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PREFACE

Forestry Utilization is the subject that deals with harvest, processing and disposal of forest
produce. Although the focus till now has been on wood products, particularly timber, the
economic and social importance of various non-wood products is now duly appreciated in the
sphere of forest management. Under the JICA project on ‘Capacity Development for Forest
Management and Training of Personnel’ being implemented by the Forest Department, Govt of
West Bengal, this course material on Forest Utilization has been prepared for induction training
of the Foresters and Forest Guards. The object of this training manual is to help the frontline
forest personnel have a better perception about basic principles and procedures involved in
forest utilization.

The subjects covered in these materials broadly conform to the syllabus laid down in the
guidelines issued by the Ministry of Environment of Forests, Govt of India, vide the Ministry’s
No 3 -17/1999-RT dated 05.03.13. In dealing with some of the parts of the course though, the
syllabus has been under minor revision to facilitate better understanding of the subjects and to
provide their appropriate coverage. The revised syllabus, with such modifications, isappended.

The contents of the course material have been compiled and edited by A Basu Ray Chaudhuri,
IFS (Retd). Books and literature that have been made use of in preparing this course material
have been cited in the respective lessons. Shri A Basu Ray Chaudhuri is indebted to many forest
officers who have helped in the preparation of thismaterial.

The efforts that have gone into making this course material will be best rewarded if the
frontline staff of the forest department find it useful in their day-to-daywork.

Kolkata, 2015

A Basu Ray Chaudhuri, IFS (Retd) N K Pandey, IFS
For IBRAD (Consultant) Chairman, SPMU, Forest Department,
Govt of West Bengal
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Syllabus (Revised)
Forest Utilization

Forest utilization (7hours), excursion 1 day, tour 2 days

1.Wood products 1.1 Implements used forfelling 4 hours
(timber and -Axe
firewood) - Saws-hand, power
- Miscellaneous tools*
1-2 Felling*
- Seasons
- Procedure
1.3 Conversion
-Logging
Process, Purpose
- Sawn timber
1.4 Extraction and Transport
- Minor and Major Transportation*
- Methods of Transport*
1.5 Passing and Storage of Produce*
- Passing of forest produce
- Depots
Stacking, Formation of depot lots, Protection,
Stock taking, Registers
1.6 Wood Improvement*
- Wood seasoning
- Wood preservation
- Composite wood

2.Non- wood 2.1.Vegetable products 3 hours
forest produce -bamboos
-canes

-fibres and flosses
-tannins and dyes.
-medicinal plant species
-edible products
-tendu (beedi) leaf
-oil seeds

- Cutch and Katha*
2.2.Animal products
-honey

-Lac

- Silk

2.3. Mineral products
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Field Study -Felling-logging, transport operation

- wood seasoning, wood preservation*
-Timber/ firewood depots

-various NWFP

- Forest Utilization




Lesson
No.

Contents

Page No.

Lesson Plan
Utilization of Wood products
» Implements used in fellingand conversion
+ Axes
** Parts — Axe head, Axe handle
4 Saws
¢ Hand saws
+* Power Saws — Advantages and disadvantages
4 Miscellaneous tools

1-8

Lesson Plan
Utilization of Wood products (Continued)
» Seasons for felling
» Procedure of felling
4+ Felling rules
4 Stump height
4+ Roping
4 Direction of fall
4+ Felling with Axe and Saw
» Logging
4+Process of logging
4Purpose of Logging
4Factors determining log length
» Conversion of Timber
+Sawn timber

9-14

Lesson Plan
Utilization of Wood products (Continued)
» Extraction and Transport
4 Minor and Major transportation
4 Methods of transport
» Passing and Storage of Produce
4 Passing of timber/ forest produce fromforest coupe
4+ Depots - Transit depots, Sale/Permanent depots
4 Permanent Depots

15-23

Lesson Plan
Utilization of Wood products (Continued)
» Wood Improvement

4 Wood Seasoning

4 Wood Preservation

24-32
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» Composite wood
<+ Forms of composite wood

Lesson Plan 33-39
Non-wood Forest produce
» Vegetable products
<% Bamboos
<+ Canes
< Fibres and Flosses
< Tannins and Dyes
<+ Oil Seeds

Lesson Plan 40-48
Non-wood Forest produce (Continued)
Vegetable products (continued)

» Medicinal Plant Species

» Tendu (bidi) leaf

» Cutch and Katha

Lesson Plan 49-55
Non-wood Forest produce (Continued)
» Animal products
%+ Honey and Wax
=+ Silk
+ lac
» Mineral Products
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Lesson 1

1 Hour
Lesson Plan
To Study
Utilization of Wood products
e Implements used in felling and conversion
4+ Axes
¢ Parts — Axe head, Axe handle
%+ Saws
+» Hand saws
= Cross cut saws — Tooth shape
=  Bow saw
=  Maintenance of saws
+* Power Saws — Advantages and disadvantages
%+ Miscellaneous tools
Wedges
Cant-Hook
Pickaroons
Debarking spade
Measuring stick
Log hook
Stem tightener

R/
0‘0

/7 / R/
0.0 0.0 0.0

X3

*

°,
0’0

X3

*

Backward Linkage: Nil
Forward Linkage: Observation of felling operation duringTour

Material Required:

e Copy of Lesson 1 to be circulated beforehand

e Demonstration of Implements as far as possible
Allocation of Time:

e Implements used in felling and conversion
+ Axes 7mts
% Parts — Axe head, Axe handle
4+ Saws
+» Hand saws 15 mts
= Cross cut saws — Tooth shape
=  Bow saw
=  Maintenance of saws
+* Power Saws — Advantages and disadvantages 10 mts

4+ Miscellaneous tools 12 mts
Wedges

Cant-Hook

Pickaroons

Debarking spade

Measuring stick

Log hook

Stem tightener

X3

*

e

S

%o

*

R/ R/ J
0‘0 0‘0 0’0

K/
%

% Demonstration of implements 16 mts

Forest Utilization




Utilization of Wood Products
1. Implements used in felling and conversion
The main cutting implements are Axes and Saws.

1.1 Axes
Axes are used for (i) felling, (ii) trimming, (iii) splitting and (iv) grubbing. Felling axes are

of different types, varying in size and shape. Depending on the job, one particular type
would be more suitable than the other, though most felling axes can be used for any of
the above purposes. An axe has two parts — (1) metal head and (2) handle. Please see
Fig.1.1.

111 Axe head - The axe head has a cutting edge and its body has an eye or hole in
order that the handle can be fixed into it. The best type of axe head is either a
solid piece of iron with a steel wedge welt into it, or two tapering pieces of iron
between which a steel wedge is introduced. The edge is carefully tempered and
made strong. It should be sharp but not brittle. The edge should be slightly

Fig.1.1 Felling Axe

(Source: http://www.amazon.com/Hultafors-Hand-forged-Swedish-Felling-
American/dp/B002GKC0V4)

curved as it facilitates penetration in the wood and protects the corner from
breaking. The sides of the blade should be slightly convex to enter the wood
easily and emerge clear. The weight of the head depends on the type of timber
to be cut. Generally it weighs 1.5 to 2 kg.

