m3 - 63,7c
QOuiput per labourer: 1,8m3 - 14 poles - 100m

Short poles

Measurements - 2m x 8cm - 12,7 cm
No. of poles: - &30
Volume: - 11,72m3

Average pole: - 0,02m3 (Approx.)

Time: - 6 hr 15 min

Labour: - 1 foreman and 21 labourers

Costs: - R17,09

Cost per m3; - R1,55

Qutput per labourer: - 0,54 m3 - 30 poles -
&60m

(o) DEBARKING BY DRAW-KNIFE (Fig. D. 4, 5,
8,7

The draw-knife may have a straight blade, or
the blade may be slightly curved in the direction
of pull to steady the tool (Fig. D. 5). For a draw-
knife debarking operation to be successful the pole
to be debarked must be placed on a bench, which
is only possible for light logs (Fig. D. 8). A heavy
bench is reguired, and there should be & concen-
tration of logs in the vicinity.
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Some contractors use adraw-knife curved along
the piane of the blade in the form of & bow (Fig.
D.4). with the handles elevated, This reduces the
bending required by the workmen when peeling
small poles lying flat on the ground, If small
poles lying on the ground are to be debarked the
"bow' draw-knife is particularly handy. Small
poles do not raove under the how draw-knife.

Large poles are debarked on the ground. In
this case the labourer crouches over the pole or
sits astride it so as to increase his stroke length
and ease his position of work (Fig. D. 7). Medium-
sized logs or poles can be rolled over logs lying
nearby so as to elevate them and reduce bending
while working.

The finished product when debarking by draw-
knife is more or less the same as when the vine-
yard spade is used. When the bark is thick the
draw-knife is very slow and the operation uneco-
nomic., The draw-knife is seldom used in De-
partmental plantations,

A hatchet is usually used in conjunction with
the draw-knife for removing bark left around
knots and other irregularities in the poie.

{(¢) DEBARKING BY AXE

Debarking poles by means of an axe of approxi-
mately 1,5kg in mass gives a betier result than
that of either of the tools menticned previously,
but the operation iz much slower. Virtually all
the bark and cambium is removed, and the ope-
ration is nearly perfect.

When one end of the pole is raised onto a bench
the operation is more convenient and faster, as
the axe head can make contact with the bark with
the full area of the head, thus a larger area of
bark is affected by the axe blow. The butt {(blunt
end) of the axe is used to pound the bark, which
loosens and comes free. The corners of the axe
blade may be used te remnove any bark from around
knots or irregularities on the pole surface. Re~
peated blows may be necessary to loosen the bark
completely, When the bark has been removed from
the pole from end to end it is turned over and the
process is repeated. Several side turnings may
be necessary to finalise the process.

The axe is seldom used for debarking as it is
a slow and costly process.

{dy DATA FOR POLE PREPARATION AND DE-
BARKING - MANUAL LABQUR

Pole preparation was investigated primarily
to determine a task-work system, to be applied
to the following operation:

() Pole preparation as a by-product of sawlog
preparation,

(i) Timber feiled for the sole purpose of pole
preparation,

{iif) Debarking of poles by labourers onplantations.



The following factors will affect debarking:

(i) Task work can be given according to the
tables which follow. ¢

(ii) Trees must be debarked on the same day as
they are felled,

(iii) Where the sole operation is pole preparation,
the fask for each labourer must be the full
preparation of poles, even debarking; cross-
cutting being done by different labourers,

(iv) Poles debark more easily in winter or autumn
than in other seasons, Tasks weredetermined
for operations during summer and autumn in
the Cape Midlands Region.

(1) REMARKS RELEVANT TO TABLES

Table D, 1. - This table is used when la-
bourers are only employed on debarking, which
is usually the case where poles are prepared in
conjunction with sawlogs. The poles are slipped
to the roadside with the logs.

TABLE D.1 - Debarking of pine poles by vineyard

spade
P. pinaster : 90 running m per unit
P. canariensis : 96 running m per unit
P, radiata : 1. Poles without thick bark;

135 running m per unit

2. Poles with thick bark;
90 running m per unit

The latter will only cccur with long poles

Table D. 2. - This table is used for cases
where the sole purpose of the operation is pole
preparation. Single logs will be counted as poles,
although they are not debarked. Poles are de-
barked in the compartment, The lahourer must
stack his poles in stacks of 10 or more to simplify
slipping, which must be a separate operation.

Allowed times provide for the following:

{i) Felling the tree,
(ii) Debranching.
{iii) Cross-cutting.
(iv) Debarking.

{v) Siacking the poles.

Table D, 3. - Allowed times per pole include
felling, debranching, cross-cutting and stacking the
smaller poles,

Table D. 4. - This table may be used when
the forester wants to determine the task work
for pole preparation. A normal task is determined
as follows:

(i) Find a representative sirip in the com-
partment.

(ii) Fell 40 to 50 irees and cut out the available
poles.

(lii) Record the stump diameters of the trees and
the thin end diameters of the poles on a pro-
duction sheei and convert into allowed times,

(iv) Total allowed time—+ number of poles = time
per pole.

(v) Time per pole divided into total daytimegives
the number of poles for a normal day task, La-
bourers work io pairs.

TABLE D. 2 - Allowedtimes: preparation and de-
barking of pine poles

Length of Allowed times in minutes for 2
pole labourers per pole
P. rad P. pin, P. can.

m min min niin
1,8 5,1 7,2 6,5
1,8 5,9 8,4 7,5
2,1 6,7 9,5 8,5
2,4 7,5 10,7 9,5
2,7 8,4 11,8 10,5
3,0 9,4 13,0 11,8
3,6 11,3 15,3 13,6
4,2 12,4 17,6 15,56
4,8 15,86 20,0 17,6
5,4 18,2 22,2 19,8
6,0 21,1 24,95 21,8
6,6 24,2 26,8 23,8
7,2 27,9 29,1 25,6
7,8 - - 27,8
8,4 - - 30,3
9,0 - - 32,7
10,5 - - 37,9
12,0 - - 43,1
12,5 - - 48,4

TABLE D. 3 - Allowed times : preparation cfpine
poles, only felling and cross-
cutting*

Allowed times per pole in minutes -

Pole length 2 labgourers
P. rad, P. pin, B. gan.
m min min min
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* Poles prepared from compartments solely de-
voted to pole preparation. Logs are counted as
poles,
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TABLE D, 4 - Allowed times preparation of pine
poles ’
]f‘:;::[?ma;d de- Cross-cutting
Pfllowed Allowed time in minutes
Stump jtimes |Pole
- 2 labourers
diam. [2 la- diam. P.pln. P. can. P.rad
bourers T e S
cm min cm
8 1,1 5- 8 2,0
10 1,9 9-~12 2,5
12 2.7 13-15 3,0
14 3,5 |16~ 18 3,6
16 4.3 |19- 20 4,1
18 5,0 [21- 24 4,6
20 5,7 - -
22 6,6 - -
24 7,4 - -

Allowances made: Felling and debranching

1. 10 per cent incidental allowance on sawing time

2. 20 per cent resting allowance based on time per
cut B

3. 12 per cent resting allowance for walking

Production sheet ~ pole preparation

Plantation

Compartment 51

Indicate with a cross: 1. Preparation:

Foreman

ope

Allowances made : Crosscuttin

1. 30 per cent for additional cuts

2. 20 per cent resting time based on time per cut.
3. 121 per cent resting time for walking

(2) CONTROL OF THE SCHEME

The production of the labourers must be re-
corded om the production sheet and allowed times
filied in on the sheet,

In all cases the day time will be 54§ minutes.

For work as in Table D. 1, the total length
of the poles wiil be recorded on the production
sheet instead of the total time. In this case the
task will consist of the number of running metres,

Note: No provision is made for thin-end diameters
below 13cm, as this is dealt with under the pre-
paration of droppers,

Date

Species

or 2. debarking;

or 3. preparation and debarking

Team No. Team No.
ble t.ime/| Tearn No. : per—————
le length | T2 i fi Time for T
Fo & pole No. of poles g;]l.:: °T " |No. of poles poles No. of poles poles
Total
Add time for slope
Total .
: 0 = 180 e no allowance
Percentage allowance for slope: 16 - 200 e, plus 5%

2 O 11 plus 10%

31 - 40% il plus 15%

over 40% ..., plus 20%
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C. METHOD OF DEBARKING : MECHANICAL
DEBARKING

Two main methods of debarking may be dis-
tinguished:

(1) The segparation of the bark from the wood
takes place at the area of contact, where the cam-
bium is located. Machines follow this area of
contact.

{¢) By rigid machipes eguipped with debarking
"knives" which cut uniformly through the bark and
wood, giving a uniform shape to the log or pole.
At times the bark may not be completely removed,
and on occasions the wood may be cut.

The Department has adopted the former method,
i.e. removing the bark at the point of contact
between the bark and the wood, leaving the wood
intact.

D. CHOICE CF METHOD AND EQUIPMENT

For the majority of plantations mobile debark-
ing units appear to be the most suitable. When
considering the selection of a machine, however,
the following factors must be considered:

(i) Mobility.
{li) Purchase cost,
(iii) Power required.
{iv) Feed rate and output,
{v) Diameter and length of timher to be de-
barked.
{vi) Crookedness of material machine can peel.
{vii) Wood loss,
(viii) Feeding equipment in relation to the con-
centration of wood available.
(ix) Labour required, and labour qualifications.
(x) Logging equipment best suited to the de-
barking process.

Regardless of the cheice of even the best
machine, the output can be affected by:

(i} Irreguiar feed, i.e. interval between logs too
great.
(ii} Irregular form of logs (knots, creookedness,
etc.).
{iii) Dry wood.
{iv) Conditions of bark (hardness andg thickness),
which affects seasoning, felling and debarking.

The machines tested Departmentally were all
of the cambium tiype, i.e. the bark was separated
from the wood at the point of contact. The methods
tested fell into the following categories:

{i} Breaking cambium tension, using handtools, -
The tension method pulls the cells of the cam-
bium layer apart. The cambium has moderate
resistance to tension, so hand-operated tools
may be used as less power is required. This
method is most successful if applied during
the season of rapid growih and immediately
after trees have been felled.

{ii) Direct crushing types-chain operated machine -

(Fig. D. 9). - The direct crushing type of
machine removes by eroding some of the

bark, and then peels the bark.
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(tii) Indirect crushing types-drum peeler (Fig.
D.11). - The indirect crushing-type of machine
removes by eroding some of the bark before
the cambium is crushed.

{iv) Shear macbhine for rupturing the cambium -
scraper-type (Fig. D. 12), - Shearing machine:
The bark is scraped off with the cambium
by means of shearing tools.

Timber debarked: Poles (both short and long),
posts, logs and pulpwood.

Note: The word poles may apply to all of the above
wood products. Debarking and peeling may be
copsidered as having the same meaning,

E. MECHANICAL DEBARKING

In view of the slowly bui steadily growing
demand for debarked poles, posts and pulpwood,
the Department decided to introduce mechanicgl
debarking methods, particularly in these planta-
tions and preservation plants handling substantial
quantities of this timber.

Initially small,cheap machines of low production
were tested, but as the deraznd for peeled timber
increased, more advanced typesof mechanicalunits
were either constructed Departmentally or pur-
chased. The following types of machines were tested
and employed in plantations or preservation plants:

{i) Chain debarker - friction between tiﬁ'xber
and rotating chain,

{ii) Drum post peeler - friction between timber
loaded in the drum.

(iii) Cambium tangential shearer - machines ope-
rated with sharp shearing tools.

{a) CHAIN DEBARKER (Fig. D. 9, 10}

(1) Semi-mobile process

This machine was originally developed by the
Tenessee Valley Authority, U.S.A.

The machine is portable and consisis of a sieel
frame consiructed from angle iron reinforced with
cross-members on three sides in the middle of
the frame. The cross-members serve for mounting
tha drum and roller from the {eeder side. The re-
maining two rollers on the outlet side are mounted
one above the other in such a way that the poles
can be fed in below or above the revolving drum,
while receiving the roller support from beneath.

A 9mm mild steel chain of twisted link con-
structioa is spanned cross-wise between the drum
flanges and secured with "U'-bolts of 3% nickel-
chrome steel. Tight chains vunder an elastic ten-
sion proved more satisfactory than either slack
or rigwdly fixed chains. Coil springs or rubber
block fittings provide elasticity to the chain.

A V-belt conveys the power {rom lhe engine

. to the drum. The engine used was a Briggs and

Stratton Model 23, air-cooled, petrol-driven, single
cylinder, 4-stroke, developing 6 kW ats$ 200r.p.m.
The engine governor was set Lo Operate at an
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altitude of 1 500m at 2 200 r.p.m., giving the chain
a speed of 850 r.p.m. Under different altitudes
it would be necessary fo alter the governor setting,
The object was to maintain a chain head speed
of 800 r.p.m. under load at haif throitle.

The machine was used for debarking fenceposts
and vine trelllis material, and not for any larger
material, All knots in the timber must be cut off
flush with the wood (not with the bark).

{2) Operation (Fig. D. 10}

The machine is designed tc separate the bark
from the wood by destroying the cambium, which
is the thin layer of cells beiween the bark and
the wood. The tightened chains beat and rub off
the bark without any appreciable damage to the
wood. all of the bark, both inner and ouier, is
remaved.

A post of 11-13cm diameter is debarked by feed-
ing it back and forth across the top of the chain
head. Tts mass holds it against the revolving head
with sufficient force to permit satisfactory peeling.
Lighter posts are fed against tbe lower side of
the revolving head aod from the opposite side of
the machine. The lower roller serves as a fulcrum
when the post is held against the chain. Fatigue
relief should be provided by alternaiing operators
from debarking to handling.

The cost of the chain debarking machine, com-
plete with engine, was R281,00 in 1952.

In Appendix D. 1 are data obtained during pre-
liminary tests with three machine units. The fellow-
ing are the average results of the test:

{{) Three labourers were employed with each
machine.
(ii) Average debarking costs per m? : 261,0c
{including overheads).
(iil) Average debarkingcostsper m>:183,6¢c (ex-
cluding overheads).
{iv) Volume of poles debarked per labour unit:
0,73m3.
{(v) Number of poles debarked per labour unit:
88.
(vi) Total average cost of machine and labour
per hour: 61,0c (excluding overheads),
{vii} Total average cost of petrol per hour:
{@ 4c per 1): 6,lc.
(viii) Total average cost of oil per hour: (@ 15c
per 1} 0,48c.

{3) Conclusion

The chain type of debarking machine proved
tc be too small, with a low ocutpul, and required
considerable manual bhandling of the poles. The
unit should, none the less, be useful on a small
forest where cheap labour is available.

Note: For details see Appendix D. 1 and D. 2.

() DRUM POST PEELER (Fig. D 11)

The drum post peeler was constructed De-
partmentally to a pattern of unknown origin, It
was mounted on a 5 ton truck, and was thus fully
mobile. The machine consists of a small diameter
revolving drum with blunt steel ribs welded in-
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side. Peeling is accomplished by friction between
the poles themselves and between the poles and
the ribbed sides of the drum. At the correct
revolving speed the poles remain parallel to each
other. The hark is removed by gravily through
the apertures in the shell of the apparatus. The
Departmental drum had an inner diameter of
1,04m and was 3m in length, Power was supplied
from the truck engine through the power take-off,
i

Drum cost: Labour R581,60
Material R181,30 '

R762,90

Truck (carrier) 2nd hand R&30,00
Total costs R1 392,90 .

Hiring charges: 2 265¢ per month of 168 work-
ing hours.
Fuel consumption: 2,3 1 per hour.

(1) Test with the drum post peeler

(i) Timber tested - Poles of 2,4m x 8 - 10cm
top diameter derived from the tops of thinned
P. canariensis (31 years old), were used for the
test with the drum debarker. The average pole
had a volume of 0,02m3 Bark on the poles
was l12mm thick, dry and firmly set. Approxi-
mately 60% of the poles was straight, and the
balance was almost straight. All of the poles
were knotty, some of the knot bases being cut
flush with the wood, and others cut flush with
the bark.

A load of 25 poles of the above dimensions
ceccupied approximately 369, of the drum cross-
section area.

(ii) Labour: One European driver - R3,00 per
day. 4 Bantu labourers - 50c each per day.

(2) Operation

(i) A parallel test was arranged simulianeously
with the drum test: one Bantu debarked 25 poles
by hand, using the vineyard spade and a bench.

{i1)  Some poles required a final cleaning of bark
after having passed through the peeler, so cne Ban-
tu with a vipeyard spade was engaged io remove
this bark by hand.

(iit) Two labourers loaded and unloaded the
peeler drum, and also sorted and stacked the peeled
poles.,

Note: None of the men employed in the test had
any previous debarking experience

(3) Site

The site for the drum peeling operation was
flat and large enough to accommodate the opera-
tion. Poles were stacked, loaded andunloaded from
the drum and again stacked with ease and with the
minimum loss of time.

After the preliminary test it was found that a
time of 23 minutes in the peeling drum was suffi-
cient, and that no better results ¢could be obtained
by keeping the load revolving in the drum for a
longer period. The result of the test was as foi-
lows:

594 of the poles debarked was free of bark
41% of the poles debarked was almost free of
bark.
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It has been estimated that the drum post
peeler can only work a maximum of § hours per
day, actually revolving for only 44 hours (approx.)
The balance of the working time is taken up by

- | loading, unloading and adjustment to the machine,

The optimum drum speed was 35 rp.m., i.e
64m’ per minute. At this speed part of the loa&
is lifted almost to the top of the revolving drum
tpen drppped down onio the bottom logs, a condi-j
tion ‘wluch appeared to give the best possible de-
barking results. The "dropping™ action of thepoles
added to the friction as they rubbed against each
other and the grum shell.

(4) Final remarks

The suspension of the truck chassis is hest
left unaltered so as t{o absorb movement of the
drum structure, If the drum is mounted rigidly
breakages may easily occur under the vibration.

A manual control should be installed on the
accelerator to maintain an even flow of petrol,
The installation of an idling screw directly onto
the accelerator did not prove satisfactory.

{5) Work capacity of the drum peeler

During 6 hours per day, actual working time,
and a time of 4 hours 35 minutes actually revolvin§
with a load, 264 poles with a volume of 5,2m
were debarked, i.e.’ 1,13m per working hour.

264 poles = 3 labourers = 88 poles per labour
unit {exclugding driver), 5,2m% + 3 labourers =
1,7m® per labour unit (excluding driver) or 264
poles + 4 labourers = 66 poles per unit (in-
cluding driver). 5,2m3 + 4 labourers=1,3m3
per unit (including driver).

(8) Costs
Hire of drum peeler per month (21 days) = 2 265¢
2 265¢ + 21 days = 108c per day

Hire of drum peeler/day 108c
Wages: One European driver 300¢
3 Baaotu @ 50c 150¢
Total per day R5,08
Overheads (administration) 30% R1,67
Grand total cost per day R7,25
Cost per m® 558¢ + 5,2 m? = R1,07c
excluding overheads)
or 725¢ + 5,2 m3 = RI1,3%

{including overheads)

By hand. - Operation conducted simultaneously
with drum peeler,

1 labourer with vineyard spade debarked 25

poles @ ©,0188 m° = 0,49 m®
1 Bantu @ 50¢ » 0,49 m® =  102¢ per md
Overhead charges - 30% = 30,6¢ per m

132, 6¢ per m3
Note: The labourers' wages guoted were as in 1958

The drum peeler operation was charged with
the wages of a European driver, who only super-
vised the work, and conseguently the production
costs are slightly higher for the drum peeler
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than for the hand labour alo
141 ne, w -
vision was Charged. here no super

(7) Removal of residual bark

The _costs of removing residual bark are in-

gludﬁd dmtathe costs given above, but some addi-
on ata relating to this operatio

in Appendix D, 3. o axe glven

& similar, but larger drum post peeler hz;s
befin pexl'manent.ly instalied in Longmore presar-
vation plant, where the averape dail
as follows: g Y ouput was

Bark soft - crew 21 Bantu (average)

Debarkedpoles: 8 -~ 10emx2,4m long 664

Running m 1 620

Volume in m3 {ub.) 13,1

Volume in m* (0.b.) 20,5

Bark in m? 575
Per labour unit: Number of poles 266

Running m 648

m® (u.b.} 5,2
Total time per pole 2,44 m long 44 gec

Note: 1. European supervision has not been included
as the foreman supervised operations in
the whole pole yard, and did not confine
his supervision tothe debarking at any one
time

2. For details see Appendix D, 3 and 4

(c) MECHANICAL SEMI-PORTABLE
DEBARKER

(1) WORK ORGANISATION

To ohtain full advantage of the capacity of &
fast mechanical debarker a continucus supply
of an adequate volume of wood is essential.
The feeding and discharging of wood should be
arranged in such a way that boitlenecks will not

occur.

A pgeneral laycut suitable for all conditions
cannot be prescribed, as crganisation and planning
depend on the site, terrain, size of timber, trans-
port and storage.

When debarking short wood of standard lengths
short feed conveyors should be used, ia which
case the labourer who feeds the poles inte the
machine will also be positioned clese enough to
the machine to be able to operate the controls.
This will avoid collision of the logs or double

feeding.

Note: The conveyor should not be shorter than the
Togs being fed. The timber to be debarked is
unloaded near the debarker copveyor upon
arrival, as close as possible to the conveyor
s¢ as to reduce handling distances hetween
the stacks and the conveyor. Ii is necessary
to have a reserve quantity of wood stacked
nearby, however, to keep the machine going
should the supply of timber become irregular.
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FIGD.13 SETTING OF SEMI- PORTABLE DEBARKER ON FLAT
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- For semi-portable debarkers the concentration
of timber need not be great, but stacking of tim-
| per for debarking may present a problem owing
to the steepness of the terrain at the site, or
. possibly to roughness of the ground surface. If
- a site cannot be selected to the best advantage
" debarking costs may increase as the handling

- costs increase, Fig. D. 13, 14, 15 show various
4 Jocations of the portable debarking units and pole
© stacks for different terrains,

(2y SITING OF DEBARKING ASSEMBLY IN VA-
RICUS TERRAIN CONJ/DITIONS

Refer to Fig. D. 13 and 14.

Af times in the past mechanical debarkers were
used for debarking poles with dry, fire-hardened
bark. This operation was not fully successful as
a certain percentage of the bark remained, and
had to be removed manually. The illusirations
mentioned above show poles completely free of bark
stacked to one side of the conveyor (to the right
in the sketch), while poles not cleanly debarked
are stacked on the opposite side of the conveyor.
The latter poles had to be cleaned of residual
bark by labourers using tripod benches and vine-
yard spades.

Refer to Fig. D. 14 and 15.

While Fig. D. 13 shows the debarker setiing
on a flat site, Fig. D. 14 and 15 show settings
for two degrees of slope. In Fig. D. 14 the iferrain
has a mild gradient of not more than 59 slope,
50 pole movement along the conveyors is easier,
conveyors may be longer, and the stacking and
loading of debarked poles are more convenient,

Fig. D. 15 shows tihe debarker on a steegp
slope, where an additional road had to be exca-
vated between two existing roads to provide a
convenient location for the debarker. Such a
setling requires considerable bandling of the de-
barked poles from the conveyor to the roadside
where they are to be loaded onto lorries.

In the case of semi-portable or staiionary de-
barkers, storage and handling problems may occur
if timber is delivered to the site by rail. Se-
veral trucks may arrive at once, involving large
quantities of timber to be handled in a short time.
In this case stacking close to the debarker for
direct handling will be virtually impossible, so
"cold-decking” in large stacks will have fo be
resorted to.

Timber stacked in the plant yard may be de-
livered to the debarking machine by means of
wagons, trollies, fork-lifts, or hoisis, dependent
on the conditions.

The State pole preservation plant al Bell-
ville, Cape Province, serves as a good example of
plant lay-out for a permanent debarking site.
A number of parallel narrow gauge railway branch-
lines is constructed, between which wooden ramps
are erected at a convenient height for trolley
loading. Poles irom the¢ railway trucks are un-
loaded and stacked on the olf-loading ramps. The
debarker is moved and positioned against the off-
loading ramp and the poles are simply rolled onto
the conveyor and fed through the debarker. When
the debarking on one stack has been completed
the debarker is moved to the following pole stack
on the same ramp and the process is repeated.

e s

i+ ia F BN

When poles bhave been debarked they are rolled
onto ancther ramp on the opposite side of the de-
barker, from where they are taken by trolley for
seasoning. When the poles have reached the re-
quired degree of dryness they are again loaded
onto trolleys andtakentothe impregnation cylinder

(3) INSTALLATION OF THE DEBARKER

A low installation of the debarker simplifies
delivery of the poles without additional cross-
coonveyors, but the falling bark has to be conti-
oucusly removed from beneath the debarker. Bark
is discharged from the debarker through an cut-
let either in the side or bottom of the machine,
which frequently necessitates the installation of a
bark conveyor below ground level, and usually at
right angles to the machine. in this case a drain
must also be made for rain water,

A high installation of the debarker is only re-
commended for permanent plants. In this case the
handling of bark is easier and the machine can
be kept clean of dirt and bark, but an additicnal
elevator is necessary to deliver the poles to the
feeding conveyor.

(@) CAMBIUM TANGENTIAL SHEAR
DEBARKER

These debarking machines operate with sharp
shearing tools, which cut the bark from the wood.

{1} MAIN PARTS OF THE ASSEMELY

(a) Debarking unit, consisting of:

{i) Two electric meotors, 7,5 and 3,7 kW for
driving the rotor and in and outfeed rollers.

{(ii) Rotor, consisting of 3 debarking tools arranged
on a rotating disc (Fig.D.12).

(iii) Six-speed gearbox mounted on ocutside cover
of unit for easy access.

{iv) In and outfeed rollers.

(v) Sprockets and chains for driving rotor and
rollers.

{h) Waste conveyors, consisting of:

{i) Electric motor, 0,75 kW for drivinz wasie
conveyor unit.

{(ii) Chain for conveying bark from rotor, along
elevator, to discharge point.

{c) Infeed conveyor, comprised of four lepgths
of roller iracks, 3,2in long, and provided with o
driven rollers each. The machines areelectrically
powered, and require a generator to provide power,
or may receive current from electric power lines.
The permanent instaliation at Bellville has six
sockets installed 24,4m apart along the pole re-
cetving ramp, for electric power. supplied by the
Electricity Supply Comnmussion,

{(2) PURCHASE COSTS: - SSDERHAMN-TYPE (See
Appendix D. )

1. Basic price - complete  R6 248,25
2. Freight charges 471,51
3. Landing charges 112,50
4. Commission 654,59

R7 485,65
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FIG.D.18.

GENERAL VIEW OF CAMBIO

DEBARKER.
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(3) ASSEMBLING TIME

At the permanent installation wherepower plugs

! are fitted for the unit, the machine only moves

24,4111' at a time. The time between stopping at
one site and starting at the pext is 12 minutes.

! The cost of such a movement is approximately

R1,19.

" | (4) WORKING PERFORMANCE

The output of the unit largely depends on di-

. mensions, species and the time elapsed hetween
¢ felling and debarking. '

Dimensions: Best results are obtalned with

- poles 4-8m long and 8 - 13c¢cm top diameter,

Species: P. canariensis, P. rsidiata,_li_’.pinaster
and P. halepensis, in order of preference.

For the best results pcles must be debarked .
as soon as possible after felling, but they should -.
not be left longer than the times specified be-
low: -

Summer months: P. canariensis: at least with-
in 3 weeks after felling. Other species (Pinus):
within 7 days.

winter moenths: P, canariensis:lup to 8 weeks
after felling. Other Pinus species: 4 to 5 week
after felling. .-

The bhest machine resulis were obiained after
it had been running for cne hour, with P. capa-
riensis poles 4-8m long and 8§ - 13cm top dia-
meter. The machine operated at 30m/min. with
an output of 1 625 running m per hour, equalling
22,4m3. There was, however, a delay of 7 minutes
due to trolleys having to be replaced. These poles
were very straight and were comapletely free of
bark after the operation, requiring no further
trimming in the yard.

Upon completion of the above test the machine
was kept in operation for a further 4 hours 40
minutes at 16,8 m/min. and a mixed batch of
P. canariensis, P. radiaia and P. pinaster was
put through. Dimensions of the poles varied be-
tween 2m x 5-Tcm to 6m x 12-l4cm. A total of
2604 ruoning m or 42,6m? was debarked during
this time. Sixty one per cent of all poles less than
3m in length and under 8 to 10cm had tc be further
trimmed in the yard.

Conclusive tests have proved that this machine
is not suitable for debarking poles under 8cm
in diameter and less than 2m long successiully.
In addition short, thin poles cause considerable
loss of time as they ride over each other on the
infeed conveyer, causing jamming of the machine,
which necessitates frequent reversals of the feed.

{5) SINGLE DEBARKER PERFORMANCE ANDOB-
SERVATIONS

Refer to Appendix D. 5 for details of the per-
formance of the S6derhamn debarker, Type B, 12
M, including basic costs, repairs, hiring charges,
etc.
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Average debarking costs amounted to 102,4¢
per me.

The machine cost an average of R41,20 per day
and R6,60 per hour.

Output: 39,8 m3 per day; 4,93 m¥ per hour.

A-similar machine was employed in the field,

- moving from plantation to plantation, but nc accu-

rate records of outputs and costs are available.

Since the last Departmental purchase of » semi-

- portable SOderhamn debarker, and following ob-

servations made Departmentally and on trials by
private firms in South Africa and overseas, some-
times involving considerable investment, thelatest
trend is towards fully mobile types of debarkers
suitable for work in compartments.

Difficutties would probably be encountered in
mounting the debarker on & carrier, compiete with
infeed and discharge conveyors long enough to
bandle long poles, but there is reason to believe
that these difficulties could be overcome.

(8) ABBREVIATED DESCRIPTION OF THE
OPERATING PRINCIPLE OF THE CAMBIO
MOBILE DEBARKER

Refer to Fig. D. 18, 17, 18,

The main feature of the Cambio debarker con-
sists of a blunt-edged shearing tool pressed elasti-
cally against the log, penetrating the bark and then
sliding along the circumference, in confact with
the wood surface. Tangential pressure against the

- bark produces shear stresses between thebarkand

the wood sufficient to aovercome the strength of
the cambium layer,

The Cambic debarker is a "hollow head"
machine, where the debarking tools are carried
by a rotating ring (Fig. D. 16b and 17). Tool
pressure is mechasically applied and is almost
uniform throughout the range of the working dia-
meter. Feed is supplied by driven spiked rollers
disposed in a triangle in the front and back of the
head (Fig. D. 16a and 17}. The rollers ride free-
ly over the end of the log and maintain contact
throughout the engagement.

The rotor head carries five spring loaded de-

‘barking tools (Fig. D. 16b and 17). The pulley,

which is screwed to the rear of the head, receives
the driving power for the head from the motor
by means of V-belts,

The processed logs and bark are ejected from
the machine, the bark through alternate openings
in the base or side of the rotor casing, Five fan
blades, secured to the front of the head, propel
the bark to the opening at the side or bottom of
the housing structure (Fig. D. 18).

The following is an outline of the working prin-
ciple of the fully mobile, tracter-mounted Cambioc
debarker, moving from compartment to com-
partment along the narrow forestry roads located
on steep slopes, The conditions are such as those
generally encountered where poles are stacked for
debarking.
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SMALL LOGS (PULPWOOD) STACKED
o FOR DEBARKING.
FI1G, D 20

GENERAL VIEW OF THE “CAMBIO-35"
DEBARKING UNIT, WHEEL TRACTOR MOUNTED.

FIG. D2
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E.499 PROCESS OF DEBARKING - FEEDING LOGS INTO DEBARKER.
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FIG.D. 27 FIG.D.28
DEBARKING WITH MOBILE CAMBIO DEBARKER,TRACTOR DEBARKING WITH MOBILE TRANSVERSE MOUNTED CAMBIO
MOUNTED DEBARKER - TRACTOR MCUNTED.

POLES FED FROM THE FRONT TO THE REAR OF
THE TRACTOR.

OPERATION ALONG A ROAD LOCATED OCN A MILD
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To fully mobilise the machine it is mounted on
a wheel-tractor of approximately 37kW. The de-
barking machine is powered by the tractor engine,
through the power take-off. The whole debarking
assembly is located in an offset position to the
side of the centre line of the tractor {refer to
Fig. D. 20).

On one side of the tractor, opposite the tractor
engine, a hinged, chain type cross-conveyor is fitted
at right angles to the engine. The topof this convey-
or reaches the next conveyor which runs alongside
and close to the tractor engine. The engine is pro-
tected by a metal sheetto safeguarditagainst acci-
dental knocks by passing logs. The second conveyor
mentioned above ig in line with the spiked feed rolls
of the debarker.

The debarking machine assembly i mounted
between, and protruding to the rear of the tracior
rear wheels, with the machine frame fitted to the
tractor frame. The machine frame extends rigidly
to the rear, and the discharge deck- is fitted to
it. The end of the discharge deck frameis supported
by a single self-aligning wheel.

The total overall length of such a mobile de-
barking assembly is approximately ém.

Only short logs or poles of 2-2,5m in length
can be debarked. The diameter of timber for de-
barking depends cn the machine capacity.

Modus operandi

Stacks of logs or poles should be located close
to and parallel to the road bank (Fig. D. 19).
See Fig. D. 27 for stack layout. It is advisable
to find the correct stack size and depth {away from
the road), as this will influence the frequency of
machine movement. The feeding crew's move-
ments from the stack to the machine must also
be considered, as an uninterrupted flow of logs
from the stack to the machine is desirable. In the
case of large stacks, particularly those stacks
extending far from the road, additional manpower
may be reguired to ensure a constant feed. The
correct balance of operations should be determined
and maintained.

Logs from stacks of timber for debarking are
carried by two men, (one if the logs are small)
and placed on the chain cross-conveyor (Fig.
D. 21). As the logs reach the top of this conveyor

they fall onto the second conveyor, Tunning parallel
to the tractor engine, and are pushed manually
tothe debarker feedrollers, which feed them into
the machine. As the head of the log emerges
from the other side of the machine it is engaged
by the outfeed spiked rollers and landed on the dis-
charge deck (Fig.D. 22). Logs are stacked manual-
ly by one or two men (Flg. D. 23).

Lorry-loading methods must also be considered
when the debarked poles are stacked (Fig. D. 24).
Freshly debarked poles are usually left along the
road for seasoning, which requires a special man-
ner of cross-stacking. Sometimes croass sticks or
spacer sticks are used to provide better air
circulation,

No reliable cost figures of the operaticn are
available at present, but an output of 2,3m3 per
labour unit has been achieved,

The economic and efficiency aspects mentioned
above may be upset by the terrain - if road banks
are inconvenient, a concentration of logs in larger
stacks at suitably accessible sites on the road-
bank is inevitable.

Note: The Swedish firm manufacturing debarking
machines has produced a debarker sopositioned
on the tiractor or carrier that logs are fed
transversely into the machine, i.e. at right
angles to the tractor longitudinal line. This
arrangement is suitable for flat country, as
logs are usually stacked on the opposite side
of the road. See Fig. D. 28 for stack lay-out.

Progressive advances in debarking machines
are:

(i) Trailer-mounted Cambio, designed to over-
come the limitation in pole length, which is
preseni with tractor-mounted machines,

{ii) Lorry-mounted Cambio (Fig. D. 25).

Both the above methods employ a crane as an
auxiliary to the operation. The c¢rane is mounted
on the same frailer or lorry as the debarker.

Fig. D. 26 shows the general lay-out of a fwin
production line with common conveyors for a
permanent debarking plant.







Chain debarker - data for 3 machine units obtained during preliminary tests

APPENDIX D, 1

1. Machines 1
2. Total test hours 19 1257 :
3. Hiring costs of machines. Total for test 356¢c 2 120¢ 1 s
4. Total lahour wages during test 1 144¢ 6 235¢c 4 :‘120
5. Total overhead charges (30%) 454¢ 2 50%c 1 7; :
6. Total operating cost for test 1 854¢ 10 862¢ 7 583C
7. Total volume debarkeds- m3 9,6 41,6 26 40
8. Debarking cost per m 203, 5¢ , ’
9. Total pumber of labour units used 9 165630 233320
10. Volume debarked per labour unit m3 1,08 0,69 0,71
11, Volume in m3 debarked per hour 0,48 0,25 0.27
12. Average volume per log - m® 0,008 0,008 0,608
13. Poles debarked (Total 9 200) 1 744 4 927 2 529
14, Total petrel used (@ 4c per litre) 40,51 193,51 144 1
15. Total oil used (@ 15¢ per litre) 0,571 0,571 4,56 1
16. Petrol cost per hour 8, 56¢c 5c 8, 5¢
17. Qil cost per hour 0,3¢ 0,3c 0,65¢
18, Wages - cost per hour 55¢ 40c 48, 6c
18, Machine hire per hour (2 265¢) 168 hr per month - - -

cost of debarking

APPENDIX D. 2

RANDOM OBSERVATION WITH CHAIN DEBARKER

The units were tried with poles frem burnt
areas, but it was found that the poles were da-

The following figures refer to freshly sawn P. radiata poles

Note: Seme differences may be noted in the data shown in the above summary table, which may be accounted
for by the method of booking working hours, Overhead chsirges included in the costs greatly Increase the

maged and the output low, as bark atuck to the
poles. The machines were unable to remove all
the bark and exira labour was necessary to re-
move the remainiog bark, using hatchets,

Date Measurements No. of poles Volume Time Labour
m3 hr units
23.7.58 1,5m x 5 - 8c¢m 538) 0,5
) | 198 6 3
2 mx§8-10cm 110y 1,58
24.7.68 1,m x5 - 8cm 194) 1,1
y | 300 61 a
2 mx8-10cm 106) 1,5
25.7.58 |1,5m x5 - 8cm 209) 1,18
)
1,5m x 8 - 10 em 13) |475 0,13 6% 3
)
1,3Tmx & ~ 6 cm 8) ¢, 03
}
2 mx38 -~ 10cm 24 5) 3,47
973 9,47m3 19 9
: 1,67 x 9em = 0,01 m3

Average pole
Qutput per labourer :

Labour cost : R10,36

Fuel 1,08
Machine hirve : _ 2,866

Total cost per m

R14,08 = §,47 m® =

3

overheads =

1,05 m3 - 108 poles - 187,4 m



APPENDIX D. 3

DRUM POST PEELER

REMOVAL OF RESIDUAL BARK

Poles handled: 22 poles, 2,4m x §-10cm

Time taken:
Leading onto bench: 6 sec x 22

logs 132 sec
Off-loading from bench: 4 sec x 22

logs 88 sec
Removing bark with vineyard

spade 55min. 25 sec
Time taken 9min. 15 sec

Time not alloted 15min, 35 sec

Total time for operation -~ 1 hour 15 minutes

Total number of strokes with vineyard spade:
2 254.

2 264 sirokes + 22 logs = 102 strokes per
pole {(av.).

Note: A minimum of 3 strokes per pole
A maximum of 185 strokes per pole

Per pole
Average time per pole: Leading
onto bench 6 sec
Removing poies from bench 4 sec
Debarking time 2min, 29 sec
Total time for removal of residual
bark 2min. 39 sec

Costs:

1 Bantu per day (6 hours) 50c
Actually working 134 hours

50c x1,25hr - 10,4c¢
& hr

10,4¢ + 22 logs = 0,47c per log
0,47¢ + 0019 m3 = 24,7 ¢ per m3

APPENDIX D. 4

RANDOM OBSERVATION WITH POLE PEELER:
LORRY MOUNTED

The information below applies to asingle day's
observation,

Short poles: Average 2m x 9cm - 0,014 m3
volurae.

Bark dry and over average thickness.

Number of drum loads per day - 11 loads, 0,62m3
each load as an average,

Average drum revolutions per minute: 4.

Operation

Average
per load

Time filling drum

with poles 64 min 11 sec - 18% - 6 min
Revolving 219 mio 39 sec - 66% - 20 min
Unioading 53 min 11 sec - 15% - 5 min

Volume debarked 7,08m®
Poles debarked free

of bark 167 - 37%
Poles almost free
of bark 282 - BuY

Total number of
poles debarked 449 - 1009 41 polesperload

Labour units: European 1
Bantu 5
Total output - 886 running m
Output per Bantu labour unit - 1,42m* - 90 poles -
177 running m.

Costs;

Hire of machine: 6 hr @ 1llc RO,66
Labour: European R3.00
Bantu: 5 @ 50¢ R2,50
Total daily cost RE,16
R6,16 + Tm® = 88c per m?
Overhead charges {30  25c per m*
Total cost 113¢c per m3




APPENDIX D. 5

; OFERATING DATA FOR SEMI-PORTABLE DE~
i BARKER AT BELLVILLE PRESERVATION PLANT

1. MACHINE

Machine: Sgderhamn {Sweden) Type B. 12M;
Serial No, 57187,

Main parts: As described previously for the
Cambium Tangential shear debarker.

Alterations made locally to the machine

{a) Infeed conveyors

(1) Te facilitate adjustment of 8 chains of infeed
conveyor, i.e. to keep them tight, a slot was made
on the outside plate on both sides of the roller
and take-up bolts were fitted to the plate.

{ii} 2 channel-iron stays or irestles were made
for each roller track to facilitate the assembly
of the machine after it has been moved,

(b) lafeed roller arms

To increase the rigidity of the infeed mechanism
a retaining bar of 25mm mild steel was used to
connect the roller holding arms. Ope retainiag bar
was used for each set of arms. This reduced
wear on the friction bearing of the infeed roller
to an appreciable extent,

{c) Retor bearing

To renew the ball bearing retaining wires in
the rotor bearing. This consists of 4 large outer
and 4 small ipner wires, made from 4mm stain-
less steel piano wire, rolled to the correct size.
They can be made locally at an approximate cost
of R2 if a replacement is necessary.

2. TOTAL PURCHASE COST

The following is a deteiled statement of the
costs incurred in comnection with the import of
this machine:

(1) Basic price

R
Portable pole-de-
barking machine 5 447,50

Wasie conveyor,

type 501 B 349,65
Infeed conveyor 451,05 6 248,25
(ii) Freight charges
1 case machinery - 19,6m3 292,78
1 case machinery - 13,2m3 178,78 471,51
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(iii) Landing charges
Wharfage

Lighterage 29 tons @25¢
Landing 29 tons @92¢
Fines {?) 29 tons @5¢

77,02
7.25
26,58

1,45 112,30

{iv) Commission

Differance between basic
and tendered price paid
to 5.A. agents

Total cost

653,59

7 485,85

Assembling, - The machine was assembled and
ready for work the day after its arrival at the
debarking plant.

3. DEBARKER PERFORMANCE FOR PERICD
21.4,54 - 27.7.59

Days worked: approximately 581.

Figures based on the average for 12 months
Total hours worked: 4 772 hours ,
Total output of debarked poles: 23 534 m*

(£3]
(i)
it}

(iv)
{v} (a) Lubricant - 188 litre R27,75
(b) Electrical units
7499 @ 0,47c R2%,62
{c) Labour: European R531,90
Bantu R7 387,50

{d) Transport. Removal
of bark 4 967km @6, 2¢

508,70

RS 28547

{vi) Repair costs
(a) Purchase price of the following: (In Swedish

kroner)
Sw. kr,
3 only debarking tools complete 306,50
3 balance arms 280,00
3 stretchers 97,00
4 draw springs 40,00
3 compression springs 14,00
3 rubber buffers 2,60
3 meters roller chain, 19mm 79,20
5 only, straight coupling links, 18mm 2,05
5 only bent coupling links, 19mm 2,85
2 meters reller chain 25mm 74,00
5 only straight coupling links 25mm 2,65
5 only bent coupling links 25mm 3,50
854,25
Less 140 125,19
769,08



Rate of exchang:g at the time:

(i) Hiring costs of debarker estimated

R for the whole peried. Debarking
unit only. Generator not used at
14,30 Sw. kr. =R2. 169,055 Sw.kr.= 107,56 Bellville R6 561,50
1 only thermal overload starter 22,00 (i) Estimated cost per m3 debarked:
8 OI;E retaining wires for ball 58. 40 Operating costs R8 285, 47
l earing ’ Hiring costs R6 561, 50
Various items from store, eg. Total R14,846, 97
bolts, nuts, V-belts, phosphor —_—=
bronze, ete. 83,17 i.e. 102¢ per m3
(b) Delivery cost of parts 34,00 Cost per day R25,12
Cost per hour R 31
{c) Labour (workshop) European Hours per day 8 hours
Bantu 1671,25 m3 per day 39,8
Total ........ e 1 976,38 m3 per hour 4,93
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I. GENERAL INTRODUCTION

In forest exploitation, skidding {or slippi
fs defined as the moving of timber %rém the EFJE'%;
to the roadside or other point where it will be
loaded. This part of the logging operation is the
most arduous and costly of the exploitation activi-
tles.

The term "slipping" §s usually applied when
animals are used, while the term “skidding" ap-
plies to a mechanical towing means of extracting
timber,

Timber is skidded under various topographical
and soil surface conditions, with or against gra-
dients of varying steepness, in thinnings or clear-
fellings, in mature or immature plantations. Cpera-
tions may be on a small or large scale, and may
be planned in advance, or undertaken as emergency
measures.

Timber may be skidded inthe formoftree length
{tree bole debranched and topped, but not cross-
cut) or in large, long logs, or small, short logs.

1t s therefore evident that 2 wide range of equip-
ment would be required to cope with all possible
skidding situations. No universal skidding equip-
ment exists which will suit all cases, so some
knowledge of existing skidding methods and logging
units and their performance is needed In order
that the proper equipment for each individual situa-
tlon may be selected, to ensure an operation that
is hoth efficient and economical,

Log skidding has developed steadily in the
maturing departmental plantations, te keep pace
with the increase In log size. Manual bandling and
carrying of Hmber and the use of oxen and mules,
gither singly or in teams, were the accepted prac-
tices with the advent of timber skidding operaticns.
As timber increased in size and mass tractors
were introduced, and where difficult skidding cases
demanded special yarding means, highleads and
skylines were brought into use,

Fig, S5.K. 1 shows terrain generally suited to
log skidding by conventional towing means. The mild
slopes in the foreground are ideal for skidding
by tractors or slipping by animals, while the steeper
slopes in the background are well suited to con-
ventiopal highlead operations.

While a knowledge of the major power units is
essentlal, correct choice of auxillary skidding
equipment, or minor equipment, in the form of
chains, slings, cables and their components is of
great importance if the operation 1s to besuccess-
ful. The chapters which follow, deal with the skid-
ding problem in detail, as far as is practically
possible, covering the use of animals and power-
skidding units, as well as the appropriate auxiliary
aquipment,

It is interesting to note that, during the past 15
years, mechanisation has played an Increasingly
Important role in departmental logging operations.
Ten years ago 1 700 oxen were employed in plan-
tations, as compared with 800 at present, although
the number of mules has increased from 700 to
800. Mechanical units, on the other hand, have in-
creased tremsendously in number: for example,
3 tractors were empioyed 20 years ago, a5 com-
pared with 85 belng used at present. Mechanisation
will continue to play a major role in departmental
logging, and will eventually completely replace ex—
traction methods using animals,

MANUAL HANDLING OF TIMBER

Prior to mechanisation and the use of animals
in logging, timber was maohandled from the stump
te the roadside by the workers themselves. This
particularly applies to the early days of exotic
forests in South Africa when timber derived from
early thinnings was generaily small, Light poles
or logs were usually carried by one or two men,
generally supporting the timber onthelr shoulders,
Larger logs were carried by a gang of men,
elther holding the log themselves or carrylng it
by means of hand spars, as in Fig, H. 1, In which
case the log was rolled onto the spars and then
picked up by the men, The next advance in the
handling of timber was the introduction of timber
carriers (Fig. B 2, H. 3 and 4), The one-man ¢ar-
rier (Fig. H. 2) may be used for dragging small
timber, while two-man carriers are used by four
or more men, working in pairs, for carrying heavy
timber (Fig. H. 5).

Timber handling as described above 1s seldom
applied in practice under present-day conditions,
except where logs are pre-assembeld into loads
for tractor or animal skidding, or where the logs
close to the roadside are moved by hand to com-
mence log stacks while other skidding means are
being employed for logs further away in the com-
partment. This only applies te logs very c¢lose to
the roadside, but handling distances may be in-
creased if the slope is favourable, and the ground
surface is without cbstacles.

Rolling timber by hand (Fig, H. 6) is still ap-
plied in the Department, although ouly in isolated
Instances. This is only done in thinnings on steep,
rocky slopes when logs are small, and the terrain
does not lend itself to the construction of slip-
paths for animal skidding, Logs are usually rolled
end over end. Rolling commences from the bottom
of the slope, and logs are first rolled to a central
pile. As the top logs of the pile are rolled, they
tend to slide over the lower logs, which increases
the distance of each movement.
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For general Interest some data relating to
timber bandling and rolling are given below:

Random test - log carrying by single men

As an experiment logs were carried out to the
road by 24 labourers under supervision of a fore-
man. The distapce varied from 50 to70 metres, over
easy terrain with almost no slope. As a result the
following was observed:

Time: § hours 52 minutes -(one working day)
Wages and C.0.L.A. for foreman and 24
labourers: R27, 60

Number of logs carried out: 548

Volume: 55,4 m3 - approximately 69 000 kg
Per labourer: 35 logs - 2,3 m3 - 2870 kg
Average log 0, 065 m3

Cost per m3 : 2760 » 55,4 = 49,8¢c

Note: No figures are avallable for gang carrying
of timber, as illustrated lo Fig. H. 1, as this
method was asbandoned some years ago.

Rolling logs - random test

A short log-rolling test was arranged to deter-
mine the output and cost of pulpwood extraction
on rocky and inaccessible areas with no roads.

182

Two Bantu labourers were engaged In felling,
debranching, cross-cutting and rolling logs over a
400 metres distance down a siope of 220 - 300
thiough standing trees, '

Two trees were felled and cross-cut into 8 logs,
2 metres long with 13 to 20 cm top diameters,
and a total volume of 0,39 m3, Loge were rolled
down the slope and stacked at the roadside,

The rolling job lasted 63 minutes, which in-
cluded resting time, Indicating that two men could
deliver 3,3m3 per day. Reducing this to 3,0 m3
one arrives at a delivery of 1,5 m3 per unit. As
Bantl labourers were pald 80c per day, the cost
of delivery was 53c per m3,

Note: The logs arrived completely debarked, as
they rolled over a very rocky slope. Nodamage
to the wood was evident. The labourers em-
ployed for the test were old and inexperlenced.

One drawback of the log-rolling method is that
standing trees arse llable to he damaged by logs
rolling down the steep slopes in thinnings.
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Material

Lesion required Use

(2 Puncture Anti-tetanus Inject 3 000
wounds any-  serum. 5 ml units subcu-
where on the  syringe, 20 B, taneously, as
hody and any  W.G.hypoder- 500n a8 prac-
wound below mic needle, ticable after
knee and hock. the injury,

(b) Any wound on  Acriflavine in Apply to any
the body, ex- glycerine 1/500, open wounds
cept the eye. bave 2 x 454 cm for 5 days,

bottles, twice daily.

{c) As above. Gentian violet Apply as

in water, 1% above. Alter-
nate {a) and
{(b) until hea-
led,

{d) Puncture Kaolin plaster See direc~

wounds in
feet,

{e) Sore eyes.

{f) General foot
hygiene,

{g) Colic or other
pain,

(h) Constipation

(i) Ticks in ears,

{anti-flogistine

is a proprietary
brand example).

Sulphanilamide,

1 part, Cod-
liver oil - 8
parts.

Hoof pick.
Stockholm tar

tn fish oil, 1:
10,

Chloral hydrate

crystals,

Magnesium
sulphate,

Tick grease,

tions on tin,

Apply 5 drops
3 times daily:

Remove dirt
from feet.
Paint on with
brush on so-
les and walls
at least twice
weekly.

Put a table
gpoon in 0, 56
litre of warm
milk and give
by mouth,

25g in drin-
king water
daily till fae-
ces soft,

Apply to in-
side of ears
twice month-
ly if necessa-
Ty,

Six elastoplast bandages and 1 kg of cotton
wool should be kept on hand.

Periodically a veterinary surgeon shouwld visit
the mules, say once in every four or six months.

D. FEET AND SHOEING

The hoof (see Fig., M 11) is comprised of

the wall or outer shell, divided inte the '"toe',
"guarters" and heel. The heels turn sharply
inwards and run forward between the horny "frog"
and scle to form the bars. The partof the wall that
touches the ground is called the bearing surface,
t6 which the shoe is fixed.
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The hindfeet, which act as apoint from which the
body is propelled, are narrower and more pointed
than the forefeef, which bear the main mass of the
body (Fig. M 12, 13 and 14). The position of the
limbs influences the shape of the feet, A normal
limb, if the feet are properly cared for, will have
a proportionate foot, as in Fig. M 18, while an
abnormal position of the limb will develop an
abnormal foot to suit the shape of the limb. Fig.
M 12, 15, 19 and 20 illustrate regular and irregu-
lar hoof positions and proportionate feet,

In parts of the country the ground is hard and
often rocky and shoeing is necessary {o protect
the foot, or the hoof may become bared and
the sensitive tissue beneath the horn hecome
exposed. Shoeing has been described as a
''necessary evil", but proper shoeing does notharm
the foot, and in many cases, particularly with
young apimals, deformities may be corrected.

Shoeing of mules is not necessary in areas
covered with soft soil and where the surface is
covered with a thick mat of needles. The hoofs
must, however, be trimmed regularly. Level trim-
med hoofs are necessary so that the animal does
not develop incorrect leg postures, and go that the
"frog" may make proper contact with the ground
to perform its shock-absorbing function correctly.

It will soon become evident whether mules
need to be shod or not as the wear of the foot is
greater than the growth when mules work on hard
soil. Mules will develop "boxy" foot if not shod
and the sensitive tigsues beneath the horn become
expased. -

The position of the limbs and feet modify the
action of the animal, and it is necessary {0 ohserve
the position of thelimbs as well as the animal in ac-
tion before shoeing. Iz normal action the feet and
limhs move in a straight line (Fig. M 16) with the
heel coming to the groundfirst. The bearing surface,
on both sides of the quarters, comes to the
ground together. Any abnormalities will be fairly
evident if the basic movements and hoof-marks
are observed (Fig. M 17) and shoes can be selec-
ted accerdingly in order to correct irregularities
and produce weil-proportioned feet.

It is advisable that an experienced farrier
examine the hoofs of mules at least twice a
year. A set of shoes should last irom one to two
months, depending onthe type of work and the ground
surface, and a mule should not go for longer than
a month without its feet being attended to as the horn
may have grown a considerable amount during that
period,

Experienced farriers are few and bhard to find
in the present-day world of mechanisation, and it
is advisabletotrainup younger labourers inthe arts
of shoeing so that they can replace the older
trained men when they are pno longer capable of
work.

{a) THE SHOE (Fig. M 21)

The web is the whole substance of the shoe,
The surface in contact withthe groundisthe ground
surface and the part in contact with the foot is the
bearing surface. A good shoe should conform to
the outer line of the bearing surface to which
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FIG.M.22.
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FIG.M. 25,
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it is fitted and provide adequate coverage to
protect the foot. Nail holes in the shoe should
be large enough to accommodate the nail heads
with the minimum of play between the nail and shoe.

(b) SHOEING

(i) Excess horp should be trimmed off the hoof
to restore normal posture (Fig. M 22).

{it) The hoof should not be rasped or pared to
fit the shoe, but the shoe should be made to fit the
hoof.

(iii) The "frog" may be frimmed of scraggy
pieces.

{ivi The shoe must have a level bearing surface.

{v) H the hoof is unduly dry it should be ciled
with hoof oil.

(vi) When the shoe fits, it is cooled and then
prepared for nailing onby smoothing it and rounding
the edges slightly with a file.

(vii} The nail holes should be so positioned that
the nail enters at the "white line"”, between the
inper surface of the wall and the horny sole,
as shown in Fig. M 23. Nails musi not be driven
too high, but sufficiently high to give a good hold
and keep the shoe tight to the bearing surface.
Fig. M 24 shows the correct way of holding the
shoe for nailing. Where the point of the nail
comes through the outside of the wall it must be
“clinched"”, or bent over, as in Fig. M 23 (left)
and Fig. M 25.

E. FEEDING MULES

(1) AMOUNT OF FODDER TO BE GIVEN

(i} Resting mules

When mules are resting they can bekepiina
healthy conditico oo good grazing alooe, but, if gra-
zing is poor, it can be supplemenied by a high
quality hay. Mules which have been idle for a
long speil can be ready for work within two
weeks if fed on a medium ration of concentrates
and hay, provided that they have not lost too
much mass during the idle spell,

Hardworking mules which have been idle for
a day or two must receive the same ration as the
working mules {more bulky feeds such as wheat
bran can be fed). Sudden changes in rations must
be avoided. The concentrate ration must be de-
creased gradually as the amount of work decrea-
ses until only hay is fed (if the grazing is geod
hay need not be given).

{li} Working mules

Working mules should receive the following
quantities of feed per day:

s For light work: 200 g grain (concentrates)
and 500 g to 600 g of hay {roughage) per 50 kg
of body mass.

e For medium work: 300 g of graip (concentrate)
and 400 to 500 g of hay (roughage) per 50 kg of body
mass,

s For hard work: 400 g of concentrate and 400 ¢
of hay per 50 kg of hody mass.

The above recommendations indicate that the
concentrates pius roughages should total 800 g
per 50 kg of body mass.

Note: The average departmental mule may be
considered as having a mass of between
400-500 kg, thus requiring between 6 and
8 kg of foodstuff per day for hard-working
animals

{2y FEEDING TIMES AND WATERING

Mules should be fed a little at a time, but at
fairly frequent intervals, as they have small sto-
machs in proportion to their size. Working mules
snould he fed at least thrice dally as follows:
i/4 of the roughage in the morning, /4 in the
afterngon and L in the evening., The concentrate
should be given at a rate of 1/3 in the morning,
1/3 in the afterncon and /3 in the evening.
Whenever possible mules should be put out to
graze overnight and over week-ends.

Animals must always be watered moderately
before feeding and moderately aiter feeding just
before working. A mule should not be permitted to
drink its fill just before work or when it is hot
just after work, When animals work in hot weather
they should receive more water, buf the salt
ration must also be raised to 3% of the daily
concentrates instead of 1%. After bard work the
animal should be led until it has cooled down
vefore being permitted to drink.

Note: (i) All foods showld be consumed daily.
If left in the manger there is a tendency
for the warm, moist breatb of the mules
to cause fermentation of the food which
leads to digestive disturbances

{ii) Water should be provided at the spot
where work is performed. The method
of leading mules for long distances to
water is undesirable

{3) BALANCED RATIONS FOR HORSES AND
MULES

The following rations for horses and mules were
selected andrecommended by the "Bureau of Animal
Industry’ of the U.S.A;

(i) Mealies 3,6 kg
Wheat bran 0,9 kg
Lucerne hay 3,6 kg
Timothy hay 1.8kg

(ii) Mealies 5,0 kg
Kaffir corn or legume hay 2,7kg
Mealie stalks 2,7kg

(iii) Mealies 4,5kg
Sova or kaffir beans 0,4 kg
Lucerne 2, Tkg

Mealie stalks 2,7kg
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Note: Timothy hay can be replaced by any of the
South African grass hays, e.g. teff hay

The daily ration above applies to a mule of
450 kg doing medium work. This ration must be

reduced by 1 kg of concentrateandlkg of roughage -

per 100 kg of body mass for mules of smaller
body mass.

The following balanced ration is recommended
by the Veterinary Research Institute, Onderste-
poort, as being suitable for horses and mules:”

Crushed maize or )

whole oats (or un-

dergrade barley) 68% 3,2 kg

Wheat bran 18% 9c0g ;

Groundnut or sun- Eﬁi’:}fgeﬂega’y
flower oil ¢cake meal 7% 350g 450 kg live
Bone meal or dical- mass

cium phosphate 4,5% 210 g

Salt L,5%_ _ 10¢g

100% 4,73 kg

The hay (roughage) to supplement the concen-
trate halanced ration should consist of a mixture
of equal parts of lucerne hay and teff hay, or
lucerne hay and oat hay. The latter mixture can
be fed at the Cape Province centres and the
former at the Transvaal and Natal centres.