112 Axe handle — Generally round handles are used in our country. Round handles
are easy to fit and can also be easily replaced. However, round handles are liable
to slide around the eye. The American and European handles are oval shaped
and have less chance to slip. The length of the handle varies from 70 to 120 cm.
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1.2 Saws

Saws are used for felling, crosscutting, and ripping logs into scantlings, sleepers and
other converted materials. Saws come broadly under two categories — hand sawand
power saw.

1.2.1 Hand saws are easy to use and maintain, and they are cheap. That is why even
though the output of handsaws is low compared to power saw, handsaws are the
most common implement for felling and conversion. Saws are called one —man or
two-man, according to whether they require one man or two men to operate. A saw
consists of a broad blade or plate of steel of small thickness, one edge of which is
toothed.

1.2.2 Crosscut saws

A crosscut saw is a general term for any saw blade for cutting wood perpendicular
(against) to the wood grain. While crosscut saws may be small for fine work like
wood-working, in forest works they are generally large and used for coarse work like
felling of trees and conversion into logs. Length, breadth, thickness and tooth form
are the main characteristics of a saw blade and are to be chosen properly to suit the
job in hand.

e Length — This is guided by the diameter of the tree and the ease of arm
movement. Suitable stroke length lies in the range 80 to 100 cm. An
allowance of 5 to 15 cm should be given at both ends for fixing handles and
protection of arms. Crosscut saws of following length are found suitable for
general requirement.

Length of saw (cm) Diameter of stems (cm)
140-150 30

165-170 30-70

180-200 80-100 and over

(Source: Tribhawan Mehta 1981 A Handbook of Forest Utilization)

e Breadth — Narrow felling saws face lesser friction in the cuts than the broad
ones. The saws which are either 85 mm broad along the whole length, or 90
mm at the ends and 120 mm at the middle, have proved to be the best.
(Tribhawan Mehta 1981 A Handbook of Forest Utilization)

e Thickness — Saw blade should not be very thin as it makes guiding and
controlling the saw difficult. Again thick saws produce broad kerf (width of
saw cut) and consume higher energy for sawing. For saws 80 mm broad and
165 cm length , a thickness of about 1.82 mm has proved quite suitable.
(Tribhawan Mehta 1981 A Handbook of Forest Utilization)
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1.2.2.1 Peg tooth and Raker tooth

Peg-tooth type saws are common because they are easy to maintain. Raker-tooth
type saws are preferred by professional workers. They cut faster but require more
skill in maintenance. Saw teeth must do three things:

- cut through the fibres;
- break loose the cut fibres;
- remove the loose fibres (sawdust) from the kerf.

In peg-tooth saws (Fig.1.2), these three things are done by one tooth. In raker-tooth
saws the first of the three actions is done by a group of cutters cutting on alternate

sides of the kerf. The second and third actions are done by the raker following the
group of cutters.

Saw Handle

——— -~

Cross cut teeth - iewed
from the side

Fig.1.2 Peg tooth Crosscut saw
(Source:http://www.blackburntools.com/articles/practical-cross-cut-saw-
angles/index.html)
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Fig.1.3 Rake-tooth crosscut saw (Source:http://www.terriau.org/joseph-
theogenie/musee/two%20man%20saw%20teeth.jpg)
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1.2.3 Bow saw

Bow saw or one man saw is used for felling of small trees and poles or cutting other
small sized products.

Fig.1.4 Bow saw
(Source: https://commons.wikimedia.org/wiki/File:Bow_Saw_(PSF).jpg

It carries a frame with a thin narrow saw blade. The oval section of the tubing makes
a comfortable grip. The frame conssits of two haves, one sliding into the other. The
frame is thus adjustable and can be used with blades of different length. The blades
of the bow saw are generally 90-105 cm long.

1.2.4 Maintenance of saws

Saws require regular maintenance. First of all, they should be protected from rust.
That is why the saws should be stored in a dry place. Rubbing regularly with oil or
grease provides protection. When the output of a saw decreases due to depression,
deformity or any other physical defect, the saw should be immediately restored to
its original good condition.

1.2.5 Power saws

With advancement in logging operation, power saws have been developed and
brought to use. The power saws are either chain, circular or drag type, and are used
mainly for felling and crosscutting. One man power saw is chainsaw type. A chainsaw
is a portable, mechanical saw which cuts with a set of teeth attached to a rotating
chain that runs along a guide bar. It is used in activities such as tree felling, logging,
pruning etc. Power saws are generally supplied power by a small gasoline engine
attached with the machine.
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Fig. 1.5 Power Chain saw
(Source: http://www.dreamstime.com/stock-illustration-chain-saw-hand-drawing-
power-image41413531)

1.2.5.1 Advantages and Disadvantages of Power saws

Advantages

e Trees can be felled to lower stump;

e Production rate per hour is high;

e Light weight and therefore easily portable;

e Higher precision and less loss of wood;

e Can be used for sawing horizontally andvertically.

Disadvantages

e Inrugged and sloping terrain and in places with heavy undergrowth, moving
power saws from one tree to another is sometimes cumbersome and time
consuming.

e Operating power saws requires skilled persons and such persons may notbe
always available.

e Maintenance and replacement of parts cannot be readily secured in interior
locations.
1.3 Miscellaneous tools

(Tribhawan Mehta 1981 A Handbook of Forest Utilization)

e Wedges — Wedges are used in felling trees and to prevent jamming of the
saw in crosscutting or longitudinal splitting. Wedges are of various types in
terms of size, shape and material. Metal wedges are made of steel or iron.
Wood wedges with iron band are also used.

e Cant-hook — Purpose is to act as lever to roll, stop and turnlogs.

Forest Utilization



Fig.1.6 Cant Hook
(Source:http://www.forestry-suppliers.com/product_pages/Products.asp?mi=14892)

e Pickaroons - A pickaroon is a wood-handled, metal-topped log handling tool.
It is a short pole, 85-100 cm long, with a recurved pike or hook for drawingor
pulling small logs.

Fig. 1.7 Pickaroon
(Source: http://www.leevalley.com/en/wood/page.aspx?p=51108&cat=1,41131)

e Debarking Spade — It is fitted with a bent blade which is used for debarking
logs.

e Measuring stick — Fitted with marking ends, it is used for measuringlog
length.

e Log hook — It is used for dragging, lifting and rolling.

e Stem tightener — Its function is to prevent the stems from splitting at butt
ends. It consists of 13mm wire rope having a steel core. It is laid round the
stem just above the felling cut and tightened with the help of a lever
mechanism. The wire rope is held fast with the help of a clamping device
which consists of a guide groove for the rope, a movable support and a
wedge.