A ration consisting mainly of lucerne (roughage)
and mealies (concentrates) has no balance or
ratio between the proteins, easily digestible car-
bohydrates and minerals. Too much mealies in the

ration of heavy draught mules causes the animals’

to get unduly hot, due to the energy value of”
mealies, and makes them soft and shert winded.

One of South Africa's animal feed distributors
has prescribed the following balanced rations for
mules:

40% crushed or rolled oats (or undergrade
bariey)
30% yellow mealie meal
10% lucerne meal
109, wheat bran
8% groundnut cake meal
3% dicalcium phosphate
1%, salt

The animal nutrition expertfrom the Department
of Agriculture has advocated the following balanced
ration for mules: -

50% crushed or rolled oats

30% crushed yellow mealies

129, wheat bran
5% groundnut cor sunflower cake meal
29, dicalcium phosphate
1% salt ’

If balanced rations are to be fed to mules,
the following gdifficulties and complications must
be considered.

e Balanced rations consist of certainpercentages
of various components and the feeds must be mixed
and prepared in certain fixed proportions.

¢ More storage space is required for the com-
ponents of a balanced ration,

e« If a component of a balanced ration i{s not avai-
lable due to ordering or transport difficulties, the
whole balance of the ration is disturbed.

These practical complications arising from
introducing balanced rations are not s0 serious
that they cannot be overcome, but should be taken
into account. A compressed or "cube' form of these
rations would minimise the above complications,

Compressed feeds have the following advan-
tages:

(i) In order to obtain a homogeneous mixture
and because concentrates are more édible and
digestible in crusbed forms, it isfrequently neces-
sary for them to De milled. Fine mesl is not a
suitable feed, however, as it tends to form indi-
gestible lumps. Compressed rations eliminate this
disadvantage.

(if) Animals can chew the food paturally.
(itiy It is more palatable.

(iv) Wastages of concentrates are minimised -
(t cannot be blown away by theWwindor the animals'
breath,

(vJj Cubed concentrates regquire less storage
space.

{vl) Cubed concentrates are as or more diges-
tible than grain in its original form.

(vii)  Cubed concentrates will simplify thecontrol
of feeding.

{viii) Tﬁe movement of heavy substances suchas
calcium and urea te the bottom of the hay is
prevented.

{ix) The food mixtures canheaccurately balanced
in order to supply the mule with the necessary
energy, proteins, fats, minerals and trace elements.

{x} it will obviate the need for preparing and
mixing a balanced ration on the plantations; work
which is usually done by unskilled labour.

(xi) A standard ration could be applied for all
mules,

Large firms, with branches in most of the
major cities and towns, could be approached to
supply a ration of specific compositicn, thus
ensuring a constant supply of food of the required
compesition, The cost of feeding balanced rations
would range from 22 to 25 cents per mule per day,
based on the cost of the feed at R3,22 per 68 kg
bag, and feeding 4,5 kg per animal per day.

See tables in Ap};’)endix M 1 and 2 for quantities

of feed to be given to animals per day, for various
conditions.

Grazing camps

To keep borses and mules healthy and vigorous
they must be put to grazing whenever possible,
especially over week-ends when they are not
working. Apart {rom that, mules prefer runniog
loose in paddocks to being stabled, besides which
green grass is very good for the mules' hoofs.
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In areas where the grazing is poor, grazing
camps may be improved by planting grass, or
lucerne or other legumes or cereals. The best
known hay planted over the whole country, except
perhaps in the winter rainfall areas, is teff.
Some of the lesser known perennial grass types
for grazing and bhay are the following:

Nile grass (nyivleigras) (Acroceras). Thisgrass
is established by planting root cuttings and is
suitable for summer rainfall areas which get 750
to 1 250 mm of rain per annum,

Napier fodder (olifanisgras) (Pennisetum) can
be used in areas with an average rainfall of 550
mm, and is also established by planting root
cuttings. Setaria and Rhodes grass {(Chlorig) can
also be used and are cultivated by sowing seed.

Buffalo grass {buffelsgras) (Panicum) and finger
grass (vingergras) (Digitaria) are recommendedfor
areas with a rainfall of less than 560 mm per apnum,

In the Eastern Province grazing mustbeplanted
due to the presence of the poisonous plant, Senecio
retrorsus, in the natural veld. Grazing of Rhodes
and Kikuyu grass (Pennisetum) is generally used.

For the best advice regarding the type of grazing
to be planted and its treatment the nearest Agricul -
tural Research Institute may be approached.

F. REST PERIODS FOR MULES

If mules are well cared for and regularly fed
and groomed, injuries, hoofs and chafing attended
to, they can work every day of the week during the
whole year. Mules must, however, not pull too-
heavy loads or work too long hours or they will
not be able to maintain the pace day in and day out
without losing considerable mass. Mules should
net work more than 7 hours a day and should
be given an hour break during lunch time.

It is advisable to have 20% more mules on the
plantations than actually required to cope with the
work., These reserve mules can be substituted for
sick, injured or chafed mules and can be incor-
porated inte the working teams if regular rests of
1 day per week per mule are to be instituted.

G, STABLING

Well-drained and ventilated stables should be
provided for mules, with firm, built-in mangers.
Openings under the mangers are undesirable as
the animals are inclined to hurt themselves by
jarring their feet or legs against the sharp
edges.Mules should be well and regularly groomed,

It is advisable to provide crushes near the
stables to facilitate treatment of mules for injuries
or against diseases.

On large plantations where work is sometimes
done appreciable distances from the stables, tem-
porary stables cor shelters can be provided at
different points o save the mules from havigg
to walk long distances each morning and evening.
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2. THE MULE HARNESS AND
LOG-SLIPPING ATTACHMENTS

A. THE MULE HARNESS (Fig. M 26)

The collar breastplate harness bas been uni-
versally adopted for use in departmental planta-
tions, Care should be taken to ensure that the
breastplate is neither too large nor too small for
the size of mules used. [l-fitting harnesses are
a cause of chafing, and when ordering harnesses
it is important to specify whether the mules
are big (15 hands and over) or very small (below
14 hands). The harnesses supplied are usually for
average mules of between 14 and 15 hands.

When ordering harnesses for very small mules
it must be specified that the standard harness will
not be suitable and the breastplate of the required
harness should be 100 - 106 cm long from the
base of the one main buckle to the base of the
other. For very big mules the same priniciple
applies and larger breastplaies than the standard
must be asked for, being at least 115 - 120 cm
long. The use of breastplates wider than 7 ¢m
is inadvisable &5 they cause chafing.

Heavily padded harnesses, as well as the plain
collar type of harness, are not very suitable in
hot or wet weather as they get wet and do not dry
easily. T

The collar type of harness without the breast-
plate is considered unsuitable for use with raules

.in South Africa. The use of this type of harness

requires experienced mule-drivers, especially with
the fitting of the harness on each mule and its
maintenance. After wet weather thepaddedharness
dries very slowly, during which time it cannot be
used as it will cause chafing.

Bridles with blocked winkers are used for
draught mules. Reins are not used for log slipping
operations as the animals can either be led by
a leather bridle strap, or taught to obey spoken
commands.

Leather-covered chain traces arefixedfrom the
breastplate buckle to the swingle where they are
attached by means of steel shackles. Notches in
the swingles may replace the steel shackies for
frace attachment, the chains being looped around
the notches, but this method is inclined to weaken
the swingles. Notched swingies are notshowninthe
drawings.

A grab hook, with orf without a swivel, {5 attached
to the log side of the swingle for hooking the logging
chain. As this hook firmly grips the chain over
the link it facilitates shortening or lengthening at
will. This is important from the point of view
of traction, manoeuvrability and safety over various
configurations of terrain during the slipping trip
with logs. The importance of using a grab hook
is fully dealt with under “log slipping”.

Detalled specifications of the mule harness
and specifications and drawings of auxiliary
equipment can be found inthe attached appen-
dix

Note :
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FIG.M.28.

A%
jﬁ& SEAT OF INJURY CAUSED BY BRIDLE. —

THE WRONG METHOD .
OF COUPLING MULES. SEAT OF INJURY CAUSED BY THE CORRECT METHOD
AS A PRECAUTION
AGAINST INJURY.

SEAT OF INJURY CAUSED
B8Y BACK SADDLE.

SEAT OF INJURY CAUSED BY BIT.

SEAT OF INJURY CAUSE BY TAIL HARNESS

SEAT OF INJURY CAUSED BY THE
STRAP

BREASTPLATE.

SEAT OF INJURY CAUSED BY GIRTH

SEAT OF INJURY CAUSED BY TRACES. ATTACHMENT.

SEAT OF INJURY CAUSED BY GIRTH,

MULES.
DIAGRAM SHOWING THE SEATS OF INJURIES CAUSED BY

THE HARNESS.
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FIG.M.30.

HOOKING THE CHAIN TO THE SWINGLE
GRAB HOOK.

A CHAINED BUNCH OF LOGS 5
HOOKED TO THE SWINGLE GRAB
HOOK.
FIG.M.32. / ] o il A
T i ASSEMBLING A LOAD FOR MULE
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“'.i J:
:._i e

i § 233




1244

WHEN TURNING SHARPLY WITH THE

MULE TEAM, THE

SWINGLE MUST BE LIFTED TO PREVENT

FIG.M.33.
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MULE SWINGLE WITH GRAB HOOCK

é FIG. M. 36 % OX YOKE
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e Lot

HAIN.
GRAB HOOK TREK ¢ N

LOGGING CHAIN.

SLIP HOOK.

MULE SWINGLE WITH GRAB HOOK, TREK CHAIN WITH GRAB HOOK,
! LONG~CHAIN SLIPBING SHORT~-CHAIN SLIPPING
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FIG.M. 37. .'Rl

LONG CHAIN CAUSES
HANG-UPS. ON CORNERS.
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FIG.M. 38
SHORT CHAIN PREVENTS
HANG-UPS

FIG.M. 39. LONG CHAIN FOR DOWNHILL SLIPPING.

SHORT CHAIN FOR UPHILL SLIPPING.
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The following are some hints concerning the
application of log-slipping attachments used with
animalis for log slipping operations:

{i} The traces can be attached to the mule swingle
shackles by welded links, by shackles, or by
cold-shut links. The latier are recommended as
they are easy to fif using only 2 hammer, and
when locked they present a smooth surface which
cannot harm the iegs of the animals. Use 11 mm
coldshuts for ¢ ram chain,

(ii) Cold-shut links can alsobeusedfor attaching
the grab hook to the swingle and for repairing the
broken chain.

(iii) A split link can alsc be used for repairing
the chain as a temporary measure inanemergency,

B. THE MULE IN HARNESS

(1) The breastplate used in plantations is the
same as that used by farmers for their mules
employed to pull wagons etc, The point of attach-
ment to the wagon thill is located bhigher than the
point of attachment of the swingle to the log, hence
the back saddle strap proves too short for large
mules employed in log slipping, and must be
lengthened beyond normal or it will cause rubbing
of the mule's crest. Flg. M 28 illustrates how
various parts of the harness may cause injury to
the mule,

(2) Two mules pulling in tandem (single file)

were tested in the Department and the followiHgS -

discovered: .

(i) The arrangement of the harpess requires both

mules to pull in one Une, which is difficult °

to achieve because the traces of 'tl;e front and
rear mules pull at an angle. Under -these
circumstances both mules experienced con-
tinuous jerking when pulling, which disturbed
them, and more nervous animals tended to
slacken the traces, with the result thaf only
one mule was actually pulling,

(ii) The traces of the "leader' were suspended
on straps hanging from the breastplate buckle
of the "wheeler" and constant additional {erking
occurred on the breastplate, which annoyed the
animals. -

[T
(iii) As the traces of the leader passed close to
the ground they were inclined to interfere with
turning, i.e. the wheeler often oversteppedthe
traces of the leader.

(3) When a four-mule team or larger is used in
tandem (pairs), the swingle of the leader pair is
suspended from straps attached to the halters of the
wheeler pair. This unfortunately produces strainon
the necks of the mules carrying the swingie. Apart
from this, when the terrain undulates sharply, the
heads of the hind pair of mules are pulled down
to the ground as the leader pair negotiates sharp
drops. Fig. M,27
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There is, however, no satisfaciory solution to
the problem, apart from using a neck strap for
the attachment of the leader swingle, but in this
case the swingle could rub against the breast of
the hind pair, causing injury, or slide to the side
of the mule's head {see Fig. M 26).

Overlapping the traces of the leader pair and
connecting them to the swingle of the wheeler pair
was also tried, but without success. In this case
the traces were tco low and interfered with the
mules' movements, especially on turnings.

(4y Mules should not be worked excessively
during wet weather asawet harness causes chafing
and aggravates it when itdries, asitbecomes hard.

(5) While the mules are shedding their winter
coats they are more susceptible to being chafed,
and must be given regular rests or work shorter
hours.

C. LOG SLIPPING WITH MULES

Before slipping, small logs should be prestacked
in the compartment, as illustrated in Fig. M 29,
to accelerate the slipping process and to simplify
the operation. Assembling aloadgenerally accounts
for a large perceatage of the actual slipping tire.
Fig. M 32 shows the assembling of a load for a
single mule in the compartment, where no pres-
tacking was done.

When furning a mule team to gain access to the
logs, overstepping of thetracesisafrequentoccur-
rence, usually causing loss of time as the team is
'straightened out" and sometimes even injury to
the animals' legs. It is a good practice for the
mule driver to lift the swingle, as in Fig. M 33,
to prevent overstepping while turning the team
sharply,

Note : Two chains are hooked to the swingle in
the illustration

The logs are secured for slipping by means
of the logging chain, which is 2 m long, fitted with
a ring at one end and a logging slip hook at the
other (Fig. M 64). The chain is passed round the
log, then through the slip hook as in Fig. M 31,
and finally hooked to the mule swingle. If the
swingle isg fitted with an ordinary hook, the ring of
the logging chain is slipped over the hook 4s in
Fig. M 30,

A grab hook fitted to the swingle, as in Fig.
M 31, 34, 35 and 36, has the following advantages:

(i) When slipping over level ground or uphill,
the chain can be shortened, as in Fig. M 34,
in order to give an easier pull, as the head of the
log can be "lifted" slightly. Fig. M 40 shows a
two-mule team slipping a log uphill with the logging
chain "short hooked" to the swingle grab hook.

{(ii) By shortening the chain on turnings the log
head closely feollows the mule and hang-ups can
be avoided. Fig. M 37 shows a hang-up caused on
a turning when a long chain' was used, without
a swiogle grab hock, Fig. M 38 shows how this
hang-up could have been avoided by usinga swingle
grab hook to shorten the chain.
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FIG.M. 42. R

HIGH STUMP CAUSES HANG-UP

FIG.M. 44,

SMOOTH: SLIPPING -OBSTRUCTIONS
REMOVED.
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‘FIG. M. 45 )
— BERLIN TIMBER SLEDGE (ANIMAL DRAWN)
FOR TIMBER TRANSPORT.
ALL DIMENSIONS IN mm
e 310
UPRIGHTS
8,1 x 9,5FLAT [RON.
T T
| — ol i T
i R i s
L w20 ] =
SLEDGE BEAMS SHOD WITH 100 x12FLAT IRON.
A POLE IS TIED OVER THE BACK CROSS-MEMBER
TO GIVE THE SLEDGE A FOREWARD CANT WHEN
LONG POLES ARE LOADED.
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FIlG.M.50.

FOUR -MULE_ TEAM WITH SLEDGE
"IN TO THE LOGS WITH

QADING PULPWOQOD

NTO SLEDGE.

FIG.M.51.

OFF-LOADING _AND smcxlhﬁ/n ROADSIDE.
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J -HOOK USED ON THE FRONT LOG OF A TURN IN

MOUNTAIN SKIDDING

FIG.M.52

R

(oo I Rl

s T-HOOK ASSEMBLY

"THOOK ATTACHMENT

APPLICATION
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FIG. M. 55

@ INHAUL CABLE. 13 mm
@ OUTHAUL CABLE. 9,5 mm

@ SOFT-EYE SPLICE, 11 mm DIA. WIRE ROPE

@ 16 mm D-SHACKLE, LARGE TYPE

@ 50 mm DIAMETER SWIVEL

@ RING. 127 x 19 mm

@ 13 mm D-SHACKLE, LARGE TYPE
38 mm DIAMETER SWIVEL

@ SOFT EYE SPLICE, 9,5 mm

16 mm D-SHACKLE

RIGGING BUTT FOR ANIMAL DRAWN CABLE. Q

@ EYE WITH OVERLOOP CLAMP.
@ RING SWIVEL, 19 mm

@ RING SWIVEL,13 mm

13 mm MATERIAL DIAMETER RING
@ 9,5 mm CHAIN

9,5 mm SLIP HOOK




(iii) Wwhen slipping downhill, the chain can be
lengthened as in Fig. M 36 ib order 10 protect
the mule's legs should the log slide down unex-
pectedly (Fig. M 39).

(iv} When returning to the woods for a fresh
load, the logging chain can behookedas illustrated,
in Fig. M 35, topreveni the slip hook from snagging
stumps, roots, stones, etc.

Note : A 15 to 20 degree angle of pull on the chain
is most advantageous, and this is ¢ontrolled
by chain length, which can in turnbeadjusted
by the grab hock '

When the load has been hocked it is slipped to
the roadside stacks as in Fig. M 41. This illustra-
tion shows the mules straining with an overload
of logs, which should be avoided where possible.
Overloads are commeon whena load, which the mules
could normally pull with ease, i3 hooked to the
swingle for downhill slipping. Approach to the road-
side stacks is often along level ground, however,
consequently the easy load for downhill slipping
then exceeds their normal pulling capacity over
level ground.

To ensure a smooth slipping operation it is
essential that slip paths be kept clean and free
of obstructions. Fig. M 43 illustrates: (a) cutting
through a windfall trunk lying across the slip path;
(b) removing branches and slash from the slip
"path; (¢) cutting down bigh stumps with a bow saw;
and (d) cutting down high stumps with an axe.
Any protruding rocks or stones which may hamper
slipping operationsjshould be removed if possible,
or eise the slip path should bypass them. Slipping
efficiency is increased when slip paths are free
of obstackles, as in Fig. M 44.

Note : It is difficult to predict the route of a
temporary slip path in advance of the ope-
ration, but obstacles should be removed
immediately they are encountered

D. USE OF' A SLEDGE FOR LOG SLIPPING
BY MULES

Beveral typesof animal-drawn sledges havebeen
used from time to time in the plantations, but the
most common type is that shown in Fig. M 45.
This type of sledge is easy to construct, is light
and short and has a capacity of from 0,5 to 0,8 m?
of short, small logs.

The chain from the animal team swingle is
aitached to the drawbar hitch andno thill, shaft
or disselboom is used. Tobrake the sledge on steegp
slopes, one or two logs can be chained behind the
sledge, or chains can be wrapped tightly round the
runners.

Fig. M 46 illustrates how small logs or pulpwood
are carried by hand inlhe compartment and stacked
beside the slip path, preparatory to being loaded
onto the sledge and slipped to the roadside. Tig,
M 47 shows how the pulpwood hook can be an aid
to carrying and stacking small logs.

Fig. M 48, 49, 50 and 51 illustrate a four-mule
team slipping smell logs or pulpwood by sledge.
Loading and unloading of the sledge are done by
the labourers with the team. Loads are assembled
in the compariment as previously shown.

E. SPECIAL CASES FOR LOG SLIPPING
BY MULE

(a) USE OF THE 'J"-HOOK IN LOG SLIPPING
WITH MULLES

Fig. M 52 illustrates the use of a J-hook for
slipping logs over dangerously steep slopes. The
J-hook is attached to the log by means of grabs,
the points of which are driven into the side and
front of the logs respectively as shown. The ring
of the logging chain is then placed over the J-
hook itself, while the other end of the chain, with
the slip hook, is secured to the swingle grab hook.

The J-hook is used when there is a danger
of the slipped log sliding down and over-running
or runping inte the mule. Should the log start to
slide, the mule is swung aside from its course
angd the log slides harmlessly by. I the log con-
tinues to slide the chain ring easily slips off,
thus preventing any injury to the animal.

{b) CABLE SLIPPING (Fig. M 53, 54, 55

Isolated cases occur where insignificant volu-
mes of small logs derived from thinnings are to
be slipped down steep slopes in small plantations.
The use of cable slippipg with mules has proved
a practical solution.

Conditions. Slopes with a gradient of 25° and over;

soil smooth and soft; rows of trees planted at

right angles to the rcoad; bridle path in the com-
pariment above the road; distances between 70
and 100 metres; log slipping downphill,

A 9 mm diameter wire rope cable of suitable
length is used with the rig for log chaining as
shown in Fig. M 55. Two snatchblocks are attached
to stumps by wire rope slings at the corners of
the road and bridle path.

The illustrations of the operation are sell
explanatory, the empty rope being pulled up to the
logs by a single mule walking along the bridle
path (Fig. M 53) and the chained logs pulled down
to the road by a two-mule team walking along the
road (Fig. M 54)}.

To preveni the logs from rolling against the
standing trees it is sometimes necessary io
provide slip paths.

The log slipping output is low and castly and
the method cannot be recommended for use other
than in emergencies. The siogle advantage of the
operation is, however, that the remaining trees
are undamaged, which would not be the cdse if
the logs were rolled down by hand.
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FIG.M.57

REMEMBER THE HORSE MIGHT START SUDDENLY.
TAKE NO CHANCES.

FIG.M.58

THIS IS A COMMON CAUSE OF ACCIDENT IN SLIPPING
WALK JUST BEHIND THE LOAD (F POSSIBLE,

TAKE NO CHANCES LIKE THIS.

WORK FROM THE SIDE OF THE
LOGS .

SAFETY WITH ANIMAILS
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{c) MULE SULKY

A home-made mule sulky, illusirated in Fig.
M 56, was tested for log slipping with a two-
mule team, but it proved cumbersome fo manoeuvre
among the debris and forest litter with its dissel-
hoom and rigidly harnessed mules. To position the
sulky near the first log presented no problem, but
great difficulty was experienced in appreaching a
second log once the first was on the sulky. Logs
were rolled to the sulky by hand or had to be slippad
te the sulky by another team of mules, which was
& time and labour consuming operation,

In view of the above it was decided to abandon
the use of this device, particularly considering
the general unevenness of the forest floor and the
close proximity of roads in the plantations.

An improved type of sulky may be useful where
longer slipping distances are involved over a level
and smooih forest floor and where access to a
sufficiently large number of logs will present no
problems.

3. WORK PERFQRMANCE OF MULES

A, TRACTIVE POWER

It isvery difficult to accurately judge the working
capacity of 2 muleas only speed and tractive power,
of all the relevant factors involved, can really be
messured,

Tractive power is the power exerted upon a
load.

Maximum {ractive power is the power used to
bring & stationary load into motion and for prac-
tical purposes this power may be considered to
be equal fo half of the animal's body mass, i.e,
225 kg for an animal mass of 450 kg.

Normal tractive power is the power that is re-
quired to keep a load in motion once it has started
to move and for practical purpeses this may be
considered as being equal to 1/10 to 1/8 of the
apimal's body mass. For forestry purposes where
the animal pulls for shorter distances with more
ifrequent intervals of rest, the normal tractive
power may ke increased slightly when working on
level ground or gentle slopes.

The maximurm practical capacity of a mule will
thus be 56 kg at a speed of 5 km per hr. These

figures represent the mule's pulling capacity on
level ground.

B, FACTORS INFLUENCING
TRACTIVE POWER

{a) GRADIENT

Considerably greater power is required for up-
hill gradient. It has beenacceptedthat the necessary
tractive power for 1 000 kg on wheels increases
by 18 to 22 kg for every 1% of climb. The tractive
power of the mule also decreases as the gradient
increases, as if musi pull its own mass as well
as that of the load, and the gradient can become
so steep that the animal can later only carry its
OWN IASS,

{(b) BODY MASS

This is an important influence on the tractive
power, particularly when maximum tractive power
is required over short distances.

c) AGE

Age has very little effect on the towing capacity
of mules between the ages of Tand 15 years, except
when the animals are in poor condition.

{d) HARNESS

The correct harness that fits well is imporiant,
as sore shoulders, more than fatigue or loss of
mass, limit tractive power.

(e) DRIVER

A good driver achieves morethanapoordriver.
The use of a whip is inclined t0 make the animals
irritable, nervous and stubborn.

() REMARKS

The above information is only of a general
nature, as all research on the subject of tractive
power was carried out overseas, and referred to
horses, which usually have a greater mass than
departmental. mules. The information has thus little
practical application for South African conditions.

C. WORK PERFORMANCE NORMS

Tahles M 1and M 2 of volumes to be slipped
daily by mules have been determined for plantation
use.
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TABLE M 1 - Estimated volume to be slipped daily by each mule

Average . Expected volume to be slipped per mule per day in m3
distance Time per load |6-18° down 1-59 down 0-52 up 6-102 up
"~ 10,17 m3 per lozd|0,113m3 per load | ¢,085m3 perload 0,057 m3 perload

m min m3 m3 m3 m3
0- 20 B 3,5 26,18 17,40 13,09 8,78
21 - 30 4,6 19,89 13,22 9,94 6,67
31 - 490 5,7 16,15 10,7 8,08 5,42
41 - 50 6,8 13,43 8,93 6,72 4,50
51 - &0 7,9 11, 56 7,68 5,78 3,88
8 - 70 8,9 10,37 6,89 5,18 3,48
71 - 80 ig,0 9,18 - 6,10 4,59 3,08
a1 - 90 11,1 8,33 5,54 4,18 2,78
91 - 100 12,2 7,48 4,97 3,74 2,51
101 - 110 13,3 6,97 4,63 3,48 2,34
111 - 120 14,3 6,46 4,29 3,23 2,17
121 - 130 15,5 5,85 3,96 2,98 2,00
131 -~ 140 16,5 5,61 3,73 2,80 1,88
141 - 150 17,6 5,27 3,50 2,64 1,77

Particulars for caleulations:
(a) Walking time 3,28 sec per m
(b) Hooking and unhooking time per load 8¢ sec

(c) Distance used for calculations - the largest number in each range i.e. 21-30¢ m range the time is cal-

culated for 30 m
(d) The maximura per mule per day is 15,28 m3

The distance used is the average between the
furthest and the closest distance from the roadside
stack.

TABLE M2- Load sizes for a single mule

Degree of slope Up or down |Average volume
slipping per load
6 - 180 down 0,17 m°
1- 50 down 0,11 m3
0- 5° up 0,08 m3
6 - 10° up 0,06 m3

Note: Ifthe volume of a log exceeds the permissi-
ble maximum then two or more mules must
be used

{a) The above normis were achieved under the
conditions indicated 1n Table M. 2.

(o} Number of labourers for 6 mules - 13
(see duty sheet). One labourer is permitted per
mule and 1 labourer per 17 m? for log stacking
at the roadside,

{c) A duty sheet for a team of labourers with 6
mules is given in Table M, 3.

{d) Slopes given are the maximum possible,

{e) Speed allowed: Speeds al which mules can
slip:

2,7 see/m
3,3 sec/m

Stope 3 - 189 down
Slepe level to 109 up

TABLE M. 3 - The duty sheet

Team |Number of
No, [|lsebourers
1 6

Duties of the team

These labourers are responsi-
ble for the mules, the hooking
of logs and slipping to the road~
side, including unhooking.
Three of these men shall take
the mules to and from the sta-
ble or camp in the moreing and
evening, When the mules are
absent, the remaining 3 labou-
rers will assist team 2.

These men are responsible for
opening slip paths.

These men are responsible for
stacking slipped logs. Logsrol-
led to the stack before the ar-
rival of the mules will be in-
cluded in the calculations for
the number of logs per day.
The exploitation foreman must
check the daily production sheets
and see that the mules are well
cared for,

Mules walking' to and from work or froem com-~
partment to compartment are allowed 12 min/km

{fy ~Distribution of time. The percentage time
per day that a muleactualiy pulls aload is indicated
in Table M 4 for an average slipping distance of
50 m,

{g)  Method of stacking logs. The logs arehooked
in long and short log lengths and slipped to different
stacks accordiog to the length group. Logs 2-3 m
long are regarded as short logs and logs over 3 m
as long logs. .
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: TABLE M 4 - Operation time analysis : average slipping distance of 50.m

. Number of Hooking and un- | Walking time walking time | Percentage of
Load in m3 loads/day hooking time/day| with load without load day under load
m3 sec sec sec %
0,17 90 11 070 11 250 11 250 a3
0,11 90 7 200 13 500 13 500 39
TABLE M 5 - Actual production: two-mule teams
Case Mules ;"arzz'l'g:rs with Per mule team 'il"nlgnrzased Volume Decrease in log
No. 1a i Asgsermn- Stacking © tri slipped silpping output
team Leader Driver bling load | load pe P
min sec m3 m3 %
1 2 1 - i Specfal unit ! Rasis 11,3 - -
2 2 1 - Leader Special 1-18 8,5 2,8 26
unit
3 2 1 1 Leader & 0-38 9,4 1,9 17
driver
4 2 1 1 Leader and driver 1 - 40 7,6 3,7 32

side.

D. CONTROL OF OPERATIONS

(1)  When commencing work ina new compartment
the forester must determine the number of logs
to be contained in a load.

(2) The number of logs slipped daily multiplied
by the volume of the average log will give the
volume slipped per day. This figure, when divided
by the number of mules, gives the volume slipped
per rule per day. This volume can be compared
with the estimated volume te be slipped as given

in the table.
Note : The average log volume can be determined

from the felling and cress-cutting production
sheet or by a test arranged for log slipping
during the first day.

(3) If 45 m3 of logs are slipped daily a head

(4)  The forester or his representative shall check
the distances slipped every alternate day.

(a) ALLOWANCES MADE

All times were normalised.
123% was allowed for rest and incidentals.

(i)
(2)

(b} TIMES ACCEPTED

Hooking and unhooking time: 123 sec per load.,
Walking time: 2,7 sec/m

{1)
(2)

(¢) IDLE TIME

Is allowed when there are no logs slipped or
when the work is held up due to rain.