Forest Utilization




Fig.1.8 Debarking spade
(Source:http://www.richmondsgroundcare.co.uk/index.php/site/product/cat
egory/forestry_hand_tools/)

Fig. 1.9 Log hook
(Source: http://xinfeirong.company.weiku.com/product/)

Reference Material:
(1) Tribhawan Mehta 1981 A Handbook of Forest Utilization, International Book
Distributors Dehra Dun
(2) Websites cited in the lesson

Forest Utilization



Lesson 2

Lesson Plan
To Study
Utilization of Wood products

Seasons for felling
Procedure of felling
4+ Felling rules
4 Stump height
4 Roping
4 Direction of fall
4+ Felling with Axe and Saw
Logging
4+ Process of logging
4+ Purpose of Logging
4+ Factors determining log length
Conversion of Timber
4 Sawn timber

Backward Linkage: Lesson 1 of Forest Utilisation
Forward Linkage: To observe and study felling and conversion operation during tour.

Material Required: Copy of Lesson 2 to be circulated beforehand.
Allocation of Time:

Seasons for felling
Procedure of felling
4+ Felling rules
4 Stump height
4+ Roping
4 Direction of fall
4+ Felling with Axe and Saw
Logging
4+ Process of logging
4+ Purpose of Logging
4+ Factors determining log length
Conversion of Timber
+Sawn timber
Discussion /Miscellaneous

Forest Utilization

1 Hour

5 mts
20 mts

5 mts
6 mts
8 mts
3 mts
5 mts
8 mts




Utilization of Wood products

1. Seasons for Felling
The season for felling is determined by climatic conditions and the growing season of trees.

India has both tropical and temperate climates each characterized with well marked
seasons. In areas above 2000 m altitude in the Himalayas, snowfall is heavy during winter,
felling is usually done from April onwards and is generally completed before the rainy
season. In the plains and submontane tract, felling is done in winter between October and
March. Winter felling in general is advisable, as tree growth during this season is minimal.
Felling in very hot weather is harmful from seasoning point of view, as the logs dry rapidly
resulting in splitting and cracking.

2. Procedure of Felling

Felling of trees is a skilled operation, and unless done properly, causes considerable loss of
timber. It is advisable that the wood cutter has the efficiency and experience in the use and
maintenance of axe, saw and otherimplements.

2.1 Felling Rules
The underlying principles of good felling technique are—

e Production of maximum volume of soundtimber;

e Avoiding damage to the surrounding vegetation.

Based on the above principles, the following rules, in general, may be observed.

(1) Trees should be felled as close to the ground as possible. In other words, stumps of
felled trees should be as low as possible,

(2) Trees should be felled in a manner and in a direction so that felling causes least
damage to the trees being felled and the surrounding vegetation. Trees should not
be felled across (i) other felled trees lying on the ground, (ii) boulders, and (iii) spurs
or depressions. On hilly terrain, trees shouldbe felled uphill.

(3) Trees should not be felled into a place which is difficult toaccess.

(4) Trees should not be felled during strong wind when it is difficult to guide felling in
the desired direction.

(5) Felling should usually start from the top of a slope and proceed downhill.

(6) Felling should be concentrated as far as possible, restricted to sections that can be
easily located, so as to facilitate supervision.

2.2 Stump Height

High stumps left upon felling results in loss of considerable amount of valuable timber.
When felling is done with axes alone, high stumps are usually left. With the help of sawsand
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other mechanized implements, stumps can be cut low and loss of timber from butt logs can
be minimised.

2.3 Roping

In regeneration areas and sloping grounds, it is sometimes required to use ropes or cable
puller to make the trees fall in the desired direction.

2.4 Direction of fall
It is first of all necessary to decide the direction of fall. It should be so chosen that —
e The damage likely to be caused to the remaining stand and the regeneration is
minimum;
e The stem is not damaged in thefall;
e The work to be done on the fallen stem becomes easy.

2.5 Clearing Work Space

Once the fall direction is decided, the working space around the tree’s butt should be
cleared and an escape path should be made. The weeds, shrubs and branches that hinder
work should be clipped off and removed.

2.6 Felling with axe

On the trimmed stem, an undercut or notch is made on the side toward which the tree is to
fall. Please see Fig.2.1. The traditional undercut has a horizontal base and a top sloping
down to it at about a 45 degree angle. Undercutting provides a fulcrum and a hinge point on
which to tip the tree off its stump in the desired direction. The notch is cut upto a depth of
about 2/3 of the diameter of thetree.

Direction of Fall

/

/ Back cut

Undercut —

Flg 2.1 Felling with Axe
(Source: Tribhawan Mehta 1981 A Handbook of Forest Utilization)
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Then a back cut is made opposite to the undercut at a height about 10-15cm above the
horizontal level of the undercut. The back cut should run parallel to the undercut. As the
back cut reaches close to the notch, the tree begins tofall.

2.7 Felling with Axe and Saw

On the trimmed stem, a notch or undercut with axe is made on the side toward which the
tree is intended to fall. The notch is flat and not too big. The saw cut is made with the help
of a crosscut saw exactly opposite to the undercut at a level about 2.5 cm above the base of
the undercut. Please see Fig.2.2. As the saw penetrates about double the width of the saw
blade, a wedge is inserted and sawing continued. The deviation from the intended direction
of fall is corrected by driving in wedges and sawing more or less in one or the other side. As
the saw cut moves close to the undercut, the tree begins tofall.

n of Fall

Saw cut

e

Fig.1.3 Felling with Axe and Saw
(Source: Tribhawan Mehta 1981 A Handbook of Forest Utilization)

2.8 Felling with Saw

In this case the saw cut is made and the tree is tipped by continuously pounding in the
wedge. Alternatively, an undercut is made with a power saw as is done in the case of felling
with axe and saw. The undercut is made deep enough to penetrate about 1/4™ of the
diameter of the butt. The saw cut is executed by two sawyers in the most comfortable
position of standing or kneeling.
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3. Logging
Trees as obtained on felling often cannot be transported and used as such. They need to be

converted into such size and form as would be suitable for utilization. The first step for

conversion is logging or log making, which renders logs or round timber of chosen

dimensions. Logging or log making consists in cutting of felled trees into sections. The

process includes trimming of branches, and sawing the clean bole and sometimes the larger

branches into logs or round timber of required lengths.

Trimming of branches is done by axe.

After trimming, the places (cross sections) where the bole is to be cut are marked
with the help of marking stick — the process is known assectioning.

The bole is cut at the marked sections with the help of cross cut saw. The cuts should
be at right angles to the stem axis.

After cutting, the logs are debarked if desired. Logs of miscellaneous species are not
normally debarked.

3.1 Purpose of Logging

The main purposes of logging are —

Division of weight of the whole tree — By logging the entire tree bole into a number
of parts, the weight of the tree is divided into units (logs) of smaller weights which
can be manoeuvred and transported easily and more economically.

Elimination of defects — Knots, bends, decay and other defects which reduce the
marketability of otherwise straight and sound logs can be eliminated during logging.
Adaptation to methods of transportation - The lengths of the logs are to be
compatible with the mode of transportadopted.

Market requirement — The most important purpose of logging is to produce lengths
which have great demand in the market.

3.2 Factors determining log lengths

Lengths of logs are primarily governed by the market demand and the ultimate end use of

the material. Following points are worth consideration.

Straightness of log — Straightness of logs enhances their market value. So the
primary aim of logging should be to obtain sections as long as they remain straight.
However, length of straight logs is restricted by thefollowing factors:
» Presence of bend, knot or other defects- defective portions have to be
removed and thus length gets shortened.
» Thickness of top end — even if straight, a log should not be extended to a thin
end, as a thin top has hardly any timber value. It should be cut and used as
firewood or otherwise.
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» Transportability — in a given situation, the ease and cost of transport may
restrict the length of logs to be produced.

Market demand — In general, long straight logs have good demand in the market.
For good timber species like Sal, Teak etc, logs of length 14, 16, 18, 20 feet fetch
good price. In south West Bengal, where pole crop is predominant, poles of Sal and
Eucalyptus of length 12, 14, 16, 18, 20 feet have good demand. Certain industries
have again demand for small logs of length 8 to 10 feet. Logs intended for veneer
industry are cut in special lengths. Pulpwood billets are usually 4 feet long. Firewood
billets (with bark) are 2.5 feet long.

Mode of transport — When it becomes unavoidable to carry logs by dragging, man-
carriage or animal transport, long logs cannot be produced. With improvement in
accessibility and mode of transport, logs of higher length can be extracted now.

4. Conversion of Timber

Conversion of timber is normally done outside forest in sawmills. However, when the

situation demands, timber can be squared in forest by means of axe to reduce the weight of

timber and facilitate transport.

4.1 Sawn Timber

By conversion, the logs (round timber) are converted into various sawn forms of cross

sections which are either square or rectangular. Logs are transported to sawmill sites and

conversion is done with the help of mechanised equipment and saws. Some of the common

sizes and names of sawn timber are given below.

Beam - Length more than 4 metre and any side of rectangular or square cross
section not less than 15 cm.

Scantling — cross section may be square or rectangular, any side of which is generally
less than 15 cm.

Block — Piece of short length with square surface

Plank — wooden slab upto a maximum thickness of 5 cm with varying length and
width.

Reference material

(1) Tribhawan Mehta 1981 A Handbook of Forest Utilization, InternationalBook
Distributors Dehra Dun

(2) Websites cited in the lesson

(3) httplibrary.enlistment.usfield-manualsseries-2FM5_488CH5.PDF
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Lesson 3

1 Hour
Lesson Plan

To Study
Utilization of Wood products

e Extraction and Transport
4 Minor and Major transportation
%+ Methods of transport
«* Transport by land
+* Watertransportation
+* Overheadtransportation
e Passing and Storage of Produce
4 Passing of timber/ forest produce from forest coupe
+* Record in measurement notebook
% issue of transit challan

4 Depots - Transit depots, Sale/Permanent depots
% Permanent Depots

Backward Linkage: Lesson 1 and 2 of Forest Utilisation

Forward Linkage: Observation and study, during tour, of felling and transit operation of
forest produce and working of permanent depots

Material Required: Copy of Lesson 3 to be circulated beforehand
Allocation of Time:

e Extraction and Transport

4 Minor and Major transportation
%+ Methods of transport

«* Transport by land

+* Watertransportation

7

%+ Overheadtransportation
e Passing and Storage of Produce
4 Passing of timber/ forest produce from forestcoupe
% Record in measurement notebook,
«» issue of transit challan
4% Depots - Transit depots, Sale/Permanent depots
%+ Permanent Depots
¢+ Stacking/Formation of Depot lots
¢ Protection
¢ Stock taking

+*» Registers and records to be maintained
e Discussion/Miscellaneous

20 mts

30 mts

)

10mts
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Utilization of Wood products (Timber & Firewood)

1. Extraction and Transport

(Source: Tribhawan Mehta 1981 A Handbook of Forest Utilization)

The main task of extraction of wood is the transportation of timber and other produce from
forests to sawmill or timber depot or the market. The transportation constitutes a major
expensive component in the whole process of delivery of forest produce to the consumers.
The entire process of transport from stump to depot/consumer may be divided into two
parts.

(1) Minor Transportation — Also called “off road transportation”, it consists of
assembling logs or other material from stump sites at some convenient points within
the forest.

(2) Major Transportation — It constitutes the final transport by truck or some major
mode of transport, of the timber and other material from the points within the
forest where produce has been assembled by minor transport, to the final
destination.

2. Methods of Transport

(Source: Tribhawan Mehta 1981 A Handbook of ForestUtilization)

The methods of transport can be broadly divided into three categories — (1) transport by
land, (2) water transportation, and (3) overhead transport. The method to be adopted or
which combination of the methods is to be adopted depends on (i) cost involved, (ii)
topography of the tract, (iii) volume of material to be transported, (iv) time of delivery to
the destination, and (v) available transport and transportation facilities like road, stream
etc.

2.1 Transport by land
Following methods may be used depending onsuitability.
e Carriage by men — Adopted on sloping terrain for carrying small and medium sized
timber.
e Carriage by animals — In plains and semi-hilly areas, bullocks, mules, camels and
elephants are sometimes employed.
e Carriage by carts — In view of its mobility and ability to reach felling sites, cart hauled
by a bullock/buffalo or a pair, is often used for carriage of timber and other produce.
e Dragging — Logs can be dragged on roads specially constructed for the purpose.
Round billets are placed in front of logs to act as rollers. Chains, ropes, hooks and
iron rings are used as dragging attachment. This mode of carriage is, however, not
favoured, as it damages the log as well as theroad.
e Rolling — In areas of gentle slope, logs can be rolled. However, this method also
involves damage to the logs and vegetation.
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Motor Transport — With time, it has been possible to use more and more of hard
surfaced roads as extraction path, and motor trucks of different size, power and
efficiency have also been available in most of the forested locations. Thus motor
trucks have become the most important means of timber transportation. Extensive
use of motor truck has almost replaced all other methods including water
transportation. Now-a-days a tractor is also an indispensable machine in mechanized
logging, particularly in off-road transportation.

2.2 Water Transportation

Timber transport by water is the oldest and by far the cheapest mode of transport. It has
been extensively used in North-West Himalayas, and to some extent in parts of peninsular

India as well as eastern and Western Ghats. Construction of motorable roads over time has

reduced the importance of water transportation. Following methods of water transport

have been in practice.

Floating — In this method, timber is hauled from the forest to stream bank, stacked
and launched in the stream when sufficient water is available. Timber is allowed to
drift with the current, piece by piece, without direct intervention, during its passage
down the river. Floating method is generally resorted to in the upper reaches of
rivers where they are narrow and flow of water is swift. The method of floating has
limitations, as it is not suitable for large logs because of lack of availability of
sufficient water and obstruction in riverbeds.