Note : The above efficiency data have been accep-
ted by the Depariment

labourer shall be appointed to count the logs. .

Note: Under the above conditions, assuming the cost per m? delivered at the road-
side to be 35c and the wages of the daily labourers to be §5¢, it would pay to
employ additional labour for each team to assemble logs and stack at the road-

E. RANDOM OBSERVATIONS
{a) SPECIAL, STUDIES OF A 2-MULE TEAM

A number of methods of log slipping by mules
under various conditions have beeninvestigatedand
comparative data obtained. The purpose of the in~
vestigations was to determine the number of la-
bourers required and how they shouldbe employed.

Table M 5 shows data for two-mule teams
showing the number of men required and log-
slipping output. Logs were pulled usipng chains.

WORKING CONDITIONS

The average distance slipped was 70 m and the
average load per trip was 0,17 m3. The mules
averaged a walking speed of from 0, 9-1, 2 kra /hr,
66 trips were done per day, with the output of two
mules being 11,3 m3,

All slipping was carried out on a downhill gra-
dient of 5°, althouth some portions had a gradient
of as much as 20°,

{b) SPECIAL STUDIES OF 4-MULE TEAM

An investigation more or less similar to the
above was carried out for a team of 4 mules; the
one team slipping chainedlogs and the other slipping
by sledge. The 4-mule team with chains was
employed in order to slip large-sized logs orpoles
which were beyond the pulling capacity of the two-
mule team.

In the caseof smaliler logs, however, assembling
& load of suitable volume for a ¢-mule team proved
cumbersome and uneconomical. Thereforea sledge
for slipping shorter logs wastested with the 4-mule
team, but little improvement was noted when com-
pared with the smaller logs slipped with chain by
single or two-mule teams.
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Sledge slipping is only practicable over smooth,
level ground or evenly rolling slopes. On slopes
of 10-150 and more, brakes have to be applied

! {0 the sledge in the form of logs chained behind

the sledge or chains wrapped round the sledge
runners. Both methods are time consuming and

1 involve a delay of up to 5 minutesper trip. Besides

the above factors, logs must be carried to the
seiected sledge path over distances of 25 much as
30 to 40 metres, involving three or more labourers.
The number of these labourers depends on the sledge
sliapping distance. The labourers can carry 5,5-7,0
m< per day, the logs being stacked in stacks of
0,5-0,8 m3, When the mule team arrives, the logs

i are loaded onto the sledge by the leader and driver

of the mule team, who alzo havetounload and stack
the logs manually at the readside in readiness for
loading onio lorries.

It is obvious from the above that the sledge
slipping method is out of date and can only be
advocated under certain conditions, i.e. for very
smail-sized logs in small, isolated plantations
where long slipping distances are involved.

Further details of log slipping by sledge are as
follows:

Three labourers were used to deliver small
logs to the selected sledge slip path and stack
them, their daily output being 7,08 m3 per labourer,
over a distance of 30 to 40 metres,

(1) Case (i) Third thinning, slope 5-10° down.
Log slipping was down to the readside
over an average distance of 70 m
Speed of the towedsledge: 3, 2km/hr
Total distance per day: 7 km
Average sledge load: 0,57 m3
Loading the sledge by leader and driver
took 4 min/30 sec.

Unloading and stacking at the roadside
took 1 min/25 sec.

The average trip lasted 12 minutes,
the daily outputbeing 4,5 m3per labour
unit.

{2) Case [ii) Firstthinning, {from1330to740 s.p.hg
- slope 109 down to the roadside over
an average distance of 90 m
The speed of the sledge was 1,6km/hr
Averag3e siedge load was 19 logs, or
0,92 m
Loading occupied 4 minutes, unloading
and stacking 3 minutes.

Attachment of brakes (logs) occupied
& minute.

Detaching and stacking brake logs: 2
minutes.

The average trip took 184 minutes, the
daily log-slipping cutput being 18,4 m
or 3,7 m3 per labourer.

{3) Remarks

If due consideration is given to the different
slipping distances and time lost in case (ii} for
the attachment and detachment of brake logs, the
output was more or less the same in both cases,

Note : In both cases unloading ang log stacking at
the roadside was done by the mule leader and
driver
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{4) Conclusion,

The stedge should only be used te slip small
logs over long distances, say over 150 m, when
slinging the logs for single mule slipping is incon-
venient,

(5) Advantages

A uniform load equal to the capacity of the
team can be maintained throughout the operaticn
and the logs delivered will be free of dirt.

¥, SAFETY PRECAUTIONS FOR
LOG SLIPPING BY MULESB

(1)  The mule used for log slipping shouldbe well
trained, not nervous, not too young and not too old.
Youpg, untrained mules should only be handled by
experienced muleteers.

{2) The harness should be in good condition, wetl
oiled, and must fit the mules well, with adjustable
traces.

(3) The mule swingle should be of sound wood
and preferably fitted with a grab hook so that the
log chain can be adjusted easily, lengthened when
going down and shortened when slipping on the
level, uphill or taking corners.

(4)  All fiitings and particularly log chains, be
inspected ai least weekly for cracks and wear,
and defective fittings shouldbe mendedor replaced.

(2) Under no circumstances may the chain or
harness be repaired with wire as this may cause
injury to the rule.

{6) Ensure that the mule is inside the traces
before commencing actual pulling.

(7) When turndng the mule the trace swingle must
be lifted to prevent injury to thelegsof the animal.

{B) Slipping logs by mule should only be applied
in easy slipping conditicns, where there is no risk
of injury to the animals.

{9} Keep slip paths in good slipping coadition.
{10) The chance of loads rolling over the edge

or striking an obstruction can he avoided by well-
placed fenders along the side of the slip path.

(11) Remove projecting snags and roots inorder
t0 reduce hang-ups and danger.

(12)  Avoiding uphill pitches andboggy places will
lessen strazin on both mule and driver and thus
reduce accidents,

{13) The mule-driver should never attempt to
ride on the load or walk alongside it. If he does
a sudden roll or jerk can throw him under the load
(Fig. M 38). If he is alongside the load can easily
roll towards him andpinhim againstatree or bank.

(14)  All slipping mules in plantations are driven
without reins, some of them responding merely tc
words of command. In this case the driver siays
behind the load and is safe.




DROP-FORGED STEEL COLD-SHUT LINKS.

NOTE: FOR CONNECTING AND REPAIRING COIL CHAIN. [N
ORDER TO ASSURE AN EXTRA FACTOR OF SAFETY.

IT 1S RECOMMENDED THAT A COLD SHUT BE USED,
ONE SIZE LARGER THAN THE CHAIN TO BE REPAIRER
OR CONNECTED.
MASSES AND DIMENSIONS ARE APPROXIMATE AND ARE
SUBJECT TO A PLUS OR MINUS TOLERANCE OF 4%
FINISH. SELF COLOURED WUNLESS OTHERWISE SPECIFIED,

TRADE SIZE. (S)| INSIDE LENGTH INSIDE WIDTH. MASS PER 100

! mm (L) mm (w) mm PIECES . kg
il 4.8 29 Y 14 -

| 6,3 29 11 2,7

| 7,9 32 13 4.5

9,5 35 - 16 8,1

;" 11,1 38 17 122
Il 12,7 41 19 17,2

;" 15,9 51 22 38,1

f 19.0 60 25 63,5

| 22,2 70 32 1043

| 25.4 76 35 158,8
i FIG M.68 ;
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STANDARD “WEBGLOK"” CONNECTING AND REPAIR LINKS.

HI-CARBON, HI-TEST.

s1zg | FOR USE APPROX.| saFE | C | D1 E | F | L [P [R|s [ W
WITH ALLOY! MASS | WORKING

MM | CHAIN. M | g LOAD mm |
kg

9 8—9—11 14 2600 | 14 | 9 | 14 | 13| 54 (35 ( 7 | 8 | 40 |

|
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| down 4 slope and runs into the

(15}  Slipping timber by sledge introduces addi-
tional hazards.

It frequently occurs that the sledge runsfree
mule or mule and

(16)

| driver. Where this danger exists, do not use the

20

sledge without brakes.

(17)
of the sledge act as a brake and prove satisfactory
to a certainextent. A thick chain wound round one or
poth runners is also an effective method of braking
the sledge.

(18) Loosely-piled loads are highly dangerous.
{13) The driver should ensure that loads are
tightly attached to the sledge. Logs can be contained
with stakes, preferably of the safety trip type
go that the lead can be released from the opposiie
side at the landing.

Pulpwaod or millwood, carrledona 2-sledge
rig, is normally contained by stakesatthefront and
rear of the cross-member.

(21) In addition they need tobe bound to the frame
with a hemp rope or chain going from the front
bunk, up and back over thetop of the load, and down
to the rear bunk. A tightening device should be
used on a large load to prevent the logs from
shifting.

4, COSTB
A. COSTS OF OWNING A MULE

Ib determining the costs of owning a mule the
following peoints were taken into consideration;
(1) Average working life: 12 years

240 working days x 12 years = 2 880

possible working days

(2) Average purchase cost R 75,00
Salvage price R 3,00

R 72,00

(3) Losses of mules R 3,00
Total cost of mule R 75,00

TABLE M 6 - Estimated extraction costs by mule

One or two logs chained behind the runners o

(4 Depreciation cost per day \
2, 6c

R75 « 2 880 days

Interest 1,0e
(5) Stable hand for mule: 75¢ + 15 mules 5,0c
{6) Cost of harness with logging chain 8,0c
(") Repair of haress 3,6¢c
{8) Shoeing and veteripary 3,0¢
(%) Fodder: R52, 80 + 240 days 22,0¢

Daily cost 45,2¢

No overhead charges are included

(i) In view of the fact that all mules seldom
work every day, i.e. 240 days per year,
the cost per mule per working day will
be higher.

(ii) No record of the days worked per mule
is kept {stable report) so it is not pos-
sible to ascertain the exact cost per
mule. The departmental hire per mule
per month is R3,53, which only covers
depreciation, interest and fodder.

(i) The quality and quantity of fodder to be
fed are not yet standardised, sothecost
of mules is not uniform throughout the
country.

Note:

B. COSTS OF LOG SKIDDING BY MULE

Performance norms were calculated for log
slipping from stump to roadside, iocluding thepre-
assembling of loads and stacking at the roadside,
for a single mule per team. These figures were
then applied to a team of 6 mules and 13 labourers
and the following costs derived:

6 mules @ 45¢ R 2,70
13 labourers @ 65¢ R 8,45
Total daily cost R11,15

R11,15 + 6 mules = R1,86 as the daily cost
peg single mule team. The slipping cost per
m° over various distances will then be the

following:

Note : The figures in Table M 6 were derived
from, and are related to Table M 1.

Average e ad Estimated slipping cost per m3 per day ac-
distance per loa cording to established norms {(cents)
6-18° down 1-5¢ down 0-52 up 8-100 up
m min

0- 25 4 12,3 12,3 18,6 24,9
25 - 40 5 12,3 15,5 20,6 31,1
41 - 50 6 12,3 18,8 24,9 37,2
51 - 80 7 14,4 21,7 29,4 44,0
61 - 90 8 15,6 24, G 33,7 49,8
71 - 30 9 18,8 28,2 37,2 55,9
8t - 80 10 20,6 31,1 41,0 61,8
91 - 100 11 22,7 34,3 46,0 68,4
101 - 110 12 24,9 37,2 49,7 74,5
111 - 120 13 27,4 40,8 54,5 81,6
121 - 130 14 29,5 44,1 58,9 88,3
131 - 140 15 31,0 40,5 62,0 93,0
141 - 150 18 33,9 51,0 67,6 1020
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MASSES AND DIMENSIONS ARE APPROXIMATE AND ARE SUBJECT TO PLUS
OR MiNUS TOLERANCE OF 4%

CHAIN WORKING MASS |
SIZE LOAD LIM!IT. A. B. C. D. E EACH.
mm kg mm msm mm mm mm kg
S 3 000 11 6l 22 23 20 0,22
13 5100 16 85 32 33 28 0,63
16 7 500 19 103 39 40 34 1,04
1Y 10 400 22 122 45 48 41 1,66
22 13 000 25 138 51 58 46 2.69
|
FIG.M 70

CONNECTING LINKS.

DROP-FORGED STEEL WITH INTERLOCKING LUGS.
MASSES AND DIMENSIONS ARE APPROXIMATE AND ARE SUBJECT TO PLUS
OR MINUS TOLERANCE OF 4 %.
NOTE: THE INTERLOCKING LUGS ARE OMITTED iN THE 8 mmsiZE.
FINISH. SELF COLOURED. IF GALVANISED IS DESIRED, ORDER MUST SO SPECIFY.
INTERLOCKING LUGS IN CONNECTING LINKS SHOULD BE EXACTLY MATCHED

(N THE FACTORY. COUNTERASUNK HOLES MUST BE PROVIDED FOR BACKING

AND HEADING THE RIVETS. THE LINKS SHOULD NOT OPEN OR SPREAD AND
SHOULD PROVE STRONGER THAN THE PROOF CHAIN ITSELF.

TRADE SIZE. OUTSIDE  DIMENSIONS. MASS PER 100
mm mm P|ECE5 kg
8 44 x 32 4,53
9 50 x 35 9,07
11 60 x 38 13,60

j 13 66 x 44 19,22
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" general remarks
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.,

. ' The log-slipping norms have beenconservatively
' calculated and it is probable that much more could
. pe slipped per day.

|I b

As the labour cost agd cost of mule upkeep
i{s comparatively low, the mule will most certainly
remain in use in the departmentzl plantations for
", considerable period, particularly whereitis most
productive, as in thinnings.

&, MULE PRGDUCTION POTENTIAL
IN EQUTH AFRICA

In recent years the lack of demand for draught
mules has reduced breeding to below the require-
ments of even the prevailing market. Not only has
breeding practically ceased, but the country no
longer has suitable breeding animals, neither mares
nor donkey jacks, in sufficient numbers to revive
the industry, now thatitisbecoming evident that the
demand for mules is once again increasing.

The state ofaffairs occurred previously, shortly
after the first World War, when draught mule and
horse breeding was at a very low ebb, and the wave
of motor mindedness brought sbout the displace-
ment of animal power. As a result a fresh donkey

jack stock was imported from America in 1938
" to strengthen the existing Government stud.

At present (1963) the Department has about 70¢

roules, but this number is to he increased to 1 500

© ‘within the next few years, when all the plantations

are in full production, and anticipating that oxen in

. Certain areas are to be replaced by mules. If

mules work for an average of 10 years, then one

. tenth of the mule stock will have to be replenished
. each year, i,e, 150 per year,

Note : 162 mules were required during 1963.

The exact number of mules being used or
required by private forestsipthefutureisunknown,
but can be estimated according to their softwood
production as a reguirement of approximately
60 to 70 mules per year at present, increasing
to approximately 120 per year in the future.

It is worth mentioning that the Railways, who
have used over 1 600 mules in the past, are now
completely mechanised. Sugar farmers have also
been compelled to resort to mechanisation guite
extensively, although mules are best suited for
certain types of work.

The market open to farmers whose main
venture is horse and mule breeding on a large
scale is limited, and they are usually only interes-
ted in breeding thoroughbred animals, either for
show purposes or to get the highest sale value,
For example, at the 1963 show at Goodwood in the
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Cape Province, the main recdezvous for mule
teams, only ¢ competitors competed with their
teams. At present only two livestock dealers io
the country have sufficient mules to permit them
to offer animals for sale to the Department, These
dealers, apart from breeding mules themselves,
comb the Orange Free State and Cape Province
to purchase mules, yet despile their having a
substantial stock, only 20% of the animals coraply
with departmentsl requirements for log slipping.
Most mules are either t00 young, tooold, t0o small,
poorly built, or show signs of siubbornness or
viclousness and have to he rejected.

[t is heartening and encouraging o notice that
some farmers are aware of the present situation
and have started to revive the breeding of mules.
They have, however, encountered a serious shortage
of suitable donkey jacks and horse mares of the
required quality.

With anassured demand for mules in thefuture,
a revival of mule breeding will either occur, or
mules will he imported to meet the demand. Far-
mers or plantatiop owners wishing to purchase
mules for their own use will probably be able
to ohtain animals by consulting local agricultural
journzls or publications.

THE USE OF HORSES IN LOGGING AND COMPA-
RISON BETWEEN HORSES AND MULES

Due to the shortage of mules the use of horses
for log slipping is again a matter for consideration.
In Canada and Europe the horse has always played
an important part in log-slipping operations, par-
ticularly during early thinnings andthepreparation
of small timber for pulpwood. Horses are not used
for slipping from clearfellings as the logs are
generally considered to be 100 heavy.

Increasing mechanisation has caused a decline
in the mule and horse breeding industry, and a
shortage of horses on the market has become evi-
dent, to such an exteat that c¢eriain companies
in Swedenand Czechosiovakia have taken to breeding
their own horses for log-slipping purposes.

In Sweden horses are only used for logging over
short distances in mild terrain, while the same
applies to Canada, where the economic slipping
distance is coosidered to be approximately 120
yards (100 metres), Departmental mules in South
Africa slip over distances of up to 120 m and
sometimes more, the terrain usually being ¢com-
paratively steep and cften rough. Mule loads ge-
nerally vary from 0, 06-0, 17 Sdown slopes ranging
from 10 to 189, but the Norwegian Fjord horse
(medium/heav:?r) is recorded as pulling loads of
up to 0,23 m¥, although terrain conditions are not
mentioned, but are assumed to be fairly mild.

There appears tc be very little difference
between the speedof horses and mulesunder logging
working conditions. Foresters confirm, however,



that horses are not suited for heavy work on steep
slopes, whereas mules, being lighter, can work on
steep siopes under certainconditions, providedthat
the slopes do not exceed 18° for downhill siipping
and 102 for uphill slipping.

Feeding comparisons between horses and mules
show that the horse requires more food than the
mule, primarily due toitsadditional mass and natu-
ral gluttony. Whereas a hardworking mule can be
well fed at a cost of 25¢ per day, the daily feeding
costs of a horse would be approximately 35¢, It
appears that horses generally receive more food
than they actually require, afactor whichalso contri-
butes to the higher cost of feeding.

The purchase costs of mules range between 70
and 90 rand, but according to recent investigations,
Percheron horses, to be used for log slipping, cost
between 120 and 160 rand each.

The standard harness may be used for both
horses and mules.

Although the total number of horses used for
forestry and agricultural purposes has notably
decreased of late, the horse still appears to be
indispensable for draught (slipping) purposes in
forestry. In view of the present shortage of mules,
the tendency may be to revert to the use of heavy
horses for additionsl draught power in the future.
A number of types of horses may be suitable for
the task, but for thepresentthefieldhas been limi~-
ted to the medium-heavy Percheron, this typebeing
considered as the most suitablefor local conditions,

COMPARATIVE CQOST, FEEDING AND OUTPUT
FIGURES FOR HORSES

{1) Costs of keeping horses

The annual cost of keeping a horse for logging
purposes in Scotland amounted io R552, and in
Canada R236. Norwegian Fjordhorses cost between

R1,40 2nd R2,00 per week, and heavy Netherlandg
draught horses between R2,80 and R3,25 pep
weaek, although costs of up to R3,70 per week were
noted.

(2) Feeding
The annual costs of concentrated feed amounteq
to the following:

a. A medium-heavy Between R39 and R4as
horse: per year

Between R86 and R118§
per year and up to R126
per year

b. A heavy borse:

Annual cost of roughage feed:

a, Medlum-heavy Between R35 and R57

horse:

b. Heavy horse Between R48 and R55

{3) Maximum power (tractive) achieved

a. Heavy horse (Netherlands) = 300 kg
b, Medium heavy (Fjord) = 170 kg

{4) Normal tractive power which can be maintained

a, Heavy horse = 239 kg
b. Medium-heavy horse = 170 kg

{5) Average permissible load (logs)
Slipped by chain

Loaded on a small wagon

Heavy Medium heavy Heavy Medium heavy
0,59 m3 0,47m3 0,33m3 0,23 m3

The following is the approximate pull iz kg crea-
ted by the types of horses listed below:

Road length
178 m 247 m 330 m 410 m
kg kg kg kg
Weak 244 199 179 165
Average 274 224 204 185

Strong 309 249 219 210
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APPENDIX M 1

Estimated quantity of feed o be ordered for hard-worklag mules

1 mule 1 mule 2 mules 3 mules 4 mules 5 mules 10 mules 20 mules
Feed components Norm for Norm for Norm for Norm for Norm for Norm for Norm for Norm for
10 days 30 days 30 days 30 days 30 days 30 days 30 days 30 days
(ay Concentrate ration
Crushed mealies 32 kg 96 kg=1, 2 bags 2,4 bags 3% bags 4% bags 6 bags 12 hags 24 bags
or
Crushed oats 32 kg 96kg = 2bags {4 bags) {6 bags) (8% bags) {10% bags) (21 bags) {42 bags)
Wheat bran 9 kg 27 kg 1,2 bags 2 bags 2% bags 3 bags § bags 12 bags
Groundnut or
Sunflower cil cake meal 3 kg 9,5 kg 19 kg 29 kg 38 kg 1 bag 2 bags 4 bags
Bone meal or
Dicalcium phosphate 0,7 kg 2 kg 4 kg 6 kg 8 kg 10 kg i bag 1 bag
Salt 0,2 kg 0,7 kg 1,4 kg 2 kg 2,7 kg 3,4 kg 6,8 kg 13,6 kg
(b) Roughage ration
Lucermne 23 kg 68 kg 136 kg 200 kg 270 kg 340 kg 880 kg 1 360 kg
Teff hay or oat hay 23 kg 68 kg 136 kg 200 kg 270 kg 340 kg 680 kg 1 360 kg

Note: This calculation is based on the ration of 2 hard-working mule (450 kg and over) - receiving 4,5 kg coucentrate and 4,5 kg hay a day
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APPENDIX M 2

Amount of feed to he given to Deparimental Mules

IRation for mules of 400-450 kg [Ration for mutes 300-400 kg - |Ration for mules below 300 kg
- 15 hand and over in height bhetween 14 and 15 hand high - below 14 hand high
Type of work Concentrate Roughage Concentrate | Boughage Concentrate Roughage Remarks
ration per ration per ration per ration per ration per ration per
mule per day | mule per day | mule per day | mule per day | mule per day | mule per day
1. Working mules kg kg kg kg kg kg
(a) Hard-working mules 4,6 4,0 3,6 3,6 2.7 2,7
{h) Light-working mules 2,2 6,7 1.8 5,4 1,4 4,0
2, "Sick" mules
Mules verythin dueto injuries, A concentrate and hay ration must
overwork ox digseases 1-2 4,0 1,0-1,8 3,6 1-1,4 2.7 supplement grazing till mules are
in gatisfactory condition
3. Resting mules
(a) Resting for 1 week Same ration as when it had been working
{b) Resting for 2 weeks % the ration 1t bad been fed while working If the grazing Ls very poor the
hay ration must remaln the same
as the working norm
(e} (1} "Resting ration” - 0 4,5 0 3,6 - 0 2,71 {1) If the grazing is poor
resting longer than 1 2,2 1,8 1,4(2) (2) The grazing not entirely suf-
month 0 ¢ 6(3) ficient

{li} Gradual decrease of a
working ration to the res-
ting ration

(iii} Gradual increase of the
"resting ration”, after a
long rest, to the working
ration

{d) Resting for 2-4 weeks

{3 Grazing very good

required working norm before the work commences

Decrease the concentrate and roughage ration by 0,45 kg respectively per day io the resting |4}
ration
Increase the concentrate and roughage ration by 0,45 kg respectively per day till on the (4}

The ration must be gradually decreased, as mentioned in 3c{il), to the resting ration and
then gradually increased again hefore work commences to be reguired working norm as
prescribed in 3c(ili)

5]

{4) In cases (c)(li) and (iil) and (d) the amount of hay fed (and decreasing and Increasing of the hay ration), will be in proportion to the quality of the grazlng, as set

out In {c)(i}




APPENDIX M 3

SPECIFICATIONS FOR MULE HARNESS

(1) Breast, mule, heavy, folded breastpiece with
solid large buckles, 3-ply leather sewnand rivetted
onto breast piece; neck and hackstraps to be
heavy, felf lined. Vegetable-tanned harnessleather
to be used. Leader type. (Refer. Fig. M.26).

(2) Bridles, mule, blocked winkers, with bits.
{3) Hzlter, mule, solid, riveited, heavy 30 mm,.

(4) Traces, (Fig. M 26), chain leather covered,
mule, to be made from 6 mm chain twisted links
and to be 128 ¢m overall with a 7 mm x 45,0 mm
i.d. ringat one end and five 58 mm large links at the
other end.

(5)  Chains, halter, military type to be madefrom
5 mm twisted link chain and to be 178 cm overall
with 2 9 x 50 mm i.d.ring at one end and a 6 mm
toggle at the other end, with a large link welded
into chain 80 ¢m from toggle end.

(6) Neck bands (strap), mule, double leather.

{7) Reins, mule, wheeler - 25 mm wide, standard
length,

Reins, mule, leader - 25 mm wide, standard

length.

Note: Not used in log-slipping operation,

(8) Mule swingle: Fig. M 61 refers to medium
type swingle, Fig. M 60 to lighter leader
type swingle. Drawings give all measurements and
shape specifications required for swingles. Swin-
gles made from E, paniculata, E, maculata, or
E. diversicolor (karri), but any indigencus hard-
weoods which are sufficiently strong, such as asse-
gai, white and black ironweood and kershout can
be used.

(9) Swingie grab hook (Fig. M 62, 63). The grab
hook, with or without swivel, is used. [tis attached
to the swingle with 11 mm links or with 13 mm
shackles. It takes up to 9mm chain, preferably the
short link type.

(10)  Logging chain asserably used for log slipping
with mules and oxen (Fig. M 64). Specification:

(i} 213 cm long chain, § mm material diameter.
Approximate inside link dimension: 26 mm
x 11 mm
Approximate outside link dimension 44 rom

X 5 mm

Note : Chain of mild sieel, McKinoon No. 25 or
equivalent

{(ii) One end of chain ~ ring 14 mm actual maierial
diameter - one only.

(iii) Otber end of chain - slip hook ~ 25 mm actual
material diameter - one only.

Note: Slip-hook dimensions as per Fig M 64

(iv) Joiner link, 12 mm actual material diameter.
Approximate inside dimensions: 52 x 21 mm
Approximate outside dimensions: 78 x 46 mm
Required per assembly: 2 only (to jolnring and
hook at the chain - Fig. M 64).

Note : a, Link McKinnon No. 46 or equivelent,
b. All links and rings must be electrically
welded

{11} Logging slip hook (Fig. M 65).

Specification: Drop-forged, self colour, mild
steel, 0,79 kg, safe capacity: 1 000-
1 500 kg.

General note: The safe working load of the
chain assembly is 1 000 kg.

{(12) Cold-shut.links. For description and specifi-
cation see Fig. M 67 and for application see
Fig. M 66, items 11, 1la, 13 and lsa and 14.

{13} '""Wedglok" repair links, for repairingchain:
For description and specification see Fig. M 68,
and for application see Fig. M 66, items 15, 15a,
b, c and d.

(14) Split links or connecting iinks for chain
repair.

See Fig. M 70 for description and Fig. M 66
items 10, 10a and 10b for application.
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SHEET No. 1 ANIMAL LOG-SLIPPING DATA
TRIP RECORD TRIP RECORD
Team No. Date Team No. Date
Block /compt. Crew unlts Block /comp. Crew units
Time fors No Towing Remarks Time Love 6 Towlng Remarks
hr mln g ’ - Maximum distance hr min £ ’ Maximum distance
Up Dowm Level Up Down Level
metres ete, metres ete.
Compiler . ... .. it e e
Rank
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SHEET No. 2
1.0G SLIPPING BY MULES Date 19
Piantation Block Compartment Kind of felling Specles
Team Ne. Mule driver Mule Supplernentary equipment Remarks -
Walking time from stable to felling area: From to. a.m.
Walking time from felling area to stable: From to p.m.
Break for breakfast; From to a.m.
Break for lunch: From o
Walking time Time _Tlm.e Time Time silpping Time Time Time
Distance | No. of logs in agsem- | . chain- ; unhock - for log for leg Delay
Trip from road . hooking from site ]
metres the load bling ing - ing dispo - plling time
to logs ; logs to road
logs logs logs sal logs
1 2 3 4 5 '8 7 8 9 16 11 12
3
2
3
4
5
6
7
8
9
10
11
12
TOTAL Logs Compiler
Volume (m?®) Rank
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SHEET No.3

Plantation

Block

Kind of felling

Compartment

LOG SLIPPING BY MULES

Crew

Date 19

Serving mule teams :

Bantu

No.

Species

Suppiementary eguipment

Serial No,
of leg
agsembling

Walking time
from load assembling
point to logs

Digtance,
metres

Time picking
up logs

Log-carrying time.

from plle to load
assembling polot

Time of
log
digposal

Load
chaining
time

Remarks

i

2

3

4

5

6

3, I N

10

II Load

11
12
13
14
15

Note: Re, Column 7, Load chaining time is only noted when the mule leader or driver chains the logs

Compiler

Rank
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SHEET No. 4 LOG SLIPPING BY MULES Date 19
Plantation Kind of felling REMARKS

Block Compartment species
Total walking time from stable to aite
Total break time for breakfast and lunch

No. of Tot&lj Average Slipped Total time

No. trips walking slipping Total Log Log

of. | Date | observed time from distance No. of | =\ me Log bl L;g Log Log unchain| dis- Log Delay
team day Il-gad to metres logs 3 asgembly| chaining | heoking | slipping _ing posal piling time

ogs
1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15

Compiler

Rank
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SHEET NO. 5 LOG SLIPPING BY MULES SUMMARY - ADVANCE LOG ASSEMBLING Date 19
Plantation Crew: Bantu: Serving mule teams,
Block Compt Kind of felllng Supplementary equipment No/
Total, Drivers
Mules
Total walking Total Total time
Serlal No. of Volume time from load- return - : - Dela
Crew Date sheet loads m3 assembling distance Picking Carrying Disposal Chaining ¥
No. polnts to logs metres up logs logs logs logs
1 2 3 4 5 ] 7 8 9 10 11 12
Compiler

Rank
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SHEET No. G
LOG SLIPPING BY MIJILES LOG PILING AT THE ROADSIDE Date 19

Plantation Kind of felling s Crew; Serving team No's
Block Compartment Bantu
Break for breakfast from till . m. Supplementary
Break for lunch from il p, m. Equipment

Time of

Load No. No. of logs | Load arrival (disposal) Load unchaining Log piling Idle time Remarks
From till From till From till *From till

gL

Compiler
Rank




SHEET No.7 Date 1a

SLIPPING BY MULES

d ey

SUMMARY SHEET

LOG-PILING STATEMENT

Plantation Kind of felling

Block Compartment

Crew, Bantu

Crew, Bantu

Serving team No.