Rafting — A quantity of wood firmly bound together is termed as a raft section, and
a number of sections form a raft. (Tribhawan Mehta 1981 A Handbook of Forest
Utilization). For example, log rafts are made of 6-10 sections and each section
consists of 16-20 logs of more or less equal length which are laid parallel to each
other and placed longitudinally with the stream. Logs in each section are tied with
canes, chains or ropes. The raft is guided by 4-5 men crew with the help of oars.
Sawn timber rafts consist of sawn timber of various forms (scantling, planks,
sleepers etc.) fastened together in bundles with ropes or withes which are slid into
water to form rafts. Rafting coupled with floating can be conveniently used for
delivery of timber to depots located on the riverside. Singly floating timber is
intercepted downstream in booms (a floating barricade across a river), and then
rafts are made for movement down to depots.

Wetslides — They are used for extraction of timber from nullahs having shallow
water and many obstructions to floating. The use of this method is restricted to
carriage of medium and short timber, scantlings, poles, posts etc. Water acts as a
motive force in addition to gravity. The material is placed in water in the forest and
by wetslide discharged in the main stream for floating. The efficiency of this
method depends on water flow available and possibility of handling the material at
the destination. When conditions are favourable to their construction and
operation, wetslides are very economical.
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2.3 Overhead Transportation
Aerial ropeways are used for carriage of material by carriers which are suspended from one
or more ropes. There are two principal forms.
e Double or Multiple ropes — These consist of stationary suspension or track ropes and
moving control or haulage ropes.
e Single ropes — They consist of a single moving rope to which the load is directly
attached.
In both cases haulage power is derived from gravity and thus carriage downhill is possible,
unless some form of power engine is available to haul the material up.

2.3.1 Donald Portable Gravity Ropeway

A combination of both the above types this ropeway has been in use in Himalayan regions
for long. The ropeway consists of (i) three track ropes placed parallel to one another in the
same plane, 1 m apart, supported at each end by simple wooden trestle, and (ii) an endless
control rope placed under the central rope 2 metre below. The endless rope travels round a
grooved wheel at each terminal. The speed is controlled by a hand brake at the lower
terminal. The load is suspended crosswise below the three track ropes by three carriers. The
carriers consist of a pulley and an attachment to which wire-slings fastened round the load
can be hooked. Another wire-sling round the middle of the load is fastened to an eye-let
into the control rope. Upon release from the upper terminal, the load moves down under
gravity to the lower terminal. The load is removed and the carriers are attached to the
control rope to be moved to the upper terminal for the next load.

2.3.2 Gravity Conveyor

While being similar to the Donald Ropeway, a gravity conveyer carries logs by means of a
carriage which travels on a single track rope. The carriage is pulled back by means of a
hauling line operated by a powered winch. The ropeway consists of a track rope supported
at each end by trestles or trees. The winch is normally powered by a diesel engine.

2.3.3 Power Ropeways

As the name suggests, power ropeway is driven by a power machine. Fixed in a position the
machine pulls in logs from a distance by means of a wire rope wound on a drum. The
machine consists of two or more drums powered through gearing by an engine which may
be steam engine or electric motor or internal combustion engine. The engine may be
mounted on timber stack, truck or tractor. Power is transmitted from engine to wire ropes
wound on the drums. A minimum of two drums is required, a main line drum for the log
hauling line and a haul-back drum which pulls the main line out to where logs are lying.
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3. Passing of forest produce from coupe

Before dispatch of any forest produce from coupe to depot, it is mandatory to pass the
produce for such dispatch. Passing a forest produce is the act of authorising its transport
from the coupe to specified depot.

3.1 Procedure

Following felling and logging, the logs, poles, firewood etc. should be passed for carriage to
depot. To start passing and carriage of produce, one should not wait till completion of
felling-logging of the entire coupe. It is advisable to begin passing and carriage immediately
after logging, as soon as produce, in quantity optimum for transport, is ready. This will
prevent illicit removal of produce from the coupe. In other words, passing and carriage
should follow closely felling-logging and go simultaneously. Following procedure for passing
is observed.

e Forest produce is passed by a forest officer (Passing Officer), authorised in this
behalf, by way of putting the mark of a passing hammer on the produce. The passing
hammer is issued to the Passing Officer by the competentauthority.

e The Passing Officer simultaneously records the act of passing in a Timber
Measurement Notebook (TMNB) stating that the produce described in the TMNB has
been passed for carriage to a specified depot. Records in the TMNBinclude —

> Name of the coupe
> Date of passing
> Description of produce passed. Such description should indicate—

% For logs, name of the species, length, mid-girth (over bark or under
bark, as the case may be), and log number (marked on the cross-
section face, for example, log no 167/2 would mean the second log
from butt end of tree no 167)

% For rough dressed timber, name of the species, and dimensions of the
material.

4 For poles, name of the species, length and butt-end girth.

4 For firewood — name of the species and stack volume.

> Facsimile of the passing hammer which has been marked on the passed
produce.
> Name, designation and signature of the Passing Officer.

4. Intermediate Transit Challan
While dispatching the passed produce from coupe to depot, the Passing Officer issues
Intermediate Transit Challan (ITC) for forest produce of each individual carrier. In other
words, each carrier should carry ITC describing the produce being carried. The purpose of
ITC is to certify that the accompanying produce has been authorized for carriage from the
coupe (specified) to depot (specified). The Passing Officer should record inthe ITC —

» Date of issue

> Name of the coupe
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Name of the depot
Description of the produce with such details as given in previousparagraph.
Facsimile of passing hammer
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Name, designation and signature of issuing officer.

5. Depot

A depot is a place where wood or other forest produce is stored pending its disposal. The
depots may be (1) forest depots, (2) transit depots, and (3) sale depots or permanent
depots. Forest depots are temporary and formed for assembling and checking the produce
before despatch from forest. Transit depots are intermediate depots inside or outside forest
where the forest produce is temporarily stored pending its movement to destination. A
forest depot may be called a transit depot. The purpose of transit depot is also collection of
produce and checking before further movement.

5.1 Sale depot or permanent depot

These are the depots where forest produce is stored pending its disposal by sale. These
depots are of permanent nature because produce stays in these depots for relatively longer
time, and the depots are used for produce of a number of coupes over theyears.

e Staff — Normally, an officer of the rank of Deputy Ranger/Forester remains in charge
of a permanent depot. The depot officer in charge of the depot is assisted by other
personnel depending onrequirements.

e Location and Layout — Location and layout should be well planned. The location

should be such that (i) it is not far off from the present and prospective coupes of
near future so that extraction cost and time remain within reasonable limits, and (ii)
it is well connected by metalled roads so that the buyers find it easy to transport
produce from the depots.
Layout - The depots should be constructed over a site of relatively high level, which
is not waterlogged and not prone to land slip or soil erosion. The depot area should
be enough to accommodate produce of a number of coupes. The area should be
divided into a number of plots or sections, serially numbered, allotted to produce of
different coupes. The various plots/sections should be separated by a network of
roads so that trucks or carts may ply along, and load or unload coupe produce with
ease. For each plot there should be a signboard displaying the coupe name and the
contents.

e Stacking — Following points are in general worthconsidering.

> For the convenience of management and control of inventory, produce of
different coupes should be stored in separate plots/sections. Within a
plot(s), produce of a coupe should be separated species wise and then
product wise, i.e. logs, poles, firewood etc.
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» Before forming final stacks, material of the same product of a species is
further separated in terms of size and quality. For example, logs of Sal
coming from the same coupe are differentiated in terms of girth and length
class and to the extent possible, inferior and defective logs are separated
from the sound ones. In a word, a stack should contain produce of
comparable size and quality.

> The stacks should be as close as possible, subject to inspection facility, to
economise space. The logs and poles may be stacked in multiple layers with
space between the individual pieces so as to permit measurement and
inspection. Preferably, the lowest tier of logs should be kept off the ground
by skids which can be round or square pieces. The firewood should be piled
in stacks as compact as possible.

Formation of Lots - After a coupe produce has been differentiated and stacked
species wise, product wise, size and quality wise, in that order, lots are formed,
which consist of one or more stacks of a particular product. To each lot a unique lot
number is assigned; the number generally contains both numerical figures and
words indicating some serial number, the coupe, year of extraction etc. For each lot,
a marking list is prepared, which contains lot humber and details of the produce
forming the lot. Lots should be formed as early as possible. Lot formation should
start as soon as a depot receives reasonable quantity of produce that permits
grading of a product.

> Lot size depends on (1) expected price of the lot vis-a-vis buying power of
the merchants and 2) carrying capacity or full load capacity of the carriage
(truck, tractor, cart etc.) prevalent in thelocality.

Depot Register/Forms — As during felling season timber and other produce is
passed and transmitted from coupes, the depots start receiving the produce, thus
adding to its stock. Again following sale of timber etc in auction or tender, the
buyers of wood-lots begin lifting of lots from the depots, and the depot stock is
reduced in the process. Every movement of produce coming in or going out of a
depot should be recorded in depot register/ forms prescribed in this regard. The
depot register should reflect
» For incoming produce — name of the coupe, ITC reference, date of receipt,
description of produce including measurement received date wise, depot
serial number assigned for logs, plot or section number where stacked etc.
> For outgoing produce — Lot reference, order of the competent authority,
sale price, if applicable, buyer/recipient of produce, date of lifting, Transit
Pass reference etc.
It is important to note that any record for influx or outflux of produce is done
chronologically that is in the order of time theyoccur.
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Stock verification or checking has broadly the following phases—
(1) To verify whether the entire produce passed from a coupe has entered the depot
under ITC.
(2) To verify whether the entire produce received in the depot has been formed into
depot lots identifiable by respective unique lot numbers.
(3) Whether the unlifted lots which represent the balance stock at any point of time
is physically present in the depot.

Stock unit of forest produce depends on the product. It is explained below.

For logs, stock unit is individual piece. That is, stock of logs in a depot is maintained
and verified individual log wise. It is normally done as follows. The depot maintains a
running serial number for logs. As and when logs arrive in the depot, each log is
assigned a unique running serial number chronologically. The said serial number and
the description as well as the measurements of the corresponding log are entered
date wise (date of receipt) in the depot register of prescribed format. Thus each
serial number corresponds to a particular log of species and dimensions recorded in
the register and verifiable by physical measurement in the depot.

As Depot serial numbers of log are assigned chronologically, that is, in the order of
arrival of logs in the depot, it is more likely that logs bearing successive serial
numbers are of varying class and size and may also be of different species.
Therefore, they get dispersed into different lots. The process of stock verification
then turns into (1) locating the depot serial numbers assigned to the logs of a
coupe in the lot marking lists as well as physically in the lots so as to ensure that all
logs of the coupe are accommodated in the lots formed of such coupe logs, and (2)
physically checking the measurement of logs — a certain percentage chosen at
random, if cent per cent checking is not feasible — in the lots formed.

For poles and posts, the stock unit for verification is the number belonging to a
species and to a size class. For example, while passing Eucalyptus poles from a
coupe, species, and the number of poles including their height and butt-end girth
class are recoded. As the poles arrive at the depot, the number of poles of the
specified size class and the species is immediately recorded in the depot register.
Such record of incoming poles is done chronologically. Later during the process of
stacking and formation of lots, poles are graded in terms of species, size etc and get
distributed into various lots. The process of verification then constitutes (i) adding up
of number of poles of same size class and species from different lots and matching
the number with what has been recorded as incoming produce in the depot register,
and (2) physical verification of dimensions of the poles (a certain percentage selected
at random, if cent per cent checking is not feasible or desirable).

Forest Utilization



The stock unit of firewood is the stack volume belonging to a species. Firewood is
passed in terms of species and stack volume. The said parameters are also recorded
in the Depot register as incoming produce. Normally a firewood lot consists of
several stacks. Here the procedure of stock verification is to measure the stack
volume; species wise, of all firewood formed into lots and match the figure with
records of incoming firewood in the depot register.

Stock verification of permanent depots should be done periodically, or at least once
ayear.

e Protection — The two most important factors against which protection of depot is
absolutely essential are fire and theft. Depots should be fenced with barbed wire.
Every permanent depot should have arrangement for round-the-clock watch and
ward. Big depots should be provided with watch tower located suitably in the depot
so as to command good view of the entire depot area. Besides, there should be
arrangement of electric lights for good visibility at night. The depot area should be
kept clean from weeds and grasses, particularly in dry season. On the outside around
the depot, a clear strip free from grass and shrubs may be maintained by occasional
controlled burning. The depots should have provisions of fire fighting material like
water, sand and fire extinguisher.

Reference material

Tribhawan Mehta 1981 A Handbook of Forest Utilization, International Book
Distributors Dehra Dun
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Lesson 4

1 Hour

Lesson Plan
To Study
Utilization of Wood products
e Wood Improvement
4 Wood Seasoning
** Moisture in wood
+» Seasoning defects
% Air Seasoning
+* Kiln Seasoning
4 Wood Preservation
** Wood Preservatives —types
+* Wood Preservation Processes
e Composite wood
4 Forms of composite wood
+ Plywood
+* Laminated wood
+* Fibre board
++ Particle board
Backward Linkage: Previous lessons of Forest Utilisation
Forward Linkage: Observation and study, during tour, of wood seasoningand wood
preservation.
Training Materials Required: Copy of Lesson 4 to becirculated beforehand
Allocation of Time:
e Wood Improvement
4+ Wood Seasoning 20 mts
Moisture in wood, Seasoning defects,
Air Seasoning, Kiln Seasoning
4+ Wood Preservation 20 mts
Wood Preservatives — types
Wood Preservation Processes
e Composite wood
4 Forms of composite wood 15 mts
Plywood, Laminated wood
Fibre board, Particle board

e Discussion/Miscellaneous 5 mts
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Utilization of Wood products

1. Wood Improvement

Wood, in its green state, the state in which it is obtained in forest after felling and
conversion, is not ready or suitable for immediate use. In order to make permanent use of
timber and make it durable, it is often required to subject the wood to physical and chemical
treatment. The purpose of such treatment is to improve the quality of wood and enhance its
workability and durability. There are various ways of treatment that are in vogue. The
method of treatment to be used depends on the species, state of wood, cost, the time
involved and the actual requirement.