No.

Na.

Neo,

No.

TOTAL WORKING TIME

TOTAL IDLE TIME

TOTAL

Compiler

Rank

ot

b
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SHEET No.8
SLIPPING BY MULES

DESCRIPTION OF SLIPPING CONDITIONS

PLANTATION DATE 19
BLOCK COMPT. KIND OF FELLING
TOPOGRAPHY a) Flat gentle slope (up to 5°)

b) Medium (5 - 109

c) Steep (10 - 20%

d) Very steep {20¢ and over - mule not vsed)
Slipping: With or against the grade
Surface: Smooth, rocky, dry, wet or muddy

Onderhos, slash

Kind of felling; (i) 1st, 2nd or 3rd thinning, clearfelling
{ii) Number of stems per hectare

(iil) Espacement of tree planting

{iv) Number of trees per hectare left
(v) Regularity of tree rows

Velume of logs exiracted per hectare

Number of logs extracted per hectare

Volume per log, minimum maximum average
Size of logs, diameter, minimum maximum average
length, minimum maximum average

Size of load in m3 (average)

Number of logs per load (average}

Supplementary equipment (chains, etc.)

Length of average haul, metres

I e Y e e e L T D)

Intervals hetween the adjoining compartment roads, metres
{to which logs were slipped)
Average building costs of compartment roads per m

£ Method of slipping {description in general)
(1) Single mule with chain or team (number of mules) with sledges

{2) Number of drivers, etc. per mule or team
{3) Method of assembling the load and its chaining:
{i} by driver alcone

(i) by driver's assistant

(ii) by advance assembling of logs per load
(iv) by advance chaining of logs per load

Uy (T A

(4) The approximate average distance the logs were carried to load assembling point, m

Additional remarks

Compiler

B W By L1753 e s ks




SHEET No. 8 Date 19

SLIPPING BY MULE
General information
Plantation R. e.
A, 1. Average purchase price per mule: (all costs at plantation, including raflage) .....
2. Average total working life years

" 3. Salvage price per mule at the end of working life (average) ....................

1

} 4, Loss of mules from all causes during average working life per cent
|| {longer period to be considered)
|

i1 B, 1. Stable hand (wages, cost of living, rations, housing, etc.) per mule per apnum, ..
| 2. Mule driver, 80 ....vvviiiirinnrriaraannnaa, e e et
] C. 1. Initial costs of harness at plantaticn per mule ............ .. ccoiinunen-- e

2. Average life of set of harness VEALS . .vvurusrrrionn

3. Repair costs, average per set Per ANALM .. vuv vt vt v et cnrraronnnennnceenns

D. Shoeing service: average expanditure per mule per annum  .........c.oeneeoueunans
E, Veterinary services: average expenditure per mule per annum ..........c0onn.oun
F. Costs of food per mule PET SANUIN v vt v vunrranvraraeoisantcinneraettrerennns

(including grazing)

: Actual data per last financial year 19
i 1, Number of drivers and labourers engaged in log slipping with mules
I 2. Their total wages, with cost of Living and TaHOD ...+ .vvessvessarsanasanennnss
. 3. Number of mules engaged in slipping mules
4, Cost of feeding mules  ................ e s aasaaaaaaasaa s
5. Total number of days worked on slipping days
6. Total number of logs slipped logs
7. Total volume of logs slipped m3

| Additional remarks

Compiler

Rank
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SHEET Ne. 10

DETERMINING THE AVERAGE SLIPPING DISTANCE
Flat, or slope up to 100

Compartment {or spare} Road No. 2

Plantation (or logging) road

¥
el
=]
o
L] e
B
£l&
=N ki
Demarcation line {limit)
&
ey
o
g
D z |2
215
A |@
D/2 +
h 4 v

Compartment {or spare) Road No. 1

D/2 = Average slipping distance:
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SHEET No.11
DAILY STABLE (HERD) REPORT

Plantation Date
Animals
Working No. Resting No. Number ill Number lost Total number
Work allotted to: Block/Compt, Kind of work Supervisor

name 2nd rank

i. No. of animals
2. No. of anlmals
3. No. of animals

Left stable (grazing) morning

Returned stable {grazing) evening
Fodder given
Remarks

DAILY STABLE (HERD) REPORT

Plantation Date 1%
Animals
Working No. Resting Ne, Number {1 Number lost Total Numnher
Work alloted to: Block/Compt Kind of work Supervisor

1. No. of animals name and rank

2. No. of animals
3. No. of animals

Ieft stable (grazing) morning

Returned stable (grazing) evening
Fodder given
Remarks
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COMPARTMENT REPORT

SHEET NO.12
Klnd of felling From to stems /hectare Log slipping by animals
Month 19 Plantation Block Compt Foraman
His wage and ¢, 0.1
durlng work in compartment
Maxi- Animals Slipped 1dle Labour Cash
mum ; Load Lops Anl- Equlp-
St |Slipping Average Lead- |Load BS | 1abour
sli - —
Date disliplng level Slope Mules | Oxen Equip- | Return Volume |working | Lunch | Delay ers and|assern- chain- | stack mals |ment
grade ment trips Loga 5 Remarks arl bling |irgand| ing on
tance |up dearecs| N N.N. used | NN m daily etc. rivers hook- | road-
m down & hr/min  |hr /min|hr/min ing gide |R. e | R oc [R c
R, ¢ R, ]
Note: Average daily wages and c.o. L. perunit -.--.. . ociiiiiiean. Remarks Totalecosts ._.............
Average daily cost: Mule ., ., ., . . . ... i eie
O e Forester
Daily depreciation of egquipment  .............. ... ... .00 bate










1. LOG SKIDDING BY TRACTORS
CRAWLER TRACTOR (Fig. T.S5.1)

Crawler tractors are playilng an increasingly
important part 1in log-skidding operations as
mechanisation progresses in departmental plant-
ations. Thelr number is steadily growing in ¢on-
junction with the increasing volume of large
logs bheing extracted from mature plantations,

DEFINITION

The crawler tractor is a unit of great com-
pactness, combining an engine mouanted on a chassis,
which 1s in turn mounted on tracks, the whole
being equipped with a drawbar In the rear for
pulling,

The crawler running gear consists of two endless
bands, one on each side of the machine. Each
band passes around two large wheels with teeth
or sprockets, which it engages. The band is driven
by two rear wheels. There are additional rollers
mounted at the bottom of each side to keep the
entire lower portion of the band or track pressed
against the ground,

The lepgth and widih of the tracks depend
upcon the tractor size, the width being In excess
of the actual carrying requirements in order
to reduce penetration of the driving mechanism
into the ground. Each band or track is made
up of a series of plates of hardened steel, linked
together and often provided with grousers, The
device is, in effect, a "locomotive" running on
'rack tracks' izid out automaticaliy on the ground
ahead of the wheels and taken up behind them
again in endless repeated successicon., None of
the wheels are arranged for steering or turning,
which is accomplished by braking the track on one
side while maintalning speed cn the other. With
ona side held fast, the machine may be turned
through 180° in virtuslly its own length. Some
manufacturers provide for reversal of one irack
and forward motion on the other ai the same
time, thus permitting instantaneous reversal of
the machine exactly within its width (spin). Refer
to Fig. T.3. 30.

The crawler tractor has & great versatility
as almost anytbing may be hitched to the drawbar
hook and pulled. The machine can move over
virtually any surface and negotiate steep grades.
The tractor is used in departmental logging oper-
ations equipped with a drawbar hook, winch and
cable, and line hook and chokers, It may also be
used to tow such skidding attachments as sledges,
logging pans, and various types of logging arches,
and it may be equipped with a bulldozer blade
as an aid to log skidding and stacking. Crawler
tractors are also used in auxiliary road work
for pulling graders, road rollers, etc.

Crawler tractors are generally propelled by
diesel engines, which are capable of slow, heavy
pulls with independent clutches and brakes for
each track, The engine costs virtually double
the price of a petrel engine, but the fuel cost
is only about 25% that of petrol. Diesel engines
are, however, more complicated than petrol engines
and require special devices on the engine for
starting,
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The logging tractor must be eguipped with a
crankcase guard fo protect the under part of the
eogine and transmission. It should be made of
heavy plate steel bolted under the front chassis,
and should permit the tractor to slide over ob-
structions which might otherwise cause serious
damage. A safety hook is usually fastened to the
crankcase guard, {(Refer to Fig, T.8. 65 Appendix
T.8. 14)

Crawler tractors can attain speeds of up to
13 km/br, although the top speed is seldomutilised
In log skidding, due to the numerous obstacles
encountered in the plantation,

The Department employs tractors malnly from
35 to 41 kW for use in log-skidding operations.

2, CONDITIONS WHICH INFLUENCE LOG
SKIDDING BY TRACTOR AND TRACTOR
PERFORMANCE -

A. PRYSICAL CONDITIONS

{a) TOPOGRAPHY
{1} Plains

Log skidding by tractor can always be carried
cut on plains, provided that the ground bearing
conditions are satisfactory, The ground in depart-
mental plantations is generally firm and passable
for tractors the whole year round, with the exception
of certain parts of Zululand, where marshy ground
sometimes occurs.

(2) Slopes

Slopes of up to 159 to 18° are a definite ald
to log skidding by tractor, provided that con-
venient log landings are available, Where the
gradient is too steep the tractor winch or other
log-skidding means must be employed. The gra-
dient of the slope controls the stability of the
working tractor and the machine cannotbe operated
with safety on slopes exceeding 16° to 189,

{b) ALTITUDE

Altitude influences the power of a tractor in so
far that a 3% loss of efficiency is experienced for
every 300 m rise in altitude after 900 m. This
handicap is overcome to some extent in large
tractors, which are equipped with turbo-chargers.

(¢} CLIMATE

Most departmentat plantations are located with-
in the temperate climsatic zone, Temperatures vary
from 1,79 to 37,8°C and can affect the tractor
efficiency by as much as 79, i.e. the performance
improves if the temperature rises. The influence
of humidity on performance is insignificant as it
depends upoen the temperature.

The climatic factors can have a marked effect
on log-skidding output although the ground condi-
tions and the labourers are influenced more than
the tractor,




8¢

Fic TS 1
CRAWLER TRACTOR

INTERNATIONAL BTD-B  TYPE.

s

@ FRONT FRAME.
(Z) COOLING  SYSTEM.
@ ENGINE.

(4) INJECTION SVSTEM.
{5) sTARTING.

g‘fzs’ <7 ¥ 4 .s-./.'g
— @@,ﬁy@%

() LUBRICATING  SYSTEM. (i0) FivaL ORIVES.

(DENGINE  CLUTCH, (@) TRACK SUSPENSION.
(B)ENGINE CLUTH COUPLING. (3) TRACK FRAMES.
{(S)TRANSMISSION. ({4 TRACK COMPONENTS.

(C) STEERING CLUTCHES. {(i5) OPERATORS COMPARTMENT.

SER——



. The tractor efficlency is only moderately re-
duced by rain, Wind has virtually no effect, apart
from indirect Influences such as windfalls or
} dverse felling conditions which may Slightly com-
! phcate tractor skidding.

(1) GROUND SURFACE

Tractor mobility is affected by the ground
surface conditfions due to the adheslon between the
goil and the tractor tracks, thus influencing the
drawbar pull and the resistance to skidding,

The surface of the forest floor is often damp
and covered with ltter and vegetation, which
hampers the movements of the loaded tractor. The
soil in departmental plantations is generally sandy
loam or sandy, as in Zululand., Crawler tractors
are usually used for areas with loamy soil, while
wheel {ractors are used where sandy seil occurs,
to prevent abrasion to the steel tracks of the
crawier tractors. In the flat areas of Zululand
where sandy secil predominates, the use of wheel
tractors is fully justified,

Rocky soil is usually covered with a thin layer
of mineral soil and vegetation which moves when
coming in contact with the tractor tracks and thus
offers very litile adhesion, consequently the tractor
drawbar pull is greatly reduced. Surfaces covered
with small, well-embedded stones give a moderately
good adhesion and slightly reduce the log-skidding
resistance. Surfaces covered with large, loose
stones offer very little adhesion and tractor
operations on such surfaces are often dangerous,
particularly on slopes (Fig. T.S. 2 and 3).

Calculating the rolllng and skidding resistance
and adhesion on the rocky surface deacribed above
presents considerable difficulty, and is further
complicated by unevenness of the terrain, The use
of the tractor winch for log skidding is often the
solution to skidding problems on rocky terrain,
even when slopes of only moderate gradients occur,

{e) SUPPORTING CAPACITY OF THE GROQUND Ibf
PLANTED AREAS

The supporting capacity of the soil is usually
expressed in terms of the pressure in kilograms
per square centimetre that the ground can withstand
witheut being deformed, which in turn is used to
determine the type of tractor to be used on that
particular soil, The following well-known rules of
thumb can be applied:

a) The mass of a man on one foot exerts pressure
of about 0,28 kg/cm?, which is equal to the
pressure exerted by a crawler tractor.

b) A horse exerts a pressure of 14 kg/cmz,
which is equal to the pressure exerted by 2
tracior fitted with tyres,
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TABLE T. 8.1 - Supporting capacity of resistance

of soil
Soil kp/em?2
Marshland and peaty soll ........ 0,17
Alluvial tracts of loose sand ..... 0,49
Drysand ..........¢0cnneirrunnn 1,98
Wetsand ... . ............00.n. 3,98
Fine gravel ................... 3, 00
Coarse gravel ................ 2,959
Packed gravel ................ 7,94
Limestone ., .................... 1, 39
Softsoll ... ............. eeaaas 0,98
Semidryclay ................. 1,99
Dryclay ... ciiiinirinnnnns 3, 98
Solidrock ., ,.................. 2,48
Brokenrock .................. 4,97

From the abhove It is obvious that tractors can
move over virtually zll types of soil, with the ex-
ception of marshiand and peaty soil,

{f) RESISTANCE TO ROLLING

Rolling resistance is an important factor which
must be taken into account. It is usually represented
by a rolling coefficient, which can be defined as the
"necessary force (measured in kilograms) parallel
to the ground, required to move 1 ton of the given
vehicle". This coefficient depends on:

(1) The state of the ground

{2} The kind of equipment used, i.e, whether tracks
or tyres

Coefficient of rolling resistance in kilograms -

(Figures released by International Harvester Co.)

Tvype of ground Crawler tractor
Earth road, dry and dusty 40
Open country™ ......... 00v0-- 54
Ploughed land  ......0.u.... 60
Earth road, rauddy ......... 70
Sand and gravel ........ . 85
Very muddy road ........... 110

' The formula relating rolling resistance to the
mass of the vehicle is:

R =KW,

R = Rollii‘lg resistance of the vehicle in
kilograms

K = Coefficient of rolling resistance in
kilograms

W = Mass of the vebicle in {ons

The Unjversity of Nebraska (U,8.A.) recom-
mends the use of a standard coefficient of rolling
resistance equal to 54 kg per ton, corresponding to
movement on cultivated ground which has not been
ploughed, for general conditions in forestry.

(g) RESISTANCE TO SKIDDING

In order to move a loacl resting onthe surface,
a force must be applied to {t, This force is related
to the mass of the load by a constant called the
"skidding coefficient", which is usually less than
the mass of the load, or log. This coefficient is
dependent on the state of the ground and the dia-
meter -of the trees to be skidded, as indicated in
the following table,




FIG.T.5.2

STEEP SLOPES WITH LARGE BOULDERS
AND ROCK.

s L@. 2 it
MODERATE SLOPE, LITTERED W{TH
STONES AND ROCK.

286




TABLE T.S,2 - Skidding resistance of logsinbark
for various soils {figures releas-
ed by Caterpillar Co,)

Skidding resistance in
kg/ton for logs dragged
Type of soll along the ground
30 33 | 36 | 40 |50
cm | cm|cm (em | cm
Clay Wet or dry | 797 | 788 | 779 | 761 | 729
Clay Waterlogged| 639 | 639 | 621 | 589 | 539
SandyclayWet or dry | 829 | 815 | 810 | 797 ( 761
Sandy clay|Waterlogged| 661 | 648 | 639 | 621 | 557
Black
bumus |Wet or dry | 761 | 747 | 738 | 720 | 679
Black
humus |Waterlogged| 571 | 548 | 539 | 530 | 489
Sandy
black
humus |(Wet or dry | 788 | 779 | 761 | 729 | 698
Sandy
black
humus |Waterlogged| 589 | 580 ) 571 ) 539 521
Sandy soil |Dry G99 | 599 | 670 | 661 | 621
Sandy soil |Wet or wa-
terlogged | 720 | 711 | 688 | 679 | 648

Note: Ifthe heads of the logs are raisedthe skidding
resistance is from 20 to 25% less than that
shown in the above table for logs dragged a-
long the ground

{h) COEFFICIENT OF ADHESION

The various skidding coeffictents only apply to
the pulled load. When a wheel or track Is driven
by an engine its action on the ground is different
because of the rolling coefficient, which slows down
the moation of the vehicle and must be taken into
account with the motion of the tractor itseif,
thus the gripping power of the tractor on a given
ground must be considered. Itis, infact, not slways
the power of the moter which determines the draw-
bar pull available, because if the wheels or tracks
start skidding with a certain pull, the extra power
available from the motor cannot be used, The total
power can only be used when the tractor grips the
ground firmly and the motor has attained the
Tequired revolutions per iinute, The slipping

action of moving components is influenced by two
factors:

(1) Adbesion of the moving parts to the ground
{2) Mass available on these moving parts

The coefficient may be expressed in kg as
a fraction of the mass in tons of the tractor, the
formula being: f= kg

wr

Where "f" is the coefficient of adhesion in kg
per ton, "kg" is the drawbar pull in kg and “wr"
is the mass of the moving parts of the tractor in
tons. The coefficient depends on the ground surface
over which the tractor is moved,

In order to measure the coefficient of ad-
heslen under working conditions the tractor must
be loaded until it starts skidding and the drawbar
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TABLE T.8.3 - Table indicating coefficient of ad-
hesion in kg/ton

Type of surface Condition g;:g:;?:z
kg/t

Clay ..... v Dry 580
Clay ......... Waterlogged 460
Sandy clay Dry 560
Sandy clay Waterlogged 420
Black humus Dry 460
Black humus Waterlogged 290
Sandy humus Dry 530
Sandy humus Waterlogged 270
Sand ...... . Dry 290
Sand ......... Wet or waterlogged| 320
Gravel ....... - -
Smooth, bare

rock ....... Dry 200
Smooth, bare :

rock ........ Wet 15¢

Note: The difficulties experienced on the forest
floor, are, to a oertain extent, taken into

accourt in the above table

pull then calculated. As the mass of the moving
parts will be known it will be easy to determine
the coefficient of adhesion by applying the formula
previously given,

Example: An International B.T.D. 6 tractor,
having a mass of 4 800 kg, moves over swampy
ground, the coefficient of adhesion being unknown,
and the dynamometer shows that the tractor starts
to skid away when the pull reaches 1 770 kg.

The coefficient of adhesion of the ground is

thus: 1770 _ :
38 - 369 kg

A formula for tractor traction power has been
calculated, based on the foregeoing data foruniform
conditions existing In agricultural operations where
tractors are employed on soil-moving operations,
where the load was moved oo the same haul,
loads being of the same shape and rolling resistance
being more or less constant,

In logging, however, conditions differ withevery
trip and resistance varies considerably thus data
worked out for the above conditions would have
limited application in logging, The Caterplllar
Tractor Co, has worked out a table based on a
limited number of field observations and under
reasonable traction conditions, which is given below
for the tracter size used by the Department for
log skidding (Table T.S, 4).

(1) GRADE RESISTANCE

The followingtablescanonly serveassa general
guide angd their direct application is rather limited.
In practice the drawbar pull is further reduced,
not only by the grade resistance which is dependent
upon the gradient, but by additional reductions
as a result of a combination of sllding resistance,
the rutting action of the log heads and friction
between the load and trees, stumps and rocks,




TABLE T.S.4 - Sizes of loads in tons and percentage of level load on firm ground skidding. Tree-length

Caterpiller Tractor Co.) - Size of load in 1 000 kg(t)

logs on various grades (based on 2nd gear operation - D, 2 tractor}{Figures released by

Crawler tractors: specification data

Cater~ |International
Make pillar harvester
D2 B.T.D.§
Fuel Diesel Diesel
Magas 3510 kg |3 700, 3920 and
4 049 kg

Engine kW 28 39@1 55%0rp.m,
Drawbar kW i
Approx. drawbarpull | 3 678kg |4 756 kg
Winch line pull:

Bare drum ...... 6 340 kg

Full drum  ,..... 3000 kg

Percentage of D.B.H. in cm

grade 30 cm 40 cm 50 cm 60 cm 70 cm
_ {and degrees) Tons % Tons % Tons % Tons % Tons %
+28 (+13%) 0,44 43 0, 62 40 | 0,70 39 0,75 39 0,78 39
+24 (+119) 0,51 50 0,72 47 | 0,82 46 0,88 48 0, 81 45
+20 (+ 99) 0,58 57 0,83 54 | 0,95 53 1,02 53 1,06 52
+16 (+ 79) 0,88 65 0, 96 63 | 1,09 61 1,17 60 1,22 60
+12 (+ 59) 0, 74 72 1,08 71 1,24 70 1,34 70 1,40 69
+ 8 (+ 3% 0,83 82 1,22 80 1,41 79 1,51 78 1,59 78
+ 4 (+ 29) 0,92 80 1,37 990 1,58 90 1,71 89 1,80 89

Level 1,02 100 1,53 100 1,78 100 1,93 100 2,08 100
- 4 {~ 20) 1,12 110 1,69 1 1,99 112 2,16 112 2,28 113
-8 (- 39 1,23 121 1,88 123 | 2,21 124 2,41 125 2,56 126
-12 (- 59 1,34 131 2,07 136 | 2,45 138 2,67 138 2,86 141
-16 (- 79) 1,45 142 2,27 148 | 2,72 153 2,98 154 3,18 151
-20 (- 99 1,586 152 2,48 162 | 2,99 168 3,30 170 3,53 174
-24 (-119) 1, 68 164 2,71 177 | 3,29 185 3,65 189 3,92 193
-28 (-139) 1,81 178 2,95 193 3,61 203 4,03 208 4,33 214
-32 {-159) 1,92 188 3,18 209 | 3,93 222 4,42 | 229 4,77 235
Note: -+ refers to uphill skidding; - to downhill skidding

Crawler tractor - specification data

Make

Engine kW
Drawbar kW

Max, drawbar pull
Winch line pull: Bar~ drum

Vuil drum

Caterpillar tractor
D. 4

Diegel

5 900 kg

48 @1 680 . p.m,

39

5 900 kg

8 240 kg

4 050 kg

TABLE T.S.5 - Sizes of loads in tons and percentage of level load on firm ground skidding. Tree-length
logs on varjous grades (based on 2nd gear operation - D. 4 Cat, Tractor) (Figures released
by Caterpillar Tractor Co.) - Loads in } 000 kg {t)

Percentage D.B.H. in cm
bt 30 cm 40 cm 50 em 60_cm 70 cm 80 cm
rTees) Tons % | Tons % | Tons % | Tons % | Tons % Tons %
+28 (+139) 0, 74 46 | 1,04 | 44 | 1,18 43 | 1,26 421,31 41 | 1,35 41
+24 (+119) 0,84 53 | 1,19 | 50 | 1,39 49 | 1,44 48 | 1,51 48 | 1,56 47
+20 (+ 99) 0,95 60 | 1,38 | 57 | 1,55 56 | 1,865 55| 1,73 54 | 1,78 54
+16 (+ 79) 1,06 66 | 1,53 | 65 | 1,75 63 | 1,87 62| 1,96 62 | 2,03 62
+12 (+ 59) 1,19 75 | 1,72 | 73 | 1,98 71 | 2,13 71| 2,23 70 | 2,31 70
+8 (+ 39 1,31 82 | 1,82 | 81 | 2,22 g0 | 2,39 79 | 2,50 79 | 2,60 79
+4 (+29) |. 1,45 91 | 2,14 [ 91 | 2.48 80 | 2,68 89 | 2,82 89 | 2,93 89
Level 1,59 100 | 2.37 |100 | 2,77 [ 100 | 3,00 100 [ 3,17 100 | 3,28 100
~ 4 (- 29) 1, 74 110 | 2,62 | 110 | 3,08 111 | 3,84 111 | 3,53 111 | 3,68 112
- 8 (- 39 1,89 118 | 2,89 | 122 | 3,34 124 | 3,70 124 | 3,83 124 | 4,11 125
-12 (- 59 2,04 128 | 3,16 | 133 | 3,76 136 | 4,11 137 | 4, 37 138 | 4,868 143
-18 (- 7%) 2,21 139 | 3,45 | 145 | 4,13 | 148 | 4,54 151 | 4,84 153 | 5,07 155
-20 (= 99) 2, 38 150 | 3,75 | 158 | 4,52 163 | 4,98 166 | 5,33 168 | 5,61 171
-24 {-119) 2,56 161 | 4,10 | 173 | 4,98 180 | 5,53 185 | 5,93 187 | 6,24 190
-28 (-139) 2,73 172 | 4,46 | 188 | 5,46 197 | 6,08 206 | 6,54 207 | 6,92 211
-32 (-159) 2,91 183 | 4,82 | 203 | 5,94 215 | 6,67 222 | 7,20 227 | 7,63 | 233
Note:

+refers to uphill skidding;

- to downhill skidding
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These resistances will vary according to the length
and diameter of the logs and must be considered
in addition to grade resistance.

Further factors influencing the resistance to
skiddingof tree-length loads are the varyingmasses
of the different species, the shape of the tree,
the number and form of knots and whether the

trees are skidded butt or top end first.

The !deal is to skid straight, well-trimmed,
tree-lengths, top first down a smooth, evenly
rolling slope.

B. MECHANICAL FACTORS

{a) DEFINITION OF POWER

Power is defined as the amount of work per-
formed {n one second and is measured in
KW, (1h.p.=0,746kW),

(1) Nominal power: The nominal power of a motor
is the "maximum power obtainable under conditions
of continuous service compatible with good function-
ing of the engine."

(2) Belt kW power is slightly less than the true
power of the motor because there is transmission
gearing between the motor aad power take-off,
Loss of energy power in the gearing from 3 to
109, must be taken into account, ’

(3) Drawbar power: is the force avajlable in kW at
the drawing point of the drawbar hook &f the tractor,
and is in most cases the power developed in
first gear at maximum torque. Drawbar power is
less than belt power because it takes Into account
the power required to move the tractor itself
and the loss of efficiency through the transmission
system. This power is 60 to 70 per cent of the
nominal power of the engine.

(b) LOSS OF POWER DUE TQ WEAR

A new tractor can produce 100% of the power
specified by the manufaciurers, but after a few
thousand hours only 80% of the original power
{s available due to wear on the transmission
and the motor.

(c) SUMMARY

The foliowing factors all contribute to reducing
the drawhar power of a tractor: altitude,
temperature, rolling resistance, grade resistance,
the coefficient of adhesion, wear and tear and
transmission gearing., The combined effect of
these factors is to reduce the drawbar power to
50%, that of the nominal power of the tractor.

(d) SPEED OF A TRACTOR

Speed is expressed in terms of kilometres per
hour (km. /h). The speed for each gearbox com-
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bination of the tractor is given by the manu-
facturers, but this is oot always the practical
speed which canbe maintained in logging operations.
The main factors which lower the efficiency of
a tractor, and cause logs of time, are, (1) time
spent in gaining access to the logs, (2) hooking
them, (3) turning the tractor at the log stack,
(4) unhooking. In additionthere are incidental losses
which occur during the normal course of skidding.
Tractor manufacturers recommend that a 15%
allowance be made for these factors.

Tractor speeds in the forest are usually
expressed In terms of metres per second or metres
per minute, {.e.

1 metre per second = 3,6 kilometres per hour
1 kin per hour =17 metres per minute

The tractor can be considered productive only
when it is pulling logs. The total cycle time is
made up of loaded travelling time plus time
required for the 5 elements given above. Assuming
that there are sufficient logs and manpower avall-
able, there should theoretically be no cother reasons
for interrupted production, In fact, various con-
tingencies arise and the losses in actual time
can be expressed in terms of minutes per hour
as follows:

1. Loss per hour for experienced and hardworking

team: 4 minutes

2. Loss per hour for a team of average exper-
ience, butnotinterested in improving technique,

7 minutes

3. Loss per hour for an untrained team without

any interest in efficiency 10 minutes

In Africa, where the labour is generally un-
skilled and no undue concern is shown for ef-
ficiency or improvement in technique, 10 minutes
per hour can be added to the above figures,

{e) REPAIR SERVICES
The following figures express the losses in

effective working time {n minutes per hour for
the organisation of repair services:

Minutes

{i) Loss per hour for a logging operation

with excellent workshop ........ 3
{il) Loss per hour with moderate work-

shop performance ............. 5
{iil) Loss per hour with poor workshop

performanpce ....... ... . ... ..., 7

For South African conditions the above figures
may be multiplied by three for enterprises with
maintenance sections.
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VARIOUS METHODS OF PRECHOKING LOGS WITH

CHCKER SLING ASSEMBLY.

FIG.T.S.5

FIGTS.7

FIG.TS.9 FIG.T =.10.

FIGTS 6

FIG.T.8.8
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FIG.T.5.12. RELEASING CHOKERS AT THE ROADSIDE.

FIG.T.SI3.BREAKING THE LOAD FOR
S5TACKING.