2. Wood seasoning

Wood seasoning means removal of moisture present in the timber in its green state.
Seasoning is a costly and time consuming process and should be employed when there are
valid reasons why it is required. A few important reasons are that seasoning reduces gross
weight and thereby subsequent transport and handling costs, imparts dimensional stability,
increases most strength properties, increases fastener holding power and thereby joint
strength, increases electrical resistance, improves paintability and glueability, and finally,
improves the thermal properties of wood.

2.1 Whether artificially seasoned or left to dry naturally in place, wood will ultimately
assume a moisture content level that is consistent with the relative humidity of its
surroundings. i.e., it will adsorb or desorb moisture from or to the atmosphere until the
vapour pressure of the water m the wood just balances the partial pressure of the water
vapour in the surrounding air.
(Source:https://www.extension.purdue.edu/extmedia/FNR/FNR-155.pdf)

2.2 Moisture in wood
Water in the wood is held as —

(1) Free water, held by capillary action inside the free spaces in the cells and fibres;

(2) Absorbed moisture, which is intimately absorbed by the substance of cell walls and
distributed in the inter-molecular spaces between the ultimate particles of which
wood substance is composed.

(Source: Tribhawan Mehta 1981 A Handbook of Forest Utilization)

2.2.1 Removal of so-called free water, or sap, from cell cavities has little effect on wood
other than to lighten it. but removal of absorbed, or “hygroscopic”, moisture from the cell
walls materially affects its physical and mechanical properties. Free water is removed first
during seasoning since energy neededto break hygroscopic bonds is fully utilized

Forest Utilization



evaporating free water from the wood surface. The moisture content level at which all free
water has been removed from the cell cavities but none of the hygroscopic moisture from
the cell walls is referred to as the "fibre saturation point" For most species the fibre
saturation point exists at a moisture content level of about 25- 30 percent (where moisture
content is expressed as a percentage of the oven dry weight of thewood).

2.2.2 When dried below the fibre saturation point, wood becomes dimensionally unstable
and its volume, area, and length become a function of its moisture content.
(Source:https://www.extension.purdue.edu/extmedia/FNR/FNR-155.pdf)

2.3 Seasoning defects
Following are the common seasoning defects.

e Shrinking and swelling — Wood shrinks or swells as it loses or absorbs moisture.
Different planes of the same specimen suffer varying swelling or shrinkage.
Shrinkage along the circumference of a log, commonly known as tangential
shrinkage, is much more than that in the radial direction.

e Warping — This is caused by unequal shrinkage or expansion across the grain. It is
attributable to wood structure, sawing method, uneven drying or to combination of
these. The types of wood warping include (Please see Fig.4.1):

bow : a warp along the length of the face of the wood
crook: a warp along the length of the edge of thewood
kink: a localized crook, often due to aknot

YV V V VY

cup: a warp across the width of the face, in which the edges are higheror
lower than the center of the wood

\4

twist : a distortion in which the two ends do not lie on thesame
plane. (Source:https://en.wikipedia.org/wiki/Wood_warping)

1))

bow crook kink cup twist

Fig.4.1 Wood warping
(Source: https://en.wikipedia.org/wiki/Wood_warping)

e Cracking and splitting — This is caused as wood fibres separate from each other.
Cracks occur mostly along radii and least parallel togrowth rings.
The art of seasoning lies in controlling the rate of drying and regulating it within limits so
that the wood seasons with the least possible damage. The rate of drying is controlled by
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e Heat;
e Humidity in the air;
e Aircirculation

2.4 Methods of seasoning
e Air Seasoning (http://www.aboutcivil.org/Natural%20air%20seasoning.html)
The traditional method of seasoning timber was to stack it in air and let the heat of the
atmosphere and the natural air movement around the stacked timber remove the
moisture. The process has undergone a number of refinements over the years.

The basic principle is to stack the timber so that plenty of air can circulate around each
piece. The timber is stacked with wide spaces between each piece horizontally, and with
strips of wood (stickers) between each layer ensuring that there is a vertical separation
too. (Please see Fig.4.2) Air can then circulate around and through the stack, to slowly
remove moisture. In some cases, weights can be placed on top of the stacks to prevent
warping of the timber as it dries. Moisture loss from the side of the wood is at about the
right rate not to cause collapse of the cells, but near the ends of the wood, the moisture
loss can prove to be too fast. Often the ends are wrapped or painted to slow the
moisture loss from the end grain.

The stack is raised well clear of the ground, vegetation, etc to provide good air
circulation and free from rising damp, frost, etc. and an over head cover is provided to
protect from effects of direct sunlight and rains. .

SEASONING
WwooD
BOARDS

SPACING
STICKS

Fig.4.2 Air seasoning

(Source:http://www.technologystudent.com/joints/forest4a.html)
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e Kiln Seasoning —
(Source: https://clounaghtechnology.wordpress.com/year-8/coat-hook/seasoning-
of-timber/)
The process of kiln drying consists basically of introducing heat. This may be directly,
using natural gas and/or electricity or indirectly, through steam-heated heat exchangers,
although solar energy is also possible. In the process, deliberate control of temperature,
relative humidity and air circulation is provided to give conditions at various stages
(moisture contents or times) of drying the timber to achieve effective drying. For this
purpose, the timber is stacked in chambers, called wood drying kilns, which are fitted
with equipment for manipulation and control of the temperature and the relative
humidity of the drying air and its circulation rate through the timberstack.

Advantages - Kiln drying provides a means of overcoming the limitations imposed by
erratic weather conditions. Timber can be dried to any desired low moisture content by
kiln drying, but in air drying, moisture contents of less than 18% are difficult to attain for
most locations. The drying times are considerably less in kiln drying than in air-drying.

3. Wood Preservation

(Source: http://www.epa.gov/ttnchiel/ap42/ch10/final/c10s08.pdf)

The object of wood preservation is to prolong the life of perishable timbers. Wood
preservation is the pressure or thermal impregnation of chemicals into wood to provide
effective long-term resistance to attack by fungi, bacteria, insects, and marine borers. By
extending the service life of timber products, wood preservation reduces the need for
harvest of already stressed forestry resources, reduces operating costs in industries such as
utilities and railroads, and ensures safe working conditions where timbers are used as
support structures.

3.1 Preservatives - types

There are two general classes of wood preservatives: (1) oils, such as creosote and
petroleum solutions of pentachlorophenol; and (2) waterborne salts that are applied as
water solutions. The effectiveness of the preservatives varies greatly and can depend not
only upon its composition, but also upon the quantity injected into the wood, the depth of
penetration, and the conditions to which the treated material is exposed in service.