In summing up the time losses, the following
figures refiect the work performance per hour of
a team:

A coefficient of 0,85 is considered exceptional
& coefficient of 0, 75 is considered to be very
good

A coelficient of 0, 60 is considered to be fair
A coefficient of 0,50 is considered to be poor

Note: Allfigures giventhus far are those quoted by
the Caterpillar Tractor Co,

Time losses for South African departmental
working conditions are probably the greatest single
factor influencing costs and output for log-skidding
operations,

It was observed that in practice the average
working tractor is employed for 154 working days
per year, thus giving 1600 working hours per year
per tractor. Investigation has shown, however,
that departmental tractors havean average employ-
ment of 800 to 900 working hours per year,
or a performance coefficient of between 0,50 and
0,60, which is by no means exceptional for local
conditions,

(I} WORKING CAPACITY OF VARIOUS MAKES OF
TRACTORS

Various tractor makes were tested under
departmental log-skidding conditions to ascertain
whether their working capacities were different,
The results of the findings were that performances
could be regarded as the same for makes of
tractors of more or less the same kW, although
only on a basis of the actual work performed,
Loads and speeds were determined by the terrain
and unhooking and hooking times were determined
by l:he labourers employed and not by the tractor
make,

3. LOG-SKIDDING OPERATION BY
CRAWLER TRACTOR

A. INTRODUCTION

(2) PREPARATORY STEPS TO LOG SKIDDING

Prior to the actual log-skidding operation it
s frequently necessary to provide skid palhs to
facililate access lo the logs by the (ractor. In
flat or gently rolling areas comparatively freefrom
cbstacles it is not necessary to consiruct skid
paths as the tractor develops ils own path by
repeated trips to and from the logs. Skid paths
range from simple clearing of the route by the re-
moval of slash ete, toelaborately excavated slanting
skid paths over steep slopes in rough lerrain.
Care should be taken that skid paths on steep
slopes have no sharp turnings which could foul
the logs or roll them down Lhe slopes.
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Fig. T.5. 4 illustrates the use of skid paths
on steep slopes with short "V'-shaped tributary
valieys. The area was not suitable for the con-
struction of branch lorry logging tracks with con~
venient log-stacking and loading decks, so Lhe skid
path scheme was developed teo skid timber to an
existing roagd pot shown in the illustration,

Such an elaborate system of skid paths is
the exception rather than the rule in the De-
partment.

Note: Skid paths are usually consiructed alter
the irees have been felled, but correct and sys-
tematic felling is in itself a preparatory step
to log skidding.

(b) PRECHOKING OF LOGS

Fig. T.5. 5, 6, 7, 8 1llustrate various methods
which can be employed for prechoking logs.

Fig. T.5. 5 : Digging a hole under the log
by means of a short stick.

Fig. T.5. 6 : Rolling the log over the choker by
means of a peavy hook.

Fig. T.5. 7, 8 : Rolling the log onto a cross-stick

by means of a peavy hook, thus
facilitating choking by the choker
men,

The log choked and then hooked to
the tractior drawbar hook.

Fig. T.S. 9,-10:

{¢) SKIDDING

A number of methods is employed to skid
logs by towing traclors: .

Tractor with chokers

Tractor with winch plus chokers
Tractor with sledge

Tractor with logging pan
Tractor with sulky

Tractor with integral arch
Tractor with "dolly™ arch.

(1)
(2)
(3)
(%)
(5)
{&)
{7)

The first three of the above methods are
mainly employed for lég skidding in the Depari-
ment.

Fig. T.5. 11 illustrates a typical departmental
log-skidding operation in flal country for 2nd
and Jdrd thinnings (dependent on the species),
showing preslacked choker-sized loads on cross-
sticks, log skidding by tractor with chokers and
tractor with sledge, and the method of log stacking
al the roadside.

(d) UNHOOKING LOGS AT THE ROADSIDE

{1) Fig, T.5. 12 illustrates the process of re-
moving chokers fron: logs that have beendehivered
to the roadside. The logs are invuriably squeezed
tightly together and some of the choker hooks
sometimes are underneath the log heads and diffi-
cult to reach. The best solution to the problem is
L0 undo the accessible chokers, then pull the re-
maining logs (o the [ollowing stack. As there wall

[ |
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be less logs they will be easier to undo, or roll
aside in order to reach the chokers.

The method described above is not alwaysprac~
ticableaslogsare often sorted according to length
and the cumbersome methed of rolling the log$
aside has to be applied in order to expose the
choker hooks. In this case the tractor should re-
verse slightly in order to slacken the choker slings
for easier handling.

(2) Fig. T.S. 13 illustrates how the logs free
of their slings are moved to provide access to
the chokers of the remaining logs.

(3) Fig. T.5. 14 shows the logs positioned side
by side on the landing ready to be rolled to the
roadside for loading onto the lorry. Note the
tractor leaving with chokers.

(4) Fig. T.S. 15 shows the last of the logs heing
rolled to the roadside.

General note: The labourers used hand spars in
this operation, but peavy hooks would be more
suitable for logs with a greater mass.

(e} STACKING

Logs are sorted and stacked in length classes
ong¢ or more lorry loads per stack. The advanfage
of this method of stacking is that the lorry need
only move once, or at the uitmost twice, anda
load of specific lengths can quickly be obtained.
Loading is tidy and te full capacity. Off-loading
at the sawmill is guick and orderly.

Logs sbould be loaded so that the greatest
mass i5 over the drive wheels i.e. butts to the
rear of the rigid bed trucks and forward for arti-

- culated vehicles.

Logs are usually stacked by labourers equipped
with hand spars or peavy hooks and the logs are
rolled onto the stack up skid spars. On occasions
log-skidding tractors equipped with bulldozer
blades assist with log stacking.

(f) COST OF OWNING A 26kW TQ 33W TRACTOR

Appendix T.S. 13 gives full details of the costs
of owning a 26 to! 33 kW tractor suitable for log
skidding. It may suffice here to state that the
cost of owning a log-skidding tractor with standerd
rig amounts to 176¢ per hour worked.

(g) TRACTOR STANDARD RIG (Fig. T.S. 65)

Specifications of the standard tractor rig are
given in Appendix T.S. 14.

B. DEPARTMENTAL LOG SKIDDING

(2) DEPARTMENTAL NORMS: CRAWLER TRAC-
TOR WITH CHOKERS

Departmental skidding norms have been esta-
blished for tractor ground skidding with chokers
over a firm forest floor, using tractors of the
26 10 33 kW power class.
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See Appendix T.S. 1, Table T.8. ¢ for daily
volumes to be skidded over various distances’ -
times allowed per load, moved to landing. The !
table also indicates allowances made, times used .
and the average load sizes for average skidding
conditions.

(b) CONDITIONS FOR ACHIEVING PRESCRIBED
NORMS

(1) Use tractors of the 26 to 33 kW power class;
f.e. D. 2 Caterpillar tractor, B.T.D. 6 International
Harvester, or Fiat O.M.

{2) Auxiliary equipment with the tractor:

10 choker assemblies; 5 with tractor, 5 for
advance choking.
Tractor drawbar hook.

{3y Eighteen degrees is the maximum gradient
for the tracter operation.

(4) Loads of 1, 7m3 are skidded with comparative
ease on down-slopes, over_level ground and up to
50 uphill, and loads of 1,1m3 uphill to 10°,

{5) Theload width should not exceed 2,5 metres,

(%)
ed:

The following routine of slipping is suggest-

(i) Downhill, 0- 189 and uphill 0-10° for 2nd thin-
nings, and 0-5¢ uphill for third tinnings, All
long logs of 3 metres and over are tobe
skidded by tractors using chokers. The ave-
rage load should be 10 logs for 3rd thinnings
and 12 logs for 2nd thinnings.

Downhill 0-189 and uphill 0-5° for normal
clearfellings, The average number of logs per
load should be 5, made up of long and short
logs, which should, however, be stacked se-
parately.

(ii}

{7} In order to achieve the allowed times per
load and skid the daily volumes, set out in Table
T.C. 9 within two thirds of the working day, the
tractor team must consist of the following:

1 European tractor operator.
8 Bantu labourers for thinnings and § for
clearfellings.

The duties of the tractor team are set out
in Appendix T.S. 2, Table T.8. 10.

(8} Servicing the tractor: Thetimes which should
be allowed for servicing are set out in Appendix
T.S. 3, Table T.5. 11.

(3 An example of the tractor idle time sheet
is given in Appendix T.S. 4, Table T.5. 12.

{c) APPLICATION OF THE SCHEME

(1) The tractor cperator must complete the pro-
duction and idle time sheets daily.

{2) The tractor team must skid the volume pre-
scribed in Table T.S. 9 daily. Where skidding is
done to different stacks with different skidding




i

.I distances, allowed times should be calculated for

the volumes skidded to each stack.

(3) The average skidding distance is determined
as follows:

Measurements are taken at right angles to the
road or in natural skidding direction:

{iy From the stack to the nearest load.
{ii} From the stack to the furthest load.

The operator then determines the average
skidding distance between (i) and (ii).

(4) By multiplying the number of logs skidded
by the average volume per log, the operator can
determine the percentage of the daily task achieved.

Note: The volume of the average log can be
ascertained from the felling and cross-cutting
tesis

(5) The foresier or bisauthorised representative
should check the operator's work at least every
third day.

{6) Idle time tnust be given if logs are not
skidded, but the forester must decide whether idle
time is justified.

(7} The following idle times are permissible:
{see Table T.8. 12).

(i) Time lost due 10 mechanical defects.

{ii) Time lost due to rain.

(iri) An allowance of 12 minutes per kilometre is
made for time lost when moving from com-
partment to compariment.

{iv) Time lost when the tractor {5 employed in
pulling down lodged trees.

(v) Time lost during servicing (Table T.S. 11).

{vi) Time lost during inspections by company re-
presentatives. Actual watch times areallowed
for cases (i), (ii), (iv) and (vi).

(d) TRACTOR LOADS, NORMAL DISTRIBUTION
OF THE NUMBER OF LOGS IN THE LOAD

The following figures from log-skidding tests
indicate the percentage of the number of logs
comprising a load.

2nd thinnings - Pinus elliottii

{i) 12 logs per load 85%, :
(i) 8 logs per load 9%  Average: 11,5
{iii) 5 logs per load 5% logs per loa’d
tiv) 3 logs per load 1%

3rd Thinnings - Pinus taeda

(i) 12 logs per load 296,
(i) 8 logs per load 24,5%
{iii) 5 logs per load 26,8% Average: 7logs
{iv) 3 logs per load 14,84 per load
(v) 2 logs per load 4,29
{(vi) 1 log per load 0,7%

Clear felling - Pinus patula

(i} 12 logs per load
(i) 8 logs per load

18,5%
13,49

(iii) 5 logs per load 20,6% Average: 5,5
{iv) 3 logs per load 27,8% logs per load
(v) 2 logs per load 15,45

(vi) 1 log per load 4,3%,

{e) PERFORMANCE OF DEPARTMENTAL

CRAWLER TRACTORS

{Before the establishment of the efficiency
scheme}l.

Observations made during 12 trips by a towing
tractor in log-skidding operations revealed the
following:

{1) The tractor moved slower over short dis-
tances than over longer distances. i.e.

30 metres .......... 1,3 seconds per metre
60 metres .......... 1,0 seconds per metre
125 metres .......... 0,9 seconds per metre
300 metres .......... 0,6 seconds per metre
466 metres .......... 0,6 seconds per metre

This is explained by the fact that the same
skid path is used more often and consequently
becomes wider and more accessible with each
succeeding trip, thus permitting a faster run as
the distance increases.

Note: The average speed of the tractor in motion
was 3,2 km/h

(2) The daily distance run by the tractor in-
creases as the skidding distance increases. The
following distances were covered daily over the
given average distances:

60 metres ............ 3,86 km/day
110 metres ............ 8,0 tm/day
300 metres ............ 13,3 km/day
466 metres ............ 11,8  km/day

It is obvious that the daily distance covered
is very irregular and cannot be used as a basis
for any calculation.

(3) The following time percentage distribution
was noted over an average skidding distance of
180 metres.

{i) From the roadside to

the logs  ........... 26%

{ii) In motion with the load 27%

(iii) Hookingandslinginglogs 19%

(iv) Unheoking ........... 12% Actually 28
(v} Assembling the load 1(?01" the f{'w %
(4 loads only) 6% tripsobserv-
ed)
(vi) Delay ............... _30%
Total 11'2_{‘]!%

Note: The total timne in motion was 53%

(4) The average trip duration over a distance
of 180 metres was 8 minutes 48 seconds,

(5} The average number of logs per load was
4.
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,FIG. T.S. 2] WIRE ROPE CROSS SECTIONS.
.!—.

6X19 SEALE 6 X19 SEALE 6X 19 FILLER WIRE
I FIBRE CORE  |NDEPENDENT WIRE (6X25 FILLER WIRE )
ROPE CORE. . FIBRE CORE .

{ — GROOVE DIA.

WIDTH
TREAD
N/

- : — ]
—~TREAD DIA._‘I |
L PITCH DIA. GROOVE
GAUGE. HOW TO MEA SURE !
OUTSIDE DIA. WIRE ROPE.
5 ® ®
B |
GROOVE CORRECT GROOVE TIGHT. M
ROPE CAPACITY OF HOISTING
DRUM,
H. 2.
PL._ ...,
=
HI.
$INGLE DOUBLE
Guy. A,
L) p——

STRESSES IN STACK GUYS.
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NG

(6) The average volume per load was 0,78m".

(7)) The average number of trips per day was
65.

(8)  Average output per day: 45m3.

(9) Labour with the tractor:

1 European tractor operator.
2 Bantu slinging and hookiog.
3 Bantu unchaining and stacking.

() SKIDDING TREE LENGTH BY CRAWLER
TRACTOR AND CHOKERS

Whenever possible crawler tractors with
chokers should skid tree length in preference
to skidding logs, especially for longer distances,
as this operation has the following advantages:

(1) Twenty per cent more volume can be skidded
with tree length than is the case with log skidding,.

(2) The tabour force required for slinging and
booking logs can be reduced by 75%. The operation
is, however, not always possible for the following
reasons;

{i} Treelengths are frequently subject to da-
mage and "fouling up" as the tractor manoeu-
vres between obstacles.

{ii) There is not always a suitable site at the
roadside for locating a landing, loading and
stacking deck which can accommeodate tree
lengths.

(iii} Cross-cuiting tree lengih at the roadside
after skidding requires additional labour,
organisation and planning, as well as ample
space for log swinging sorting and stacking.
The Department does not transport tree
length, but if this were done the following
problems would be encountered:

{iv) The permanent cableways available in the
Department can only accommodate medium-
sized logs.

{v) Roads are narrow, for the most part, and
their curves often of such small radius
that the long semi-trailers used for trans-
porting tree length cannot always be accormn-
modated.

(vi) Some plantations direct their logs of different
diameters to different sawmills, which would
not be possible if tree lengthsweretobe
loaded and transported.

(vii) No cross-cutting facilities are available at

the sawmill off-loading decks.

{(viii) Should cross-cutting be done af the saw-

mill off-loading decks, there will be an un-

desirable accumulation of waste off cuts

which will require additional labour andtime
for removal, ~

Fig. T.S. 16 and 17 illustrate the skidding of
tree lengths by crawler tractor.

For a comparison between skidding logs and
tree lengths see Table T.S. 13, Appendix T.8, 5.
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{g) SPECIAL CASES

Fig. T.5. 18 and 19 illustraie two special cases
of log skidding by towing tractoxr:

Fig. T.5. 18 shows towing of medium-sized
logs in fandem by winch, using the trailer grab
assembly with swivels. This method is employed
where a number of obstacles prevents the logs
from being pulled side by side with chokers, but
the winch can accommodate a load of more than
one log at a time.

Fig. T.S. 20 gives further details of the trailer

grab.

Fig. T.S. 19 shows two lots of small logs being
towed in tandem in a number of choker-sized
loads, the front lot being hooked to the tractor
drawbar hook and the rear lot being hooked to the
winch drum cable hook,

This method is applied where the width of
the skid path in thinnings prevents towing of wider
loads, but the load size is well below the tractor
capacity. The method illustraied can be employed
in 2nd thinnings for fast-growing species and in
3rd thinnings for slow-growing species,

C. LOG SKIDDING BY CRAWLER TRACTOR
AND WINCH

(a) THE WINCH

Towing winches are mounted on crawler tract-
ors to give them greafer versatility and mobility.
A pood iractor winch should be:

{1} Rear mounted, reversible, or non-reversible
if required, single speed, direct gear driven and
with an over- or underwinding drum. The drum
should be free spooling,

{2) Conveniently mounted, i.e. deeply set be-
tween the tracks and located as low as praciically
possible so as to he able to operate with maximum
efficiency under all conditions. A differecce of a
few ceniimetres in the height of a winch mount-
ing can have a marked effect on the {ractor per-
formance in logging operations. When the cable on
the winch drum is underwound its pull should be
level with the regular tractor drawbar. This will
ensure that the tractor is well halanced and al-
ways in full grip with the ground.

(3)  Easily controlled, with all winchlevers with-
in easy reach from the operator's seat.

(4}  Able to develop a desirable pull under the
required load.

Note: The winch is powered by the tractor power
take-off

Specification: See Appendix T.S. 8.

(b} WIRE ROPE FOR TRACTOR LOGGING WINCGH

{Refer
1: 2‘ 3) 4—)-

Wire rope is one of the most important items
in medern logging operations. Of all the qualities
whick are required in a good logging rope, rugged-
ness and toughness are the most essential,

to illustrations, Fig. T.S. 21, items



FIG.T.8.22

VIEW OF CROS%S SECTION AND I[NSIDE OF WIRE ROPE.
6 X 46 FILLER WIRE.

FIG.TS.23
REWINDING WIRE ROPE FROM

A DRUM TO THE REEL.

PROPER METHOD OF
UNCOILING WIRE ROPE.

TAUT DURING REWINDING BY RIGHT wAY OF TRANSFERRNG

ROPE KEPT
ROPE FROM REEL TO DRUM.

MEANS OF A LOG AND SPARS.
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OVERWINDING.

OVERWINDING

FIG.T.§. 27.

UNDERWINDING.

FOR RIGHT-LAY ROPE
USE RIGHT HAND.

FOR LEFY-LAY ROPE
USE LEFT HAND,

TO FIND THE WIRE ROPE FULL CAPACITY

—— O —

A OF A DRUM

LENGTH OF WIRE ROPE(METRES) THAT A
b DRUM WILL HOLD=(D® —d)LX

DIAMETER OF FLANGE [IN c©m

INSIDE WIDTH ©F DRUM [N cm

D=

d=— DIAMETER OF DRUM I[N cm

L =

X = ROPE FACTOR - SEE TABLE BELOW

ROPE DIAMETER
0,6cm -
0,9¢cm

1,0cm .- -

1,2cm - .

ROPE FACTOR
- 0,018888
- 0,00866726
- 0,0063426
- 0,0048732

ROPE DIAMETER
1,5¢cm
1,%cm
2,6cm

ROPE FACTOR

0,0031247
0,0021576
.(,0012089
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FIG.T.5.28.

PARTIALLY WORN LANG LAY.

PARTIALLY WORN REGULAR LAY.
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In logging, probably more than in any other
industry, it is necessary to use ropes best suited
to do a particular job. When ordering logging rope
it is important that the use to which the rope
will be put should be stated where possible, so
that a rope particularly designed and buill for
that purpose can be supplied,

Seal construction is used, i.e. 6 x 19, which
i 6 strands of 19 wires each, expressed as "9 x
9 x 1." This construction is most suited to logging
operations where the rope is subject to beavy
wear, severe crushing loads and excessive shock.

Ordinary, regular or cross tay type of wire
rope is used for logging operations. With this type
of rope the wires of the strands are laid in cne
direction and the strands are laid into the rope
in the opposite direction,

Preformed wire rope is the next important
step in the manufacturing of logging rope. Pre-
formed rope will resist unstranding and reduces
internal stresses to the minimum. Ropes made
by this process are more easily bandled, can be
more readily spliced and are less liable to kink.

The core of logging rope is independent wire
rope ¢core (LW.R.C.).

{1) Coiling wire rope

The general rule for coiling wire rope onto
a drum is shown in Fig. T.8. 23, 24, 25, 26 and 27,

All ropes should be correctly started on the
drum, and the illustration shows how a simple
rule can be applied to determine how coiling
should commence. Use the doubled up fist to re-
present the drum and the index finger to re-
present the flange. For a right-lay rope use the
right fist and for a left-lay rope theleft fist. Place
the back of the hand uppermost for overwinding
rope and the palm uppermosi for underwinding
rope. The index finger then indicaies how the
rope shouwld lead from the drum and from the
flange.

{2) Method of determining maximum load on wire
rope

In many applications such as log skidding over
uneven ground and rough surfaces it is not possi-
ble to accurately estimate the maximum load handled
due to ithe many variables involved. In such cases
an approximation may be made by the method set
out below.

In order to determine the maximum conditions,
the speed at which the rope moves should be de-
termined under the maximum condition of loading.

1,5. kW
vC

Where 1,5isthe factor providing the 50 per cent
overicad of the motor -

Rope tension =

kW - ig the power of the motor
ve -~ 18 the rope speed of 1 m per second

Example: A winch mountedon a tractor with 30 kw
engire, withthe rope travellingataspeed of 1 m

per second -
Rope tension = L, 5v-c kW _ L 51 30

= 45 kN

Note: Special improved plough rope has 2 breaking
load, on 16 mm wire rope, of 16 tons = 150 kN.
When tractor power is expressed in kW the re-
sulting rope tension will be expressed in kN

Specification; See Appendix T.8., 9 for wire-rope
specification.

{c) WINCH CABLE HOOK

A 45mm material diameter line hook is attached
tc the free end of the winch rope by means of
a 19 mm or 22 mm bow shackle with screw pin
and hexagonal head (see Fig. T.5. 36 and 37).

{d) APPLICATION OF THE TOWING

WINCH

The tractor winch is employed whern direct
towing is eitber uneconomical or impracticable. The:
winch is used to pull loads while the tractor is
stationary, After the load has been spooled in,
the tractor can recommence skidding without any
further consideration as to the position of the
load. Thus, with a properly designed towing winch,
a log winched to the tractor.and then hauled to
the landing need only be handled once, which is
when the log is choked in the compartment.

The towing winch also makes the tractor a
more versatile unit. If deep mud or steep slopes
are encountered on the skid path the load can
be dropped, the iractor moves forward to firmer
and easier ground, paying cut the ropeasit moves.
When op a firmer footing the tractor stops, winches
in the load, and then resumes skidding.

(&) LOG SKIDDING OPERATION BY TOWING
WINCH

(1) POINTS FOR CONSIDERATION

(i) The operator should carefully follow all
maintenance and operating instructions,

{(iiy The tractor must always be staiicnary when
the winch is in use.

(iili} The ftractor should be settled parallel io
the line of pull wherever possible 50 as to minji-
mise rope drag on the drum flanges,

{iv} The rope should not be allowed to build
up on one side of the drum but should spool
as evenly as posgible. This can be accomplished
during spooling by releasing the appropriate tract-
or track brake and slewing the tractor from side
to side.

{v) All fixing bolts rmust be frequently checked
and kept tight.

There are two typical winch operatidns, the
first being a single stage operation and the second
a two or more stage operation with the same load.

Plantation conditions are not always suitable
for a complete single stage operation of pull by
the cable. In many cases the skidding distance is
partially covered by pulling with the winch and
the balance of the distance is completed by towing
with the drawbar hook. In the latter case the size
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FIG.T.S. 35
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the load is adjusted to suit the tractor towing
pacity (Fig. T.5. 29).

| 1t should be noted that surface obstacles often
\srevent the skidding of large loads of tree length,
‘especially in thinnings. The fractor winch is not
| Jocated very high above the ground, so any stump
| or rock may present an obstacle which can reduce
the speed of travel or size of the load (Fig.
F.S. 30).

§ : ' gevere undulation of the slope may often com-
| pel the operator to apply two stages of winching
d then the final stage by towing the logs with
the tractor. In this event the tractor changes po-
‘sition at least three times, involving considerable
‘loss of time. Apart from this, the tractor position
* must be constantly adjusted o ensure even spooling
the winch cable on the drum, although a man
with a stick can be of assistance to ensure even

' dhooling.

| The winch cable is usually pulled from the winch
. drum to the logs by a man who has towendhis way
| through the slash, tops and off-cut logs left
'behind after the log-preparation operation, and this
is a further delaying factor when winching (Fig.
T.8. 31).

' . Observations have shown that the average speed
" of movement for pulling the winch cable out hy
. hand is 2 seconds per metre, as opposed to the
. tractor movement speed of 1,2 seconds per metre
. when moving down a gentle gradient.

I

. . 1t should be noted that a tractor can pull more
. by cable and winch than by direct towing or the
. drawbar hook, particularly when the winch drum
.~ is bare, or only half filled with cable and the
- tractor is firmly anchored to a tree stump. In
‘addition the winch can pull 2 greater load when
skidding tree length than when skidding logs.
s U
, Considering the time lost when rehooking the
logs after each stage, even without rechoking, log
skidding by tractor winch takes almost a third
- of the timelonger than direct towing with the tractor
~and drawbar hook.

a

-

{2y SUGGESTED
.1 TRACTOR WINCEH

METHCD OCF USING THE

i o

: e The winch is employed for uphill skidding when
- - slopes exceed 5°, or 109 in 2nd thinnings, and
e b%. - for downhill skidding when slopes exceed 19

i - to 230, Chokers are used with the tractor winch.

J
- 2Ly
".:"I

} .'_TABLE T.S.6 - Comparison of winching and towing

The winch cable is pulled out downmhill by la~
bourers and uphill by mule, assisted by labourers
if the ground is not too rough (Fig. T.S. 31).

The average load can be made up of 5 logs,
both long and short logs inclusive.

Table T.S. § compares production rate when
towing with the drawbar hook and when winching.

f) LOG SKIDDING BY TRACTOR WINCH
AND SNATCH BLOCK (Fig.T. 8,34, 35)

The tractor is positioned on the road with
the winch obliquely facing the upper road bank.
The winch cable is passed through a snatch block
attached to a stump on the upper road bank, then
across the road and down the lower slope to the
logs to be skidded. In all other respects the ope-
ration is similar to that of a single stage winching
operafion.

{1) Advantages

{iy ~When the tractor is correctly positioned in
relation to the snatch block it requires no side
adjustment to ensure even spooling of the winch
cable, provided that the distance betweenthetract-
or and snatch block is correct. This distance should
not be less than 6 metres, but 12 meires is ideal.

{if) The tractor position is more secure, a3 its
direction of pull is towards the road bank and not
towards the downhill slope, which often drops
abruptly, presenting possible danger.

(ili) When necessary the logs can be pulled to
a point above the road. In this case the snatch
block must be attached to a stump or tree some
distance above the upper road bank.

(2) Disadvantages

(i} When the tractor site is changed, removal of
the winch rope from the snatch block and moving
and reslinging the snatch block in the new po-
sition is a time consuming operation.

(ii)  Swinging the winched logs to the log stack
by direct towing causes considerable delay if no
other swinging means is available, as the winch
cable must be disengaged from the block for each
trip and then refitted for skidding the next load.

Towing

Slddding distance ............. 43 m
Tractor speed ... ..... ... ... 1m/1,2 sec
Out empty to the logs . ......... 1 min 20%
In, loaded ..............c.cn.- 15 min 309
Hooking and slinging .......... 2 min 40%
Time, unhooking . ..«v-v-v-cver { min 10%
Total time pertrip ............. 5 min 100%

e Winching |

it % Skjdding distance ............... 43 m

Vo e Pulling rope down by hand, speed 1m/2,5 sec

. . Winching the load, speed ........ 1m/1,2 sec
g Time to pull the rope out by hand 2 min 29%

o, __:'I‘ime to winch load ............. 1 min 149

- W Time for hooking and slinging 3min 43%

: - Time, unhooking ............... 1 min 14%,

3 Total time per trip .............. 7 min 100%

- Note: Conditions were the same, except for the gradient
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FIG.T.5.36
LINE HOOK WITH SWIVEL
AND SHACKLE,
17 cm
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FIG.T.5.40
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SMALL-SIZED TRACTOR - DRAWN SLEDGE.
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LOG _SKIDDING BY CRAWLER -TRACTOR AND PALLETS.

FIG.T.5.43.a
LOADING THE PALLET.
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PALLET SKIDDING.

FIGT S 44 a
WINCHING PALLETS ONTO LORRY BANK.
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TRACTOR AND WINCH.

FIG.T.S. 45b
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LOGGING PAN AND ACCESSORIES
FIG. T. 5. 45¢c

TRACTOR AND LOGGING PAN

TRACTOR TOWING RIG ASSE MBILIES
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AND SKIDDING PAN.

LOG SKIDDING BY TOWING TRACTOR

FIG.T.S.46
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(g} NORMS AND COSTS FOQOR LOG SKIDDING

BY TRACTOR WINCH

See Appendix T.5. 8, Table T.S. 14.

{h} TRACTOR TEAM AND THEIR DUTIES3

See Appendix T.S. 7, Table T.S. 15.

D. LOG SKIDDING BY CRAWLER
TRACTOR WITH TOWED SLEDRGE

Refer to Fig. T.S. 33, 40.
(a) OPERATION

During the early stages of logging develop-
ment, log skidding by tractor~-drawn sledges was a
pepular method. Logs from thinnings were small
and easy to handle and load. The maturing ptant-
ations and increased sizes of logs derived from
thinnings necessitated the introduction of new
methods of skidding. As a result the use of tract-
or-drawn sledges decreased, and they have only
a limited application under present day conditions.

The use of sledges is restricted to extracting
small logs from early thinnings or the small top
logs from trees in clearfellings. Sledges have
proved to be most economic when employed in
long distance skidding operations.

The main drawback of the sledge is evident
when it is being loaded or unloaded, as logs
must be lifted onto the sledge and removed from
it when unloading by hand (Fig. T.S. 38, 339, 40).
This manual operation is not oniy time consuming
and expensive, but also places considerable strain
on the men employed.

Two methods of skidding by tractor-drawn
sledge are possible:

{iy Logs are carried to the skid path and pre-
stacked, then later loaded onto the sledge.
Two sledges are used with the tracior to re-
duce time wastage, the one being loaded from
the skid path stack while the tractor tows
the other to the roadside. This method is
most efficient in second thinnings for fast-
growing species or in third thinnings for slow
growing species (Fig. T.S. 38).

Note_: For clarity the two stacks in the illustra-
tion are shown close together, but in practice
they should be further apart

(ii) The tractor towing the sledge moves slowly
throughout the area while the erewcarries smals
logs and stacks them directly onto the sledge,
thus avoiding prestacking. This method is the
most practical for use with small logs derived
from clearfellings or second thinnings for fast-
prowing species (Fig. T.S. 39).

_ When operating on steep slopes the possihility
exlsts_ that the sledge may over-run the tractor.
This is prevented by braking the sledge:

(i) by securely wrapping chains round the sledge
runners;

(ii) by chaining additional logs behing the sledge
{refer to Fig. T.S. 41).

A freguent occurrence with sledge skidding is
for large quantities of debris and forest litter
to accumulate between the sledge and the tractor
due to the low clearance of the sledge. This
lifter must be removed before the sledge can be
unhooked, resulting in large quantities of debris
ultimately accumulating at the stacking sites, and
cluttering up the landings.

Sledges should not be unnecessarily dragged

over heaps of slash or branches astheyseverely
hamper the sledge movement.

(b) NORMS FOR LOG SKIDDING BY TRACTOR-
DAAWN SLEDGE

See Appendix T.5. 10, Table T.5. 186.
{c) TRACTOR TEAM AND DUTIES

See Appehdix T.S. 11, Table T.3. 17.

{d) SPECIFICATIONS FOR HEAVY LOGGING
SLEDGE

See Appendix T.5. 12, and Fig. T.S. 40.
Note: The use of tractor-drawn pallets for skidding

small logs is shown in Fig. T.S. 4s, 44, but
these have not been used in the Department

E. USE OF THE LOGGING PAN FOR
TRACTOR LOG EXTRACTION

{Refer to Fig. T.S, 452, b, ¢ and 46).

{a) DESCRIPTION

The logging pan is a plate of wear-resisting
manganese steel, built to withstand the strenuous
service encountered in log skidding where it fre-
quently strikes against rocks and stumps, or is
run over by the tractor when backing or turning.
The pan is suificiently curved up in {ront to pre-
vent rutting and, when drawnm over the same skid
path a number of times, it has the effect of "packing"
and improving the path.

The pan is attached to the tractor 5- or 3-way
drawbar hook by means of the ferruled end of
the hitch. The other end of the hitch is spliced to
a grab link, through which a chain is threaded,
which is in turn coanected to the pan itself by
means of a shackle, The chain must be continually
adjusted to keep the pan in the correct position
relative to the length of the chokers and size
of the logs skidded.

() USE OF THE LOGGING PAN

The logging pan is recommended by the man-
wfacturers for usein the skidding of several logs
or poles at a time without the necessity of bunching.
A choker is attached to each log and hooked onte
the drawbar hook and the tractor then moves on




FIG.T.5.47.

TRACTOR AND

SULKY WITH LOAD IN TOW.

FIG. T.5.48
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FIG.T.5.50C
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E
'ﬁis to raise the
' ruiting and permit easy skidding over low surface
_.obstacles, in addition to which it prevents the em-
w.hedding of grit in the log heads.

TATTN W et 1B

to the nmext log. The purpose of the logging pan
log heads slightly to prevent

A certain amount of skill and experience is
necessary to roll the logs onto the pan without
manugl assistance. By correctly positioning thepan
against the choked logs and properly positioning
the choker on the log heads, the logs can be rolled
onto the pan as the tractor moves forward with
the log (Flg. T.S. 45 ¢)

Choker slings are usually of equal length
{3-4 metre long). When there is a radical differ-
ence in the diameter of logs skidded, some of
the logs will extend beyond the forward rim of
the pan while the heads of others will drag behind
the pan. In this case it is difficult to adjust all
the logs so that their heads rest uniformly on
the pan.

The use of a logging pan does not appreciably
increase the size of the load which can be skidded
and it has the additional disadvantage that load
assembly is a time conswming operation. When
the pan is being towed with & load it may strike
violently against an obstruction ang spill the logs
out, in which case more time is lost, as the load
must again be positioned in the pan,

The logging pan is occasionally used on planta-
tions to skid large logs, usually gum logs, over
level surfaces or slopes of easy gradient (Fig.
T.8. 46).

(c) SPECIFICATIONS {Fig. T.S. 45 b,¢)

The size of the logging pan used in the De-
partment js tm x 1,bm and has a2 mass of 213kg.
The connecting chain is of 19mm msierial diameter
and 1 metre iong.

The five~way Bantam Special drawbar hook has
a2 meass of 19 kg (item 5). When this hook is used,
the basket hook (items 6 and 10) is attached to
the free end of the winch cable. The slings of the
choker assemblies have both ends ferruied.

The thickness of the 5-way drawbar hook plate
should - be such that it can be accommeodated by
the tractor drawhar jaw.

F. USE OF THE LOGGING SULKY FOR
TRACTOR LOG SKIDDING

{Refer to Fig. T.S. 32 for details, T.3. 49
for application, and T.S. 47 and 48 drawings of
load in tow and load assembly),

The logging sulky is an arch with fairleader
and hitch, mounted on wheels with rubber tyres.
It is towed by the tractor and used for log skidding
in conjunction with the tractor winch cable with
a special hook and chokers.

The winch cable is threaded through the fair~
leader mounted on fop of the arch, and is used w0
lift the heads of choked logs. This effectively
eliminates rutting of the log heads into the ground,
keeps the logs comparatively dirt free and per-
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mits the load to be increased by 25%. Ideal
conditions for a logging sulky operation are found
in flat areas or areas with smooth, gentie siopes,
where the tractor run is virtually straight or
turnings are of a large radius.

(1) Disadvantages

{1 Numerous difficulties are encountered when
approaching logs to be hooked and towed, as the
sulky hampers ihe manoeuvrability of the tractor.
Assembling & load of several logs by means of
the winch cable is also a timme consuming ope-
ration,

(ii) The sulky ls apt to capsize when taking
sharp turns with a load of logs with raised heads
in tow. To avoid this ithe iractor must either
follow a curve of large radius, or stop, drop
the slinged load, turn itsell and move forward
with the sulky while paying the winch cable out,
stop again, winch the logs to the sulky, raise
their heads, and then proceed further. It has
been observed that long logs cause more trouble
on turnings than do short logs.

{2) Advantages

The sulky can be used to good advantage on
flat or gentle slopes for skidding large-sized
timber over long distances in indigenous forests.
If the distance is long enough, the increased load
size can be used to the full advantage.

G. THE INTEGRAL ARCH (Fig. T.S8. 52)

The integral arch is a fairleader mounied on
a frame fitted to the tractor chassis or winch
shaft. The attachment works in conjunction with
the winch cable and chokers,

Tests have shown the following:

(1) The fairleader support generally provedtobe
too short to accommodate the balance of the choker
sling length, thus the heads of the logs are not
always lifted off the ground.

{2) The tractor is inclined to tip under the mass
of the dragged logs suspended by chokers from the
fairleader which gives undesired leverage. This
occurs in spite of counterweights mounted on the
front of the tractor,

In view of the asbove this attachment has nct
proved popular in South Africa.

H. DOLLY ARCH

This attachment is shown in Fig. T.5. 50 and
51 as an item employed in log skidding. It is a
frame-mounted fairleader on wheels attached to
the tractor winch shaft. When free of a load it
can be lifted clear cff the ground by the tractor
winch cable for bhetter manoeuvrability of the
tractor when returning empty to the logs (Fig.
T.5. 51}.

This item has not been purchased or tested
by the Department s0 no information can be given
regarding its periormance.
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TRACTOR WITH BLADE SKIDDING AND STACKING LOGS

FIG.T.S55.
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(0 TRACTOR WITH BULLDQZER BLADE

Fig. T.5. 53 illustrates the use of a logging
tractor, mounted with a bulldozer blade, in a log-
skidding operation using chokers. Its movement
through the debris and slashis easy and its approach
to the logs is fast and convenient.

The tractor on the left of the illustration is not
equipped with a blade and is attempting to struggle
over the piled slash to reach the logs. A return
to the stack via a devious route will be time
consuming and uneconomical.

Fig. T.S. 54 illusirates the use of a tractor
equipped with a blade for pushing logs to the side
in rows. This operation is fast, and can be applied
where the area is flat and the ground sufficiently
firm to permit a lorry to drive along the rows
for loading. The operation is only possible where
the trees have been planted in regular rows and
the space between the rows is generally free of
stumps or other ohstacles,

The advantage of this method is that the
skidding of logs to the roadside is avoided, there
Deing no time involved in cboking, hooking, re-
moving the chokers at the roadside and sfacking,
The logs loaded are also cleaner,

() STACKING BY CRAWLER TRACTOR AND
BLADE

(Refer to Fig. T.S. 55, 56}.

The present trend in the Department is to
use crawler ftractors equipped with bulldozer
biades for log skidding so that the tractors may,
if necessary, assist in log-stacking by using their
blades. The procedure inthiscaseisfor the tractor
to skid the logs fo the stack where they are un-
hocked, and the chokers removed from the draw-
bar hook. The tractor then turns, approaches the
logs with blade lowered and pushes them up onto
the stack, after which the chokers areagainhooked
to the drawbar hook and the tractor returns to
the compartment for another load. It is obvicus
that this operation will involve a considerable loss
of time and corresponding decrease in the log
skidding output, but there are times when it is
economically justified.

Log stacking by towing tractor with bulldozer
attachment may be done economically under the
following conditicns:

{1) Whenever the stacking crew lags behind,
the tractor should occasionally assist with the
stacking, or its skidding production drops as the
tracter waits for access to the front of the stack,
barred by the unstacked logs from the previous
toad.

(2)  When there is a shortage of labour, or when
labour costs are excessively high.

3
(4 When the fractor must be employed for log

skidding but caonot be kept fully occupied in
skidding throughout the day.

Whenever large logs are to be stacked.
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If tractors are used for log stacking undep
normal conditions other than the above, oty -
financial loss and a decrease in production wily
be experienced. Assistance in stacking by the

tractor willunder present conditions onlybe finan~

cially justified when daily labour costs exceeq
R1,05 per day per unit.

Table T.8. 7 indicates the financial and log-
skidding production losses which would be ex-
perienced over various skidding distances where
the blade is used for stacking and where the
average labour cost per manday is 50¢,

TABLE T, 8. 7 - Financial losses incurred by stack-

ing by bulldozer blade when laboyr
costs 50 cents per day

Average Decrease in| Increased | Increased
distance volume cost 3per cost per

skidded m m3
m % ¢ %
75 28 3,8 26
150 20 5,3 23
225 16 5,3 19
300 13 8,4 16
375 11 6,7 13
450 10 1,1 10

Table T.S. 8 ingicates the log-skidding pro-
duction losses, but financial gains which would
be experienced over various skidding distances
where the blade is used for stacking and where
the average labour cost is RB3,00 per day {(as
in the Cape Midlands).

TABLE T. S.8 - Financial gains made by stacking
by bulldozer blade when labour
costs R3, 00 per day

Decrease In| Decreased| Decreased
Average

distance volume cost per cost per
skidded m3 m3
m % c %
7 28 3,9 10
150 20 5,3 11
225 16 15,5 25
300 13 20,8 26
375 11 26,5 29
450 10 36, 0 31

Note: Losses in tractor-skidding production may

be more important than the economic considera-
tions

K} PRECAUTIONS FOR LOG SKIDDING BY TRAC-
TOR

(1) To reduce hazards along skid paths and par-
ticwlarly around landings, dead trees or branches
that might be jarred by the machine or its load
should be felled or pulled down. Otherwise the
tractor operator and others will be in danger of
baving an entire tree or heavy branch come down
on them.

(2) For safe operation, the tractor operator
should be well trained and always alert. Tractor




drivers should be carefully selected. They should
be taught that to work efficiently they must guard
against danger to themselves, their machines, and
others working in the woods,

{3) Traclor operators should not wear slippery-
soled boots.

{4) No person should be allowed on the tractor
or its accessories, except in the seat provided.

{5} The tractor should work up and down the
slope as much as possible. Working on side slopes
with a tractor is dangerous. The tractor is likely
to side slip and then, when it comes up against
a stump or rock, to turn over.

{6) A substantial metal guard for the protection
of the driver should be instzlled on every tractor
used in logging or road construction in timbered
areas. This guard should be strongly constructed
to afford adequate protection for the driver against
trees being pulled over, brush and branches. It
should be of sufficient width and height so that
it will not impair the movements of the driver or
prevent his immediate escape from the tractor
in emergencies. Tractors used for skidding shoutd
be provided with a guard behind the seat to protect
the driver.

{(7) Logging sulkies {or arches} should be
equipped with line guards. These line guards shall
be kept in place and in good repzir at all times
when the tractor is in use.

(8) The mechanical condition of the tractor shoutd
he good to ensure the safety of thedriver and other
workmen. Operating a tractor with unsafe brakes
or steering devices is strictly prohibited.

{9}  Tractors should be started only by the ope-
rators or by competent men.

(10} Tractors shall not be operated on grades
upon which the tractor caonot be adequately con-
trolled. Skid paths should be bulldozed where
there is danger of the tractor slipping, or tipping
over on steep side slopes.

(11} Tractor brakes should be sufficient to hold
the tractor on any grade over which it is being
operated and should be in good repair.

{12} When tractors are near workmen, all move-
ments should be regulated by hand signals.

(13) Tractors should not be moved until all men
are clear of the machine.

(14) The operator should use caution in backing
the tractor or logging arch {sulky) towards work-
men.

{15) Particular care should be faken to prevent
overturning the arch {sulky).

{16)  Tractor, logging arch {sulky) or logs should
not be permitied to rub against anchor lines or
tail hold stumps of cable machinery.

(17) Surfaces of decks, fenders and bulldozer
arms of tractors shall be of material and/or
design fo effectively eliminate slippery conditions,
In lieu of this, footwear should be used which
will effectively prevent slipping. Persons pot so
equipped are not allowed on the tractor.
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(18) Tractors shall not be left standing on steep
grades without first setting the brakes, shiftinginto
a low gear, stopping the engine, and lowering the
blade. )

(19) No person shall go under a tractor, or in
a hazardous positicn around the {ractoror attached
equipment without first definitely notifying the
driver or making certain that the equipment can-
not move.

(20}  Chokers should be attached pear the end
of the log when tractor skidding.

(21)  Riding on logging arches (sulkies), logging
pans, logs or any part of the tractor or attached
equipment, except in the driver’s seat, i$ pro-
hibited,

(22) Logs shall not be swung over the tractor
by a loading machine.

{23} A workman shall not stand upoa the track
of a tractor or arch unless he is required to do
so by the nature of the work which he is doing,
and then only when the engine hasbeen stopped.

(24) In tracior operations workmen should watch
at zll times for rolling logs, smags, or other
hazards caused by the movements of tractors,
logs or lines.

(L) PRECAUTIONS FOR WIRE ROPE AND CHAINS
USED WITH TRACTORS

(1) The logs are first choked or chained by
chokers or logging chains before hooking to the
power unit.

(2) Tractor choker assemblies consist of wire
rope slings with one end eye-spliced (socketed
or wedge socketed) and the other end ferruled,
The Bardon choker hook slides on the sling be-
tween the eye-splice and ferrue.

(3) Dwarf size chocker hook ferrule D. 5 and
16 mm wire rope are used for 26 to 33 kilowatt
tractors and the bantam-size choker hook ferrule
B. 6 and 19 mm wire rope for 45 to 60 kilowatt
tractors.

(4} The choker slings should be in good order.

(3} The wire rope slings should not be kinked
or damaged.

(6) Eye splices should be properly constructed,
or sockets fitted that will make a fitting that will
be as strong as the rope itself,

(7) A choker wire sling shall not bhe used
when 105 of the wires is broken within a distance
of one wrap {lay).

{8)  Tractor chain fittings should be attached with
welded screw pin clevises, and not with split
{inks, cold shuts, etc.

(9) Wire rope on the tractor winch drum should
be of suitable length: The crushing stress on a
too full winch drum has a destructive effect on
the rope.




FIG.T.§.57 .

CHOKER SETTER KILLED WHEN CRUSHED BY LOGS THAT ROLLED ODOWN THE

HILLSIDE ONTO HIM AS HE WAS SETTING A CHOKER. IT IS BELIEVED THAT THE
FIRST LOG WAS STARTED ROLLING

BY THE VIBRATION CAUSED BY THE MOVE -
~MENT OF THE TRACTOR.
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FIG.T.S. 60.
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A SHORT LOG, TOWED BEHIND THE TRACTOR, HUNG UP ON A STUMP AS THE
TRACTOR MOVED FORWARD. THE LOG SWUNG IN AN ARC AND STRUCK THE
CHOKER SETTER IN THE CHEST, KILLING HIM. HE WAS STARTING TO SIT DOWN
A SHORT DISTANCE TO THE SIDE OF THE SKIDPATH .




FIG.T.S 61 |

A LOG THAT ROLLED BACK, THEN SLID FORWARD AFTER BEING PUSHED OUT OF
- THE SKID TRAIL ON A 45% SLOPE.

FIG.T.S.62.

CHASER CRUSHED BETWEEN
END OF LARGE LOG AND BACK
END OF LOADER WHEN A LOG)
WAS SHOVED AHEAD BY /
ANOTHER LOG BROUGHT IN
BY THE TRACTOR.

f
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A CHOKER SETTER WAS CRUSHED BY A LARGE WINDFALL LOG THAT ROLLED DOWN
THE SLOPE ONTO HIM. THE OTHER GHOKER SETTER CRITICALLY INJURED.

FIG.T5.64

—_———

A CHASER WAS KILLED WHEN A
LOG SUDDENLY ROLLED OFF TWO LARGER
LOGS OF A FOUR-LOG TURN AND CRUSHED
HIM DOWN UPCN ANOTHER (OG FROM
WHICH HE WAS TRYING TO FREE THE
CHOKER.
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(10) All fittings sbould be of the right size
and type. The line hooks should be of the swivelling
type, preferably with an "arrow"” point,

{11} A snatch block should be used when cable
pull s applied in difficult conditions, such as above
2 steep drop, etc.

(12) The tractor should be tied safely to an
anchor point in especially dangerous winching con-
ditions.

(13)  All shackles used for joining the fitting
should have a strength of not less than one and
one half times that of the line they join.

{M) ACCIDENTS IN LOGGING - LOG SKIDDING
BY CRAWLER TRACTOR

The drawings and incidents related in this
section are reprinted by courtesy of the Oregon
Safety Commission, U.S.A., and are accounts of
accidents which actually occurred in logging ope-
rations, Similar accidents have already cccurred
in Departmental plantations.

(1) Choker setter killed by rolling logs (Fig. T.S.
57)

A choker setter was killed instantly when
crusheqd by logs that rolled down the hillside onto
him as he was setling a choker. It is believed
that the first log was started rolling by vibration
caused by the movement of the tractor,

Preventive measures

(i} Provide supervision and plan the work so
as to avoid working on hillsides below loose logs.

{il) When possible remove or make Securelooss
logs that might roll, before working below them.

(2) Choker setter fatally injured by falling sapling
{Fig. T.S, 68)

The choker setter died two days later as the
result of infuries received when he wag struck
on the head by a eapling that was pushed aver
by the winch rope as a turn of logs was heing
yarded to a road,

Preventive measures

Make certaln that workmen are in the clear
before moving lines,

(3) Choker setter killed by falling enag (Fig. T.S,
55)

The choker setter died about an hour later
a8 the resut of injuries received when be was
struck by a tall snag that was knocked over when
struck by the butt of a large tree that was felled
by & timber feller.

Preventive measures

Separate the yarding from thefelling andcross-
cutting erew so that they will not be endangering
each other. :
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{4) Choker setier killed by swinging log {Fig. T.S.
60}

A short log in a turn of logs behind a tractor
hung up on a stump as the tractor moved forward.
The log swung in an arc, a 1 metre limb on it
struck the choker setter in the chest, kiliing him.
He was starting to sit down a short distance to
the side of the turn of logs.

Preventive measures

(i) If using skid paths, trim down all stumps
which may cause logs to "hang-up'.

() Make sure that workmen are well in the
clear before commencing to haul the logs. Work-
men should not sit down until well in the clear
of moving logs.

(5) Choker setier killed by roiling/slidinglog (Fig.

T.S, 1)

The choker setter died about two hours later,
while en route to the hospital, as the result of
injuries received when he was crushed against
the drum of the tractor by a log that rolled back
and slid forward after being pushed out of the skid
trail on a 45 degree slope.

Preventive measures

Make certain that logs are secure before per-
mitting workmen in the area below them.

(6} Unhooker crushed between log and loader {Fig,
T.5. 62)

The unhooker was instantly killed when he
was crushed between the end of a large log and
the back end of the loading machine when the log
was shoved ahead by another log that was being
brought iato the landing by tractor,

Preventive measures

(i) Move logs to a position where they will
not be shoved forward by incoming turns of logs,

(ity Train workmen to stay in the clear as
logs are being brought onto the landing.

(7) One choker setter killed, another serlously
injured (Fig. T.S. 83)

A choker setter was instantly killed when
his head and shoulders were crushed by a large,
rotten windfzll that, without warning, suddenly
rolled down the hillside and over him, and the
other choker setier, who was sericusly injured.

Preventive measures

(Iy Make certain logs are secure before working
below them.

{ii) Don't work below insecure logs: block them
or puil another log over them to move them into
2 secure position,

{8) Unhooker killed by rolling log {Fig. T.S. 64)

The unhooker was killed when a large log,
35cm in diameter and 12m long, suddenly rolled
off two larger logs of a four log turn and ¢rushed
him down wpon another log, from which he was
trying to iree the choker,
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Preventive measures

(i) Watch carefully for logs that are likely to
roll and do not go into the danger area.

{ii) Unhook the choker from the tractor when it
is unsafe to unhook it from the log, then have it
moved into a safe position by tractor or loader.

4. LOG SKIDDING BY RUBBER-TYRED
WHEEL TRACTORS

A. GENERAL

Refer to Fig. W.T. 1.

In the previous chapters relating to crawler
tractors, a brief mention was madeof the character-
istics of wheel tractors, but some additional and
more specific information will be given in this
chapter showing the adaptability of this machine
to log-skidding operations.

Pneumatic tyres are used with wheel tractors
operating in plantations, so it is- important to
consider the air pressure ia the tyre and effect
of this tyre pressure on the ground surface, as
well as the tyre surface area in contact with the
ground, expressed in square centimetres. Practice
has shown that the ground-supporting capacity
should be one-half greater than the air pressure
in the tyre. This condition permits greater play
of the tractor springs, which permits the vehicle
to negotiate ground obstacles more easily.

Some formulae have been developedtofacilitate
calculations of the tyre pressure required with
respect to the ground supporiing guality, so that
the best tractor performance can be achieved.
Rolling resistance of the tractor is aifected by
the internal tyre pressure and also the friction
of the hall bearings of the tractor wheels.

The coefficient of rolling resistance of the
tyres op uniform hard ground is approximately
18 kg/t, and with each 3 cm of penetration of
the tyre into the ground the resistance increases
by approximately 13kg/t. For forestry purposes
it is advantageous to have the lowest practical
rolling resistance, which may be achieved with
a tyre pressure of 1,7kg/cmZ2. When the load
to be drawn is known. tyres are selected for
the work which can operate at a pressure of
1,7 kg/em?2,

Note: The above applies to specially built tyres
witich ¢can work under low pressure

In industry, special tables are issued for the
purpose of establishing tyre pressure, thus per-
mitting the selection of suitable tyres with
the correct pressure for the required load and
speed.

Concerning skidding resistance, what has been
said previously with regard to the crawler tractor
also applies to the wheel tractor. When the wheel
tractor is used, however, it is a great advaniage
if the front end of the load can bhe lifted, and for
this reason every wheel tractor used for log skidd-
ing should be equipped with a three-point hy-
draulically operated lifting attachment mounted on
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the rear of the tractor. By lifting the front
end of the load the skidding resistance is reduced
by approximately 25y, while the grip (adhesion)
of the tractor wheels on the ground is consider-
ably increased.

When using wheel tractors, the diameter of
the wheels, the dampness of the ground and the
adhesion of the iyres play an important role,
Tractors should have sufficient power to tow the
load of logs, bui when the wheels start skidding
any surplus power is useless.

Data for calculating the coefficient of adhesion
are available, but are not really applicable to
the forest floor where stones, brush, slash, litter
and stumps will upset all calculations, and may
even influence the choice of tractor.

The above remarks, which are mainly appli-
cable to tractors working in uniform sagricult-
ural or industrial conditions, are not always appli-
cahle to forestry log-skidding operalions.

B. WHEEL TRACTORS IN LOGGING

Refer to Fig. w.T. 2 o 8.

The Department has made numerous attempts
to introduce wheel tractors for log skidding.
Some tractors were eguipped with a slottedlogging
drawbar mounted on the three-point lifting attach-
ment, (Fig. W.T. 3 and 7), while others were
tried with front or rear-mounted winches (Fig.
W.T. 4, 5). Both two and four-wheel driven tract-
ors were tested, propelled by either diesel or
petrol engines, ranging from 23 to 48 kW.

Wheel tractors, although fast on the road,
are comparatively slow when working in tim-
ber felling areas. They frequently have to re-
verse in crder to approach logs due to the diffi-
culties invelved in turning among the logs and
forest debris. In addition the tractor tyres are
subject to puncturing when rolling over roughly
cut stumps with jagged splinters, or over sharp
stones. The tractor can skid over level ground
or mild slopes, but turning round on steep slopes
and uphill skidding are out of the question.

Deparimental roads are generally not spaced
far apart, which means that if wheel tractors are
used, their higher speeds cannot be used to much
advantage. Hooking and assembling loads for wheel
tractors are slow and often cumbersome, The De-
partment seldom uses wheel tractors for log
skidding, except in certain plantations where they
have been found to be well suited to local condi-
tions. Consequently no accurate data are avail-
able with regard to the skidding potential of wheel
tractors, but the figures available will be given
for consideration.

There are, however, occasions where wheel
tractors can be put to work in areas with easy
terrain free of obstacles, provided that good su-
pervision 18 available. Medium diameter logs, (oo
large for slipping by mules, but too small for
economic skidding by crawler tractor, provide the
optimum working conditions for wheel tractors (Fig.
W.T. 8). Wheel tractors can also be used for
carting tirailer or semi-trailer loads of poles
or pulpwoad (Fig. W.T. &).
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WHEEL TRACTOR FITTED W!ITH LOG — SKIDDING ATTACHMENT.

FIGW.T.2.

FIG.W.T3

TRACTOR DRAWBAR [N LIFTED POSITION.
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FIGWT.4 REAR=MOUNTED WINCH ON WHEEL TRACTOR.
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FIGWT5 FRONT-MOUNTED WINCH ON WHEEL TRACTOR
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An abbreviated specification for the type of
wheel tractor generally employed for log skidding
may be found in Appendix W.T., 1. The following
features of interest deserve further mention:

{1} Adjustable wheel tracks in steps, l.e. if
used with a firailer, the tractor wheels can be
adjusted to the trailer wheel tracks,

{(2) A good ground clearance is available, which
means that higher surface obstacles may be
ridden over.

3) Supplementary weights may be fitted to the
tractor wheel hubs, which improves adhesion to
the ground.

{4) Special low pressure tyres are used, per-
mitiing the tractor to move over soft scil sur-
faces.

{(0) The strength and high liffing capacity of
the hydraulically operated three-linkage points
are of great advantage, as the lifted load head
adds to the tractor rear wheel adhesion, at the
same time reducing the load-skidding resistance
(Fig. W.T. 3).

C. OUTPUT AND-LCOSTS

No complete data for operations performed by
various wheel tractors are available, but a rough
estimale may be made of the skidding costs.

Refer to Fig. W.T. ¢ to 11,

{a) UNIMOG DIESEL TRACTOR

Unimog Diesel tractor, four-wheel driven, with
double-drum winch.

Purchase cost R3 683,66
Machine hire - R2,19 per hour
During 3 monthe - 231 working hours - skid

ded 1 009 m3, i.e.
4,36 m3 per working
hour
Exact costs per m?3 for this machine are not
available.

Note: The Unimog has the following atiachments
for log skidding:

(i) Drawbar for ground skidding

{ii} Rear-mounted winch for log winching (Fig.
W.T. 10).

(iif) Double-drum winch mounied behind the cab,
and roller in the rear (above the wheels)
with a special apron {plate) below the roller.
This arrangement permits lifting the {ront
of the load for easier towing (Fig. W.T. 113,
or permits bundle skidding of small logs
(Fig. W.T. 12, 13).

(b} FORDSON SUPER MAJOR

Fordson Super Major fitted with the logging
slotted bar on the three-point hydraulic lift and
drawhar.

Purchase costs: R2 243,13
Machine hire: 8lc/hour.

(1) Clearfelling

P. elliottii, 32 yr old. Average log: 0,35 md..
Skidded during 12 full working days: 1 521 logs;
529 m*. Average per day: 44 mv.

Maximum skidding distance - 100m (estimated).
Gradient of slope: Easy.

Estimated cost:

Assuming that the tractor worked 6 hours daily
Hiring charges for 12 days

@ 6 hr x 8lc - 'R58,32
Operator’'s wages: R5 x 12 days - R60, 00
Labour: 2 @ 65¢ x 12 days - R15,80

Total - RI33,92

R133, 92+ 529m3 = 25 3¢/m3
(2) Thinnings

(i) P. taeda, 26 years old. Average log: 0,18m9.
Skidded during 3% full working days: 505
logs; 92m3. Average skidding output per
day: 26,4m3,

3

(ii) P. elliottii, 26 years old. Average log: 0,2m".
TDuring 73 working days skidded 1 159 logs;
231/m3, Average skidding output per day:
30,9 m3,

(i) Average log: 0,24 m?. Skidded during 13 days:
173 logs; 35,4m3, Average skidding output
per day: 23,6 mS.

(iv) Average log: 0,17 m3. Skidded during ¥ days:
359 logs: 63,5m3.