3.2 Wood preservation processes

3.2.1 Conditioning

With most wood treating methods, significant amounts of free water in the wood cell
cavities may slow or prevent the entrance of the preservative chemical. Therefore, wood
moisture content must be reduced prior to treatment. Moisture reduction can be
accomplished by using artificial conditioning treatments or by air-seasoning (i.e., storing the
untreated wood outdoors in piles). However, because certain wood species will rot before
air drying can be completed in some climates, wood may be artificially conditioned by one

Forest Utilization




of three primary methods: (1) steaming-and-vacuum, (2) boiling-under-vacuum (commonly
referred to as the Boulton process), and (3) kiln drying.
3.2.2 Treating
Most wood-preserving methods may be classified aseither
e Pressure processes, in which the wood is placed in a treating cylinder or retort and
impregnated with preservative under considerable force, or
e Non-pressure processes, which do not involve the use of induced pressure.
Non-pressure processes can be classified as
» thermal processes, in which heat is applied, and
» non-thermal processes, such as brushing, spraying, dipping, andsoaking.
Non-pressure processes generally are used only with oil-borne preservatives.

3.2.2.1 Pressure methods

The majority of wood is impregnated by pressure methods in closed cylinders. Pressure
processes operate on the same general principle, though they may differ in the specifics of
the process. The treatment is carried out in steel cylinders or retorts. Most units conform to
size limits of 2 to 3 metres (m) (6 to 9 feet [ft]) in diameter and up to 46 m (150 ft) or more
in length, and are built to withstand working pressures up to 1,720 kilopascals (kPa) (250
pounds per square inch [psi]). The wood is loaded on special tram cars and moved into the
retort, which is then closed and filled with preservative. Applied pressure forces
preservatives into the wood until the desired amount has been absorbed.

3.2.2.1.1 Three processes, the full-cell, modified full-cell, and empty-cell, are in common
use. These processes are distinguished by the sequence in which vacuum and pressure are
applied to the retort. The terms “empty” and “full” refer to the level of preservative
retained in the wood cells. The full-cell process achieves a high level of retention of
preservative in the wood cells, but less penetration than the empty-cell process, and the
empty-cell process achieves relatively deep penetration with less preservative retention
than does the full- cell process.

e Full-Cell Process - The full-cell (Bethel) process is used when maximum preservative
retention levels are desired, such as when treating timbers with creosote for
protection against marine borers. In addition to creosote, the full-cell process also is
used primarily with waterborne preservatives. The full-cell process steps are listed
below:

(1) The charge of wood is sealed in the treating cylinder, and an initial vacuum is
applied for approximately half an hour to remove as much air as possible
from the wood and from the cylinder;

(2) The preservative, either heated or at ambient temperature depending on the
system, enters the cylinder without breaking thevacuum;
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(3) After the cylinder is filled, the cylinder is pressurized until no more
preservative will enter the wood or until the desired preservative retention is
obtained;

(@) At the end of the pressure period, the pressure is released, and the
preservative is removed from the cylinder; and

(5) A final vacuum may be applied to remove the excess preservative that would
otherwise drip from the wood.

o Modified Full-Cell Process - The modified full-cell process generally is used for the
application of waterborne preservatives. This method is similar to the full-cell
process except for the initial vacuum levels. The modified full-cell process uses less
vacuum than the full cell; the vacuum levels are determined by the wood species
being treated and the preservative retention levelsdesired.

e Empty-Cell Process - The empty-cell process obtains deep preservative penetration
with a relatively low net preservative retention level. The Rueping process and the
Lowry process are the two most commonly used empty-cell processes.

» In the Rueping process, compressed air is forced into the treating cylinder
containing the charge of wood to fill the wood cells with air prior to
preservative injection. Pressurization times vary with wood species. After the
initial pressurization period, preservative is pumped into the cylinder. As the
preservative enters the treating cylinder, the air escapes into an equalizing or
Rueping tank at a rate which maintains the pressure within the cylinder.
When the treating cylinder is filled with preservative, the pressure is raised
above that of the initial air and maintained until the wood will take no more
preservative or until enough has been absorbed to leave the desired
preservative retention level after the final vacuum. After the pressure period,
the preservative is removed from the cylinder and surplus preservative is
removed from the wood with a final vacuum.

» The Lowry process is an empty-cell process without the initial air pressure
Preservative is pumped into the treating cylinder without either an initial air
pressurization or vacuum, trapping the air that is already in the wood. After
the cylinder is filled with the preservative, pressure is applied and the
remainder of the process is identical to the Ruepingprocess.

4. Composite wood

Composite wood is a general term for built up bonded products consisting either wholly of
natural wood or of wood in combination with metals, plastic etc. (Tribhawan Mehta 1981 A
Handbook of Forest Utilization). Following are the forms of composite wood.
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4.1 Plywood

(Source:https://en.wikipedia.org/wiki/Plywood;
http://www.epa.gov/ttn/chief/ap42/ch10/final/c10s05.pdf)

Plywood is a sheet material manufactured from thin layers or "plies" of wood veneer that
are glued together with adjacent layers having their wood grain rotated up to 90 degrees to
one another. This alternation of the grain is called cross-graining and has several important
benefits: it reduces the tendency of wood to split when nailed at the edges; it reduces
expansion and shrinkage, providing improved dimensional stability; and it makes the
strength of the panel consistent across all directions. A typical plywood panel has face
veneers of a higher grade than the core veneers. The principal function of the core layers is
to increase the separation between the outer layers where the bending stresses are highest,
thus increasing the panel's resistance tobending.

4.1.1 There are two types of plywood: softwood plywood and hardwood plywood.
Softwoods generally correspond to coniferous species. Hardwoods generally correspond to
deciduous species. Softwood plywood is manufactured by gluing several layers of dry
softwood veneers together with an adhesive. Softwood plywood is used for wall siding,
sheathing, roof decking, floors, and containers. Hardwood plywood is made of hardwood
veneers bonded with an adhesive. The outer layers (face and back) surround a core which is
usually timber, veneer, particleboard, or medium density fibreboard. Hardwood plywood is
used for interior applications such as furniture, cabinets, architectural millwork, panelling,
flooring, store fixtures, and doors.

4.1.2 The manufacture of softwood or hardwood plywood consists of the following main
processes: log storage, log debarking, heating the logs, peeling the logs into veneers, drying
the veneers, gluing the veneers together, pressing the veneers in a hot press, plywood
cutting, and other finishing processes such as sanding.

4.2 Laminated wood

Laminated wood is layers of wood glued or otherwise united with the grains parallel to form
boards or timbers. (http://www.merriam-webster.com/dictionary/laminated%20wood). The
wood layers called laminae may be thin veneers or boards. They are seasoned in kiln, cut to
uniform width and length, arranged in proper order and then fed into a glue spreader. The
glued laminae are then placed on a form and pressure applied by means of clamps fitted at
regular intervals. Laminated wood is used for furniture parts, cores of veneered panels,
sports goods, flooring etc.

4.3 Fibre Boards

(Source: http://www.wisegeek.com/what-is-fibreboard.htm)

Fibreboard is a composite wood product sold in large, thin sheets. It is similar to other
composite wood products like plywood and particleboard, but of