Average cost for all thinnings as above
Total days worked: 15,5

Tractor hire: 8lc x & hr x 15,5 days - R75,33
Cperatorts wages: 15,5days @ R5 - R77,50
Labour: 2 @ 65¢ x 15,5 days - R20,15

Total - R172,98

R172, 98+ 423m3 = 40, 9¢c/m3

Note: (a) 40,%¢c is for skidding alone, without
considering the costs of loadprestacking
before chaining, and log stacking at the
roadside

{b) 8lc hiring cost for the machine is for
the machine with fuel, lubricant, main-
tenance, etc., but withoutauxiliary equip-
ment costs (i.e. chains, peavy hooks,
ete.)

D. RANDCM OBSERVATION OF LOG
SKIDDING WITH PRIVATELY OWNED
WHEEL TRACTOR

{a) Tractor; Massey Ferguson, 45 kW, model
M.F. 65, industrial type, with logging slotted bar,
for hooking chained logs, fitted to the three-point
bydraulic lift. No winch.

{(b) Basic price: R2 290, *

{c) Auxiliary (Minor) equipment: 9mm logging

chains, short link, of mild steel, Chains 2,4m
long, fitted with the standard logging slip hook of
25mm material diameter at one end, and 2 ring
at the other end.
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(d)

{e) Labourers' duties: 2 labourers chaining and
hooking logs and providing easy access for the
tractor to the logs., The other 4 labourers were
engaged in unchalning the logs at the landing and
stacking the logs at the roadside.

Labour: 1 Bantu driver, & Bantu labourers.

) Timber: Clearielled 25 year old P. patula,
The compartment was clearfelled in iwo stages;
50% of the trees was removed during the first
stage, with an even distribution over the com-
partment, and after these logs had been skidded
out, the balance of the compartment was clear-
felled. This method was adopted in order to mini-
mise accumulation of debris and to facilitate wheet
tractor movement. Off-cut tops, slash and litter
were stacked in heaps,

The first stage of the log-skidding operation
was observed, i.e. 50% of the trees remained
standing after the balance had been felled. There
were approximately 147 stems/hectare. Only
the heavier logs were skidded by tractor, the
balance being slipped by mules.

(g  Site: Slope a maximum of 18° to 20C. Roads
approximately 130 metres apart. BSeoil: clayey
loam; sgil carpeted with litter and fine debris;
so0il surface: damp.

METHQOD OF WORKING

(1) Logs wereskidded with the gradient down a slope
of from 12 to 189, over adistanceranging from
25 to 60 metres, then slightly uphill overa gra-
dient of 2,59 ang finally level alongthe road for
25 metres to the log stack. The tractor moved o
the logs, turned around, hooked the logs, and then
proceeded to the road. Loads variedfrom 3to 5
logs, with a volume of from 0,8 - 1,4 m3. The
maximum possible load appeared tohel,47 m3;
the limiting factor being the sbort uphill with a
damp surface.

The load mentioned above consisted of 5 logs as
follows

2 logs, 3,6m x 30cm = 0,59m3
1 log, 5,5m x 25cm = 0,33m3
1log, 4,2m x 28cm = 0,27Tm3
1log, 5,5m x 23cm = 0,30m>
5 logs 1,49m3
(2) Skidding up & gradient of 79, approximately
25 metres to the roadside and approximately
10 metres along the road to the stacks. The
maximum load on the slope was 0,8 m>.
{h)  Technique adopted. When observing the log

skidding, it became apparent that the hest method
was {0 lift the head of the load with the three-
point hydraulic lift to slightly above the litter
layer. Excessive lift of the load tended to cause
the front wheels of the tractor to lift. The driver
of the iractor was very skilled and experienced
and manceuvred the tractor perfectly at speed,
but considerable delay occurred when choking,
assembling the logs into a lecad and hooking. If
a rear-mounted winch could he installed, without
the necessity of removing the three-linkage point,
it would be of considerable assistance,

Production figures are not available,
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E. POSSIBLE APPLICATION OF THE
WHEEL TRACTOR IN THE DEPARTMENT

Wheel tractors are not popular amceng the
field staff due to their limited application in log
skidding with regard to terrain, surface, size
of logs, etc. None the less, if the wheet tractor
is used in the right place at the right time these
difficuliies would be minimised. The besi place
to employ the wheel tractor would be in a plant-
ation in the early stages of development without
mature timber, particularly as the wheel tractor
can 2150 he used for many other operations besides
log skiddiog, in combination with several accesso-
ries now available on the market.

F. THE WHEEL SKIDDER (Fig. W.T. 14)

The wheel skidder tractor was designed in Ca-
pnada for skidding pulpwood timber, in tree length,
over tong distances from compartments not readily
acgessible by lorries, The main features ol the
tractor which was demonstrated to the Department
are the following:

{1) Powered by a 43kW engine.

{2) Four~wheel driven with four-wheel steer-
ing.

(3) Large wheels with low pressure tyres.

(4) The differential can be automatically

locked on the rear wheels to secure

even action of the driving wheels,

Well balanced rear-mounted integral arch

with fairleader. The c¢hassis is pivoted

in the middle and is actuated by a single

bydraulic cylinder.

The tractor is highly manoeuvrable.

The rear wheels follow the tracks of the

front wheels oo turns,

Travelling speeds up to 24 km/hr.

Ground clearance of 45,7 cm.

Bulldozer blade, front mounted, enables

the operator to clear a way through cb-

stacles, and assists with log stacking at

the reoadside if adequate room for tractor

movement is available.

(a)

(5)

(6}
(7)

(8
9
(10)

(b)  Auxiliary equipment {(Fig. W.T. 15). Auxi-
liary equipment for the wheel skidder consists
of a number of devices resembling Bardon choker
hooks twisied at an angle as illustrated in Fig,.
W.T. 15b, which slide along the winch cable or
on the detachable tagline (Fig. W.T. 15), facili-
tating hooking the logs by means of choker assem-
blies. The tagline is merely an extension of the
winch cable. If a spare tagline is used (Fig. W.T.
15d) angd 5 or more spare chokers and shiding de-
vices are available, advance log slinging and pre-
choking is possible, Fig. W.T. 15 illusirates some
of the minor tractor auxiliary equipment, such as
the butt hook for attaching the tagline tothe winch-
line (Fig. W.T. 15c), the nubbin at the end of the
tagline (152) and the tagline slider with nubbin
(15b).

{¢) The maximum load which could be towed
over level ground, without obstacles, by thetractor
in low gear, was three tree length trees of the
following dimensions:
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38 c¢m average diameter -

17,3 m long - approximately 1, 92m3
30 cm average diameter -
15,8 m long - approximately 1,22m3
30 cm average diameter -
17,1 mw long - approximately 1,22m3
Total volume of three trees 4,36m3

The purchase price of the wheel skidder is ap-
proximately R7 500.

(d) (1) As there were too few choker assemblies
and no tagline available for the test, there
was considerable delay during choking and
assembling the logs into a load.

(2) The short skidding distance did not provide
the tractor with the oppertunity to attain
its maximum skidding speed, or even to
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return empty from the roadside ata reason-
able speed.

{3) The road width at the point where the logs
were stacked was insufficient to permit
the tractor to conveniently stack the logs
with its bulldozer blade.

{e) There is oo doubt thati this tractor possesses
a number of atiractive advaniages where working
under the conditions for which it was designed,
i.e. long skidding distances through a planted area
with few roads spaced far apart. Some of the
plantations in Zululand may be suitable for the
employment of this machine, as the country is flat
with few obstacles, and the stabilisation of road
surfaces is a costly affair in this region.



APPENDIX T

5.1

TRACTOR SKIODING - DEPARTMENTAL NORMS

CRAWLER TRACTOR TOWING LOGS BY CHOKER (S} ATTACHED TO THE

DRAWBAR HOOK BEHIND THE MOVING

TRACTOR AND OVER A FIRM FOREST FLOOR

The following log-skidding norms have been determined and accepted for 28 to 33 kW class tractors,

TABLE T.S5. 9
Average single Allowed time Volume of logs per day in m3
distance per load 2 nd Thinnings 3rd Thinnings Clearfellings

m min

0 - 1% 4 75,80 114,75 135,00
16 - 30 5 60,48 91, 80 108,00
31 - 45 6 50, 40 76,50 90, 00
46 - 60 7 43,12 85,45 77,00
61 - 75 8 38,08 57,80 68,00
76 - 90 10 30,24 45, 90 54,00
91 - 1056 11 27,44 41,865 49,00
106 - 120 12 25,20 38,25 45,00
121 - 135 13 23,52 35,70 42,00
136 - 150 14 21,84 33,15 38,00
151 - 165 15 20,16 30,80 36,00
166 - 180 16 19,04 28,90 34,00
181 - 145 17 17,82 27,20 32,00
196 - 210 18 16, 80 25,50 30,00
211 - 225 o 15,68 23,80 28,00
226 - 240 20 i5,12 22,95 27,00
241 - 255 21 14, 56 22,10 26,400

Particulars used for calculations

a) Travelling time
b} Hocking and unhooking time

2,13 sec per metre

190 sec per metre

c) The distance used for the calculation is the largest number in each range, l.e. for 16 - 30m
range, the calculations were based on 30m. e.g. (30x2) x 2,13 + 190,00 = 317,8 sec. =

5 min per load "’

Allowances made

{a} All times were normalised.

{b) Twenty per cent allowance was made for
rest and incidentals.

(c) Six per cent was allowed for refueling and

daily maintenance.

{d) Time per day in mnuies; 540,
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Average ioad size
2nd thinnings - 0,56m3 on slope 18° down to 10°

up.
3rd thinnings - 0,85m® on slope 18° down and 5©
up.
Clearfellings - 1,0m3 on slope 18% down and to
59 up.

Note: The maximum volume that the tractor team
can handle per day is 102 m3




APPENDIX T.5.2

TABLE T .8. 10-Duties of the tractor team

Team | Number of Equipment Duties
No. | labourers
1 Operator Tractor Responsible for: a, Maintenance and reporting of mechanical de-
{(European) fects.

b. Completion of the production sheets and idle
time sheets, and any other tractor sheets or
statements required,

c. Supervision of the team,

2 3 Bantu 2 axes Responsible for choking and hocking logs, clearing the skid paths, and
1 cant hook | for the chokers themselves. They must assist with rolling logs to the
stack if a new stack is commenced,
3 Soré 1 axe Responsible for stacking skidded logs, unhooking and replacing the
Bantu 1 fork chokers on the tractor and removal of any litter brought in by the
5 handspars | tractor.

APPENDIX T.8, 3

TABLE T.8. 11-Servicing the tractor

Mant_enance Allowe.d time Remarks
details min
1. Daily servicing 30 Time allowances are included in the output
table.
2. Weekly servicing 100 This time must be included in the daily time
earned,
3. Monthly service 135 Iocludes weekly service. Must be included in
daily time earned,
4. Quarterly service 200 Includes monthly service. Must be included in

the daily time earned.

5. Ghould representatives of firms check or repair the tractors, the actual working time must be
included in the daily time earned.

TABLE T.5.12 - 1dle time sheets

APPENDIX T 5.4

Section:

Date:

Time

Time in minutes Details of idle time

From

To

OPERATOR'S SIGNATURE

FOREMAN'S SIGNATURE
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APPENDIX T.S.5

TABLE T.S. 13 - Log skidding by tractor and chokers: comparison between skidding logs and tree-length,

Details Logs Tree-length
Kind of felling Clearfelling Clearfelling
Gradient 120-16° down Level
Average distance 50 m 60 m
Speed of tractor 3,5 km 3,2 kn
Total daily distance 9,0 km 9,0 km
Total time daily to logs 1 hr 31 min 1 hr 11 mino
Total time daily to logs % 19% 15%
Total time daily with load 1 hr 48 min 1 hr 28 min
Total time daily with load % 22% 18%
Total time daily - hooking and slinging logs 2 hr 34 min 3 hr 3 min
Total time daily - hecking and slinging logs % 32% 38%
Total time daily - unhooking 1 hr 44 min 1 hr 56 min
Total time daily - unhooking % 22% 24%,
Total time daily for delays 23 min 22 min
Total time daily for delays % 5% 5%
Total time for average trip 8 min 6 min 39 sec
Number of logs skidded 392 logs 320 trees
(904 logs)

Volume skidded daily 66, 6 m3 84 m3
Number of trips daily 53 63
Auxiliary equipment used 4 chains 9 chains
Crew: Tractor driver 1 unit 1 unit

Bantu: Assembling and hooking 2 units 1 unit
Total time of actual operation 8 hours & hours

TABLFE T.S, 14 - Norms for log skidding by

Average load 0,957 m?

APPENDIX T.S, 8

traclor winch

Average distance Time per load Log skidding output per day

m min m2
16 - 23 4 76.4
26 - 35 5 61.2
36 - 45 i) 51.0
46 -~ 55 T 43.6
56 - 65 8 38.5
66 - 75 9 34.0
76 - 85 10 30.6
86 - 9% 11 27.9
96 - 105 12 25.5

Conditions: Slope: down 199 - 230

up: 6° and over in 3rd thinnings and clearfellings
up: 109 and over in thinnings.

Timc used: a. Slinging, hooking and unhooking - 104 sec per load
b. Skidding {winching) - 3,05 scc per metre.

Allowances made: g,

All times were normalisced

b. Twenty per cent allowances made for rest and incidentals

¢. Six per cent allowed for refueling and maintenance.
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APPENDIX T.S, 7

TABLE T.S, 15 - Tractor team and their duties for log skidding by winch

1 Team No. Operator Lasourers Dufies
L 1 The operator's duties and responsibilities will be the

same as those previously described for the operation
of tractor with chokers as in Table T,S, 7.

2 4 1 labourer to pull the winch cable down to the logs.
3 labourers to roll logs to cable and hook them.
3 4 Responsible for stacking all logs. One or two of these

labourers to be responsible for securing and moving the
i snatchblock if skidding is applied.

g Equipment: Team No. 2. - axe,
Team No. 3. - 1 axe, 1 fork, 4 band spars.

APPENDIX T.S. 8

SPECIFICATIONS

LOGGING WINCH USED BY DEPARTMENT FOR LOG SKIDDING

Drum size: Barrel diameter: 15 cm
Flange diameter: 30 cm
Between flanges: 30 cm
Cable capacity: 16 mm wire rope diameter - 70 metres recommended.

Height above the ground: To centre of barrel: 65 ¢m

Line pulls and speeds:

Bare drum, underwinding 8 300 kg at 20 m per min,
Full drum, underwinding 4 150 kg at 40 m per min.
Bare drum, overwinding 6 570 kg at 25 m per min.
Full drum, overwinding 3 280 kg at 50 m per min.

Note: The above figures are based on 28 kW at 862 r.p.m.
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r APPENDIX T.S, 9

SPECIFICATIONS
WIRE ROPE FOR WINCH CABLE: TRACTOR-MOUNTED WINCH

Logging ropes used with towing tractors are made from special improved
plough steel wire of 19 - 20 t/em?2 tensile breaking strength. The diameter of the
rope is 16 mm of 16,00 tons breaking load, i.e. 5 times more than the winch
pulling capacity if mounted on a 37 kW tractor.

The length of the rope supplied is 80 m, with one end thimbled spliced and the
other end ferruled. The ferrule is 5 cm x 4 cm with an opening to accommodate
16 mm wire rope,

Rope construction: Seale

Number of strands: 6

Number of wires per strand: 19 (9 x 9 x 1}
Lay, ordinary

Core: Independent Wire Rope Core (I, W.R.C.)
Preformed

Plain (Not galvanised)

Note: The wire rope is made in South Africa

APPENDIX T .5,10
TABLE T.S. 16 - Daily norms for log skidding by tractordrawn sledge

Average distance Time per load Volume slipped

m min m9
80 - 95 . 14,0 42,5
100 15,0 39,0
125 1 15,5 38, 2
140 16,0 36,8
155 18,5 36,0
170 17,0 34,8
185 17,5 34,0
200 18,0 32,8
215 18,5 32,0
230 19,0 31,1
245 19,5 30,3

Conditions: (1) Slope: Up: 0 - 100, down: ¢ - 109,
{2} Time used: a, Loading and off-leading: 614 sec per load.
b. Slipping: 1,1 sec per metre {{,e. towing).
{3) Volume of logs per sledge: 1,1 m3 - 1,7 m3 (average 1,4 m3).
(4} Allowances: All times normalised.
Six per cent allowed for incidentals.
Six per cent allowed for refueling and maintenance,

APPENDIX T.5.11
TABLE T.S. 17 - Tractor team and their duties for log skidding by tractor-drawn sledge

Team No. Operator Labourers : Duties

1 1 Responsible for the same duties as previously described
l for the operation of tractor and chokers as in Table T .S.
| 10,
| 2 3 Off-loading the sledge and stacking the logs.
|r 3 5 Prestacking logs and loading the sledge. If stackers
-' cannot keep up with the sledge, one labourer from
i team 2 must assist with the stacking. This will only

" occur over short distances.

Equipment used: Team No. 2. 1 axe, 3 hand spars.
Team No. 3, 1 axe.
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APPENDIX T.5. 12

SPECIFICATIONS FOR HEAVY LOGGING SLEDGES

1, Bunners

2,5m x 30cm x 13cm cut from Qlea laurifolia (black ironwood) logsg. Two runners
are cut from a log.

The pith of the log is placed on the outside, to giGe this side the rigidity of
the heartwood, aand the combination of elasticity and toughness of the more mature
sapwood on the wearing surface,

No bark should be included in the runners except when unavoidable. Both
ends are cut at an angle of 350 to 459 to the horizontal, starting approximately
15¢m from the end. A 4cm bevel is cut on the "stump nose" of the runner, to avoid
splitting when it catches on an ohstacle.

Lower down a tapering bevel is cut to allow the sledge to climb over minor
ohstacles and roots. The maximum face of this bevel is 8cm. A hole 5¢m in diameter
is drilled with its cenire 13cm from the front and 20cm from the top of the runner,
through which the {rek chain is passed. It is sometimes pecessary to drill the hole
slightly larger and to reinforce it with 5cm inside diameter galvanised piping.

2. Cross bars

Two of 1,2m x 28cm x 8cm, and one of 1, 2m x 13cm x 8cm (centre).

These are made from Qlea laurifolia sapwood, to give them the elasticity
required for the strain placed on thern. They are sunk 6 cm into the runners and
secured with two Eucalyptug microcorys pegs each (two per rumner),

The pegs are made of E. microcorvs timber of about 8 years of age, 22cm
long and 5cm in diameter, The holes are first driiled to 2 depth of 15em (8 ¢m
through the cross bar and 7 em through the runner) and the hole filled with water
to let the end of the pegs swell. The pegs are then driven with a mallet and sawn
off 3-6cm above the cross bar. The peg is then hammered with a ball hammer to
give it a slight brush. The taper of these pegs should be kept to a miniroum, and
grooves may be cut along their length to aveld their working out.

3. Trek chains

{Refer io Dreadnaught Chain Handbook)
Ladder link No. 45 for use with tractor or with a team of 8 mules,

4, Vertical supports

Holes are drilled with their centres 8cm from the broad cross bars and rein-
forced with 38mm galvanised piplng (inner diameter), They are made 15-20cm
deep. The vertical supports consist of old compressor drills, 3,2cm in diametar,
Chains with large links are placed over these sledge uprights when the sledge is
half full, and, in addition a sledge load binder may be used, especially when skidding
over uneven terrain,
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APPENDIX T. 8, 13

ESTIMATED COST OF OWNING A 26 - 33 kW CRAWLER TRACTOR

WITH WINCH

(1) Purchase costand freight ............................ R4 289,00
Transport in South Africa ... ... .. . . .iieivrianennons 211,00
Total cost at delivery .. . iivriniii e R4 500,00

ati R4 500,00 _
Depreciation per hour : 10 ,000 45 cents

{2)  Cost of repairs, spares and labour per hour : 88 cenis

(3 Petrol per MoUT .. e i ittt 0,05 1
Diesel oil per hour ... ... .. .o iu i 4.5 1
Engine oil DR PRPIS NE | TN . 1
Transmission oil ... . .. L i i i 0,07 1
Grease and other ............. R R T R R 7.7 g
|
j Departmental charges for fuel and lubrication per hour : 33 cents
[nterest 13 cents
! Total charge for tractor per hour : 159 cents

{4y  Operating cost of tracter auxiliary equipment

Drawbar hook ~ | only - R22 + 5000 hr per hour: 0, 644c

Line hock, 45 mm with swivel, 1 only R19 + 5000 hr per hour: 0,32¢
Hook, choker, Bantam Ne, 500, 10 only

R3,26 ea + 1 000 br per hour: 0,32¢
Ferrule for choker hook:

10 only - R0, 74 ea = 500 hr per hour: 1,50¢
Clevis, 22 mm -1 only - R0, 80 + 5000 hr per hour: 0,02¢
Sling, choker, 10 only - R2,54 ea + 400 hr per hour: 6,36c
Snatch block, Skookum Ne, 208

L ontly — R52,76 + 5000 hr per hour: 1,06¢

Wire rope, 16 mm x 80 m - R28,24
Sling, wire rope. Both ends eye

- 500 br per hour: 5,685¢

spliced, 12 mm x 3 m - R2,68 + 400 hr per hour: _0,87¢
Total cost of auxillary equipment per hour : 16,33¢c

Grand total : 159¢c + 16,33¢ = 175,33¢ say 176c per meter hour

NOTE : The equipment listed above is accepted as the standard equipment
for log-skidding operations in departmental plantations




APPENDIX T.S. 14

TRACTOR STANDARD RIG. (FIG. T.5. 65)

The standard rig of a towing tractor ceosists of :

1. The drawbar hook
2, Choker sling assemblies (Fig. T.5. 60)

Note: The winch and cable with line hook on the winch drum has been dealt with under
"Log skidding by tractor with winch"

Drawbar hook. (Refer to Fig, T.5. 65, liem 3, and Fig. T.5.67)

The drawbar hook is fitted to the tractor drawbar jaw and secured with a
drop pin. Fitting the hook te the drawbar should he done before the cable is spooled
onto the winch drum, as fitting is impossible with some makes of tractors if the drum
is fully spooled with rope.

The drawbar jaw measurements should be given whenan order is placed for the
drawhar hook, as different makes of tractors have different drawbar jaw measurements,

The drawbar hook should be of sufficient size to accommodate 5 eye-spliced
choker slings.

Choker sling assemblies used in plantations, with towing tractor

The choker sling assembly consists of:

{i) The wire rope sling (if) The choker hook (iii) The ferrule
(Refer to Fig. T.5. 66 and 70)

Wire rope sling. (16 mm wire rope diameter, overall length 3-4 metres)

When used in conjunction withthe drawbar line hook, one end of the sling may be:

(i} Soft eye spliced - Fig T.S. 66 item 1
(iiy Soft eye clamped - Fig, T.3. 69, item 3
(iii) Fitted with a wedge choker socket - Fig.T.5.68, T.5.59, {tems 16, 21 and 22

When uged in cenjunction with the 5~ or 3-way tractor drawbar hook, both ends
of the sling shall be ferruled, Fig. T.S.66, items 6 to 10,

Wire rope sling specification: Wire rope diameter 16 mm
Construction Seale
Number of strands 6

Number of wires per strand: 18 (2 x 9§ x 1)

Type of steel in wires: Special Improved Plough
Breaking strength of wire: 19 - 20 ton cm?
Lay: OQrdinary

Core: Fibre core

Preformed

Plain {not galvanised)

Note: Wire ropes are made in South Africa

Choker hook (Patented) See Fig, T.S. 70

Bardon Choker hook, Dwarf, Standard, No,500, consisting of:
Body, sleeve and ferrule pocket

The wire rope passes freely through the sleeve, The ferrule pocket serves to
accommodate the ferrule fitted to the end of the sling
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Choker hooks are cast of special, heat-treated, high~sirength alloy steel, They
are compact, low massg, easyto unhook and they choke tightly to the heads of the
logs. ’

Ferrule: (Fig. T.S. 72, 73, 74)

Ferrule, Dwarf No,188, RS for 16 mm wire rope
Size: 456 mm long, 38 mm outside dlameter

The ferrule bole can accommedate 16 mm wire rope, but these ferrules can
also be used with 13 mm diameter wire rope,

There are three types of ferrules:

(1) Standarzd type. (Fig. T.S. 72}
(i1) Wedge type. (Fig. T.5. 74)
(iii) Spiral wedge ferrule. {Fig. T.5. 73)

The standardtype of farruleis s&'tachedby means of anti-friction Babbitt-metal .
Refer to Fig. T.S. 71 and 76. .

The wedge type of ferrule is attached by using a conical wedge, which is driven
in between the strands of wire, Refer to Fig, T.S. 76.

The spiral wedge ferrule is similar to the ordinary wedge farrule, except that
the wedge has grooves to accommodate the strands of the Tope, thus providing more
friction and resistance to pulling out.

Ferrules are made of special alloy steel and are heat treated for maximum
durability In service.
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LOG SKIDDING BY TRACTOR

MONTHLY OR COMPARTMENT - LOGGING REPORT

Plantation
Log skidding unit
Make F.D. No.
I Block or compartment area heetare
Stems /ha Tot;al velume per hectare

Clearfelling or thinning: (From - to)

i Total volume expected for extraction:

Tree length or log skidding operation:

Approximate average size of trees or logs skidded:

| L m D cm v

Topography:

Gradient of slope: {(Degrees)

Undergrowth, slash and stumps (descripticn)

Surface

Single or double skidding operation

Kind of landing

Access to the landing from existing road

Method of load assembling (advance, c¢ross stick, ete.}

Supplementary equipment used and number

Advance log choking, if

Weather

Average wages, including cost of living and ration:

European Bantu

Average number of ¢crew: European Bantu
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LOG SKIDDING BY TRACTOR
TRACTOR FIELD SHEET

Trip record

Tractor F.D. ho. Date Tractor F.D. No. Date

Block/Compt Number of crew Block/Compt Number of crew
Time Logs Towing: Winching Remarks Maximum Time | Logs Towling: Winching Remarks Maximum
hr. min No. Up - down -~ level distance metres, etc, hr.min| No. Up - down - level distance metres, etc.

COMPILED BY

RANK




Remarks; Grade, surface, delays, etc.

1,OG SKIDDING BY TRACTOR

DAILY SUMMARY LOG SKIDDING REPORT

Tractor F.D No. Left garage, time
Plantation Start work
Block /Compartment Finish work
Number of labour units: Return to garage, time
a, Load assembiing Speedometer reading
b. Choking a. Morning
¢. Hocking b. Evening
d. Unhooking Number of mechanical stops
e. Stacking Mechanical stops, hours
Auxiliary eguipment used and No, State yes, or no:

a. Load prepared abead
h. Advance chaining done

Maximum skidding distance

Trips: Towing: No. Weather
Winching: No. Enclosed field pages No.
Skidded logs: No, Date
Skidded trees: No. Driver
Skidded m3;
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LOG SKIDDING BY TRACTOR =

LOG STACKING AT THE ROADSIDE Date 19
Plantation kind of felling Crew: Bantu Serving team No's
Block Compartment European
Break for breakfast from till a,.m, Supplementary equipment
Break for lunch from till p.m.
Time of
Load Number Lead arrival | Load unchain-
No. of logs (dispersal) Ing Log stacking Idle time REMARKS

From Tiil | ¥From Till | From | Till From | Tiil

£Le

Compiler

Rank
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e —— e = —_ - — ———
LOG SKIDDING BY TRACTOR
MONTHLY TRACTOR LOG SKIDDING REPORT
Month 19 Plantation Vehicle F D. No. Driver
Date Ms.:;d g!dd— Return Skidded Actual Machine idle Lunch Labour units NN,
Block skidding| ding tri _ Local changes break Un & Load
Coc ¢ |distance| level rps Logs | Volume ;vork ote Delays | pamarks hook Log deck | gogem-

19 ompt. com- | %™ | o 3 ng Site line Erecting © | hrmin hoke | canters bli

— m pleted - m time hr ms he mi hr mi hr min Choke tack ng

pleted hr min| 2T min rmin | hr min gignal | Stackers in area

1

2

3

4

5
28
29
30
31
Total

Compiled by

Rank




APPENDIXW.T. 1

ABBREVIATED SPECIFICATIONS FOR WHEEI-TRACTORS

The Department employs tractors of approximatety 50 XW. The tractor consists of
three main parts assembled in a common rigid structure as follows:

(1) The engine and front axle assembly; (2} Front transmission - gearbox assembly
{3) Rear transmission - rear axle

The main parts of the industrial wheel tractor are shown in Fig. W T 1, in the
assembled form, and the main components of the tractor are named and indicated in
the (llustration.

The most important features of the specifications are the following:

Engine: Diesel - 4 cylinders
Capacity: 3 605 cm?
Compression ratio: 16to 1
Lubrication: Pressure fed by gear type pump
Lubricant: For temperatures of 7 - 30°C Dieseloil § A E. 20
Cooling system: Thermo-syphon, impellor assisted system
Fan - single 'V'-belt driven
Fuel system: Excess fuel control on injector pump
Fuel capacity: 671
Clutch (standard) - Dry single disc, 33 cm diameter
Gearbox: 6 forward, 2 reverse speeds,
Rear axle: semi-floating, four pinion differential runaing on roller
bearings.
Shafts: 4 cm diameter, 48 cm splice,
Hydraulics: Mapually operated,
Pump: Gear driven from the p.t.o.
Wheels and tyres: All poeumatic.
Front: 19-41 cm
Rear: 33 x 21 cm to 38 x 76 cm
Tyres, rear: land work, minimum 0, 844 kg. /om?2
Tyres, froat: 1,97 kg, p. cm2
Brakes: Mechanically operated disc brakes,
Adjustable drawbar: Vertical and horizontal adjustment.
Electrical system: 12 volt, 2-brush generator.

Masses and dimensions:

Wheelbase: 203 cm
Front wheel track: Adjustable in 10 cm

Pneumatic - 128 ¢m to 189 cm
Rear wheel track: for poeumatic 132 cm to183¢cm -
Overall width: Maximum 216 cm

Minimum 165 ¢m

Height fo top: 164 cm
Ground clearance: Under drawbar - 33,4 cm

Under axle housing (front) 58, 4 cm
Tractor: Approximately 2 720 kg
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